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Chapter 1 Introduction
1.1 Overview of Features

The Circle Track Analyzer program by Performance Trends, Inc. is a software system to let circle track racers, performance
enthusiasts, and even the average driver understand and predict many aspects circle track racing and vehicle handling. The Circle
Track Analyzer, Version 2 has been designed to be easier, faster and more accurate. Several new features have been added and other
features enhanced. The major changes in Circle Track Analyzer Version 2 are listed below:

New Features:

Mouse driven user interface compatible with Windows 98 through Vista for easier operation and better print capability.
Improved Front Suspension layout screen, very similar to our popular Roll Center Calculator.

Rear Suspension layout screen, for simple analysis of rear suspensions.

Improved suspension and analysis screen to watch front suspension motion while traveling around the track.

Feature to automatically pick the best gear at a particular track.

Feature which allows the program to adjust critical specs to best match your lap times and highest and lowest vehicle RPMs at a
particular track.

e  Can print most menus and calculation menus separately.

o Keeps log of last 25 tests run, for comparison or recall. You can also select to save up to 10 of these tests for as long as you wish.
You can also select to graph up to 5 of these tests with the current results.

Advanced file Open and Save commands let you access any drive or directory with standard Windows File Dialog menu.

Better printing of reports.

Ability to graph the results. These graphs include many options like zoom, shift, line styles, etc.

On screen help by simply clicking on any input spec.

If you require more detailed analysis or more features, you may need our upcoming Circle Track Analyzer "Pro".
Check Appendices 3-6, pages 135-185 for Features added in Versions 3.2, 3.5, 3.6 and 4.0.

Also, v4.0 can be “unlocked” into 4 different versions, just Roll Center Calculator v4.0 (front suspension only),
just Roll Center Calculator Plus v4.0 (front and rear suspension), the Circle Track Analyzer v4.0, and Circle Track
Analyzer “Plus” v4.0.
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1.2 Before You Start

What you will need:

e Approximately 20 Megabyte of disk space.
e  Windows XP, Vista, Windows 7, 8 and 10
e  Printer (optional).

Many terms used by the Circle Track Analyzer and this user's manual are similar to terms used by other publications, like Roll Center,
Tire Traction Factor, etc. However, these terms may have different definitions. Therefore, read Chapter 2 to see what these terms
mean to the Circle Track Analyzer.

Occasionally it will be necessary to identify "typos" in the manual, known "bugs" and their "fixes", etc. which were not known at the
time of publication. These will be identified in a file called README.DOC in the Circle Track Analyzer directory or folder.

To read this file, use Windows Explorer to find the Circle Track Analyzer directory, usually CTA20 under PERFTRNS.PTI.
Then double click on README.DOC. Wordpad will display the contents.

A new feature has been added to read the README.DOC file from inside the Circle Track Analyzer program. At the main screen,
click on Help from the Menu bar, then select “View README.DOC File”.

Every effort has been made by Performance Trends, Inc to provide you with an accurate, cost saving, high quality tool at a very
reasonable price. We do not copy protect our software, to allow our customers full freedom to make back-up copies for their own
personal use. Please respect the programmer's copyright and do NOT give out copies to your friends.
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1.3 A Word of Caution

The Circle Track Analyzer is a comprehensive software package which estimates a vehicle's performance based on limited user input.
These estimates can be used for analysis of circle track performance. A vehicle is a very complex system, which makes exact
calculations of all details impossible. Therefore, several simplifying assumptions are made to reduce the calculations to a manageable
level. See the Assumptions in Appendix 1. The user must recognize:

The software can not predict the safety of a vehicle modification or driving situation. Done correctly, with the proper quality
parts and safety precautions, extreme vehicle conditions can be safe. Done by inexperienced racers with standard or low quality
parts, a race car can be a "disaster waiting to happen". Please read and follow the "Safety Notes" as highlighted in this manual.

The software, like any computer model, can NOT make exact predictions because:

e Much of the input data to the software is estimated.

e Even if the input data were exactly correct, the simplifying assumptions within the program will limit the accuracy.
e Environmental conditions, driver performance, track conditions, etc. are rarely constant and repeatable.

The software should be used as a guide to:
e Help you understand how an vehicle works; what parameters are important, how parameters interact, what are the tradeoffs,
etc.
e Point you in the correct, general direction for making modifications. This direction should be verified by other sources like
known authorities, race results, books, etc. Never trust one "single source" if it does not make sense to you.
e Make you think, not think for you. If unexpected results are obtained, take a minute to:
e Double check all your data input.
e  Refer back to this manual.
e Ask someone else skilled and experienced in the particular area.
e  Give the retailer or Performance Trends Inc's. Tech Help Line a call for an explanation. (Computer programs are
written by normal people who can make mistakes. It's always possible there may be an error in the calculations.
Your phone call may help us correct it.)

Please also read the Warranty and Warning at the beginning of this manual and on the diskette envelope.
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1.4 Getting Started (Installation)

You must install the Circle Track Analyzer from the distribution CD. To do this, simply place the CD in the CD drive and it will
auto-start the Performance Trends Installation Wizard. From this Wizard, you can select to install any of our products as demos, or
the Circle Track Analyzer (which is not a demo). The button to install Circle Track Analyzer will be highlighted, probably in the
color green. Just click on this button to start the installation, then follow the instructions in the installation program.

For most users, just click on OK for each question
asked to accept the default answers suggested by the
Installation program. Once you have installed the
Circle Track Analyzer, there should be a Circle
Track Analyzer icon on your desktop for you to click
on. Otherwise, use Windows Explorer to find the
CTA20 folder (directory) under the PERFTRNS.PTI
folder (directory) and click on the CTA.EXE
program. (Version 3.6 is installed in the C:\Program
Files\Performance Trends\Circle Track Analyzer
v3.6 folder.)

Entering Registered Owner's Name:

During your first setup, the Circle Track Analyzer
will ask you to enter your name as the Registered
Owner. During this first session, you can modify it
until you are satisfied. Once you accept the name,

Chapter 1 Introduction

Figure 1.0 Installation Wizard

P& Performance Trends Installation Wizard

~ Engine Performance Programs —

—Drag Racing Tools

~=lal=]

— Data Logger Programs

Install This Program  View Install This Program Yiew Install This Program  View
Engine Analyzer I Brochue | Dirag Facing &nalyzer I Brochure I Dyno D ataMite I Brochure I
Engine Analyzer Plus I Brochure | Drag Race Analyzer Pra I Brochure I Drag Race DataMite I Brochure I
Engine &nalyzer Pro I Brochure | 4 Link Calculator I Brachure I Fioad Race D ataMite I Brachure I
Fractice Tree I Brochure I IW Brochure |

~ Engine Building Tools

Install This Program  View

—Circle Track/Road Race Tools —

— Other Products
Install This Program View

Fuel Economy Calculatorl Brochure |

Comp. Ratio Caleulator | Brachuie | | | Install This Program  View
Cam Analyzer I Brochure | Roll Center Calculator I Brochure I
Port Flow Analyzer I Brochure | Ciicle Track Analyzey I Brochure I
Swirl Meter I Brochure | Suspengion Analyz'é I Brochure I
Turmble Fisture I Brochuie | Trans. Gear Calcy{ator I Brochure I
Fuel Inj. Calculator | Brochuie | Lapf'Segment]/imer | Brochurel

Click here to install

_J

~u ing Prod
Install This Program
Circle Track Log Book I Brochure |

I Brochure |

Yiew

Inertia Calculator

Walve/Coil Spring Tester I Brochure |

If you purchased a program. click on that product’s button to install it as described on your
i installation sheet. You can install any of our other programs here as demos to see then features.

the computer will generate a code # based on the name. To be eligible for Tech Help, you will need both your registered name and

code #, and to have sent in your registration card. The name you enter should be very similar to the name you enter on the registration

card.

Click on About in the Main Menu to review your name and code # .
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1.5 Example to Get You Going

To start the Circle Track Analyzer from Windows 3.1, click on the Circle Track Analyzer icon in the Perf. Trnds program group.
From Windows 95 or 98, click on Start, then Programs, then Perf. Trends, and then Circle Track Analyzer. After some brief
introduction screens, you will be left at the Main Menu shown below.

Figure 1.1 Main Menu

M Circle Track Analyzer ¥2.0 Performance Trends [ LATEMODL ]

File [vehicle] CalcLapTimes  Help(F1]  Preferences LATEMODL
| 0penyehicle Library | | Caloutate Lap Times || Find Best Gear Ratio | | Hel | is name of
ehicle Librar alculate Lap Times ind Bezt Gear Ratio el L
£ Y L p Vehicle

| Save VehicIMrary I | Match My Lap Times I | Ruit Program I Specs
\ currently
" ¥ehicle Specs N | ¥ehicle Summary being
| e I 355 cubic inches, worked with
; H bs at 5250 RPM and 400 HP at 7500 RPM
. ight: s [52% rear. B0% left, 55% cross)
Wil | Ayle Fatio: B.2 ear Tires: 87.5" and 87 5" circumnference Click here
- Front Suszp. File: untitled  for a Double & A owith Coil Springs— Track: 64.0¢ H
T B | Rt Spring: 400 Lt Spring: 400 Rt Camber: -3 Lt Camber: 1 to dlsp_lay ,
N N o all vehicle’s
Rear Suspension | Fiear Susp. File: untiled  for Trailing Ams/Cail Springs/Panhard or J Bar .
Track: B4.0" Lt Spring: 200 Rt Spring: 200 saved in
Vehicle
Running Conditions 1 Libra ry
Show All Comments |
Help:  Comments: Click here
E_Iick here to open the Ve_hicle Limited "Late Model - to displ
Library o pick & new vehicle ta 500 Holley Z BBL gives about 400 HF @ 7500 O display
warks with. Dillon front suspension layout the menu
shown in
A Figure 1.2

Astat| | @ & DA W || Tico..| ByEvpio. | Ksrep.. [ Cir. BE@ 113m

From this main menu, you can:

e Choose to review or modify any of the categories of vehicle specifications displayed.

e Open or Save a file of complete vehicle specifications by clicking on the Open or Save buttons (first 2 buttons on the left) or the
File menu item, then either Open or Save.

e Add, edit or review vehicle comments to describe the vehicle currently held in the program.

e Calculate vehicle performance from the options listed under Running Conditions. From here you can specify calculation options
(weather conditions, track specs, driver types, etc.).

e Change the Preferences options to somewhat customize the program for you.

e Get HELP to explain these options by clicking on Help or pressing <F1>.

e  Quit the program by clicking on File, then Exit, or click on the Quit button.

All these options are explained in detail in Chapters 2 and 3.

In the Main Menu’s blue title bar you will notice the current Vehicle is [LATEMODL]. The program has descriptions of vehicles
saved in the Library right from the factory. The current file from the Vehicle Library is called LATEMODL.

To get started, let's examine (but not change) the various categories of specs. Click on a button for one of the categories like Engine,
Vehicle, etc. A new menu will appear displaying the various specs and the current values for the LATEMODL vehicle. You can
click on the name of any spec and a brief description appears in the Help frame, along with a page # from this manual for more help.
You can return to the Main Menu by clicking on OK or clicking on an area outside this menu.



(C) Performance Trends Inc 1999

Circle Track Analyzer

Chapter 1 Introduction

Now click on the Calculate Performance button in the Main Menu to calculate performance for this LATEMODL vehicle. The next
menu will show you the Calculate Performance Conditions menu as shown in Figure 1.2.

Figure 1.2, Calculation Conditions Menu
M Circle Track Anal_vzel w2 0 Performance Trends [ LATEWMODDL ] = [=]x]
Filz [vehicle]
el = Running Cond ons
@ [ Track Weather " Track Specs
Save ¥eh | Method of Reading Weather Data [Type |Use Specs Below Lll
7 ith Fel Hum
) Track Surface | aophal -
[ Wehicl | | *Pna —Il
|Coll. Barometer. "Hg 2992 Track Layout Bank Angle
— IAir Temperature. deg F 85
Relative Humidity, % 49 o 38 mi
| ’ @
|E levation. feet 0
Fn
BT Reports/Graphs |Tlack Length, ft |1 980
|§th Results Every. .. |.2 P L|| [Infield Width, Ft 500
|§ank Angle. deg 8
Rui [ Help
Click on arrow to zelect how pou want ko enter " Driver
~ | weather info and the type of instruments you wil e
H?'DZ uze, or zelect from the list of Typical weather |T.|FI2“3 | Us% EBelow Lll
Click here | conditions [Midwest assumes 1000 ft and mountains ~
calculatic | assumes 2000 ft elevations). p 50 IACCWIBSSW'BHESS M oderatly AQQTESSLIJ
ther ¢ -
?peeis:a;r Ma Aggressiveness | Maderatly Agaress = |
Perfarmal
Back I Help | Calculate Lap Time I Print I Printer Setup |
iaﬁlall”J e e = %) |J KMicm...l (2 Explo...l K Girap... | £=, Circl... " [~ Run.__. | BE@ 1:18PM

Click here to
calculate Lap

Time

performance
shown in
Figure 1.3

For now, leave all the Calculation Conditions as they are and click on the Calculate Performance button. This will start the program
calculating performance for the specifications of the LATEMODL stored in the Vehicle Library with the Calculation Conditions
currently displayed. A progress bar graph shows how the calculations are progressing. The calculations may require several seconds

on slower computers.

The final results will appear in a table as in Figure 1.3. The columns are for various types of readings (Time, MPH, etc) which
occurred at even time intervals during the run. The results contain much information, some which may not be familiar to you.
However, if you look at the Results Summary in the upper right corner, you see a lap time of 16.12 seconds with an average speed of
83.7 MPH. These are results you do understand.

If you click on the slide
bar button identified in
Figure 1.3, and slide the
results down to the last
row of results, you see a
time 8.06 seconds, exactly
half of the Lap Time of
16.12 seconds. That is
because the program only
calculates half of a lap,
from turn 2 through the
straight through turn 3.
The program then assumes
the other half lap would be
exactly the same and just
doubles the time for half a
lap.

Figure 1.3 Calculated Results with Lap Time

M Circle Track Analyzer ¥2.0 Performance Trends [ LATEMODL ]

Results

Summary

k. Back Graph Frint  Analyze Suspenzion  Analyze Perf Histomy HelplF1]
: Motes Motes Summary: Low Lift Coef, Click on Maotes for Mew Lap Time 1612 MPH 83 ?
@ ——— | Imore Details. Last Lap Time 1612 837
4 | 1 Comments Irmprovement 0o i} . .
— Click on slide
Time [Feet [MPH [Accel Gs |z Throttid [Eng RPM [Tumn # _ [Curvature|DownForce|ComneiGs « /_ b d slid
.00 0 65.5 00 274 284 395 87 ar and sliae
.20 19 65.8 14 35 2/4 286 395 87 button down
40 39 66.6 .28 71 2/4 304 381 .83 to see all test
.60 59 68.1 .40 100 2/4 336 358 .78
.80 79 69.8 40 100 5382 \ 2/4 384 327 7 results.
1.00 100 71.5 40 100 5516 450 290 62
1.20 121 73.3 .39 100 5649 527 256 .54
1.40 143 75.0 .39 100 5782 623 224 46
1.60 165 76.7 .39 100 5913 740 194 .39
1.80 188 78.4 .39 100 6044 2/4 880 167 .33
2.00 211 20.1 .38 100 6174 2/4 1026 146 .28
2.20 235 81.7 .38 100 6302 2/4 195 128 .73
2.40 259 83.4 37 100 6429 2/4 114 .20
2,60 284 85.0 37 100 6554 2/ 1z Summary of
2.80 309 86.6 36 100 6677 2/4 1792 a8 14 important
3.00 335 88.2 .36 100 6798 2/4 2528 57 07
3.20 361 89.7 .35 100 6917 274 6288 7 -.05 Notes of
3.40 387 91.2 34 100 7033 2/4 9532 5 -.08 Interest. Click
3.60 415 927 .33 100 7147 . 29 14
3.80 442 94.1 .32 100 7258 29 14 on Notes
4.00 470 95.5 32 100 7366 29 14 button for
: - e i il == = = more info.

ﬂStall”J g % (@] F . @ | KMlcro @Explo Eﬁrap ”t" Cir..

| %@%@J 1:20 F'Mv
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The menu bar and the command buttons at the top of the screen shows some of the options for

various formats for data output:

e  Analyze Perf will produce a report of performance and safety tips on the test results

e Analyze Suspension will show the car traveling around the track and how the corner weights and front suspension members are
changing.

e  Graph will produce various types of graphs. You can also compare the current results to results of the previous run, or some
other Baseline you have saved.

e  Print lets you print these results on your printer.

If you have a printer hooked up to your computer, try the Print command by clicking on Print in the menu bar or on the Printer button.
A small menu of printout options are presented. These options allow you to enter a report comment, include vehicle specs and
comments in the printout, etc. These options are explained in Section 3.4. For this first time, accept the default settings and print the
report by clicking on Print Results.

To help explain the other columns of output, simply click on those results. A definition of that particular data will be presented in a
Message box as in Figure 1.4. Then click on OK when you have read the definition.

Figure 1.4, Calculated Results with Help Definition
M Circle Track Analpzer ¥2.0 Performance Trends [ LATEMODL | 7] x]

L Back  Graph  Fint  Analyze Suspension  Analyze Peif  History  Hef -|ﬁ'|£|

@ Notes | NewlapTme—B12 e 837 Click here or press
% Eommenlsl

Last Lap Time 18:105 83:5 the F1 key for
Time [Feet [MPH |Accel Gs [% Throttle [Eng RPM [Tum #  [Curvature[DownForce[ComerGs &

Motes Summary; Low Lift Coef. Click on Motes for
more D etails.

Improvement
general help on what
your options are at

.00 0 65.5 .00 0 5054 214 284 395 87 . - X

20 19 5.8 .14 3% 5071 24 286 3% g | thispointin the
40 39 666 .28 71 5135  2/4 304 381 83 program.

60 59 68.1 A0 100 5247 214 336 358 78

80 79 69.8 A0 5382 214 384 327 il

1.00 100 715 40 100 214 450 290 62

1.20 121 713 39 100 5649 Lyxi 296 n4 By c|icking ona
1.40 143 75.0 39 100 5782 214 623 224 Ab number in the
1.60 165 76, T 39

i e = Definitions of Results h resu |tS, an

2.00 211 80, AccelGs = .40 &t the conditions: .28 explanation and
gig ;gg g; BOsec, BB.1MPH. 53feet from start of Tum 2. ;g definition is given,

including a page

2.60 284 85, - YN ; : ; a7
Definition of Accel Gs: Vehicle acceleration rate in Gs (1 G iz 22 f .

2.80 309 86 MPH/second). If the tires are at the limits of traction (capable of spinning] the 14 number in this

3.00 335 88 Gz value is followed by an 'S' and % Thrattle and available engine torque are .07 manual for more
reduced from 100%. p 58 _ . .

320 361 83 i 05 information.

3.40 387 91 -.08

3.60 415 92, -14

3.80 442 94, -14

4.00 470 95.5 .32 100 7366 - - -29 -14

] 85809 T o [ [F5 500
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For a detailed explanation of all the results, Calculation Conditions, and output options, go to Section 2.6 and Chapter 3.

Clicking on Back or pressing the <ESC> key will return you to the Main Menu. From the Main Menu you can modify the
LATEMODL to see the effect on performance. For example you could go into any of the component menus and:

e  Change to a different rear axle ratio.
e Install ‘stickier’ tires.
e  Change weather or driving conditions.

The beauty of the program is that it repeats exactly each time. This lets you find differences which would be “clouded” by changes in
track conditions or driver variations.

Many of the input specifications you see in the various menus may not be familiar to you. For a brief definition of the inputs, simply
click on the specification name. The definition will appear in the Help frame with a page # in this manual for more info.

Some of the vehicle specifications have “Clc” buttons. One example is Dew Point in the Calculate Performance Conditions menu.
“Clc” stands for "calculate". For example, if you want to calculate the Dew Point from wet and dry bulb readings, simply click on the
Clc button. The program will display a new menu listing the inputs and the Calc Dew Point from these inputs. For further
explanation, click on the Help buttons in these menus. To use the Calc Dew Point calculated from these inputs, click on the Use Calc
Value button. Otherwise click on Cancel to return to the Calculate Performance Conditions menu with no change to Dew Point.
Section 2.8, Calculation Menus explains all these calculations.

Once you feel comfortable changing specifications in the various menus and making various performance calculations, read Section
3.3 of this manual called Vehicle Library to learn how to save a set of vehicle specifications or recall information which has been
previously saved. Then you will know all the basic commands to operate the program. For a more in-depth knowledge of using these
commands and an explanation of the results, read this entire manual.
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Chapter 2 Definitions

2.0 Basic Program Operation:

Figure 2.1 shows the Circle Track Analyzer’s Main Menu with explanations of your options here.

Figure 2.1 Main Menu Options

Buttons to display
individual menus

containing vehicle
and driving specs.

Menu bar. Click here for “drop down”
menus of program options, some being
the same as the Command Buttons.

Name of current vehicle file

- Aurm with Cail Springs
fiiontisuspension Rt Spring: 400 Lt Spring: 400 At Camberea_Lt Camber: 1 This area gives

Command
M. Circle Track Analpzer ¥2.0 Performance Trerds [ LATEMODL ] buttons to
FEile [wehicle | LCalcLapTimes  HelplF1]  Preferences
{ Save or Open
| Open ’Iehicle Library I | Calculate Lap Times I | Find Besl’ﬁaal Ratio I | Help I a Vethle flle,
]
| Save ‘Iehicle to Library I | Match My Lap Times I | Quit Program I CaICU|ate
I performance,
I Vlfhicle Specs TYehicle Summany and perform
. Engine File: untitled 355 cubic inches, i
Enoine | 3191t Ibs ot 5250 APM and 400 HP st 7500 RPM other special
e | Weight: 30004hs _[52% rear, 6% left, 55% cross] calculations
Auxle Hatio: 6.2 r Tires: 87.5" and 87.5" circumference
| Front Suszp. File: untitled  for a Dol Track: 4.0

- Fear Susp. File: untitled  for Trailing Arme/Coil Springs/Panhard or J Bar
fiear Suspension Track: B40" Lt Spring: 200 Rt Spring: 200 a gen_er_al
description or

| summary of

Show All Commenlsl each of the 4

H‘.lnning Conditions

"Help:

Click on Wehicle Specs' buttons
to zee YWehicle specs. Click on
‘Calculate\Performance’ or 'Calc

Limited ‘Late Model’
500 Holley 2 BBL gives about 400 HP i@ 7500
Dillon front suspension layout

f’ menus of

specs which

ET' button\to see performance.
Click on 'HEIR' in menu line for make Up a
g detaildd info on options. N =] vahirla

N

|&\& @A 2 || FEhico. | @N&_l T | [BU@ 145PM

Enter comments to describe vehicle

Click here to display Running Conditions (weather, track length, etc), and
then calculate performance.

Move mouse over an area and a description of the item is given here

v4.0 can be “unlocked” into 4 different versions, just Roll Center Calculator v4.0 (front suspension only), just Roll
Center Calculator Plus v4.0 (front and rear suspension), the Circle Track Analyzer v4.0, and Circle Track Analyzer
“Plus” v4.0. This can significantly change the appearance of the Main Screen. Check Appendix 5 and 6, pages
151-185.

Figure 2.2 shows the Engine menu with explanations of options for most component menus.
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Figure 2.2 Explanation of Sections of Typical Menu

Name of specs. Click on them for a description in the menu’s help frame.
’_ ’_ Help frame giving definition of spec and page # in manual for more info.

Drop down combo box. Click on down arrow button on the right
side to pick from a list of possible choices for this spec.

Standard text entry box where you can type in the value of
the spec (which will be checked against acceptable limits).

Calculation button which opens up another
menu where you can calculate the value of

a spec from other inputs

0 E E [) et

Back| File alculate Lpad fr mEnglne.-‘i nalyzer Comments  Help

- Bdse Engjne SpecsI " Full Power Curve
- Ié ':‘3 350 400
|D| tplacement. cu in Tq oy HP

CCs [5518.9 = Liters 5 az 200 1
/ l 1300
|Elutch | td Diamnter tlutc:h.-"FI_l,lwheel Lll 250 L
/ + 200
" Comments =00
Typical 365 Chevy with 500 Z2BBL | ~ /
carb. 14non
1480
100 u]
2000 4000 B000 2000 10000
=1 | rpm Tq HP RPM Tq HP
" Help 2260 265 109 Fh00 280 400
Engine sizg or dizplacement in cubic inches. 2000 277 152 9250 239 376
plE 3750 297 212
4500 211 267
52560 E1E] E1E]
E000 218 263
\ E7E0 306 3393

\ Click on commands in the menu bar to:

e Exit this menu

e Open (retrieve) a set of example engine specs provided by
Performance Trends, or a set of specs you have previously saved.

e Print this screen.

o Import an Engine Analyzer power curve.

¢ Display the Engine Comments with other comments describing this
vehicle and front & rear suspension.

e Calculate a power curve from simple inputs.

¢ Obtain further help on this screen.

10
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2.1 Preferences

Click on the Preferences item in the menu bar at the top of the Main Menu Figure 2.3 Preferences Menu

screen to drop down the Preferences shown in Figure 2.3. Here you can Available from Main Menu
adjust some program items to personalize the program for your needs. erformance Trends [ LATEMODL ]

| FPreferences

Beginner Level

—

. . a_lt v Experienced Lewvel t G
Beginner/Experienced Level -
abt » Engne Graph - Thick Lines P

If you select Beginner, the program will lock out the more complicated Eragine Graph - Thin Lines
features, make more checks on specs assuming you could be making
mistakes, and gives more explanation before an action is performed

(assuming you may not be familiar it). We strongly recommend this choice | _Enaine File: untitled 255 cubic in

to anyone new to computers or this program.

Festart Dizplaying Help Tips

Engine Graph - Thick Lines
Engine Graph - Thin Lines

Lets you customize the way the Full Power Curve graph in the Engine specs menu is displayed and printed.

Restart Displaying Help Tips

You will notice several tips displayed during running the program, many with a Check Box which says “Don’t Show This Again”.
Once you are aware of a tip, you do not want to be shown it again, so click on this check box to “X” it, then click on OK.

If you ever want to review a tip, click on this menu item, and all tips will be displayed again at the appropriate time in the program,
just as when the program was new, before you checked “Don’t Show This Again”.
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2.2 Engine

The Engine specs describe the engine's size in cubic inches, its torque and HP, and what power correction was used for rating the
engine’s torque and HP.

Figure 2.4 Engine Specs Menu (shown with Full Power Curve)
Click on File, then:
¢ New to blank out the power curve table.
e Open Example to pick an example engine provided with the program.
e Save to save these engine specs to a name of your choosing.
e Print or Windows Printer Setup to print this screen.
o here to set the amount of detail you want to give the program about the

NnNWAar rlLin/a

w. Engine Specs [ LATMOD-4.BRL |

Back Wil Calpulate  Load from Engine Analyzer  Tommeste—Help Name of
[ Base Engin SDBCS ~ | [Full Power Curve Current set
i ; 500 500 of Engine
Displacemeng. cu in 355_1 -
|cc E520.1 Lit 3 HP|| Specs. You
¥ . iterz |5, 1 |
I 400 <,: 400 give the
Clutch | sid fiamter Chich/Flywhesl =] / \ L300 sSpecs a

- /) AN name when

 Comments / A l Lann you save
Typical 355 Qhevy with 750 ﬂ \ then
N,
A\
!

Hollep 4 banegl carb. single plane

200
intake. no regtiictor plate. stock =100 Torque and
Dart Il 2.02 apd 1.6 cast iron
heads. solid Hat cam, 10-1 CR. 100 : HP graph
LRl ER LTS 2000 3000 4000 5000 BOD0 700D SO0D based on
| data in table
RPM Tq HP RPM Tq HP below it
" Help ao00 | [#10 177 6500 | [340 421 Note that
Engine zize or digglacement in cubic inches. 3500 338 225 7000 2i7 ] HP has a
p1g 4000 | [307 306 7500 | [712 303
w0 |[F7 | [F= separate
5000 | [479 393 scale on the
I e 427 right side.
goon | [281 435

L Click here to load a power curve from an Engine
Analvzer proaram

L Click here or here to calculate power curve specs from other simple inputs.

Displacement, cu in

The engine’s cubic inch displacement is used to estimate the amount of rotating inertia * in the engine and clutch/flywheel or

converter. Because this spec has a Clc button, Displacement can be calculated from other inputs. See Section 2.7.2. The bigger the
cubic inches, the larger the assumed rotating inertia.

* Definition of Engine Inertia: The engine inertia is a measure of how massive the engine's rotating components are and how
difficult it is to accelerate or decelerate the engine itself. Most of the engine's inertia is contained in the flywheel/clutch assembly
for a manual transmission, or in the torque converter for an automatic transmission. The more massive or the larger the diameter
the flywheel or any rotating engine component, the larger the inertia value.

Under this input, the engine’s displacement is shown for CCs and Liters.

12
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Clutch

Click on the down arrow button to pick a general description of the clutch and flywheel used with this engine. This choice will only
affect the rotating Engine Inertia the program assumes. The larger the clutch and flywheel, the more the engine inertia. See
Displacement above.

Power Curve Data

There are several ways to load in RPM, torque and HP data into the table on the right side of the Engine menu. You can:
e Pick an Example dyno curve supplied by Performance Trends by clicking on File, the Open Example Engine.
e Pick a set of specs you have previously saved by clicking on File, the Open Saved Engine.
e Calculate one based on simple inputs by clicking on Calculate in the Menu at the top.
e Load an Example curve, you can load a curve calculated from one of our Windows Engine Analyzer Programs
e Simply type in readings as from a dyno curve. If you type in readings, as soon as there 2 readings for any set of 3 inputs, the 3rd
one is automatically calculated and filled in, and the new point is added to the graph.

The graph always shows a sharp drop in power after the highest RPM point in the table. This is to remind you that this is what the
program assumes for calculations, that engine power drops significantly (like it ran into an overspeed) after the highest RPM. If you
want the power to not drop so suddenly, then you must add an additional RPM above your current highest RPM, and enter a HP
reading which draws the curve like you expect it to look.

The Circle Track Analyzer assumes all torque and HP numbers entered are recorded at a steady RPM (not accelerating) and corrected
to the aftermarket dynamometer standard correction factor. Dynamometers which mostly test racing engines (typical of magazine
articles and aftermarket testing companies) generally correct their data to 29.92" Hg, 60 degrees F and approximately 0 degrees F dew
point (no humidity).

Menu Commands

The menu bar at the top provides for several command options, some which are fairly self explanatory:
e  Back returns you to the main menu.
e File opens up several typical Windows options:
e New will blank out all the RPM, torque and HP entries, Displacement, Clutch Type, Engine Comments; and the Engine File
name will be called “Untitled”.
e  Open Example Engine File will open a typical Circle Track Analyzer “File Open” menu, where you can pick a set of
example Engine Specs loaded by Performance Trends.
e Open Saved Engine File will open a typical Circle Track Analyzer “File Open” menu, where you can pick a set of Engine
Specs which you have saved, using the Save command in this menu.
e Save Engine File will open a typical Circle Track Analyzer “File Save” menu, where you can save the current set of Engine
Specs and Engine Comments under a name of your choosing. This name then appears at the top of the Engine Specs menu.
This name should not be confused with the Vehicle Name which appears at the top of the main screen. The Vehicle Name
includes the engine specs, and therefore the Engine Name.
e  Print lets you print this screen.
e  Windows Printer Setup lets you change printer selection, paper orientation, etc.
e  Calculate will calculate a power curve from simple inputs. See Section 2.7.1 on this Calculation Menu.
e The Load from Engine Analyzer command will be discussed in more detail below.
e Help brings up a series of help screens on the Engine Specs menu.

13
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Load from Engine Analyzer

The Circle Track Analyzer can load engine power curves created by the proper Windows versions of Engine Analyzer EZ, the
standard Engine Analyzer, and Engine Analyzer Pro.

Generally you will start this process by running the Engine Analyzer program first. Once the Calculated Performance results have
been calculated and displayed on the screen, click on the Send button in the Engine Analyzer. This Engine Analyzer menu looks
similar to Figure 2.5. It will ask what program do you want to send the power curve to, where you could click the Circle Track
Analyzer option. There are other options which you can refer to your Engine Analyzer manual.

The process of loading Engine Analyzer results into Circle Track Analyzer is nearly automatic and consists of:

1. Once you’ve selected the Circle Track Analyzer as the program to Send the results to, click on the OK/Send button in the
Engine Analyzer’s Send menu to leave the Engine Analyzer.

2. The Circle Track Analyzer will be automatically activated and run.

3.  When the Circle Track Analyzer stars up the first time, you are given notice that a power curve is available and can be
loaded from the Engine specs menu. You will also notice some new commands on the Main Menu called “Engine
Analyzer”. Clicking on these will return to control to the Engine Analyzer program which originally called the Circle Track
Analyzer, but will leave the Circle Track Analyzer also running, ready for a new power curve.

4. Important: Once you load the power curve, the old power curve is gone, unless you saved the vehicle specs including power
curve with the Save command or saved it as an Example by clicking on the Save Example button at the Engine specs menu.

5. When you are ready to return to the Engine Analyzer, simply click on one of the Engine Analyzer buttons (at the Main Menu
or in the Test Results screen) or commands in the Menu bar. You do not have to load the power curve. You can jump
between the Engine Analyzer and Circle Track Analyzer as many times as you want.

If an Engine Analyzer program is not currently running and “talking” to the Circle Track Analyzer, you can also start the process by
clicking on the Load from Engine Analyzer menu command. You will get the screen of Figure 2.5.

Figure 2.5 Menu to Start Up an Engine
Analyzer Program

= Switch to Engine Program

"'Windows Engine Program

(! Engine Analyzer EZ el Fow dF
® Engine Analyzer ¥2.51
C! Engine Analyzer ¥3 Lol Foy dF
! Engine Analyzer Pro faed Foy i
) Other "custom configuration” |ioob Far i

Progam EXE Hame | |

Location {pathi |

Prowan loon Name |

OKsSwitch | | Help | Ccancel
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. _____________________________________________________________________________________________________________________________________________|]

Troubleshooting

If this process of loading power curves into the Circle Track Analyzer from the Engine Analyzer does not work like described above,
consider the following.
e  You do not own the correct Windows version of Engine Analyzer program.
¢  You have renamed the Circle Track Analyzer or Engine Analyzer executable (.EXE) file. The Circle Track Analyzer should
be CTA.EXE.
e In the Engine Analyzer program, click on the “Look for It” button by the Circle Track Analyzer option to see if the program
can find a correct Windows version.
e You are trying to help the programs transfer control to each other. Do not minimize one of the programs, then activate the
other program as this can confuse the process.

Figure 2.6 Optional Engine Analyzer Send Screen To Tell Where Circle
Track Analyzer is Located (required for some early Engine Analyzers)

w. Send HP Curve to Yehicle Program [x¢}| |Click on Send in an Engine

Analyzer program to bring up
wWindows Yehicle Program this screen

) Drag RBacing Analyzer ook For ItI
ook For ItI

Select the ‘Other’ Option

) Drag RBacing Analyz
Type in CTA as the Program

C Circle Tr. Racing Analpzer Loo Nam(—l‘ﬁ
Type in the Full Path where
® Ather "custom configuration” / Look For It the CTA program is lf)cated’
) usually C:\perftrns.pti\cta20
Program EXE Name |c:ta / | .
7 Program Icon Name is CTA
|Lu-::atiun [path] |-:::"\pe/rftms_pti"mta
Z
|F"mgram lcon Hame |-::ta 7 |
OK/Send Help | Cancel
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2.3 Venhicle Specs

The Vehicle specs describe transmission's efficiency, gear ratios, vehicle size, weight, weight distribution, final drive system, tires

and aerodynamics.

Figure 2.7 Vehicle Specs Menu

General Vehicle specs. Click on
the Clc buttons to calculate
inputs from other info, like weight
%s from 4 corner weights.

" General ¥ehicle Specs

[Tjotal Weight with Driver, Ibs
Rear * Corner Weights

Tire specs have a large effect on
traction, cornering ability and therefore
lap times, especially on short tracks

Transmission specs affect engine RPM
range and power losses (efficiency).

<]

ransmission

|r}'IJE | Std Duty Manual ;||

atio of Tranz Gear Uzed 1

Cross % [55  |[gig [1005 | (e-ll[555 |

Height of C.G_. in 17
['w"heelhase, n 108
|Flear Axle Ratio 6.2

[Rear Axle Type | Standard Duty ;||

" Aerodynamics

Rear Wheel/Tire Specs
|TPPE | Tupical Racing Tire [average traction) ;I|

|A.\r|_:| Wheel & Tire Wi, lbs 40

Left Right
|Eirc:umferenc:e, in |B75
|5tagger, n .0
Tread Width. in 10
|Tractiun Factor, % 96

|T*'F“3 | Use Specs Below

[
|D \ag Coefficient 4 |
I

|Li Coefficient

|Fn:\ntal Area. sq It 21

Help : . o
The weight aof the vehicle with the driver in pounds. p 26

\ Back I Help I Print p I Printer Setup I
| /
\ Click here to print this screen.

Aerodynamic specs usually do not have a large effect until vehicle

speeds start to exceed 100 MPH.
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General Vehicle Specs

Total Weight with Driver, Ibs

Chapter 2 Definitions

Total vehicle weight in pounds with the driver, ballast, and the amount of fuel you want to analyze.

% Rear
% Left
% Cross

These 3 specs describe the vehicle's weight distribution, indicating the % of the vehicle's total weight which is on the rear tires, on the
left tires, and the right front + left rear tires. A typical street car (same suspension left and right) are designed for having 50% Left

and 50% Cross weight, and only perhaps 42% Rear.

Note that the result of these weight percents combined with the Vehicle Weight are displayed as the corner weights next to these
inputs. If you know your car’s corner weights but not the percents, click on one of the Clc (calculation) buttons to calculate these

percents. See Section 2.7.3.

Height of CG

Describes the height of the vehicle's center of gravity from
level ground. A sports car will have a lower CG than a
4WD truck. Increasing the height of the CG (installing a lift
kit) will increase weight transfer from the left to the right
when cornering, generally overloading the right tires and
reducing lap times.

This information is not readily available, but can be
estimated by measuring the distance from the ground to a
spot approximately 5 inches above the center of the engine's
crankshaft at the front of the engine (typical V-8 camshaft
level).

The Height of C.G. can also be measured by weighing the
front and back of the car level, then weighing it again with
one of the car raised. This data can be analyzed by clicking
on the Clc button and is discussed in Section 2.7.4.

Figure 2.8, Estimate of Height of CG

Estimated

|~ + 5inches

Height of Front
of Crankshaft

Important: The Height of C.G. is used in several calculations, but is VERY difficult to measure exactly, and NOT really critical to
know exactly. For that reason it is recommended that you just estimate as 5 inches higher than the crankshaft height off the ground.

If you are still not sure, use 20 inches.

Wheelbase

Is the distance in inches from the center of the front wheels to the center of the rear wheels. Decreasing the wheelbase usually
improves cornering ability because it reduces the moment of inertia of the vehicle. For example, it is much harder to spin (turn) an 18

foot 2x4 then a 3 foot 4x12, even they both weigh the same.

18
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Rear Axle Ratio

For most race cars, this is the rear axle ratio or final drive. For chain drive vehicle's (go carts, motorcycles, etc.) this is the chain ratio.
For quick change rear ends, this is the total axle ratio, rear axle ratio (usually 4.88 or 4.56) times the ratio of the spur gears. Click on
the Clc button to obtain a menu to calculate Rear Axle Ratio based on number of teeth for your particular situation (Section 2.7.5).

Rear Axle Type

This specs tells the program how to estimate the power losses in the rear axle. Generally the more heavy duty or the more gears in the
rear end, the more the power losses.

Aerodynamics
Type

Click on the down arrow key to pick a general body description, or to “Use Specs Below” where you can now enter most any
combination of specs you want. Then the other aerodynamic specs become enabled so you can change them. Beginners should pick a
general body description Type.

Drag Coefficient

The coefficient of drag (Cd) is an engineering term used to describe how aerodynamic a vehicle's exterior design is (how easily it
"slices" through the wind). A low value for the Cd indicates the car is aerodynamic and requires little power from the engine to
overcome wind resistance. Many automotive manufacturers now publish the vehicle's Cd in advertising, since an aerodynamic car is
a more fuel efficient car. An aerodynamic car is also a faster car. If the actual Cd of a particular vehicle can not be found, use Table
2.1 to estimate the Cd for different types of vehicles Use Table 2.2 to estimate how much Cd and CI will change from a modification.
Table 2.3 shows examples of changing rear spoiler angle.

Table 2.1: Estimate Drag Coefficient (Cd)

Type of Vehicle Cd
Motorcycle .70-1.10
Modern Motorcycle (fairings, etc.) .50-.70
Pickup Truck .50-.70
Sedan before 1980 .45-.60
Sports Car before 1980 45-55
Open Convertible .50-.70
Modern Aerodynamic Sedan .35-.45
Modern Aerodynamic Sports Car .30-.40
“‘Best Case" vehicle A1

Table 2.2: Estimate How Modifications Affect Cd and CI (lift coefficient)

Modification Change Cd | Change CI (lift)
-4 deg Angle of Attack (vs stock) *1 -.04 -100%
+4deg Angle of Attack (vs stock) +.04 +100%
Open Side Windows (vs closed) +.02

Open T-Top & Side Windows +.08

4" Flat Air Dam (width of vehicle) *2 -.04 -25%
8" Flat Air Dam (width of vehicle) .00 -50%
12" Flat Air Dam (width of vehicle) +.08 -55%
1" Flat Spoiler (width of vehicle) *3 -.03 -15%
2" Flat Spoiler (width of vehicle) .00 -25%
4" Flat Spoiler (width of vehicle) +.08 -35%
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L. |

| Blocking half radiator air flow | -.04 | -35%
Table 2.3 Changing Spoiler Angle on 94 Winston Cup Car
Old Spoiler Angle
New Spoiler Angle | Changein |20 30 40 50 60
deg deg deg deg deg
20 deg Cd 0 -.011 [-.020 |[-.028 |-.034
Cl 0 .022 .040 .053 .062
30 deg Cd .011 0 -.009 |[-.017 |-.023
Cl -.022 |0 .018 .031 .040
40 deg Cd .020 .009 0 -.008 |-.013
Cl -.040 |[-.018 |0 .013 .022
50 deg Cd .028 017 .008 0 .006
Cl -.053 |-031 |-013 |O .009
60 deg Cd .034 .023 .013 .006 0
Cl -.062 [-.040 [-.022 [-009 |O
Notes concerning Table 2.1, 2.2 and 2.3: e Al In Tagle 5%7

a negative angle of attack is when the front is lowered and the rear is raised. R

e For this table, an air dam is defined as a flat plate the full width of the
vehicle projecting vertically down directly below front bumper (based on Side View of
typical 1970s or earlier design). Most modern, production designs integrate Rear Deck
air dams for optimum Cd, therefore adding an air dam to a modern vehicle
will likely show an increase in Cd but perhaps a reduction in CI.

e For this table, a spoiler is defined as a flat plate extending the full width of
the vehicle at the top rear edge of the rear deck (trunk) lid, angled back 20 degrees from vertical. See Figure.

e Table 2.2 shows typical effects from modifications. Individual vehicle's can differ considerable.

e Advertised Cds are usually the "best case". For a realistic Cd, add .03 to .05 to the advertised Cd for production vehicles.

e Table 2.3 shows effect of changing the spoiler angle on a 94 Winston Cup car. A different body style and spoiler design would
give different results. Changes in the rear spoiler angle affect downforce on the front and rear of the car differently and can
significantly affect handling. To use Table 2.3, say you were changing the spoiler angle from 40 to 20 degrees on a car with a
.38 Cd and a -.12 Cl. Forty (40) would be the Old Spoiler angle and 20 would be the New. This would result in the Drag
Coefficient (Cd) decreasing by .020 resulting in .36 and lift coefficient increasing by .040 resulting in a CI of -.08.

e  Change the vehicle's attitude from the production attitude 4 degrees, where 7/\

Lift Coefficient

Like Drag Coefficient, the Lift Coefficient is an engineering term which describes how much lift the car’s shape develops, much like
a wing. The higher the Lift Coefficient, the more the lift. However, race car’s want downforce, not lift, so you want a low lift
coefficient A production car will have a Lift Coefficient in the range from .2 to .3, meaning the car actually unloads the tires
somewhat at high speed (not good). Add some effective spoilers and air dams and this will drop this to close to 0, or that the tires do
not unload at high speed (better). Only when you get into race cars with large wings, spoilers, air dams close to the ground do you
see negative lift coefficients like -.1 or -.2, which actually develop downforce at high speeds (good). The “ground effects” Indy cars
of several years ago actually had lift coefficients in the range of -1.0 to -2.0, generating tremendous amount of downforce. Check
Tables 2.2 and 2.3 to see how Cl (coefficient of lift) is affected by modifications.

To see the amount of downforce or lift being generated from a set of vehicle specs, set the Bank Angle to 0 in the Running Conditions

menu. Then the Downforce column in the Test Results will be due only to acrodynamic downforce, which depends on Lift
Coefficient, Frontal Area, vehicle speed and air density.
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Technical note: Lift Coefficient is multiplied by top area of the car, the square feet of the car from a top or plan view. We do not ask
for the top area in the program, but estimate it as 3 times larger than the Frontal Area.

In v3.6, there is now a Front and Rear Lift Coefficient. -
See Appendix 5. Figure 2.9 Frontal Area

Frontal Area, sq ft Vehicle Height

The frontal area is the area in square feet the vehicle's
silhouette occupies when viewed from the front. Use
the formula in Fig 2.10 to estimate frontal area.
Frontal areas are in the range of 16 sq ft for a small
passenger car to 30 sq ft or more for a full size pick-up
truck. Also see Section 2.7.6 for calculating Frontal
Area, sq ft by clicking on the Clc button.

Transmission Type

Track Width
Click on the down arrow of this combo box to pick a
general description of the transmission. This choice
only affects power losses. All choices assume a clutch
is used between the engine and transmission, not a Frontal Area, sq ft = Vehicle Height (in) X Track Width (in)
torque converter, even if an automatic transmission is 144

used.

Ratio of Trans Gear Used

Is the gear ratio for the single transmission gear used during the race. The Circle Track Analyzer v2.0 assumes the entire race is done
in 1 gear. If this is top gear in a “non-overdrive” transmission (3rd for a 3 speed, 4th for a 4 speed, etc), this gear ratio is usually 1. If
you are using a Pinto 2.3L SR4 wide ratio transmission in 3rd gear, this could be 1.66. The program also assumes anything different
from 1 produces additional power losses.

Rear Wheel/Tire Specs
Type

Click on this combo box to select general tire type. This choice will have a large effect on overall tire traction and cornering ability.

Wheels & Tires Wt, Ibs

This is the weight of one wheel/tire assembly, which can be obtained by weighing the tire mounted on the wheel on a weighing (or
bathroom) scale.
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Tire Circumference, inches
Left
Right

The circumference of the Left and Right tires is the distance around
the tread as measured with a tape measure. See Figure 2.10. The
difference between the left and right tires is know as stagger, which
is calculated from your 2 inputs and displayed here

Since Tire Diameter has a Clc button, see Section 2.7.7 for

calculating Tire Circumference from production tire sizes like P225-
60-15.

Tread Width

Figure 2.10, Tire Circumference

Circumference

7

Is the width of the tire's contact patch on the ground. This number will have a large effect on overall tire traction, and therefore lap

times, especially on short tracks.

Traction Factor

Traction Efficiency describes how well the tires 'hook up' to the road surface. It is affected by road surface condition, tire conditions
(temperature, pressure, compound, etc.) and suspension setup. Unfortunately, this version of the Circle Track Analyzer is not “smart
enough” to know how to use all the suspension inputs in the Front and Rear Suspension input screens to estimate overall tire traction.
Therefore, use this Traction Factor to “dial in” how well your suspension is working your tires.

Obviously this spec has a critical impact on overall tire traction. Because it depends on so many variables, it is difficult to estimate.
You can click on the Clc button to obtain a general list of estimates. Most likely you will have to fine tune this estimate based on
your vehicle's actual lap times at a particular track. You can also use the Match Your Lap Times option from the Main Menu to have

the program estimate Traction Factor.

Dirt track conditions can be somewhat simulated by adjusting this Traction Factor down to match your lap times on dirt tracks.
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2.4 Front Suspension Specs

The Front Suspension menu has 4 major sections, each which will be discussed in this section:

Static Layout Dimensions
Other Misc. Specs

Show Dive & Roll
Suspension Layout Drawing

PO~

See Appendix 3, 4 and (especially) 5 for significant new features added to this
Front Suspension screen.

2.4.1 Static Layout Dimensions

Before we define the inputs in this section, lets take a minute to describe how you will make these measurements.

Taking Suspension Measurements Figure 2.11 Static Layout Dimensions

, , Section of the Main Screen
You enter the measurements from your car's front suspension

members into the Layout Screen. To start, park the car on a flat, Elailazpaiinansions .

level surface. First we must decide on what we will call the car’s Anght %) Height Upper Ball Joint Left [X) Height G
centerline. Many people use a distance half way between the left B Upper Frame Pivot H
and right tire patches. The disadvantage of this method is if you C Lower Ball Joint 1
change rim widths or wheel offsets your centerline can change. D Lower Frame Pivot J
This means all your measurements are now off also. Therefore, we E Upper Spring Pad K
usually recommend the center of the drivetrain, which would be the F Lower Spring Pad L
center of the engine for most car’s front suspensions. This is a Length Angle Length Angle
point which will usually will stay in one place. The other Upper Arm Dim.

advantage of this choice is the rear suspension’s centerline is now Lower Arm Dim.

the center of the driveshaft and the pinion gear. This ensures

consistency front and rear for most race cars, and provides an easy
reference for most left and right measurements.

In our Roll Center Calculator program which deals with the front suspension only, we recommend a distance half way between the
frame rails, or the frame mounts on the lower arms. This is usually very similar to the center of the drivetrain.

On cars without a front engine, rear drive drivetrain layout, use the distance half way between the frame rails, or the frame mounts on
the lower arms. Then be sure to project a line straight back, parallel to the frame to mark the rear centerline for the rear suspension.
You can also use the center of the front tire patches, being aware of the problem if you change some tire offset specs.

Once you’ve decided on the method, either:

e Drop a plumb bob (pointed weight on a string) down from the center of the crank pulley.

e Use a tape measure to mark a point on the floor which is halfway between the your references.

This will now be your car’s centerline and is 0 in the X (horizontal) direction in the Static Layout Dimensions section.

When picking a centerline, the most important thing is to be consistent from front and rear
on the same vehicle, and from setup to setup on the same vehicle. Once you decide on
a centerline for a particular car, you must make all measurements from this same
centerline.
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Figure 2.12, Finding Car Centerline and Measuring Front Suspension Points

(typical X and Height measurement shown for Lower Frame Pivot)

Car Centerline
Preferred method is to use

+—X—>

=
1E;3

()

center of engine
crankshaft

)

=

(the distance between
the center of the tire
patches) can also be

used as the centerline.
L~

. J \/ HeTight . /
Half the distance between <~
the lower arm mounts can L»
also be used as centerline X
Alternate Car Centerline
Half the Track Width

.,

Track Width

Chapter 2 Definitions

Then with the plumb bob, place the string on the center of a new suspension point to be measured and drop the bob until it just
touches the floor. Measure the distance from the car's centerline to where the plumb bob points on the floor. This is the "X" distance
for that particular suspension point.

