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The Circle Track Analyzer makes calculations based on equations and data found in various published
and heretofore reliable documents. The program is designed for use by skilled professionals experienced
with engines and vehicles. The following processes are hazardous, particularly if done by an unskilled or
inexperienced user:

- Obtaining data to input to the program
- Interpreting the program's results

Before making measurements of or modifications to any vehicle, engine or driving situation, DO NOT
FAIL TO:

- Regard the safety consequences

- Consult with a skilled and cautious professional
- Read the entire user's manual

- Obey all federal, state & local laws

- Respect the rights and safety of others
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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:

e  Mouse driven user interface compatible with Windows 98 through Vista for easier operation and
better print capability.

e Improved Front Suspension layout screen, very similar to our popular Roll Center Calculator.

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

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

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

e 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.

e 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.

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

e  Better printing of reports.

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

e 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 3-5, pages 165-198 for Features added in Versions 3.2, 3.5 and 3.6.
Also, v3.6 can be “unlocked” into 3 different versions, just Roll Center Calculator v3.6

(front suspension only), just Roll Center Calculator Plus v3.6 (front and rear suspension),
and the Full Circle Track Analyzer v3.6.
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1.2 Before You Start

What you will need:
e 128 Meg of RAM.
e Approximately 8 Megabyte of disk space.
e  Windows 98, Me, XP, 2000, NT, Vista
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:

Much of the input data to the software is estimated.

Even if the input data were exactly correct, the simplifying assumptions within the program will
limit the accuracy.

Environmental conditions, driver performance, track conditions, etc. are rarely constant and
repeatable.

The software should be used as a guide to:

Help you understand how an vehicle works; what parameters are important, how parameters
interact, what are the tradeoffs, etc.

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.

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

Figure 1.0 Installation

Wizard

E Performance Trends Installation Wizard

— Engine Performance Programs —

—Drag Racing Tools

=13 x]

—Data Logger Programs

Builds

Inztall Thiz Program View Inztall Thiz Program Yiew Inztall Thiz Program View
Engine Analyzer I Erochure | Dirag Flacing Analyzer I Brachure I Dyna Datatdite I Erochure I
Engine Analyzer Flus I Brochure | Drag Race Analyzer Pro I Brachure I Drag Race D ataMite I Brachure I
Engine Analyzer Pro I Brochure | 4 Link Calculator I Brochure I Road Race Datalite I Brachure I
Practice Tree I Brachure I lm Brochure |

— Engine Tools

Inztall Thiz Program View

—Circle Track/Road Race Tools ——

Comp. Ratio Caloulator I Brochure | Install This Program View
Cam Analyzer I Brochuie | Fioll Center Calculator I Brachure I
Part Flow Analyzer I Brochure | Circle Track &nalyzey I Brochure I
Sirl Meter I Brochure | Suspension Anal}lz‘é I Brochure I
Tumble Fisture I Brochuie | Trans. Gear Ealcy{atnr I Brachure I
Fuel Inj. Calculator I Brochuie | Lapfsegmentﬁmer I Brochure I

Click here to install

_J

{Stop ;

— Other Prod
Install This Program Yiew

Fuel Econamny Calculator | Brochure |

— Upcoming Products
Install This Program View
Circle Track Log Book. I Brochure |

I Brochure |

Inertia Calculator

Y alve/Coil Spring Tester I Brochure |

If you purchazed a program. click on that product’s button to install it as dezscribed on your
installation sheet. You can install any of our other programs here az demos to see their features.

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,
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

®. Circle Track Analyzer ¥2.0 Performance Trends [ LATEMODL }

File [vehicle] CalcLapTimes  Help(F1]  Preferences LATEMODL
is name of
1] Y¥ehicle Librar: Calculate Lap Times Find Best Gear Ratio Hel .
| Save Vehiclmlary I | Match My Lap Times I | Quit Program I SpeCS
~ currently
" Wehicle Specs <'\'Vehicle Summary being
| Engine | 365 cubic inches, worked with
; : z at 5250 AP and 400 HP at 7500 Rk
- ight: s [B2% rear, B0 left, B5% cross)
i | Ayle Fatio: B.2 gar Tires: 87.5" and 87 5" circumference Click here
- Front Susp. File: untitled  for a Double & Arm with Coll Springe Track: 64.0" :
pontusRension | Rt Spring: 400 Lt Spring; 400 Rt Camber; -3 Lt Camber; 1 to dlsp_lay ,
Rear Suspension | Rear Susp. File: untiled  for Trailing Arme/Coil Springs/Panhard or J Bar all VehI_CIe S
Track: 64.0" Lt Spring: 200 Rt Spring: 200 saved in
Vehicle
Running Conditions 1 lerary
Show All Comments I
[ Help: : C ts: Click here
Click. here ta apen the Vehicle Limited "Late Model’ - to displ
Library to pick & new wehicle to 500 Holley 2 BEL gives about 400 HP @ 7500 O display
work. with. Dillon front suspension layout the menu
shown in
=l Figure 1.2

iﬂﬁlaltl“ g % [=] @ “ KMicm...l @E:-cplo...l Grap... ”E‘:, Cir... | E(ﬂg@ 113 PM

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.
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|
o 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.

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.

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

Figure 1.2, Calculation Conditions Menu
M Circle Track Analyzer ¥2.0 Performance Trends [ LATEMODL ] ===
File [vehicle) = = L=l = o
# w. Running Conditions
@ [ Track Weather " Track Specs
Save ¥eh | Method of Reading Weather Data [Type | Uze Specs Below ;”
2 Track Surface -
- Vehicl | |Asphalt _||
|Con_ Barometer. "Hg 29.92 Track Layout Bank Angle
— |Ail Temperature. deg F 85
Relative Humidity, % c . i
|ealve umidity 49 @
|Elevalion, feet 1}
Fr
Ry | Reponts/Graphs |T'aCk Length_ ft |1 980
|§how Results Every... | E— ;" Infield Width, ft 500
- |§ank Angle. deg ]
" Help .
i Click. on arrow to select how pou want ta enter I Driver - C||Ck here tO
weather info and the type of instruments pou wil
[Help: | use. or select from the list of Typical weather |T.\FI3'e | Us% Below ;” CalCU|ate I—ap
Click here | conditions [Midwest assumes 1000 ft and mountains i T
calculatic | azsumes 2000 ft elevations). p &0 Mccyg'glessweness Moderatly Aggressj] ime
\;v;eaé::a;; / E'éke Aggressiveness | hoderatly Aggressj performance
Performan I
Back | Help I Calculate Lap Time | Print I Printer Setup | lS:hOWn |1n3
igure 1.
iaStall”J e % @ @ |J @Micro...l @ Explo...l Grap... | £ Circl... II . Run... | %(ﬂ? 1:18 FM

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.
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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.

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

Figure 1.3 Calculated Results with Lap Time Results
M Circle Track Analyzer ¥2.0 Performance Trends [ LATEMODL ] - Summary
1]

= Mates Sunimarny: Low Lift Coef. Click on Matas for Mew Lap Time 1612 M 837

@ - _Notes | B Las T 1612 a a7

: Comments mprovemst .

’ Click on slide

Time |Feet |MPH |Accel Gs |Z Throttl§\|Eng RPM |Turn i’ |Eurvature|DownFolce|EomerEs N 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 40 100 274 336 358 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 256 54
1.40 143 75.0 39 100 5782 224 46
1.60 165 76.7 .39 100 5913 194 .39
1.80 188 78.4 .39 100 6044 167 33
2.00 211 80.1 .38 100 6174 146 28
2.20 235 81.7 .38 100 6302 128 23
2.40 259 83.4 a7 100 6429 114 .20
260 (284 850 37 100 6554 T 12 Summary of
2.80 309 86.6 .36 100 6677  |2/4 1792 88 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 3 100 7147 - - -29 14
3.80 442 94.1 2 100 7258 - - 29 14 on Notes
4.00 470 9.5 32 100 7366 . 29 14 button for

ﬂStall”J g % @ . @ “ I Micro.. | 3y Explo.. | .Grap ”,!‘-T ”m more info.
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Figure 1.4, Calculated Results with Help Definition

k. Back  Graph  Print  Analyze Suspension  Analyze Perf  History Hew'd.)\ -|E|1|

: Notes_| NewlapTme~Edz wed 237 Click here or press
E - Comments

Last Lap Time 1612 237
Improvement .00 0 the F1 key for
Time [Feet [MPH |Accel Gs [% Thiottle [Eng RPM [Tumn #  |Curvature|DownForce[ComerGs «

Motes Summary: Low Lift Coef. Click on Maotes for
mare Details.

general help on what

00 0 55 00 0 5054 274 284 395 87 your options are at
20 19 658 14 36 5071 24 206 395 87 | this pointin the

40 39 666 .28 71 513 24 304 381 8 program.

&0 59 681 4D 100 5247 244 33 358 78

80 79 69.8 40 h3ig2 24 384 377 il
1.00 100 715 40 100 24 450 290 62
1.20 121 733 | 100 5649 h2F 296 4 By clicki ngona
1.40 143 75.0 .39 100 b7g2 2M 623 224 A6 number in the
1.60 165 76 [y 39
Definitions of Results X
180 188 78 a5 results, an
2.00 211 80 AccelGs = .40 &t the conditions: .28 explanation and
2.20 235 81, .23 niti i i
240 259 g3 B0sec. BBIMPH, 53feet fromstart of Tum 2 20 definition is given,

including a page

260 284 85 Definition of &ccel Gz Vehicle acceleration rate in Gz [1 G is 22 A7 . .

280 308 86 MPH/second). If the tires are at the limits of traction [cgpable of spinning] the 14 number in this
3.00 335 88, [Gsvalueis followgd by an ‘8" and % Thiottle and available engine torque are .07 manual for more
3.20 361 89, reduced from 100%. p 58 -05 |nformat|0n .

3.40 387 9. -.08

3.60 415 92, -14

3.80 442 94 -14

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

ﬂSlarl”J‘£ & @ F ® | I Micro. |@Explo |ﬁﬁrap ”f' G ""”_%4]$®- -1:33PMv

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.

8
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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

Command
M. Circle Track Analyzer ¥2.0 Performance Trerds [ LATEMODL ] buttons to
FEile [wehicle | LCalcLapTimes  HelplF1]  Preferences
{ — Save or Open
| l]pen,lehicle Library I | Calculate Lap Times I | Find Bestlaear Hatio I | Help I a Vehlcle flle,
T
| Save ‘Iehicle to Library I | Match My Lap Times I | Quit Program I CalCUlate
] performance,
I Vlfhicle Specs | [Yehicle Summary and perform
- Engine File: untitled 355 cubic inches, H
Enoing | 319 ftIbs 2t 5250 RPM and 400 HP at 7500 RPM other special
e | Weight: 30004hs _[52% rear, 6% left, 55% cross] calculations
Axle Ratio: 6.2 1 Tires: 87.5" and 87.5" circunference
- Front Susp. File: untitled  for a Do A owith Coil Springs Track: 64.0"
Front Suspension I Rt Spring: 400 Lt Spring: 400 Rt CamBered_Lt Camber: 1 This area gives
Rear Suspension | Rear Susp. File: untitled  far Trailing Arms/Coil Springs/Panhard or J Bar a general

Track: B4.0" Lt Spring: 200 Bt Spring: 200

description or
| summary of

Show All Commenlsl each of the 4

H‘.lnning Conditions

"Help: L g
Click on Wehicle Specs' buttons Limited ‘Late Model' - menus Of
to see Vehicle specs. Click on 500 Holley 2 BBEL gives about 400 HP & 7500 i
E_l‘?lTjUhte erforman?e' ar 'Cals Dillon front suspension layout SpeCS WhICh
' button\to see performance.
Click on 'H¥lp' in menu line for make up a
m‘le detaildd info on options. \ LI vahirla
AN

l@\e. @A D || Fhicno. | @Na.] KgiGep. [ cir [BY@ 1:45Pu

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

V3.6 can be “unlocked” into 3 different versions, just Roll Center Calculator (front
suspension only), just Roll Center Calculator Plus (front and rear suspension), and the
Full Circle Track Analyzer v3.6. This can significantly change the appearance of the Main
Screen. Check Appendix 5, page 191.
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Figure 2.2 shows the Engine menu with explanations of options for most component menus.

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 frgm Engine gnalpzer Commentz Help
~ B3se Engjne Specs [ " Full Power Curve
L | s Ié. 350 400
|D| kplacement, cu in 'E‘a Ty "\.| HP
CCs 58129 | Liters I 200 I
+ 300
|Elutch | td Diamter tlutc:h.-"FI_l,lwheel Lll 250 / l
/ + 200
" Comments 200
Typical 355 Chevy with 500 2BBL | ~ /
carb. 1100
150
100 1]
2000 4000 E000 2000 10000
=1 | rpm Tq HP RPM Tq HP
” Help 22580 255 1039 7a00 280 400
Engine sizd or dizplacement in cubic inches. 3000 277 158 8250 239 376
pl6 3750 297 212
4500 211 267
5250 313 319
000 318 363
\ E7B0 306 393

\ 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.

e Obtain further help on this screen.
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2.1 Preferences

Click on the Preferences item in the menu bar at Figure 2.3 Preferences Menu
the top of the Main Menu screen to drop down the Available from Main Menu

Preferences shown in Figure 2.3. Here you can brformance Trends [ LATEMODL |

adjust some program items to personalize the I—
program for your needs. Freferences
Beaginner Level

—_—

'E'_I'[ v Experienced Level tG
Bedi /E . dL | abt » Engine Graph - Thick Lines P
eginner/experience eve | Eragine Graph - Thin Lines
If you select Beginner, the program will lock out I Restart Dizplaving Help Tips
the more complicated features, make more checks T Engine File: unhtled 355 cubic in

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 to anyone new to computers or this program.

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”.



(C) Performance Trends Inc 1999 Circle Track Analyzer Chapter 2 Definitions

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.
e here to set the amount of detail you want to give the program about the

NnNAW/Aar clin/a

w Engine Specs [ LATMOD-4 BEL 1

Back File Calpulate Load from Engine dnalzer  Commmmes Help Name of
" Basze Engind Specs = | [ Full Power Curve current set
- : 500 500 of Engine
Dizplacement. cu in -EE| -
lcc 55201 Lit 5 ( "y | Specs. You
5 ] iters (5, 1 H
I 400 400 give the

]
- Specs a
|E|“l3h Std Diarnter Clutch/Flwwhesl | = / 1L
| = - / A\ 30011 name when
" Comments / N ‘ Lann you save
Typical 355 Qhevy with 750 ﬂ \ then
N,
N}
|

Holley 4 barrgl carb. zingle plane

i[;llakﬁ,znuuzles t::ilc;né plate. stock 200 + 100 Torque and
art . ap _b cast mon
heads. solid flat cam, 10-1 CR, 100 . HP graph
e 2000 3000 4000 5000 6000 7000 £000 based on
=] data in table
RPM Tq HP RPM Tq HP below it
" Help o000 |[zo |[177 5500 |[340 ][4z Note that
Engine size or disflacement in cubic inches. 3500 | [33s 225 000 |27 L]
016 aoon | [0 [3E 7500|717 | B0 HP has a
4500 |[#7 |8 separate
5000 | [479 399 scale on the
BR00 403 427 nght side.
Eo00 | [ 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.
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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.

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.

15
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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.

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

16
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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.

2.
3.

If an Engine Analyzer program is not

currently running and “talking” to the Figure 2.5 Menu to Start Up an Engine

Circle Track Analyzer, you can also start | Analyzer Program

the process by clicking on the Load from — Switch to Engine Program

Engine Analyzer menu command. You I

will get the screen of Figure 2.5. "Windows Engine Program
! Engine Analpzer EZ Lk Faw By
(& Engine Analpzer ¥2.51 Look For It
! Engine Analypzer ¥3 Lannh Faw B
! Engine Analpzer Pro Lk Fow By
' Other "custom configuration™ |isaoh For i
Program LAL Hame | |
Lanation {path | |
Frogam loon Hamne | |

‘DK/Switch Help | Cancel

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.

The Circle Track Analyzer will be automatically activated and run.

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.

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.

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.

17
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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.
®  You do not own the correct Windows version of Engine Analyzer program.
e 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.

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).

<]

|D \ag Coefficient

|Li Coefficient

21

|Fn:\ntal Area_ sq ft

" General ¥ehicle Specs ransmission
[Tjotal Weight with Driver, Ibs Fype |Std Dty b anual LI'
Rear % Corner Weights rlatiu of Trans Gear Uzed 1
7o5 | [O—[s45
Left 3 | | | | 'IHear Wheel/Tire Specs
|Emss % 55 |1 Qos | O=-{ |555 | |TPPE | Typical Racing Tire [average traction] ;||
|Height of C.G.in 17 |A.\r|_:| Wheel & Tire Wi, lbs 40
r'w"heelhase, n 108 |E' = Ll gl
ircumference. in (875
|Flear Axle Ratio 6.2 |5tagger, i 0
R Axle T -
| ear Axle Type |Standard Duty _|| |TIE-E“:| Width. in 10
T Aerodynamics [Traction Factor, % 96
|T*'F“3 | Uze Specs Below LI'

" Help : ; o
The weight aof the wehicle with the driver in pounds. p 26

\ Back I Help

Print

|

Printer Setup

1

/

L

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

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 Figure 2.8, Estimate of Height of CG

Describes the height of the vehicle's Estimated
center of gravity from level ground. Height

A sports car will have a lower CG of C.G.
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 | 1 Tk~
cornering, generally overloading the
right tires and reducing lap times.

|~ + 5inches

. L ) Ground Height of Front
This information is not readily of Crankshaft

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).
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L. |
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.

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.

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.
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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 acrodynamic 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 acrodynamic 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 Cl1 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 1

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%
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2" Flat Spoiler (width of vehicle) .00 -25%
4" Flat Spoiler (width of vehicle) +.08 -35%
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  Change the vehicle's attitude from the production
attitude 4 degrees, where a negative angle of attack is
when the front is lowered and the rear is raised.

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 typical 1970s or
earlier design). Most modern, production designs
integrate air dams for optimum Cd, therefore adding an

Spoiler Angle In Table 2.3
Spoiler Angle In Table 2.

Side View of
Rear Deck

\\ ,,,,,

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
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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 Cl of -.08.

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

aerodynamic downforce, which depends on Lift Coefficient, Frontal Area, vehicle speed and air density.

Technical note: Lift

Coefficient is multiplied by ~ |Figure 2.9 Frontal Area
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 Vehicle Height
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.

Frontal Area, sq ft
Track Width

The frontal area is the area
in square feet the vehicle's
silhouette occupies when

viewed from the front. Use | prontal Area, sq ft = Vehicle Height (in) X Track Width (in)
the formula in Fig 2.10 to 144
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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
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 torque converter, even if an automatic transmission is 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 Figure 2.10, Tire Circumference
Left
Right

The circumference of the Left and Right
tires is the distance around the tread as
measured with a tape measure. See Figure Circumference
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

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

POb=

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 Flgure 2.11 Static LayOUt Dimensions

measurements. " Static Layout Dimensions
Right [X] Height Left [X] Height
. . A Upper Ball Joint &
Taking Suspension B Upper Frame Pivot H
Measurements C Lower Ball.lum_t |
D Lower Frame Pivot d
E Upper Spnng Pad K
You enter the measurements frqm your F Lower Spring Pad L
car's front suspension members into the
Layout Screen. To start, park the car on Length Angle . Length Angle
. Upper Arm Dim.
a flat, level surface. First we must .
. . R Lower Arm Dim.
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 rear
suspension’s centerline is now 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.
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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.

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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Figure 2.12, Finding Car Centerline and Measuring Front Suspension Points

Car Centerline
Preferred method is to use

/ N\ center of engine / N\

«—X—> crankshaft

=
1_2—_3 l c—

L J Y/ Height L /
Half the distance between \: T

the lower arm mounts can
also be used as centerline

()

Alternate Car Centerline

Half the Track Width
(the distance between
; the center of the tire
% patches) can also be
used as the centerline.
\_ J J
< />

< Track Width

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

The Roll Center location and Left and :

Right Instant Centers are also drawn Figure 2.13
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

Important Options for Entering

Measurements
[ 96-BUSCH_LOwW ]
Options  Suspenszion Type  Shim Comments

Fuspension Specs
Hel

E nter *E&Ht Beadingz. Frame & Ball Jnt= 5

|||.I.|

-
=
A

opposite side of the suspension. For v Enters<&HE1 End. Arm Len & Angle

example, Right side’s Instant Center — o« Draw Estension Lines

will usually appear on the left side of Dor't Diraw Estension Lines

the Suspension Layout drawing. The 3

w Background Car Lavout Color - Light Graw
B ackground Car Lavout Color - Dark. Gray

Roll Center is black on most
computers, and the Instant Centers

match the colors of the Left or Right w Camber Changes with Mew lnputs il
suspension drawing. If these locations Camber Does Mot Change with Mew [nputs

are off the Scr.een’ th.ey are drawn at Camber G ain Definition Specs

the correct height with an arrow

pointing to their "off screen" location. [zm » Show Spindle Angle

[T

Dion't Show Spindle Angle

mLre omE - mom [ wa re mw
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Double A Arm Measurements

Upper Ball Joint Location

X is the distance from the car Figure 2.14 Measuring Ball Joint Locations

centerline to the center of the ball

joint on the upper arm on either i Measure to what you

the right side or left side, in inches. \L visualize to be the center
Height is the distance from the e of the ball inside the joint.
ground to this same location. See .~ N

pages 27-30 for a definition of N ;

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

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.