You can print a blank worksheet for recording your measurements by clicking on File at the upper left of the screen (in the Menu
Bar), then clicking on Print Blank Worksheet. Be sure you have first selected the correct Suspension Type (Double A Arm,
McPherson Strut, etc) by clicking on Suspension Type in the Menu Bar to obtain the correct worksheet for your car.

Your choice of Suspension Type will have a large effect on what the Front Suspension screen looks like. Because Double A Arm is
so popular, it will be discusses first. The other suspension types are discussed only as to what inputs are different than the Double A

Arm inputs.
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. _____________________________________________________________________________________________________________________________________________|]

For entering dimensions, 2 other options can be important:

Enter X & Ht Readings, Frame & Ball Jnts
Enter X & Ht at 1 End, Arm Len & Angle

If it is easier to measure the lengths or the A Arms and the angle of the A Arms, choose the Arm Len & Angle option. You
still have to measure the X and Height of one end of the arm, but not both. For the Upper Arm, you will enter the Ball Joint
X and Height, and the Length and the Angle. For the Lower Arm, you will enter the Frame Mount X and Height, and the
Length and the Angle. Changing this option will Enable and Disable the appropriate dimension specs so you know which
values to enter. This option is not available for McPherson Strut suspensions. See Figure 2.13.

Camber Changes with New Inputs
Camber Does Not Change with New Inputs

For entering a new suspension, it may be better to select the “Camber Does Not Change with New Inputs” option. This
prevents Camber from continually being changed (possibly to very unusual values) as you enter new measurements. Once
you have a new suspension entered, choosing the “Camber Changes with New Inputs” option works well to see how
suspension adjustments or modifications will change camber. See Figure 2.13.

Enter all the X and Height measurements into the screen. The screen's drawing and calculated values are updated after each entry.
This lets you immediately see if a value you entered looks

wrong.

Figure 2.13 Important Options for Entering
Measurements

[ 96-BUSCH_LOW ]

Optionsz  Suspension Type  Shirn Comments HEI

E nter =&Ht Reading=s, Frame & Ball IJnt=s "
w Enter=&Ht 1 End, Arm Len & Angle

Euspension Specs

||LI.|

-
=
A

w [Draw Extenzion Lines
Don't Draw Extenzion Lines

w Backaground Car Lavout Color - Light Graw
B ackground Car Lavout Color - Doark Gray

w LCamber Changes with Hew [nputs _FE
Camber Dioez Mot Change with Few [hputs
Camber G ain Definition Specs

i v Show Spindle Angle

WL

Dion't Show Spindle Angle

mrx omE - E . [ N N ]

The Roll Center location and Left and Right Instant Centers are also drawn in as large dots. Instant Centers are the imaginary points
about which each side of the suspension tends to rotate and usually appear on the opposite side of the suspension. For example,
Right side’s Instant Center will usually appear on the left side of the Suspension Layout drawing. The Roll Center is black on most
computers, and the Instant Centers match the colors of the Left or Right suspension drawing. If these locations are off the screen,
they are drawn at the correct height with an arrow pointing to their "off screen" location.
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Double A Arm Measurements

Upper Ball Joint Location

X is the distance from the car centerline to the center of the ball joint on the upper arm on either the right side or left side, in inches.
Height is the distance from the ground to this same location. See pages 27-30 for a definition of possible centerlines.

Note: If you are using Moog Auto (part of Cooper Industries) ball joints, you can call them at 800-323-5473 and they will send a

Circle Track Analyzer

print of the joint to let you more precisely locate the center of the ball.

Figure 2.14 Measuring Ball Joint Locations

Measure to what you
visualize to be the center
of the ball inside the joint.

Upper Frame Pivot Location

X is the distance from the car centerline to the center of the pivot on the frame mount on the upper arm on either the right side or left
side, in inches. Height is the distance from the ground to this same location. See pages 27-30 for a definition of possible centerlines.

For arms that have angled mounts as many stock arms do or strut mounts, check Figure 2.15 for the most accurate way to find the

arm’s mounting point.

See Appendix 5 for a new feature that makes it easier and more accurate to determine exactly where

Figure 2.15 Measuring A Arm Length

Top View of A Arm Showing How to Measure Length of A Arm

Draw a line to the
other ball joint.
Length of arm is
w here this line
intersects the
axis of the arm.

Axis of the arm
is a line joining

front and back —
mounting points.

Correct

— T\

)

—

Incorrect

\

For Strut Suspensions, this line should also
pass through the rear strut mounting point.

the Frame Mounts should be measured.
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Lower Ball Joint Location

X is the distance from the car centerline to the center of the ball joint on the lower arm on either the right side or left side, in inches.
Height is the distance from the ground to this same location. See pages 27-30 for a definition of possible centerlines.

Lower Frame Pivot Location

X is the distance from the car centerline to the center of the pivot on the frame mount on the lower arm on either the right side or left
side, in inches. Height is the distance from the ground to this same location. See pages 27-30 for a definition of possible centerlines.

Upper Spring Pad Location

X is the distance from the car centerline to the center of the upper mounting pad for the spring, in inches. Height is the distance from
the ground to this same location. See pages 27-30 for a definition of possible centerlines.

Tip: If you are more interested in shock travel than spring travel, enter the top shock mount location. However, the Wheel Rate
calculated from the Spring Rate you enter in the Other Specs section will not be exactly correct.

Lower Spring Pad Location

X is the distance from the car centerline to the center of the mounting pad for the spring on lower right arm, in inches. Height is the
distance from the ground to this same location. See pages 27-30 for a definition of possible centerlines.

Tip: If you are more interested in shock travel than spring travel, enter the lower shock mount location. However, the Wheel Rate
calculated from the Spring Rate you enter in the Other Specs section will not be exactly correct.

Upper Arm Length

Length of upper right arm from Pivot Center to Ball Joint center as viewed from the front, in inches. This can be shorter than actual
length measured along the arm if arm is swept forward or back. See Figure 2.15. This spec is only enabled if you have chosen the
‘Enter X & Ht at 1 End, Arm Len & Angle’ option.

Upper Arm Angle

Angle of the upper left arm as viewed from the front, in degrees. A positive angle means the arm angles up as the arm goes away
from the car centerline, which is typical.

Lower Arm Length

Lower Arm Angle

See Upper Arm Length and Upper Arm Angle explanations above.
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McPherson Strut

Chapter 2 Definitions

You can select a McPherson Strut front suspension layout by clicking on Suspension Type at the top of the Front Suspension screen,
then selecting McPherson Strut. The screen will change somewhat. The Upper Ball Joint and Frame Pivot inputs are changed to
Upper and Lower Strut locations. The calculated Upper Arm Dim. specs have been changed to Strut Dim.

For inputs not shown in this section, see the definitions in the previous Double A
Arm section.

Upper Strut Loc.

X is the distance from the car centerline to the center of the upper mounting point
of the strut on either the right side or left side, in inches. Height is the distance
from the ground to this same location. See pages 27-30 for a definition of possible
centerlines.

Lower Strut Loc.

Figure 2.16 Lower Strut Location

Do Not use mounting holes if
they do not lie on the ‘line of
action’ of the strut.

Use a point which does lie
on the line of action

of the strut. \

X is the distance from the car centerline to the center of the lower mounting point of the strut on either the right side or left side, in
inches. Height is the distance from the ground to this same location. The line of action of the strut must pass through this point.

Therefore if the mount is to the side of the strut’s line of action, choose the point at the mount’s height, but the X distance should be at

the strut’s centerline or line of action. See Figure 2.16. See pages 27-30 for a definition of possible centerlines.

Straight Axle

You can select a Straight Axle front suspension layout by clicking on Suspension Type at the top of the Front Suspension screen, then

selecting Straight Axle. The screen will change significantly. Only the Upper and Lower Spring Pads are common with the Double

A Arm input specs for Static Layout Dimensions. The only other inputs concern the Panhard Bar or J bar which locates the front Roll

Center. In the section called Other Specs, calculated specs like Scrub Radius, King Pin Angle and Spindle Angle are removed.

For inputs not shown in this section (Spring Pad locations), see the definitions in the previous Double A Arm section.

Panhard Bar

X is the distance from the car centerline to the center of the Panhard Bar mounting points on either the right side or left side, in inches.

Height is the distance from the ground to this same location. See pages 27-30 for a definition of possible centerlines.

Panhard Bar is Attached to Axle on Which Side:

Select the option which identifies which side (end) of the Panhard bar (or J bar) is attached to the straight axle. The other end is then

attached to the body.
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Double A Arm with Torsion Bars

You can select a Double A Arm with Torsion Bars front suspension layout by clicking on Suspension Type at the top of the Front
Suspension screen, then selecting Double A Arm with Torsion Bars. The screen will change somewhat. The Spring Pad specs are
removed from the Static Layout Dimensions. In the section called Other Specs, calculated specs like Spring Length and Spring Angle
are removed, and the Spring Rate input is changed to T. Bar Rate (torsion bar rate).

Note that Torsion Bar Rate can be calculated by clicking on the Clc button next to these inputs. See Section
2.7.9. Torsion Bar Rate depends on the bar and the lower A arm length. Should you calculate a Torsion
Bar Rate for a certain lower A arm length, then change dimensions to simulate a different arm length, the
program will automatically adjust the Torsion Bar rate for what it would be assuming the same bar is used with
the new arm length. However, this may not be what you want to be simulating. Therefore, it is best that you
completely layout all the Static Layout Dimensions first. Then calculate the Torsion Bar Rate or enter the rate
directly.

For inputs not shown in this section, see the definitions in the previous Double A Arm section.

T Bar Rate

Is the force required to move the ball joint on the lower arm 1 inch, in pounds. The torsion bar is assumed to be linear, that is if 500
Ibs compresses the spring (twists the bar) 1", 1000 lbs will compress (twists the bar) the spring 2". See Assumptions in Appendix 1
for limits on bar/spring movement. Click on the Clc button next to these specs to calculate a spring rate (or Torsion Bar Rate from
other inputs). See Section 2.7.9.

2.4.2 Other Specs
Spring Length

Installed or Static length of the spring measured along spring centerline before any Dive or Roll. You can not enter this value
directly. This length is calculated from the X and Height for the Upper and Lower Spring Pad Locations. This value is useful to
check that your X and Height measurements are entered correctly, as it should closely
match your installed spring length.

Figure 2.17 Other Dimensions &
Specs Section of

Main Screen
Spring Angle [ Wdie S tsters Right Left
Spring Length 9.06 9.15
Installed angle of spring measured between spring centerline and vertical, in degrees. Spring Angle 03 1 8
You can not enter this value directly. This angle is calculated from the X and Height Spring Rate [ I 770 724
for the Upper and Lower Spring Pad Locations. This value is useful to check that Wheel Bate 44 T35
your X and Height measurements are entered correctly, as it should closely match S crub Badius 50 52

your installed spring angle. Stc Camber. deg | 205 | |2

Dyn Camber, deg
Track. in |E1 -0 305 30.5
Spring Rate (T. Bar Rate for Torsion Bar Suspensions) King Pin Angle  [10.70 | [7.97
Spindle Angle 2. Eh q 97
!s the force requir.ed to compress the uninstalled spring 1 ingh, in"pounds. The.: spring Roll Bar Rate. Ibfin [ I 250
is assumed to be linear, that is if 500 lbs compresses the spring 1", 1000 lbs will Roll Bar Length, in I8

compress the spring 2". This is an input which you enter and effects the Wheel Rate ’
described below. Click on the Clc button next to these specs to calculate a spring rate
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(or Torsion Bar Rate from other inputs). See Section 2.7.9. Also see Double A Arm with Torsion Bars suspension type on previous
page, and Assumptions in Appendix 1 for limits on

bar/spring movement. Figure 2.18 lllustration of Camber, King Pin
Wheel Rate Axis and Scrub Radius
Camber Angle

The force required to move wheel center 1 inch up while , ]
the chassis does not move, in pounds. This is a calculated Vertical \ ¥~ (negative angle shown here)
spec (can not be entered directly) and depends on the

Spring Rate and suspension geometry. / | '7/ Spindle Angle
Scrub Radius

The distance from where the king pin axis hits the ground
and the center of the tire patch. See Figure 2.18 for King
Pin Axis. This is a calculated spec (can not be entered
directly).

™ King Pin Axis

Camber L

5 «— Scrub Radius
The degrees of tilt of the wheel with respect to the ground

as viewed from the front, in degrees. Negative camber
means the top of the wheel tilts in towards the car, which is
typical of most race cars. This is an input which you enter. See Figure 2.18.

Dynamic Camber

The new, Dynamic camber of the wheel caused by Dive and Roll. See Camber above.

Track, in

Track is the distance from the centerline to the center of the tire patch on the ground.

King Pin Angle

King pin axis is the line intersecting the upper and lower ball joints. The angle is the angle between this axis and a vertical line. See
Figure 2.18. This is a calculated spec (can not be entered directly).

Spindle Angle

Spindle Angle is the angle total of the king pin angle and the camber angle. As long as you are using the same spindles, the spindle
angle must stay the same as you change arm lengths, mounting points or shim the arms in and out. Spindle Angle is not displayed
unless you have selected the Front Suspension option of “Show Spindle Angle”. See Figure 2.18

Roll Bar Rate

Is the force required to move one arm of the roll bar 1 inch, in pounds, while the other arm does not move. The bar is assumed to be
linear, that is if 500 Ibs moves the arm 1", 1000 Ibs will move the arm 2". This is an input which you enter and effects the vehicle’s
roll stiffness. Click on the Clc button next to this spec to calculate a Roll Bar Rate. See Section 2.7.10.
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Roll Bar Length

Is the length of the roll bar in inches. This length tells the program where the bar attaches to the lower arms, and therefore lets the
program determine the motion ratio of the bar

2.4.3 Show Dive & Roll

As shown in Figure 2.19, you must first select the Yes option in this section before any of these inputs or command buttons become
enabled.

Dive

Figure 2.19 Roll & Dive Options

Choose the Yes option to enable Dive and Roll
Type in Dive and/or Roll here,

The amount the car's
front end drops
compared to its static

omdne )i | | ot Dive & Aol < increment automatially
end rising, enter a . Diveanche l. de Draw _ _
necativ (’_)n mber Yes: — 5 . Click here to draw layout big
cgative () numbet. " Ho 1 |f’ 1. - and show spring compression
Roll '

The amount the car's front end rolls (leans) due to cornering forces, compared to its static (standing still) angle. A positive (+) angle
means the car is leaning to the Right, typical of Left turns. Use a negative (-) number to lean Left (Right turns).

Draw ‘Big’

This command button lets you select a screen mode where the Suspension Layout is drawn about twice its normal size. In this mode
you can see things in more detail. The Draw ‘Big’ mode also displays Spring Deflection, which is not displayed in the Normal Sized
screen.

Spring Deflection

The change in the length of the spring due to Dive or Roll. Negative (-) means spring compression from diving, positive (+) means
elongation from rising. Since shocks generally are mounted close to the spring locations, shock travel is very similar to Spring
Deflection.

2.4.4 Suspension Layout

The features of the Suspension Layout drawing are discussed in Figure 2.20 below.
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Figure 2.20 Major Features of the Suspension Layout Screen

Camber Gain and the motion on which it is based is given in this line.

Right Instant Center drawn in blue just like the right side suspension.
The arrow drawn in this Figure (not on the computer screen) shows how
it has moved from its static location (gray dot with blue outline).

Left Instant Center drawn in red just like the left side suspension. The
’— arrow drawn in this Figure (not on the computer screen) shows how it
has moved from its static location (gray dot with red outline). The red
arrow pointing off the screen shows its actual location is off the screen.

Roll Center drawn in black. The arrow drawn in this Figure
(not on the computer screen) shows how it has moved from

its static location (gray dot with black outline). '\
Thiz 1= front wiew of suzpension zo left zide of screen 1= actually nght side of cdr.
Fain based on 1" Dive.
?Q‘ i“_———e =
/? - *
// b 7
|
H&II Center height = 6.7 Roll Center Left = 2.§\

¥ Dynamic Roll Center

location (due to Dive and
Roll)is shown in black.

Static Roll Center location is shown in black, unless the
car is in Dive and/or Roll. Then itis shown in gray (as
shown here) for comparison to the Dynamic Roll Center.

L Letters A-L relate to dimensions listed in Static Layout Dimensions section. See page 27.

Tips for understanding Roll Center and Camber Gain discussed in Figure 2.20 are
listed at the end of Appendix 2.
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Menu Options

In the Menu Bar at the top of the Front Suspension screen, there are 7 main menu commands:

Back
File Figure 2.21 Menu Bar Options Available

Options

Suspension Type . Front Suspension Specs [ UNTITLED ]

Shim Back File Option: Suzpenszion Type Shim  Comments  Help
Comments

Help
These are discussed in this section.

Nogokrwh =

File

Click on File to present several standard Windows File options:

Figure 2.22 File Options
ont Suspension Specs [ UNTITLED ]

File Dptions  Suspension Type  Shim

. . = HewFuont 5 i
New Front Suspension blanks out all the current spec inputs, calculated values, i DEWTRMSUEEEA
Open Example Front Suspension | [

comments and changes the current Front Suspension file name to Untitled. " .

Open Saved Front Suspenzion Il
. . . Save Front Suspension
Open Example Front Suspension presents the Circle Track Analyzer’s File

) . ; Save As Front Suspension
Open screen, where you can open an Example Front Suspension file which was provided

by Performance Trends. These examples include comments and all measurements for the Pint g
particular Front Suspension Type. These are provided to let you see typical measurements Print Blank Woarkshest f
for different types of Front Suspensions, and are saved in the XFRONT folder (directory). Wwindaws Print Setup .

Open Saved Front Suspension is much like Open Example Front Suspension
command above except: 1) You are presented Front Suspension Files that you have saved. (See the Save commands below.) These
are saved by default to the FRONT folder (directory). 2) You can click on the File Open screen’s Advanced button and be presented
with the standard Windows File Open dialog box. From there you can open a Front Suspension file or even a Roll Center Calculator
(another Performance Trends program) file which you have saved somewhere else. You can select different directories or disk drives
for files. You can choose most any file, but if the program senses the file is not a Front Suspension or Roll Center Calculator file, you
will be given notice and the file will not be opened.

Save saves the current Front Suspension specs to the current file name. This is a shortcut to update the current file with the current
specs and measurements.

Save AS presents the standard Circle Track Analyzer Save screen, where you can save the file to most any name of your choosing.
Save As is how you change the name of a Front Suspension file. At this screen you can also click on the Advanced button which
presents a standard Windows File Open dialog box (not shown in Beginner Level). Then you can save a Front Suspension file to a
name of your choosing. Certain names are not acceptable, including:

e Names with more than 3 characters to the right or 8 characters to the left of a period (.) .

e Names over 11 characters long (12 characters if one is a period).

e Names which include the characters:

/IN[]:]<>+=3;,%*7 or spaces

You can also select different directories or disk drives for saving files.

Print prints the Front Suspension Screen.
Print Blank Worksheet prints the Front Suspension screen with blank boxes for all inputs.

Windows Print Setup opens the standard Windows menu for selecting the printer, page orientation, etc.
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Options

Click on Options for the list shown in Figure 2.23.

Enter X & Ht Readings, Frame & Ball Jnts
Enter X & Ht at 1 End, Arm Len & Angle

If it is easier to measure the lengths or the A Arms and the angle of the A Arms, choose the Arm Len & Angle option. You still have
to measure the X and Height of one end of the arm, but not both. For the Upper Arm, you will enter the Ball Joint X and Height, and
the Length and the Angle. For the Lower Arm, you will enter the Frame Mount X and Height, and the Length and the Angle.
Changing this option will Enable and Disable the appropriate dimension specs so you know which values to enter. This ‘Len &
Angle’ option is not available for McPhErson Strut suspensions. For more details, see the Example 4.3.

Draw Extension Lines Figure 2.23 Main Screen Options Menu
Buspension Specs [ UNTITLED ]

Don’t Draw Extension Lines

Optionz  Suspension Type  Shim Comments  Help
v Enter =&Ht Beadings, Frame & Ball Jnts

Lets you choose if imaginary extepsior} lines should be drawn in the ':“:I Enter 3&HE 1 End, Aim Len & Angle
Suspension Layout. These extension lines help show how the Instant | S—
Centers and Roll Center are arrived at. v Draw Extension Lines

Cron't Dirave E <tenzion Lines

v Background Car Layout Color - Light Gray

Background Car Layout Color - Light Gray Background Car Layout Color - Dark Gray
Background Car Layout Color - Dark Gray Camber Changes with Mew Inputs

v Camber Doez Mot Change with Mew [hputs
Lets you select the color for the background car and suspension = Cemlber & =i [ =finn Speos

drawing in the Layout screen. The Background Car shows the static
n » Show Spindle &ngle

position of the suspension and car before any Dive and/or Roll. = _
| - Don't Show Spindle Angle

<] Height Left ] Heigh
Camber Changes with New Inputs
Camber Does Not Change with New Inputs Figure 2.24 Camber Gain Specs Menu
For entering a new suspension, it may be better to select the Camber Gain Specs
“Camber Does Not Change with New Inputs” option. This " Camber Gain Specs
prevents Camber from continually being changed (possibly to Type of Calc |Use Specs Bolow |£I
very unusual values) as you enter new measurements. Once you
have a new suspension entered, choosing the “Camber Changes Body Dive. inches | IZI
with New Inputs” option works well to see how suspension
Body Roll. degrees
adjustments or modifications will change tire camber. Y g |
. ... " Motes:
Camber Gain Definition Specs Camber Gain iz calculated bazed on how camber
changes _fru:-m Ste_:tic moad height, to zome =
Click on this option and you get the menu of Figure 2.24. This combination of dive and roll. Standard Conditions are

menu lets you change the amount of body movement the program 17 B2 et (0 elzgrees [l

uses to determine Camber Gain.

IJIU'E:-ut Help Cancel

First you select the Type of Calc, which means either to use the
program's standard definition of 1" of Dive with No roll, or to Use
Specs Below (in this menu).

If you select to Use Specs Below, the Body Dive, inches and Body Roll, degrees specs become enabled so you can enter or change
them. Ifyou click on the OK/Exit button while Use Specs Below is selected, the Camber Gain at the Main Screen will now be based
on these custom specs. This definition is always displayed in the Suspension Layout screen as shown in Figure 2.20.

Click on Cancel to close this menu and return to the original specs used for calculating Camber Gain.
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Tips on Camber Gain are listed at the end of Appendix 2.
Show Spindle Angle
Don’t Show Spindle Angle

Lets you select whether Spindle Angle is displayed. Some users may
find Spindle Angle confusing, so the program comes from the factory

with these specs not displayed.

Suspension Type

Click on Suspension Type to choose the type of Front Suspension layout. As you change Suspension Type, various options will be

Figure 2.25 Suspension Types

Suzpenszion Tepe  Shim  Commentzs  He

v Double & Armowith Coill Springs
M cPhearzon Strut
Straight Axle w Panhard Bar
Double & A owith Torzion Bars

ly
m

=

enabled or disabled. For example, the Shim option for inputting the Length and Angle of the Strut are only available for Double A
Arm suspensions. Also realize that if you switch Suspension Types with a current set of suspension dimensions, the drawing will

look very unusual.

Figure 2.26 shows major differences for the McPherson Strut Suspension Type.

File Options Suspension Type

Flgure 2.26 McPherson Strut Suspension Type
Roll Center - Performance Trends Inc. [
Table & Graph Cc

Camber Gain Definition is

and 2 deg Roll

Thig ig front wigw of suspension 0 left side of SCTEEnisyctjM(
Camber Gain: - Gain baged on 1" Dive Camber Gain: .39

fight side of car.

always shown here

=2

Struts replace the arms
drawn for the Double A
Arm suspension type.

Roll Center height = 2.6

Strut dimensions replace

Roll Center Left = .7

the Upper Arm

" Static Layout Dimensions -~
Right [¥] Height / Left ] Height

A (o9 26 pper Strut Loc. 22 26

B |24 g Lower Strut Loc. 24 8

C |25 4 Lower Ball Joint 25 4

D75 [ Lower Frame Pivot |g 5 5

E 16.5 | Upper Spring Pad |27 16.5

F |22 5 Lower Spring Pad |22 5

Length Angle Length Angle

Strut Dim.
Lower Arm Dim.

=== Tm

dimensions here also.

The Shim option or

" Show [ ) -
Oy inputing the Length and
@ Mo Angle of the Strut are not
(1] . .
available for this

~ Help [ suspension type.

The dist.

wheel's |

b lawing

R

Shim

Click on Shim when this option is enabled, and then select from the choices of shimming the left or right arm You are then presented

with the menu shown in Figure 2.27.

This menu lets you move the Frame Pivot point of the upper A arm in or out, as is usually done by adding or removing shims. The
software keeps the length of the arm constant and calculates where the Ball Joint end will be after the adjustment.
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First, select whether you want to Add or Remove shims from the first . : : : .
Combo box. Then select whether you want to use standard sixteenth Figure 2.27 Shimming Menu for Right Side

(1/16) and eighth (1/8) inch shims, or to enter some other 'Custom' shim Calc Shim Adjustment - Right Side

adjustment. After your selection, the lower inputs will become enabled

as appropriate. Selecting "No Shims' disables the lower inputs. Shim Thickness Added | |—1 875
Estimated New Camber will be | |—2.33

An estimate of the new Camber is given at the top for the shim = |—|_

adjustment currently entered, with the Current Camber also given for Furrent Camberlis | 3

comparison. (If you have Not selected the option at the Main Screen that - & hims Added

Camber should be adjusted with changing dimensions, you will be asked

if you want Camber to be adjusted before it is.) Add/Bemove | | Add Shims |£|

The entries and suspension layout on the Main Screen are not updated M |5t5“'“ji“"3| Shims |£I

until you click on 'Use Calc Value'. # 1716 Shims | |-| |£I

Important: This menu assumes that Adding shims moves the Frame Soetoem T hinknees Addod | |:|
Pivot farther out from the car (reducing negative camber or increasing
positive camber). Some chassis (for example: the left side on some
Lefthander Chassis) work the opposite, adding shims moves the pivot
inward. If your chassis is like this, select '/Remove Shims' if you are
actually adding shims or 'Add Shims' if you are actually removing shims.

" Motes:
Thiz menu azzumes that Adding shims moves the
Frame Pivat farther out from the car [reducing
negative camber, increasing pozsitive camber]. Some

chazsiz [ex left side on zome Lefthander Chaszsis)
work, the opposite, adding zhims moves the pivat
Comments irwaard. IF pour chassiz iz like this, pick 'Hemove
Shimz' when pau are actually adding shims, and wice
YEIEa,

Click on Comments for the Comment Editing screen shown in Figure

2.28. Comments are printed with your other specs when you request a
print of the Front Suspension screen (at least the first 300 characters or Uze Calc Yalue | Help | Cancel
s0), when you print Vehicle Specs with the Calculated Results, and are

saved with a Front
Suspension file and Figure 2.28 Comments Editing Screen
with the complete
Vehicle File.

Click here and start typing to change a
comment.

All Vehicle Comments
Comments are a good — Click here to abandon any

way to keep track of Engine 355 Chevy with Aolly 500 4 Barel ]| changes made to the
what each saved file is. Comments for: comments

/ /
Front ) Dillon dguble A Arm Front Suspenszion ﬂ

IO | 511

Rear 200 Ib springs left and right

/
Total Vehicle [ imited ‘Late Model il

Comments for: 500 Holley 2 BBL gives aboyt 400 HP @& 7500

LATEMODL [ |Dillon front suspension layout

(K [keep changes]l i| Cancel | / Allow Editing any Comments
/

/
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2.5 Rear Suspension Specs

The Rear Suspension menu is similar to the Front Suspension screen described in Section 2.4, but is simpler. It describes the Rear
Suspension layout and measurements. The top choice of Rear Suspension Type has a large effect on how this screen looks and what
measurements can be entered.

Check Appendix 4 for new Rear Suspension types, like Angled 4 Link.

Figure 2.29 Rear Suspension Screen for Suspension Type: Truck Arms
Menu Commands

Type is a critical spec which dictates what this screen looks like and
what inputs are used.
Name of current Rear Suspension File

w. Bear Suspenzion Specs [ TRUCK-AR.MS ]
Back! Flle Commentz Help
B Sus,{ension Specs Left Side Top Yiew Right Side
|T-1"|‘E= Tru-::l=:. Armnz/Coil Springs/Panhard or J B 4 j|
Left Right
Spring Rates, Ib/in 200 [200
|Tile to Centerline, in 305 305
|5|:|ling to Centerline, in 24 24 |
1 T | [ T
|Spnng Angle, deg 20 20 W
|Spring to Axle. in 1] 1]
|A:r.|e to Front Pivol, in 40 40
|Pnhd Bar to Centerline. in |19 18 Rear View
|Panhan:| Bar Heights, in 11 132 Lt wheel Rate: 1823 Rtwheel Rate: 188
End of Panhard Bar that _
Attachesz to Axle ® Left C Right
F oo~ %
" Help Ij" o ] I ]
Click on dovwn armow button to pick a Tepical Example of
a rear suspension, o a general design to 'Use Specs - -
Below' where you can enter pour own zpece. p 34
| Rall Center HE: 12.0 Roll Center Left: EI.L
|

Layout screen shows how program is using your measurements.
This is handy way to spot errors in inputs. Screen also shows _]
calculated results like Wheel Rates and Roll Center Location.

Help box gives brief description of spec you have clicked on.

Taking Suspension Measurements

You make measurements and enter them into this screen much as you do for the Front Suspension. Start by parking the car on a flat,
level surface. First we must decide on what we will call the car’s centerline. Many people use a distance half way between the left
and right tire patches. The disadvantage of this method is if you change rim widths or wheel offsets your centerline can change. This
means all your measurements are now off also. Therefore, we usually recommend the center of the drivetrain, which would be the
center of the engine for most car’s front suspensions. This is a point which will usually will stay in one place. The other advantage of
this choice is the front suspension’s centerline is now the center of the engine. This ensures consistency front and rear for most race
cars, and provides an easy reference for most left and right measurements.

37



(C) Performance Trends Inc 1999 Circle Track Analyzer Chapter 2 Definitions
L. |
On cars without a front engine, rear drive drivetrain layout, use the distance half way between the frame rails, or the frame mounts on
the lower arms. Then be sure to project a line straight back, parallel to the frame to mark the rear centerline for the rear suspension.
You can also use the center of the front tire patches, being aware of the problem if you change some tire offset specs.

Once you’ve decided on the method, either:

e Drop a plumb bob (pointed weight on a string) down from the center of the driveshaft or pinion gear.

e Use a tape measure to mark a point on the floor which is halfway between the your references.

This will now be your car’s centerline. All measurements asking for a distance from something to Centerline is a measurement from
this centerline our to either the left or the right. For example, Tire to Centerline is the distance from the center of the tire patch on the
ground to the car’s centerline.

When picking a centerline, the most important thing is to be consistent from front and rear
on the same vehicle, from setup to setup on the same vehicle, and from vehicle to
vehicle. Once you decide on a centerline for a particular car, you must make all
measurements from this same centerline.

With the plumb bob, place the string on the center of a new suspension point to be measured and drop the bob until it just touches the
floor. Measure the distance from the car's centerline to where the plumb bob points on the floor. This is the distance to Centerline for
that particular suspension point.

You can print a blank worksheet for recording your measurements by clicking on File at the upper left of the screen (in the Menu

Bar), then clicking on Print Blank Worksheet. Be sure you have first selected the correct suspension Type (Trailing Arms, Leaf
Springs, etc) by clicking on Type at the top of the inputs to obtain the correct worksheet for your car.
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Trailing Arm / Truck Arm Measurements

Figure 2.30 Trailing Arm Rear Suspension Layout

Left Side Top Yiew Right Side

e

L Axle to Front Pivot
Spring to Centerline

] Spring to Axle (positive
// direction, ahead of axle)

Spring to Axle (negative

Lj [:,l direction, behind axle)

A
v

Tire to Centerline

Pnhd Bar to Centerline

Hear Yiew
Lt Wheel Rate: 215

heel Qate: b24

\_ Calculated Wheel Rates

. Spring Angle

Drawn Roll Center (black
dot)

Raoll CenterAHE 134.5 Rall Center Right; 0.0

Panhard Bar Heights

L Roll Center Location

Type

Click on down arrow button to pick a type of Rear Suspension Layout. Your choice here will have a large effect on how this screen
looks and what measurements can be entered. Truck Arms are nearly identical to Trailing Arms except they are usually longer, and
they angle in toward the center of the car, usually pointing toward the transmission.

Spring Rate

Force required to compress the uninstalled spring 1 inch, in pounds. The spring is assumed linear, that if 500 lbs compress the spring
1", 1000 Ibs will compress the spring 2". Click on the Clc button to calculate spring rate for either a coil spring, leaf spring or torsion
bar. See Section 2.7.9. See Appendix 1 for limits of spring movement.
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Tire to Centerline, in

Distance from car centerline to center of tire patch on the ground, inches. For ease of consistent measurements for front and rear, use
the center of the drivetrain (engine, trans, rear axle) as the car's centerline.

Spring to Centerline, in

Distance from car centerline to center of the spring mount pad, in inches. For ease of consistent measurements for front and rear, use
the center of the drivetrain (engine, trans, rear axle) as the car's centerline.

Spring Angle, deg

Installed angle of spring measured between spring centerline and vertical, in degrees. Positive angles tip in toward car centerline at
top.

Spring to Axle, in

Distance from axle centerline to center of the spring mount pad, in inches. If the spring is behind the axle, enter a negative (-)
number.

Front Pivot to Axle, in

Distance from axle centerline to attachment point of the trailing arm on the body, in inches.

Pnhd Bar to Centerline, in

Distance from car centerline to the Pan Hard bar (or J bar) pivots on the frame, in inches. For ease of consistent measurements for
front and rear, use the center of the drivetrain (engine, trans, rear axle) as the car's centerline.

Panhard Bar Heights, in

Distance from ground to the Pan Hard bar (or J bar) pivots on the frame, in inches.
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Leaf Springs

If you select Leaf Springs, the Spring Rates and Tire to Centerline are the same as described in the Trailing Arm / Truck Arm section,

except you would enter the spring rate calculated for a leaf spring. With Leaf Springs, only measurements from one side are used
because the program assumes leaf spring suspensions are symmetrically laid out (same measurements left and right). However, you

can still specify a different spring rate and tire track left and right.

Spring to
Centerline

Distance from the center
of the leaf spring to the
centerline of the car in
inches.

Spring Front to
Axle

Distance from axle
centerline forward to
the leaf spring front
mount on the frame, in
inches.

Spring Front
Height

Distance from the leaf
spring’s front mount
down to the ground, in
inches.

Spring Rear to
Axle

Distance from axle
centerline back to the
leaf spring’s shackles

Figure 2.31 Leaf Spring Measurements

Left Side Top Yiew Hight Side
,—/, e
] %
= Fﬁl P ;/
Ly / %
Side YView

Lt Wheel Rate: 210

Ll

Rall Center Ht: 11.9

Bt \wheel Hate: 210

Rall Center Right: 0.0

Spring to Centerline

L Spring Front to Axle

Spring Rear to Axle

Roll Center

Spring Rear Height
(measure to where

shackles attach to frame)

Spring Front Height

rear mount on the frame, in inches.

Spring Rear Height

Distance from the leaf spring’s shackles rear mount on the frame, in inches.
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Torsion Bars

If you select Trailing Arm/Torsion Bars/Panhard Bar for a Suspension Type, the layout is very similar to the Trailing Arm / Truck
Arm shown in Figure 2.30. The only difference is the round coil spring is drawn as a torsion bar with an arm the rests on the axle.
The input Spring Rate is switched to T.Bar Rates, 1b/in.

T.Bar Rates, Ib/in

The spring rate of the Torsion Bar with its lever arm. This can be calculated by clicking on the Clc button, as described in Section
2.7.9. Note that if the effective length of the lever arm changes, the Torsion Bar rate also changes. This includes just moving the
torsion bar closer or farther from the axle.

T.Bar Arm to Centerline

The distance from the center of where the Torsion Bar’s arm rests on the axle housing to the car’s centerline, in inches. See Figure
2.32.

Figure 2.32 Torsion Bar with Jacob’s Ladder Suspension Layout
Left Side Top Yiew Fight Side

-77_ T. Bar Arm to Centerline

Hf—-m‘ﬁ /T

uy%i

Rear Yiew
Lt \wheel Rate: 200 Rtiwheel Rate: 200

W

Roll Center Location

“To C/L” measurement for point
A D. Other measurements done is
B a similar fashion. If a point lies
W= !
U

to the left of the centerline, enter

(_ | a negative number.
JEﬁD
——>

¥_ “Ht” measurement for point D.

Other measurements done is a

Foll Center Ht 14.0 Fioll Certer Left; £.0 | similar fashion.

/
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Jacob’s Ladder

If you select Trailing Arm/Torsion Bars/Jacobs Ladder for a Suspension Type, the layout is similar to the Trailing Arm / Truck Arm
shown in Figure 2.30. The 3 major differences are:

1. The round coil spring is drawn as a torsion bar with an arm the rests on the axle.

2. The input Spring Rate is switched to T.Bar Rates, 1b/in.

3. The Panhard Bar (or J bar) specs are replaced by the Jacob’s Ladder inputs shown in Figure 2.32.

Jacobs Ladder Layout

The 2 mounting points on the 2 links of the Jacobs Ladder are identified by the letters A, B, D and E as shown in Figure 2.32. Enter
the measurements for each mounting point as described below.

To C/L

Distance from car centerline going Right to the mounting point of Upper Link or Lower Link of the Jacob’s Ladder mounting points,
in inches. Enter a negative (-) number if this point is to the left of the car’s centerline. For ease of consistent measurements for front
and rear, use the center of the drivetrain (engine, trans, rear axle) as the car's centerline.

Ht

Distance from the ground to the mounting point of Upper Link or Lower Link of the Jacob’s Ladder mounting points, in inches.
Enter a negative (-) number if this point is to the left of the car’s centerline. For ease of consistent measurements for front and rear,
use the center of the drivetrain (engine, trans, rear axle) as the car's centerline.

Menu Options

In the Menu Bar at the top of the Rear - - -
Suspension screen, there are 4 main menu Figure 2.33 Menu Bar Options Available

commands: w. Rear Suspension Specs [JACOBS.LDR ]

1. Back Back File Comments Help
2. File

3. Comments

4. Help

These are discussed in this section.

Figure 2.34 File Options
ont Suzpension Specs [ UNTITLED ]

File Options  Suspension Type  Shim

F | Ie i Mew Front Suspension "
Dpen Example Front Suspension | [

Open Saved Front Suzpenzion Il
Save Front Suspenzion
Save Az Front Suspension

Click on File to present several standard Windows File options:

New Rear Suspension blanks out all the current spec inputs, calculated values,

comments and changes the current Rear Suspension file name to Untitled. Bint )
Print Blank ‘Workshest f
Open Example Rear Suspension presents the Circle Track Analyzer’s File Windows Pint Setup .

Open screen, where you can open an Example Rear Suspension file which was provided
by Performance Trends. These examples include comments and all measurements for the
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particular Rear Suspension Type. These are provided to let you see typical measurements for different types of Rear Suspensions, and
are saved in the XREAR folder (directory).

Open Saved Rear Suspension is much like Open Example Rear Suspension command above except: 1) You are presented
Rear Suspension Files that you have saved. (See the Save commands below.) These are saved by default to the REAR folder
(directory). 2) You can click on the File Open screen’s Advanced button and be presented with the standard Windows File Open
dialog box. From there you can open a Rear Suspension file which you have saved somewhere else. You can select different
directories or disk drives for files. You can choose most any file, but if the program senses the file is not a Rear Suspension file, you
will be given notice and the file will not be opened.

Save saves the current Rear Suspension specs to the current file name. This is a shortcut to update the current file with the current
specs and measurements.

Save AS presents the standard Circle Track Analyzer Save screen, where you can save the file to most any name of your choosing.
Save As is how you change the name of a Rear Suspension file. At this screen you can also click on the Advanced button which
presents a standard Windows File Open dialog box (not shown in Beginner Level). Then you can save a Rear Suspension file to a
name of your choosing. Certain names are not acceptable, including:

e Names with more than 3 characters to the right or 8 characters to the left of a period (.) .

e Names over 11 characters long (12 characters if one is a period).

e Names which include the characters:

/I\N[T]:]<>+=3;,%*7 or spaces

You can also select different directories or disk drives for saving files.

Print prints the Rear Suspension Screen.
Print Blank Worksheet prints the Rear Suspension screen with blank boxes for all inputs.

Windows Print Setup opens the standard Windows menu for selecting the printer, page orientation, etc.

Comments

Click on Comments for the Comment Editing screen shown in Figure 2.28 for the Front Suspension Comments. Comments are
printed with your other specs when you request a print of the Rear Suspension screen (at least the first 300 characters or so), when
you print Vehicle Specs with the Calculated Results, and are saved with a Front Suspension file and with the complete Vehicle File.
Comments are a good way to keep track of what each saved file is.
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2.6 Calculate Performance

2.6.1 Running Conditions

At the Main Menu, you can calculate lap time performance by:

1. Clicking on Calculate Performance to open the Running Conditions menu, then clicking on Calculate Performance.

2. Clicking on the Calc Lap Times button at the top of the Main Menu.

Figure 2.35 Running Conditions Menu

instruments vou will use. includina an altimeter.

w. Burining Conditions

This combo box lets you select the combination of weather

| Tratk Weather . Trpck Sppcs

|Mfthud of Reading Weather Data |T_l,l e “Ise Specs Belaw

| Fiadio/TY Repart with Bel Hum

=

|Eurr. Barometer, “"Hg 29.92 | Track Layout Bank Angle

|Ail Temperature, deg F 85

Relative Humidity, % c . i

| elative Humidity 49 @
0

Elevation, feet
| o /

/
" Reportz/Graphs Track Length, ft / 1380

Show Results Every... [ 2 soomds =] Infield Width, ft / [s00

|B ank Angle, deg / 8
/

" Help
Click on arrow to zelect bow pou want bo enter " Diriver /
weather info and the tppe of instruments you will
uze, of gelect from the lizt of Tupical weather |T}'I33 | |lze Specs Below

conditions [Midwest azsumes 1000 ft and mountains z
assumes 3000 ft elevations). p 50 |At:ce|_ Agoressiveness | hoderatly -"-"-QEITESSj

|Blake Aggressiveness | poderatly ﬁggressj

Back | Help | Calculate Lap Time I Prnnt | Prninter Setup |

Click on Type and you can pick a

Track Specs with typical or specific track, or choose Use
general layout showing Specs Below to design your own
how track looks track.

Driver Specs
describe how
aggressively
you drive, or
how close
you take the
car to the
limits of the
tire’s traction.

If you click on Calculate Performance, you will first be presented with a menu of conditions which describe how you will "run" this

vehicle. These conditions include:
e  Weather and wind conditions.
e How often to report results in the output, for example every 0.5 seconds.
e  Track specs like length, banking, etc.
e How you drive your vehicle with respect to accelerating and braking.

Track Weather

The weather conditions affect both the air's oxygen density which affects engine power, and the air's total density which affects
aerodynamic drag. Many racers use their own personal “weather stations”. In these cases, be sure you read the Notes on Weather

Conditions at the end of this section., page 62.
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Method of Recording Weather Data

Click on the down arrow button of this combo box to be presented with this list of options:
e Radio/TV Report with Rel Hum
Radio/TV Report with Dew Pt
Uncorr. Baro with Rel Hum
Uncorr. Baro with Dew Pt
Pick a typical “day” . This is an easy method to use reasonable weather conditions when you are not particularly interested
in how changes weather conditions will affect performance.

If you change the Method, the 4 inputs specs in the Weather section are changed or enabled/disabled as necessary to represent the new
Method. In addition, all the input specs are adjusted to what they would be with the new Method. For example, Corr. Barometer of
29.3” at an elevation of 1200 feet is converted to 28.03” Obs Barometer with Elevation disabled. (Elevation is not important when
you are using an uncorrected or observed barometer, as this type of barometer shows the actual air pressure at the track.)

If you change from “Uncorr Baro” to Radio/TV Report with a “Corr. Baro”, the program will ask for an Elevation for the track, since
this is needed to make the Barometer Correction. All these different inputs are explained below.

Barometric Pressure

Corr. Barometer, "Hg

This input is used for either “Radio/TV Report with Rel Hum” or “Radio/TV Report with Dew Pt”. It is the Corrected Barometric
Pressure in inches of Mercury you will hear from most any TV or radio weather report. This spec is disabled if you picked a Typical
day, but will display the barometer being used.

Obs. Barometer, "Hg

This input is used for either “Uncorr. Baro with Rel Hum” or “Uncorr. Baro with Dew Pt”. It is the actual or observed Barometric
Pressure in inches of Mercury at the track. These barometers measure the actual air pressure at the track, and will read approximately

.1 inches of mercury less than the barometric pressure you will hear from a TV or radio weather report for each 100 feet of elevation.
This spec is disabled if you picked a Typical day, but will display the barometer being used.

Air Temperature

Air Temperature deg F

Air temperature in degrees F of the air at the track. This spec is used for all Methods of Recording Weather Data. This spec is
disabled if you picked a Typical day, but will display the temperature being used.

Humidity
Relative Humidity, %

Describes the air’s humidity level in percent of humidity the air could hold at its present temperature. Relative Humidity can be
calculated from either wet and dry bulb temperatures, or from dew point and air temperature readings by clicking on the Clc button.
See Section 2.7.11 and 2.7.12.
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Dew Point, deg F

The dew point in degrees F of the air at the track, which describes the air's humidity level. The Dew Point, deg F must be less than
the Air Temperature. Dew Point can be calculated from either wet and dry bulb temperatures, or from relative humidity and air
temperature readings by clicking on the Clc button. See Section 2.7.11 and 2.7.12.

Dew Point is a less confusing way of describing the air's moisture level than relative humidity. Relative humidity readings are only
meaningful if the air temperature when the reading was made is also known. However, the air's dew point remains constant even
when the air temperature changes. For example, 40 degree air with a 80 % relative humidity has only a 10% relative humidity when
the same air is heated to 100 degrees. However, the dew point remains at 36 degrees for both air temperatures.

Elevation

Elevation, ft

The elevation of the track above sea level in feet. This spec is only used if you are using a Corrected Barometer, like from a TV or
radio station weather report. If the elevation is below sea level, enter a negative (-) feet for this reading. This spec is disabled if you
picked a Typical day, but will display the elevation being used.

Notes on Weather Readings and Weather Stations

Many racers will use “weather stations”, a collection of temperature, humidity and barometric pressure measuring devices. When
using these instruments, here are some things to keep in mind:

e Unless you are very close to sea level, an actual (observed or uncorrected) barometer will usually read less than a TV or radio
weather report barometer. For elevations less than 5000 feet, an uncorrected barometer should read approximately 0.1
Mercury less for each 100 feet of elevation above sea level. For example, if your barometer instrument is at 850 feet elevation
and the closest weather station reports 30.46” barometric pressure, your barometer should read approximately .85” (850/100 x
.1) less, or 30.46-.85=29.61. It is useful to keep records of information like this (what your actual barometer reads versus what
this simple calculation says it should approximately read) to see if the comparison is constantly jumping around. If you always
make the check at the same place (same elevation) like your home or shop, and the difference is varying high by .17, than low
by .2”, etc., you may want to have the barometer or altimeter checked out.

e Ifyou find that you are making many adjustments to your weather station, you are probably doing something wrong. A
barometer which reads low, but consistently reads low is better for predicting performance trends, than one you are trying to
keep accurate by constantly adjusting. it.

e Unless you are racing in very different air, you are probably better off not changing jets. Unless you know if you were on the
rich side or lean side to start with, you may actually be making things worse. Also, constant carb adjustments are just one more
thing to go wrong and cause inconsistency.

Reports/Graphs

Reports Results Every...

Click on this combo box to select how often to report results. The smaller the time increment you choose, the more detailed the
graphs, tabular results and Suspension Analysis. However, the tabular results are much longer, up to 100 rows of results, which
makes for long printouts.
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Track Specs Figure 2.36 Track Specs

Track Length

Type

following
line driven
Click on arrow to select how you want to describe the race track. by the car.
The first choice of 'Use Specs Below' enables all track specs so
you can describe most any track, or you can pick from the
preloaded Typical or specific tracks in the list. Infield Width

Track Length, ft

The distance around the track following the 'line' the car will drive, in feet.

Infield Width, ft

The distance across the infield in feet. This tells the program how tight the turns are.

Bank Angle, deg

Is the banking of the track in the corners in degrees, for the line the car drives. If the banking is progressive (steeper at the top), enter
the banking for where the car drives (low banking if the car stays low).

Driver

Type

Click on arrow to select how you want to describe the driver. The first choice of 'Use Specs Below' enables both Driver specs so you
can enter both individually, or you can pick from the preloaded Typical examples in the list.

Accel. Aggressiveness

Click on arrow to select how quickly the driver gets on the accelerator out of the turn. The more aggressive the rating, the closer the
driver keeps the tires to the limits of the 'Friction Circle' (on the edge of 'breaking loose").

Brake Aggressiveness

Click on arrow to select how deep the driver goes into the turn before braking, then how hard they brake. The more aggressive the
rating, the closer the driver keeps the tires to the limits of the 'Friction Circle' (on the edge of 'breaking loose').
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2.6.2 Calculate Performance Test Results

The Circle Track
Analyzer's calculated
output is shown in Figure
2.37. This screen shows the
track performance for the
current vehicle. From this
screen you can:

Figure 2.37 Calculated Results
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latemodi: Sun Fel 1499 1:20 pm 1980 500 @\ |&s0s4 PRz (1612 00 (837 0 .0
latemadt: Thu Feb\11 99 10:46 am 1980 500 \ & \ |50%4 72 (1612 00 (837 0 |0
latemodt: Thu Feb Y199 10:46 am 1980 (500 \& \|&s054 | FoN2 1612 ga7 =

hich\produced thoke results. Click in other columng for definitions.

IHN T EB@E 11:54aM

Click here to show History
Summary of Important Notes

Test History (not always shown)

Commands buttons for analyzing results
Tabular Results

e  Graph or plot the results versus time by clicking on the "Graph" menu command or the "Graph" icon. Additional help is
available from the Graph Screen.

e  Print the results on a printer by clicking on the "Print" menu command or the "Printer" icon. Under the "Print" menu
command, several other options open up for various types of report and printer options.

e View the program's Notes about these results by clicking on the "Notes" button. Notes are

o useful for pointing out possible problems with the combination of specs you have selected. A brief summary of the notes is
given in the "Notes Summary" frame.

e Display a history of the last 25 runs you have made by clicking on the "History" menu command.

e Analyze the suspension by clicking on Analyzer Suspension. This displays a screen showing several aspects of suspension
motion and handling analysis. Several report options are also available at this screen, some to give 'starting point'
recommendations for springs, roll bar rates, stagger, etc. These options are a powerful part of the Circle Track Analyzer's

analysis.

e Analyze the results in an Analysis Report by clicking on the "Analyze Perf" menu command. The analysis report gives tips on
what to look for in the results to improve performance, or warning

e of unsafe conditions to be aware of.

e Return to the Main Menu by clicking on the "Back" menu command.

e You can obtain definitions for most results by clicking on that area of the screen with the mouse. For example, click on the
column with MPH results, and a definition of MPH appears with a page # in the manual for more info. This also works for the
History report in the lower area of the screen, if it is currently being displayed.
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Improvement Summary

The Improvement Summary section compares the final results of the current run with those of the previous run. This saves you from
writing down Lap Times and MPHs to see how much effect a given modification has on performance.

Lap Time
Is the time for the car to travel around the track. The results only show what happened from start of Turn #2, through the straight

away, then through Turn #3. The assumptions is that the other half of the track is exactly the same and those results are not calculated
or shown.