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 Correct Incorrect

other ball joint. i

Length of arm is ( )
w here this line

intersects the

axis of the arm.

Axis of the arm

is a line joining N

front and back ~C ) \ \ ),

mounting points.

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

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.

32



(C) Performance Trends Inc 1999 Circle Track Analyzer Chapter 2 Definitions

Upper Arm Length
Length of upper right arm from Pivot Center to Ball Joint center as viewed fiom 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.

McPherson Strut

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.

33



(C) Performance Trends Inc 1999 Circle Track Analyzer Chapter 2 Definitions

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. Figure 2.16 Lower Strut Location

Do Not use mounting holes if
Lower Strut Loc. they do not 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. Use a point which does lie
Therefore if the mount is to the side of the strut’s line | on the line of action

of action, choose the point at the mount’s height, but of the strut.

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.
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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.

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.
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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 Ibs 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.

Spring Angle Figure 2.17 Other Dimensions &
Specs Section of

Installed angle of spring measured between spring Main Screen

centerline and vertical, in degrees. You can not enter this

value directly. This angle is calculated from the X and e SpEEs Right Left
Height for the Upper and Lower Spring Pad Locations. Spring Length 9.06 | ([9.15
This value is useful to check that your X and Height Spring Angle 20.3 21.8
measurements are entered correctly, as it should closely Spring Rate [ [770 724
match your installed spring angle. Wheel Bate 344 735
Scrub Badius R0 h.2

Stc Camber, deg 205 | |2

Spring Rate (T. Bar Rate for Torsion Dyn Camber. deg

\ Track. in |61.0 30.5 305
Bar Suspensions) King Pin Angle  [{0.70 | [7.97

Spindle Angle B.65H 9.97

Is the force required to compress the uninstalled spring 1
inch, in pounds. The spring is assumed to be linear, that Roll Bar Rate, Ib/in 250
is if 500 Ibs compresses the spring 1", 1000 Ibs will Roll Bar Length. in 38
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
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rate (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

The force required to move wheel center Camber Angle

1 inch up while the chassis does not Vertical s (negative angle shown here)
move, in pounds. This is a calculated \A

spec (can not be entered directly) and (—“ — Spindle Angle
depends on the Spring Rate and ;

suspension geometry.

Scrub Radius v

King Pin Axis
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).

3 ,i/ Scrub Radius
Camber s

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.
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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.

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.
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Figure 2.19 Roll & Dive Options
Choose the Yes option to enable Dive and Roll
Type in Dive and/or Roll here,

5hu Dive & Roll _Or click on Arrow b_uttons to
Yes D h | de Draw increment automatically
M WE "c i Click here to draw layout big

' Mo and show spring compression

Dive

The amount the car's front end drops compared to its static (standing still) height. To simulate the front
end rising, enter a negative (-) number.

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.
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2.4.4 Suspension Layout

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

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 iz front wiew of suzpenzsion zo left zide of screen 12 actually nght side of c4r.
Gain based on 1" Dive,
X e °
/? - | e
// o 7
F_____——B O‘ o
|
FI&II Center height = 6.7 Holl Center Left = 23\

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

Menu Options

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

Back
File

Options Figure 2.21 Menu Bar Options Available
Suspension Type

Shim . Front Suspension Specs [ UNMTITLED ]
Comments

Help Back File Optioh:  Suspension Type  Shim Commentz  Help

These are discussed in this section.

Nogakr~wON~

Figure 2.22 File Options
Flle ont Suspension Specs [ UNTITLED ]

Fle Options  Suspension Type  Shim

Mew Front Suspenzion
Open Example Front Suspension | [
Open Saved Frant Suspenzion Il

Click on File to present several standard Windows File i
options: n
New Front Suspension blanks out all the current spec w v el

. Sawe As Front 5 i
inputs, calculated values, comments and changes the current Ve 28 TR SHEpEen

Front Suspension file name to Untitled. Print -
Print Blank Work sheet f
Open Example Front Suspension presents the Windows Print Setup

Circle Track Analyzer’s File 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 particular Front
Suspension Type. These are provided to let you see typical measurements for different types of Front
Suspensions, and are saved in the XFRONT folder (directory).

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
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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;,%72 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.

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.
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Draw Extension Lines Figure 2.23 Main Screen Options Menu
Don’t Draw Extension Lines 5 uspension Specs [ UNTITLED ]

Options  Suspension Type  Shim  Comments Help

v Enter ®x&Ht Feadings, Frame & Ball Jnts
Enter #=&Ht 1 End, Armn Len & Angle

|||.I.|

Lets you choose if imaginary extension lines
should be drawn in the Suspension Layout.
These extension lines help show how the
Instant Centers and Roll Center are arrived at.

-
—

» [raw Extenzion Lines
Don't Dirawe E =tension Lines

v Background Car Layout Color - Light Gray

B ack d Car L E Color - Drark G
Background Car Layout Color - FERAIOUNE Za avaLh Zoier T Tar S

H Camber Changes with Mew lnputs
Light Gray
w LCamber Doez Mot Change with Mew [nputs
Background Car Layout Color - -
Dark Gray Carber Gain Definition Specs
I v Show Spindle Angle
Lets you select the color for the background _a Don't Show Spindle Angls
car and suspension drawing in the Layout (X1 Height Left (<] Heigh

screen. The Background Car shows the static
position of the suspension and car before any Dive and/or Roll.

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 Figure 2.24 _Camber Gain Specs Menu

Change with New Inputs” option. This Camber Gain Specs

prevents Camber from continually being “Camber Gain Specs
changed (possibly to very unusual
values) as you enter new measurements. Type of Calc | Use Specs Below |£I

Once you have a new suspension Body Dive. inches | D
entered, choosing the “Camber Changes

with New Inputs” option works well to Body Roll. degrees |

see how suspension adjustments or
modifications will change tire camber. Notes:
Carmber Gain iz calculated bazed on howe camber
changes fram ztatic road height, to 2ome new

) Lo combination of dive and roll. Standard Conditionz are
Camber Gain Definition Specs 1" Dive and 0 degrees Roll

Click on this option and you get the
menu of Figure 2.24. This menu lets you Help Cancel
change the amount of body movement —_
the program uses to determine Camber
Gain.
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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. If you 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.

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.

Figure 2.25 Suspension Types

Suspension Type

Suzpension Type  Shim  Comrnents

v [ouble & Armnowith Coll Springs

Click on Suspension Type to choose the type
of Front Suspension layout. As you change

E = I

Suspension Type, various options will be |.'r'
enabled or disabled. For example, the Shim tcPhearzon Stout m
option for inputting the Length and Angle of Chraiaht Aele w Panhard Bar

the Strut are only available for Double A Arm d : )

suspensions. Also realize that if you switch Diouble & A owith Torzion Bars

Suspension Types with a current set of

1

suspension dimensions, the drawing will look
very unusual.

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

Roll Center - Performance Trends Inc. |

File Options Suspension Type Table & Graph L Camber Gain Definition is
-
Thiz iz front view of suspension o left side of screenisact/kﬁ;ht gide of car. a|WaYS shown here
Camber Gain: - 50 Gain based on 1" Dive Camber Gain: .39
and 2 dag Foll Struts replace the arms
drawn for the Double A
Arm suspension type.
’ ﬁé{—v
Strut dimensions replace
Roll Center height = 2.6 Roll Center Left = .7 the Upper Arm
O° e 1eign = & - o= ener _eT =, dimensions here also.
" Static Layout Dimensions
Right [¥] Height / Left [X]) Height ~ i ;
A |22 26 pper Strut Loc. 22 25 G| |Showl The .Shlm option or
B (24 : e B L, | B s H | O yes inputing the Length and
e . Lower Ball Joint 5% 1 I | ®No Ang_le of the Strut are not
Di7g [ Lower Frame Pivot [g g [ J avallable_ for this
E (7 165 | Upper Spring Pad |24 165 | K| Help [ suspension type.
F |22 [ Lower Spring Pad |22 [ L | | The dist.
wheel'z |
Length Angle Length Angle b laying
Strut Dim. MEazLIr
Lower Arm Dim.

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. Figure 2.27_Shimming Menu for Right Side

Then select whether you want to use Calc Shim Adjustment - Right Side

standard sixteenth (1/16) and eighth (1/8)

inch shims, or to enter some other Shim Thickness Added | |—1 875 |
'Custom' shim adjustment. After your E stimated Mew Camber will be | |—2_33 |
selection, the lower inputs will become = I—l'
enabled as appropriate. Selecting 'No CurrentiEamber s | 3

Shims' disables the lower inputs. - Shims Added

An estimate of the new Camber is given at Add/Remove |Add Shims |£|
the top for the shim adjustment currently . -

entered, with the Current Camber also M |5t*'=""":|5“":I Shims |£I
given for comparison. (If you have Not # 116 Shim= |1 |1|

selected the option at the Main Screen that

Camber should be adjusted with changing # 1/8 Shims

dimensions, you will be asked if you want — Wy R
Camber to be adjusted before it is.) R CHBSERT S5 | I:I

The entries and suspension layout on the ~Notes: -
Main Screen are not updated until you Thiz menu aszumes that Adding shims maves the
click on 'Use Calc Value'. FramEg Pt farthe_r ot fn:_um the car [reducing
negative camber, increasing positive camber). Some
chazziz [ex: left zside on zome Lefthander Chazziz)
work the oppozite, adding shims moves the pivot
irverard. [F pour chassiz iz like this, pick ‘Bemove
Shimz' when vou are actually adding shimsz, and vice
WETEa,

Usze Calc Yalue Help

Important: This menu assumes that Adding shims moves the Frame 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.
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Comments

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 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.

Figure 2.28 Comments Editing Screen Click here and start typing to change a

comment.

All Yehicle Comments

Engine 355 Chewy Aith Holly 500 4 Barrel - |
Comments for:

Click here to

UNTITLED / enable all

Ll comments

7 7 to be
Front Dill7(| double A Arm Front Suspenzion ;I editted. All
Suspension comments
Comments for: will now be
UNTITLED printed in
|| black
- - f instead of
Rear _ 200 Ib springs left and right ;I
Suspension gray.
Comments for:

UNTITLED

/ [

Total ¥ehicle [Limited 'Late Model :l

Comments forr (500 Holley ? BEL gives about 400 HP & 7500

LATEMODL Dillon front suspenzion layout

A
|

(0K keepchangesi| Cancel | Allmé Editing any Comments

N Click here to abandon any changes made to
the comments.