MPH (Final Velocity in Miles per Hour)

Is the vehicle's average velocity around the track in miles per hour.

Improvement

Improvement is simply the difference between the Current Run and the Last Run for which performance was calculated.
If the improvement is a positive value:

e  The Current Run’s Lap Time was quicker (shorter) than the Last Run’s
e  The Current Run’s MPH was faster (greater) than the Last Run's

Tabular Results
The tabular results gives important vehicle and engine information at significant points during the run:
e At the start of Turn #2.
e Atevery time interval you have requested in the Running Conditions menu as Report Results Every... spec in the
Reports/Graphs section.
e At the beginning of braking.
e At the end of Turn #3.

Occasionally, two of these conditions may occur very close together. For example 8.0 seconds may occur a couple hundredths of a
second before the start of braking. In these cases, you may only get one reading, either the 8.0 second point or the start of braking.

The following section defines each data column:

Sec

Shows the elapsed time since the start of Turn #2.

The resolution of the time column can be increased to thousandths of a second by selecting .001 second increments in the Preferences
menu

MPH

Is the vehicle's velocity in MPH.
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Feet

Is the distance the vehicle has traveled during the run, measured in feet.

Accel Gs

Is the vehicle's acceleration in Gs (1 G being 22 MPH/second). If the tires are likely to loose traction, being overpowered by the
available torque, the G value is followed by an S, and you should see Throttle% being less than 100%.

Engine RPM

Is the engine RPM.

% Thrt

Is the percent of the engine’s HP being allowed to be delivered to the clutch. This will be reduced from 100% to prevent tire spin it
tire spin is likely due to lack of tire traction.

Turn #

Since the program calculates only half the track (assuming the other half is exactly the same), two values are displayed. When a dash
(-) is displayed, the car is on the straight away.

Curvature

The radius of curvature for the line the program assumes the driver is driving, in feet. The smaller the number, the sharper the turn at
that point.

Downforce

Downforce is the force in pounds pressing the tires onto the track due to banking and aerodynamics, above normal vehicle weight. If
this value is less than 0, it will be shown as a negative (-) value.
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Corner Gs

Corner Gs is the cornering force which is throwing the car and the driver to the outside of the turn, measured in Gs.

Figure 2.38 Diagram of Downforce and Corner Gs

Corner Gs
Downforce

K’?&
<
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2.7 Calculation Menus:

The following section explains the user input for specs listed with Clc buttons (and the “Calculate” power curve menu option in the
Engine Specs menu). These specs are ones where you can simply enter a value, or click on the Clc button and the program will
present a menu of inputs which will calculate that particular parameter. These menus are like computer “scratch pads” for calculating
specs like Final Drive Ratio, Tire Circumference, etc. from other inputs.

Notes:

The starting values in each calculation menu are usually blanked out when the menu is opened. If there is other information in the
program to estimate what one of your input values will be, it may be loaded. As shown in Figure 2.39, the 4 corner weights are
already available based on the Vehicle Weight and Weight %s in the Vehicle Specs menu, and these values are loaded into the
Calculation Menu. You are free to change them to any other value.

Once enough specs have been entered, the calculated value(s) at the top of the menu will be displayed. This calculated value(s) will
now be updated each time you change a spec. If you want to use this calculated value, click on Use Calc Value. If the calculated
value is within expected limits, it will be loaded into the original menu. If you click on Cancel, you will be returned to the original
menu with the original value unchanged. If you click on Help, you will be given a general explanation of calculation menus, and a
page # in this section for more info about the particular menu you are using.

The input values or calculated values in any calculation menu have NO affect on calculated performance unless you load the
Calculated value into the original menu. If you already know a spec in the form required by the program, then you have no need to
use the calculation menu. For example, if you know the Relative Humidity is 88%, then you have no need to use a calculation menu
to calculate Relative Humidity from , say, wet and dry bulb temperatures.

Figure 2.39 Typical Calculation Menu

Calc % Wt on Rear Tires |
(Calc Rear Weight % [52.0
|Ea|t: Left Weight % |El].l]
|Ea|t: Cross Weight 3 |55_I]
|Eurlent Vehicle Wt. lbs |3I]I]l]

Weh. Wt from these Inputs. Ibs  [3000

"¥ehicle Weights

Left Front Weight, Ibs 795

|Hight Front Weight. Ibs 645

|Left Rear Weight. lbz 1005

|Hight Rear Weight. lbz 555
~ Mote:

These weightz zhould all be obtained with the
driver in the vehicle.

Usze Calc "-F'aluel Helpl Eancell Print
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Example

Assume you want to calculate a power curve for your car, but you know very little about the engine. You could click on the Calculate
menu item in the Engine Specs menu. You will be presented with the menu shown in Figure 2.40.

Engine Cubic Inches is already available from the Engine Specs menu, and this value is already loaded into the Calculation Menu.
Since the Cubic Inches of 355 is accurate for your engine, you leave it “as is”.

Note that most inputs are disabled except Calc Based On and Engine Cubic Inches. Select the Calc Based On choice from this
Combo box. Since you may not know what Volumetric Efficiency means, select Engine Description.

All specs except Vol Eff are now enabled (printed in black, not gray). All you have to do is pick a general description of your engine
for the Desc. input. Since you are using a 350 Holley 2 barrel carb with no restrictor plate, but “better than stock” heads pick “350
2BBL - Ported Heads” as the description.

You would be ready to Use Calc Values if the RPM at Peak HP was correct. From reading the comments in this menu, you see that a
good estimate of RPM at Peak HP could be around 5500 for an engine with a 350 CFM 2 barrel carb. You now see the calculated
Peak HP, Peak Torque and Peak Torque RPM displayed at the top of the menu.

If you click on Cancel, you will return to the Engine Specs menu with the Power Curve specs unchanged. If you click on Use Calc
Value, you will be returned to the Engine Specs menu with a new power curve which includes the Calculated Peak HP, Peak Torque,
Peak HP RPM and Peak Torque RPM shown in this menu.

If you had changed the Cubic Inches from the 355 entered from the Engine Specs menu, you would also be asked if the new Cubic
Inches should also be used in the Engine Specs menu also.

Figure 2.40 Typical Calculation Menu

Calc Power Curve I
[Peak HP |
[Peak Torque. ft Ibs |
[Peak Torque RPM |

" Performance Specs

Cale Based On | G—_—_—G—_-—

|E ngine Cubic Inches 355
Wol Eff | =
|D esc. | ;Il
|RPM at HP Peak 1]

" Motes:

Thiz calculation will produce approximate power
curve specs bazed on very zimple inputs. 1t
always uzes the 'Std Dyno' Corr Factor. Other
methods: of buillding power curves include
clicking on File. then Open Examplesz: or building
power curves with one of Performance Trends
Erngine Analyzer programs. Mote that restricted
engines peak a lower RPM: than unrestricted
engines [350 2BELz peak around 5500, 500
ZBBEL= peak around ER00]).

Use Calc Valuel Help I I:am::ell Print I
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2.7.1 Calc Power Curve

This calculation is available from the Engine specs menu and lets you estimate an engine Power Curve. Initiate this calculation by
clicking on the “Calculate” menu item at the top of the Engine Specs Screen

Peak HP
Peak Torque, ft Ibs

Figure 2.41 Calc Power Curve

*
Peak Torque RPM Calc Power Curve |
|Peak HP 4560
Are thle values caiculgte from these1 inputs. If you select Vol Eff, the Peak |Peak Torgue. It Ibs 271.0
HP value is calculated using the following assumptions:
e 85% mechanical efﬁ%iency at RPN% at HP lgeak PRGN P I%I
e 35% thermal efficiency " Performance Specs
e Gasoline as the fuel with an energy content of 19,000 BTU/Ib |Ea|-:: Based On Engine D — j|
e Dry air density of .0764 lbs/cu ft (dry air at 29.92” and 60 degrees) . ngine Descriptic

Engine Cubic Inches 355

The other Power Curve specs are derived from Peak HP and RPM at HP

Peak and an assumed shape of the torque curve based on the Cubic Inches. A | j|
The RPM at HP Peak input at the bottom of the menu is always loaded back Desc. | 290 4BEBL - rlimited Heads j|
into the Engine specs menu. RPM at HP Peak =
These calculations are based on power corrected to the standard aftermarket .

" Notes:

dyno correction factor of 29.92” mercury and 60 degrees dry air. This is
the standard assumption used by the Circle Track Analyzer for any power
inputs.

Thiz calculation will produce approsimate power
curve specs bazed on very simple inputs. 16
always uzes the 'Std Dyno' Com Factar. Other
methodz of building power curves incliude
clicking on File, then Open Examples; or building
power curves with one of Perfarmance Trends
CaIC Based On Engine Analyzer programs. Mote that restricted
engines peak a lower BPMs than unrestricted
Click on this combo box to select from: engines [350 ZBBL = peak around 5500, 500

e Volumetric Efficiency % Z2BELs peak. around 6500].
e Engine Description

Helpl Ean-::ell Print

Depending on your choice, certain inputs will now be enabled.

Engine Cubic Inches

Is the engine’s size in Cubic Inches. This is initially set to the Displacement in the Engine menu, but can be changed to anything you
want.

Vol Eff

Is the engine's volumetric efficiency at the HP peak. Volumetric efficiency means what is the amount of air which this engine pulls in
one cycle compared to how much it could under “ideal” conditions. Generally this is less than 100%, but can be up to 130% for
highly tuned race engines, or up to 300% on supercharged or turbocharged engines. Generally, this is not the engine's peak volumetric
efficiency (which usually occurs at the torque peak) but is close to it.

Click on the down arrow of this combo box to select from the following choices:
e 65 Bad Production
e 75 Typ Production
e 80 Good Production
e 85 HiPerf Production
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L. |

e 90 Poor Street/Strip

e 95 Typ Street/Strip

e 100 Good Street/Strip

e 110 Good Race Engine

e 115 Very Good Race Engine

e 120 Excellent Race Engine

e 125 Unrestricted Winston Cup

Desc

Is a general description of your engine. Note that the numbers for many descriptions are the CFM rating of the carburetor, not the
cubic inches.

RPM at HP Peak

Is the RPM at which the HP peak occurs. This is initially set to the RPM at HP Peak in the Engine menu, but can be changed to
anything you want.

Note: Most any modification which increases HP will also increase RPM at HP Peak. If you have no information about your RPM at
HP Peak, use an RPM 500 RPM lower than your highest RPM on the track.

2.7.2 Calc Displacement

This menu is available by clicking on the Displacement Clc button in the Engine Specs menu. When enough inputs have been
entered, it shows Displacement in Cubic Inches (which can be transferred back to the Engine Specs menu by clicking on Use Calc
Value), Cubic Centimeters and Liters.

Calc Based On

Click on this combo box to select from:
e Bore and Stroke

: Eg:rs Figure 2.42 Calc Displacement

Depending on your choice certain inputs will now be enabled. Calc Displacement %] |

Displacement. cu in 355.1
. Dizplacement. CCs 5820 4
Bore, inches Disp
|Displa-::ement, Liters h.82
Is the Bore for this engine. Bore is the diameter of one cylinder. ~Engine Specs

Calc Based On Bore and Stioke ¥ |

Stroke, inches

|Bure, in 403
Is the Stroke for this engine. Stroke is the distance the piston travels from TDC Stroke, in 3,48
to BDC. |Number of Cylinders 8
|Displa-::ement in CCs
# Cylinders [Displacement in Liters

Is the number of cylinders in this engine. For example, for a V-8 this would be

] Helpl Ean-::ell Printl
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Displacement in CCs

Is the total engine displacement in cubic centimeters (CCs) that you want converted to cubic inches. For example, for a 1000 CC

motorcycle engine, enter 1000.

Displacement in Liters

Is the total engine displacement in liters that you want
converted to cubic inches. For example, for a 5.0L Mustang
engine, enter 5.

2.7.3 Calc Weight %s

by the Rear, Left or Cross Weight %s in the Vehicle Specs and raised.
menu. When enough inputs have been entered, it shows

Figure 2.44 Procedure to Measure C.G. Height
Block suspension (so springs can not be compressed).

Raise one end of car
a significant distance.

Weighing Scale,
This menu is available by clicking on any of the CLC buttons | showing weight level  Block up tire level with scale

for accurate “level car” weight

Weight %s (which can be copied back to the Vehicle Specs menu by clicking on
Use Calc Values), the Current Vehicle Weight in the Vehicle specs menu (for
comparison), and the new Vehicle Weight based on the 4 corner weights entered
into this menu.

The weight measurements should be taken with the driver in the car, all fluid and
fuel levels in race condition and on a very flat surface.

Left Front Weight, Ibs
Right Front Weight, Ibs
Left Rear Weight, Ibs
Right Rear Weight, Ibs

Are the weights on the respective tire in Ibs. When you first open this menu, these
are filled in with the corner weights which produce the Weight %s for the Vehicle
Weight currently entered in the Vehicle Specs menu.

If you use the new weight %s from this menu, and the New Vehicle Weight is

significantly different from the current vehicle weight, you will be asked if you
want to load the New Vehicle Weight into the Vehicle Specs menu also.

2.7.4 Calc C.G. Height

Figure 2.43 Calc Weight %s
Calc % WionRear Thes 3|

|Ea|-:: Rear Weight 3 h2. 8
|Ea|-:: Left Weight X 61.6
|Ea|-:: Cross Weight 047
[Current Vehicle Wt, Ibs 3000
['Iul"eh. Wt from these Inputs. lbs 3180

" ¥ehicle Weights

|Left Front Weight, Ibs 860
|Hight Front Weight, Ibs i540]
|Left Rear Weight, Ibs 1100
[Right Rear Weight, Ibs 580

" Hote:
Theze weightz zhould all be cbtained with driver
i wehicle on a wem FLAT surface.

Usze Calc '?'aluel Help | Ean-::ell Print |

This menu is available by clicking on the C.G. Height Clc button in the Vehicle specs menu.
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The procedure to determine C.G. height requires one end of the car to be raised while accurately measuring the wheel weights on the
other end of the car before and after the car is raised. The suspension must be blocked so the springs do not compress during the
process. This can be done by replacing the shocks with solid links that maintain the vehicle’s free standing height.

Raising a typical car about 20 inches (quite a lot) will only show a weight increase of 30-60 lbs for most cars. Therefore, this process
requires very precise weight measurements. Some tips to improve the accuracy of the procedure include:

Wiggle the car slightly on the scale to ensure it always returns to the same weight.

The higher you raise the car, the more weight difference you will see and the more accurate results.

The test should be run with the driver and all fluid levels at race conditions.

Do the entire test more than once and average the C.G. height results.

This procedure can be dangerous if not done with care and using good equipment. Take the
proper precautions, especially if you raise the car significantly.

Wheelbase, in

Wheelbase of the car in inches.

Total Vehicle Weight, Ibs

The total weight of the vehicle, ideally with the driver and all fluid levels at race conditions.

Total Front (Rear) Weight, Ibs

The weight on the front tires (or rear tires if the front of the car is raised) on level ground in pounds, before the car is raised.

Raise Front or Rear

Figure 2.45 Calc C.G. Height
Colo C6_Heightin 3|

[Calc C.G. Height, in 21.6

" Level ¥ehicle Measurements

l"w"heelhase 108

Total Yehicle Weight, Ibs 3000

|Tutal Front Weight. lbz 1560

~ Raized ¥ehicle Meazurements

Choose which end of the car is raised for this test, usually the rear.

Front (Rear) Tire Radius, in

The radius of the front tire (or rear tire if the front of the car is raised).

Distance Raised, in

The distance the one end of the car is raised, in inches. Raise Front or Rear Roar j
|ant Tire Radius. in 139
New Total Front (Rear) Weight, Ibs Distance Raised. in 15

|New Total Front Weight, Ibs  |1590
The new weight on the front tires (or rear tires if the front of the car is

raised) when the car has been raised. - Note:

See diagram and procedure in Section 2.8.4 in
manual, page xux.

Helpl Eancell Printl
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2.7.5 Calc Rear Axle Ratio

This menu is available by clicking on the Rear Axle Ratio Clc button in the Vehicle specs menu.

Type

Click on this combo box to select from:
e Ring & Pinion Gear Only (typical of most rear wheel drive rear axles)

e Quick Change with 4.56 Ring & Pinion
e  Quick Change with 4.88 Ring & Pinion
e  Chain Drive Only (typical of go carts, most motorcycles, etc.)
e  Gear Reduction & Chain Drive (typical of motorcycles where there is a
ghain redgctiog between the engine qnq the transmission, and then there Figure 2.46 Calc Final Drive Ratio
is the chain ratio between the transmission and rear axle) Calc Final Drive Ratio |
Depending on your choice certain inputs will now be enabled, hidden or Calc Final Drive Ratio |4.1 6
changed.
" Inputs
# Teeth, Pinion Gear Type [ Quick Change with 4.56 Fing & F 7
Ring and Pinion Ratio 4 5E
This is the number of teeth on the smaller pinion gear (or drive gear which T eath Cluteh Pri G
attaches to the driveshaft) in the rear axle. If you selected Gear Reduction & [¥Teeth. Clutch Primary Gear I—I
Chain Drive as the Type, this is the # teeth on the sprocket or drive gear on the |1t Teeth, Top Spur Gear
engine’s crankshaft. In almost all cases, this number will be smaller than #
Teeth Ring Gear. 1t Teeth, Bottom Spur Gear |34
" MNote:
. Far drivetraing with a Primary gear drive bebween
# Teeth’ Rlng Gear the engine and tranzmizsion: Select 'Primary

E._ati-:u & Ehe!in Dirive' az the Type if pou knu:u!.-\l the
This is the number of teeth on the larger ring gear (or driven gear which Primary Ratio. Select Primary Gears & Lhain
attaches to the axle shafts through the differential) in the rear axle. If you Drive' if you know the # Teeth on the Primary

selected Gear Reduction & Chain Drive as the Type, this is the # teeth on the Gears.
sprocket or drive gear on the transmission input shaft or clutch shaft. In
almost all cases, this number will be larger than # Teeth Pinion Gear. Uze Calc ¥alue | Help | Cancel| Print

# Teeth, Drive Sprocket

This is the number of teeth on the smaller drive sprocket on the engine or transmission for chain drive systems. In almost all cases,
this number will be smaller than # Teeth Wheel Sprocket.

# Teeth, Wheel Sprocket

This is the number of teeth on the larger driven sprocket on the wheel or axle for chain drive systems. In almost all cases, this number
will be larger than # Teeth Drive Sprocket.

Ring and Pinion Ratio

This is the ring and pinion ratio for the quick change, usually 4.56 or 4.88, but you can change this to most any ratio.
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# Teeth, Top Spur Gear Figure 2.48 Calc Tire Circumference

Calc Tire Circumference, inches |

|Ea||:: Tire Circumference. inches |75.1

This is the number of teeth on the upper (top) spur gear in the quick change.

(Calc Tread Width, inches 8.4
# Teeth, Bottom Spur Gear
" Inputs
This is the number of teeth on the lower (bottom) spur gear in the quick = :
change. Rating Type | FMetric (ex P225-60-15) = |
|I'-'Ietrit: Tire Size [ex 229] 245
ILetter Tire Size | jl
|Aspet:t Ratio 50
rwheel Rim Diameter, in 15
2.7.6 Calc Frontal Area I s [
|TilE Diameter. in
This calculation is available from the Vehicle Specs menu and allows you to ~Mote:
estimate a vehicle's frontal area. Calculated Circumferences [except bazed on
Roling Radiuz] are reduced approximately 3%
. . from exact dimensions to allow for zome wear,
Track Wldth’ inches deformation and slip.
Is the distance from the center of one front tire to the center of the other Il Help | Cancel | Print ]

front tire. This value is initially set to the Rear Track Width in the Body
and Axle specs menu, but can be changed to most anything you want.

DL
Roof Helght, inches "Wehicle Dimensions
The distance in inches from the ground to highest portion of the roof or oies B, BrEnes
vehicle in inches which extends nearly the full width of the vehicle. Roof Height. inches
For example, for a truck with a roll bar behind the cab, measure to the top ~Mote:
of the roll bar, but not to the top of one of the spot lights mounted on the Thiz calculation is only an approximation of
bar. However, if so many lights are mounted on the bar that they are nearly Frontal Area, based on 2 easily obtained
continuous for the full width of the vehicle, it may be more accurate to then meagurements. For most situations [MPH less

than 150] Frontal Area will not have a large effect

measure to the top of the spot lights. : v dd
U p potlig an perfarmance and thiz apprasimation iz

Cancel

2.7.7 Tire Circumference
Tread Width

This calculation is available from the Wheel & Tire Specs menu and allows you to estimate either a front or rear wheel’s Tire
Diameter and Tread Width for certain Tire Rating Types.
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Note: For all Rating Types except Rolling Radius, the Calc Tire Diameter is approximately 3% less than what you would calculate

based on the exact dimensions. This is to allow for some tire wear, deformation, and slip.

Rating Type

Click on this combo box for the following rating types:
e  P-Metric (ex P225-60-15)
e Letter (ex G-60-15)
e Rolling Radius, inches
e Diameter, inches

Depending on your choice, certain specs will become enabled. If

you choose the P-Metric or Letter Type, you will also be able to
calculate the Tread Width.

P Metric Tire Size (ex 225)

Identifies the tire's cross sectional width in millimeters and is also
related to the tire's load carrying capacity.

Letter Tire Size

Figure 2.50 Traction Factors

E stimated Traction Factors Ed |

|E shimated Trachon Factor 90

" Pick Tire & Suzpenzion Description

=l

90 Good Suzpenzion 5etup

" Hote:
Click on the ‘down arow’ button on the right zide
of the 'combo box' above to zelect a general
description of how well your suspenzion lets your
tirez hook, up in the comers, for the current tire
zpecs of 10" wide, 'Typical Bacing Tire [average
traction]' tires.

Usze Calc "'-l"aluel Helpl Eancell Print

Identifies the tire's load carrying capacity. Click on this combo box to select on of the letters. This is an older rating system and there

1s more variation across manufacturer's.

Aspect Ratio

Is the ratio of tire cross sectional height to cross sectional width. A 75 series tire has a height 75% as high as its cross sectional width,
and is generally a tall tire. A 50 series tire is a lower profile tire, more suited to cornering and performance.

Wheel Rim Diameter

Is the diameter of the wheel's rim.

Rolling Radius, in

Is the tire's radius, measured with the tire mounted on the car,
with the tire on the ground with typical vehicle weight on it.
Radius is the distance from the center of the tire to the ground.
See Figure 2.49.

Diameter, in

Figure 2.49 Rolling Radius

Circumference
= A

Diameter

Radius

Is the tire's diameter measured in inches. Diameter is the distance across the tire.
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2.7.8 Estimated Traction Factors

This Calculation menu is available by clicking on the Traction Factor Clc button in the Vehicle specs menu. Click on the combo box
to be presented with general choices describing traction, and the corresponding Traction Factor in %. This menu is different than
other Calculation menus in that there is not calculation performed, but you are simply picking a Traction Factor from a list of
descriptions.

The Traction Factors in this list are very general. You will probably have to fine tune this spec based on your vehicle's actual lap
times. The program can also determine Traction Factor with the Match My Lap Times command at the Main Menu.

2.7.9 Calc Spring Rate

This Calculation menu is available by clicking on the Spring Rate Clc button in the Front Suspension or Rear Suspension menu.

Spring Location

Click on this combo box to select which spring location you are calculating a spring rate for, either the Left spring, Right Spring or
both springs.

Figure 2.51 Calc Spring Rate
Calc Spring Rate |

Type of Sp”ng [Calc Spring Rate |

Click on the combo box for Type of Spring to change the inputs in this
menu for the 4 basic types of springs:
e Coil Springs Spring Location | Right Side =~
e  Leaf Springs -
e Solid l?orsﬁ)n Bars Type of Spring |j|
e Hollow Torsion Bars # Leaves at Center
These inputs will be discussed in the 3 sections below

T Inputs

|ﬂ Leaves at Ends

|5 pring Length, in

|Thit:kness of 1 Leaf, in

Coil Springs Spring Width, in

1

" Mote:
Click on Location to chooze which spring pou are
calculating the Spring Rate for. Chooge a

Is the diameter of the wire which makes up the coils, in inches. Take different Twpe of Spring for Torzion Bars or Leaf

this measurement carefully as it has a large impact on the results. Springs.

Wire Diameter, in

Usze Calc "'.F'aluel Help | Eancell Prnnt

Inside Diameter of Coill, in

Is the inside diameter of the wire coils which makes up the spring, in inches. The coil diameter ranges from 1.5 to 5 inches for most
springs.
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Number of Active Coils

Is the number of active coils in the spring. Usually the top and bottom
coils of a spring do not move (are not active) and do not contribute to
the “springiness” of the spring. Therefore the number of active or
moving coils is usually 2 less than the total number of coils. For

example, for a spring with 12 coils, the Number of Active Coils would
be 10.

Leaf Springs
# of Leaves at Center

Is the number of individual leaves at the center of the leaf spring,
where the axle attaches. For a single leaf this would be 1.

# of Leaves at Ends

Is the number of individual leaves within 2 inches of the front and rear
mounting points on the vehicle frame. Usually this is 1.

Spring Length, in

Is the length of the main leaf spring in inches, usually 20 to 60 inches.

Thickness of One Leaf, in

Is the average thickness of each individual leaf, in inches. Take this measurement carefully, as it has a large impact on the results.

Spring Width, in

Circle Track Analyzer

Figure 2.52 Torsion Bar Specs
Arm Length

F

Bar Outside Diameter

Chapter 2 Definitions

]

Active Bar Length

Detailed Side View of Arm Length

7
Q/
Arm Length /

Axle Housing

Is the average width of each leaf, in inches. This usually ranges from 1 to 3 inches.

Torsion Bars

Torsion Bar Diameter, in

Is the outside diameter of the section of the bar which is designed to twist, in inches. Take this measurement carefully as it has a large

impact on the results. See Torsion Bar Length below.

Torsion Bar Length, in

Is the length of the bar which is designed to twist, which is usually the thinnest part of the bar. See Figure 2.52.
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Lever Arm Length, in

Chapter 2 Definitions
L. |

Is the distance from the bar to where the bar attaches or rests on the axle. See Figure 2.52. For the Front Suspension, this is usually

the length of the lower A Arm, from the center of the torsion bar to the ball joint.

Bar Inside Diameter, in

Is the inside diameter of the torsion bar if you have selected a Hollow Torsion Bar, in inches.

2.7.10 Calc Roll Bar Rate

This Calculation menu is available by clicking on the Roll Bar Rate Clc button
in the Front Suspension menu.

V4.0 has greatly enhanced this calculator, Appendix 6.

Type of Bar

Click on this combo box to select from the following 3 types of roll bars:
e No Sway Bar
e Solid Bar
e Hollow Bar

Bar Outside Diameter, in

Is the outside diameter of the section of the bar which is designed to twist, in inches. Take this measurement carefully as it has a large

impact on the results.

Figure 2.53 Calc Roll Bar Rate

Calc Roll Bar Rate |

Calc Roll Bar Rate 312
" Inputs
Type of Bar Solid Bar |

Bar Outside Diameter, in

|Bar Inside Diameter, in

Active Bar Length, in
|Arm Length

nilie

" Mote:
Active Bar Length iz the lenght of the bar that is
dezigned to bwigt, which uzually haz a smaller
than the rest of the bar. Arm Length is the
distance from the bar mounts on the frame back.
to where the bar mountz on the suspenzsion,

Usze Calc '?'aluel Helpl Ean-::ell Print

Figure 2.54 Roll Bar Measurements

Production Style Bar

Bar Outside Diameter
Arm Length

Active Bar Length

Custom Style Bar

Bar Outside Diameter

&
<

T
1

Active Bar Length
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Bar Inside Diameter, in

Is the inside diameter of the torsion bar if you have selected a Hollow Roll Bar, in inches.

Active Bar Length, in

Is the length of the bar which is designed to twist, which is usually the thinnest part of the bar. See Figure 2.54.

Arm Length, in

Is the distance from the bar to where the bar attaches to the suspension. See Figure 2.54.

2.7.11 Calc Dew Point, deg F

Depending on your choice of Method of Recording Weather Data, you will be entering either Dew Point or Relative Humidity in the
Running Conditions menu. These humidity inputs at all these menus have a Clc button. This is the Calculation Menu you will get if
you are using Dew Point.

Know Relative Humidity?

If you know the relative humidity of the air and the air temperature, select Yes. Otherwise select No to input Wet and Dry bulb
temperatures from a psychrometer. Depending on your choice the appropriate inputs are enabled.

Outside Air Temp, deg F

Is the outside air temperature when the relative humidity measurement was made. For example, if the weather service or weather
report gives a relative humidity of 56 % and a temperature of 68 degrees, use 68 degrees.

Outside Rel Humidity, % Figure 2.55 Calc Dew Point
Is the air's relative humidity as reported by a weather service or measured by EAICINEWIRRINLTHEN I
humidity instruments. Calc Dew Point | |I35.2

'WwWeather Inputs

Know Relative Humidity ? |

Is the temperature of the dry bulb thermometer on the psychrometer in Outzide Air Temp, deg F |
degrees F. This is also the temperature of any thermometer mounted in the

shade when the Wet Bulb Temp reading is taken. The Dry Bulb Temp must D 3 (] AR, & |
not be less than the Wet Bulb Temp. e dladh Yomp, deg | |:|

el Hadh Yoy, deg b | I:I

Dry Bulb Temp, deg F

Wet Bulb Temp, deg F

| Help | Cancel

Is the temperature of the wet bulb thermometer on the psychrometer in
degrees F. The wet bulb has a "wick" or cloth covering the bulb which is
moistened with water. The dryer the air, the greater the difference between the wet and dry bulb readings. Relative humidity or dew
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point can be manually read off a Psychometric chart from these two readings. This calculation replaces reading the chart. The Wet

Bulb Temp must be less than the Dry Bulb Temp.

2.7.12 Relative Humidity, %

Depending on your choice of Method of Recording Weather Data, you will be entering either Dew Point or Relative Humidity in the
Running Conditions menu. These humidity inputs at all these menus have a Clc button. This is the Calculation Menu you will get if

you are using Relative Humidity.

Know Dew Point?

If you know the dew point of the air and the air temperature, select Yes. Otherwise select No to input Wet and Dry bulb temperatures

Chapter 2 Definitions

from a psychrometer. Depending on your choice the appropriate inputs are enabled.

Outside Air Temp, deg F

Is the outside air temperature when the Dew Point measurement was made.

Dew Point, deg F

Is the air's Dew Point in degrees F as reported by a weather service or
measured by humidity instruments.

Dry Bulb Temp, deg F

Is the temperature of the dry bulb thermometer on the psychrometer in degrees
F. This is also the temperature of any thermometer mounted in the shade when
the Wet Bulb Temp reading is taken. The Dry Bulb Temp must not be less
than the Wet Bulb Temp.

Wet Bulb Temp, deg F

Is the temperature of the wet bulb thermometer on the psychrometer in degrees
F. The wet bulb has a "wick" or cloth covering the bulb which is moistened
with water. The dryer the air, the greater the difference between the wet and
dry bulb readings. Relative humidity or dew point can be manually read off a
Psychometric chart from these two readings. This calculation replaces reading
the chart. The Wet Bulb Temp must be less than the Dry Bulb Temp.
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Calc Relative Humidity

Figure 2.56 Calc Relative Humidit
T oot remve omidiy |

. /3.0

'wWeather Inputs

Know Dew Point ?

Shabarde A Ve, doy

|

Sream Fomd, deg F

.
|

Diy Bulb Temp, deg F

|

Wet Bulb Temp, deg F

Use Calc Yalue | Help

‘ Cancel
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2.8 Match My Lap Times

The Circle Track Analyzer will automatically 'fine tune' certain critical specs to match a particular vehicle's lap times. See Example
4.2. The Match My Lap Times process consists of:

1. You set all specs to match the vehicle you are building as close as practical. This is very important for accurate results.
Click on the Match My Lap Times button at the top of the Main Menu to bring up the Match My Lap Times menu shown in
Figure 2.57.

3. Fill in the Match My Lap Times menu with your vehicle's performance. Then click on OK (adjust veh. specs to match
performance) to start the process.

4. The program will adjust:

e Engine Power Curve
e Tire Traction Factor
e Tire Type, if it needs more traction than 100% Traction Factor can provide
e Driver Aggressiveness
e Track Bank Angle
e  Track Infield Width
To find a combination giving the closest match to the vehicle's performance.

Figure 2.57 Match My Lap Times Menu
Your Yehicle's Actual Performance
|Luwest Engine BPM in Turns 4500
|Highest RPM before Braking 7200

|Lap Time, sec 18

Adjust Track Specs if Needed Yes j

Engine | 850 4BBL-Unlimited Heads j|

Pick bazic engine description from list of engine types,
carb zizes, general head description, etc.

" Important Current Specs
These are some curment zettings of critical specs
which muzst be accurate BEFORE using this menw;

Engine Cubic Inches: 355

Track Type: Usze Specs Below

Track Surface: Azphalk

Track Length: 1380

Track Infield “Width: 500

Track Banking: &

Help Cancel Clear Entries
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If the program can not arrive at acceptable specs in 100 passes around the track, it will give you a notice. You may then want to
double check your entries in the Match My Lap Times menu or some of the other specs in the other menus.

If the program does arrive at acceptable specs, you will be shown a summary of the new specs the program found and how close the
program matched performance, as shown in Figure 2.58. You can then load these specs into the menus for this vehicle.

This process can save a good deal of "cut and try" on your part to get your vehicle specs adjusted. Example 4.2 shows the Match My
Lap Times process in more detail.

Lowest Engine RPM in Turns

Enter the lowest RPM you see in the turns. This gives the program an idea of how slow the car must go to make the turn.

Highest RPM Before Braking

Enter the highest RPM you see immediately before you brake. This gives the program an idea of how for you get into the corner
before you brake, and some idea of the shape of the power curve.

Lap Time Figure 2.58 Results of Match My Lap Times
Enter the car’s lap time for this particular track. Modifications Hequired to Match your Performance E |

" Performance from Hew Specs

. . Lap Ti Highest APM L t RPM
Adjust Power Curve if Needed Specified dp e o gues
Vehicle Perf |23 | [Be00 | 500 |
Pick Yes and the program will not only adjust vehicle Perf Obtained [30.30 | 7330 | 4503 |
specs and track specs, but also the engine power curve from New Specs

to match lap times. This is recommended when you
do not have a dyno curve for the engine.

" Specs Which Have Been Changed

Spec Hame oid Mew

Engine Pk Tq [full curve] 498.0 hibh.0
Engine Pk HP [full curve] hah7.0 F06_6

Eng Pk HP RPM [full curve) G700 7100

Tire Traction Factor 92.0 67 68

Tire Type Mew Racing | [Mew Racing
Infield Width, Ft 241 241
Banking. deg 10 10

|Driving Style | |L|se Specs | |L|se Specs |

Keep These New Specs

Return to Old Specs
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Circle Track Analyzer

Chapter 3 Output

The Circle Track Analyzer provides several ways to view and output the test results, including:
e Tabular, calculated Test Results displayed on the screen. Check Section 2.6 for definitions of Test Results.

Analyze Suspension is a powerful, graphical suspension analysis tool
Analysis Report giving tips, warning of safety issues, etc.
High resolution graphs
Printer output or reports or graphs
Vehicle Library for recording sets of vehicle specs for later use

Chapter 3 Output

Figure 3.1 Output Options from Test Results Screen

Menu Bar showing names of options
M Circle Trac Analyzer ¥2 .0 Performance Trends [ BUSCH-NA ZR7 |

Vehicle File Name

L Back Graph PFrint  Analyze Suspenszion  Analyze Pelf  History  HelplF1) =] x]
Motes Surnmary: Yery Law Lift Coef, Engine RPM Mew Lap Time  28.66 MPH 1256 .
—_Motes \| High. Click an Notss for mare Details. Last Lap Time ~ 28.85 124.7 Click on and
] Comments Ifprovement .20 i /_ slide slide bar
|Feet |MPH Nccel G s |Z Throttle |Eng RPM |Tum i |Cur alurelDownForce|ComerEs button to
0 92.6 . 0 4978 274 45 680 1.07 ! H
= ispl II'T
[i1}] 943 3 89 h072 274 491 658 1.03 d Sp ay a est
139 93.8 A1 100 5310 2/4 64 559 .83 Results.
214 103.2 40 100 h548 274 898 441 61
2.00 291 107.5 .38 100 h778 274 126 349 43
250 372 111.6 37 100 6000 274 174 281 .30
300 455 1155 .35 100 6213 274 2341 234 20
350 hd1 119.3 .33 100 6415 274 3061 2m 13
4.00 630 1229 | 100 G606 274 10386 90 -.08
4 50 F22 126.2 .30 100 6787 - - 42 - 17
5 NN A1k 1794 28 1nn RAR7 - - 4h 17 Click on and
: =101 % slide slide
Don't Shioks Historyg Clear [eraze] History Print Help bar button to
Test Title [5aved[[Lap Ft [Infield [Bank]tnRPt]MeRPM]LapTimg Imp. [MPH  [imp. [CarLen = ispl .
buschna 4t Sat Feb 27 99 10:27 am F280 541 10 4978 5300 2866 |.20 (1256 |9 1.9 d'_SP ay entire
buzch-na. At Sat Feb 27 33 10:26 am 5230 841 10 4318 8280 2386 |.00 N HIStOfy LOg
busch-na.zJt: Fri Feb 26 99 5:26 pm 5280 841 10 [4918 (8280 2886 |00 HIStOI'y Log
busch-na.zlt: FriFeb 26 99 526 pm 5280 84 10 4918 8280 2896 T
busch-lo.udr: Fri Feb 26 33 5:26 pm 2000 446 140 3481 4417 1858 734
latemod: Thu Feb 2593 11:50 am 1930 OO 8 5054 /912 1612 a3y -
Click on Test Title (15t column) to change it or b retrieve specs which produced those results. Cligk in other columns for definitions.
L_ Performance Summary

L Notes Summary and Notes button giving performance tips
Command Option Buttons
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Figure 3.2 Additional Output Options
Click here or here to graph these results

Click here or here to print these results
Click here to analyze the suspension as the car goes
around the track. as described in Section 3.6.

Click here to create Analysis Report (giving
performance tips) as described in Section 3.1

Click here for History Log options
Click here for help on Test Results

M Circle Track Aralyzer v2.0 Performance Trends [ BLISCH-N/CZRT ]

L. B Fant  Andlyze Suspenzion  Analyze Perf  Hiztory  HEIp[FT] ;lilll
Notes | Nptes Sl._Jmmary: e Low Lift Eoef_, Engine RFM Mew Lap T_ime 2866 MPH 1256
High. Click on Motes for more Details. LaztLap Time  28.86 124.7
Commyents Impravement 20 ]
Time \ |Feel |HHH |hccel Gz |Z Throttle |Eng RPM |Tum i |Euwalure | annFulcel ComerGs «
.00 0 92 % NI 0 4978 214 456 680 1.07 |
50 68 94. 37 89 h072 214 491 658 1.03
1.00 139 98.8 A1 100 5310 24 640 5589 83
1.50 X14 103.4 40 100 5548 24 893 441 _B1
2.00 1 107.5 .38 100 778 274 1260 349 43
250 32 111.6 37 100 6000 274 1740 281 230
3.00 45 115.5 .35 100 6213 214 2342 234 20
3.50 54 119.3 .33 100 6415 214 3061 201 A3
4.00 630 1229 | 100 G606 214 10386 90 -.08
450 722 126.2 .30 100 6787 - - 42 -17
5 Nn R1R 179 4 el nn RA57 - - 4R -17

w Test History

Don't Show Higtorg | Clear [eraze] Ristory  Frint Help

Test Title \ \[5ave?[[Lap Ft [Infield [Bank]MnRPt]MzRPM] LapTime]lmp. [MPH  Jimp. [Carlen [=
buzch-na.zit: Sat Feb 7 99 10:27 am 5280 841 10 4978 8300 2866 .20 (1256 9 (14 -
buzch-na.zit: Sat Feb ¥ 99 10:26 am 5280 841 10 4918 8280 2886 .00 (124¥ |0 .0
buzch-na.zrt: Fri Feb 2699 5:26 pm 5280 841 10 4918 8280 2886 .00 (12¥ |0 .0
buzch-na.zrt: FriFeb 26 39 5:26 pm 5280 841 10 4918 8280 2886 1247

buzchelo.udn: FriFeb 26 99 5:26 pm 2000 448 140 3481 447 1858 734

laterod): Thu Feb 2593 1\1:50 am 1980 B00 8 B0R4 912 1612 83.7 -
Chck on Test Tite [1st cnl\.‘xn] to change itkr to retrieve zpecs which produced thoze resultz. Chok in other columns for definitbions.

\_ Click here to view and/or edit the Vehicle Comments, or the
Engine, Front Suspension or Rear Suspension comments

Click here to return to the Main Menu
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3.1 Analyze Perf. Reports

When calculated test results are displayed on the screen, you can obtain an Analysis Report by clicking on Analyze Perf. in the menu
bar. The Analysis report consists of 1-3 pages of suggestions for improving performance, safety warnings, etc. concerning the

performance results calculated. See Figure 3.3 and 3.4 for examples.

Figure 3.3 First Portion of Analysis Report

& Circle Track Analyzer ¥2.0 Performance Trends [ BUSCH-HA ZRT | =R

L. Back Graph  Print  Analyze Suspension  Analvze Perf History  Help(F1]

Motez Summanye: Yery Low Lift Coef, Engine RPM Mew Lap Time
High. Click on Maotes for mare Details. Lazt Lap Time

Irnrmssarnant

| [@]

w Analyziz Report |

_|8] x|

2866 MPH 1256

28,86 124.7
o L=}

Analvsi=s Eeport

The program predicts 28 second laps for thi=s vehicle
on a 1 mile track, with 10 deg bank=s and
approEimately 1290 foot straightawavs.

If this description does not =eem to match the track you want to

The program shows the lowest RPM in the corner of 4978 REFH.
{Thi=z i= the first FPM reading in the EPM column.) If wour
car's REPH does not fall this low in the corner:

- First. make sure your rear tire's Circumfersnce., vour Rear
Axle Ratio, Ratio of Trans Gear U=zed ratios are entered
correctly in the Vehicle Specs menu.

zimulate. look at the Track Specs in the Running Conditions menu.

ﬂ:

— If the above specs are correct, and the program i= =till j
Print Cancel
9.50 1748 1507 16 100 a1 - - 80 -7
10.00 1860 152 4 15 100 8194 - - 83 -7
10.50 1972 154.0 14 100 g281 31 12652 153 -.05
n 75 2029 154 3 m 2 a3nn 31 3134 192 n2 =
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Figure 3.4 Another Portion of Analysis Report
M Circle Track Analyzer v2.0 Performance Trends [ BUSCH-NA_ZRT ] 7] x]

& Back Graph Print  Analze Suspension  Analyze Perf History  Help(F1] - |5’ |5|
= Motes I Mates Summary: Wery Low Lift Coef, Engine RPM Mew Lap Time 28,66 MPH 1256
Wl | %i High. Click on Maotes for more Details. Last Lap Time 28,86 1247
] P . e b an q
m Analysiz Beport |

The program =hows an engine EFH of 3300 at the end of

the straightaway. (Thi= EFM may not show in the

EPH column if more than 100 rows are shown in the output.) If
vour car's RPH goes higher than thi= at the end of the straight:

— First, make sure the Tire Circumference. Eear Axle Ratio,
Trans Gear Ratio Used in the Vehicle Specs menu are correct
az mentioned sbove. _J

— Second, make the program match your minimum EPHM in the
corner following the previous suggestions.

— If all these are correct, and the program i= =till predicting
a lower REPH at the end of the straight, trv:
— If XThrttl i= low during much of the acceleration out of
the corner. try increasing tire Traction Factor or better
'Tire Type' in the Vehicle Specs menu to simnulate a car
with 'stickier' tires.

— Increase the Accel . Agressiwveness in the Running Conditions :J
Print | Cancel |
9.50 1748 150.7 16 100 a1 - - 80 -17
10,00 1860 152 4 15 100 8194 - - 83 -17

L T R

IMPORTANT: The Circle Track Analyzer can NOT anticipate all UNSAFE and poor
performing situations. Do NOT rely only on the Analysis report to point out problems and
SAFETY HAZARDS. You must use your own judgment, expert advice from experienced
engine builders and the manufacturer of the components.
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3.2 Graphs

Circle Track Analyzer

Chapter 3 Output

Graphs are obtained by clicking on the Graph button or the Graph name in the menu bar as shown in Figure 3.1. Figure 3.5 shows a

typical graph and a descriptions of some of the basic graph screen items.

Figure 3.5 Basic Graph Screen Items

Command buttons perform action as pictured with 1 click of mouse.

Menu bar provides for several graph commands and options.

Graph Title: change by clicking on Format, then Edit Titles/Legend.
Name of current Engine File

Commands to graph the current test results with
past test results. Last is the previous test results,
History are up to 6 results from the History Log.
Graph Legend,
which describes

w. Circle Traclc Aralyzer v3.0 [ BUSCH-NAZRT |
Back [File Fdimat| View HelpiF1) Data To Graph | hidory LAST the data graphed_
= [ L elllls ] el i) el e funvies]setbesed] This includes

Circle Track Analyzer v2.0 Eng RPMvs Tim Name of test
results, Type of
Data. You can
also click on Data
Type names and
the corresponding
data line will flash.
This is useful to
find a particular line
when several are
graphed. Names
in the Legend can
be changed by
clicking on Format,
then Edit Titles/

a500

ao0n

7500

7000

6500

6000

5 T 2 ) ‘ R - R
b ! . . . :

'
15.0% 20.00 25.00 30.00 Seconds

\_ Horizontal X axis. The scaling of this axis can be easily
chanaed as described in this section.
Grid lines. The style or elimination of grid lines can be changed by
clickina on Format, then Grid Stvle.

Data graph lines. The style and thickness of these lines can be
changed by clicking on Format, then Line Style.

Vertical Y axis, the scaling of which can be changed as described in this section.

There are 2 basic types of test data which can be graphed:

e MPH

o Accel Gs

e Engine RPM
o % Throttle

e  Downforce

e Cornering Gs
Vs (on X axis), either:

e Time in Seconds

e Distance if Feet
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There are 3 basic types of fests which can be graphed:
o Current test results. These are the test results displayed in the Test Results screen, for the current Vehicle specs.
o Last test results. These are the test results from the previous calculation. By comparing the current calculated results to the
last results, you can easily watch how each modification has effected performance.
o Test results from the History Log. The History Log is a list of 25 tests, some of which you have specified you want saved
long term, some of which are simply some of the last tests you have run.

Figure 3.6 Switching between Data Types

Click on Data_to_Graph

Data_To_G raph w Circle Track Analyzer v3.0 [ BUSCH-NA ZRT | for drop down menu.
Back File Format Wiew HelplF1] | Data To Greptt | history LAST Then select type of data
You can switch between v Huorizontal ¥ Axis iz Time, seconds 1 to graph, and what to
. Horizontal = Axiz iz Distance, feet ra h a ainSt (tlme or
data types as shown in Circle Track Analy - graph ag :
Figure 3.6. 8500 MPH -- distance for the X axis).
Aceel Gs Your current choices are
% Thrattle .
000 v Engine RPM Gl shown with check marks.
Down Force
7500 Cornering Gz B

Graphing Current,

Last and History Figure 3.7 History Log (see Section 3.5 for more details)

Click on the History Button or the History

Log Test Results ] menu item todisplay the History Log.
w Circle Track Analyzer ¥3.0 [ BUSCH-NAZRT ]
The Current and Last Test Back File Format iew—Tlel(F1) Data_To_Graph | HISTORY last
Results were defined carler Pl Te T o] =R Fuvien]setsea]
The History Log is explained - -
in some detail in Section 3.5 Circle Track Analyzer v2.0 Eng RPMvs Time [E"r:';ﬂ';;:f“m:z? arn-|
starting on page 112. This Sl
section will explain how to 2000 [ busch-na.zt 10:25 '”"‘I
graph test results for tests in
the HiStOI’y LOg 7500 [ busch-na.zt 5:26 pm _|
. Toon busch-lo.udn 5:26 pm
Other Graphing Eng RPM ]
Features KLY ._
w Teszt History [_ O] =]
The graph screen has several Graph Thesze Tests Graph Optionz  Clear [eraze] Histore vt nL=:
features, including: Test Title | Graph?| Graph Title |5aved|Lap FifInfield [[MrRPHMaRPH|LapTim{[MPH  []Ca =
° Printing busch-na zit: Sat Feb 27 93 10:27 am buzch-na.zrt 10:27 5280 |84 4578 (8300 [28BE ||1256 |1.%
e Cursor to pinpoint busch-na.zt: Sat Feb 27 99 10026 am es  busch-nazrt 10:26 5280 841 ||4918 8280 (2886 (1247 0 r-
the value of a busch-na.zit: FriFeb 26 93 526 pm  Tes buzch-na.zrt & 26 B280 |84 4918 8280 (2886 (1247 0
icul K buzch-na.zit: Fri Feb 26 93 526 pm buzch-na.zrt 526 5280 |84 4918 8280 (2886 | 1247
particular point on buschlo.udr: Fii Feb 2639 5:25pm Yes | buscho.udn 5:26 2000 (445 || 3481 (4417 [1858 | 734
the graph laternodl: Thu Feb 2533 11:50 am laterngdl 17:50 arm 1980 |BOC | BOR4  FE12 [1R12 B3Y
° Changing titles and busch-be ech: Sun Feb 21 93 856 buzcH-be.ech 856 1788 (280 | 236 4645 | 1810 BB 10
1egend names busch-be.ech: Sun Feb 21 93 854 buzch-be.ech 8:54 1788|280 | 3975 BRZ2 [1B1Z2 744
. laternodl: Sun Feb 1493 1:20 pm latermpdl 1:20 pm 1980 |ROC | BOR4  ¥E12 | 1612 B3Y a ﬂ
e  Changing the scales | N
e  Miscellaneous Click on Test Title [1st column] to chanfie it or to retigve specs which produced those results. Click in otHer columng for definitions.
Format Options to Click in this column to . -
change the Choose a ‘Graph’ option
g show Yes or remove from th bar to cl
appearance of the rom the menu bar to close
Yes. Tests marked Yes the History L d h
graph. will be graphed € History Log and grap
' the tests identified by the J
These are discussed in this This column shows name menu option you pick.
next section. program will display in graph Click and drag slide bar to display entire

Legend for this test. Click on | History Log. Some tests marked Yes
name to change it. may be at the bottom of the Log and not J

be visible now.
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Figure 3.8 Printing Graphs
Clicking on the Printer button is the same as clicking on File and then Print.
Click on File to display the two print menu options

Click here to print the graph with solid lines. This
works best for printing graphs in color.

w. lCircle Track Analyzer v3.0 [ BUSCH-NA_ZH
= Data To Gra

Frint [Colored Lines = Click here to print the graph with dashed lines. This
e [Back sne ‘::I’;'z aRedines) | b works best for printing graphs in black and white,

8500 NG - where different dashed line styles let you distinguish
R ) between different graphs.

Click here change the printer or printer driver,
page orientation, etc. as shown below.

Cancel ;
aserdet Il on LPT1:) ’ | \léVI_nE[:Iost ?tandard
- rinter setup menu
O Specific Printer: / Options. .. p

[HP Laseret Il on LPT1: B

[~ Orientation Paper
@ Pogtrait Size: |Letter 81/2x11in |£I
. ) Landscape Source: |Upper Tray |£I

Printing

Figure 3.8 shows the options for printing graphs and how to access these options. It also shows the screen for changing the Windows
Printer Setup.
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Figure 3.9 Cursor Features and Commands
Click here to turn Cursor On

Click here to turn Cursor Off

Cursor line,
usually pink or Click on these buttons to move the cursor left or
green, right. Hold down the <shift key> while clicking
depending on these buttons and the cursor moves farther.
background You can also enable the cursor by clicking on

' View, then Turn Cursor On.

a 1 B A ZH x
Back File Format ‘iew HelplFY)l Data TofGraph/ | [histony  LAST [ The Va!Ue Of eaCh
EIE R ] FelZle]raven]ssead] 9raph line atthe
cursor is

Circle Track Analyzer v2.0 Eng RPM vs Time current

8500 = [enarew 7eee | displayed here.

E lastresults
a0oe oo ]
7500
7o00
6500

6000

5500

a000

4500

.0 5.0* 10.00 15.00 20.00 25.00 3000 Seconds T.y

The X value of the cursor is shown here, /
in this case the RPM of 7.5 seconds

You can also enable the cursor by single clicking on a graph line at a
data point. This also provides a quick way to move the cursor from 1
area of the graph to another. (Do not drag the mouse while clicking or
you will zoom in on that area.) If you click on a graph line in between
data points, the cursor will not appear.

Cursor

The cursor feature is very useful for determining or comparing the value of the graph lines at various places. See Figure 3.9 for
explaining the use of the cursor.
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Figure 3.10 Menu to Edit Title and Legend (_Zhanglng
titles and
This is the list of Standard names the program uses unless you legend
click on the Use New Titles button below. Select (click on) a 9
Standard name you want to change. The Standard Name names
appears in the edit box, along with the current New name if there
is one. Once you have selected a name from this list (that Many times you
row will be highlighted) it is easier to use the up and down may want to
arrow keys to select the next item to edit than clicking the customize a graph
item with the mouse. by printing labels
of your choice.
This is the list of New Cliickhon Ezrmat
: 3 names the program will and then Edit
w. Edit Graph Title and Legend use If you click on Use Titles/Legend to
List of 5td Hames List of Hew Names New Titles. If a title in bring up the menu
Title: Circle Track An. .. / the List of New Names shown in Figure
Grp l: Current Eafeline is blank, the program 3.10 which will
Ttm 1: Eng BN will use the Standard allow you to do
Last Besults name. this.

ITtm 1: Eng BRPM

Standard name from
row selected.

Tip

Click on the item in the lizt above vou wa to ml:n:lify. [tz Std Mame

| mlowrane sopeus by tcon ey vellewrane | Now name for you to
edit. Other options

Std Hame Being nglé New Nm Editted Lﬂg?:p;“g;énﬂ;r:e

|Last Results | to New or Blank Out
New Name buttons.

Copy 5td Hame to New Blank Out Hew Name

Click here to close this
menu and use the New

Copy All 5td to Hew Names Blank Out All Ny/ﬂames

- : names you have
Uze 5td Titles Use’@ﬁtles entered. Where New
names have been left
Cancel Help blank, the Standard

name will be used.
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Figure 3.11 Changing Scales for the X or Y Axis Click here to restore “auto-

Clicking on these buttons zooms in or zooms out scaling”. That is where the
on the graph, either vertically or horizon-tally computer picks the scale
Hold down the shift key to produce faster action to show all the graph in

Clicking on these buttons shifts good detail.

the graph left, right, up or down.
Hold down the shift key while
clickina produces faster action.

w. Circle Track Analyzer ¥3.0 [ BUSCH-NA_ZRT ]

Back File Format Vie{ Help(F1] Data_To_Graph | history  LAST

e[ ell=] [<]2] ¥ [2efo] X0 ] durvien[sagesed
Circle Track AnalyMEug_REM_\leim_e routent ~  Click on View, then )
i R CTTTTTTT : : oy BEM either Zoom or Changing the
: : 0 1 last results

gooo

Specify Scales scales
i (axes), or the Set
Scales button to
obtain the menu
shown in Figure
3.12 on the next

page.

7500 Many times you may

want to change the
scale of the X or Y
axis. This may be to
show an area in more
detail or to match the
scales of a previous
graph. The Engine
Analyzer has several
ways to change the
scales as shown in
Figures 3.11 and
3.12.

Tooo

6500

6000

5500

5000

4500

il 5.00 10.00 15.00 20.00 25.00 30.00 Seconds

You can use the mouse to outline an area to be zoomed in on. Simply click on the
mouse key in the upper left corner of the area, then hold the key down and drag
the mouse to the lower right corner of the desired area. A box will be drawn as
shown. When you release the mouse key, this area will fill the whole graph. This
feature is disabled if the cursor is turned on. Also, start the upper left corner well
away from a graph line or the program may turn on the cursor instead.
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Figure 3.12 Menu to Specify Graph Axes Scales

This menu can be obtained 2 ways. You can click on View in the
menu bar then Specify Scales (axes), or click on the Set Scales
button, the right most button on the screen. See Figure 3.11.

Graph Scales

The current scale limits

" Time [seconds] Graphs | 'Di/stam"e‘[’lﬁt] Graph: | are loaded when this
M azimum ¥ axis. sec (55 — | [Hazimum X axis, feet (50 menu opens. Change
— - — . any or all these to most
[Minimum X axis. sec [0 [Hinimum X axis. feet | [0 any value you want.
Maximum ¥ axis. data [10 [Maximum ¥ axis. data [10 Either the left (Time) or
— - — : right (Distance) section
|H|n|mum Y axiz. data |0 |H|n|mum Y axiz. data |0 will be enabled

depending on what is
Turn AutoScaling ON [computer picks zcales] | graphed on the X axis.

WEE [use specs given above] | Click on OK to have
the graph redrawn to
these new scale limits

Click on 'Turn Autozcaling On' to let the program pick good scales.

Format Options
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Click on the Format menu item to be presented with several options which will be briefly discussed here.

Line Style

Figure 3.13 Format Options
Click on Line Style to change the thickness of the graph

lines. w Circle Track Analyzer v3.0 [ BUSC

Back File | Format  “iew Help[F1] Dat

Grid Style e Line Stule B
Edit Titlez/Legend

Click on Grid Style to change or omit the drawing of grid C Grid Style r Zel

lines on the graph. o500 |- SEL Back Colar » [~

Back Color

Click on Back Color to change the background color of the graph from white, black or gray.

V4.0 in Appendix 6 has greatly enhance these Graph Options
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3.3 Venhicle (& file) Library

The Circle Track Analyzer allows you to save a set of vehicle specifications to the Vehicle Library under a name of your choosing.
You can then open these vehicles out of the Vehicle Library in the future for comparison or modification. The Open window is

shown on the next page with explanations.

Note: You can also save sets of Engine, Front Suspension, and Rear Suspension specs to their own separate libraries. This is done
very similarly as with the Vehicle Files, except you click on File, then Open from the individual Engine, Front Suspension, and Rear

Figure 3.14 Vehicle Library Options

Click on Open button (or ‘File (vehicle), then ‘Open’) to display Vehicle Library
shown here. (Save option also available after clicking on ‘File (vehicle)’.)

Click on Save button to save current Vehicle specs to Library
M LCucle Track Analyzer ¥2. 0 Performance Trends [ BUSCH-NA ZRT ]

Total # Vehicles
in Library

Filg [vEhicle]  CalcLapTimes  HelplF1]  Preferences

| ]
|I Dpenl\iehicle Library I | Ealculat}kﬂﬁmes I | Find Best Gear Ratio I |

I Name of chosen
Save behic Vehicle (currently

] |42-7ehicles in Library [Chosen ¥ehicle File: busche.e - hlgh'lg hted in
vehicle 4-cylind.er - _ Vehicle List
busch-be.ech — Preview: ¥1.2
——— | busch-hl.Ind )
busch-jn.nrs s ?58 EIE'I ?BAU:]"I L Preview of
busch-lo_.udn Wt 0 RF: 170 Vehicle chosen
busch-na.zrt Axle: b LH: 7
Fror |puschory red RitCirc: 85 - 375 g I
busch-st.ar \\
_ |busch-st rtd & CID Busch 9.1 W-230 CFM 4BBL - ] .
Rec || ech th.mpn Thunderbird at LEE R j = Click and drag
buszch-ti.oga slide bar to view
busch-v8 —

all vehicles in list

busch-wn_chr

Runr | hysch v-6 LI . .
dillion M N e Single click on
'&'.Z'Eh; — vehicle to
Library to p Open Delete Cancel Help | Advanced | choose it for
oyeLa vl it { < preview. Double
click to immed-
Click here to iately open it.

Click here to bring up standard
Windows File Open screen, to let you
open a file in most any folder
(directory) and disk drive.

open the chosen
Vehicle
Click here to delete
chosen Vehicle.

Click here to close the Vehicle Library with
No chanaes (without openina a vehicle) Click here to bring up on screen

Suspension menus.
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Open a Vehicle File

To open a vehicle file saved in the Library, either:
e  Click on the Open button
e  Click on the “File (vehicle)” menu item and then on the “Open Vehicle” options from the list.

You will obtain the window shown on the previous page. Single click on one of the vehicles in the list, or click and drag the slide
button on the right side of the list to display more vehicles. Once you single click on a vehicle, it is now the Chosen Vehicle File and
a preview of the vehicle is given in the Preview section. If the file you chose was not a valid Circle Track Analyzer file, the program
will tell you and you can not choose it.

Once a vehicle has been chosen, you can delete it by clicking on the Delete button, or Open it by clicking on the Open button in this
window. You can also click on a different vehicle to Preview it or close this window and return to the Main Menu without choosing a
new vehicle file.

If you are sure of the vehicle you want to open, you can simply double click on it from the Vehicle List. This opens the vehicle
without a preview and closes this menu.

Figure 3.15 Engine File Options _ o , _
Click on File in the Engine, Front Suspension or

Rear Suspension menus to Open a set of saved
specs, or to save the current set of specs in just

Performance T

M Circle Track Analyzer v2.0

L e ST TTIEL T that screen. This allows you to build libraries of
@ Back | Fife Caleulste Loadfiom Bngne  Engines, Front Suspensions and Rear
Ba:  MewEngine | Suspensions for easily building other complete
Save ¥ Open Example Engine vehicles in the future.
Dis;  Open Saved Engine J[t < New blanks out the current specs and
veh | s g::z E:Q!HBA G comments. _
[ B e Open Example opens a library of example
[Clul ‘windows Printer Setup | el specs provided by Performance Trends.
Print — e Open Saved opens a library of specs you have
—1 ' Commenfs saved.
_1 e Save saves the current specs to the same

Current Engine File Name name as these specs are currently called.

e Save As saves the current specs to a new
name that you will enter.
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Save a Vehicle File

Before we discuss saving an engine file, it is important for you to understand how the program opens and uses vehicle files. When
you open a vehicle from the Vehicle Library, you are only using a copy of the vehicle. The original vehicle file is kept in the library.

As you make changes to the vehicle, they are only made to this copy. The original file is not changed. If you want to delete your
changes, you can simply open a fresh, unchanged copy of the original vehicle file from the Library. If you want to keep your
changes, you must save them. This can be done by clicking on the Save button. You are also asked if you want to save your changes
whenever you open a new vehicle, and the program has detected you have made changes to the current file.

To save a Vehicle File, you will be presented with the Save Window as shown below. The program suggests a new vehicle name
which is the same as the current vehicle name shown at the top of the Main Menu. If you want to save your changes to the same
name, simply click on OK. This will update the current vehicle file with your latest changes.

Figure 3.16 Saving Vehicle File Options

Click on Save button to bring up this Save menu.

Click here to save specs to New Vehicle name shown

New name to save vehicle specs to.
Leave unchanged and click OK to save
to the current vehicle name. Click on
name in box to change it, then click OK
to save it to the new name.

Name of current
vehicle file you
are working with

M Circle Track Analyzer ¥v7.0 Performance Trends [ BUSCH-RAZRT ]

Fil= [«ehiclg] LCalcLapTimes J Help[F1]  Preferences

] / I
| qu{'l Yehicle Lihraul/ I | Calculate Lap/Times I | Find Best Gear H:

SRR tEl . Save Vehicle File =] ES | A Program
- vehis |N ew Yehicle Hame: |B'US[ZH—NA_ZFIT |

(1] 4 | Cancel | Help | Advanced I S%bﬁﬁn;hgghﬂ

Erter a Mew Yehicle Mame and click on OK. The curent '5845/'% !:rfut-:'l 5805§

— ehicle name iz given should pyou chooze to modify it .

E zlightly for the new name. Use the Delete key to eraze the Diouble A Amo
narme if pou want a completelp new name. 1 Rt Camt
Frear Jailing Armz/Coi
ST | | Track: 61.0" Lt Spring: 375 Fit Spring: 378
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If you want to save the current set of vehicle specs with your changes to a new name (and leave the current vehicle file in the Library
unchanged), then click on the suggested file name and modify it as you want. For example, in the window shown on the next page,
you may want to add -2 to the current name MUSTANG to create MUSTANG-2 to indicate this is the 2nd revision of MUSTANG.
This is the safest way to make changes, because you can always return to an earlier version and see what you had done.

Certain file names are not acceptable, including:
e Names with more than 3 characters to the right or 8 characters to the left of a period (.) .
e Names over 11 characters long (12 characters if one is a period).
e Names which include the characters:
/IN[]:|<>+=;,%2 or spaces
e Names with lower case letters. These letters will be converted to upper case once the file is saved.
Vehicle files are saved in the CTADATA subdirectory in the CTA20 subfolder (subdirectory) under PERFTRNS.PTI folder
(directory). Unlike earlier DOS Circle Track Analyzer programs, you can copy Windows Circle Track Analyzer files from programs
on other computers to this folder (directory) and they will be found by the program.
The method of saving Engine, Front Suspension and Rear Suspension files is exactly the same as complete Vehicle Files, except that

you access the Save menu by clicking on File at the top of these individual menus, as shown in Figure 3.15. These files are saved to
the ENGINE, FRONT or REAR folders (directories),
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3.4 Printer Output

The Circle Track Analyzer can print the tabular test results for a permanent hardcopy by clicking on Print in the menu bar or the
Printer button. The menu of options shown in Figure 3.17 will appear. Check the options you want to use for the printout by clicking
on any or all of the top for boxes. All options and buttons are discussed in this section.

Figure 3.17 Printer Command and Menu of Printer Output Options

The Windows Printer Setup
option lets you choose the
printer or printer driver being
used by Windows and also
the page orientation.

. Printout Options

" Report Printing Oplions

X Include ¥ehicle Specs
[X Include ¥ehicle Comments

Click on Print or

the Printer [ Request Report Comment
Button for the [ Include Eng & Susp Comment:
Printout Options

menu shown to Print Report Uzing These Specsl
the right.

" Other Printout Types

o Coacle Track Ainalyzer w2 0O
L. Back Gyb

Performance Tren

Frint Blank Worksheet |

Frirmtk Araleze Suspension Sraleze F

Frint | e=ults
Frint Blank “wWorkshekEt

Tip
’7 See page 103 in

A
_ rALidores Printer S etup Cloze 5
Time [Feet Program Printer Setup TP marnual far more info.
oo 1] = - !
_s0 [ a3 9 _27F a9

Include Vehicle Specs

Select this options if you want all the current Engine specs, Vehicle specs, etc printed with the results. This will add 1 or more pages
to the printed report.

Include Vehicle Comments

Select this option if you want all the comments for the complete vehicle printed with the results. These are the comments which
appear on the Main Screen. Requesting this option may require some results to be printed on a second page.

Request Report Comment

Select this option if you want to be asked for a comment for each particular report you send to the printer. These "report comments"
are useful to identify important points for future reference, like modifications, weather conditions, etc. Requesting this option may
require some results to be printed on a second page.

Include Eng & Susp Comments

Select this option if you want all the comments for the Engine, Front Suspension and Rear Suspension printed with the results.
Requesting this option may require some results to be printed on a second page.
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V4.0 in Appendix 6 has greatly enhance these Print Options
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3.5 History Log

The Circle Track Analyzer remembers the results and the Vehicle specs which produced those results for up to the last 25 runs you

have made. This can
be a very handy
comparison of one run
to another and saves
you the trouble of
making notes on pieces
of paper. It is also
handy to be able to go
back to some condition
which gave very good
performance, but you
don’t remember why or
what the specs were.
Figure 3.18 shows the
History Log and
options.

The History Log can
be displayed from
either the Test Results
screen shown in Figure
3.18 above or in the
Graph screen as shown
in Figure 3.19 on the
next page. The Log is

Figure 3.18 History Log and Options _
Click on Test
Click on History for History Log Title to
change the
M Circle Track Analyzer ¥2. 0 Performance Trends | BUSCH-NA ZAT ] Tltle or
& Back Graph Print  Analyze Suspenzion  Analyze Perf istorp HellF1) - |5’ |5| i
Motes Motes Summary: Wery Low Lift Coef, Zhagine RPM Yerw MNew Lap Time 30074 MPH 1171 retneve the
— | High. Click on Motes for more Detg#. LastLap Time  28.E6 1256 SpeCS Wh|Ch
Comments |rprovement -2.08 -8.5 d d
roauce
Time |Feel [MPH [Accel Gs [Z Throttle fEng RPM [Tuin #  [Curvature [DownForce[ComerGs ~ tph It
00 0 926 0o 0 4978 2/ 456 680 1.07 ese results.
.50 68 93.9 27 83 5047 274 491 651 1.0
1.00 138 971 .29 100 5220 274 630 546 82
1.50 211 100.2 28 (1] 5389 274 882 421 58 H
2.00 286 103.2 27 100 5552 224 1236 T L) !"ISJ[.OI'y Log
2.50 363 1061 25 100 5706 2/4 1676/ 259 27 is displayed
3.00 442 108.8 .24 100 5852 274 2217 212 8
3.50 523 111.4 .24 100 5989 274 290 177 11 beIOW the
4.00 605 113.8 21 100 6117 214 8Y34 83 -.07 columns of
4.50 690 116.0 19 100 6235 - - 28 -17 test results.
B _nn FIC 110 17 AN C34 1 17

m. Test History [_ (O] =] |—

Don't Show History fear [erasze] History Print Help C“Ck and
Test Tille / [5ave? [Lap Ft [Infield [Bank[MnRPtfAd=RPMLapTime]lmp. [MPH _ [imp. [Carlen [ lid
busch-na.zt: Sat 5éh 27 93 331 pm 5280 841 10 437/ 7168 3074 208 117.1 -85 192 move slide
busch-na.zit Sat Feb 27 99 12:06 pra 5280 841 10 4949 B300 2BEE .20 1256 89 189 bar to
busch-na.zit Sat Feb 27 99 12:05 pm 5280 841 10 4918 8280 2886 00 1247 0 .0 displavy all
busch-na.zit: Fri Feb 26 99 5:26 pm 5z2a0 841 10 4918 8280 2886 00 (1247 .0 .0 I p y X
busch-na.zit: Fri Feb 26 99 5:26 pm 5280 841 10 4918 8280 | 2886 1247 25 teStS N
busch-lo.udn: Fri Feb 26 33 5:26 pm 2000 | 446 14.0 3481 4417 18.58 EX) H
laternadl: Thu Feb 2599 11:50 am 1980 500 8 5054 712 1612 8937 hd the HIStOfy

Click on Test Title [1st column] to change it or to retrieve specs which produced those results. Click in other colurmns for definitions. | LOg

presented slightly differently in each instance, showing and hiding columns which are most appropriate for each use.

Test Title

Click on Test Title and you are asked if you want to retrieve the specs which results?
produced these results. Answer Yes and the specs are retrieved. Answer
No and you can then change the Test Title. This is useful for making notes
about this particular run, modifications you made, etc.

Graph?

Click in this column to
have a Yes inserted or
removed. All test rows
with a Yes will be
graphed if you click on
Graph These Tests in the
menu bar. This column
is only visible in the
History Log displayed in
the Graph screen. See
Figure 3.20.

Figure 3.19 Clicking On Test Title
—

Retrieve the specs which produced these

[Click on No to edit Test Title.)

Cancel I

Figure 3.20 History Log from the Graph Screen

Graph These Tests Graph Dptions Clear [eraze] History Frint  Help

Test Title | Graph?|Graph Tille |5aved]Lap FilInfield [| MrRPH MsRPWLapTim{[MPH  [[Ca«
buzch-na.zit: Sat Feb 27 99 3:31 pm buzch-na.zrt 331 280 241 4373 7162 (3074 117118
buzch-na.zik: Sat Feb 27 99 1206 pm buzch-na.zit 1206 280 241 4973 8300 | 2866 1286 1.5
buzch-na.zik Sat Feb 27 99 1205 pm buzch-na.zit 12058 280 241 4918 8280 2886 1247 |0
buzch-na.zit: Fri Feb 26 93 5:26 pm buzch-na.zit 526 280 241 4918 8280 2886 1247 |0
buzch-na.zit: Fri Feb 26 93 5:26 pm buzch-na.zit 526 280 241 4918 8280 2886 1247
buzchelo.udn: Fri Feb 26 93 5:26 pm buzch-lo.udn 5:26 2000 446 | 3481 4417 1852 T4

latemodl: Thu Feb 2593 11:50 am latemod| 11:50 am 1980 BOO | |BOR4 (Y912 1612 | 837

buzch-be ech; Sun Feb 21 99 256 buzch-be. ech 8:56 1788 280 | 236 4645 1310  BR.Z2 AL
hulschl-be.ech: SunFeb 2199 854 buzch-be ech 8:54 178 280 | 3975 8RZ2Z2 1612 | V44 i
4 3
Click on Test Title (1=t column] to change it or ta retieve specs which produced thoze results. Click in other columns for definitions.
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Graph Title

Is the title which will appear in the graph legend for this test. The program creates a simple title based on the Engine File Name and
the time the test was run, but you can click on this name and the program will ask you to enter a new name, perhaps something like “3
in Stagger”. This column is only visible in the History Log displayed in the Graph screen. See Figure 3.20. The first time you type
in a Test Title, the Graph Title will be changed to the first 16 letters of the Test Title.

Save?

Click in this column to have a Yes inserted or removed. All tests move toward the bottom of the log as new tests are run, and
eventually fall off the list. However, tests with a Yes move to the bottom, but do not fall off the list and are saved on the list until you
remove the Yes in this column.

Tip: If you want to save a test, but do not necessarily want it on the History Log,, click on it to retrieve it and the engine specs which

produced it. At the Main Screen, make notes of what this test and engine are. Then save it to the Vehicle Library. Although the test
results are not available for graphing, you can open this engine file and recalculate the test results at any time in the future.

Lap Ft

Is the Lap Distance in feet for these results. This is useful for determining if you are making an “apples and apples” comparison. If
the Lap Ft is different, then you should expect different lap times.

Infield

Is the Infield Width in feet for these results. This is useful for determining if you are making an “apples and apples” comparison. If
the Infield Width is different, then you should expect different lap times.

MnRPM/ MxRPM

Is the minimum (or lowest) engine RPM in the turns. / Is the maximum (or highest) engine RPM right before braking.

Lap Time
Is the Lap Time is seconds.
Imp.

Is the improvement in Lap Time for this test compared to the test below it, usually the previous test run. If Lap Time is longer, the
Imp. will be negative.

MPH

Is the average MPH for this test.

Imp.

Is the improvement in MPH for this test compared to the test below it, usually the previous test run. If MPH is lower (slower), the
Imp. will be negative.

Car Length

Is the improvement in Lap Times expressed in car lengths. The program assumes about 20 feet for a car length. If the Lap Time is
longer (slower), the Car Length will be negative.
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3.6 Analyze Suspension

A powerful feature of the Circle Track Analyzer is its ability to predict suspension movement, cornering forces, performance and
weight transfer as the vehicle goes around the track. This information is displayed in the Suspension Analysis screen shown if Figure
3.21. You obtain this screen by clicking on Analyze Suspension at the Test Results screen.

Check Appendix 5 for significant, new options/outputs for this feature.

Figure 3.21 History Log and Options
Front Suspension shows how suspension is moving as vehicle travels around track.

Graphic showing ;
estimated RPM, throttle Click he.re to
close this

and brakina position.

Menu commands
for various options.

w. lCircle Track Analyzer 2.0 Suspension Analysis Screen

it Reports  Continuous  Single StepAhead  Single Step Back  Help Est|mated Spnng

]
I This iz a Front View (left side of screen is actually right side of car ) Left i ’ Hig7 com p ress|0n
(jounce) or

10 deg Bank Angle —_— .
e Spring Spring e|0ngat|0n
7 o

(rebound,
SR reported as a

L % [ e negative ‘-’
Brake Gas number)
0o - e ©
| E L Tire load in
pounds, and bar

Fal: 0.08 deg Dive: 0.75 inches
Rt Camber: -4.27 deg Lt Camber: - 26 deg Static  Dyn. g raph Of tlre
= o 0 485 43 Rear H
Friction Circle in Gs Spring - I L:f?L Spring |Oad BIaCk ||ne
Tum 2 Tum 1 i 2 } C i
um um Accelerating .78 50 19 Cross 2 =21 N ba r g ra ph

indicates static

Ith load.
BN

| Static (car
standing still)
and Dynamic

Tun 4 .
\ Braking Welght %S

Lbs
B I g

11632 MPH

2384 Feet

1350 Sec

Tun 3

\_ The “dot” shows the current vehicle acceleration
combination.

Friction Circle shows how much of the available tire traction is
heina u1sed (how hard the tires are bheina niished).

Track postion shown with the MPH, distance and time for the current position.

The only way to return to the program from this screen is by clicking on the [X] button at the upper right corner, or the
icon button at the upper left corner. (In Windows 3.1, click on the [-] button in the upper left corner, then select
Close.)

This screen is very important to understand how suspension changes will affect suspension motion, tire camber, tire corner rates, roll
center motion, all of which are critical for handling and fast lap times. From this screen you can:

e  Watch the car's performance from the current Test Results.

e  Compare the current Test Results to a Baseline condition, some previous Test Results you told the program to save as a
Baseline. Baseline conditions are printed or drawn in pink so you can easily see the difference between the Baseline and the
Current conditions.
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Note that Baseline conditions can only be displayed if the current Test Results and Baseline results are for the same length track and
same infield width. This is because the Baseline and current conditions are compared and displayed for the same place on the track.

Another important feature of this screen is the Reports option. Reports give summary analysis of the suspension and provide some
'starting point' recommendations for this suspension setup on this particular track.

This screen is divided into 4 sections:
e Front Suspension (upper left corner)
e Total Vehicle (upper right corner)
e  Track Position (lower left corner)
e  Friction Circle (middle bottom)

These are discussed below:

Front Suspension (upper left corner)

This section shows how camber, instant centers, car dive and roll, and roll center change as the car goes around the track. Tire
camber is critical to getting the most traction out of your tires which is critical to vehicle handling.

If you are also displaying the Baseline condition, the Baseline Roll, Dive and Cambers are printed in pink, and the Baseline Roll
Center position is drawn as a Pink dot.

Total Vehicle (upper right corner)

This section shows how each corner of the car is working: how much weight is on each tire and how much each spring is compressed
(from jounce) or elongated (from rebound). The tire weights are displayed with the bar graphs for easy comparisons.

Static and dynamic Weight %s are displayed in the center of the screen. Static Weight %s are what you input in the Vehicle Specs
menu. Dynamic Weight %s are based on the actual corner weights as the car goes around the track. These depend on aerodynamic

downforce, cornering forces, weight transfer, etc.

The top of the screen shows bar graphs for the % Brake and Throttle the program assumes the driver is using. A tachometer is
displayed showing how RPM is changing, with the actual RPM reading printed below.

If you are also displaying the Baseline, Baseline spring compression and tire weights are printed in pink, Baseline tire weights are
graphed as a pink outline bar, and Baseline RPM is drawn on the tach and printed.

Track Position (lower left corner)

This section shows the car's approximate position on the track. The results always start at the beginning of Turn #2, and that is where
the Yellow line (indicating the distance the car has traveled) also starts. The position is only approximate because the track is drawn
the same even if the actual track is long and narrow (tight) or short and wide (open).

Printed inside the track is the MPH, distance in Feet, and elapsed time.

If you are also displaying the Baseline condition, the Baseline MPH, Feet, and Time are also printed. Below the track an estimate is
made of how far ahead or behind the Baseline condition is from the current Test Results in Car Lengths.

90



(C) Performance Trends Inc 1999 Circle Track Analyzer Chapter 3 Output
L. |

Friction Circle (middle bottom)
A Friction Circle is a useful way to analyze how hard the tires are working in all 3 directions: accelerating, cornering, and braking.

For example, if a tire has enough traction to provide 1 G of acceleration, it probably also has enough traction to provide 1 G of
braking and 1 G of cornering. If the driver has enough engine and braking to accelerate and brake at 1 G, and if the driver was using
all the available traction from this tire, you would see his current acceleration "dot" somewhere on the 1 G circle. Any time the car
was not on the 1 G circle it would be an indication that the car was capable of more performance than what the driver was asking of it.

Things the would improve overall vehicle traction will increase the G level which can be sustained on the vehicle, and therefore
increase the G level you will see on the Friction Circle. This would include:
e  More downforce, due to either banking or acrodynamic downforce.
“Stickier” tires.
Keeping the weight between all 4 tires as even as possible (not necessarily the case for dirt cars).
Four wheel drive for accelerating.
Optimum camber (however this is not simulated in this version of Circle Track Analyzer).

If you are also displaying the Baseline condition, the Baseline acceleration is graphed in pink.

Menu Options

Click on 'Options' to allow extension lines to be drawn or not drawn in the front suspension layout screen, or to display or not display
the Baseline conditions. Other options including slowing down or speeding up the Continuous display of the results, or renaming the
Baseline condition.

Click on 'Print' to print this screen, or change the Windows Printer Setup.

Click on 'Continuous' for a continuous display of the vehicle moving around the track. Click on 'Single Step Ahead' or 'Single Step
Back' to advance the results ahead or back 1 data point. This allows for more detailed analysis and understanding of the results.

When you leave this screen you are asked if you want to save the current Test Results as the Baseline. This is the only way to change
the Baseline Condition.

Reports

One important Menu Option is the ability to produce Suspension Analysis reports, of 4 types:
e Suspension Calculations
e  Suspension Calculations with Comments
e ‘Rule of Thumb’ Suggestions
e ‘Rule of Thumb’ Adjustments

These are discussed below.

Suspension Calculations
Suspension Calculations with Comments

These reports show calculations concerning the suspension specs (some not found anywhere else in the program) like Roll Stiffness
Distribution, Roll Stiffness in degrees per G, etc. Table 3.1 gives definitions of these calculations. The report “with Comments”
includes the comments for the Front and Rear Suspensions which you’ve entered at those screens.
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L.._______________________________________________________________________________________________________________________________________________________________|
Table 3.1 Suspension Calculations Definitions

Front Suspension

Spring Rate, Ib/in

Front Spring Rate from the Front Suspension Specs menu.
See pages 31-40.

Motion Ratio

Motion Ratio for Spring is the ratio between an inch of spring
motion to wheel motion. This ratio is corrected for the instant
center location, which makes this calculation more accurate
and possibly different than what other programs would
calculate.

Motion Ratio Squared

Motion Ratio squared for Spring. See Motion Ratio above.

Spring Angle, deg

Spring's installation angle. See Front Suspension Specs
Definitions. See pages 31-40.

Wheel Rate, Ib/in

Spring rate at tire. See list of Definitions in Front Suspension
Specs Screen. See pages 31-40.

Instant Center Height, in

Height of Instant center of that side of the suspension. See
Front Suspension Specs Screen Definitions. See pages 31-
40.

Instant Center Arm from Tire, in

Distance from the tire's centerline to the Instant center of that
side of the suspension. See Front Suspension Specs
Screen Definitions. See pages 31-40.

Scrub Radius, in

Tire's scrub radius. See Front Suspension Layout Screen
Definitions. See pages 31-40.

Roll Bar Rate, Ib/in

Is the Roll Bar Rate from the Front Suspension Specs menu.
See pages 31-40.

Roll Bar Motion Ratio

Is the motion ratio of the roll bar, or what fraction of the tire's
motion at its centerline does the roll bar move. Like the
spring's motion ratio, this also corrects for the instant center
location of the suspension.

Roll Bar Motion Ratio Squared

The square of the Roll Bar Motion Ratio. This is the fraction
of the Roll Bar Rate which is actually felt at the tires.

Roll Bar Rate at Tires, Ib/in

Roll Bar Rate times Roll Bar Motion Ratio Squared, or the
effective roll bar rate.

Natural Frequency, cycles/sec

Is the number of cycles per second the car naturally wants to
bounce at. If you removed the shock and jumped on that
particular corner of the car, this is the number of bounces
you would see in 1 second. Soft sedans have lower
frequencies of 1 to 1.3 where race cars have frequencies of
1.8-2.2. Frequencies much higher than this would make the
driver's eyes blur and are extremely uncomfortable to the
human body.

Roll Center Height, in

Roll Center Height. See Front Suspension Layout Screen
Definitions. See pages 31-40.

Roll Center Offset, in

Roll Center X location. See Front Suspension Specs
Definitions. See pages 31-40.

Front Roll Stiffness, ft Ibs/deg

Is the amount of torque (ft Ibs) applied to the car it takes for
the front springs to allow the car to roll 1 degree. A real car
will roll more than this due to compliance in tires, suspension
members, bushings, etc.

% Front Stiffness from Roll Bar

The % of the Front Roll Stiffness contributed by the roll bar.

% Total Vehicle Roll Stiffness

The % of the Total Vehicle's Roll Stiffness contributed by the
front suspension. This usually ends up in the range of 75-
85% for front engine/rear drive cars.

Rear Suspension

Spring Rate, Ib/in

Rear Spring Rate from Rear Suspension Specs menu.

Natural Frequency, cycles/sec

Natural frequency of the rear suspension. See Front
Suspension definitions above.

Roll Center Height, in

Height of the Rear Roll Center. Most all cars are designed
with the Rear roll center higher than the front, for improved
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stability.

Rear Roll Stiffness, ft Ibs/deg The roll stiffness of the rear suspension. See Front
Suspension definitions above.

% Total Vehicle Roll Stiffness The % of the Total Vehicle's Roll Stiffness contributed by the
rear suspension. This usually ends up in the range of 15-
25% for front engine/rear drive cars.

Total Vehicle

Vehicle Roll Stiffness, ft Ibs/deg | The roll stiffness of the front and rear suspension. See Front
Suspension definitions above.

Roll axis to CG ht Moment Arm, | Is the height of the CG above the roll axis at the CG (center
in of gravity) location. This is the lever which acts to roll the car
as the car corners. The greater this Moment Arm, the more
the car will roll. If this height is 0, the car will not roll at all (at
least from spring jounce/rebound). See Figure 3.22.

Level ground roll rate, deg/G Is the amount of body roll in degrees produced from spring
jounce/rebound when the car corners at 1 G on level ground.
The actual car will roll more due to compliance in the tires,
suspension members, bushings, etc.

CG Location:

Distance Behind Front Axle, in Is the distance toward the rear from the front axle (line
joining the center hubs of the left and right front wheels)
where the CG is located based on the Weight% Rear in the
Vehicle Specs menu. See Figure 3.22.

Distance from Vehicle Is the distance from the car's tire track centerline where the
Centerline, in CG is located based on the Weight % Left in the Vehicle
Specs menu. Note that this Centerline may not be the same
as the Drivetrain Centerline, on which your suspension
measurements are based.

‘Rule of Thumb’ Suggestions

This report gives some recommendations for spring rates and front roll bar rate (based on the desired wheel rates and knowing the
motion ratios and spring installation angles). It also compares your car's roll center height and scrub radius with typical values, and
recommends a starting point for rear tire stagger and cross weight.
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Figure 3.22 Roll Axis to CG Height
CG L0<{io‘n: Distance behind front axle

Moment Arm

Roll Axis/ /
Front Roll Center Rear Roll Center

As the beginning of the report states, these recommendations are based on general racer experience and not
detailed computer analysis of your particular set of suspension specs or suspension layout. You will likely have
to adjust these recommendations to work with your particular car and driving style.

This report gives recommendations for spring rates, assuming the front and rear springs will be installed into the same suspension
geometry and angle as is currently specified. If you are going to change the geometry or installation angles of the springs, do this
first. Then obtain a new report of recommendations.

‘Rule of Thumb’ Adjustments

This report is a handy guide, listing vehicle modifications to correct various handling problems. The modifications are listed with
those usually having the most effect first. This report is exactly the same each time it is printed and is based on racer and chassis
builder experience. It is NOT based on computer analysis of your particular vehicle or suspension specs.

Check Appendix 5 for significant, new options, reports and calculated outputs for this feature.
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Chapter 4 Examples

Each of these examples become progressively more complex, assuming you have performed and understand the preceding example.
Section 1.5's example is somewhat more basic than Example 4.1, so it may be a better place to start if Example 4.1 looks complicated.

The results shown in these examples may be
somewhat different than what you obtain with
your particular version of the program That
is due to minor upgrades in the calculations
in later versions.
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Example 4.1 Changing Axle Ratio

Example 4.1 will be fairly simple to get you started. We will simulate a common modification, changing the Rear Axle Ratio. We
will see the effect on Lap Times, MPH, engine RPM range, etc.

First, start the Circle Track Analyzer program following the procedure in Section 1.4 by either:
e  Clicking on the Circle Track Analyzer v2.0 icon in the Perf. Trends program group (Windows 3.1)
e  Clicking on Start, Programs, Perf. Trends, then Circle Track Analyzer v2.0 (Windows 95 and 98)
e  Clicking on the CTA.EXE (CTA) program under the CTA20 directory (folder) under the PERFTRNS.PTI directory
(folder) using File Manager (Windows Explorer). (Terms in parentheses are for Windows 95 and 98.)

You will be shown the Circle Track Analyzer’s Main Menu, Figure 4.1. Notice at the top of the screen that the current Vehicle file is
a LATEMODL. Although these specs may not match your car, follow along to see how to use the program’s many features.

If it is not LATEMODL.355 (late model with 355 Chevy) or if you think the current car’s specs have been changed, you can Open up
this Vehicle file by clicking on the Open button as shown in Figure 4.2. Open the Vehicle file LATEMODL.355 shown in Figure 4.2.
If you have made any changes to the vehicle which originally appeared at the top of the Main Menu, the program will first ask you if
you want to save these changes. Answer No and you will be returned to the Main Menu with the LATEMODL.355 specs loaded into
the program.

Click on the different categories of vehicle specs or the Running Conditions button on the Main Menu. Since we want to see the
effect of changing the axle ratio on this vehicle, we first need to get a "baseline" test. A "baseline" is a performance test before the
modification. Therefore, if you examine the contents of any component menus, leave all current values as they are.

Click on the Running Conditions button and you will now be shown the Running Conditions screen. This screen gives the conditions
for calculating performance like track weather, the track specs, driver preferences, etc. For now, leave these values as they are.

Figure 4.1 Main Menu Name of Vehicle you are working with.

& Circle Track Analpzer ¥2.0 Performance Trends [ LATEMODL ] ==

File [vehicle]  CalcLapTimes  Help(F1)  Preferences

| Open Yehicle Librarp I | Calculate Lanlimes I | Find Best Gear Ratio I | Help I
| Save Yehicle to Library I | Match My Lap Times Nﬁoglam I
Click here to
| ¥ehicle Specs | [¥ehicle Summary Calculate
Erae | Engine File: untitled 355 cubic inches, Performance
Oft bz at 4000 RPM and OHF at RPM .
. in one step.
Vehicle | Wwieight: 3000 b (525 rear. BO% left. 557 crass)
Agle Fatio: 6.2 Rear Tires: §7.5" and 875" circumference
: Frant Susp. File: untitled  for a Double & A with Coil Springs— Track: 4.0
[Farel e | Rt Spring: 400 Lt Spring; 400 Rt Camber: -3 Lt Camber: 1
- Rear Susp. File: untitled  for Trailing ArmeACoill Springs/Fanhard or J Bar
Rear Suspension _ | Track: 64.0" Lt Spring: 200 Rt Spring: 200 _
Click here to
. -~ show
Running Conditi R .
Show All Commentsl unn!r!g
" Help: " Comments: Conditions
Movel MaLse aver litem far Limited "Late Model' - and then
description ta be given here. 500 Holley 2 BBL gives about 400 HP @ 7500
Click an 'Help' in menu line far Dillon front suspension layout Calculate
more detailed info on options. Performance
M|
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Proceed with the calculations by clicking on the Running Conditions button in this menu.

The program will display the Calculation Progress indicator as calculations progress. When the calculations are finished, the
performance results will look like Figure 4.3. You now see a screen with columns of numbers describing the LATEMODL.355's run
around half the track. The program assumes the other half is exactly the same as the first half, so only calculates half a lap. At the top
in the right corner is a summary of the run and any improvement between the current run and the last run. The Last run can be from
the last time you ran the program. (The program remembers results from different sessions, between computer shutdowns and start

ups.)

Figure 4.2 Vehicle Library

File [vehicle]  CalcLapTimes  Help[F1]  Preferences Name Of VehICIe the

program is currently

| E@fn Yehicle Library I | Calculate Lap Times I | Find Best Gear Ratio I | Help I WOI’king Wlth The
Save &hic Open ¥Yehicle File B current SpeCS may

|Chosen ¥ehicle File: latemod| have been Changed
and be different than

|43 ¥ehicles in Library

Preview: . . .
the Vehicle in Library
HP: 392 Dbl A Arm
~ LF: 400 of the same name.
RF: 400

R0 Tiack-G1-0t Click on the vehicle
you want to Open to

Lirnited ‘Late Model o o Bar .

500 Holley 2 BEL gives abotNGI0 HP & see a Preview.
— £000 .

Dillan front suzpension layout DOU ble CI|Ck tO

nascar-a_ti
nascar-b_rst
nascar-d_arl
Re: nascar-d.ayt
nascar-d.ovr
nascar-d.tna
nascar-i.ndy

RtCirc: 87.5

Runr |nascarm.iw BV Open immediately.
nascar-m.rtn EII Commenlsl
"Help: N .
';‘10\"9_"':9“5 Open Delete | ancel | Help | Advanced | 1 Pr.eVI?W Of Chose.n
Cick on H T (highlighted) vehicle.
more detailed info on options. \
=] Click here to show

Vehicle Library
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Note the Lap Time of 16.16 seconds with a MPH of 83.5 at the top of the report with the current 6.20 axle ratio. In the columns of

numbers in the last row you see a time of 8.08 sec, exactly half of the lap time of 16.16. This is because the program only calculates
results fro half a lap, assuming the other half of the lap would be exactly the same.

Other important things to look for in the Test Results screen include:

Notice that the Notes Summary is pointing out a couple of things: Low Lift Coef. and Engine RPM High. If you click on the
Notes button, you obtain the screen shown in Figure 4.4. These notes can be useful for understanding your performance and
safety considerations.

To obtain a graph of these results, click on the Graph button or Graph menu item. The program will present a graph similar
to that shown in Figure 4.5 of Engine RPM. If you do not see a graph of Engine RPM, click on Data Types at the top of the
graph and select Engine RPM.

Since the Notes pointed out Low Lift Coefficient, you might want to try the Downforce Graph Data Type. Here you can see
how much downforce in pounds the Low Lift Coefficient is generating on this track. Note that track banking also generates

downforce,
and the
downforce is
a
combination
of banking
effects and
aerodynamic

effects.

Figure 4.4 Notes Screen Produced by Clicking on the Notes Button

Hotes on Calculations I

Y'ou have zpecified a lowe Lift Coefficient in the Aerodvnamic Specs in the
“Wehicle Specs menu. Low Lift Cosfficients tell the program your car developes
a great deal of downforce, difficult to achieve unless the car iz professzionally
dezigned. Lift Coefficients are difficult to measzsure and if pow are overestimating
thiz effect, the program will predict faster cornering speeds and lap times than
the wehicle can actually do.

Higheszt engine RFPR at the end of the straightaway 1= 7372 BPM |, well abowve
thiz engine's HFP peak., which iz high and potentially hurting performance.

Chck on Analpze for more detailz.

Figure 4.3 Test Results

M Circle Track Analyzer ¥2.0 Performance Trends [ LATEMODL ] ) Performance
K. Back Graph  Print  Analpze Suspenzion  Analpze Perf  History  Help(F1) _ 8] Summary
: Motes | Notes Summan: Low Lift Coef, Engine RPM High.  [NewLap Time 1646 MPH 835 showing Lap
Z\& — | Click on Motes for more Detailg, Lazt Lap Time 1616 835 Tlme & MPH
/ [ ] Comments Impravement il a .
Time |F§s{ |MPH |Accel Gs |Z Throttle |Eng RPM |Tum Il\fSu&alme|Downche|EomerEs - P
00 0 655 00 0 5054 2/4 284 —395 o7 Notes pointing
.50 49 7.7 44 89 5218 274 318 375 .82 out important
1.00 100 o 46 100 5619 274 450 302 65 thinas a t
1.50 156 . 100 5395 24 598 214 44 . gs bou.
2.00 214 82.1 100 6331 224 1046 152 29 this run. Click
2.50 276 85.8 100 6615 274 1435 109 19 on Notes
3.00 340 889 . 6855 24 3064 43 .03
3.50 407 91.5 .22 7057 274 14988 | -14 -.10 button or
400 475 937 18 7227 E E 29 -14 Analyze Perf
4.50 544 5.6 16 . . 29 14 for more info.
3n 7367 7 -.05
31 1699 129 24 C||Ck here or
371 1468 164 30
3n 1468 154 30 here to Graph.
an 1208 168 .33
371 785 219 45
31 503 286 £l Data columns
8.00 ag2 65.6 -.08 g 5056 3n 283 397 87
8.08 990 65.5 .00 - 5054 371 284 397 87 performance at
requested time
.{ intervals.
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Figure 4.5 Engine RPM Graph
Click here for other options

Click here to change data to be graphed

m. Circle Track analpzer v3.0 [ LATEMODI j

Back File Fofnat “iew Help(F1] DateTo Graph | history  last
e =il el Eedi=liie Jrurvie ] set scaes)
Circle Track Analyzer v2.0 Eng RPM vs Tim current
TS [ TE SRR i En e oo 0 O EC e e e 5 0 S e e e e e e e e e e e e e e . |Enu RFM
' ' : ' ' ! Although
7500
results are
7250 calculated and
7000 reported for
6750 only half a lap,
ss0D graphs are
shown for the
5250
full lap.
G000
5750
a500
58250
5000 : : . : : 2
.ao 3.00 6.00 S.00 12.00 15.00 18.00 Seconds
Figure 4.6 Graph of Downforce Click on

w Circle Track Analpzer v3.0 [ LATEMODL ]

Back File Fomat Wiew HelplF1] | Data_To_Graph | history  last
. . v Horizontal 3 Axis is Time, sepA

Harizontal = &xis is Distgete, fest

Circle Track Analy i current type for X axis,
400 pmmmmmmm - Socooooood FMPH DownForce
AP seconds or feet.

Data_To_Graph,
then select data
[s¢ll=] 2] & | Futvien] set Seakes] type and data

E Check mark
380 F-V - ;
: shows current
U T Y selections.
Sl T W I I SR Downforce is a
! minimum on the
200 f--o-y---- O ERthT AREEEEEE straightaway,
5 because banking
180 pommem e i effect in turns is
! minimum.
L I T A However,
I A program still
assumes
. banking on
. _ _ . straightaway,
T SR (R S ! Geconds which reduces
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Changing the Rear Axle Ratio

Now for the good part; lets change the gear ratio and see what happens. Get back to the Main Menu by clicking on Back in the menu
bar (or pressing <ESC>) at the graph screen (Figure 4.5), then clicking on Back (or pressing <ESC>) again at the tabular Test Results

screen (Figure 4.3).

Click on Vehicle to bring up the menu shown in Figure 4.7. Because the Note in the program said the Engine RPM was high, lets try
a lower axle ratio, which will reduce the RPM range. Lets try a 5.9 axle ratio as shown in Figure 4.7. With wrenches, money, parts

and a race track, this
could take several days.
On the computer we
will be done in a few
seconds, with clean
fingernails and money
left in our wallet!

Click on Rear Axle
Ratio under General
Vehicle Specs and type
5.9 over the current
value of 6.2. (If 5.9 had
not been within
acceptable limits, the
program will display
the limits.) Then click
on OK to return to the
Main Menu. There you
can click on Running
Conditions, then the
Calculate Performance
button at this menu (as
you did before) or just
click on the Calculate
Lap Times button at the
top of the Main Menu.
The Calculate Lap
Times button is a
shortcut. Figure 4.8
shows the results: a
Lap Time of 16.08
seconds with an average
MPH of 84.0, with an
"improvement" of .08
seconds

Figure 4.7 Vehicle Menu for Changing

Rear Axle Ratio

M Circle Track Analyzer ¥2.0 Performance Trends [ LATEMODL ]

Filz [vehlcle‘

Open

U~l-iC40 DirmFmrman mm

T -dml = Tiremn

el Y chicle Specs

" General Yehicle Specs

Save ¥

|Tola| Weight with Dnver, Ibz  |3000

" Weh

[ ] I

" Help:
Move
descri
Click ¢
more ¢

Comner Weights

ML ission

/
|T_'|'IJe | Std%y h anual j|

/
[Ratio yﬁans Gear Used

|Rear % [52 -
W-- e Ji—Ee ]

I Fllvéﬂ'heelfﬁre Specs

|Drag Coefficient

i
L ]
21

|Lill Coefficient

[Frontal Area, sq ft

R _ ype Typical Racing Tire (average traction) &~
Cross % 105 | O-0F55 | /ff

et o T - E Ava Wheel & Tire Wt. Ibs 40

i Left Right

Mheelbase, in 108 Circumference, in [87.5 | m [cid [ h 875 |[cid

|Rear Axle Ratio 5y 7/ [Stagger, in

R Axle T hd

RearAdle Type | [sonsasDuy 7 | | igad width, in 10
- Aerodynamics [Traction Factor, % 96

[Type | |)ze Specs Below ﬂ|

" Hel
The !%tal ratio of the final drive gears or chain ratio or
both. Click on Cle buttan bo calculate from # of gear
teeth, p 27

Back I Help

I Print

Printer Setup |

Click on
Rear Axle
Ratio and
change it to
5.9. Then
recalculate
perfor-
mance.

You could
then repeat
this
sequence
trying
several
different
axle ratios.

Figure 4.8 Test Results with 5.9 Axle Ratio

Improvement of .08 seconds by going to 5.9 ratio from 6.2 ratio.
M. Circle Track Analyzer ¥v2.0 Performance Trends [ LATEMODL ]

k. Back Graph Print Analyze Suspension  fnalyze Perf stol_l,J Help(F1]

- - NOles
Comments

Motes Summarn: Low Lifk T w
Click on Motes far more Det.

ew Lap Time b
azt Lap Time  1E.1E
provement .08

EaSlarl”J ﬁ % @ @ |J @Euplo...l gMicro...I Eﬁrap... ”[:, Cir... L‘:,Test...l | E(ﬂ%@ 4:46 Pr 101
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1.00 100 2T 46 100
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2.00 214 821 .39 100
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An alternate way to see
this comparison and
improvement is to display
the Test History Log.
Click on History as shown
in Figure 4.8 and select
Show History Now. You
will get the screen of
Figure 4.9 with a history
and comparison of the last
25 runs. (Although only 7
runs show, you can click
and slide the slide bar to
see all 25.) The History
Log is a convenient way to
keep track of your results
to watch trends. We could
use it here to find the best
axle ratio.