Click here to keep your changes.
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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 inouts are used.
Name of current Rear Suspension File

w. Bear Suspenzion Specs [ TRUCK-AR.MS ]
Back! Filg Commentz Help
B 5usp¥nsion Specs Left Side Top Yiew Right Side
|T-1"|JEI Tru-::l=:. Armnz/Coil Springs/Panhard or J B 4 j|
Left Right
Spring Rates, Ib/in 200 [200
|Tile to Centerline, in 305 30.5
|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.
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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.

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

A P
- Spring to Centerline
] Spring to Axle (positive
// direction, ahead of axle)
- ¥ | H\\I . Spring to Axle (negative
u [:,l direction, behind axle)
Tire to Centerline

Bear View Pnhd Bar to Centerline

heel Qate: b24

\_ Calculated Wheel Rates

. Spring Angle

Lt Wheel Rate: 215

Drawn Roll Center (black
dot)

Panhard Bar Heights

L Roll Center Location

Raoll CenterAHE 134.5 Rall Center Right; 0.0
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L. |
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 1bs compress the spring 1", 1000 1bs 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.

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.
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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.

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.
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Spring Rear to Axle

Distance from axle centerline back to the leaf spring’s shackles rear mount on the frame, in inches.

Figure 2.31 Leaf Spring Measurements

Left Side Top Yiew Right Side Spring to Centerline
d | Spring Front to Axle

- —1 S

[ ] A
v

| | P || Spring Rear to Axle

= | F~ /

e /7

Side Yiew
Lt Wheel Rate: 210 Rtwheel Rate: 210
Roll Center

Spring Rear Height
(measure to where
In shackles attach to frame)

Spring Front Height

Foll Center Ht: 11.9 Foll Center Right: 0.0
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Spring Rear Height

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

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, Ib/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.

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, Ib/in.

3. The Panhard Bar (or J bar) specs are replaced by the Jacob’s Ladder inputs shown in Figure 2.32.
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Left Side Top Yiew Right Side
h [ T—7Z10]
J. hﬁ
Rear Yiew
Lt wheel Rate; 200 Rt wheel Bate: 200

s

=

Raoll Center HE; 14.0 Roll Center Left; .0

Figure 2.32 Torsion Bar with Jacob’s Ladder Suspension Layout

L T. Bar Arm to Centerline

Roll Center Location

“To C/L” measurement for point
D. Other measurements done is
a similar fashion. If a point lies
to the left of the centerline, enter
a negative number.

“Ht” measurement for point D.
Other measurements done is a
similar fashion.

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.
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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 Optlons Figure 2.33 Menu Bar Options Available

In the Menu Bar at the top of the w Bear Suspension Specs [JACOBS. LDR ]

Rear Suspension screen, there are 4 Back File Commentz Help
main menu commands:

1. Back

2. File

3. Comments
4. Help

These are discussed in this section.

Figure 2.34 File Options
ont Suspension Specs [ UNTITLED ]

File Options  Suspension Type  Shim

F | Ie i Mew Front Suspension . %
p Open Example Front Suspension | [
Open Saved Front Suspension ol
Click on File to present several standard Windows File Save Front Suspension
options: Save Az Front Suspension
. Fririt -
New Rear Suspension blanks out all the current spec o
. Frint Bllank ‘work sheet
inputs, calculated values, comments and changes the current

Windows Frint Setup

Rear Suspension file name to Untitled.
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Open Example Rear Suspension presents the Circle Track Analyzer’s File 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 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:

/IN[]:|<>+=3;,%2 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.
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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

This combo box lets you select the combination of weather
instruments vou will use. includina an altimeter.

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.

w Rurining Conditions
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|Hfthm:| of Reading Weather Data |T_-,l e | zs Specs Below j|
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Relative Humidity, % 49 - 38 mi

| ’ @ i
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describe how

ort with Fel Hum

[FadcTy Fe

/ .
- Reports/Graphs Track Length, ft / [1980 aggressively
Show Results Every. . | 2 coconds j [Infield Width, ft / 500 you drive, or
: how close
[Bank Angle. deg / 3
" Help / you take the
Click an armow to select how you want to enter I Drriver / car to the
weather info and the type of instruments you will fani
uze, or select from the lizt of Typical weather |T5|pe | |Jze Specs Below j| I|.m|,ts of th,e
conditions [Midwest assumes 1000 ft and mountains = tire’s traction.
aszumes 2000 ft elevations]. p 50 Accel. Aggressiveness | haderatly J‘3'tEl§ITES$ﬂ
|Blake Agaressiveness | 1oderatly .&gglessj
Back I Help | Calculate Lap Time | Print | Printer Setup |
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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 acrodynamic 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.

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.
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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 If you 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.
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L. |
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.

Track Specs Figure 2.36 Track Specs

Type Track Length

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

Typical or specific tracks in the list.

Track Length, ft

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

Figure 2.37 Calculated Results

Improvement Summary

M Circle Track Analyzer ¥2.0 Performance Trends [ LATEMODL ]

L. Back Graph Print  Analyze Suspension  Analyze Perf H‘istnr_l,l Help(F1] -8 x|
[ FEa==| Notes Mates Sum_mary: Ly Lift Coef\ Click an Motes for Mew Lap T_ime 1612 M 93,7
ﬁ mare Details. LastLap Time  18.10 EE.2
: 1 Comménts Improvvement 1.9 17.5
Time |Feel |HPI\ |Accel Gs |X\Thmltle |Eng\HPM |Tum # |[ZuwatUIe|DuwnF0lce| CornerlGs =
.00 1] 655 .00 1] 5054 274 284 395 87 |
.20 19 658 14 36 h071 274 286 395 87
.40 19 66.6 .28 il 5135 274 304 3 .83
60 59 68.1 40 100 h247 274 336 358 78
.80 7 69.8 .40 100 5382 274 384 327 i
1.00 100 15 40 100 h516 274 450 290 62
1.20 121 73.3 .39 100 5649 274 527 256 it )
1.40 143 5.0 39 100 hig2 274 623 224 46
1.60 165 767 .39 100 5913 274 740 194 .39
1.80 88 78.4 39 100 6044 274 880 167 .33

w. Test History
Dan't Show Ristory Clear [eraze] Higkary  Print Help

TestTile | [I%a+e? [Lap Ft [intield \Bank] tnRPt{m=RPH] LapTime]Imp. [MPH  imp. [Carlen [«
latermod!: Thu Feb 2599 11:50 am 1580 500 5054 912 1612 8317 -
buzch-be.ech: Sun Feb 21 93 856 1758 280 2316 E45 1810 198 BEZ2 B2 -10.9
buzch-be.ech: Skin Feb 21 93 &:54 1758 280 8 35975 22 |1612 744

latemod!: Sun Fefy 14 93 1:20 pm 1980 500 8 b054 Y12 1612 |00 B3Y .0 .0

latermod!: Thu Feb\11 99 10:46 am 1980 500 \ 8 5054 Y2 1612 |00 83¥ .0 .0

latemod!: Thu Feb {193 10:46 am 1980 500 \8 5054 Y2 1BA2 XA -
Click on Test Title {12t column] to change it orto retrieve specs which\produced thoke results. Click in other columng for definitions.

el Il | T 3@ 11:544M

Click here to show History

|| @ A DA 9 || el Ve - |

Summary of Important Notes

Test History (not always shown)

Commands buttons for analyzing results
Tabular Results

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

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.
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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  Atthe 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
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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

cgmpute.r “scrat.ch pgds” for calculating specs like | Figure 2.39 Typical Calculation Menu
Final Drlve Ratio, Tire Circumference, etc. from Calc % Wt on Rear Tires
other inputs.

(Calc Rear Weight % 52.0 |
Notes: Calc Left Weight % 0.0 |
The starting values in each calculation menu are Calc Cross Weight 55.0 |
usually blanked out when the menu is opened. If Current Vehicle Wt Ibs 3000 |
there is other information in the program to =
estimate what one of your input values will be, it Veh. Wt from these Inputs. Ibs  [3000
may be loaded. As shown in Figure 2.39, the 4 o _
corner weights are already available based on the Yehicle Weights
Vehicle Weight and Weight %s in the Vehicle Left Front Weight. Ibs 795
Specs menu, and these values are loaded into the | _ _ I_—I
Calculation Menu. You are free to change them to Right Front Weight, Ibs 645
any other value. Left Rear Weight, Ibs 1005
Once enough specs have been entered, the Right Rear Weight. Ibs 555
calculated value(s) at the top of the menu will be
displayed. This calculated value(s) will now be " Hote:
updated each time you change a spec. If you want These weights shauld all be abtained with the
to use this calculated value, click on Use Calc driver in the vehicle.
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 Use Calc Value | Help | Cancel | Print
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.
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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

LSS T)

187,

Note that most inputs are disabled except Calc Figure 2.20 Typical Calculation Menu

Based On and Engine Cubic Inches. Select the I

Calc Based On choice from this Combo box.

. . Peak HP
Since you may not know what Volumetric [Pea |
Efficiency means, select Engine Description. [ ST A 5 LI
|Peak Torque BPM |
All specs except Vol Eff are now enabled " Performance Specs
(printed in black, not gray). All you have to do is [Calc Based On [ — -
pick a .general fiescription of your engine for the [Engine Cubic Inches 355
Desc. input. Since you are using a 350 Holley 2 VorEm | =
barrel carb with no restrictor plate, but “better
than stock” heads pick “350 2BBL - Ported Bl | -]
Heads” as the description. [RPM at HP Peak o
. " Motes:

You would be ready to Use Calc Values if the Thiz calculation will produce fappm;-cimate power
RPM at Peak HP was correct. From reading the curve specs based on very simple inputs. It

. . alwayps uzes the _Std Dpno' Corr Fe!c:h:u. Other
comments in this menu, you see that a gOOd methods of building power curves include
estimate of RPM at Peak HP could be around clicking on File. _then Open Examples; or building

X X power curves with one of Performance Trends

5500 for an engine with a 350 CFM 2 barrel Eng_ine Analyzer programs. Mote that res_tric:ted
carb. You now see the calculated Peak HP, Peak s FSESEDkzaBIBDr:LEEkM;;Zm dresticed
Torque and Peak Torque RPM displayed at the 2EELs peak around E500].

top of the menu.
Use Calc Valuel Help I I:am::ell Print I

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.
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2.7.1 Calc Power Curve

Circle Track Analyzer
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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
Peak Torque RPM

Are the values calculate from these inputs. If you
select Vol Eff, the Peak HP value is calculated
using the following assumptions:
e 85% mechanical efficiency at RPM at HP
Peak
e 35% thermal efficiency
e Gasoline as the fuel with an energy content
0f 19,000 BTU/Ib
e Dry air density of .0764 lbs/cu ft (dry air at
29.92” and 60 degrees) .

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. The RPM at HP Peak input at the bottom
of the menu is always loaded back into the
Engine specs menu.

These calculations are based on power corrected
to the standard aftermarket dyno correction factor
0f29.92” mercury and 60 degrees dry air. This is
the standard assumption used by the Circle Track
Analyzer for any power inputs.

Calc Based On

Click on this combo box to select from:
e Volumetric Efficiency %
e Engine Description

Figure 2.41 Calc Power Curve

Calc Power Curve [ x| |

|F‘eak HP 456.0
|F'eak Torque, it Ibs 371.0
|Feak Torque RPM h200

" Performance Specs

|Ea||:: Based On

Engine Descripticj|
355

[]
M
7500

|E ngine Cubic Inches

Vol EFf |

|DES'3- | 390 4EEL-Unlimited Heads
|FIF"H at HP Peak

" Motes:
Thiz calculation will produce approximate pover
curve specs bazed on very simple inputz. [t
alwayz uzes the 'Std Dyno’ Cor Factor. Other
methodz of bulding pawer curves inchide
clicking on File, then Open Examples; or building
power curves with one of Performance Trends
Engine &nalyzer programs. Mate that restricted
engines peak a lower BPMz than unrestricted
engines [350 2BBLz peak around 5500, 500
ZBELz peak around G500,

Helpl Eam::ell Print

Depending on your choice, certain inputs will now be enabled.
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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
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.
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Figure 2.22 Calc Displacement

2.7.2 Calc Displacement | TR ]|
|Displa-::ement, cuU in 3551

This menu is available by clicking on the -

Displacement Clc button in the Engine Specs menu. |D!3placement' E_ES S

When enough inputs have been entered, it shows Displacement, Liters 5.82 |

Displacement in Cubic Inches (which can be
transferred back to the Engine Specs menu by

" Engine Specs

clicking on Use Calc Value), Cubic Centimeters and Calc Based On Bore and Stroke j|
Liters. Bore. in 4.03
Stroke, in 3. 48

|Displa-::ement in CCs

Calc Based On Number of Cylinders g
L |

Click on this combo box to select from:

e Bore and Stroke

e C(CCs

e Liters
Depending on your choice certain inputs will now
be enabled.

|Displa-::ement in Liters

!

Helpl Eancell Print

Bore, inches

Is the Bore for this engine. Bore is the diameter of one cylinder.

Stroke, inches

Is the Stroke for this engine. Stroke is the distance the piston travels from TDC to BDC.

# Cylinders

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

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.
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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.

Figure 2.43 Calc Weight %s
Colc zWionRearTies 3|

2.7.3 Calc Weight %s Calc Rear Weight % 28

p28 |

|Ea|-:: Left Weight 3 61.6
This menu is available by clicking on any of the CLC [Calc Cross Weight % 547
buttons by the Rear, Left or Cross Weight %s in the - TR T £
Vehicle Specs menu. When enough inputs have been Current Vehicle W, Ibs 3000 |
entered, it shows Weight %s (which can be copied Weh. Wt from these Inputs, Ibs  [3180
back to the Vehicle Specs menu by clicking on Use _ _
Calc Values), the Current Vehicle Weight in the - Vehicle Weights
Vehicle specs menu (for comparison), and the new Left Front Weight. Ibs 250
Vehicle Weight based on the 4 corner weights entered
into this mengu & Right Front Weight, Ibs 640}

Left Rear Weight, Ibs 1100
The weight measurements should be taken with the

driver in the car, all fluid and fuel levels in race |H'ght ey e [ I&I
condition and on a very flat surface.

" Mote:
These weights should all be obtained with driver
in wehicle on a vem FLAT surface.

Left Front Weight, Ibs
nght Front We|ght, IbS Uze Calc '?'aluel Help | Ean-::ell Print |
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.
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2.7.4 Calc C.G. Height

This menu is available by clicking

on the C.G. Height Cle button in Figure 2.44 Procedure to Measure C.G. Height

the Vehicle specs menu. Block suspension (so springs can not be compressed).
The procedure to determine C.G. Rai_se one end_of car
height requires one end of the car a significant distance.

to be raised while accurately

measuring the wheel weights on ,
the other end of the car before and 2 T R TTTES NP
after the car is raised. The

suspension must be blocked so the

springs do not compress during Weighing Scale,

the process. This can be done by showing weight level  Block up tire level with scale
replacing the shocks with solid and raised. for accurate “level car” weight
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:

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

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

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

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.

New Total Front (Rear) Weight, Ibs

Figure 2.45 Calc C.G. Height

Calc C.G. Height. in [ ] |

[Calc C.G. Height, in 21.6

" Level ¥ehicle Measurements

l"w'heelhase 108

Total Yehicle Weight, Ibs 3000

|Tutal Front Weight, Ibs 1560

" Raized ¥ehicle Meazurements

|ant Tire Radiusz, in 139
|Distan-::e Raized, in 15

|New Total Front Weight, Ibz (1590

[Raize Front or Rear Rear j

" Mote:
See diagram and procedure in Section 2.8.4 in
manual, page sux.

Helpl Ean-::ell Prinll

The new weight on the front tires (or rear tires if the front of the car is raised) when the car has been

raised.
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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:

Ring & Pinion Gear Only (typical of most
rear wheel drive rear axles)

Quick Change with 4.56 Ring & Pinion
Quick Change with 4.88 Ring & Pinion
Chain Drive Only (typical of go carts, most
motorcycles, etc.)

Gear Reduction & Chain Drive (typical of
motorcycles where there is a chain reduction
between the engine and the transmission, and
then there is the chain ratio between the
transmission and rear axle)

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

# Teeth, Pinion Gear

Circle Track Analyzer Chapter 2 Definitions

Figure 2.46 Calc Final Drive Ratio
Colc Final Drive Rato 3|

|Ealc Final Drive Ratio 4.16 |

" Inputs

Type | Quick Change with 4.56 Ring & F j|

Ring and Pinion Ratio 4 55
[#T eeth, Clutch Primary Gear

it Teeth, Top Spur Gear [31]
it Teeth, Bottom Spur Gear 34

" Hote:
For drivetraing with a Primary gear drive bebween
the engine and tranzmizzion: Select 'Primary
Batia & Chain Drive' az the Tope if pau know the
Frimary R atio. Select 'Primany Gears & Chain
Dirive' if pou know the # Teeth on the Primary
Gears.

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

This is the number of teeth on the smaller pinion gear (or drive gear which attaches to the driveshaft) in
the rear axle. If you selected Gear Reduction & Chain Drive as the Type, this is the # teeth on the
sprocket or drive gear on the engine’s crankshaft. In almost all cases, this number will be smaller than #
Teeth Ring Gear.

# Teeth, Ring Gear

This is the number of teeth on the larger ring gear (or driven gear which attaches to the axle shafts
through the differential) in the rear axle. If you selected Gear Reduction & Chain Drive as the Type, this
is the # teeth on the 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.
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# 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.

# Teeth, Top Spur Gear

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

# Teeth, Bottom Spur Gear

This is the number of teeth on the lower (bottom) spur gear in the quick change.

2.7.6 Calc Frontal Area

This calculation is available from the Vehicle Specs menu and allows you to estimate a vehicle's frontal
area.
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Track Width, inches

Is the distance from the center of one front tire to
the center of the other 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.

Roof Height, inches

The distance in inches from the ground to highest
portion of the roof or vehicle in inches which
extends nearly the full width of the vehicle.

For example, for a truck with a roll bar behind the
cab, measure to the top of the roll bar, but not to
the top of one of the spot lights mounted on the
bar. However, if so many lights are mounted on

Figure 2.47 Calc Frontal Area

Calc Frontal Area, sq ft
. [19.79

Calc Frontal Area, =q It

"¥ehicle Dimenszions

Track Width, inches

(.
.

Roof Height, inches

" Hote:
T hiz zalculation iz only an approsimation of
Frontal Area, bazed on 2 eazily obtained
meazurementz. For most zituations [MPH ez
thar 150] Frontal Area will not have a large effect
anh perfarmance and this approsimation iz

‘Use Calc ¥alue! Cancel

the bar that they are nearly continuous for the full width of the vehicle, it may be more accurate to then

measure to the top of the spot lights.

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.

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.
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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

Identifies the tire's load carrying capacity. Click
on this combo box to select on of the letters. This

Figure 2.48 Calc Tire Circumference
Calc Tire Circumference. inches |

|Ealt: Tire Circumference. inches |?5_1
|Ealt: Tread Width, inches |B.4

7 Inputs

Rating Type | | P-etiic (ex P225-60-15) 7

|Hetri-:: Tire Size [ex 225] 245

|Letter Tire Size | j|
|Aspe-::t Ratio
r'lﬁl"heel Rim Dhameter, in

|Flu||ing Radiuz, in

|TilE Diameter, in

T

" Hote:
Calculated Circumferences [except bazed on
Ralling B adiuz] are reduced approsimately 3%
from exact dimensions to allow for some wear,
defarmation and slp.

Helpl Eancell Prnnt

is an older rating system and there is 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
atall tire. A 50 series tire is a lower
profile tire, more suited to cornering
and performance.

Figure 2.49 Rolling Radius

Circumference

Diameter
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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

Is the tire's diameter measured in inches. Diameter is the distance across the tire.

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. Figure 2.50 Traction Factors

You will probably have to fine tune this spec Estimated Traction Factors E |
based on your vehicle's actual lap times. The _ _

program can also determine Traction Factor with Estimated Traction Factor o |
the Match My Lap Times command at the Main

Menu. " Pick Tire & Suzpenzion Description

" Hote:
Click on the 'down arrow' button on the right side
of the 'combo box' above to zelect a general
dezcription of haow well your suspenzion lets your
tires ook wp in the corners, for the curent tire
zpecs of 10" wide, 'Typical Racing Tire [average
traction]' tires.

|

90 Good Suspenzion Setup

Usze Calc '?'aluel Help | Ean-::ell Print
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279 Calc Spring Rate Figure 2.51 Calc Spring Rate

Calc Spring Rate |
This Calculation menu is available by clicking on [Calc Spring Rate
the Spring Rate Clc button in the Front
Suspension or Rear Suspension menu. - Inputs
|5pring Location | Right Side j|

Spring Location Type of Spring  [[RAET - ~ |

|ﬂ Leaves at Center

Click on this combo box to select which spring

location you are calculating a spring rate for, 1t Leaves at Ends
either the Left spring, Right Spring or both . .