Circle Track Analyzer

Chapter 4 Examples

Figure 4.9 Test Results with Test History Log

m Circle Track Analyzer ¥2.0 Performance Trends [ LATEMODL ] = =]
& Back Graph  Print  Analyze Suspension  Analyze Perlf History  Help(F1) == x|
= Notes N_otes Summary; Low Lift Co[ef, Engine RFM High. Mew Lap T_ime 16.08 MPH 84.0
@ ———— 1 Click on Motes for maore Details. Last Lap Time 1616 835
d 1 Comments Improvement .0g , ity
Time | Feet |MPH |Accel Gs |z Throttle | Eng RPM | Tumn # | Curvature | DownForcg ComerGs «
.00 0 65.5 .00 1] 4810 214 284 395 /] 87 [

.50 49 67.6 43 89 4960 214 8 374 82

1.00 100 727 A6 100 5335 214 450 300 .54

1.50 155 ¥I.6 43 100 5694 2/4 698 213 43

2.00 214 821 .39 100 6027 214 1046 152 29

2.50 276 896.2 34 100 6324 274 1495 110 19

3.00 kLa 9.7 .29 100 E579 214 3600 y .0 o
3.50 408 926 25 100 6796 2/4 14988 -10

4.00 AFF 95.1 iy 100 6982 - - -14

4.50 548 97.3 18 100 7140 - 14

w. Test History

Dion't Shows History

Clear [eraze] History

Print  Help

Test Title [[save? [Lap Ft [infield [Bank[tnRPhMxRPM]LapTimgImp [MPH  imp. [Carlen [ 4]
latemodk: Mo bar 199 4:25 pm 1980 500 & 4810 7¥4 (16087 0B (840 5 B |
latemod): Mon Mar 199 4:23 pm 1980 OO |8 (5054 (743 (1E1E .00 (835 0 .0

laterodk: Mon Mar 199 3:18 pm 1980 500 |8 5054 7549 (1676 .00 (835 .0 .0

latemod: Mon Mar 199 3:12 pm 1980 500 |8 5054 (7549 (1E7E .00 (835 .0 .0

latemod; Mon Mar 199 3:03 pm 1980 500 |8 5094 7548 1E1E 835

nascar-d.ove Mon Mar 193 12:40 pm 5280 1000 |24 |5E80 (8216 | 2500 |542[1440 257 41
busch-na.zit Mon Mar 199 9:28 am 5280 841 10 (5026 7065 (3042 00 (1183 o/ hd
Click on Test Title (13t column] to change it or o retrieve specs which produced those results. Click in other columns B definitions.

History Log
showing 2.0
and 3.08 axle
results and
“improvement”

Click and
move slide bar
to view all 25
of the last tests

Note showing
additional test
History Log
options.

Graph these results with the Baseline 6.2 axle results for the graph in Figure 4.10. Figure 4.10 points out a couple of things:

e Engine RPM is lower throughout the run with the 5.9 axle ratio. This keeps the engine in a higher HP RPM range for better
acceleration and better performance. Figure 4.11 graphs acceleration Gs for these 2 conditions, showing the 5.9 axle ratio
shows higher acceleration for nearly the entire time the vehicle is accelerating (power On).

e By clicking on a graph line with the mouse, you can bring up the cursor (vertical line). The value of the Engine RPM lines at
the cursor (near maximum RPM) is 7315 for the new 5.9 axle ratio and 7545 for the 6.2 axle ratio.

Back File

Figure 4.10 Comparing Engine RPM

m. Circle Track Analyzer v3.0 [ LATEMODL ]

Format  “iew Help[F1] Data_To Graph

Click on Last to

| history LA

show pre-vious
results

e <ll=] [l =] vl ] [2e]e] 3] o] Favien]setscakd

T7an

7500

7250

7000

6750

6500

K250

BOO0O

a7a0

5500

5250

S000

4750

Circle Track Analyzer v2.0 Eng RPM vs Time

last results

15.00

current

18.00 Seconds

Click on the
graph line to
bring up the
cursor line.

Engine RPMs
at the cursor
are shown
here.

“Last” run
with 6.2
Axle Ratio

. Current run
with 5.9 Axle
Ratio

5.45
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Click on Back to return to
the Test Results screen,
then click on History and
Show History Now. A
useful feature of the
History Log is the ability
to change the Test Title
in the first column to
anything you want. Click
on the Test Title for the

Figure 4.11 Acceleration Gs for the Two Axle Ratios

w. Circle Track Analyzer ¥3.0 [ LATEMODL ]

Back File Fomat Yiew HelplF1) | Data_To Graph | history  LAST

v Haorizontal % Axiz iz Time, secan
Horizontal 3 Asiz is Digl " feet

] [E]

Circle Track Analy

480

320

6D

[« =] % [ 3] Funview] Set Sealed]

MPH n/
v Accellas
% Thrattle

Engine RPk
OWR

[

current

Accel Gs

Cornering Gs

.0ao

- 160

-.320

-480

-640

-.e0n

-.960

Seconds

Click on Data_
to_Graph and
select Accel Gs for
this graph.

5.9 Ratio shows
higher
acceleration for
nearly the entire
time the vehicle is
accelerating.

High negative
acceleration

due to braking
is about same
for both tests.

5.9 axle ratio run, then answer No to the question “Retrieve the specs which produced these results?”. You will be shown a test input
box like that of Figure 4.12. (You will find the ability to Retrieve specs which produces certain results in the History Log to also be a
very useful feature. Another useful feature is to click on History, then Clear History Log. This lets you erase all the History rows,

which is useful when you are starting on a new project.)

We could continue to try
different axle ratios through
“cut and try” to find the
ratio giving the quickest lap
times. However the
program has a built in
feature to do this
automatically. Click on
Back at the top of the Test
Results screen. Then at the
Main Screen, click on Find
Best Gear Ratio. The
program will automatically
try a wide range of axle
ratios to see which gives the
quickest lap times.

For these LATEMODL.355
specs, the program finds the
5.4 axle ratio is the
quickest, and it asks you if

Figure 4.12 Changing

Lo Back Graph Frint  Analyze Suspenzion  Analyze Perf  Histary  Help(F/4

& Circle Track Analpzer ¥2. 0 Performance Trends [ LATEMODL ]

Test Name in History Log

P = |
Motes N_otes Summary: Lows Lift Cogf, Engine B High. Mew Lap T_ime 16.08 MPH 840
—— | [Click on Mates for more Details. Lazt Lap Time 1616 836
] Comments Irnprovement .08 R}
|MPH |.|E Edilgli==taintle Lrvalure|DownForce|Eomeer -
65.5 Enter a Test Title. oK | 4 335 -87
65.8 6 395 87
66.8 Cancel | 4 383 84
68.6 6 364 79
707 0 330 ¥l
F2.7 0 300 64
TAF 7 263 .55
767 5 230 48
. 78.5 . 4 200 41
. 51
Don't Show History Clear [eraze] |B'2 alcliiatio |
Test Title /  [[Seve7[Lap FT[mhed [Bank Mt PR M CanTime|Imp. [[MPH_ [imp. [CarLen [«
5.9 &xle Ratio 1980 500 |8 4810 |73 16.08 .08 | 84.0 5 B
latemodl: Tue Mar 299 12:27 pm 1980 500 |8 5054 | 7543 16 -08 835 -5 ||-6
latemod): Mon Mar 199 4:25 pm 1980 500 |8 4810|7314 16 .08 840 5 B
latemod!: Mon Mar 199 4:23 pm 1980 500 |8 5054 |7543  1EB1E | 235 0 .
latemod!: Mon Mar 193 3:18 pm 1980 500 |8 5054 |7543 1616 .00 835 n o
latemod!: Mon Mar 193 312 pm 1980 500 |8 5054 |7543 1616 .00 835 n o
latemod): Mon Mar 193 3:03 pm 1980 500 |8 5054 |7h48 | 1E1E 835 =

1 [V YIREW-T- WL WT-
Click on Test Title [1st calumn] to

_ Cang 4 coon anie  aron cogn assn oo awa
change it or to retrieve specs which produced those results. Click in other columns for definitions.

Click on Test
Name in
History Log to
change the
name to
something
more
descriptive
than the
program’s
default name.

Enter name
nere, then
click OK.

it should load in that ratio. Answer Yes, and you find that the new lap time is 16.04 seconds, .04 better than 5.9 and .12 seconds
better than 6.2. However at a different track, a different axle ratio would be best.

Conclusions:

e The Circle Track Analyzer allows you to easily maneuver between screens and menus with the click on a mouse.

e  The program has several useful features like the Performance Summary and History Log to track you changes, and the Notes and
Graphs to understand and analyze your performance.
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e The Circle Track Analyzer allows you to simulate "real world" modifications by simply typing in new specifications which

simulate the hardware modification.

Like most other vehicle settings, there is no single "best" axle ratio for the LATEMODL.355. The "best" ratio will change
depending on other specs like Track Length and Banking.

Figure 4.13 Finding Best Axle Ratio Click here to have program

find quickest axle ratio for
current specs.

M Circle Track Analyzer ¥2 0 Performance Trends [ LATEMODL ]

File [vehicle])  CalclapTimes  Help(F1]  Preferences

]
| Open ¥ehicle Library I | Calculate Lap Times I | Find Best Gear Hallin I | Help I
| Save Vehicle to Library I | Match My Lap Times I | Auit Program I Progl’am_ will
d automatically
" Vehicle Specs Vehicle Summary try several
Engine | Engine File: 355-chev 3551 cubic ingfes, different axle
395 ft Ibs at 4500 RPM and 392 HP aL,2000 RPM ratios to find
Yehicle Calculation Progress [ x| |I ]. the one
circumference L.
Percent Complete P " giving
: b Coil Springs~ Track: 4.0 .
Front Suspension G Ceamilarzr QUICkeSt Iap
B pringz/Fanhard orJ Bar times.
Rear Suspension Distance Traveled, feet

Match Yehicle Performance 1

Pass # EI Show All Eommenlsl

Running Conditions

Help:— | The computer will make several runes tving different

Click here to open have the gear ratios to find the one giving the quickest lap ~
program pick the best gear rati | times. For accurate results, it is critical that all other | | soop

far the cumrent set of vehicle specs are zet cormectly before using this feature.

Fpecs and power curve,

M|
#san| | @& @AY | e | @co. | Kis | oo T |[cale. B3O 1:25Pm
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Example 4.2 Calibrating Circle Track
Analyzer for Your Car

When using the Circle Track Analyzer to predict the effect of modifications on a certain vehicle, it is best to first "calibrate" the
program to match the vehicle's actual results. "Calibrate" means to fine tune an instrument (the Circle Track Analyzer in this case) to
improve its accuracy. Once the program is calibrated, its predictions are more likely to match your vehicle's response to
modifications.

We will calibrate the program for a Late Model with a 406 motor. The car runs 16 second laps at the local low banked quarter mile
track. Ideally you could just go to the Vehicle Library and find an exact match for this car. However there probably is not an exact
match for any car already in the library, so we will have to build one by adjusting the specs for a car from the Vehicle Library.

You can start with a completely blank screen for all vehicle specs by clicking on File, then New at the Main Screen. You can also
blank out just the Engine, Front Suspension or Rear Suspension by clicking on File, then New at their respective screens. However,
for most beginners it is recommended you always start with a example vehicle. This way, for specs you don’t know, there is already a
spec entered which may be close to matching your vehicle.

The LATEMODL.355 in the Vehicle Library would be a logical choice. (It actually doesn’t matter which vehicle you start with.
Once you have entered in the specs for your car, you will get the same lap times even if you start with a Quarter Midget or Busch car.
The advantage of starting with a car close to your car is that its specs are more likely to be accurate for specs you don’t know. Click
on LATEMODL in the Vehicle Library, then click on Open to open it.

Now you will start to actually enter specs for your car.

Figure 4.14 Engine Examples Click on File, then Open Example Engine to load
in example actual dyno curves.
w Engine Spec= | STRT-STK.350 ] Click here to load
Back Fil Calculat& Load frofTEngine Analyzer  Comments  Help an Engine
" Basze Engine Specs | |'Fu|| Power Curve Analyzer power
" - curve.
|E Open Ex Engine File <] mDHF’
C |23 Ex Engines in Library |Chosen Ex Engine File~g-406-2-bb} 2 Click on Calculate
96-busch.v-6 N [ 1300 I to estimate a
€ |96 busch.v-8 - power curve from
~—  |buschad. 390 9 RPMs fi PkTq: 394
¢ |buschag.rst 3000 - 7000, e 200 only a couple of
i f;fé';g[]‘tj“”' CID: 406 PkHP: 387 simple inputs, like
' Sl B +100 cubic inches and
4 g—slleel_slk\
i a general
Il B || [well uried 406 with Holley 500 2BBL H4412] < d egscri tion
imca-406.500 T £ flat tappet cam 11.5:1 CR, fully 00 BDDB p .
imca—4l]B:?5I] ported AT o Tie heads, cast iran . .
latemodl. 390 intake, headers. a—HP Click on engines
~  |latmod-2.bbl f
" 1 |latmod-4 bbl < P14 ][ to obtain a
pont4-mi_dgt h TE S preview, where
| £ you can tell by
Open | Cancel | Help | B3 128 )
| T the comments if
S A T T this engine may
EEE Y EXE | e I | be similar to your
engine.
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Engine specs

Click on Engine specs at the Main Menu to display the current power specs for the Late Model’s 355 Chevy. You could enter the
cubic inches, pick a clutch setup and type in a dyno curve for your engine. However, you don’t know your engine’s power curve.
Fortunately, there are several options for building a power curve, which include:

e Use the current curve which came with the Late Model file. The engine comments show that this is for a 355 Chevy, so this
may not be the best choice.

e Ifyou had a complete dyno curve, you could enter the dyno curve in the right hand section of this screen. This is usually the
most accurate method, however be sure the dyno curve covers a wide RPM range. You may have to estimate and enter torque
and HP at higher and lower RPMs than was actually run on the dyno. For example, if your dyno run is from 4500 to 7000,
estimate and enter data at 3000, 3500, 4000 RPM and 7500 and 8000. This is especially important if you run the engine on the
track above or below the RPMs of the dyno curve. The program assumes power drops off rapidly above and below the RPMs
for which you have actually entered torque and HP.

e Pick an example power curve supplied be Performance Trends. This is done by clicking on File at the top of the Engine
screen, then selecting Open Example Engine. This is a good choice if there is an example which matches your engine fairly
closely.

e You could build a power curve in one of Performance Trends’ Windows Engine Analyzer programs, then send it to the Circle
Track Analyzer.

e You could Calculate a power curve based on some very simple inputs and engine descriptions. This is usually the last resort,
but can still give reasonable power curves.

We’ll choose to pick an example, so click on File, then Open Example Engine as shown in Figure 4.14. In the list of example
engines, click on ones that look promising. The program will give a Preview on the right side or RPM range, peak HP, and comments
which describe the engine. If you want, you can click on the top engine, then use the down arrow key [¥] to go through the entire list
and see the preview of each engine.

The G-406-2BBL engine looks fairly close to your engine (the G standing for “good”). You estimated your engine made about 375

HP and the example G-406-2BBL shows about 10 HP over that at 387. This is a fairly close match. Either click on Open or double
click on G-406-2BBL to use these specs of an actual dyno curve for a 406 2BBL. Your engine specs will now look like Figure 4.15.
Click on Back at the upper left corner or somewhere outside this menu to close it and return to the Main Screen.

Figure 4.15 Engine Specs Menu for Example Engine G-406-2.BBL
w Engine Specs [ G-406-2.BBL ] Eq
Back File Calculate Load from Enging Analwzer  Comments Help
VethIe SpeCS " Base Engine Specs ©~ | [ Full Power Curve
, _ . : 400 400
Click on Vehicle to Displacement, cu in Ty OQ HP
open the Vehicle Specs CCs [BE54.3 Liters 350 N
menu shown in Figure i \/ N 1300
4.16. This is one Clutch || 5td Diamter Clutch/Flywhes! =]
screen where there are 250 — 200
no examples to open [IELLLLE
amp pen. well tuned 406 with Holley 500 |~ 200
That is because all 2BBL #4412, 252256 flat tappet {1100
these Specs can vary so cam 11.5:1 CH. fully ported cast 150
iron Bow Tie heads. cast iron
muCh between intake, headers. 100 0
different cars and 2000 3000 4000 5000 G000 7000 B0OD
different track rules. ~|
Go through each specs ARG il ARG il
and enter a number for T Help 3000 320 183 EROO 290 1]
Engine size or dizplacement in cubic inches. 3500 []300 200 7000 [{Z50 333

your car. p G 000 |[F0 | [278

4500 394 kL]

a000 385 367

RRO0 370 387

BO00 328 378
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Figure 4.16 Vehicle Specs

Vehicle Specs E3 |

" General ¥ehicle Specs

|Tutal Weight with Drniver. lbs  |3000

Corner Weights

" Transmigzion

Type | Std Doty Manual j|

|

|Flatiu of Trans Gear Uzed

beis o5 Jlgg )5
|Erussx 57.5 |983 |D"—Dl552 |
E
108

Rear Axle Type | Standard Duty j|

|Height of C.G..In

l"w'heelhase, in

Rear Axle Ratio

" Aerodynamics

" Rear Wheel/Tire Specs
Type  [Fpvyilii

Street Tire w Tread

|Avg Wheel & Tire Wt. Ibs

5 |
Left

Right
|Ein::umferen-::e, in |88.6
|5tagger, in .0

|T read Width, in

g ]lcd

Traction Factor, %

|T}'|JE | IJze Specs Below j|

48
35
21

|Drag Coeflicient

|Lift Coefficient

|anta| Area, sq it

100
" Hel

1elp .
Click on dovwn arrow button to pick a general type of rear
tire. Thiz choice has a LARGE effect on overall tire
traction, handling and lap timez. p 35

Back I Help

I Print

Printer Setup

General Vehicle Specs

Enter the vehicle weight with driver and fuel level you want to simulate.

Enter the weight %s if you know them. If you don’t know them, but do know the corner weights, click on one of the Clc (calculate)
buttons next to them. They will open up a Calculation menu shown in Figure 4.17. Note that this menu will open up with the corner

weights for the current car already entered. You will have to type your weights over these weights. When all 4 of your corner

weights have been entered, the menu will display the Weight %s for your car. Click on the Use Calc Value(s) button to load in these

Weight %s.
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Figure 4.17 Corner Weights Calculation Menu
As menu is first opened with corner After you enter your car’s corner weights,
weights for current car specs. menu shows Weight %s for your car.
Calc % Wt on Rear Tires Calc % Wt on Rear Tires
Calc Rear Weight 2 E Calc Rear Weight %
Calc Left Weight % Calc Left Weight %
Calc Cross Weight % 57.5 Calc Cross Weight Z
Current ¥ehicle wt. Ibs Current Yehicle Wt Ibs
Yeh. Wt from theze Inputs, Ibs Weh. Wt from these Inputs. Ibs (2920
Vehicle Weights Vehicle Weights
Left Front Weight. Ihs Left Front Weight. Ibs
Right Front Weight. Ibs 743 Right Front Weight, lbs 750
Left Rear Weight. lbs 983 Left Rear Weight. Ibs
Right Rear Weight. Ibs 562 Right Rear Weight. Ibs
If your corner weights add Mote: Mote:
up to a different weight These weights should all be obtained with driver These weights should all be obtained with driver
than already entered for in wehicle on a vey FLAT surface. it wehicle on a verw FLAT surface.
Vehicle Weight, you
Would get the message in Uze Calc Value | Help | Cancel ‘ Print ‘ Usze Calc Yalue | Help | Cancel | Print |
Figure 4.18. For most f
situations, you would ]
answer this question Yes. Click on Use Calc Value to use the calculated Weight %s.
Figure 4.18 Question After Calculating Weight %s Figure 4.19 Calculation Menu for
Use This Total Yehicle Weight Also? | =] Quick Change Rear Axle Ratio
: : : Calc Final Drive Ratio
Do you want the YWehicle ‘A eight for the weights you entered here of 2320
pounds to be uzed as the Yehicle Weight in the Yehicle Specs menu? Calc Final Drive Batio
Yehicle Weight iz currently set to 3000 pounds.
Inputs
es No Type [ Quick Change with 4.55 Fing & F 7|
Ring and Pinion Ratio

# Teeth, Top Spur Gear

# Teeth, Bottom Spur Gear

L

Mote:

For drivetraing with a Primary gear drive bebween
the engine and tranzmizzion: Select 'Primary
Batin & Chain Drive' ag the Type if you know the
Primary Fatio. Select 'Primary Gears & Chain
Dirive' if you knowe the # Teeth on the Primany
Gears.

Usze Calc "'-F'alue| Help | Eant:el| Print |

108



(C) Performance Trends Inc 1999 Circle Track Analyzer Chapter 4 Examples

You don’t know your car’s Height of CG, so leave in the current Figure 4.21 Calculation Menu to Help
height. Wheelbase you measure at 102 inches with a tape measure, Estimate Tire Traction Factor

the same as the example LATEMODL.355. Rear Axle Ratio you
know is a quick change with a 4.88 ring and pinion and 47 tooth top
gear and 34 tooth lower gear. Click on the Clc button by Rear Axle Estimated Traction Factor |35 |
Ratio to obtain the menu of Figure 4.19. Type in your information to
obtain a calculated 6.03 axle ratio, then click on Use Calc Value to
load 6.03 back into the Vehicle Specs menu. For Rear Axle Type

you click on the combo boxes’ down arrow key to see your choices. 83 Awerage Suspension Setup j
Of the choices choose Quick Change (more losses) best matches your (100 Best Possible Suspenzion Setup B
car. (You may not have realized it before, but there is a “downside” |35 Wery Good Suspension Setup I
to a quick change rear axle. Quick change rear axles have more HP 0 Good ouspension S etup

losses in them due to the additional gears.) an

Aerodynamics

For the Aerodynamic specs, click on the Type combo boxes’ down
arrow key to see your choices. There are many choices and you

E stimated Traction Factors Ed |

"Pick Tre & Suspension Descnption

=3 E; [WE |Eer'|:5:i|:|r'| E;Etl_l 1

5 fyverar
Below Average Suspenzion Setup
0 Poor Suzpension Setup

B0 “er Poor Suzpension Setup
traction]' tires.

Usze Calc Valuel Help | Ean-::ell Print

choose Typ Late Model. Notice how the aerodynamic specs are now “grayed out” and you can’t change them. That’s because your
choice of Type is telling the program all it needs to know. To enable these specs so you can change them, you would have to choose
the top choice in the Type list of Use Specs Below.

Figure 4.20 Aerodynamic Type Choices
[P S ~ Click here to
Type  [TypLate Model drop down list
SR = of choices
R j‘; Click on
Lift CoelGood Late Model these arrow
Good Late Model, good downfarce buttons to
Frontal 4 Typical GoCart .
Giood GoCart / lsete ?ntlre
B Poor Winston Cup IS 0
1Paar Wington Cup, good downforce ™ choices Transmission

For the Transmission specs, click on the Type combo boxes’ down arrow key to see your choices. Std Duty Manual seems reasonable
so you choose it. For Ratio of Gear Used, enter 1 since you run your trans in top gear with a 1:1 ratio.

Rear Tires

For the Rear Tires specs,
click on the Type combo
boxes’ down arrow key to
see your choices. Typical
Racing Tire (average
traction) seems the closest
match for your 10 tires.

Figure 4.22 Tip on Limitations of Circle Track Analyzer
Circle Track Analyzer ¥v2.0 Tip

Mone of the zpecs in this Front Suspension Layout screen are uzed to predict lap times,
except thoze affecting Track Width. They are used primarily to display calculated results
shown on thiz screen, or with the "See Car' option [available once lap times have been
calculated]. The "See Car' option displays syspension parameters az the car goes around
the track. and alzo produces handling and suspenszion reports uzing these specs.

Although all these specs CAN affect lap times on the actual car, thiz version of the program
iz zimply not "smart enough’ to exactly know theze effects with variousz tires, track
conditions, driving styles, etc. Future versions or Pro versions of this program may be able
to include some of these affects in lap ime predictions.

: Help |

[T Don't show thiz again

You’re not sure of the Wheel & Tire weight, but the current setting of 40 seems about right, so you leave it 40. You enter in your
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Left and Right rear tires’ circumferences of 87 and 89 and the program shows you the Stagger of 2”. Enter in the Tread Width of 10”.
Click on the Clc button by Traction Factor to be shown the Calculation Menu of Figure 4.21. Click on the combo boxes’ down arrow
key for your choices and choose Average Suspension Setup.

Click on the Back button to return to the Main Screen.

Front Suspension

Click on Front Suspension to open the Front Suspension Specs menu shown in Figure 4.23. You may first be given an important
notice, shown in Figure 4.22. The Circle Track Analyzer can not analyze all details of handling and vehicle performance.

Figure 4.23 Front Suspension Specs
w Front Suspension Specs [ LATEMODL.FAB ]
Back Re—Llptions Suspension Type  Shim  Comments  Help

Like Engine Specs This is frant view af suspension so left side of ToTERITe-aetualy fight side of car, | | Dther Specs Bight 1 eft Click on
hi d h i Camber Gain: -.36 Gain baged on 5" Dive Camber Gain: - 83 Spring Length 10928 | loag File. then
this screen does have and & deqg Roll Spring Angle 11.8 |[11.8 ’
examples to open. Spring Rate [g] (600 | [550 Open
Click on File, then Wheel Rate 274 | [243 Example
Open Example Front Serub Radius 60 ||6.0 Front

. Stc Camber. deg |4 2 .
Suspension as shown Dyn Cambes, deg Suspensio
in Figure 4.23. In the Tiack.in [64.0 | |32 | |32 n for
list of example King Pin Angle 1737 | [17.31 possibly

. . Spindle Angle 7.3 1331 . :
suspensions, click on : finding a
ones that look Roll Center height = 2.8 Roll Center Right = .0 || AeR Bar ate. IbAn 250 suspension

.. oll Bar Length, in
promising. The [ Static Layout Dimensions Iayout
N o Right [X) Height Left (X) Height | - Show Dive & Roll close to
program will give a AR [0 |UpperBalldait [z [o0 & TEREEEFEC g, your car's
Preview on the right Bhzs 17 Upper Frame Pivot [125 |17 H || OvYes i 2 - = s
side of spring rates, C |25 5 Lower Ball Joint |25 5 1 | | ®No hd S = g layout
camber, and Dlzs |5 Lower Frame Fivot 85 |5 4| Help (definition)
hich E 19 16.5 Upper Spring Pad |19 16.5 K | | Digtance from car centerline to the center of ball joint
comments whic F(21.29 [9.75 Lower Spring Pad [21.25 [5.79% L on upper arm on Right side, ininches. For eaze of
1 conzistent measurements for front and rear, use the

describe the

. Length Angle Length Angle center of the drivetrain [engine, tans, rear axle] as
suspension. If you 995 17.53 |Upper Arm Dim. 9 95 17.53 the car's centerline. p 18
want, you can click on 1750 |0 Lower Arm Dim-— [1650 [0
the top suspension,

then use the down arrow key [{] to go through the entire list and see the preview of each suspension.

None of the Example suspensions appear to be closer to your suspension than the current LATEMODL.FAB already part of the
LATEMODL.355 vehicle. Therefore, you should measure your front suspension as discussed in Example 4.3. You notice the spring
rates and camber is different than your car, so you type them in (600 and 550 for right and left springs, and -4 and 2 for right and left
static camber). Nofte that if the suspension’s layout is significantly different than your car’s, the effective wheel rate could be
much different for your car, even if you type in the correct spring rate. However, for the other specs, you will leave these specs as
the example vehicle had them. When you have more time, you will measure up your front end.

Click on the Back menu item in the upper left corner or click on the [ X ] button in the upper right corner to return to the Main Screen.
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Figure 4.24 Rear Suspension Screen o
Name of Rear Suspension File

. Bear Suspension Specs [ LATEMODL.FAB ] [ x|

Back File Comments Help Your choice
. fT will
 Suspension Specs —ER Side Top Yiew Right Side O. ype
significantly
|T5'IJE | Trailing Armz/Coil Springs/Fanhard arJ Ej| Change the
Left  Right appearance
[Spring Rates. Ib/in 200 [225 of this
Tire to Centerline. in 320 [EEO screen and
|5pring to Centerling. in 25.0 250 o ;ﬁ| i what inputs
|5pring Angle. deg i] i} e you are able
- : to enter.
|Spr|ng to Axle, in 1] 0
|A:||:Ie to Front Pivol, in 22.2 222 .
_ . Rear Yiew
|F'nhl:| Bar to Centerline, in |20 20 Lt w'heel Rate: 200 Rtw'heel Rate: 225

|Panhald Bar Heights, in 17 17

End of Panhard Bar that

Attaches to Axle @ Left C Right
T
" Help % h N\ General

Diztance fru:u!'n zar centerling to center of tire patch on Layout

the ground. inches. For easze of consistent - - .
measurements far frant and rear, uze the center of the drawmg of
drivetrain [engine, tranz, rear axle) as the car's Rear
centerline. p 13 Foll Center HE 170 Roll Certer Right 0.0 Suspension

Rear Suspension

Click on Rear Suspension to open the Rear Suspension Specs Flgu 4'2 SeeCt Simple Weather Specs
menu shown in Figure 4.24. You may first be given a similar e

important notice as in the Front Suspension menu shown in [ VomEks wriEeliineg

Figure 4.22. Again, the Circle Track Analyzer can not analyze Method of Reading Weather D ata

all details of handling and vehicle performance. Typ Hice 7O deqg. day in kMidwsest =1
Typ MHice 7O deg. day at =ea lewel -

[ Typ Coal/Dry day at zea level
Top Hot Hurmid daw in kdid

You go through these measurements and make changes to more

closely match your car. You type in your spring rates of 200 I ._, S

and 225 for the left and right. Note that if the suspension’s | Tvp Het Humid daw in rmountains

layout is significantly different than your car’s, the effective I ¥ﬁg glcrccrela’?li‘iuryddeg_@- ‘ijnafn::urr?fal-i’l:stamg r
wheel rate could be much different for your car, even if you

type in the correct spring rate. Rear suspension measurements
are usually not a critical as front suspension measurements. When you are finished, click on the Back menu item in the upper left

corner or click on the [ X ] button in the upper right corner to return to the Main Screen.

q

Running Conditions
Click on Running Conditions to Weather conditions, driver preferences and most importantly, track specs. Since you are not that

interested in how weather conditions affect performance, you select Typ Nice 70 deg day in Midwest. You will now notice that the
other weather specs are “grayed out” or disabled. You think ”Good, now I don’t have to worry about them.”
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For the Reports/Graphs spec of Show Results Every ... you leave it as is (because you are not sure what it means). Basically, if you
want more detailed results, suspension analysis and graphs you will select a smaller time increment. This will be something you will

Figure 4.27 Running Conditions for Your Car Notice how most

. Running Conditions E specs are
" Track Weather . Track Specs disabled (grayed
[Method of Reading Weather Data [Type |Ty|:| 174 Mile, lows banks ﬂ| out) because
you chose
Tup Nice 700 deq. day in Midwest ~| simple “Types”
for Track

|Cun. Barometer, "Hg 30 Track Layout [straights = 220 ] Bank Angle Weather, Track

[ir Temperature, deg F 70 Specs and

Relative Humidity, % 60 ] [ 25m J Driver catagories
[Relative Humidity mi g
|E|evatiun, feet 1000

" Reports/Graphs [Track Length, ft 1320

|Show Results Every._. | 55 seconds j [Infield Width, ft 280
[Bank Angle. deq 7 .

" Help — Click here to
Click an arraw ba select how you want bo enter " Driver calculate |ap
weather info and the type af instruments po will .
uze, or select fram the list of Typical weather |T.'u'|39/r'|'ypica| Agareszive Driver j| time, or return
conditions [Midwest assumes 1000 ft and mountains = - to Main Screen
azsumes 3000 it elevations). p &0 }&EI' AOOIESSIVENEsS | :orecsive j and click on

// [Brake Agaressiveness ||| 5o esive =l Calculate Lap
Back | Help | 4ulate Lap Time | Print | Printer Setup | ;l;]lme button
ere

use when you are more familiar with the program.

For Track Specs you will select a Type from the list which most closely represents your track: Typ 1/4 Mile Low Banks. As with
Weather Specs, the other track specs are now disabled.

For Driver, you leave the existing LATEMODL.355’s driver
description of Typical Aggressive Driver. The Running Conditions |Figure 4.26 Simplified Track Specs

screen should now look like Figure 4.27.
I Track Specs
Calculate Lap Time Performance Type low barks
Whew, we’re finally done! Now for the fun stuff, lets see how this HE Hj m::z m;ﬁ'ﬂnﬁnks —
car performs. Click on the Calculate Lap Times button in the Track L| Tvp 1/3 Mile, low banks
Running Conditions menu, or click on the Back button to return to Typ 1/3 Mile, medium banks
. . . Typ 143 Mile, high banks
the Main Screen, then click on the Calculate Lap Times button at Tup 378 Mile. low banks
the top of the Main Screen. Qp 3/8 Mile, medium banks &7
.
The program calculates a lap time of 14.04 seconds with a average

MPH of 64.1 MPH. The results also show the Mx and Mn
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Figure 4.28 Results for First Try

Click here for History Log shown below.

& Circle Track Analyzer ¥2.0 Performance Trends [ LATEMODL. 355 ]

K. Back Graph Print Analyze Suspension  Analyze Perf  Hisfory  Help(F1] - IE |1|
= Motes | Nptes Summary: Lo Lifk Eo,af, Agressive Driving, Mew Lap T.ime 14.04 MPH E4.1
Lﬁ - Click on Motes for more Details. LaztLap Time  14.34 B28
d Comments Improvement .30 1.3

Time |Feet |MPH |Accel Gs |Z Throttle |Eng RPM |Tum i |Cuwalure|DownFolcel ComnerGs

0o 0 45.6 0o 1] 3580 274 186 236 .62 |

.2h 17 46.1 .2h 62 3620 19 233 .62

.50 34 48.0 .45 100 3772 223 .59

.7h 52 50.5 48 100 3370 199 .53

1.00 71 5h3.2 505 99 4180 162 .44

1.25 a1 55.9 615 98 4396 274 425 133 38

1.50 112 58.7 515 98 4616 214 5563 104 .30

1.75 134 61.6 525 94 4837 274 705 81 .25

2.00 158 64.4 .51 100 5058 214 880 64 .20

2.25 182 B7.1 .50 100 5276 274 1091 43 A7
w Test History _ (O] x|
Dan't Show Histary  Clear [erase] History — Print Help
Test Title [[5ave?[[Lap Ft [infield [Bank]MnRPhM=RPM]LapTime]lmp. [MPH  [imp. [Carlen [«
latemodl. 355 Sun Mar 733 12:08 pm 1320 280 7 35 EE3 1404 .30 | B41 1.3 1.3 -
latemod]. 355 Sun Mar 799 12:08 pm 1320 (Zs0 7 315 1434 -30 (628 1.3 14
latemadl. 355 Sun Mar 793 12:08 pm 1320 (280 7 358 1404 .30 | B41 13 1.3
latemodl. 395 Sun Mar 793 11:58 am 1320 280 7 315 1434 00 628 0 0
latemadl. 355 Sun Mar 7 93 11:57 am 1320 (280 7 315 1434 -34 (628 15 16
latemodl. 395 Sun Mar 793 10021 am 1320 280 7 3153 1400 20 643 3 9
Iatemodl 355 SunMar 799 9 2? am 1320 280 7 2898 1420 00 634 0 |0 -

Highest and lowest RPMs (Mx and Mn
RPM) are shown in the History Log also

Cllck on Test Tltle [1st column] to change it or to retneve specs which pmdu

400 aunn ons
those results. Click in other columng for definitions.

Summary
shows 14.04
seconds and
64.1 MPH,
faster than
your car’s
14.5 second
laps.

Lowest
RPM
(minimum
or Mn
RPM) is
shown as
the first
EngRPM
at the start
of Turn #2.
Mx RPM
would be
somewher
e down in
the
EngRPM

(maximum and minimum) RPM during the run as 6537 and 3580. Your car actually drops to a lower RPM in the corners, down to

3400 RPM and revs to 6300 before braking.

Match My Lap Times Feature

The program is currently predicting your car runs faster than your actual car’s

Figure 4.29 Match Lap Times

" Your ¥ehicle's Actual Performance

Lowest Engine RPM in Turns

3400

|Highesl RPM before Braking

6300

|Lap Time, sec

145

Adjust Track Specs if Needed

Engine |

500 2BEL-FPorted Heads

Pick basic engine description from list of engine types,
carb sizes, general head description, ete.

" Important Current Specs

Engine Cubic Inches: 406

Track Surface: Asphalt
Track Length: 1320
Track Infield *idth: 266
Track Banking: 5.0

These are zome cument zettings of critical specs
which must be accurate BEFORE using this mesnu:

Track Type: Typ 1/4 Mile, low batks

Help Cancel

Clear Entries |

OK [adjust veh. specs to match performance] |

14.3 second laps. We should fine tune these specs to get a better match
between real lap times and what the program predicts. In previous versions of Circle Track Analyzer, this would mean doing a lot of
“cut and try”. Adjust a spec, see if you got a better match on, say Mn RPM. If you did, now did you “screw up” your Lap Time, etc.

113



(C) Performance Trends Inc 1999 Circle Track Analyzer Chapter 4 Examples

Figure 4.30 Results of Match Vet. Perf.

The solution is the Match My Lap Times option, available at the Main

Menu. Return to the Main Menu from the Test Results screen of 'fcatmns Hqu"d mualCh your Ferformance =
. . . ErMormance Irom New BCE
Figure 4.23. Click on the Match My Lap Times button at the top, to P )
. .. . . . Lap Time Highezt RBPM Lowest RPM
display the menu similar to Figure 4.24. Enter in your actual Specified
~ : B - Vehicle Peif 43 | [s300 | [3400 |
performance, including a description of your engine. You choose !
. s . . Perf Obtained [14.34 | [6474 | [3483 |
500 2BBL, ported heads’ as the engine description. It should look from New Specs

like Figure 4.29. Then click on the OK (adjust veh. specs to match
performance) button.

" Specs Which Have Been Changed

Spec Mame Did New
The program makes several passes adjusting critical specs between Engine Pk Tq (full curve) 9940 1210
each pass, fine tuning the specs to find a combination which best Engine Pk HP [full curve] 387.0 376.3
matches your actual vehicle’s performance. After 30-40 passes, it Eng Pk HP RPM [full curve] | 5500 5500
arrives at the combination shown in Figure 4.30. At the top of this Tue Traction Factor 85.0 7697
menu you see how close these new specs will make the performance Tire Type Typ Racing | |Twp Racing
match. In the lower section, you see the Old specs, and the new ones Infield Width, ft 280 280
arrived at, which you can either Keep, or discard and return to the old Banking. deg 7 7
specs. You see that the program adjusted tire Traction Factor down to [Driving Style | [ogressive | [fogressive |
about 77% from 85%’ and, HP down Shghtly to 376 from 387. Important: This combination is just one of many to produce these results,
However, the program estimates that a 406 engine with a 500 2BBL Other combinations may maore accurately match your car,
and ported heads should make 421 ft Ibs, more than the example | Keep These Hew Specs | Return to OId Specs |

power curve which had 394 ft Ibs.

Click on the Keep These New Specs button to keep these new specs.

Note: The combination of specs arrived at by the Match My Lap Times feature are just
one of possibly many combinations which produce your car’s performance. They are
NOT necessarily the most accurate combination of specs to match your car.

The menu of Figures 4.29 and 4.30 are now gone. At the Main Menu, calculated performance and you confirm these specs do give
results as stated by the Match My Lap Times screens, and that do match your car, just as shown in Figure 4.30.
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L. |

Saving Your Car

Figure 4.31 Editing all Comments

Return to the Main Menu and click in the Vehicle All Vehicle Comments

Comments section and change them to match these specs

LI 5]

for your Late Model running 14.3 seconds. There are s Lz _ |Estimate of my 406 engine from program using Match
: . Comments for: My Lap Times.

comments which can be entered for the total vehicle at the
Main Screen, and for the individual components of Engine, G-406-2.BBL
Front Suspension and Rear Suspension. An easy way to ~|
show all these comments is to click on the Show All Front Completely fabricated double A arm front end for late |=
Comments button at the Main Screen. Figure 4.31 shows gz;";::;:’;m_ model.
what you .could type in for comments.' LATEMODL EAR
When finished, click on the Save Vehicle button, or on -
File and then Save Vehicle. You are first as shown Figure - - ——

. Rear Completely Fabricated 3 link rear suspension with -
4.32. You answer No, since these specs no longer Suspension panhard bar for late model.
represent the LATEMODL.355, but that you want to give Comments for:
it a new name. Next the screen shown in Figure 4.33 is .
displayed. Change the New Vehicle Name from
LATEMODL.355 to something that matches these specs, Eg::r'ng:ths";:;‘-r P?Jsr}'linte cilnfl mj.ltLah;-'I Model on a 1/4 mile track with ﬂ
llke MY—LATMODEL = dbrcale: ront and rear suspension.

376 HP at 5500 from 406 cid w 500 2BEL. ported

LATEMODL.35% | |cast iron heads.

As Figure 4.31 shows, there are individual File names for
the Engine, Front Suspension and Rear Suspension. You
should also go into each of these menus and save these
components under a new file name, one the matches the
components on your car. If you do, then you will want to update - - - ;
the Vehicle file with these new component names also. At the Figure 4.32 First Screen for Saving Vehicle

Main Screen, click on File, then Save to update MY- Save Changes to Same File Name? |
LATMO.DEL with these new component file names. @

Allow) Editimg) any Comments:

EE

OK [keep changes] |

Do vou want to update the current wehicle:
LATEMODL. 355

. . . With the changes you've made?
Now you are ready to check various modifications on your

vehicle, like changing gear ratios, tire size, or power curves, etc. Llick on Mo to save the current vehicle specs to a new name. Click
on Cancel to stop saving.

Mo Cancel

Conclusions:

e  After accurately entering specs, and then fine tuning them with the Match My Lap Times feature, the Circle Track Analyzer's
results can closely match the results of most any specific vehicle.

e The program has several options for entering specs, like picking example specs from preloaded examples, preloaded lists, or
by calculating them using Calculation menus from other known information or measurements

e  You can make most any file from the Vehicle Library match your vehicle's specs following this procedure. Then you can
save all these specs under a new name in the library for use at any time in the future.
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Figure 4.33 Screen for Entering New Vehicle Name for Saving

P Click on File, then Save As or Save Vehicle button to save specs
M Cirrle Trick Analyzer ¥2.0 Performance Trends [ LATEMODL 355 ]

Ff& [vehiclef CalcLapTimes  Help(F1]  Preferences - Type in
VA most any
| Opén ¥ehicle Library I | Calculate Lap Times I | Find Best Gear Ratio I | Help I name then
b
éave Ve ave Ve e File =10 uit Program I click OK.
i [New Vehicle Name: MY-LATMODEL
ehi
A The program
oK Cancel | Help | i My 7 H
I 75 HP &t 5500 5P will tell you if
s3] it must
L fi R
i FIENCE change it to
=19 To possibly be a walid Wehicle File Mame, your entry hagt be changed to: il Springs  Track: 64.0" H T
Bl o B be a valid file
Frear— - prings/Panhard or J Bar name fOf' the
Da you want bo uge this hame? com puter, as
shown here.
Ha Cancel
Runnin
Show All Comments |
Help: Comments: N .
This section shows a summary of Bazeline of my Late Model on a 1/4 mile track with Fabricated front i Click here
the current zettings in each menu. and rear suspension. to show
Click aon the menu's button to 376 HP at 5500 from 406 cid w 500 2BBL. ported cast iron heads. .
wiem all the details. and edit all
- comments,
Fig 4.xx.
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Example 4.3 Analyzing the Front
Suspension

The Circle Track Analyzer has several ways for you to analyze your front suspension. The Front Suspension input screen has several
analysis features itself. Then once lap time performance has been calculated, the Analyze Suspension option shows you what the
suspension will be doing as the car goes around a particular track.

Start this example by opening the BUSCH car from the Vehicle Library. Then go to the Front Suspension screen as shown in Figure
4.34. You may notice a message appears which says the this version of the program cannot accurately predict how suspension
changes will affect lap times. However, it can still estimate how suspension changes will affect weight transfer, roll, spring
deflection, front camber change and front roll center location.

Figure 4.34 Front Suspension Screen for 96-BUSCH.V-8
0 pe 0 pe 96-B [] X
Back | File T zpenzion Tppe  Shim  Comments  Help
T Mew Fraont Suspensian : o 5 " Other Specs =
Thi _ Wof car. P Right Left .
Can  Jpen Example Front Susper.mon  Dive Camber Gaim—07 Spring Lonath S_gE T C.||Ck on
Open Saved Front Suspension Il. Spring Angle 503 518 F||e’ then
Save Frant Suspensmnl Spiing Rate 770 774 several
Save Az Front Suspehsion ?_I/q; \;hezl'?a;.e 340 | 335 options are
; i crub Radius 5.0 52 .
(EfT g available for
. Stc Camber. deg  [-2.5 2
Frint Blank work sheet .
“Windows Print Setu Dyn Camber, deg Opemng
I . D' X Track.in [E1.0 ] [305 |[305 saved
L _J.-—--“' | C - King Pin Angle 11.17 | [7.95 suspension
Spindle Angle B.67 | [9.95 fil P inti
- lle, printing
. B Roll Bar Rate, Ibfin | (250 ’
: FIoII- Center heu?hl = _3.? Roll Center Right = 4.7 Roll Bar Length. in = b|ank
Sl;-h; La_'.loll.-lll [_)l:ensmns Left ) Hoiah . WorkSheetS,
|_i_l>£ll t (<) Height . eft eight | - Show Dive & Roll
A 20.4 |Upper Ball Joint 225 J202 |G Dive. i Draw etc for
. O Yes ive, inches Roll, de .
Blt5  [17.4 |Upper Frame Pivot 1485 [17.3 [H [ = ’—’iw 5 Big | entering
Cl>3a |8.7% Lower Ball Joint 241 075 | ® Ho hd Z b 9 specs or
D7 7.3 Lower Frame Pivot (7 25 7.25 J |- Help [definition) evaluatin
E[18.1 16.5 |Upper Spring Pad (131 16.5 |K | | Distance from car centerling to the center of ball joint valuating
Fl21.2% |8 Lower Spring Pad (215 |8 L | | onupper aimoon Right side, in inches. For eaze of other
conzistent measurements for frant and rear, use the .
Length Angle Length Angle center of the diivetrain [engine, trans, rear axle] as suspension
716_ 2478 |UpperAmDim [g18 [20.76 the car's centerine. p18 setups.
16.86 [49  |LowerAm Dim 1592 [5.1

From this menu, you can:

e Enter or edit any of the measurements and specifications displayed, and watch calculated specs and the layout drawing be
updated automatically.

e Open or Save a file of complete front suspension measurements by clicking on the File menu item, then either Open, Save or
Save As.

e Add, edit or review comments to describe the front suspension measurements currently displayed.

e  Produce various amounts of suspension Dive and Roll and watch Camber, Roll Center and Spring Compression change. (You
must be in the ‘Show Big’ mode to see Spring Compression.)

e  Change the Options to somewhat customize this screen for you.

e  Get Help to explain these options by clicking on Help or pressing <F1>. Help definitions are also available anytime you click on
an input spec’s name or input box or a calculated spec name or value. See Figure 4.36.

e Return to the Main Screen by clicking on Back (or File, then Exit).

At the top of this screen, the blue title bar shows the current Front Suspension is [ 96-BUSCH.LOW ], which is the front suspension
for the Busch Series Thunderbird on a low banked track.

If you wanted to analyze a different front suspension, you could click on File in the upper left corner, then select Open Example Front
Suspension. See Figure 4.34. You will obtain a screen like Figure 4.35 of the Front Suspension Library, which lists files of
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suspension measurements which have been provided by Performance Trends for your convenience. You could also click on File, then
New to blank out all measurements here to start with a clean “sheet of paper”.

Figure 4.35 Front Suspension Library Files are arranged
Open Front Suszp File B | ?:Ilﬁ):lfgﬁtlelgto

10 Front Suzps in Library ozen Front Suzp File: 96-buzch_hi iahli i

highlight it and

h j - : ) display a Preview-

96-busch_low Fligulaie Then click on the

imca-met. ric . . OK button (or
Type: Dbl AArm Track: 61.0
:::ﬁ:‘:&?l'fah RtUpiLen: 7.16 LtUprLen: 8.18 double click on file
e RtUprAngl: 16.86 LtUprAngl: 16.92 name to Open in
- RtCamber: -2.5 LtCamber: 2 .
mustang. stk one operation).
qrir-mid. get
-msk.

:_a;?dgﬁs = 1996 Buzch Thunderbird Frant Suspensian L The Advanced
with spring rates high speed and high button opens up a
banking [shff zpringsz). standard Windows

screen to let you
| open files from
most any folder or
/ disk drive (not
Open Delete Cancel Help | Advanced | available in
Beginner level).

For now, lets just analyze the current Busch Tbird front suspension. If some measurement is not familiar to you, click on its name or
the spec and a brief description appears in the Help frame, along with a page # from this manual for more help.

Figure 4.36 Specs for the File 96-BUSCH.LOW

w. Front Suspension Specs [ 96-BUSCH.LOW ] E X
Back File Options  Suzpenzion Type  Shim  Commentz  Help A i CIICk on
— : : : : — Dther S 1 most
This is front view of suspension so left side of screen is actually right side of car. ther Specs hight Left n
Camber Gain: -.81 Gain bazed on 5" Dive Camber Gain: -.92 9.06 9.15 any
and 5 deg Rol, 203 | [21.8 specs
L7 Spring Rate 770 724 fora
Wheel Rate 340 | [335 brief
Scrub R adius 5.0 .2 i
rip-
Stc Camber. deg| [-2.5 2 Sesi P
Dyn Camber. de lon _O
Track.in [61.0/ | [305 | [30.5 be given
King Pin Angle [ 1717 | [795 in the
Spindle Angle 8 67 995 He|p
Roll Center height = 3.7 Roll Center Right 4.7 | | Rell Bar Rate. fb/in 250 box at
Roll Bar Length, in ] the
[ Static Layout Dimensi

AHi?hl ) Heigp”  LeftX)Height  Show Dive & Rol [ bottom
204 i s el ok Dive. inch foll deqg  Draw of this
B (15 17.4 Upper Frame Pivot (1485 [17.3 H (= |1 H |-| 5 |¢| Big I screen
C[23% [8.75 |LowerBalldoint [241 J[s.75 |l | | ®MNo - - [ .
D7 7.3 Lower Fla[ne Pivot |7 25 7.25 J |- Help (definition]
E (181 16.5 Upper Spring Pad {181 16.5 K Distance from car centefling to the center of ball joint
F (2125 |8 Lower Spring Pad |21 5 [F] L on upper arm on Right fde, ininches. For ease of
cohsiztent measuremetfts for front and rear, use the

Length Angle Length Angle center of the dliyetlain enagine, trans, rear axle] as

7.16 |24.78 |Upper firm Dim. g12 [20.76 the car's centerline. ple

16.86 |49 Lower Arm Dim. 16.92 |51
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L. |

Changing Specs: Enter X&Ht Readings, Frame & Ball Joints Option

First, lets try changing a measurement. For example, lets raise the ball joint on the right upper control arm 1/2 inch. This would mean
the Right(Height) measurement for Upper Ball Joint (the distance from the ground) would increase .5 inches. So change 20.4 to 20.9.
When you get ready to press <enter> after typing in 20.9, watch the drawing, especially the right side suspension at point A and
Camber Gain. (Remember, this is a front view, so the right side of the car is actually on the left side of the screen.)

Important: Always remember you are looking at a Front view of the car. This means the Right side
of the screen actually shows the Left side of the car and the Left side of the screen shows the Right
side of the car.