. |5pr|ng Length, in
springs.

|Thi-::kness of 1 Leaf. in

|5pring Width, in

1

Type of Spring

. . TMote:
Click on th&; Combp bo.x for Type of Spring .to Click on Location to choose which spring you are
change the inputs in this menu for the 4 basic calculating the Spiing Rate for, Choose a
types of springs: diffgrent Type of Spring for Torzion Bars or Leaf
e  Coil Springs Springs.

e Leaf Springs

e Solid Torsion Bars

e Hollow Torsion Bars
These inputs will be discussed in the 3 sections
below

Usze Calc "Iul"aluel Helpl Ean-::ell Print

Coil Springs
Wire Diameter, in

Is the diameter of the wire which makes up the coils, in inches. Take this measurement carefully as it has
a large impact on the results.

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

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

84



(C) Performance Trends Inc 1999

Circle Track Analyzer

Chapter 2 Definitions

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.

Lever Arm Length, in

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

Figure 2.52 Torsion Bar Specs
Arm Length

%

;l

Bar Outside Diameter

I

Active Bar Length

Detailed Side View of Arm Length

|
|

Arm Length

e

Axle Housing

S

Is the inside diameter of the torsion bar if you have selected a Hollow Torsion Bar, in inches.
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Figure 2.53 Calc Roll Bar Rate

2.7.10 Calc Roll Bar Rate |

This Calculation menu is available by clicking on the Calc Roll Bar Rate il
Roll Bar Rate Clc button in the Front Suspension
menu. [ Inputs
Type of Bar Solid Bar =]
Type of Bar |Bar Outzide Diameter, in 1
|Bar Inzide Diameter, in
Click on this combo box to select from the following tive Bar Lenath. i
3 types of roll bars: Active Bar Length, in ILI
e No Sway Bar Arm Length 12
e Solid Bar
e Hollow Bar " Mote:

Active Bar Length iz the lenght of the bar that iz
dezigned ta bwist, which uzually haz a smaller

. . . thanh the rest of the bar. Arm Length iz the
Bar OUtS|de D|amete r, N distance from the bar mountz on the frame back

to where the bar mountz on the suspenzion.

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 Uze Calc Yalue | Help | Cancel | Print
results.

Figure 2.54 Roll Bar Measurements
Production Style Bar Custom Style Bar
Bar Outside Diameter Bar Outside Diameter
Arm Length AKLength
Y ——

— |:|:|: T '
T L |
[« " | e
Active Bar Length 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.

Figure 2.55 Calc Dew Point

Calc Dew Point. deg F

If you know the relative humidity of the air and Calc Dew Point | lﬁ'
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. Know Relative Humidity ? |

Outside Air Temp, deg F |

Dutside Rel Humidity, % |
Outside Air Temp, deg F G Bl Tomp, dog © | |:|

Is the outside air temperature when the relative wel Hulls Tasnp, dog b | |:|
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.

Know Relative Humidity?

Weather Inputz

| Help | Cancel
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Outside Rel Humidity, %

Is the air's relative humidity 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.

Figure 2.56 Calc Relative Humidity

I Calc Relative Humidity, % I
Calc Relative Humidity ' [53.0

" 'Weather Inputs

2.7.12 Relative Humidity, % || fewPemPonz [N [3]
Pagande A Temp, dog ¥ | |:|

Depending on your choice of Method of Recording Bew Poind, deg F | |:|
Weather Data, you will be entering either Dew Point or

Relative Humidity in the Running Conditions menu. igEulbilenpscal; |
These humidity inputs at all these menus have a Clc ‘Wet Bulb Temp, deg F |

button. This is the Calculation Menu you will get if

you are using Relative Humidity. e -
‘Use Calc Yalue: | Help | Cancel
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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 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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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.

2. 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.

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
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Figure 2.57 Match My Lap Times Menu

Tour Yehicle's Actual Performance

|Luwest Engine BPM in Turns

4500
7200
18

Adjust Track Specs if Heeded Yes j

|Highest RPH before Braking

|Lap Time, sec

Engine | 350 4BBL-Unlimited Heads j|

Pick bazic engine description from list of engine twpes,
carh zizes, general head description, etc.

" Important Current Specs

Chapter 2 Definitions

These are some curment zettings of critical specs
which must be accurate BEFORE uzing thiz menw;

Enagine Cubic Inches: 355

Track Tupe: Usze Specs Below

Track Surface: Asphalt

Track Length: 1320

Track Infield Wwidth: 500

Track Banking: 8

Help Cancel Clear Entries
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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
Enter the car’s lap time for Figure 2.58 Results of Match My Lap Times
this particular track. Modifications Required to Match your Performance |
" Performance from New Specs
Adjust Power cpeciiog L0 Tme HahedAPMLovet P
Curve if Needed Vehicle Perf
Perf Obtained  [3030 | [7330 | 4509 |
Pick Yes and the program HomjBen) pecs
will not only adjust vehicle
specs and trE.ICk specs, but " Specz Which Have Been Changed
also the engine power curve
to match lap times. This is Spec Name 0id New
recommended when you do Engine Pk Tq [full curve] 498 .0 R75.0
not have a dyno curve for Engine Pk HF [full curve] hh7.0 706.6
the engine. Eng Pk HP RPH [full curve] G700 7100
Tire Traction Factor 92.0 G7.68
Tire Type M ew Facing M ew Facing
Infield Width, it 41 41
Banking. deg 10 10
|Drivim_:| Style |L|se Specs | |L|se Specs |
........ gy Ulissa et By | e lis [T S pieies
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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

Figure 3.1 Output Options from Test Results Screen
Menu Bar showing names of options Vehicle File Name
M Circle Trac Analyzer ¥2 .0 Performance Trends [ BUSCH-NA ZR7 |
L. Back Grdph Prnt  Analyze Suspension  Analyze Perf  History  Help[F1] _1=2]x]
Motes Surnmary: Yery Law Lift Coef, Engine RPM Mew Lap Time  28.66 MPH 1256 .
—_Motes \| High. Click an Notss for mare Details. LastLap Time  28.86 1247 Click on
] Comments Ifprovemsnt .20 3 /_ and slide
[Feet [MPH Rccel|Gs [% Thiottle [Eng RPM [Tum #  [Curfrature|DownForce[ComerGs slide bar
0 92.6 0 4978 24 45 680 1.07 "l putton to
i 68 94.3 3 89 5072 224 491 658 1.03 .
100 | 139 988 .41 100 5310 2/4 64 559 83 display all
1.50 214 103.2 40 100 5548 24 898 111 61 Test
2.00 291 107.5 .38 100 h778 274 126 349 43 Results.
250 372 111.6 .37 100 6000 224 174 281 .30
3.00 455 115.5 .35 100 6213 274 2341 234 .20
3.50 541 119.3 .33 100 6415 24 3061 201 13
4.00 630 1229 | 100 G606 274 10386 90 08
450 722 126.2 .30 100 6787 . . 12 17 .
5 nn a1k 179 4 28 1nn RAR7 - - TS 17 Click on
: =] B and slide
Don't Shofs History Clear [erase] Higtory | Print Help slide bar
Test Tille [5aved[[Lap Ft [Infield [Bank]tnRPt]MeRPM]LapTimg Imp. [MPH  [imp. [CarLen = button to
busch-na.gt: Sat Feb 27 33 10:27 am 5280 &84 10 4578 |B300 2866 |20 1256 9 (18 X
buschena At Sat Feb 27 59 10:26 am 5280 841 10 4918 8280 | z2am6 |.oop—= display
buschrna 2t Fri Feb 26 99 5:25 pm 5280 841 (10 4918 (8280 2886 |00 HIStOI'y Log entire
busch-na.zlt: FriFeb 26 99 526 pm 5280 84 10 4918 8280 2896 T Histo
busch-lo.udr: Fri Feb 26 33 5:26 pm 2000 446 140 3481 4417 1858 734 ry
latemad: Thu Feb 25 99 11:50 am 1980 500 |8 [B0R4  |FEiz 1R12 837 = Log.
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-MA ZRT ]

L. Back Graph Print  &nalyze Suspension  Analvze Perf Histore  Help[F1] _|5’|i|
= Notes | Motes Summany: Wery Low Lift Coef, Engine RPM Mew Lap Time 28,66 MPH 1256
Lj%ﬁl | %i High. Click on Mates for more Details. Last Lap Time 2886 1247
1 e | e 20 a
w Analysis Report x| L
Analy=si=s Report j B

The program predict=s 28 second laps for this wehicle
on a 1 mile track, with 10 deg bank= and
approximately 1290 foot straightawavs.

If this description does not =eem to match the track wou want to
zimulate. look at the Track Spec= in the Bunning Conditions menu.

The program shows the lowest RPM in the corner of 49783 RPM.
(Thi= i= the first FFM reading in the FPH column.) If vour
car'= EPM does not fall this low in the corner:

— First, make =sure vour rear tire's Circumference. wvour Eear
Azle Ratio, Ratio of Trans Gear Used ratios are entered
correctly in the Vehicle Specs menu.

- If the sbove specs are correct. and the program iz =till LI
Print Cancel
9.50 1748 150.7 16 100 a1m - - 80 -17
10.00 1860 152.4 15 100 8194 - - 83 -17
10.50 1972 154.0 14 100 821 3N 12652 1653 -.05
in7h 2029 1h4 3 n 2 R3nn M R134 192 n2 b
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. __________________________________________________________________________________________________________________________|

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.

Figure 3.4 Another Portion of Analysis Report
M Circle Track Analyzer ¥vZ2.0 Performance Trends [ BUSCH-MA_ZRT ] &l =]

G- Back Graph  Print  Analyze Suspension &nalvze Perf History Help(F1) - |E’|§|
= Notes I Motes Summary: Wery Low Lift Coef, Engine RPM Mew Lap Time 2866 MPH 1256
Wl | @i High. Click on Motes far mare Details. Last Lap Time 28,86 1247
1 Mo e Dt an q
w. Analysiz Report Edll

d —

The program =s=hows an engine REPH of 23300 at the end of

the straightaway. (Thi= FEFM mav not show in the

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

— First, make sure the Tire Circumference, REear Axle Ratio,
Tran= Gear Fatio Uzed in the Vehicle Specs menu are correct
as mentioned above. _J

- Second. make the program match wour minimum EPM in the
corner following the previous suggestions.

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

— Increase the Accel. Agressiwveness in the Running Conditions :J
Print | Cancel |
9.50 1748 150.7 .16 100 81m - - 80 =17
10,00 1860 152.4 .15 100 8194 83 -17

st | | @ & =K |J & E..| §M| " |HI::.T||[:.:" ‘"H‘Ec;ﬂz@n;n:ﬂm
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3.2 Graphs

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,

w. Circle Track Aralyzer v3.0 [ BUSCH-NA ZRT ] which describes
Back [File Fdimat| View HelpiF1) Data To Graph | hidory LAST the data graphed_
= [ Lelllls ] el i) el e funvies]setbestd] 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 ! . . . :

'
.on 4.00 \ 1§ﬂ0 150% 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
clicking 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.
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There are 2 basic types of test data which can be graphed:
e MPH
e Accel Gs
e Engine RPM
e % Throttle
e  Downforce
e Cornering Gs
Vs (on X axis), either:
e Time in Seconds
e Distance if Feet

There are 3 basic types of tests 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.

Data_To_Graph

You can switch between data types as shown in Figure 3.6.

Figure 3.6 Switching between Data Types

Click on Data_to_Graph

& Circle Track Analyzer v3.0 [ BUSCH-NAZRT | for drop down menu.

Back Filz Fomat “iew HelplF1) | Data_To_Guepfr | history LAST Then select type of data

v Horizontal # Axis is Tirme, seconds I to graph, and what to
Horizontal = &xis is Distance, fest i i

Circle Track Analy n g_raph against (time or

8500 MPH Ed distance for the X axis).

e s Your current choices are
£ 2 Thrattle .

2000 v Engine RPM & shown with check marks.
Down Force

7500 Comering Gs B
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Graphing Current, Last and History Log Test Results

The Current and Last Test Results were defined earlier. The History Log is explained in some detail in
Section 3.5 starting on page 112. This section will explain how to graph test results for tests in the
History Log.

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

Click on the History Button or the History
menu item todisplay the History Log.

w Circle Track Analyzer ¥3.0 [ BUSCH-NAZRT |

Back File Formnat  Vigw—HelpF1] Data To Graph | HISTORY last

e ] elll2] [el2 ]+l ] o] £ $]rFurvien]setscaed

Circle Track Analyzer v2.0 Eng RPMvs Tim busch-nazit 10:27 am
a500 [Eng RPM —|
busch-na.zit 10:25 am
8000 [ —|
7500 [ busch-na.zt 5:26 pm _|
Toon busch-lo.udn 5:26 pm
Eng RPM J
G500 Y
Graph These Testz Graph Optionz Clear [eraze] Higtary Frirt et —
Test Tille | Graph?| Graph Title |5aved| Lap FifInfield [[MrRPMaRPH]LapTim{[MPH  [ICa =
buzch-na zit: Sat Feb 27 35 10:27 am buzch-na.zt 10:27 5280 841 4378 (8300 |[28BE 1266 1%,
buzch-nazrit: Sat Feb 27 99 10:26 am Yes buzch-na.zt 10:26 5280 841 4918 (8280 2886 (1247 | D r_
busch-nazit FriFeb 2693 5:26pm ez buzch-na.zrt B 26 5280 |84 4918 8280 (2886 (1247 0
busch-nia.zit Fri Feb 2693 5:26 pm buzch-na.zrt i 26 B280 |84 4918 8280 (2886 | 1247
busch-looudm: Fri Feb 26 39 526 pm res buzch-lo.udn 526 2000 448 | 3481 4417 [18H3 ¥4
laternodl: Thu Feb 25 93 11:50 am laternddl 11:50 am 1980 500 ||5084 7912 [1612 |B37
buzch-be.ech: Sun Feb 21 39 .56 buzch-be.ech B:56 1758 280 (2316 4645 [18710 |6E.2 A0
buzch-be.ech: Sun Feb 21 99 .54 buzch-be.ech 8:54 1758 280 3975 (8522 |1E12 |74.4
IatiedeI: SunFeb 14 93 1:20 pm laterpdl 1:20 pm 1980 (BOC | BOR4  ¥E12 | 1612 B3Y a ﬂ
4 3
Click on Test Titke [Tzt column] to change it ar toretigve specs which produced those results. Click in other columnz for definitions.

Click in this column to Choose a ‘Graph’ option

ihow TYe? or re?%\/?( from the menu bar to close
e”sb es sr:nzr edves the History Log and graph
will be graphed. the tests identified by the

This column shows name meng option you pi?k' J i
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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Other Graphing Features

The graph screen has several features, including:
e Printing
e  Cursor to pinpoint the value of a particular point on the graph
e Changing titles and legend names
e  Changing the scales
e  Miscellaneous Format Options to change the appearance of the graph.

These are discussed in this next section.

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.

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.

m. Circle Track Analyzer 3.0 [ BUSCH-NA_FH
ile  Format  Wiews Help[b Drata_To_Gra

Frirt (Colored Lines L Click here to print the graph with dashed lines. This

f\'ji:;fy'\ic;[::‘ﬂu “:I*;'fs oRedines) h works best for printing graphs in black and white,

8500 TN . - where different dashed line styles let you distinguish
i between different graphs.

annn b oo oo oo o P By epu g

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

B Pamsewy ]
[ Printer
@D,

i L Windows standard

LaserJet Ill on LPT1:]

[cumently '
) Specific Printer: / Options. . Printer SetUp menu
[HP LaserJet 11l on LPT1: B
[ Onentation— | [ Paper
b, O] Paortrait Size: |Letter 81/2x11in |£I
) Landscape Source: |Upper Tray |£I
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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.

Cu

Back

Figure 3.9 Cursor Features and Commands

Click here to turn Cursor On
Click here to turn Cursor Off

rsor line,

usually pink or
green,
depending on
background

File Famnat Yiew Help(F|l D4ta To/Graph/ | fhistory LAST

Click on these buttons to move the cursor left or
right. Hold down the <shift key> while clicking
these buttons and the cursor moves farther.
You can also enable the cursor by clicking on

View, then Turn Cursor On.
b4

h The value of each

8500

2000

7400

foono

6500

6000

5500

5000

4500

=S Y

[elia ]l ] [se]<] 3] &) Furvien]set scale]

graph line at the

Circle Track Ana

yzer v2.0 Eng RPM vs Tim

cursor is
displayed here.

current
3 Eng RFM

E [ last results :I

THES

10.00 15.00 20.00

25.00

30,00 Seconds T.S)?

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.
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Changing titles and legend names

Many times you may want to customize a graph by printing labels of your choice. Click on Format and
then Edit Titles/Legend to bring up the menu shown in Figure 3.10 which will allow you to do this.

Figure 3.10 Menu to Edit Title and Legend

This is the list of Standard names the program uses unless you
click on the Use New Titles button below. Select (click on) a
Standard name you want to change. The Standard Name
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
row will be highlighted) it is easier to use the up and down
arrow keys to select the next item to edit than clicking the
item with the mouse.

This is the list of New
names the program will

Edit Graph Titl dL d ) !
e e use if you click on Use

List of Std Hames Lizst of Hew Hames New Titles. If atitle in
Titla: fircle Track am. .. / the List of New Names
Grp l:  Current Eafeline is blank, the program
Itm 1: Eng EFM will use the Standard
Last PResults name.

Ttm 1: Eng RPM

Standard name from
row selected.

Tip
Click an the item in the list above you warf bo modify. [ts Std Hame
and any Mew name appears below, fou can modify the Mew name.

Then Lze the up and down arr ez to mowve to the NS TTE. New name for you to

edit. Other options

S5td N B H))I/ N NJ‘A Editted include clicking on
|LastF|:;:|T:s rina Dopced S the Copy Std Name
| to New or Blank Out

Copy Std Hame to Hew Blank Out Hew Hame New Name buttons.

Click here to close this
Copy All 5td to Hew Hames Blank Out All Ny’ﬂames menu and use the New

- : names you have
Usze Std Titles USE/@TI“ES entered. Where New

names have been left
Cancel Help blank, the Standard
name will be used.
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Changing the scales

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.

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
good detail.

Clicking on these buttons shifts
the graph left, right, up or down.
Hold down the shift key while
clickina produces faster action.

w Circle Track Analyzer ¥v3.0 [ BUSCH-NAZRT ]

Back File Format Vw Help(F1] Data_To_Graph | history  LAST

s ] =] [el2le] ] [l ] durvie] sageaed
Circle Track AnalyMEng_REM_\leim.e - current ~  Click on View, then
8500 [--=------ i SLTECEee. . : -~ [Eng RPH :
: : : ; either Zoom or

last results

Specify Scales

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

page.

anon

7400

7000

G500

G000

5500

a000

4500

.an 5.00 10.00 16.00 20,00 256.00 3000 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

Graph 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.

The current scale limits

are loaded when this

menu opens. Change
any or all these to most

any value you want.

Either the left (Time) or

" Time [seconds] Graphs | Wﬂ Graphs |
|I'-'Ia:u:imum A axig, sec |55 i M |I'-'Ia:u:imum X auis, feet |50
Minimum X axis, sec [0 [Minimum X axis. feet (0
Mazximum ¥ axis, data 10 [Mazimum ¥ axis. data 10
Minimum ¥ axis. data [0 [Minimum ¥ axis. data | [0

right (Distance) section
will be enabled

Turn AutoScaling OM [computer picks scales]

depending on what is
graphed on the X axis.

WEE [use specs given above]

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

L Click on OK to have
the graph redrawn to
these new scale limits

Format Options

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

Line Style

Click on Line Style to change the thickness
of the graph lines.

Grid Style C

Click on Grid Style to change or omit the

Figure 3.13 Format Options

m Circle Track Analyzer v3.0 [ BUSC

Back File | Format  “iew Help[F1] Dat

Line Style 3 EE
Edit Titlez/Legend
Grd Style r Zel

Back Calar ]

drawing of grid lines on the graph.
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Back Color

Click on Back Color to change the background color of the graph from white, black or gray.
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3.3 Vehicle (& 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 Suspension menus.

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 )
buschiin.nis N - fRs 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 Thunderbid at LEE R j = Click and drag
buszch-ti.oga slide bar to view
busch-v8 —

all vehicles in list

busch-wn_chr

Bunr (b sch v-6 ~| i i
dillion x N e Single click on
-I|-:I|.'3I|I::h_t I vehicle to
ick here .
Cibrany ton Open Delete Cancel | Help | Advanced | choose it for
otk with, |' B 1 < preview. Double
/ click to immed-
; iately open it.
Click here to Click here to bring up standard

open the chosen
Vehicle
Click here to delete
chosen Vehicle.

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

Click here to close the Vehicle Library with
No chanaes (without opbenina a vehicle) Click here to bring up on screen
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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
that screen. This allows you to build libraries of

M Circle Track Analyzer v2. 4 Performance T

‘E ine ~ Engines, Front Suspensions and Rear
Ba:  MewEngine | Suspensions for easily building other complete
Save Y Open Example Engine vehicles in the future.