Figure 4.37 Front Susp. Screen after Raising Rt Upper Ball Joint to 20.9 “
w Front Suspension Specs [ 96-BUSCH.LOW ]

Back File Options  Suzpenzion Type  Shim  Commentz: Help

This is front view of sUspenson 5o left side of screen is actually right side of car, | | Other Specs Right Left
Camber Gain: -.99 Gain bazed on 5" Dive Camber Gain: -.92 Spring Length 906 915
and .5 deg Roll S pring Angle 203 | [21.8

Spring Rate ¥F0 724

Wwheel Rate 3724 335

Scrub Radius 5.0 5.2

Stc Camber, deg (205 | |2
Dyn Camber, deg
Track. in |G1.0 305 30.5
King Pin Angle 10,72 | [7.9%
Spindle Angle 857 9.95

Roll Bar Rate. Ibfin 260
Roll Bar Length, in 18

Roll Center height = 4.0 Roll Center Right = 7.2

 Static Layout Dimenszions

AH Upper Ball Joint Iz_gf; &l ZHI;IZQM G Show DWT:: HD-“ h Boll. d Draw
B s 174 |Upper Frame Pivot (1485 173 |H | C Yes |1we' "lzrs |105’ Ti| = I
Clz38 |a75 |Lower Ball Joint 241 la.75 |l @ No T : T 4
D7 7.3 Lower Frame Pivot [7.25 7.2 J | - Help [definition)
E[18.1 16.5 |(Upper Spring Pad [18.1 16.5 |K | | Distance from ground up to the center of ball joint on
Flz21.2%5 |8 Lower Spring Pad |21 5 a8 L upper amm on Fight side, in inches. p 18
Length Angle Length Angle
7.38 |28.30 |UpperAmm Dim. 818 |20.76
1686 |49 Lower Arm Dim. 16.92 |51
Table 4.1 Before | After
Upper Rt BJ Ht | 20.4 20.9
Roll Center Ht 3.7 4.0
Roll Center Rt 4.7 7.2
Camber Gain -.81 -.99
Stc Camber -2.5 -2.05
Upper Arm Len | 7.16 7.38
Upper Arm Ang | 24.78 28.30

Press <enter> and notice how Camber gain changed from -.81 to -.99. See Table 4.1. This minor change will produce slightly more
negative Camber Gain, which means the right tire will see slightly more negative camber for the same amount of Dive in the corner or
during braking. You will notice that Stc (static) Camber (in the Other Specs at the right side of the screen) changed from -2.5 to -2.05
degrees.
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You will also notice that the Length and Angle of the Upper Arm (printed in light gray in the lower left corner changed from 7.16
inches to 7.38 and 24.78 degrees to 23.30. You might be thinking that the only way for the length of the arm to change is by
installing a different arm, which is correct. What we simulated was raising the Upper Ball Joint and adjusting the length and angle of
the upper arm so the Frame Pivot would stay in the same spot.

If you want to change the height of the Rt Upper Ball Joint, but use Figure 4.38 Front Suspension Options
the same arm (arm length stays the same), you can start adjusting the

Fuspension Specs [ 96-BUSCH_LO% ]

Rt Upper Ball Joint X dimension until you get back the original L Dt Sushension Tome | Shim | Comments | Hel
length of 7.16 inches. For example, after a few tries, you’d find that |7= ~ Enear =i Feadings. Frams & Ball dnts %
an Upper Ball Joint X of 21.25 inches would produce a length of ° > D:::. Extelgio:l_;ner: = ~t
7.16 inches. D on't Drawves Extension Lines

w Backaround Car Lapout Colar - Light Graw RS
If you click on Options at the top of the Main Screen you will see - z::;i?;::hz:::i:u; ::IT:DE:rk Sree -
that the first option (Enter X&Ht Readings, Frame & Ball Joints) is Camber Doss Mot Change with Mew Inputs i
checked. This means you enter the X and Height readings of both N Camber G ain D sfinition Specs B
ends of the arms, and the length is calculated from those readings. - e el i3
If you select its alternate option (Enter X&Ht at 1 End, Arm Len & — e P T g

Angle), then you could change the Height at the Upper Ball Joint
and the mount at the frame would change as necessary to hold the
length of the arm and its angle constant. You could then - . - :
change the Angle of the arm to produce most any X or Height Figure 4.39 Notice when Changing Options

at the Frame Mount. CTA [~

From now on, the length of the & Armz will be held constant az vou change &=
and Height inputz for the available ends of the & drms.

For the Upper Arm, the Frame Pivot iz moved bazed on the Ball Joint X &
Height, Length and Angle.

For the Lawer A, the Ball Jaint iz moved bazed on the Frame Pivat & &
Height, Lenagth and Angle.

Thig mode iz usually best for watching adjustments pou make, where the
lengths of the arms are MOT changed.

Changing Specs: Enter X&Ht at 1 End, Arm Len & Angle Option

Lets try this. Click somewhere outside the menu choices of Figure 1.5 to close these choices without changing them. Then click on
the 20.9 and type in 20.4 and press <enter> to return it to its original value. Camber Gain should go back to -.81 and Stc (static)
Camber should go back to -2.5.

Now click on Options and then on the Enter X&Ht at 1 End, Arm Len & Angle option. You will be given the notice shown in Figure
1.6 and see that the Upper and Lower Arm Dim. (“Dim.” is an abbreviation for “dimensions”) are now enabled so you can enter them
directly. The Upper Frame Mount and Lower Ball Joint inputs are disabled (printed in light gray), meaning these values will be
calculated from the other inputs. You may notice that the Height of the Lower Ball Joint change slightly, from 8.75 to 8.74 which is
due to slightly rounding differences in the math. This hundredth inch difference will not produce any significant error in the results.
See Figure 4.40. (next page)
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Figure 4.40 Changing Upper Ball Joint Height with the Enter X&Ht at 1 End,
Arm Len & Angle Option Selected

w. Front Suspenszion Specs [ 96-BUSCH.LDW ]
Back File Options Suspenzion Type  Shim Comments  Help
This iz frant view of suspension s0 left side of screen is actually nght side of car. | | Other Specs Right Left
Camber Gain: -.77 Gain bazed on 5" Dive Camber Gain: -.92 Spring Length 9 06 915
and .5 deqg Rall S pring Angle 50,3 18
Spring Rate gy (770 | [724
Wheel Rate 344 335
Scrub Badius 5.0 5.2
S5tc Camber, deg (205 | |2
Dyn Camber, deg
Track.in [G1.0 305 305
_ King Pin Angle 10.70 | [7.97
Spindle Angle 2. 65 9. 97
Roll Center height = 3.6 Roll Center Right = 4.0 | | el Bar Rate. Ib/in 250
Roll Bar Length. in ETH
| Static Layout Dimensions
Right [X] Height Left [X] Height " Show Dive & Roll
Al21.5 20.9 Upper Ball Jaint 22.5 20.2 G Dive, inches Roll, deg  Draw
B(i5.00 [17.90 |UpperFrame Pivot [12.05 [17.30 [H | [C Yes | o [i 5 = B |
L2380 874 |Lower BallJoint 7410 |g.75 |l ® No b . b =
Dz 7.3 Lower Frame Pivot |7 25 |[725 |J | - Help [definition)
E[18.1 [16.5] Upper Spring Pad  [18.1 16.5 K Distance from ground to center of upper mounting
Fl21.25 |8 Lower Spring Pad  [71.5 8 L pad for the spring on right zide, ininches. p13
Length Angle Length Angle
7.16 24 78 |Upper Arm Dim. 818 20.76
16.86 [4.9 Lower Arm Dim. 16.92 [5.1

Now change the Upper Ball Joint Height from 20.4 to 20.9 and press <enter>. Notice how the Length of the arm stays at 7.16 inches

and the Angle stays at 24.78 degrees. Frame Pivot X and Height have changed as they would in order to keep the length and angle
constant. Stc Camber changes just as it did before to -2.04 because the Ball Joint has moved the same as before. However the

Camber Gain now is

-.77 because the arm angle stayed at 24.78 where the arm angle changed to 28.30 after raising the Ball Joint Height to 20.5.

The choice of which of these options you use (Enter X&Ht Readings, Frame & Ball Joints or Enter X&Ht
at 1 End, Arm Len & Angle) can have a significant effect on how your inputs affect other specs. Use the
one which makes the most sense for the type of modification you are trying to simulate.
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Show Dive & Raoll

This screen lets you simulate the car going through various amounts of dive and roll. To see this feature, click on the Yes option for

Circle Track Analyzer
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Show Dive and Roll. You will see the Dive and Roll text and arrow boxes become enabled so you can enter a certain amount of
vehicle Dive in inches and Roll in degrees. The arrow boxes let you increment Dive and Roll up and down by clicking on the

appropriate arrow.  You will also see the suspension drawing move just as it would in the real vehicle. The suspension in the static

position is drawn in light gray for comparison (or dark gray if you have chosen that Option). The static Instant Centers and Roll
Center are also drawn in light gray so you can see how much they have moved due to Dive and Roll.

To the right of the drawing, you will see Dyn Camber also change as you go through various amounts of Dive and Roll.

Figure 4.41 Analyzing the Suspension Motion with Dive and Roll

Dynamic suspension is shown in Black, Blue and Red.

Static suspension is shown in gray for comparison.

Mmoo e >

Right (<] Height
21.5 1209

15.00 |17.90

23.80 |8.74

7 73

18.1

21.25 |8

Length
7.16

16.86

Upper Ball Joint
Upper Frame Pivolt
Lower Ball Joint
Lower Frae Pivot
Upper Sprihg Pad
Lower Spring Pad

Upper Arm
Lower Arm

Left [X]) Height

0 pe pe 0 X
Back File /Dptio Suzpension Type  Shim Commentz  Help
This is ént vie lof suspension 50 left side of screen is achually ight side of car, | || Other Specs Right I.I‘lﬁﬂ
Gain based on 5" Dive Spring Length 9.06 $.1 H]
and .5 deg Rall Spring Angle 203 | 1.8
Spring Rate 770|724
Wheel Rate 344 336
Scrub Radius 5.0 5.2
Stc Camber, deg -2_I]5I 2
Dyn Camber, deg [[3877| 4
Track.in [61.0 305 305
1 King Pin Angle 10.70 | [7.97
Spindle Angle 265 9.97
Roll Center height = 3.3 \ Roll Center Right = 10.7 | | Fioll Bar Rate. Ib/in =l
. ; = ; Roll Bar Length. in 38 /
Static Layout Dimensions

T
~Show Dive & Roll [
Roll, deg quL

_Izigﬁ 'Izggl:l ﬁ @ Yes Dive, inches

L1 Vo [ B [t5 8 m
24.10 875 |0 (|| [N P i
725 |7.25 |4 | - Help [definition]
18.1 16.5 K Distance from car centerline to the center of ball joint
215 |8 L | | onupper am oon Right side, ininches. For ease of

consistent measurements for front and rear, use the

Length Angle center of the drivetrain [engine, trans, rear axle] as
818 20.76 the car's centerline. p18
16.92 |51

Msat| | @& DA D |]\@ Explo..| FMicro..| RfjGrap.. | = Cicl. [ Fro_. | B34 @ 1202Pm

Car is shown diving and rolling to the right
(positive Roll), which is what the car
would do braking into a left hand turn.

Dynamic
Camber
shows
how tire
camber
changes
with Dive
& Raoll.

Click here
to show
more
detail, like
Figure
4.42

Click on
arrow
buttons to
increment
Dive & Roll
up or
down, or
just type in
your
desired
Dive & Roll

Dyn Camber, deg: Dynamic Camber is the camber the tire will see due to Dive and/or Roll. Camber has a large impact on

the tire patch on the track, and therefore tire traction. By optimizing camber you can produce higher traction in the turns and

therefore faster lap times.

122




(C) Performance Trends Inc 1999

Circle Track Analyzer

Chapter 4 Examples

Figure 4.42 Screen of Figure 4.42 ‘Drawn Big’ Spring
w. Front Suspension Specs [ 96-BUSCH_LOW ] Compressio
Back File Options Suspension Type Shim Comment:  Help nis Only
/7
This iz front view of suspension sa left side of screen is actually night Age of car. dlSp|ayed on
Gain bazed on 5" Dive
and 5 deg Rol. the Front
Suspension
screen in
Draw Big
Mode
Click here to
return to
Roll Center height = 3.3 Roll Center Right = 1.7 Original
" Other Dimensions & Specs Fligh}// Left // Show Dive & Roll / screen.
. . . i i Draw
Spring Compression, inches [1.3% 30 @® Yes Dive.inches Roll, dE% 2
Camber, degrees -2.05 2 C/'No L b 15 & |
Hew Camber, degrees -3.82 -.04 '
King Pin Angle, degrees 10.70 7.97 Click on Diraw Momal button o return to original sereen.

Tips for understanding Roll Center, Camber and Camber Gain discussed above are listed

at the end of Appendix 2.

Another option at this screen is the “Draw Big” button next to the Dive and Roll inputs. Click on this button to draw the suspension
layout larger as shown in Figure 4.42. Again the Dive and Roll inputs are available, but now you may see some details better. The
Draw Big screen has a calculation which is not available on the normal screen, called Spring Compression:

Spring Compressn: Positive spring compression means the spring is compressed from its static (standing still before any
Dive or Roll) position, or the car is diving. Negative spring compression means the spring is elongated or the car is rising. By
making spring compression match the motion shown by your shock travel indicators, you ensure you are moving the suspension

through somewhat the same motion which your car sees on the track.

Analyze Suspension

You can also analyze the suspension actually going around a

particular track. Change the Upper Ball Joint Height back to Figure 4.43

the original 20.4 inches. Then click on Back to return to the
Main Screen. Then calculate lap times. At the top of the Test
Results screen, click on Analyzer Suspension as shown in
Figure 4.43. This will produce the screen shown in Figure

M. Circle Track Analyzer ¥2.0 Performance Trends [ 96-BUSCH.V-8 ]
£, Back Graph Print  Analyze Suspension  Analyze Perf History  Help(F1)

Motes |

Click here to Analyze Suspension
as shown in Figure 4.44

Motes Summary: Ve Low Lift Coef, Very Agressive

4.44. @ . Driving. Click on Motes for mare Details.
: Comments
Time  |Feet  |[MPH  [Accel Gs |% Thiottle [Eng RPM [Tum #
.00 ] 64.6 .00 0 41 24
i1} 48 68.0 .ha 100 4646 2

Before entering the Suspension Analysis Screen, you may get a notice like Figure 4.45. The Analysis Screen lets you compare the
suspension of the current test results with some previous test results you have saved as a baseline. However, this comparison is only
possible if the previous test was run on the same type of track (same Track Length and Infield Width, but Banking can be different).
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Fig. 4.44 Suspension Analysis Screen (See Section 3.6, page 116 for details)

One important feature of Unlike the Front Suspension Screen where you enter

Figure 4.44 is watching your “guess” at Dive and Roll, Dive and Roll are

the Front Suspension go calculated from track snecs and vehicle specs.

through “computer w. Circle Track Analyzer v2.0 Suspension Analysiz Screen

predicted” Dive and Roll Optiohs  Print Reportg Continuous  Single Step Ahead  Single Step Back  Help

and watching Camber and Thiz iz a Front YView [left side of screen is actuallp ight side of car.) Left {} Right
Roll Center Location of

the Front qupens.mn ——__ JdegBank Angle T Spring Spiing
change. This avoids you o e

having to “guess” at

reasonable combinations E g \ - Lbs o - Lbs
of Dive and Roll to enter Z ' S I ——— - 1e87
in the Front Suspension i =

g/a _ 4471 FPM

LIl e O
screen. ,Cﬁ"ﬁ.-‘-’ SN - \ /
Rall: 1.28 -:Ieg/ \ Dive: 0.69 inches
Rt Camber: -3.65 deg Lt Camber: .50 deg Static Diyn.
— - 0 485 43 Rear X
Friction Circle in Gz Spring B4 33 Left Spring

Turn 2 Turk 1 Accelerating - OR" 50 53 Eross‘:/ TE"

B4E MPH Lbs  mu Lbs

£11 1123

1378 Feet

968 Sec
Tumn 3 Ture 4 .

Eraking

Track Position and -,
other info shown here

Spring compression and tire load J
on all 4 corners shown here

The Suspension Analysis screen displays lots of information
and has several options. Read Section 3.6 (starting on page
116) to understand all the possibilities. For now, click on the
[X] box in the upper right corner, or the [-] box in the upper left
corner to close this screen. The program will ask you if you
want to save these results as a Baseline. Answer Yes because
we will compare this setup to the one where we raised the Right
Upper Ball Joint .5 inches. See Figure 4.46. The program will
take some times while it saves these results, then it asks you for
a name for these results. Enter something meaningful, as
shown in Figure 4.47.

Figure 4.45 Possible Baseline Notice when
Entering Suspension Analysis Screen
CTA =

The current resultz are for a 2756 foot Track with a 433 foot Infield. The
zaved B aseline conditions are far a 1375 foat Track with a 280 faat Infield.

Thesze B azeline conditions can not be accurately thown with the cument
resultz.

Click on Back at the Test Results screen to return to the Main Screen. Click on Front Suspension and change the Right Upper Ball
Joint Height from 20.4 to 20.9 as we investigated before. Then calculate Lap Times and click on Suspension Analysis. You may not

automatically get the Baseline results shown with the new
results. If not, click on Options and then Show Baseline.

Figure 4.46 Baseline Question Asked when Exiting
Suspension Analysis Screen
Save as Baseline? E

Do you want to save theze conditions az the new baseline? [Click
on Cancel to return o this screen. ]

Mo | Cancel |
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Conclusions:

The Circle Track Analyzer has several features to analyze suspension
effects, especially the front suspension which is usually the most critical.
e The Front Suspension input screen has several features itself to

Baszeline Title

Figure 4.47 Entering Baseline Title
]

analyze camber and roll center changes.

e After Lap Times have been calculated, the Analyze Suspension screen
shoes what the suspension is likely to do actually traveling around a

track of a particular design.

Current Conditions were

saved as the Baseline.

. . Cancel
Enter some hitle for this 4|
B azeline

|Llpper Ball Joint at 204" [baszeline] |

Figure 4.48 Suspension Analysis Comparing Change to Baseline
Click on Options, then Show Baseline to compare saved Baseline to current results

Note that Roll and Dive have increased, primarily because wheel rate dropped
with new Upper Ball Joint Ht (even though roll center increased slightly)

Right spring compression has increased due to drop in wheel rate

Optiorz  Print  Repaorts
Eeeten Contnuous [Update

Sfower Continuous Update

w. Circ:le Track Analyzer v2.0

Continuous

Suszpension Analysis Screen

Single Step Ahead  Single Step Back  Help

v [Iraw Extenzion Lines
on't Draw Extension Lines

v [Show Bazeline
Don't Show B azeline
E dit Bazeline Mame

Ereen iz actually right side of car))
4" [bazeling] [rezults shown in pink)

Heq Bank Angle

Rall: 0.84 deg
Rt Camber; -2.67 deg

AT
-7.43

Diwe: 2.31 inches
Lt Camber; -2.33 deg

215
1.94

Tum 2 Turn 1

343 MPH
54.3

11289 Feet
1183

200 Sec
8.00

Turn 3 Turn 4
Bazeling iz 0.0 car lengths ahead.

Friction Circle in Gs
Accelerating

15 10 5

Braking

Left fj Right
Spring
114"
el E441 RPM
Lbe Bu1
P 4% 0%
991 Brake Gas
Static Dyn.
425 32 Rear X )
B4 42 LehX Spring
50 50 Cross % ~23
.29
Lbs
\ / ', £a3
l Fa2

Baseline results from previous run (20.4” Upper Ball Joint Ht) for
comparison. On computer screen, these Baseline results are
shown in bright pink for easy identification.
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Appendix 1: Accuracy and Assumptions

Background:

The Circle Track Analyzer was developed as a:
e Tool to help predict effects of certain engine and vehicle modifications for engine builders, racers, and performance
enthusiasts.
e "Theoretical Race Track" to allow anyone to try things which are too expensive, difficult, dangerous, or impossible with a
real vehicle.
e Learning aid for those who want to better understand vehicle dynamics during full power acceleration.

The Circle Track Analyzer will provide you an engineering estimate of what should occur when general modifications are made based
on the principles of vehicle dynamics and physics. By seeing all the specifications which go into the calculated results, you may have
a false sense that the computer knows your vehicle exactly; what manufacturer's tires you are using, who built the chassis, what your 4
link settings are, etc. Actually the computer does not know if the specifications are for a production Yugo or a Earnhardt’s #3 car.

A good analogy to the Circle Track Analyzer is a cylinder head flow bench. A flow bench can not predict exact torque and HP

curves, but is still a vital tool for engine development. In the same way, use the Circle Track Analyzer results as a guide or second
opinion of how your vehicle should perform under near optimum conditions.

Iterations
Before we talk about accuracys, it is important for you to understand the types of calculations going on inside the Circle Track
Analyzer and other sophisticated simulation programs. A simple program could involve calculating top speed from HP and frontal

arca.

1/3
Top Speed = K1 x Frontal Area x HP

You enter an engine HP and a Frontal Area and obtain a Top Speed value. The answer you obtain on the left side of the equation has
no effect on the inputs on the right side of the equation.

However, lets look at a simplified version of the equation which the Circle Track Analyzer uses just to calculate the maximum
potential tractive force (traction) the tires can produce to accelerate the car forward.

Max Tractive Force = Tire Friction x ( Wt on Rear Tires + Wt Transfer )

Where: Wt Transfer depends on the vehicle's acceleration rate which depends on the tires
Max Tractive Force.
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In this case the "Max Tractive Force" answer you get on the left side has an effect on the inputs to the equation on the right. The only
way to solve equations like this is through "iterations". Iteration is a process where you assume an answer, use that answer in the
right side of the equation, calculate the actual answer and see if the actual answer is "close enough" to the answer you assumed.

Iteration Process:

(For this example we will not use actual numbers since the calculations are quite complex)

Assume Max Tractive Force is 3000 Ibs

Calculate that the vehicle acceleration could be .8 Gs and the Wt Transfer value is 600 Ibs

Using the Wt Transfer of 600 Ibs, we now calculate that the Max Tractive Force is 3200 Ibs

Are assumed Max Tractive Force and calculated Max Tractive Force "close enough" (within 20 pounds)
No, so do again using new Max Tractive Force answer

Calculate that the vehicle acceleration could be .85 Gs and the Wt Transfer value is 640 Ibs

Using the Wt Transfer of 640 Ibs, we now calculate that the Max Tractive Force is 3218 Ibs

Are assumed Max Tractive Force and calculated Max Tractive Force "close enough" (within 20 pounds)

Yes, so an approximate answer is: Max Tractive Force = 3218 Ibs

If "close enough" was 200 Ibs, our first answer of 3200 1bs would have been good enough. If "close enough" was 1 Ib, it may require
many more calculations to arrive at an answer which is "close enough". If the equation is very complex and the inputs are an unusual
combination, no answer may be reached no matter how many times the calculation is performed. This is called "not converging on a
solution".

Making the tolerance ("close enough") small will produce more exact answers but will require more calculation time. Performance
Trends has selected tolerance bands for iterations which give good accuracy with reasonable calculation times, and allow the process
to "converge on a solution".

Because many of the equations within the Circle Track Analyzer must be solved by iterations, there is no one exact answer. All
calculations are an approximation. Therefore, do not be alarmed if a Lap Time improvement of .02 seconds is shown for changing in
Dew Point from 67 to 66, but changing from 66 to 65 showed a .00 second improvement. These results are basically saying lowering
the Dew Point results in a very small gain in Lap Time.

128



(C) Performance Trends Inc 1999 Circle Track Analyzer Chapter 4 Examples

Major Assumptions

To make the Circle Track Analyzer and the specifications which describe the vehicle containable on a personal computer, several
simplifying assumptions are made which are listed below. Other approximations and assumptions exist as identified in Section 1.3 A
Word of Caution and scattered throughout this manual. Also see Assumptions in the Index.

e All vehicle components are assumed to be perfectly stiff, which means that suspension members do not bend, tires do not
deflect (squat or shift), suspension bushings do not deform or move.

e  All tires behave about the same as far as how cornering ability changes with load on the tires. Actual tires vary greatly between
designs.

e Tires can continually handle all the heat buildup caused by pushing them to their limits.

e Maximum cornering traction occurs when all 4 tires are evenly loaded.

e There is no delay in engine torque getting to the tires due to driveshaft, axle or tire "wrap up".

e  There are no shock absorber effects.

e  There are no bumps or roughness in the track.

e If spring compression as shown in the Suspension Analysis screen in Section 3.6 exceeds 1.5 inches, additional spring stiffness
is added to somewhat simulate the springs coils touching, and to avoid the suspension encountering some impossible situations.

e Tire camber and camber changes are not used to estimate tire traction and cornering ability at different parts of the track.

e Steering inputs and therefore tire slip angle are not used to estimate tire traction and cornering ability at different parts of the
track.

e The brakes are assumed to be large enough and capable of dissipating all heat to be able to continually brake at levels capable
of the tire’s maximum traction.

e In this version, Roll Center Offset from car centerline (left or right) is not used to predict lap times, traction, corner weights, or
suspension motion. Most text books and authorities do not address the effect of Roll Center Offset, but all discuss how Roll
Center Height affects vehicle roll.

e There is no change in the Height of CG due to "pitch rotation" or the body lifting or squatting.

Accuracy

From reading the assumptions above and scattered throughout this manual, it is obvious several important aspects of vehicle
performance are "glossed over". Therefore, it is impossible to make exact predictions of what will happen to your vehicle when
modifications are made.

There are many combinations of vehicle specs which can produce the same lap times (and even the same maximum and minimum
engine RPMs). Therefore, do not assume that if you have gotten the lap times to match your car that now you have your car simulated
correctly. Also, especially do not assume that you now have the program simulating your suspension motion correctly.

This program should be used as a guide to help you visualize what can
happen on your car when you make general (not detailed) modifications.
In no way does it exactly simulate your car on a particular track, or
can it predict exact changes in handling.
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Appendix 2: "General Tips"

The following "tips" will show you how to change the Circle Track Analyzer calculations by adjusting various inputs.

Calibrating "Tips"

Calibration is the process of adjusting the program's inputs to produce results which closely match a certain vehicle's drag strip
results. Example 4.2 shows this process in some detail, including the Match My Lap Times feature. Here are some tips on how to
adjust vehicle specs to get the computer’s predicted lap times to match your lap times if the Match My Lap Times feature cannot come
up with a good solution.

Obviously, many inputs affect lap times. Here are the ones which are difficult to measure or know for certain, and have a large effect
on lap times.

To Decrease Lap Times (faster laps)

More Engine Power (especially long tracks)

Higher Banking

Wider Infield Width

Higher Traction Tire ‘Type’

Higher Tire Traction Factor

Higher Driver Aggressiveness (Braking and/or Accelerating)

Lower Lift Coefficient (larger negative numbers, especially big tracks)
Lower Drag Coefficient (especially long tracks)

Lower Frontal Area (especially long tracks)

Using Dynamometer Data for Engine Power Curve Specs

Engine Power Curve specs are discussed in Section 2.2. Dynamometer tests which measure engine performance can be done in
different ways. How the test is done can over-estimate or under-estimate the engine's torque and HP in the vehicle.

The Circle Track Analyzer works best if you enter steady state dynamometer results, with the engine equipped exactly as it will be in
the vehicle. "Equipped" means with the full exhaust and intake system, all accessories running like water pump, fan, etc. "Steady
state" means that engine RPM is stable (not changing) when the torque and HP are measured. This is sometimes called a “step text”.

Accelerating dynamometer tests, where the engine speed is constantly increasing (i.e. 300 RPM/sec), can under-estimate an engine's
steady state performance. You may think an accelerating test best represents an engine accelerating in a vehicle. However, the Circle
Track Analyzer calculates the power loss due to accelerating the engine, which changes with gear ratios, track specs, etc. See
"Inertia" discussion below.
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Rotating Inertia

The difference between stationary and rotating mass is important for a racer to understand. Ever racer knows that the less a car
weighs, the faster it can accelerate. However, not every racer knows that removing 30 Ibs from the vehicle's rotating components
(wheels, tires, engine flywheel) will show a larger improvement in accelerating performance than removing 30 Ibs from the frame or
body.

This is because not only do you have to accelerate the tires down the quarter mile, you have to get the tires to spin faster also. The
spare tire in the trunk is easier to accelerate than the same tire mounted on the axle. The tire on the axle has both mass and rotational
inertia.

Rotational inertia is a part's resistance to changing its rotational speed. Jack up the axle and try to spin the wheel. Neglecting friction,
a heavier wheel requires more force to spin than a light wheel. In addition, if the mass is concentrated in the tire and less in the wheel,
it will require even more force to spin. That is because rotational inertia depends on mass and the distance the mass is from the center
of rotation. See Figure Al.

For this reason, rotating components with small diameters, which concentrate the mass close to the center of rotation, have much less
inertia. These components consist of the driveshaft, axle shafts, etc. Reducing the weight of these components insignificantly
reduces you rotating inertia Rotating components with larger diameters (flywheel or torque converter, wheels/tires, somewhat in the
crankshaft, damper and transmission components) contain most of the vehicle's rotating inertia. These are the components to
concentrate on when trying to reduce rotating inertia. For example, removing 1 pound from the engine’s flywheel will have 100 up
to 1000 times or more effect on the vehicle’s rotational inertia than removing 1 pound from an axle shafft.

Figure A1 Changing Rotation Inertia

>
/G— Base Inertia

é
Reduce weight 50%

>
/— Same Diameter
G O Inertia is reduced 50%
é/ Requires only half the HP
to accelerate
7
Reduce Diameter 50%
_/ Same Weight
< Inertia is reduced 75%
Requires only a quarter
the HP to accelerate

Example

Try some examples with the Circle Track Analyzer with the 96-BUSCH.V-8. The Baseline 96-BUSCH.V-8 performance is a 19.36
seconds lap time.

Now, remove 32 Ibs from the Rear Wheels by setting Rear Wheels/Tires Wt = 10 instead of 42 in the Vehicle Specs menu. (The
program assumes the front wheels/tires weight the same as the rear.) This modification simulates moving 32 Ibs from the all 4 wheels
and placing it somewhere on the body, since we did not also reduce Vehicle Weight 128 Ibs (4 x 32). Calculate performance an we
get a new Lap Time of 19.32 seconds. Nearly a four hundredths (.04) improvement just by moving weight around on the vehicle (not
moving it to change traction).
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Engine Inertia

Engine inertia is more complicated than other rotating inertia on the vehicle. However, for cars which do not shift or do not start from
a stand still (circle track racing in 1 gear only), it is almost always best to reduce engine inertia to improve acceleration.

The Circle Track Analyzer estimates the rotational inertia of the engine and clutch/flywheel or converter and transmission parts based
on:

e Displacement in the Engine Specs menu (the higher the displacement, the higher the inertia).

e  Clutch Description in the Engine Specs menu.

Tips on Simulating Modifications

The previous "inertia" examples point out an error most users will make. When you make a modification, always think of how it
could affect each specification. The example of removing 32 Ibs from the wheels and tires not only affected Wheels/Tires Wt, but
also Vehicle Weight and possibly the Weight %s, Rear, Left or Cross. Below is a list of common modifications and the specs they
may affect.

Engine Modifications

Engine modifications can change all Engine Power Curve specs and Displacement. If the engine is naturally aspirated (not
supercharged, turbocharged or uses nitrous oxide) and you increase the HP, generally the RPM where the HP will peak will increase
also. Vehicle Weight and % Wt on Rear Tires may also change if you change to aluminum components (less weight) or add a
supercharger (more weight), etc.

Adding, Removing or Shifting Weight

e Vehicle Weight
o  Weight %s, Rear, Left and Cross
o Front & Rear Wheels/Tires Weight

Changing vehicle height

e Height of CG
e Suspension Specs, like heights o f Frame Mounts, Ball Joints, etc
e Frontal Area, sq ft

Changing wheels and tires

o  All the Wheels/Tires Specs

e  Vehicle Weight, lbs

e  Weight %s, Rear, Left and Cross

e Suspension Specs, like heights o f Frame Mounts, Ball Joints, etc
e Frontal Area, sq ft
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Roll Center:

Several authorities agree that the static Roll Center (before any Dive or Roll) should be from 2.5" to 4.5" above the ground. For road
race cars (turning both left and right) you want to keep the Roll Center near the car's centerline (left or right).

The farther the Roll Center is to the Left, the quicker the car will react (more it will Roll) when going into a Left turn. For this reason,
many asphalt circle track (left turning) cars locate the Roll Center to the right of center (less Roll) and dirt cars locate the Roll Center
to the Left of center (more Roll and hopefully better "bite" at the right front). However, the car is more predictable "all around" if the
Roll Center is kept close to the car's centerline.

Higher banking (20 degrees or more) usually requires a lower Roll Center, in the 2-3 inch range.

The more mass in the front of the car (heavier engine or engine more forward), the higher the Roll Center should be.

Some authorities believe a lower Roll Center works better on dirt because the higher body roll produces more "side bite" from the
tires.

Lower Roll Centers require stiffer springs to control Roll. However, stiff springs hurt traction on bumpy tracks.
The less the Roll Center moves during Dive and Roll, the more predictable the car's handling.

Most authorities agree that holding the Roll Center position as constant as practical during Dive and Roll is optimum.

Camber/Camber Gain:

For Circle Track cars (turning left), reasonable Static Camber values (before any Dive or Roll) are: Left Side +1 to +2 degrees, Right
Side -2 to -4 degrees, the tighter the turn, the higher the camber.

Wider and/or stiffer sidewall tires require less Static Camber.
Camber Gain should be in the range of -1.75 for a flat track, -1.25 for a medium banked track (10-15 degrees) and down to -1 for
highly banked tracks (over 25 degrees) on the outside tire (right tire in a left turn). For circle track cars (always turning left), the

desired camber gain on the left side may be less or even a positive number, depending on track banking and other factors. These
Camber Gains are based on the program's standard definition as the amount of Camber Change from 1" of Dive.
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Appendix 3: New Features in Version 3.2

Here is a brief listing of some of the features new in Version 3.2:

e  Program is now a 32 bit version, fully compatible with newer operating systems, starting with Windows, 95, then 98, Me,
XP, and 2000. This also allows you to use much longer, more descriptive file names for saving vehicles, suspensions and
engines. It is also more compatible with newer printers.

e The program is now designed for 600 x 800 or higher resolution screens.

e There is now an option in the Analyze Suspension screen to output an ASCII file of the wheel loads for analysis in other
programs.

e  The graph screen is now larger, and generally fills the entire screen.

e Version 3.2 adds a major feature where you can estimate the change in corner weights and ride height by jacking (turning
adjusting screws) on the springs on the 4 corners.

e  The program now figures the wheel rates more like our more detailed Suspension Analyzer.

e This change in general stiffens up (increases) the wheel rates. It also makes the dive and roll predicted in the Analyze
Suspension screen more accurate. Some users reported that the vehicle’s were “bottoming out” in the Analyze Suspension
screen on high backed tracks with lower spring rates.

e  Braking is now done more gradually, like a human driver, on high speed tracks.
e The Front Suspension screen now has Edit options to copy measurements from one side to

e another, and move all measurements in, out, left right, up, down, or re-center all measurements based on changes to the tire
track.

e The Front and Rear Suspension screens now accept fractions as inputs and convert the fractions to decimal equivalents. For
example, enter 8 5/8 and press <Enter> and the program will convert it to 8.625. There must be a space between the whole
number part and the fraction and you must use a slash *“/”” in the fraction.

e There is now a separate “Examples” folder for example vehicle files provided by Performance Trends. New vehicles which
you save will be saved to a separate folder.

e File commands to save a vehicle file to a floppy disk, or open a vehicle file from a floppy disk.
e The Rear Suspension screen now reports wheel rates for both bump (as before) and roll.

e A preference has been added to allow you to tell the program to assume the rear axle is a Solid Axle. This setting is then used
to better estimate the effect of the engine’s torque on wheel loads (lifting the right rear tire) in the Analyze Suspension
screen.

e You can now choose to list vehicle, engine, front suspension and rear suspension files alphabetically (as normally done) or
by saved date, with the most recently saved files listed first. This should make it easier to find recent files more quickly.

e New Example Vehicles have been added, like Legends cars.

e  The user’s manual is now available from inside the program by clicking on Help at the top of the main screen, then Display
User’s Manual. The manual is in a high quality PDF format

e The Performance Trends website is now available from inside the program by clicking on Help at the top of the main screen,
then Performance Trends on the Web.
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Figure A2 New Options at Main Screen

Corner Jacking
brings up screen
of Figure A3

Example Vehicles are now stored
separately from vehicles you create.

E Cirr:le Track Analyzer v3.2 Performance Trends [ LATEMODL.355 ]
File [whicle) LCalcLapTimes  Help  Preferences Req To: Kevin Gertgen

e Crl+M - - f
0pen Example Vehicle from Perfarmance Trends ] | Find Best Gear Hatio I | / Help I
Open One of My Saved Vehicles Chrl+0 N / -
S ave Yehicle Chil+s ] | Quit Program I | Comer Jacking I
Save Az Chiley
mal
Open from Floppy Disk. 4 .
Sz o Pl D odl. 390 3551 cubic inches,

AP and 487 HP at 6500 RPM

[50% rear, 58% left, 58% cross]
Rear Tires: 82" and 85" circumference

Print Main Scresn
Print Blank ‘workshest

V{indows Printer Setup atemaodl.fab  Double A Arm with Coil Springs Track: B4.0"

| T

U\ﬂlock E— Spring: 325 Rt Camber: -3 Lt Camber: 2.5
T | temodl.fab  for Trailing Arms/Coil 5 prings/Panhard or J Bar
E it Progkam Ctlt< |t Spring: 150 Rt Spring: 180

[ [

\ Hlx\ning Conditions

Show All Comments |
Help: Comments:
Mprve molise over item for Super Late Model on a 1/2 mile track with fabricated front and rear |~
dyscriptioh to be given here. suspension.

487 HP at 6500 from 355 w 390 4BBL, roller cam, AFR heads.
mgre detaled info on options.

hd|
Demo program can now be easily unlocked from Main Screen.

Windows Printer Setup now available from Main

Commands to Open From and Save To floppy drive makes it easy to transfer
vehicle files from one comnuiter to another.
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Figure A3 Click on Corner Jacking Button at Upper Right of Main Screen for This Screen

Jack on any or all springs at once by typing in the
amounts of turns up or down, or click on the Up/Down
button to increment one turn at a time.

i, Circle Track Analyzer ¥3.2

Corner Jacking Screen

Back Frint Help

I ] Slarl”J (3] ctadac

Left Right
Left Front Right Front
Threads/Inch . [Threads/Inch 16
[Turns Down 137 %I [Turns Down 1] %I Height Height
- - - - oot : . oo
Static Weight 630 Gtatic Weight 1048 Fink reprezents Mew Settings
| | 73 Riz]
|Spring Rate 425 |Spring Rate 450
Lbs Lbs
) £a0 1048
Left Rear Right Rear 71 1007
|T hreads/Inch 1 |T hreads/Inch 16 : :
[Turns Down 0 %I [Turns Down 0 %I
[Static Weight  [941 [Static Weight (960
[Spring Rate &I [Spring Rate I&I
Static  Mew
Enter the number of threads per inch far the jackihg screw on thiz corner of the car. R238 5238 RearX )
MET A4ET Left% Height
5481 5255 Cioss % -
=30
Lbs
/ SE0
1001,

Watch the corner weights change
on all corners and see how much
the ride height will change.

See how much diagonal (cross weight) you
are dialing into or out of the car.

/
[} adobe der... | EICTAMANL.. | %cmzn-m..]/{f Cicle Trac. |[53 Cireld Tr.. [ BME P4 a26aM
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. Circle Track Analyzer 3.2 Suspension Analysis Screen

Figure A4 Analyze Suspension Screen Results

Back Optionz Prnt Reports Continuous  Single Step Ahead | Single Step Back  Help

Bazeling Title: W3.2 [resultz shown in pink)]

2 16 deg Bank Angle

Thiz iz a Front Yiews (left side of screen iz actually right side of car.]

Fol: 0.82 deg 033
Rt Camber; -5.04 deg  -5.05

Dive: 0.63 inches
Lt Camber; .62 deg

071
0EE

_—

Friction Circle in Gs

Tun 2 Tum1 Accelerating

E39  MPH

E3.9

1058 Feet

1058 15

962  Sec

962
Tumn 3 Tum 4

Left j: Right
Spring Spring
a4 76
a1 46IERPM B
Lbs LS Lbs
680 0% 100% 1048
i Brake Gas 1018

Static  Dyn.

) 491 52  Reark )
L 551 45 Leitx LIl
L B15 55 Cross% i
86" 1.02"
Lbz Lbz
a1 960
911 s EE

;ﬂﬁrlal.llhn@ ctodoc | PRadebe e, | EEICTAMANL.. | %cmzn-k] < Cicle Trac..| [ Circle Tr... [ B P% 024

. Circle Track Analyzer ¥3.2 Suspension Analysiz Scieen

Back Options Print Reports  Continuous  Single Step Ahead S\ngleStEpBacleelp

This i a Front View [left side of scieen is actually right side of car.]
Baseline Title: W3.2 [results shawn in pink]

— 16 deg Bank Angle

— = o

-

The “baseline” condition here is
the Preference for “Independent
Rear Suspension”, with the New
condition being a solid axle.

Notice how the right rear shows
about 30 pounds less load when
accelerating with Solid Axle.

FRol: -0.08 deg 011
Rt Camber: -10.09 deg -10.03

Dive: 261 inches 262
Lt Camber: -3.62deg  -3.63

| Friction Circle in Gs

With the more accurate, stiffer wheel
rates, this vehicle shows only 2.6
inches of dive. With old Version 2.0’s
lower wheel rates, this vehicle would
show almost 4 inches of dive.
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Figure A5 List Vehicle Files by Date Last Changed in Open File Screen

Note longer, more descriptive file names.

Open ¥ehicle File

|?4 Yehiclez in Library / |Ehusen Yehicle File: Legends at
9/2472002 Grand Stpck - S
:9/79/2002 | eqends at Hardeeville Preview:
91942002 Legends at Cordele i
9/16/2002 Legends HE'HT %;mu [L’F_' ?u‘;'"‘
8/14/2002 LATEMODL for kevin Wt 1300 RE- 220
8/1/2002 LATEMODL e .
Axle: 6.2 LR: 185
81220001 Prdet171_ges RiCirc: 69.4 BR- 200
1/9/20001 SWEATMEMN. 002 T ;
1/5920001 SWEATHMEM_ 001 . . .
1242472000 DAVE-MAT. THL Typical Legends Ear_at Hardeeville Motor
Speedway, Hardeeville GA
8/16/2000 TEST. dat i )
Tires: 205-60R-13z BF Goodrich Comp TAsz
RA772000 GEM2.001 . ) -
2210/2000 LEFT17.002 1.751 Primary Reduction ratio [must be
i e e Rl oo
" List Alphabetically [typical listing] ' ll
{+ List by Date Last Changed
Open | Delete | Cancel | Help Advyanced |
\

\

New Option to List Files by Date Last Changed, which lists the files
voul most recentlv warked with first.

Figure A6 New Help Options
g PP New Help
E Circle Track Analyzer ¥3.2 Performance Trends [ Prdctl71.4es ] Opt!ons
File [vehicle] CalcLapTimes | Help Preferences Feqg To: Kevin Getagh a\_/all_able by
Help F clicking on
| Open Vehicle Library Introduchion to basic *Windows CAmmal ar Ratio Hel_p at top of
| o Vehict Lib About Circle Track fsnalyzer Main Screen.
ave Yehicle to Library Dizplay the User's M arual fam
Dizplay the the R eadme. doc file
Yehicle Specs =~ Other Perlfomance Trends Produg
Performance Trends on the Web hes,

™ Engme

| JZETEE &t ZE00RFPM and 212 AF at 6000 RPk

Weight: 3066.5 |bs  [49.7% rear, 52013 left, 51.5%

Wakhinla I
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Appendix 4: New Features in Version 3.5

Here is a brief listing of some of the features added since v3.2 was released. Some we added to later versions of v3.2 and some are
new in Version 3.5:

A major new feature is the concept of balancing the Front Lateral Load Distribution (FLLD) with the rear lateral load
distribution. This concept can be used to find a “balanced” setup by adjusting spring and roll bar rates, and roll center
heights. This is discussed in detail below.

The ‘Rule of Thumb’ Suggestions for a good starting point for a setup now includes a suggestion for the rear roll center
height. This is based on obtaining a recommended FLLD. See details below.

The program can now do an angled, symmetric 4 link rear suspension, as used in the late model Mustangs and GM Metric
chassis.

Added the ability to do Camber Change and Roll Center Migration tables and graphs in the Front Suspension Screen.

The Front Suspension Screen now calculates and displays 2 additional suspension characteristics: 1) Tire track change (tire
scrub) as the front suspension goes through dive and roll. 2) Swing Arm lengths, the length from the tire center to its instant
center.

Changed the name of the Corner Jacking button at top right of main screen to Corner Weights. That’s because 2 new options
have been added, letting you do Tire Diameter/Circumference changes and weight/ballast movement to check the affect on
corner weights

Screen colors are now more compatible with Windows XP.

Added ability to save a vehicle file to or open a vehicle file from a floppy disk or CD, with a default drive letter from A to Z,
selectable in Preferences.

New Example files have been added, like GM Metric 4 Link Rear Suspension..

Added 'Edit' options to the 'Calculate’ menu item in the Engine Specs screen. The new Edit options let you factor the power
curves up or down, or re-sort the table if there are blank rows or RPM increments out of order.
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FLLD (Front Lateral Load Distribution)

When a car makes a turn, weight is transferred from the inside tires to the outside tires. However, how this weight transfer is split
between the front and rear has a huge impact on the feel and handling of the car. If more weight transfer occurs on the front of the
car, the outside front tire is being “overworked” more than the rear outside tire, causing less cornering traction at the front. This is
more likely to produce understeer or a push. Very simplistically, if the Front Lateral Load Distribution is 50%, that means the weight
transfer split between front and rear is the same, and that should produce neutral handling. The book “Race Car Vehicle Dynamics”
by Milliken and Milliken (with assistance by Terry Satchell) discusses this concept in detail. This concept is similar to the idea of
balancing the front and rear roll angles presented in recent magazine articles.

Figure A7 shows the program displaying the FLLD for the current vehicle (currently 43.4%, which would tend to oversteer) during
the transition between releasing the brakes and going to the throttle, at the apex of the turn (transistion between braking and power).
During braking and under acceleration, the weight transfer is much more complicated, and the FLLD concept can not be as easily
applied.

Figure A7 New Options at Main Screen

Corner Jacking brings up
screen of Figure A10

E Circle Track Analyzer v3.5 Performance Trends [ L

File {vehicle) Results Help  Preferences Reg To: Kevin Gerbgen
I
| Open Yehicle Library | | Calculate Lap Times | | Find Best Gear Ratio | | Help \ |
1
| Save Yehicle to Library | | Match My Lap Times | | Quit Program | | Cormer Weights : |
Yehicle Specs Yehicle Summary
| Engine Enagine File: laternodl. 330 355.1 cubic inches,
: 444 ft |bg at BO00 RPM and 487 HP at 6500 RPR

Aule Fation 55 Fiear Tires: 82" and 85" circumferenge

FLLD value for this car is shown here,
Front Susp. File: latemodl.fab  Double A Ao with ColbS pring i inti I
Bt Spring: 350 Lt Spring: 325 Rt Camber: -3 A Camber VC\;/:TtC]kaO(fj'le(jgpa‘:l)gofg?:nvg?eafr:'tf(;noer??hSIS
peiCal Spingsd tning parameter, including more
complete vehicle calculations.
‘Tranzistion' Handling Rating

Running Conditions Lateral Load Transfer: 43.4 % Front [zome oversteer/looze) %
[Mote: Understeer [a number above 50%] is Safer than Oversteer] Find

Help: Comments:
Move mouze over item for Show All Emeenls |

. . . I
dgsc:nph?n to ,b.e e hele. Super Late Model on a 1/2 mile track with fabricated front and rear
Click on 'Help' in menw line for suspension.

more detailed info on options. 487 HP at 6500 from 355 w 390 4BBL. roller cam, AFR heagls.

Front Suspension

Rear Suzp. File: latermodlfab  For Trailing i

Track: 64.0" Lt Spring: 150 Rt Spring

Vehicle | Weight: 2800 Ibs (503 rear, 583 left, 585 crozz)
Rear Suspension |

Find button brings up screen of Figure
A8, to let you quickly find
combinations producing different

Cl 1l NA
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|
Figure A8 is displayed if you click on the “Find” button shown in Figure A7. This “Find FLLD” screen lets you find a certain Front
Lateral Load Distribution (FLLD), which can be a good indication of how the car will handle at the apex or transistion of the turn (no
power, no braking).

Pick the 'Adjust' factor to tell the program what vehicle component(s) you want to adjust. Enter your desired 'For This FLLD', then
click on the 'Find Now' button. For perfect theoretical 'Balance', the FLLD should be 50%. However, from experience, Milliken
suggests a target 'starting point' FLLD value of 5 percentage points higher than the percent weight on the front tires (100% - Rear Wt
% = Front Wt %). By default, the program will load in this value, but you can change it to anything else you want. Higher FLLDs
tend to make the car tighter, with more understeer. Lower FLLDs tend to make the car looser, with more oversteer.

There are several ways to obtain a certain Front Lateral Load Distrbution percentage.

Figure A8 Find Front Lateral Load Distribution Screen obtained by clicking on Find button in Fig A7

&, Find Front Lat Load Dist E

Current Front Lat Load Dist

Current Hear Springs |1 50 7180 |
Current Mat Freq. F/R [1.75 7 1.68 |

tEvEonHEAREOAEY 3) Click here to have program
Mew Rear Springs [196.4 7 235.7 | find new settings.
Mew Mat Freq. F/R [1.75 7 1.92 |
Options
Adijust Rear Springs T | 1) Pick what to Adjust.
For Thiz FLLD
or This 550+ [5) Select the FLLD you want. The
This change tends to make the car program will default to a typical
slightly looser. value based on your car’'s weight
distribution.
Mote:

The new zettings yau find uzing thiz feature may
HOT be best your divving style and could be
UMSAFE. Chek on Help for mare infio.

Far thiz wehicle's Front Wt % of B0.0%, 55.0% (5%
higher] would be a sugaested zetting.

OK./keep | Help | Cancel | Print |

4) Click here to have
program save these new
settings.

The new settings you find using this feature MAY NOT BE THE BEST AND COULD BE UNSAFE. USE YOUR
JUDGEMENT when making adjustments based on this concept.
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To reduce the possibility of using very strange settings, the program will calculate the average front and rear natural frequencies for
the springs. If these frequencies are significantly different than those typically used, the program will warn you. Typically, the front
natural frequency will be in the range of 1.4 to 2.0 and the rear will be .1 to .5 points lower than the front.

For many vehicle combinations, the program can not find settings to match your requirements. Many times this is due to the Front or
especially the Rear roll centers being too high. High roll centers transfer more weight laterally through the suspension linkages and
less through the springs, making the springs and roll bar have less effect on this tuning factor. You may then want to have the
program adjust the Rear Roll Center to find the FLLD you desire. After you adjust the Rear Roll Center and keep this change (click
on OK/Keep), then you can go back into this screen and try adjusting springs and/or roll bar and they are likely to have more affect.

Fig A9 Other Features using the FLLD Concept

At the top of
& Circle Track Analyzer ¥3.5 Suspension Analysis Screen [ LATEMODL.355 ] the Analyze
Back Back (keep changes) Options  Print BEEseie Continuous  Single Step Ahead  Single Step Back  Help SUSpenSion
This iz & Front View [left side of scl  Suspension Calculations Right screen, these
Suspension Calculations with

_ 3 reports are
'Rule of Thumb' Suggestions

= 7de  'Rule of Thumb' Adjustments cni all ImpI'OVed
pring :
Wwirite: ASCII File of BASELIME Wheel Loads gEn l'iSLICg the

concent.

B Suspension Report.txt - Notepad [ZIE|E|

File Edit Format WYiew Help

Your current rear roll center height is 12.68 inches above ground.

A good starting point for Front Lateral Load Distribution {(FLLD}

for a car with 58.8% Front weight distribution would be 55.8%.

This is based on the Rule of Thumb that FLLD should be 5% higher than
the Front Wt %. To obtain this with the recommended spring rates,
The Rear Roll Center Height should be 12_468 inches above ground.

The new v3.5 'Transistion' Handling Rating options on the main screen
will let you adjust other specs to obtain this or other FLLDs.

I3

Ln 54, Cal 1

I Suspension Report.txt - Notepad

File Edit Format Wiew Help

Distance Behind Front Axle, in 51.8 |
Distance from Uehicle Centerline, in L | Left
Comments:

Your FLLD of 43.4% is Huch Lower than typically used.

A suggested 'starting point' is 55% Front Lateral Load Distribution, or FLLD.
This is based on adding 5 percentage points to this vehicle's 56% Front Weight Distributi

< >
Ln i, Col 1

If you find settings which you want to keep, click on OK/Keep and they will be loaded back to the vehicle specs screen. For the Front
and Rear Roll Center Heights for some suspension types, you must make a mental note of this setting and go back into the Front or
Rear Suspension Screen and try various setting to arrive at this height. The program can not make this change automatically for you.

Figure A9 shows 2 reports which now also include references and suggestions based on balancing the FLLD.
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Corner Weights

Figure A10 Corner Weight Screen from Clicking On Button in Fig A7

wi| Circle Track Analyzer, v3.5 Corner Jacking Screen [ LATEMODL.355 ]
Back Back (keep changes) Prink  Help

- \ - Left Fink represents Mew Settings Right
Jacking Tire Change Move Wf‘ghl
Tire to Change Right Front i SIETE LT i
-
e ald 500D 5000 Rear% et
What to Change Circumference - o0 Ba00 5500 Left % oo
2L BBO0 57.11 Cross% ki
Current Tire MNew Tire b b
Circumference Circumference o N
CER N o
71| [ | 7125 837 5
Help Definition: Chose the type of weight change you want to
make.
Height Height
0o oot
14 -1
Important: The estimates made in this screen are based on several
assumptions. two of the most important being the chassis is Lbs Lbs
perfectly stiff and the tires are perfectly stiff. 904 476
911.5 4885

The screen in Figure A10 is used to determine how static corner weights change as you make adjustments to the car. These
adjustments include turning 'jacking screws' to adjust the preload on springs, changing tire diameter/circumference, and moving
weight around like ballast. Click on one of the 3 tabs at the top to choose your option. The first tab, Jacking, is the same as it was in
v3.2.

For most all inputs on this screen, click on the name or input box and its definition is given in the section at the bottom of the tab
page.

For the Tire Change tab, choose which tire to change and which dimension you want to work with. The program will then display the
Current Tire dimension from the Vehicle specs screen. You are allowed to change this should it not be set exactly as you want. Then
enter the New Tire dimension and see the effect on Cross Weight. Rear and Left percents are not affected by changing tire diameter.

For the Move Weight tab, choose the type of weight change, and the amount of weight to change. Then type in the Current Location
of the weight and/or the New Location of the weight after the move. Cross, Rear and Left percents can all be affected by moving

weight.

Click on Back (keep changes) at upper left of this screen to return to the main screen while keeping your changes to corner weights,
tire sizes, vehicle weight, etc.
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Front Suspension Screen

Figure A 11 New Front Suspension Screen Features
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Lt Swing Arm 55.4 Rt Swing Arm 471

Rt Scrub: 092 Lt Scrub: - 207 Roll Bar Rate. Ib/in
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C [25 |5 Lower Ball Joint 25 [ 1 .
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N Diztance fram car centerling to the center of ball jaint an
E 19 16.5 Upper Spl!ng Pad (19 16.5 K upper arm on Right side, ininches. For ease of consistent
F (#1125 h75 Lower Spring Pad  (21.25 h75 L measurements for front and rear, use the center of the
drivetrain [engine, trans, rear axle] as the car's centerline. p
Length Angle Length Angle il
Upper Arm Dim.
| | | Lower Arm Dim. | | |

Chapter 4 Examples

Figure A11 shows some of the new features for the Front Suspension Screen. Figure A12 shows an example of the new “Table &
Graph” feature for calculating Roll Center “migration” for various amounts of dive and roll.

Lt and Rt Scrub shows in Figure A11 is the amount the tire moves out from the center of the car as it goes through the amount of dive

and roll you have specified.

Lt and Rt Swing Arm Length is the distance from the center of the wheel/tire to its instant center. Long lengths indicate that camber

will change little with dive and/or roll (Camber Gain will be low).
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If you click on Table & Graph at the Front Suspension Screen, you will obtain a screen similar to to the top picture in Figure A12.

This screen shows you 2 tables of Roll Center Height and Roll Center Left (distance left of center) for a set on Dive and Roll
combinations. Distances right of center are labeled as “negative”. (Negative in not “bad”, it is just a way to indicate right, the

opposite of Left.) You could have also chosen to do a Camber Table. Then the top table would be for the Right side and the bottom

would be for the Left side.

You can also select to have a Baseline condition displayed in the Table (Show Baseline Data). This is useful to compare 2 different

suspension layouts. A
Baseline is some previous
condition which was
shown in the Table.

To save the current Table
as a Baseline, click on
'Baseline', then 'Save This
Data as Baseline'. The
program will ask you for
a Comment to describe
the Baseline condition.
This Comment will be
printed with the Table
when you print it if you
are Showing the Baseline
condition. This comment
can also be edited by
clicking on 'Baseline' and
then 'Baseline Comment'.

After saving a baseline
Table, you could close the
Table by clicking on Back
in the Menu Bar, make a
change in the suspension
and create the table again
by clicking on Table &
Graph. You would
produce a Table like in
the upper left of Figure
Al2.

Click on the Options
menu item and select
'Specs for Table Rows &
Columns' to change the
Dive and Roll increments,
and which is used for
rows and which is used
for columns. You will
obtain the menu shown in
the upper right of Figure
Al2.

Figure A 12 Roll Center Table and Graph

m. Roll Conter Tahle: - Height fit Offset Left of... |- Elﬁl
Back  Print  Options  Baseling (s saed rasults)  Graph Help
R Hesight | Aoll. degrees
D, dnches 300 [ 200 [ 7.00 |00 7. [2o0 (2o |
2.0 [new] 6.2 6.2 B2 B2 [ [ ] ]
2.00 [baze] 5.5 55 5.5 5.5 5.5 55 55 |
Difference 7 7 7 7 K a8 & |
00 [rew] 2.4 15 R 1.5 2.5 16 16 |
00 [base) 2.8 2.0 2.8 2.8 2.8 2.0 a8 |
Drifferance .G .7 7 7 7 .0 |
2. 00 [new) 1.1 1.1 11 1.1 11 1.2
Z2.00 [bace] .5 .4 .4 A -4 K |
Driffer snice G -7 . T T .8
R L et Aoll. degrees
[-3.00 [-2.00 [-1.00 .00 [1.00 [2.00 [3.00 |
-1.3 -7 .0 A 1.2 1.9 25
-7 <11 -6 i i 1.1 1.7
4 .4 .G G 7 i i
-2.2 -1.5 -7 i i 1.4 21
-8 1.3 -6 . _& 1.3 1.9
-3 -2 -1 [ Al N | s
54 4R -41 -2F -ZE -1RH 1.2
-2 - ] - 1] ? 3 >
M ¥ A% 3H xF FR 21 14

% Camber Table Specs

Camber Table Settings

-2
0
2

columns.]

OK/Exit

Data in Rows IDive. inchelhd
Starting Dive. inches
Ending Dive, inches I:l
Dive Step Size z -
Starting Roll. degrees
Ending Roll. degrees
Holl Step Size 1 -
Preview:

Rall
Diive 22 1 0 1 3

Jrows ¥ ¥ columne.  [Maxirurn of 10 rawes by 11

| Help| Cancel | Print |

(X]

RC Location for Roll, degrees -3.00tc 3.00 Baseline: Symetric

-

F

Click on Graph to make graph
as shown below.

"t

RC Offset, Left (left side graph=right side car, like Front Suspension

Soreen)

As you change the specs in this menu, the Prgview at the bottom changes to show what the Roll and Dive increments, and the general
layout of the Camber Table will look like. The program allows only up to 10 rows and 11 columns. Your inputs may be changed if a

combination produces more than these limits.
this menu and return to the original Table layou¥.

hen you are satisfied with the Preview, click on OK/Exit. Click on Cancel to close
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Note: If you change the Table specs, any previously saved baseline conditions will be lost because that baseline has different
increments for columns and rows, which would not match up to the new increments you have selected.

Click on the Graph menu item and you can Graph the selected data from the Table. To select data,

you highlight various rows by clicking and dragging the mouse in the top Table for the Right Side. These selected (highlighted) rows,
AND the corresponding rows in the bottom table for the Left side, will be graphed. If you have selected more data than the Graph can
hold, you will be told and the top and bottom rows only of what you’ve selected will be graphed.

This screen graphs of Camber in degrees on the vertical Y axis versus either Roll or Dive on the horizontal X axis. The data graph
here is based on what was highlighted in the Camber table when you clicked on the Graph menu item. Data is always graphed for the
Left side as well as the Right side for whatever conditions you have selected (highlighted).

If you make graphs of Roll Center Height and Roll Center Left, as done if Figure A12, this graph will show the actual location of the
roll center and how it moves. Height is on the vertical Y axis and Left is on the horizontal X axis.

Read the labels in the "legend" at the right side of the graph to see which lines are which colors. The graph is always "autoscaled"
which means the program picks the scales for drawing it to display all data with good detail. Print the graph on your printer using

Fi?ure A 13 Graph Options Menu

Graph |i|
Back Prj 2
= Options for Making Graphs
" Graph Labels

30 25 ® Use Standard Labsls [Peer Titke | |

E [ 1 ge Labels Given Here

|§Zisz§§m’si Flaa'y Eoabed |§Bas‘a§'§¥sa Flagyy’s §onhend
K\H\\_H‘\_

" Primit " Plot Lines o
(® Black &white ) Color

) Thick (@) Thin

" Background Color

| oK || Help | | OBk @ white

S I O O A i I

your Windows default printer by clicking on the "Print" menu command. You can change settings, labels and Windows printer setup
by clicking on the "Options" menu command. See Figure A13. You can return to the Camber Table screen by clicking on the Back
menu command.

The Graph Options screen is divided into 4 sections.
The first section is called "Graph Labels": Click on "Use Standard Labels" for standard labels to be printed on the graph.
Click on "Use Labels Given Here" and the program will use the labels which you can enter or change. Click on any of the 3
text boxes and type in your chosen titles or labels.
The second section of the Graph Options is called "Print": Click on "Black and White" or "Color" to tell the program how to
print the graph. Unless you have a color printer, you should choose "Black and White". The program always graphs in color
on the computer screen. Click on the "Print Now" button to print the current plot on the printer, the same as selecting the
"Print" menu command. Click on the "Windows Printer Setup" button to see the current printer selection or select a different
printer for printing the graph.
The third section lets you pick the line thickness for the "Plot Lines", either thick or thin.
The fourth section lets you pick the color for the "Background Color" of the graph, either black or white.

Click on OK to return to the Graph Screen with your changes in effect.

148



(C) Performance Trends Inc 1999 Circle Track Analyzer Chapter 4 Examples

Rear Suspension Screen

Figure A14 Symmetric, Angled 4 Link Rear Suspension

_ New Type is available of
&| Rear, Suspension Specs. [ Metric 4 Link | . Symetric Angled 4 Link

Back File Comments Help
Suspension Specs Heit Side Top Yiew Right Side
Type Symetnc Adngled 4 Link 4
Left Right
Spring Rates, Ib/in Clc
Tire to Centerline, in 30,0 30
Spring to Centerline. in 17 17 ﬁv—‘u
Spring Angle, deg 1] 1]
Spring to Axle. in wheel Rates wheel Rates
. . Bump = 200 Rear Yiew Bump = 200
— Link AB Link DE Rall =113 Roll =113
Axle to Front Pivot, in 1.5 19
Axzle to Rear Pivot. in 1 1]
4 Link Side View
TaC/L Hr ToC hr Hrontef iy
Alan 17 D2z |8 £ M
B35 [16.5 E17 (85 |D
0
Help
Click. on down arrow button to pick a Typical Example of
arear sugpengion, of a general design to Use Specs
Below' where pou can enter your own specs. p &l
Roll Center Ht: 16,7 Roll Center Right: 0.0

The new Suspension Type of Symmetric Angled 4 Link lets you find the roll center and roll stiffness of rear suspensions found in
several vehicles, including GM Metric and later model Mustangs. Because it is only for symmetric layouts, you will only enter
measurements for 1 side, and they will be used for both sides.

Engine Screen

Edit options have been added to the Calculate menu item to allow factoring the power curve up or down by a certain percent. The
option is also available to “clean up” the power curve should you enter RPM increments out of order, or leave blank rows in the data.

Figure A13 New Commands in the Engine Screen
= Engine Specs [ latemodl. 390 ]
‘: Back File Load from Engine Analyzer Comments  Help
Open
Base £y CAltulate Power Curve Full Power Curve
Save ¥ T Add HP = =m
EE'SP A Reduce HP Ty :_"""‘- HE —
veh ; @ Re-Sort Power Curve Table | - /7 P \‘ 1 “Ill
E Cluteh [Sraller Chutch/Flywheel | L \\ \l e
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Appendix 5: New Features in Version 3.6

In Version 3.6 we’ve broken the Circle Track Analyzer into 3 different programs:

Roll Center Calculator (RCC), which does the Front Suspension only.

Roll Center Calculator Plus (RCC+), which does the Front Suspension and Rear Suspension, plus some front to rear
“balance” analysis.

The full Circle Track Analyzer (CTA), which does everything the old Circle Track Analyzer v3.5 did plus all these new
features.

Here is a listing of the major new features added in Version 3.6 of full Circle Track Analyzer. Note that unless these new features
specifically mention Roll Center Calculator, they do NOT apply to the Roll Center Calculator versions.

The program now lets you enter a rear anti-roll bar. This input changes the front to rear roll stiffness, which affects most all
of the handling ratings the program will calculate. RCC+, CTA.

The program now lets you enter both a front and rear aerodynamic Lift Coefficient. Many times when you make an
aerodynamic adjustment, you only affect 1 end of the car, like a rear spoiler adjustment. This adjustment not only affects
overall “road holding” ability of the car, and therefore lap times, it also affects handling, the tendency to oversteer or
understeer. CTA only.

The program has a new Calculation Menu utility called “Adjust” for the front and rear Lift Coefficient and Drag Coefficient.
You can choose a type of vehicle modification, enter the starting and modified condition, and the program shows you how
the current lift and drag coefficients would change. This way you have an estimate of how certain vehicle modifications
would affect the entire aerodynamics of the vehicle. CTA only.

You can now enter more details about the front suspension, both for Double A Arms and McPhearson Strut suspensions.
This added detail lets you locate both the front and rear A Arm mounts on the frame, and the angle of the McPhearson Strut
when viewed from the side. These details let the program more precisely locate where the A Arm attaches to the frame in the
2 dimensional layout. They also determine how much Anti-Dive is built into the front suspension. Anti-Dive is the vehicle’s
resistance to diving the front end due to braking. Reasonable starting points for Anti-Dive for most all circle track asphalt
cars in the 2000-3500 1b range are 10% on the Right Front and 5% on the Left Front. RCC, RCC+ and CTA.

We’ve taken the concept of balancing the Front Lateral Load Distribution (FLLD) with the rear lateral load distribution a
step farther. We’ve developed a Performance Trends exclusive called Oversteer/Understeer rating. It is based on how
evenly the tires on the 4 corners of the car are loaded. If they are equally loaded left to right, and loaded front to back the
same as the front to back weight distribution, we say that is a 0 Oversteer rating, or Neutral handling. Several factors go into
this rating, including banking forces, aerodynamic forces, dynamic weight transfer left to right, and front to back. CTA only.

You can display the actual wheel loads for the car in “transition” on the track, at the point where you are neither braking or
accelerating. It is at this point where the program determines the Oversteer/Understeer rating described above. For this
“transition” condition, you can also save a “baseline” condition for comparison to some modification you have made to the
vehicle. This way you can actually see the effect you modifications will have on wheel loads and the handling rating. CTA
only.

The oversteer/understeer rating is displayed as the car goes around the track on the Analyze Suspension screen. By saving a
condition as a Baseline, you can compare your current conditions to a saved Baseline. This is the same as what is described
in the preceeding paragraph except it is done at all locations on the track. This is also the same as the “Analyze Suspension”
feature in previous versions, except now it includes the front and rear aerodynamic downforce, and the handling rating. CTA
only.

The ‘Rule of Thumb’ Suggestions for a good starting point for a setup now includes suggestions for a “Big Bar Soft Spring”
(BBSS) setup. The BBSS theory is you use significantly softer front springs to better handle bumps in the track, and to
lower the car in the corners for less aerodynamic drag and less weight transfer inside to outside. Then to counteract the
additional roll these soft springs would allow, the anti-roll bar is stiffened significantly. Other adjustments include a much
stiffer than typical right rear spring, paying more attention to Anti-Dive and shock valving. CTA only.

Improved the Tire Scrub calculation for a Double A Arm front suspension (how much sideways tire movement there is
during dive and roll). RCC, RCC+ and CTA.

Refined the calculations for suggested spring rates for “Starting Point Suggestions” report. CTA only.
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L. |
e  Program is now more compatible with Windows Vista and Windows 7. RCC, RCC+ and CTA.

e Program is now better at remembering a printer or printer orientation changes. RCC, RCC+ and CTA.

e Program is now better at find newer versions of Adobe Acrobat and Reader, and other PDF compatible programs for viewing
the User’s Manual. RCC, RCC+ and CTA.
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Figure A15 Rear Anti-Rollbar
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General ¥ehicle Specs

Total Weight with Driver, lbs

Rear ¥ -EI- Cl Cormner Weights
0000 ]

Cross % ] 00

Height of C.G._. in
Wheelbase. in
Rear Axle Ratio E Clc
Rear Axle Type Standard Duty -
Aerodynamics
Type Use Specs Below j
Drag Coefficient
Lift Coefficient. front (05 — ]
Lift Coefficient, rear _
Frontal Area. =q ft @I

Figure A16 Front and Rear Aerodynamic Lift Coefficients

. Yehicle Specs @

Transmission
Type |Std Doty Manual ﬂ

P ]

Ratio of Trans Gear Used

Type Typical Pacing Tire [average traction) j

Avg Wheel & Tire Wt, Ibs
Left Right
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agger. in

Tread Width, in

Traction Factor, %

Click on the
Adjust button for
the screen shown
below.

hic:le with the driver in pounds. p 20

Back | Help Print Printer Setup |

Drag Coef Change

Lift Coef Change. front

Lift Coef Change. rear
Current Condition
Deck Spoiler Length
Deck Spoiler Height
Angle [0=flat. 90=up])

HNew Condition

Deck Spoiler Height
Angle [0=flat. 90=up])

MNotes:
Thiz adjustment iz bazed

AP0 e

Help | Cancel ‘ Print |

&, Calc Aero Adjustments @

Height

Rear deck
of car

Program now has
both a front and
rear lift coefficient,
to split the
aerodynamic down
force between the
front and rear tires.

Length
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Figure A17 More Front Suspension Details

Enter both measurements for both front and rear
attachment points on frame.

W Front Suspension Specs [ latemod| fz0]
%€ Shim Table & Graph  Comments  Help

Back File Options Edt Suspensio
A Arm Mounts Details

Bnti-Dive: 146
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Chzs (17770 Load | Calculated Mount  Load | 125 |[17. |0 k e shown here, with the current
di2s |17 | Cure bourk 125 7|0 |! 2-D mounting point used by
o5 1 7 G 7 I the program from the screen
i[5 |5 |3 s b B /el below.
gi7s |p 0 Load | Calculated Mount | 75 | 0 0| &=
his |5 |0 Curent Mourt NS |F |0/ |P Ewthess

Click here to use these new
2-D points in screen below

&
Static Layout Dimensions T i Cal_CUI_ated
Right () Height deDetel | oo Anti-Dive
A (72 20 Upper Ball Joint\_ |27 G
B ] F Pivot .
I I L Il M Arrows showina front of car.
C (75 [ Lower Ball Joint |25 5 |
D75 [ Lower Frame Pivot [g5 NG J Help (definition]
E l19 165 Upper Spring Pad (13 s |K
F l21.25 5.75 Lower Spring Pad (21,25 5.75 L

Click here on Show Details button to
Length Angle ; Length Angle open screen shown above. When this
Upper Arm Dim. . .

Lower Arm Dim screen is shown, this button turns to
) Hide Details to return to the original
screen, without these details.

The Depth measurement is the distance behind the “axle link”, an imaginary line connecting the centers of the left and
right wheels or spindles. It is shown as the gray, dotted line running left and right in the picture. If the distance is behind
the axle line, it is deep into the car and is a positive number. If it is ahead of the axle line (toward the front bumper) it is a
negative number.
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Figure A18 Oversteer/Understeer Rating

[TEC IR TRIT I TR S PN TIPS TIT

487 HP at 6500 from 355 w 390 4BBL, roller cam, AFR 3

Dynamic Handling rating of 2.74%
Understeer, which includes cross weight,
aerodynamic, and other effects. Note that
this is completely different than the
“Classic” handling rating which only
considers lateral load (weight) transfer.

& Circle Track Analbyzer v3.5

Suspension Analysis Screen [ LATEMODL. 355 ]

Back Options Print Reports Help

‘Transistion” Handling Rating for 7 deg Banking
'Claszic' Lateral Load Transter: 38.9 % Front [HEAWY Dwersteer/looze]
Mote: Understeer [a number above 55.%) is Safer than Oversteer
Click on "Show Dynamic Handling' to see cormer weights in 'Tranzistion' and a more
detailed handling analyziz, which includes crozs: weight and aerodynamic effects.
g, curently = 274 % nderSteer

Report on Details |

Comments

Help |

Find 'Classic’ Handling

Show 'Dynamic’ Handling ‘

\

Click here to update the
“Dynamic Handling” rating and
to display the screen below

This is & Frant View [left side of screen is actually right side of car] Left Right
Baseline Tile: single kevind [1esults shown in pink] = y
T deg Bank Angle
Spring Spring
T 5
&\\ 1 4ERIRRM .
— 4691
Lbs Lbs
850 w v 59
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B Ao Dowrfoice Lt
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Rolt 0.38 deg 047 Dive: 0.51 inches 051
Rt Camber -342deg -3.38 LtCamber: 1.72deg 1.8 Static Dyn,
%
Friction Circle in Gs Soin = a e Soin
wne 0 Letx nre
Tun2 Tun1 Accelerating 1 Td
] i} Cross %
4 _ LT
Lbs \ Lbs
s Ao Dowrfoice 0 a9
| o
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15 10 5 s}
Handling 289%UnderStder  Slightly Less Tight
Tun3 Tund P’and\ing 436% UnderStgr - by 1.47%
Baseline is (L0 car lenaths shead Ruakinn

for more info on this screen. This “Dynamic

aft acceleration.

Check Section 3.6 in book “Analyze Suspension”

Handling” rating is for the vehicle at the “transition”
point, between braking and accelerating, no fore or

Aerodynamic Downforce loads for
both the front and rear axles (tires).
Also include are the loads for the
Baseline condition, a condition
which you have selected to be your
“Baseline” for comparisons.

Baseline condition..

Dynamic Handling Rating of Oversteer
or Understeer, including the rating and
difference between this and the
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Figure A19 Oversteer/Understeer Rating Around the Entire Track, and Big

Bar Soft Spring Starting Pont Suggestions
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After you Calculate Lap Times, click on Analyze
Suspension for the screen below.

[Accel Gs [% Thiottle [Eng RPM [Tum #

[Curvature [DownForce|ComerGs |

[Time [Feet [MPH
|.00 0 65.5 .00

1] 4694

298 1304 .84

«| Cirele Track Analyzer 3.5 Suspension Analysis Screen, [ LATEMODL355 ]
Back Options Print [Ettiel Continuous Single Step Ahead — Single Step Back  Help

Suspension Calations

Suspensian Caletions with Comments
‘Ruleof Thumb' Suggestians - Std Setup
‘Rulle af Thumt' Suggestions - B85S Setup
‘Rule of Thunb' Adjustments

Wit ASCIL File of BASELINE Wheel Loads

s actual g site of ca)
[rsults shown n pik]

Py
hd

é

Left

: Right

= =

Click on Reports, then ‘Rule of Thumb’ Suggestions for
either a Std Setup or the new BBSS Setup. The program
will create the report like shown below with spring, roll
bar, stagger, anti-dive and other recommendations for

either type of setup you want to run.

Foll 011 deg 038
Rt Camber 457 deg -3.42

Dive: 1.52inches 04
Lt Camber: 63deg 172

Tun2 Tun1

744 MPH

E55

254 Feet
2513

1843 Sec
0.00

Tund Tun4

Baseline is an undetermined cat \enﬁlhx ahead

Friction Circle in Gs

Aoseleraing

Sping

Lbs

Beto Dowrlors 75
58
Sai O
5 0 Reax
] 2 Lz Spira
] R Cosk 3
5
Lbs
‘heto Dowrlorce i "
0
a0

Handing  2712% UnderSteer  Very Mush Tighter

Handing 274 % UnderSter by 2438 %

I Suspension Report. txt - Notepad
File Edit Format ‘iew Help

Report is shown in Notepad so you
can easily copy and paste, email, or
print it on most any printer.

Big Bar Soft Spring {BBSS) ASPHALT Track Recommendations for: LATEMODL .35%

These recommendations should work well as a starting point for

beginner racers. Experienced drivers may want to adjust these
specs for their oun driving preferences. The following recommen-
dations are based on the current vehicle, front and rear suspension,
and track specs. These recommendations are based on 'rules of thumb®
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Appendix 6 New Features in v4.0

The Version 4.0 adds several features, including a totally new Plus version. Now the program includes these 4 levels:
e Roll Center Calculator v4.0 (front suspension only)
e Roll Center Calculator ‘Plus’ v4.0 (front and rear suspension)
e Circle Track Analyzer v4.0 (front and rear suspension, engine, vehicle, track and lap time simulation)
e Circle Track Analyzer ‘Plus’ v4.0 (all CTA features plus advanced inputs and outputs)

New Calculations

Roll Center for Double A Arm and McPhearson Strut suspensions are now calculate using the Force Based Roll Center methodology.
This method is more accurate and realistic. You will no longer see roll centers being calculated, say, 50 or 1000 inches beyond the
track of the car, which never made much sense. Force Based Roll Centers are more accurate than the old "Kinematic Roll Center"
method of earlier versions. There are options for you to display either or both, and go back to the old "Kinematic Roll Center"
method in you want. This is set under 'Options' in the Front Suspension (Roll Center Calculator) screen. Fig A20.

The program's Lap Time and "On Track" Handling Calculations now include mass effects of the vehicle. This will, produce more
realistic handling, spring, and shock motion, body roll, dive, squat, etc as it goes around the track. Circle Track Analyzer and Circle
Track Analyzer Plus Versions only.

You can now enter details about Bump Springs and Ride Height in the Front Suspension screen, and watch their effect as you go
through dive, roll, and squat. Fig A21, Fig A29.

The program lets you specify if the shock is mounted in the middle of the spring, as with coil over springs. Or you can specify if the
shock is farther inboard or outboard of the spring and by how much. This can greatly affect shock absorber performance and bump
spring performance if it is mounted on the shock absorber. Fig A21.

IMPORTANT: If the Bump Springs are mounted on the shocks, the program will calculate the force the bump springs adds to the
springs. For example, if the shocks are, say, 5 outside the springs, the bump springs will have more effect out there because the
motion ratio is higher. Let’s say the actual bump spring force is 400 Ibs at the shock. But at the spring itself, this could be the same
as a bump spring on the spring adding 900 Ibs. The program will report this as 900 1bs because that is the effect on the suspension
and handling.

You can now include some simple shock absorber inputs which will affect the wheel loads and the handling ratings for the program's
Lap Time and "On Track" Handling Calculations. Circle Track Analyzer and Circle Track Analyzer Plus Versions only. Fig A21

IMPORTANT: The vehicle dynamics simulation is assuming a perfectly smooth track and only smooth applications of
throttle, brake and steering. In real racing this is hardly the case. Real world, more abrupt changes in these inputs to the
vehicle will have a large effect on shock velocities and therefore shock forces.

The Circle Track Analyzer Plus version allows you to input more details about shocks and travel limits of the springs. You can also
import shock data from proper versions of the Performance Trends Shock Dyno software. Circle Track Analyzer Plus Version only.

Fig A21 -A24 B

Program now has refined the method of calculating the spring Motion Ratios for Double A Arm and McPhearson Strut suspensions to
better match the Suspension Analyzer.

The program will now calculate how much the Ball Joint/Spindle Angle changes as you go through suspension movement. This will
help you identify if the Ball Joints can go into bind, being pushed past the limit in Ball Joint Angle change. Fig A28

Program now calculates several suspension handling outputs each time you calculate a lap time. These new outputs like Dive, Roll,
Squat, etc can be reported or graphed.
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Original Report Data, version 3.6 or earlier

Circle Track Analyzer

Chapter 4 Examples

Time Feet

MPH Accel Gs

% Throttle Eng RPM

Turn # Curvature

Downforce Corner Gs

New Report Data, Circle Track Analyzer v 4.0

OSUS Factor Left Camber

Right Camber R.C. Left

R.C. Height Roll

Dive Squat

Left Scrub Right Scrub

L Upper BJ Angle Change L Lower BJ Angle Change
R Upper BJ Angle Change R Lower BJ Angle Change

New Report Data, Circle Track Analyzer v 4.0 Plus

LF Tire Force

RF Tire Force

LR Tire Force RR Tire Force
Total Tire Force LF Bump at Tire
RF Bump at Tire LR Bump at Tire

RR Bump at Tire

LF Spring Force

RF Spring Force

LR Spring Force

RR Spring Force

LF Shock Force

RF Shock Force LR Shock Force
RR Shock Force LF Shock Vel

RF Shock Vel LR Shock Vel

RR Shock Vel LF Ride Ht

RF Ride Ht F Aero Downforce
R Aero Downforce Change CG Ht

L Bump Force R Bump Force

Program now has a more detailed Roll Bar Rate calculator with more inputs and better accuracy. Fig A21, A26.

The results now let you input or watch "Rear Squat" in the calculations, how much the rear suspension goes down measured from
directly above the rear axle to the ground.

The Oversteer/Understeer factor has been refined to be more realistic. In earlier versions it depended too much on the front to rear
weight distribution.

Ride Height is now and input and you can watch Ride Height change as the car goes through Dive, Roll and Squat.
Squat (the amount the ride height at the rear axle goes down) is a new input and output. Fig A29

New Features

You can now write the results on the Reports screen to an ASCII data file for doing your own custom analysis in other programs, like
Microsoft Excel. Circle Track Analyzer Plus Version only. Fig A30.

You can now shim the upper A Arms up or down in the Front Suspension (Roll Center Calculator) screen. Fig A31.
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The program now will let you report more than double of the points as before when you go around the track, for more detailed
analysis, reports and graphs. Circle Track Analyzer and Circle Track Analyzer Plus Versions only.

The engine screen and engine graph are now enlarged to show more detail. Also, the Engine Screen has a note explaining the Max
RPM and how critical it is to get that correct. It also has a feature to help you enter data to realistically represent the power curve at
its max RPM, past the HP peak. The new version has several new crate motors added as examples. Circle Track Analyzer and Circle
Track Analyzer Plus Versions only. Fig A32.

The program now works much better when closing the Analyze Suspension screen. It also gives you 2 options of “Back” (simply
closing the screen) or “Back (and save as baseline)”. Previous versions would ask you each time you closed this screen if you wanted
to save the current results as the Baseline. Circle Track Analyzer and Circle Track Analyzer Plus Versions only. Fig A33.

Many screens and input fields are now larger to accommodate longer file names. Fig A34.

The program now lets you pick which columns of output data to display and print under the "View" option on the Report Screen.
These combinations of which columns to view can be stored as “templates” for easy recall in the future. Circle Track Analyzer Plus

Version only. Fig A35.

"Modifieds” are now added to the list of general body types for Aero inputs in the Vehicle Specs screen. Circle Track Analyzer and
Circle Track Analyzer Plus Versions only.

Program is much more streamlined for calculating the Handling Ratings from the Main Screen, and backing out of the "Analyze
Handling Performance” screen. Circle Track Analyzer and Circle Track Analyzer Plus Versions only.

There is a new Option in the Front Suspension screen of allowing very small inputs for RC size cars.

The program now works much better when calculating the handling rating. Earlier versions could require you to do the calculation 2
times to work properly.

Program now better remembers the handling rating when you enter other screens and do not make any modifications in that screen.
Circle Track Analyzer and Circle Track Analyzer Plus Versions only.

Program now does not let you enter screens from the main screen until all calculations are done refreshing the handling rating
on the main screen. This can avoid problems if you click through screens too fast. Circle Track Analyzer and Circle Track Analyzer
Plus Versions only.

Fixed a bug where canceling from printing to a PDF printer could cause program to stop.

Doubled the max size allowed for Comments to 800 characters.

Printing

Program has an added option for "Print Suspension Outputs" so you can print either the standard outputs, or the new handling outputs.
Circle Track Analyzer and Circle Track Analyzer Plus Versions only.

You can now load a picture file (.jpg file) on the Main Screen and in the Front Suspension (Roll Center Calculator) screen and have it
appear on printouts. Fig A36, A38, A42.

You can now specify a "Company Logo" (.jpg) file and 2 lines of “Title Text” to be included in your printouts. Circle Track Analyzer
Plus only. Fig A37, A38..

Program now lets you pick which columns of output data to display and print under the "View" option on the Report Screen. If you
select to print all data, only the columns displayed will be printed, up to 15 columns max. Circle Track Analyzer Plus Versions only.
Fig A35.
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Program has an added a Preference for printer width adjustment.
The program can now better print the title of columns of output, which could be up to 3 lines long of text.

Help screens are now shown in Notepad so you can print them if you want.

Graphing

You can now graph up to 4 different data types on a graph. Each of these can be assigned a factor, like “x 100”. This way small
numbers like “Bump at Tire” will show up if you also include very large numbers like “RPM” or “Spring Force”. You can also save
graph “templates” of various combinations of data and scaling factors under different names for use in the future. Fig A39.

You have a graph option of “(down shown negative)”. If you choose one of these option, then a number like Dive will be graphed in
the opposite direction. For example, if the Dive number increases, the graph line will go up on the graph. However, the motion in the
car is for the car to go down as Dive increases. If you choose the “(down shown negative)” option, increasing Dive will be a graph
line that goes down and can be easier to understand. Fig A39.

The program now lets you graph results from up to 6 different tests. Fig A40.

Because these larger labels can take up more space, and with up to 24 graph lines which can be graphed (4 data types and up to 6
different tests), there may not be enough space to display all labels. Then the program will then produce "More" buttons which can
appear either above or below these labels if they can not all be displayed on the screen, so you can scroll through all the labels. Circle
Track Analyzer and Circle Track Analyzer Plus Versions only. Fig A40.

There is now an option to Draw Segment Lines on the Graph Screen under Format. If you choose this, vertical lines are drawn at the
start of each turn and each straightaway. These lines are drawn based on the current (latest) data. So if the latest run was a 13 second
lap time and the other runs you graph are about 16 seconds, these lines are based on the 13 second lap times. Circle Track Analyzer

and Circle Track Analyzer Plus Versions only. Fig A41.

Background color choice is now checked in the dropdown menu in the Graph screen. Circle Track Analyzer and Circle Track
Analyzer Plus Versions only.

The Graph Line Thickness has been adjusted to be slightly thinner for the "thick" settings. Circle Track Analyzer and Circle Track
Analyzer Plus Versions only.

In the Graph Screen under Format, there is a new option for printing the graph labels larger than before. Fig A41.
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Figure A 20 Force Based Roll Center
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Figure A 21 Bump Spring Inputs

w. Front Suspension Specs [ H3817-2019-ChassisCenter, ]

Click here to get Bump Spring and Shock Options

Back File Options Edit Suspension Type Shim  Table & Graph  Comments BSjslglefisllsle 3
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Wheel Rate 301 123
Motion Ratio Sq. . 218 [ 223
. ér/j Bump Force [14p.82 |
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If you have the Plus version, you will have many
more choices for Spring Travel and Shock
inputs, some of which are shown here. One
choice is to use a complete shock dyno curve.
This is discussed in Figs A22 and A23.

= Right 3pring Details

Bump Spring Details

Right Bump Spring

L

‘ez, on gshock

Shock Maovemnent ta Bump, in

Bump Spring Rate, [bzdin

Spring Travel Typical

Shock Details
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=]
[ ]
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-]
[ ]
[ ]

Shock Mounts iR

ard the spring

Hote-
ooze if you are using a Bump Spring and

Choose here if the shock is not mounted
centered in the spring, like a Coil Over

Click here for more details

where the Bump Spring is located. Then enter
the amount of Spring or Shock movement to the
point where the burnp spring is encountered.
Alzo zelect how much Max' spring movement
urtl a hard stop is encountered in the
suzpension. Chooge Type of Shock and where
shock iz located compared to spring. Click Help
more info.

Keep Settings Help | Cancel | Print |
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Figure A 22 Copying Shock Data from Performance Trends’ Shock Dyno Software

If you have an appropriate Shock Dyno Plus version, you can click on the ‘Send’ option and be presented with
the 4 corners of the car. For each corner you can select which shock or coil over’s data to send, or choose
“None” for that particular corner. You may have to open other Shock Dyno files, do the Send and select different
corners of the car for sending shock data for different shocks.

Ciickion Send | — _ -

Test Conditions & Colculated Results - - | Choose which shpckto send tp gach

iroke: 2007 Emveum 2001 ot 1050 4 Assign Shocks — corner of the car in the DataMite program,

[P KU/ | RN <o £ 1n Right Front n +| | |orchoose ‘None”. Here we showing

M'E“ 2300 [MOTH Left Front " = sending Shock #1 from the file currently

4 ‘:“"‘ ‘F‘m’g; o °’°3”°“":'°°"" gl Mo - -t displayed on the main screen to the front 2 |-

PISGRE SN i JoCull e = - | |shocks and Shack #2 to the rear 2 shocks.

’r“;u"’:r' o _| Because these shacks are coil gvers, the |

* Qe Recon G p

H Notes:

C Ekminate Gos Force ook e bom 6 et 0 o vl program will include the spring data.

Port  Nelocty  [Foce A poshicns for expotting. = VCTUCILY, TIT 7 S%0
=== S el ........... o S .

2 [10000 1349 : Export Dat | Help | Cancel| Print :

3 |-9.500 1835 ' et *I ‘ l :

4 a0 1845 ' - . :

5 850 1798 LeoeorassasasansananssRehesnssannsssnanesnnnsnaatonsan _ . ' )

6 [8000 1751 : SR — | Click OK after reading message about this

7 7,500 1706 - ' - . . o

5 |700 1681 : § = data bring copied to the computer’s clipboard.

9 1615 ! ' ' T

1 : A SO .. ™ S S— = [——.

i IS e 11 . . . 5 ]

As shown in the picture above, the Export Data will copy this data to the computer’s clipboard. This is the same
process as doing a Windows Ctrl-C or a Copy process. Therefore, do not do a copy or paste command before
you go to your Circle Track Analyzer program to import this data.

165



(C) Performance Trends Inc 1999

Circle Track Analyzer Chapter 4 Examples

Back File Options Edit

Figure A 23 Importing Shock Data from Performance Trends’ Shock Dyno Software

w. Front Suspension Specs [ Untitled ]
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SpringShock Details

Thiz iz front view of suspenzion so left side of screen is actua

Camber Gain: -1.11

Right Side SpringfShack. Details cs

) ) ’ Right L

Gain hased an 1" Dive Left Side Spring/Shock Details ngth §
and 0 deqg Roll Shulck Dyvno Data i

ey DMPTES 0N : [

/ ‘ Spring Angle ﬁ

Snnnn Rate Clc Fnn i

In Plus Version, click here to bring up the Shock
Dyno table shown below, and Fig A 24. This option
is also available in the Rear Suspension screen.

| Shock Specs

Ok (back) File Load from Shock Dyvno  Edit

* Right Front

Click here to
bring up the
“Import Shock
Dyno Data” field
shown to the
right. Click the
Import button
and the data
from the Shock
Dyno program
will be written
into this screen
for the shocks
you picked to
bring over from
the Shock Dyno
program

Left Front

Enter a comment ta describe thiz shock or spring

Help

X

" Right Rear " Left Rear
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Clommls din inbrmmink | IFRT S

Import Shock Dyno Data

Right Front

Spring Rate:  BE252
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-
»

< b4 m

Impart Cancel :

-".l

[ata above was orgahized, then placed in
clipboard by the Shock Dyno program

2,500 1769 1.500 2117
-1.500 1200 2.500 2636
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-.250 119 4.750 4026
Clear Print Sort

3:-D Suspension Analyzer

Mo shack dyno data found in clip board for importing.

‘fou must have the carrect version of Petformance Trends Shock Dyno software and dlick the *Send' option at the top of the Shock Dyno's main screen to copy data to the computer's clip board,
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Figure A 24 A Importing Shock Click Options to see different shock tables.
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Figure A 24 B Manually Entering Shock Data

A typical Shock Dyno graph is shown below, a graph of shock force vs absolute velocity. The graph shows
both the compression and rebound force (positive and negative force). But the velocity is only shown as a
positive number, which is not actually correct. One reason for this is the industry does not have a common
definition of positive and negative velocity. In Performance Trends programs, we have defined that a positive
velocity is when the shock is expanding, or getting longer.
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So, if you have a shock dyno graph like above, just take the positive forces and assign them as occurring at a
negative velocity. If done correctly, the graph will angle from the upper left down to the lower right as shown

below.
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Figure A 25 More Detailed and Accurate Anti-Roll Bar Calculation Utility

& Calc Holl Bar Rate

X

Calc Roll Bar Rate
Active Bar Length
Inputs |<
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. Blade Thickness

Active Bar Length iz the lenght of the bar that iz
designed to bwist, which usually has a smaller
than the rest of the bar. Arm Length iz the
distance from the bar mounts on the frame back
to where the bar mounts on the suspension. The
‘Blade’ option azsumes the blade iz just 1 arm and
the arm on the other end has the stiffness of the
blade at itz stiffest condition, at 90 deq.

Use Calc ¥alue | Help | Cancel | Print |

. Calc Roll Bar Rate El

Calc Roll Bar Rate

Inputs |( Active Bar Length }.l
Bar Type | Hollow Bar, Splined End ~ |

Bar Outside Diameter, in EI
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JIE0

Arm Material Steel

Mote:

Active Bar Length is the lenght of the bar that iz
desighed to twist, which usually haz a smaller
than the rest of the bar. Arm Length is the
diztance from the bar mounts on the frame back
to wkiere the bar mounts on the suzpension.

)

Use Calc Yalue ‘ Help | Cancel | Print ‘
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Figure A 26 Blade Anti-Roll Bar

In this view, the Blade Angle is
approximately at 10 degrees

photos courtesy  elephantracing.com

In this view, the Blade Angle is

! approximately at 70 degrees

Figure A 27 Shock Offset

~ HS PE RS- R q GFna
Fie Edt Graphs Reports Vehicle Specs Adjust Op Fle Edt Graphs Reports Wehide Specs Adjust Opl
Front VI&H] Side View ] Top View ] Nao View Fromt "\I"ien] Side View ] Top View ] Ho View
Thiz iz a view from the front of can i Wiew Thisz is a view from the front of car i
Gaing Gaing

Separate spring
and shock, here
shown with shock
4" outboard.

Coil Over,
0 offset

Toedn Gairc 03" F.BE. Roll Center HE 300 Tur Toedn Gare 03" F.B. Roll Center H: 300 Tum

Camber Gain: -1.51  Caster Gaire .77 Cambes Gain: -1.51  Caster Gar: 77
Suspension Data Suspenszion Data
|nti Dive, % [Dutput 86,7 nti Dive, % [Output (867

These pictures are from our Suspension Analyzer (which allows for more detailed inputs) to explain this input
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Figure A 28 Ball Joint/Spindle Angle Change

| Front Suspension Specs [ Untitled ]

Back File ©Options Edit  Suspension Type  Shim  Table & Graph  Comments  Spring/Shock Details  Help

Thisg iz front view of suspenzion so left side of screen is actually right side of car. Other Specs Right Lelt
Camber Gain: -1.11 Fain based on 1" Dive Camber Gan: -1.17 Spring Length 8 46 @ 46
e,

Spring Compression

i Spring Angle
',’ Spring Rate
! Wheel Rate 208 201
g Motion Ratio Sq.
7 g//ﬂh Bump Force
VA

Scrub Radius

Positive Ball Joint/Spindle Angle Change per. deg 137 | 375
means these angles are getting smaller. The |tamber.deg 308 |[2.58

I
@ Lower Ball Joint Angle actually got bigger in k.in |66.5 3597 | |30.62
' & ql this case and produces a negative change. Fin Angle .36 7.79
1
: dle Angle 6.39 11.54
Lt Swing Am 51.0. Ht 2.5 e Ceehee. Roll Bar Rate, Ib/in 300
Rt Scrub: 085 You can watch Ball Jomt/Spdee Angle - Clc i
1
Orig. Roll Center height = 2.6 Change as you put suspension through ngle Change
Roll Center height = 1.6 mot||§)kn.I If th|s_ an%Ie ghﬁr_lg_e IS hlgg_, 3é0u Upper Ball Joint 5.35 6.67
Uszing Force Based Roll Center are I. e y pUttlng t .e .a .Jomt into bind, Lower Ball Joint -4.64 4.71
pushing it beyond its limits.
Static Layout Dimensions - smowLive, Roll, Squat D Bi
Right (<] Height _MoreDetals | ) oppe)  Height ®ives! _ Drawdig |
A (26175 19.2125 Upper Ball Jaint 23125 20125 G : * Dive, inch Roll, deqg Rear Squat
B [1541 16.565 Upper Frame Pivot (12 91 17.065 H  CHNo i = = |0 =
C |?7.75 /.25 Lower Ball Jaint 2475 875 |
D [11.49 7.425 Lower Frame Pivot |g 49 7175 J Help [definition)
E [19.75 13.75 Upper Spring Pad  [15.75 135 K The amaurt the car's front end rolls (leans] due bo comering
F 225 575 Lower Spring Pad  [19.5 55 L forces, compared tao its static [standing =till] angle. &
- - - - po;itive[+] angle means the car i_s leaning to the Right,
Lenath Anale Lenath Anale typ_u:al of Left turns. Usge a negativel-] number to lean Left
4 4 Upper Arm Dim. 4 4 [Right turns). p 33
Lower Arm Dim.

& Circle Track Analyzer ‘Plus’ v4.0 Performance Trends [ Asphalt Modified Chevelle clip Ted
B3 Back Graph Wiew Print  Analyze Suspension  4n

Notes Maotes Summarn; A
- Details.

You can watch Ball Joint/Spindle Angle
szive Diiving. | Change as you go around the track. You can
also graph this data.

Comments -
Left Scrub |Right L Upper BJ |L Lower BJ (R Upper |A Lower |LF Tire RF Tue
Scrub Angle Angle BJ Angle |(BJ Angle (Force Force
-18 05 14 8.35 6.32 9.48 6.53 3322 11829
.0g -.04 -.20 571 -4.94 -7.90 -4.95 h21.1 h06.1
1.37 -09 -.30 -8 48 712 -10.98 -7.00 G683 160.7
282 -.02 -.08 -2.85 -2.34 -3.65 -2.38 6031 288.0
265 -.02 16 453 429 8.05 4 88 387.0 866.3
1.49 -03 27 10.78 9.39 17.30 10.95 3945 14567
-1 .00 220 8.60 724 12.52 8.06 458 5 12914
-1.11 .02 .m 1.23 .79 .93 .7b 632.2 Fe4 7

171



(C) Performance Trends Inc 1999

Circle Track Analyzer

Chapter 4 Examples

Figure A 29 Ride Height

Use this screen to specify
where Ride Height is

Back File Options

Edit Suspension Type Shim Table & Graph  Comments

Spring/Shock Details

Help

Orig.

J L]

o

Thiz ig front wiew of suzpenzion zo left side of soreen iz actually right zide of car.

Camber Gain: -1.17
Ride Ht = 5.0
Orig. Ride Ht = 5.0

Camber Gain: -1.11
Ride Ht = 2.8
ide Ht = 4.5

Gain bazed on 1" Dive

and 0 deg Roll

Lt Swing Arm 577
Rt Scrub: 172

Orig. Roll Center height = 2.6
Roll Center height = 1.5

If you have specified Ride
Height details, you will see it
here, both at static and
dynamic conditions. In Plus
version, Ride Height will
also show up in the Reports
and can be graphed.

P

1L Z b

Using Force Based Roll Center

wing Arm 49.8. Ht 2.5
Lt Scrub: - 018

Orig. Roll Center Right = 7.2
Roll Center Right = 7.8

A

B
r

Static Layout Dimensions

tore Detail:

Upper Ball Joint

Right [X] Height
26.125 19.3125
15.41 16.565
17 TR o IR

Upper Frame Pivot

I nwar Rall laink

Left [X] Height
23125 20125
12.91 17 065
4 TE L1 I | =

T I@

Other Specs

= Right Ride Height Positio measured and what Ride
| Height is at static conditions.
A Arm Mounts Details
Claze this screen | Help
The location 5= Fiom Upperai setng
of where | Back Upper &m Use Fiight Ride: Height T o
Ride Helght || Load | Calculated Mount _Loj | [Distance Out from Centerling, in B
i Current Mount
is measured HIrErHE Bahind the Ade Line? ve =] | lo
is shown by 1.5 Front Lower Am o - -
. istance behind axle, in
this square. .25 Back Lawer Am s —— ] T
Load | Calculsted Mourt Lo Static Ride Height, in 45
MH149[[F425 ][0 Curent Mount |
+ Mote:
Hide Enter the position where you want bo watch ride
Rleight 3 ; height change as the front suzpension goes
s S through dive and roll and pitch a3 the car goes jg:_\_\ﬁ
. S around the track.
o 2
7 S—
\|/ Keep Settings | Help | Cancel| Print | ----------------
“—| Click here to bring up
Ride Height screen.
Static Layout Dimensions : 7
, POR Hent H'dBe [:Ie‘:a"_s}| Lef1 Mokt
p Do T o Fiame Piva ) Click on the “More Details” button (now showing “Hide Details”
C [27.75 8.25 Lower Ball Joint  [24) because “More Details” are being shown) to bring up this screen.
&, Front Suspension Specs [ Untitled ]

Right Left
Spring Length
Spring Compression lIl
Spring Angle iEI.- iEl.-
Spring Rate ? ?
Wheel Rate 202 203
Motion Ratio Sq.
Bump Force
Scrub Radius 46 |
Camber, deg -1.97 3.75
Dyn Camber. deg -2 32 1.59
Track.in |65 3597 30.52
King Pin Angle 8.36 7. 73
Spindle Angle 6.39 11.54
Roll Bar Rate, Ibfin Clc 300
Roll Bar Length, in 46
Ball Joint/Spindle Angle Change
Upper Ball Joint 8.76 4.93
Lower Ball Joint -5.32 -4_65
Show Dive. Roll. Squat .
Draw Big
Ot Dive. inch Roll. deg Rear Squat
cwe B BB
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Figure A 30 Writing ASCII Data Files : . .
Plus version has “ASCII File” option here.
&
Notes Motes Summary: Agressive Driving. Click on Notes for more MNew Lap Time  17.40 MPH 103.4
————— Details. LastLap Time  17.40 1034
1 C L¢ : — Improvement .on .0
omments ‘,«a N !
3[5quat Left Scrub |Right . . . — LF Tire RF Tire LR Tire RR Tire Total Tire |LF Bump at/RF Bump |LR Bump |RR Bump |[L
Scrub ASCII File Options Force Force Foice Force Force Tire at Tire at Tire at Tire F
-18 .05 14 & 332.2 1182.9 3781 2.7 2905.9 0.52 0.95 -0.31 012
o8 -.04 -.20 & 211 506.1 515.2 850.9 2393.4 -0.10 -1.06 0.41 -0.54 -l
in1,3?' -09 -.30 B68.3 150.7 6545 12836 27572 -0.26 -1.53 1.66 039
2.82 -.02 -.08 603.1 288.0 1726.7 1946.4 4564.2 -0.11 -0.48 263 2.26
2.65 -.02 6 = 387.0 866.3 557.1 2108.6 3919.0 -0.09 1.13 1.91 313
f
1.49 -02 27 i=Cieateb Brceliitukhie 394.5 14567 4780 17384 40676 0.14 203 0.65 253
-1 Nili} .20 458.5 1291.4 457.3 960.2 367 4 0.22 1.39 0.51 0.66
-1.11 .02 -m File Name Biowae 632 2 784.7 534.3 374 4 23255 014 0.05 095 -1.05 !
-.81 - -13 728.6 455.0 682.6 396.3 2262.4 0.04 -0.75 -0.44 -1.23 4
b5 -.02 -10 |C.\F'n:|gram Files\Performance Trends\Circle TrackA| 705.0 2046 8329 931.3 26739 -0.05 -0.61 0.68 013 2
2.03 0o 03 626.7 468.0 920.2 15351 3550.0 -0.03 0.19 1.72 1.94
263 1] 09 Save File | Cancel | 5449 906.5 n77 1697.0 40661  -0.02 063 210 274
2.00 -03 -03 543 3 715.4 870.7 1229.0 33585 -0.19 -0.14 1.75 1.80 !
.86 -12 -.30 Tip 695.1 251.7 834.7 b16.5 2398.0 -0.41 -1.44 113 010 Kl
.26 -16 -41 834.9 0.0 9N7.3 323.6 2075.8 -0.43 -1.94 0.74 -0.70 1
37 -1 -.24 7a1.2 0.0 944.9 557.4 22931.5 -0.45 -1.24 0.61 -0.18 4
FT -.03 ; . -
F2 -.02 4
.03 -02 ; i
_E8 08 _14] ASCIData File: B
--56 -13 -43 Ci\Program Files\Performance TrendsiCircle Track Analvzer v4.0iLap Output,csy 1
44 =21 -.44 ]
1.58 -15 - 27| Writken, B
2.02 -.08 -.06 B -
138 o4 04 Mote: The file name was changed to CHProgram Files\Performance TrendsiCircle Track Analyzer v4.01Lap Output.csy with a ', csv' file extension ko be easily read by Microsoft Excel, e
.05 -.05 -.04 -l
-1.00 -.09 -19 1
-1.04 -1 =22 2
-23 -.05 -.06 -3.61 -2.55 -3.44 -2.52 795.3 207.2 9429 h47 4 24527 -0.33 -0.32 -0.21 -0.19 -
tg-g-_, = | ) # [ Lap Output.bd - Notepad Q@@
) 7 -
i Hame Insert Page Layout Formulas Data Review Fie Edt Format Wiew Help
% rrilne Feet HPH Accel_Gs %_Throttle Eng_RPHM Turn_# Curvature Downforc~
— Cut e = slll== .08 [ 72.5 .08 [} 3971 274 289 727
Calib 11 = r=r="
Bycon el A =¥ |3 2 73.2 .35 67 wet 2/ 202 734
Pacte B 7 U- .La 43 5.8 .56 100 4130 274 31y 718
- J Format Painter i .68 L1 77.8 .56 188 4264 274 54 666
Clipboard o e - .80 89 80.3 .56 100 4399 274 115 587
~ — 1.88 113 82.8 .57 168 4535 274 499 464
| Al - £ | Time 1.20 138 85.2 .57 100 4671 274 599 361
1.48 163 87.7 .57 RLiL] 4308 274 724 273
A B C D E F G 1.68 189 90.3 57 100 4945 274 878 2m
c fr o - 7 1.88 216 92.8 .58 168 a3 244 1044 149
L IE! ot MEH AccelGs % ThrottleEng RPM Turn®  ly'ng Sy, 95,3 o8 160 sa21 24 1238 165
2 0 o 72.5 o 0 39712 &4 2.28 272 97.8 .58 108 5368 274 1465 68
- = 2.48 BN 188.3 .57 168 5uo7 274 1695 48
1
3 0.2 2l 4.2 3 b7 40T112.6: 2.68 N 162.8 .56 188 5633 274 1956 16
4 0.4 43 754 0.56 100 4130 2&4 2.80 362 185.3  .548 97 5767 /4 5247 -0
5 0.6 56 77.8 0.56 100 426412 &4 3.00 393 107.6 .535 96 5895 274 9573 -121
: 3.28 425 118.8 .55 168 66826 = = -157
6 0.8 89 80.3 0.56 100 4399 2 &4 2.0 158 112.4 .5y 180 &157 - - —163
7 1 113 22.8 0.57 1 4535 2 &4 3.608 491 114.7 .53 108 6286 -168
3.80 525 117.8 .52 100 6412 -174
0 46712 &4 -
« 4.80 568 19.3 .51 168 6535 188
If you check “Create MS 100 4808 2&4 028 505 121.5  .ho 188 6656 -185
. ” 4. 48 FLE] 129 & Lo 4180 AZ72 -191
1 Excel File”, the program 100 4945284 i ) ) e
{ will write a file with a .csv w0 so32z4  [ad Here'san example of afile — - 212
: . 5 p 5.4 i i i - - -208
1 extenS|on. Then When 100 5221 2 &4 5.9 Y\(/:rltten tOSa tXt f||e V\,lylth B B —213
1 . 100 5360 2 &4 . - - -
| you open the file, e R ohmms e|oara}‘tledI I o0
1 Microsoft Excel will open it e e g UNCNSC ed and “Include Text” | - - -221
1 bv default =9 checked. This file opens by ) ) el
1> : 7 7284 | default in Notepad a1 wawe s
17 3 393 1076535 96 5895 2 &4 6.9 pad. 371 70 58
18 3.7 425 110 0.55 100 6026 - 6.48 1067 116.6 -.97 = 6388 3 1861 52
4 4 6.68 1841 112.3  -.97 = 6155 31 1515 93
1 34 458 1124 0.54 100 6157 6.88 1673  108.1 -.97 - 5923 341 1263 m
20 3.6 491 114.7 0.53 100 6286 - 7.00 1104 103.9 -.96 - 5698 31 1044 199
7 = , , 7.28 1134 99.6 -.96 = Gu59 3 856 278
21 3.8 525 117 0.52 100 6412 - 7.40 1163 954 -.96 = 5228 3 608 358
22 4 560 119.3 0.51 100 6335 - 7.68 1198 91.2 -.95 - 4998 31 568 465 v
23 4.2 595 121.5 0.43 100 6656 - ¢ >
24 4.4 631 123.6 0.48 100 6773 - Lnt, Call
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Figure A 31 New Shim Up/Down Feature

of upper A Arm mount.

New Camber and movement

mecaicyhim Adjustment - Right Side EJ

New Shim
Up/Down features oty
—— 5[ Untitled ] Estimated New Camber will be :
Back File Options Edit  Suspension Type BERUM Table & Graph  Comments  Spring)Shock Detail: EurrentlEamberlis
) . ' | Distance Moved
Thisg is front wigw of su] Sh?m Right :3|de allv right zide of car. T (TR T
E._amher Gain: -1.11 Gain ba Shim Left Side Eamher_Eain: 11 e hd
Ride Ht = 45 ane\ oo Right Side Lip/Dawn Ride Ht = 5.
N Shim Left Side Up/Down
Distance Up l:l
Hotes:
%\‘% ?_‘/E‘]i This screen maves the Lpper & Am Mount on
the frame Up or Down as much ag you specify,
/ and estimates theg Camber Change agsuming the
o zame length Se2m is uged. If you choose to
i Keep thisgehange, all geometry will change to
New screen where you specify how rEEermoving this mount and keeping the & Am,
much to move the upper A Arm
~ mount on the frame. | | |
Help | Cancel | Print
L J J
Click here to use new condition, shown below. —
wm. Front Suspension Specs [ Untitled ]
Back File Options Edit  Suspension Type Shim  Table & Graph  Comments  Springfshock Details  Help
This is frant viey—= - Lt tually right zide: of car. Other Specs Right Left
Camber Gain: -.64 Tire with new Camber. Camber Gain: -1.17 Spring Length 8.46 8.46
Ride Ht = 4.5 Ride Ht =5.0 i n
Sprnng Compression I:l |:|
New mount position. SELRAENTE
:
Spring Rate 700 525
Wheel Rate 246 208
%\% Motion Ratio S5q. 351
BumpForce [ [
Scrub Radius
Camber. deg -9 3.75
Dyn Camber, deg
* Track, in (GG, 3597 30.52
® New Camber | kirg-Fi le 730 | |7.79
| Spindle Angle 539 | [11.54
Lt Swing Arm 58.7, Ht 4.7 Rt Swing Arm 1099, Ht 3.1 Roll Bar Rate, Ibfin Cle 300
Roll Bar Length, in A6
Ball Joint/Spindle Angle Ch
Roll Center height = 1.5 Roll Center Right = 7.2 27 ot Spinele AnTe ~1anas
Upper Ball Joint
Using Force Based Roll Center Lower Ball Joint
Static Layout Dimensions e Show Dive, Roll, Squat D Bi
Right (<) Height _MoeDatails | o pey Height C Yeos __ DrawBig |
A IEE 19.34 Upper Ball Joint 23125 20125 G Dive, inch Roll. deg Rear Squat
B 1541 17 57 Upper Frame !’ivot 12.91 17.065 H @ Mo | |%| | % | |%|
C |27.75 g.25 Lower Ball Joint 24.75 8.25 |
D 11.49 7.425 Lower Frame Pivolt |g 49 7175 J Help [definition)
E [19.75 13.75 Upper Spring Pad  [16.75 135 K Distance from car centerling to the center of balljoint on
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Figure A 32 New Engine Specs Screen Features

= Engine Specs [ Chevy 604 Crate Moton 400 HP ] E|
Back File CalculatejEdit  Load From Engine Analyzer Comments  Help
Base Engine Specs Full Power Curve —_— Larger graph for more detail
Displacement. cu in 500 400
CC: [F7365 | Liters 574 | -
Tq HP

Clutch |very Small CiutcheFlywhesl  +

400 300 Here you can enter the

L~ highest RPM you have

c » p N seen on your engine
5%3 5@2‘&%’5‘.{5@'@'&3‘:&00 / on the track, where the
pn.,k?}bc...ve el st th 1P engine is still making
who've: Laken hoes motors o 200 ‘ 100 some power.
6300 RPM.

- q Enter Your Max BPM ?

2000 3000 4000 5000 5000 7000
Enter the marimurm RPM yaur engine can rev ta. This oK
EHn:\Inpe size or displacement in cubic inches. Tq HP RPM Tq HP gsj:]%“h;?‘gi':;;iv:e?:ﬂ could be a rey limiter RPM or the hlghest RFM pauy have -
15 oo [ |[izs | [mw0 @z |fwo o important info abou
’ R0 (31| [T0 | ke v ot seen on you tach Cancel
3000 |[375 (714 6800|732 | [0 curve for accurate.

Click here to better estimate the =
highest RPM on the power curve.  [] E' sy w—— 1]

Enter Your Max RPM ?

The pragram assumes you Filled in the power curve ok to the highest RPM the engine stil makes any power, IF you engine j
this RFM, Dlote that this HP i lkely much less than the peak HP from your dyno curve,

Byving past 6800 RPM, you need bo filin one more RPM point with this highest RPM and enter an ESTIMATED HP 2t

Do you want the program o enter a poink based on what you know to be the max RPM of your engine ?

m| Engine Specs [ Chewy 604 Crate Motor 400 HP ]

Back WEIEN CalculatefEdit  Load from Engine Analyzer Comments  Help

Ba [lewEngine Full Power Curve

Open Example Enging . .
Dis  Open Saved Engine (o _suu Click here for Example engines.

| Save Engine

CC5 Save Engine As E Ty
Clu  windows Printer Setup el v

Print 400

/ 3
4 New Crate Motors.

Open Ex Engine File

28 Ex Engines in Library Choszen Ex Engine File:

12/13/2020 GM LS 376 Crate Motor 532 HP ~
114242020 Ford 347 Crate Motor 415 HP

11/24/2020 Chewy B04 Crate Motor 400 HP

11/23/2020  Chewy B02 Crate Motor 360 HP

3/26/1993 STREETST.OCK

3/8/1993 96-BUSCH V-3

34541933 96-BUSCH.NV-E

34441993 SCATMW-4

________ [Tin Tinnla chicl e 2 Eu Emnine nama bo ehoooes
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Figure A 33 New “Back” Options in Analyze Suspension

Click here and you are asked for a
Baseline name for saving these
current data for comparisons, as
shown here to the right.

[

Click Back to simply close this screen,
no questions asked. Previous
versions would always ask if you
wanted to save these conditions as a
Baseline. Previous versions would

Thig iz a Front Yiew (left side of screen iz actually nght zide of car.]
Bazeline Title: 1000 |b RF Spring [resultz shown in pink)

Baseline Title

E3
Current Conditions were saved az the Baseling,

Enter zome title for thiz Baszeline R

only allow you to click the Red X at
the upper right to close this screen.

That still works in v4.0.
=

I o

Open Yehicle File

Figure A 34 New Larger Fields to Accommodate Longer File Names

Larger fields to allow for
longer file names.

Chozen\¥ehicle File:
Agphalt Modified Chevelle clip Tedder

04052020 ERSON 4-7 3935 KEVIN CAR R-55 C-57.95

At 04-10-2020 ERSOM 4-7 2939 WVE15< R-54. 28 C-50.39
Azphalt Modified Chevells clip Tedder
Azphalt Modified Chevelle clip Tedder 2

bump zprings

burmp zprings B

Diirt M od Eich old_stockeoar_rl.dat

Dt Mod Eich old_stockear_r1_bumpsprings. dat
Diirt b odified Eichelberger
Eichelberger-old_stockoar.dat

Eichl Model ke

zany. Tedder.dat

[MCA-MOD

03 C.G. 03-16-2020 KEVIN'S BEST ERSOM 4-7 333.9 VE15< R-57

f« List Alphabetically [typical listing]
" List by Date Lazt Changed

Open Delete Cancel

Y
Preview:
HP: 714 Dbl A Arm
RPM: 7000 LF: 625
Wi 2779 RF: 700
Axle: 4.33 LA: 200
RitCirc: 86.75 RR: 225
Five Flags Speedway....17.4 with the cument rules|
packadge....can be Faster with a qualifying anly
zetup but rulez do not permit zetup changes after
3 qualifying....4-4200 low rprm and 7E00 max... File
courtesy Gary Tedder, Cantonment FL. Mary
thankz Gary. =z
Help Advanced
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Figure A 35 New “View” Option, Plus Version Only

Click here to “View” only certain columns of data.

B Circle Track Analyzer ‘Plus® v4.0 Performzace Trend

Enter ¥Wiew Template Hame

B3+ Back Graph BUEEM Print  Analyze Suspensiger” Analyze Perf  Af

= — Enter a name for thiz Wiew Template.

v Show all Data . Agressive Driving. C F
The current settingz will then be zaved under this name

_ Show Only Picked Data 0 Cancel

g0 pou can recall them later,

Pick Data bo Show
Time Feet —|1~n—r|—|1-n:v:!:rn-a—|'z Throttle Eng RP|
[
.00 1] 74.6 .0n 0 4087 \

. Report Columns

File Template: Tire Spring Bump Spring Force

LF Shock F Template name (if using .I g Tem 'E”—'F'l'f'te
BF Sh';[::k F?;,[:; template) shown here. Click “Save” to
LR Shock Force | Basic Data save the current
RR Shock Force | Click Open to open previous | —f{~lNew ¥4.0 Data data selections
:;";: %’;;ii‘.ﬁl set of selected data as a Tire-Farce Shock Force and Vel as a Template for
LR Shock Vel saved Template. Tire Spring Bump Spring Force use in the future.
RR Shock Vel x Then enter a
Click on Data types to name for the
display them in the reports. Template.
Hold down the Shift and Ctrl
keys while clicking to do |
IﬁBBu':r I;:?J'l[::EE select multiple data types. Use Template | Delete | Cancel |
Mote: Mote:
Hold down the 'Chil’ key and click on items to Hold dowven the 'Chl' key and click on items ta
inchude. Hold down the 'Chl’ key and click on include. Hold down the 'Chl* key and click an
SELECTED itemsz to remaove them from list. Hold SELECTED items ta remove them from list. Hold
down ‘Shift' key and click an item to select down "Shift' key and click an item to select
everything from last selected item to the iterm pou evernthing from last zelected item ta the item you
juzt chicked. juzt clicked.
Keep Settings | Help | Cancel | Print | K.eep Settings | Help | Cancel | Print |

& circle Track Analyzer ‘Plus’ v4.0 Performance Trends [ Asphalt Modified Chevelle clip Tedder ]

By: Back Graph Wiew Print  Analyze Suspension  Analyze Perf  ASCITFile  History Help(F1) - O x
= Motes Summary: Agressive Diiving. Click on Motes for more MewLap Time 18,26 MPH 986 .
_Motes | o ap Tine  18.26 BE Report showing only
©o 1 Comments Improvement .00 .0
selected Data Types | |
Time LF Bump at|RF Bump |LR Bump (RR Bump [LF Sprin F Spring |LR Spring [RR Spring L Bump R Bump b
.Tile atTie  |atTie  |atTie  [Forg Force arce Force IFun:e Force (columns). If you make a
.00 1.34 1.66 0.25 0.57 7 628.7 505.1 727.7 0.00 0.00 ;
.20 11 1.44 0.41 0.74 345 579.5 -430.4 7794 0.00 0.00 printout, Only these selected
40 0.8 1.16 0.76 : -89.8 511.3 4279 0832 0.00 0.00 Data Types will be printed.
.60 0.56 0.81 117 1.42 114 4037 3437 9511 0.00 0.00 .
.80 0.33 0.43 1. 1.51 -86.6 261.6 2505  917.7 0.00 0.00 This way you can get the
1.00 0.30 0.10 1.55 1.34 41.2 124.7 A181.7  796.8 0.00 0.00 : :
1.20 0.25 0.1 1.40 1.04 7.2 36.0 1433 639.7 0.00 0.00 data you are interested in to
1.40 0.19 0.15 1.10 0.76 2.7 9.6 1230 4938 0.00 0.00 i
1.60 0.10 0.08 0.77 0.58 -28.5 3.6 1168 3933 0.00 0.00 fit on a sheet of paper.
1.80 0.00 0.00 0.50 0.50 63.4 646 1093 333 0.00 0.00
2.00 -0.08 0.04 0.36 0.47 86.4 78.4 94.8 293.3 0.00 0.00
2.20 0.12 0.00 0.34 0.46 -88.3 62.9 75.5 269.7 0.00 0.00
2.40 0.13 0.10 0.43 0.46 -70.0 21.5 49.4 250.9 0.00 0.00
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Figure A 36 Include Pictures with your Vehicle Files

Click File button for these Options.

Chapter 4 Examples

Open a File

Jishock Details  Help
side of car. Other Specs Right Lelt
er Gain: -1.17 Spring Length cture
Spring Compression [ |[ | Turr Picture OFF
Spring Angle Prink Plcture
Spring Rate 700 625
Wheel Rate 218 208
Motion Ratio Sq.
Bump Force :l l:l
Scrub Radius
Camber. deg 1.97 3.75
Dyn Camber, deg
Track. in |G6.5 35.97 30.52

If you choose Open, the program will typically default to the
Vehicle Pictures folder, but you can browse to any folder
on your computer. Note that if you move or change the
location of the picture file you pick, it will not be found in the
program and can not be used. For that reason it is best to
keep a copy of a picture file in the Vehicle Pictures folder.

Look in: | =3 Wehicle Pictures

M E eF E2-

D

by Recent
Documents

=
[
Dezktop

9

by Cormputer

kly M etworl,
Places

ISTmﬂ.ﬁl.spulﬁalt Modified Chevelle clip Tedder engine.jpg
|ﬂTmlj.':'.5|:||'|-E'|Il: Modified Chevelle clip Tedder. jpg
@‘Jﬁtlﬂnsunﬂ?.jpg
I3‘_.’].|:l.I:lc:i|'|su:||'|-3‘3-I:r|:||'|I:-su5|:uan5i|:|n.j|:u;|
E‘JDE"S-FEEEWE':.-‘-W-WEbSitE.jpg

] mirt: Late Model Eichelberger, PG
IaTm‘j‘l"n:nu-TuI:ne-E!.Eunner-F'Erl“n:nrn'u.zunn:na-Treru:ls.j|:n;|

File name: :5: halt Modified Chevelle clip Ted

der engine. |pg ﬂ

|l Files [* jpa]
[ Open as read-only

Filez of type:

[

Cancel
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File {vehicle) Results  Help BEGEGEGENES

Figure A 37 Include Company Logo and Titles on your Printouts, Plus Version Only

B circle Track Analyzer ‘Plus’ v4.0 Performance Trends [ Asphalt Modified Chevelle clip Tedd
Reqg Tao: Kevin Gertgen

= = Beginner Lewvel
| Open Yehicle Library v Experienced Level

Best Gear Ratio | | Help

| Sawve Yehicle to Library « Engine Graph - Thick Lines

uit Program

| | Corner Weights

Engine Graph - Thin Lines

Plus Version

Yehicle Specs Default Floppy/CD Drive, currently &

Engine

Vehicle
Restark Displaying Help Tips

File: untitied  Drouble & Arm v

ontis spension | Rt Spring: 700 Lt Spring: B28

File: untitied  for Trailing Arm:

Rear Suspenszion ‘ Lt Spring: 20

Track: BR.0

lat : otar 400 hp 350 cubic inches,
e T TS 00 HP &t 5500 RPM
rinki 't Lse Company Logo File
i ) ) w Use Company Logo File
- = ick Company Loga File
: ing: ing: B2 Printer width Adjustrent
ile: unti il I ¢ Printout Title, First Line
- b - Printaout Title, Second Line

includes these
Printing Options

Track Conditions |

Pick a Logo File

Track: 2640 ft lang, 500 ft infield width,

15 deg banking

2X

[ Open as read-only

Lack in: | (2} My Pictures ﬂ & = EF-
-1 A~
My Recent
Documents
— G Faster! Browse to locate a
L% Performance T Jpg f||e tO use as
Mww
Diesk _ _ your Company
Bskiop PTI Door Sign on & Mile w PTI Jacket Smooth, jpg Logo file
comments. jpg 9 .
L
by Cormputer
_ - IS Performance Trends
y
by Metwiork,
Places PTT PRT Ranner Fav PTT PRT Ranmer inn BTT Sinn An 2 Mils
File name: |F'TI [roor Signon 8 Mile.jpg ﬂ Open |
Files of bype: |Graphic Filez [* bp;™.aif:* jpa) j Cancel

Enter Top Title

Enter the title wou want in the center of your printouts an
the Top line, up to 22 characters long.

i

Cancel

]9

Enter 2 lines of text to appear at
the top of your printouts. You do

this through 2 separate screens.
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Figure A 38 Include Company Logo and Titles on your Printouts, Plus Version Only, cont

| Printout Options @

Heport Printing Options

[ Include Vehicle Specs

[ Print Suspension Out

[® Include ¥ehicté Picture

[ Include ¥Yehicle Comments
[ Bequest Report Comment
[ Include Eng & Suzp Comments

Columns to Print

[ Print from List Below

oo |
L

Print Repornt Using These Specs

Other Printout Types

Print Blank Workzheet

Downforce

05US Factor

Tip
Close See page 110 in.
marual for more info.

A~

If you make a Report
Printout (columns of
numbers), you can
select to include the
Vehicle Picture here.
This is the picture on
the Main Screen, not
the Front Suspension
screen.

Company Logo graphic will appear here on printouts.

/7 Two lines of text Titles will appear here.

Yz{u can include any

Circle Track Analyzer v4.0
ﬁ Eng: Open-Wheel-Modified-Atkinson-39 Business Info here
== | Calculated Test Results

Perf. Trends (C) 2020

This Report Printed:
4:27:11 pm 12-13-20
Page: 1

Calculated Test Results

Time LF Bump RFBump LR Bump RR Bump LF Spring RF Spring LR Spring RR Spring LF Shock RF Shock LR Shock RR Shock LR Shock L Bump
at at at at Force orce Force Force Force Force Force Force Vel Force
Tire Tire Tire Tire
.00 0.50 1.26 -0.50 0.27 1267 / 3493 -449.2 4154 -60.07 -51.33 513 6.87 0.41 0.00
25 0.20 0.98 -0.25 0.53 -166.9 316.9 -412.0 4738 -88.89 -88.86 19.39 19.40 1.56 0.00
A0 =023 053 031 1.06 -218. 254.8 -306.3 572.0 -114.86  -124.38  31.25 29.35 251 0.00
. . . 1.55 -254/5 171.5 -177.5 639.4 -101.53 -128.68 22.94 17.51 1.84 0.00
Vehicle Picture will appear |+ 2677 803 857 6117 7175  -10867 307 -431 0.25 0.00
here unless y0U print in 1.38 -266 9 88 -687 5150 -38 61 -8545 -13.66 -19.02 -1.10 0.00
’

landscape. Then it will
appear smaller next to
company logo graphic.
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Figure A 39 New Graph Features

e Click Graph to bring up the screen shown below. ' -

y S ack an A=
B

|| et — ”'*mm“«ﬂ/ﬁ'm Click Data to Graph to bring up screen shown below. &

T [ I N e Scale Factor shown here. =)

The Scale Factor lets data of very different  [*
values be graphed so both can be seen in
detail. For example, Bump could range from
-5 to 5 inches, but Force could range from 0
to 1000 Ibs. If you scale up the Bump by a

factor of 100, both will show on the graph. """"
Sl e
Force in pounds (Ibs) —/ _________

S e l ----------- - ---------- ---------

Bump in inches

) Nt : current

LF Bump at Tire x 100.

= Sraph Options

Type

stance |
Custom Grabs — | Pickfrom 1to4
Number of Dalg Types Wé_ Types of Data to

[LF Bump ot The ] Graph.
00 (enlarge & lat) ﬂ
Second Data LF Tire Force |
Scale Factor 1 [na change] ﬂ

First Data Type

Scale Factor

Dpening/Saving Graph Templates
Click on ‘File' at the top, then 'Save' to save
these current graph settings ta a 'Template', or
‘Dpen' to open a previously saved 'Template’

Bump is shown
negative here for
option “down

[e[=[a]+] el xl]rnvee]se s

EIE KR

/ shown negative”.

Here you can select to graph data vs time or distance. If
you choose time and compare a fast lap and a slow lap, the
car will be doing different things on the track at the same
time because it is at a different place on the track. For that

S Arrent — ]

-LF Bump at Tire x 100.

reason, Graphing “vs dist.” may be easier for comparisons.
I [ i B ; I i Y il '

Another option is “down shown negative”. On the graph
above, Bump increases coming into turn 3. However, on the
car, increasing Bump means the left front end is going down.
Choosing the “down shown negative” option for this graph
shows Bump increasing by going down, which is what the car
is doing, and can be easier to understand.

: ot X
é File Tempkgte: none
i | | Type of B\aph

Type ﬁ

Custom Graphs

i i Numbes of Data Types 2Types -
st First Data Type || FBumpatTie v

Scale Factor 100 ferlarge a lot)  *

Second Data LF Tite Force *

sy Scale Factor 1 (na change] -

100

DOpening/Saving Graph Templates

i Click on 'File' at the top, then 'Save’ to save
220 these curent graph settings to a ‘Template’, ar
'Open' to apen a previously saved 'Template'

-100 : r A PODRR.. | D i :

Bump increasing is shown as a negative (going
down), which is what the car is doing.
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Figure A 40 New Graph Features, cont

o T ﬁ Click History to bring up History Log shown below.

s fell=] [< ][] ] [<fe] 2] @]riaven]ce scaed
Circle Track Analyzer v4.0 RF Shock Vel vs Feet
32 prememmmmmmtmepeoqmomomoooees T TR T EE TR P EEETETECRES EEFEECEERPRER R e, [ cper-wheemodid-akinsor-23 445 pm
Graphing up to 4 Data -LF Bump at Tire
Types for up to 6
24 Tests can produce lots
of graph lines and
. . -RF Shock Vel
labels on the right side
16 of the graph. )
ope Wk bmodied- TKinaon-39 411 p
-LF Bump at Tire
N | L, . S e o L e ) . Sl
-RF Shock Vel
il % - + 1
2100) 2700 r
: : : ope ikt b aKineo-39 401 pm
-LF Bump at Tire
i -RF Bump at Tire
-LF Shock Vel
_ : EBEX
|l Close (don't show hiskory) Graph These Tests  Graph Options  Clear {erase) History  Print Help
Ml Test Title [Graph? _[Graph Title [Save? [LapFt [infield [Bank [MnRPM [MxRPM [LapTime [Imp [MPH [imp. [CarLen A
open-wheel-modified-atkinson-3% Sun Dec 1320 Yes open-wheel-modified-atkit 2146 420 5 4291 7 17.52 o0 835 o o
open-wheel-modified-atkinson-3% Sun Dec 1320 Yes open-wheel-modified-atkit 2146 420 5 4291 7030 17.52 o0 835 o o
open-wheel-modified-atkinson-3% Sun Dec 1320 Yes :wheel-modified-atkir 2146 420 5 4291 7030 17.52 835
asphalt modified chevelle clip tedder: Sun Dec 13 Yes asphalt modi velle 2640 500 15 4087 B4R e e L L
asphalt modified chevelle clip tedder: SunDec 13 Yes asphalt modified chevelle 2640 500 15 4087 Ed . .
asphalt modified chevelle clip tedder. Sun Dec 13 Yes asphalt modified chevelle W mm 15 a4 ChoOse up to 6 tests to graph by C|ICkIng
Click o Test Titk [1st column] to change it or to retrieve specs which produced those results. Click in other columng for definitions. here tO put a YeS |n the Graph'? Column B

=, Circle Track Analyzer ¥4.0 [ Open-Wheel-Modified-Atkinson-3% ]
Back File Format view Help(F1) DataToGraph | HISTORY last

e[ [=l[=] [el=Ta o] [efe]x]@]ruven]sesede]

CT DO of T

Circle Track Analyzer v4.0 RF Shock Vel vs Feet are \/ |
T R r e LR R P PR b LT e SO T LT LR PR Rt
: { : : { : [ ; ; -RF Shock )@l
LY | SSI— ] NN S These More buttons let you scroll
f § § the labels on the right up and . "“:"ai:r:
ve . i down so they all can be read.
: ; -RF Shock Vel
8
e S
-LF Bump al\Tire
& -RF Bump at\Tire
-LF Shock Ve
- -RF Shock Vel
T T
18 -LF Bump at Tir
-RF Bump at Tire
=24 -RF Shock Vel
. | i , ! ‘ ; e
PP m T g Tums Tuma Fam Tum1 Tomz -IFe*3ump at Tire
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L. |

Figure A 41 New Graph Features, cont

= Circle Track Analyzer v4.0 [ Open-Wheel-Modified-Atkinson-39 ]

EBacl GELUEA view Help(F1) DataToGraph | history last
B e e Yl el el via]se: scoe]
ki : Analyzer v4.0 LF Tire Force vs Feet
2 oOff [TTTTTTTTTToroo e i I [ A R R e A " curreni
- ; [ i i W i i l i | ; -LF Bump at Tire x 100.
rnJll I S Choose Seament Lines
A E— NSS4 RO SN N 8 B —
PO SRS 1N I S SN N WO S U RO
300 (-X--f---- ----------- ---------- ---------- :
Start of Turn 4
200 : : § : foend e e
Front Straight
100 )
a
100 74 SN \./| Segment labels
’ ’ ’ ’ ’ ‘ ’ ’ ‘ ’ shown here.
P T e T Y S N T Fect

Back File Nn=® Yiew Help(F1) DataToGraph | HISTORY last

Line Style Vs el | (el a]w] [sef o] ¥ ] 8] Furvien]sescaes

Edit Titles/Legend LT DUy ar 1me

Grid Style 3 ‘

Back Color v kK Analyzer v4.0 RF Shock Vel vs Feet More \/ |
DrawSegmentLines L3 : ------- r ------ 1 e ]

Legend {graph line Classic Labels {smaller)
Larger Labels

LRF Shock Vel

open-4kés HModMed-aking -0 ki1 p

-LF Bump &t Tire

T
'
'
'
'
'
'
'
L

Wiew HelpiF1) DataToGraph | HISTORY last
22 I

-

Line Style

Edit Titles/Legend
Grid Style 3

Back Calar 4 Analyzer v4.0 RF Shock Vel vs Feet open-uheel-modified-athinson-39 4:45 pm
Draw Segment Lines v L ]“““u““““ “““\ -------------- \--------------E ------------- T T 1 -LF Burnp at Tire

Legend {graph line labels) » ‘ ‘ : : :

LRF Shock Vel

open-wheel-modified-atkinson-39 4:11 pm
-LF Bump at Tire

-
Y]
=
«Q
[©]
=

1 |
Q
o
®
(2]
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Plus version allows for logo

and title lines.

Figure A 42 New Graph Features, cont

= o
&
4=
= oM
Em
O oy
SC
=
Sl
D e o
L0ea o
o ®
F2a
(]
205
@ L
———
L0
385
Yo
— =
= D
ger
h=
&
- v

Eng: Open-Wheel-Modified-Atkinson-32  Business Info here

Circle Track Analyzer v4.0
Calculated Test Results

Feneeirrmarrc e Trenns

Vehicle picture from Main

Screen gets printed here.

open-wheel-modined-atkinson-23 9:59 pm

LF Bump at Tire

asphait mediNed chavelle ¢lip tedder 3:37)pm

LF Bum

p at Tire

Vel

RF Shock

Circle Track Analyzer v4.00 LF Bump at Tire, RF Bump at Tire, more... vs Feet

LY ) e S S S e e e e S e S e e S

Tum 2

Tum 1

Tum £

Tum 3

Tum 2
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Index

4 Link, 37, 141, 149

Accel Gs, 51, 73, 160

Accel. Aggressiveness, 48

Acceleration, 51, 91, 102, 127, 128, 133, 142

Active Bar Length, 65

Adobe, 152

Advanced file Open, 1

Aerodynamics, 19, 109

Air Temperature, 46, 47

Analysis Report, 49, 69, 71, 72

Analyze Perf, 5, 7, 49, 71

Analyze Suspension, 5, 7, 69, 89, 117, 123, 125, 135, 151,
161

Angle, 19, 20, 25, 27, 29, 30, 34, 35, 40, 92, 120, 121, 159,
160

Anti-Dive, 151

Anti-roll bar, rear, 151

Arm Len & Angle, 25, 34, 120, 121

Arm Length, 26, 65, 146

ASCII Data, 135, 160

Aspect Ratio, 61

Assumptions, 6, 3, 6, 13, 21, 29, 30, 36, 41, 50, 51, 55, 88, 90,
98, 106, 127, 129, 132

Axle Ratio, 5, 97, 101, 103, 104, 109

Back Color, 80

Background Car Layout Color, 34

Background Color, 148

Balance, 151

Ball Joint/Spindle Angle, 159

Bank Angle, 20, 48, 67

Barometer, 46, 47

Baseline, 7, 89, 90, 91, 97, 102, 123, 124, 125, 132, 147, 148,
151, 161

Beginner, 11, 33, 44

Big Bar Soft Spring, 151

Brake Aggressiveness, 48

Bump Springs, 159

C.G., 57,58

Calc Lap Times, 45

Calculation Menu, 5, 1, 8, 13, 53, 54, 65, 66, 108, 109, 110,
151

Calibrate, 105

Camber, 25, 30, 32, 34, 35,36, 117, 119, 120, 121, 122, 123,
124, 134, 141, 146, 147, 148, 160

Camber Changes with New Inputs, 25, 34

Camber Does Not Change with New Inputs, 25, 34

Camber Gain, 32, 34, 35, 119, 120, 121, 123, 134, 146

Car Length, 88, 90

CCs, 12, 56, 57

Cd, 19, 20

Centerline, 23, 24, 26, 27, 28, 29, 30, 37, 38, 40, 41, 42, 43,
92,93, 129, 134

CG, 18,93, 94, 160

Chain, 19, 59

Chain Drive, 59

Circle Track Analyzer, 1,4,5,1,2,3,4,5,9, 13, 14, 15, 21,
22,33, 43, 44, 49, 55, 67, 69, 72, 81, 82, 84, 85, 87, 89, 91,
97,103, 104, 105, 106, 109, 110, 111, 113, 115, 117, 125,
127,128,129, 131, 132, 133, 151, 159, 160, 161, 162

Circle Track Analyzer Plus, 159, 160, 161, 162

Circumference, 22, 53, 60, 141

Clc button, 53

Clc Button, 8, 12, 18, 19, 21, 22, 29, 30, 39, 42, 46, 47, 53,
56, 57,59, 62, 64, 65, 66, 109, 110

Clutch, 13, 133

Coil Over, 159

Coil Springs, 62

Comments, 5,7, 13, 33, 36, 43, 44, 54, 85,91, 106, 110, 115,
117, 161

Company Logo, 161

Continuous, 91

Corner Gs, 52, 160

Corner Weight, 108, 141, 145

Corner Weights, 7, 18, 53, 57, 90, 107, 108, 129, 135, 141,
145

Corr. Barometer, 46

Crate Motors, 161

Current Run, 50

Cursor, 74, 76

Curvature, 51, 160

Data To Graph, 74

data types, 74, 162

Dew Point, 8, 13, 46, 47, 65, 66, 128

Differential, 59

Disabled, 35, 46, 47, 54, 111, 112, 120

Displacement, 12, 13, 55, 56, 57, 133

Displacement in CCs, 57

Displacement in Liters, 57

Distance, 18, 22, 23, 24, 26, 27, 28, 30, 37, 38, 40, 41, 42, 43,
48, 51, 56, 58, 60, 61, 64, 65, 73, 88, 90, 92, 93, 119, 132,
146, 147

Dive, 29, 30, 31, 34,90, 117, 119, 122, 123, 124, 134, 147,
148, 151, 159, 160, 162

Double A Arm, 24, 26, 28, 29, 30, 35, 151, 159

down shown negative, 162

Downforce, 20, 90, 91, 99, 151

Drag Coefficient, 19, 20, 131, 151

Draw ‘Big’, 31

Draw Segment Lines, 162

Driver, 48, 67, 112, 131

Dry Bulb, 8, 46, 47, 53, 65, 66

Dynamic Camber, 30, 122

Dynamometer, 13, 131

Elevation, 46, 47
Engine, 4, 5,9, 11, 12, 13, 14, 15, 18, 19, 21, 23, 37, 38, 40,
43,45, 50, 51, 53, 54, 55, 56, 57, 59, 67, 68, 72, 73,78, 81,
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82, 83, 84, 85, 88,91, 92, 93,97, 99, 100, 101, 102, 105,
106, 110, 114, 115,127, 129, 131, 132, 133, 134, 135, 141,
149, 159, 161

Engine Analyzer, 13, 14, 15, 78, 106

Engine Cubic Inches, 54, 55

Engine Graph, 11

Engine RPM, 51, 73, 88, 97, 99, 100, 101, 102, 129, 131

Engine specs, 11, 12, 14, 55, 85, 106

Enter X & Htat 1 End, Arm Len & Angle, 25, 27, 34

Enter X & Ht Readings, Frame & Ball Jnts, 25, 34

Examples, 5, 13, 14, 33, 34, 43, 54, 67, 68, 95, 97, 105, 106,
110, 117, 131, 132, 135, 141

Extension Lines, 34

Feet, 51, 73, 90, 160

File, 5, 1,2, 5, 13, 24, 33, 36, 38, 43, 44, 81, 82, 83, 84, 88,
97,105, 106, 110, 115, 117, 118, 135

Final Drive Ratio, 53, 59

Find Best Gear Ratio, 103

FLLD (Front Lateral Load Distribution), 141, 142, 143, 144,
151

Flywheel, 12, 13, 132, 133

Force Based Roll Center, 159

Format, 74, 77, 79, 80, 162

Friction Circle, 48, 90, 91

Front Pivot to Axle, 40

Frontal Area, 20, 21, 60, 127, 131, 133

Gear, 1, 17, 19, 21, 23, 38, 59, 60, 101, 109, 115, 131, 133

Graph, 1, 6,7, 11, 13, 49, 73, 74, 76, 77, 78, 79, 80, 87, 88,
99,100, 101, 102, 135, 146, 147, 148, 161, 162

Graph data types, 74, 162

Graph Labels, 148

Graph, Draw Segment Lines, 162

Graphs, 5, 47, 50, 73, 75, 103, 112

Grid Style, 80

Gs, 51, 52,73, 102, 103, 128

Height of C.G., 18, 109, 129, 133

Help, 2,3,5,7,8,11, 13,33, 43, 53,109, 117, 118, 135, 162
Highest RPM Before Braking, 68

History, 5, 49, 74, 87, 88, 89, 102, 103

Hollow, 62, 64, 65

Humidity, 13, 46, 47, 53, 65, 66

Improvement, 50

Improvement Summary, 50
Include Vehicle Comments, 85
Include Vehicle Specs, 85

Inertia, 12, 13, 18, 131, 132, 133
Infield Width, 48, 67, 88, 123, 131
Install, 8

Installation, 5, 4

Instant Centers, 25, 34, 92, 122

J bar, 28, 40, 43
Jacobs Ladder, 43

Kinematic Roll Center, 159
King Pin Angle, 28, 30

188
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Know Dew Point?, 66
Know Relative Humidity?, 65

Lap Time, 5, 6, 22, 50, 67, 68, 88, 97,99, 101, 112, 113, 114,
124, 125,128, 131, 132, 159

Lap times, 1, 18, 22, 62, 67, 68, 88, 89, 103, 105, 113, 117,
122,123,129, 131, 151, 162

Last Run, 50

Layout, 23, 34, 39, 43

Leaf Springs, 38, 41, 62, 63

Legend, 74, 77, 88, 148

Length, 25, 27, 31, 34, 35, 120, 121

Letter Tire Size, 61

Lever Arm Length, 64

Library, 5, 81, 82, 83, 84, 105, 115

Lift Coefficient, 20, 21, 99, 131, 151

Line Style, 80

Liters, 57

Load from Engine Analyzer, 13, 14

Lower Arm Angle, 27

Lower Arm Length, 27

Lower Ball Joint, 27, 120

Lower Frame Pivot, 24, 27

Lower Spring Pad, 27, 28, 29

Lower Strut Loc, 28

Lowest Engine RPM in Turns, 68

Main Menu, 4, 5, 6, 8,9, 11, 14, 22, 45, 49, 62, 67, 82, 83, 97,
101, 106, 114, 115

Match My Lap Times, 5, 62, 67, 68, 113, 114, 115, 131

McPherson, 24, 25, 28, 35

Method of Reading Weather Data, 46, 65, 66

Milliken, 142, 143

Motion Ratio, 31, 92, 93, 159

Move Weight, 145

MPH, 6, 49, 50, 51, 73, 88, 90, 97, 99, 101, 112, 160

Natural Frequency, 92, 144
Number of Active Coils, 63

Obs. Barometer, 46

Open, 5, 13, 19, 33, 43, 44, 81, 82, 97, 105, 106, 110, 117
Open Example, 13, 33, 43, 44, 106, 110, 117

Open Saved, 13, 33, 44

Optimize, 20, 127, 134

Other Specs, 27, 28,29, 119

Outside Air Temp, 65, 66

Outside Rel Humidity, 65

Oversteer, 142, 143, 151, 160

P Metric, 61

Panhard Bar, 28, 40, 42, 43
Panhard Bar Heights, 40
PDF, 135, 152, 161

PDF Printer, 161

Peak HP, 54, 55

Peak HP RPM, 54

Peak Torque, 54, 55

Peak Torque RPM, 54, 55
PERFTRNS.PTI, 2, 4, 84, 97
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Picture File, 161

Pinion, 23, 38, 59, 109

Plot Lines, 148

Plus, Circle Track Analyzer, 159, 160, 161, 162

Pnhd Bar to Centerline, 40

power curve, 13, 14, 15, 53, 54, 68, 106, 114, 115, 141, 149,
161

Preferences, 5, 11, 50, 141

Print, 5, 1, 2,7, 13, 24, 26, 33, 36, 38, 44, 49, 69, 75, 77, 85,
86,91, 147, 148, 161, 162

Quick Change, 59, 108, 109

Radius, 51, 58, 61, 92, 93

Rating Type, 60, 61

Ratio of Trans Gear Used, 21

RC cars, 161

README.DOC, 2

Rear anti-roll bar, 151

Rear Axle Ratio, 19, 59, 97, 101, 108, 109

Rear Axle Type, 19, 109

Rear Squat, 129, 159

Rear Suspension, 5, 1, 22, 37, 39, 43, 44, 62, 81, 84, 85, 91,
92,105,111, 115, 135, 141, 144, 149, 151

Rear Track Width, 60

Registered Owner, 3, 4

Rel Humidity, 46, 47, 53, 65, 66

Request Report Comment, 85

Ride Height, 159, 160

Roll, 1, 2,9, 23, 25, 28, 29, 30, 31, 32, 33, 34, 64, 65, 90, 91,
92,93,94, 117, 119, 122, 123, 124, 129, 134, 141, 144,
146, 147, 148, 151, 159, 160, 161

Roll Bar Rate, Ib/in, 92

Roll bar, rear, 151

Roll Center, 1, 2,9, 23, 25, 28, 32, 33, 34,90, 92, 117, 119,
122,123,124, 129, 134, 141, 144, 146, 147, 148, 151, 159,
160, 161

Roll Center Calculator, 1, 9, 23, 33, 151, 159, 160, 161

Roll Center Calculator Plus, 1,9, 151

Roll Center Migration, 141

Roll Center, Force Based, 159

Roll Center, Kinematic, 159

Roll stiffness, 30, 91, 92,93, 129, 149, 151

Roll Stiffness, 91, 92, 93

Rolling Radius, 61

Roof Height, 60

RPM at HP Peak, 55, 56

RPM at Peak HP, 54

Rule of Thumb, 91, 93, 94, 141, 151

Running Conditions, 5, 20, 45, 50, 65, 66, 97, 98, 101, 111,
112

Safety, 3

Satchell (Terry), 142

Save, 1,5, 13, 14, 33, 44, 83, 84, 88, 115, 117, 147
Save As, 33,44, 117

Scales, 78, 79

Scrub, 28, 30, 92, 93, 146, 151, 160

Scrub Radius, 28, 30, 92

Sec, 50

Setup, 13, 75,91, 110, 148

Shim, 33, 35

Shock, 27, 31, 92, 123, 129, 151, 159

Show Dive & Roll, 23, 31, 122

Single Step, 91

Spindle Angle, 28, 30, 35

Spoiler, 19, 20, 151

Spring, 27, 28, 29, 30, 31, 39, 40, 41, 42, 43, 62, 63,92, 117,
123, 160, 162

Spring Compressn, 123

Spring Deflection, 31

Spring Front Height, 41

Spring Length, 29, 63

Spring Rate, 27, 29, 30, 39, 41, 42, 43, 62, 92

Spring Rear Height, 41

Spring Rear to Axle, 41

Spring to Axle, 40

Spring to Centerline, 40, 41

Spring Width, 63

Spring, Travel Limits, 159

Sprocket, 59

Squat, 129, 159

Static Camber, 134

Static Layout, 23, 28, 29

Stiffness, 30, 91, 92, 93, 129, 149, 151

Straight Axle, 28

Suspension, 5, 1, 7, 9, 18, 22, 23, 24, 25, 28, 29, 30, 31, 32,
33,34, 35,36, 37, 38, 42,43, 44, 47, 49, 58, 62, 64, 65, 69,
81, 84, 85, 89, 90, 91, 92, 93, 94, 105, 110, 111, 112, 115,
117, 118, 119, 120, 122, 123, 124, 125, 129, 133, 135, 141,
144, 146, 147, 149, 151, 159, 160, 161

Suspension Calculations, 91, 92

Suspension Layout, 23, 25, 31, 32, 34, 42,92

Suspension Library, 117, 118

T Bar Rate, 29

T.Bar Arm to Centerline, 42

Tech Help, 3, 4

Test Results, 5, 14, 20, 49, 69, 74, 87, 89, 90, 91, 99, 101,
102, 103, 114, 123, 124

Thick Lines, 11

Thin Lines, 11

Tire Change, 145

Tire Diameter, 22, 60, 61, 141

Tire Scrub, 141

Tire to Centerline, 38, 40, 41

Title Text, 161

Titles, 77

Torsion Bar Diameter, 63

Torsion Bar Length, 63

Torsion Bar Rate, 29, 30

Torsion Bars, 29, 30, 42, 43, 62, 63

Total Vehicle Weight, 58

Total Weight with Driver, 18

Track Length, 48, 104, 123

Track Weather, 45

Traction, 2, 21, 22, 51, 61, 62, 67,90, 91, 109, 114, 122, 127,
129, 131, 132, 134, 142

Traction Factor, 2, 22, 61, 62, 67, 109, 110, 114, 131

Trailing Arm, 38, 39, 41, 42, 43
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Transition, 142, 151 Version 2, 1
Transmission, 12, 17, 21, 39, 59, 109, 132, 133 Vol Eff, 54, 55
Travel Limits, 159
Tread, 22, 60, 61, 110 Weather, 5, 8, 45, 46, 47, 65, 66, 85,97, 111
Tread Width, 22, 60, 61, 110 Weight %s, 53, 57, 90, 107, 108, 133
Truck Arm, 37, 39, 41, 42, 43 Wet bulb, 65, 66
Turn #, 50, 51, 90, 160 Wet Bulb, 65, 66
Type, 13, 19, 21, 24, 28, 29, 33, 34, 35, 37, 38, 39, 42, 43, 44, Wheel Rate, 27, 29, 30, 92
48,59, 61, 62, 64, 67,99, 109, 112, 131, 149 Wheel Rim Diameter, 61
Wheel/Tire, 21
Understeer, 142, 143, 151, 160 Wheelbase, 18, 58, 109
Upper Arm Angle, 27 Wheels & Tires Wt, 21
Upper Arm Length, 27 Wind Resistance, 19
Upper Ball Joint, 26, 28, 119, 120, 121, 123, 124 Windows, 1,2, 4,5, 13, 14, 15, 19, 33, 43, 44, 75, 84, 89, 91,
Upper Frame Pivot, 26 97, 106, 135, 141, 148, 152
Upper Spring Pad, 27 Windows Print Setup, 33, 44
Upper Strut Loc, 28 Worksheet, 24, 33, 38, 44
Vehicle Library, 5, 6, 8, 69, 81, 83, 88, 98, 105, 115, 117 X&Ht Readings, 119, 120, 121

Vehicle Weight, 18, 53, 57, 108, 132, 133
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