Dis)  Open Saved Engine J[i * New blanks out the current specs and
veh | cos  2@veEngne b comments.
E S B — « 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
— | r Comments saved.
_‘ 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

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-KRA ZRT 1
File [wehiclg] CalcLapTimes J Help[F1]  Preferencesy

/ / T
| I]pq{'l Yehicle Lihlar_l,l/ I | Calculate Lap/Times I | Find Best Gear H:

el w Save Yehicle File =] S | Program

_ . |Mew Veljicle Hame: [BUSCH-NAZRT |
Yehi

ubic inches,
oK | Cancel | Help | Advancedl E= HP at G700

- - B4 left, B0
Enter a Hews Wehicle Mame and click on Ok, The curent 85" and 25

ehicle name iz given =hould you chooze to modify it
slightly for the new name, Use the Delete key to eraze the Dagble A Amao
name if you want a completely new name. b Bt Camk

iling ArmedCoi
| | | Track: 1.0 Lt Spring: 375 Rt Spring: 375

r'll:dl S USPETISTON
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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.

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[T1:]<>+=;,%*7?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

Circle Track Analyzer

Chapter 3 Output

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.

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

Click on Print or
the Printer
Button for the
Printout Options
menu shown to
the right.

o Circle Track Analpzer w2 0
. Back Giyhph Frirt

Performance Tren

Analyze Suspengdion Snaleze F

- r——- Frinit B esults
Print Blank "workshekt Tip
walindoves Prinker Set:u:h Cloze See page 103 II"I.
Time [Feet Program Printer Setup Crrl+P rnarual for rmore info.
oo [1] = = 1
S0 [53:] az.9 2T a9

Figure 3.17 Printer Command and Menu of Printer Output Options

" Heport Printing Options

[® Include ¥ehicle Specs

[® Include Yehicle Comments

[ Request Report Comment

[ Include Eng & Susp Comment:

Print Heport Uzing Thesze Specsl

" Other Printout Types

Print Blank Workzheet |

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.
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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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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.

Figure 3.18 History Log and Options Click on Test

Click on History for History Log Title to
change the

2 Circle Track Analpzer v2.0 Performance Trends ) BUSCH-HA ZAT |

Lo Back Graph  Print  Analyze Suspension  Analyze Perf iztory  HeldlF1] _|ﬁl|l| Tltle or

- - Notes | NewlLepTme 3074 MPH 1171 retrieve the
Comments

Improvement -2.08 85

Motes Surnrary: e Lo Lift Eoef haine RPk Yem
High. Click on Notes for more Det Last Lap Time  28.66 1256 SpeCS Wthh

produced

Time [Feet [MPH [Accel Gs |X Thiottle fEng RPM [Tuin #  [Curvature|DownForce[ComnerGs th
~00 0 926 00 4978 2/4 456 630 1.07 ese results.
] 68 93.9 27 39 5047 2/4 491 651 1.m
1.00 138 97.1 .29 100 5220 2/4 630 546 82
1.50 211 100.2 .28 i} 5389 2/4 882 421 58 ;
2.00 286 103.2 27 100 5552 2/4 1236 A7 a0 _H|st_ory Log
2,50 363 1061 .25 100 5706 | 2/4 1676 /253 27 is displayed
3.00 442 108.8 24 100 5852 2/4 217 212 18
3.50 523 111.4 .28 100 5989 2/4 2904 177 11 below the
4.00 605 113.8 /21 100 6117 2/4 8r34 83 -.07 columns of
4.50 690 116.0 19 100 6235 - - 28 -17 test results.
K _nn FIC 110 17 1n0n Co3a7 21 17

w. Test History

Dion't Shows History Ear [eraze] Histary Frint Help CI|Ck and
Test Title / [[5ave?[Lap Ft [infield [Bank]MrRFRfd=RPM]LapTimeImp. [MPH _ [imp. [Carlen [ .
buschrna a2t Sat b6 27 99 231 pm E260 841 10 4979/ 7162|3074 208 1171 85 192 |7 move slide
busch-na.zit Sat Feb 27 99 12:06 pm g2a0 (841 (10 [49#8 |s3on [zee6 [20 [1286 [&8 (13 bar to
busch-na.zit: Sat Feb 27 99 12:08 pm 5220 841 10 (4918 8280 2886 00 1247 0 .0 displav all
busch-na.zit: Fri Feh 26 39 526 pm 52a0 841 (10 (4918 8280 2886 00 1247 0 .0 play
busch-na.zit: Fri Feb 26 39 526 pm 5220 841 10 (4918 8280 | 2886 1247 25 tests in
busch-la.udn: Fri Feb 26 99 %26 pr 2000 (446 140 3481 4417 18858 734 :
laternodl: Thu Feb 25 93 11:50 am 1980 500 @ G054 7912 1612 837 - the HIStOI’y

Click on Test Title [1=2t column] to change it or ta retrieve specs which produced thoze resultz. Click in other columnz for definitions. LOg .

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 presented slightly differently in
each instance, showing and hiding columns which are most appropriate for each use.
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Test Title Figure 3.19 Clicking On Test Title
—

Click on Test Title and you are asked if you want . )

to retrieve the specs which produced these IF";‘L'I'::: W LA MO D L

results. Answer Yes and the specs are retrieved. |

Answer No and you can then change the Test [Click on No to edit Test Title.)

Title. This is useful for making notes about this

particular run, modifications you made, etc. Yes Cancel I

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 3.20 History Log from the Graph Screen

Graph These Tests Graph Dptions Clear [eraze] History Frint  Help
Test Title | Graph?|Graph Title |5aved]Lap FInfigid[| MrRPH MsRPRLapTim{[MPH  [[Ca =
buzch-na zrt: Sat Feb 27 93 3:31 pm busch-na.zrt 331 5280 |84 4378 7162 3074 117118
buzch-na.zik: Sat Feb 27 99 12:06 pm busch-na.zrt 12:06 5280 |84 4978 8300 28668 1256 | 1.%
buzch-na.zrk: Sat Feb 27 99 12:05 pm busch-na.zrt 12:05 5280 |84 4918 8280 2386 | 1247 .0
buzch-na.zrt: Fri Feb 26 93 5:26 pm busch-na.zrt 5 26 5280 |84 4918 8280 2386 | 1247 .0
buzch-na.zrt: Fri Feb 26 93 5:26 pm busch-na.zrt 5 26 5280 |84 4918 8280 2386 | 1247
buzch-lo.udn: Fri Feb 26 99 526 pm buscho.udn 5:26 2000 (446 3481 (4417 1858 734
laternodl: Thu Feb 2593 11:50 am laternod! 11:50 am 1980 B0O0 | BO0R4 7912|1612 | 837
buzch-be ech: Sun Feb 21 93 8:56 buzch-be. ech 2:56 1788 280 | 2316 4645 1310  BR.2 AL
bulsch-be.ech: SunFeb 2199 254 buzch-be. ach 2:54 1788 280 | 3975 8h22 1612 | T44 _lﬂ
1 »
Click on Test Title [1st column) to change it or to retrieve spece which produced thoze results. Click in other columng for definitions.

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.
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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

Is the minimum (or lowest) engine RPM in the turns.

MxRPM

Is the maximum (or highest) engine RPM right before braking.

Lap Time

Is the Lap Time is seconds.
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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|on
(jounce) or

10 deg Bank Angle —_— .
e Spring Spring e|0ngat|0n

i i (rebound,
SR reported as a

‘\j E/"
&wg\v@'gﬂ L % [ e negative ‘-’
Erake Gas number)
L= R = e ©
: E L Tire load in
Dive: 0,75 inches pounds, and bal"

Fal: 0.08 deg
Rt Camber: -4.27 deg Lt Camber: - 26 deg Static  Dyn. g raph Of tlre
Friction Circle in Gs Spring :s 5 j: T:;Lz Spring |Oad . BIaCk ||ne
Tun 2 Tumn1 Accelerating e - - Cross:/a L | n ba r g ra ph
= indicates static
11632 MPH
G (AN N B
511 E21
2384 Feet
150 8 | Static (car
- standing still)
Tun 3 Tun 4 . and Dyl'lamlc
\ Braking Welght /OS

\_ The “dot” shows the current vehicle acceleration
combination.

Friction Circle shows how much of the available tire traction is
heina used (how hard the tires are bheina niished).

Track postion shown with the MPH, distance and time for the current position.
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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.

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.
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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 acrodynamic 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.

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.
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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.

e  “Stickier” tires.

e Keeping the weight between all 4 tires as even as possible (not necessarily the case for dirt cars).

e  Four wheel drive for accelerating.

e  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.
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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.

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
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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
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,
in

Is the height of the CG above the roll axis at the CG (center
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
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Vehicle Specs menu. See Figure 3.22.

Distance from Vehicle
Centerline, in

Is the distance from the car's tire track centerline where the
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.

Figure 3.22 Roll Axis to CG Height
CG LO(@‘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.
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‘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.
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Figure 4.1 Main Menu Name of Vehicle you are working with.

M Circle Track Analyzer 2.0 Performance Trends [ LATEMODL ] ==

File [vehicle]) CalcLapTimes  Help(F1]  Preferences

| Open ¥ehicle Library I | Calculate LakTimes I | Find Best Gear Ratio I | Help I
| Save Yehicle to Library I | Match My Lap Times Nﬁoglam I

Click here to

" Vehicle Specs | [Vehicle Summary Calculate

= Engine File: untitled 385 cubic inches, Performance
Engine | 0ftlbs at 4000 RPM and .0HP at RPM .
_ in one step.
Vehicle | “Weight: 3000 lbs  [52% rear, B0% Isft, 5% cross)
Axle Ratio; £.2 Rear Tires: 87.5" and 87.5" circumference
: Front Suzp. File; untitled  for a Double & Arm with Coill Springs— Track: 64.0"
G ] | Rt Spring: 400 Lt Spring; 400 Rt Camber; -3 Lt Camber; 1
: Rear Susp. File: untitled  for Trailing Amme/Coil Springs/Panhard orJ Bar
[RizeD SeepaEm | Track: B4.0" Lt Spring: 200 Fit Spring: 200 )
Click here to
; o show
Running Conditi R .
Show All Comments | unn!r?g

Help: Comments: Conditions

Move mouse over item far Limited "Late Model" - and then

description to be given here. 500 Holley 2 BBL gives about 400 HP @ 7500

Click on 'Help' in menu line for Dillon front suspension layout Calculate

more detailed info on options.

Performance.

=

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.)
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Figure 4.2 Vehicle Library

. Circle Track Analyzer ¥2.0 Performance Trends [ BUSCE YA 7RT | MmEE
File [vehicle] CalcLapTimes  Help(F1]  Preferences
| E@en Yehicle Library I | Calculate Lap Times I | Find Best Gear Ratio I | Help I
N\
Save khic Open Yehicle File ]
|43 ¥ehicles in Library |Chosen Vehicle File: latemod|
Yehicle
Preview:
HFP: 392 Dbl A Arm
~ : LF: 400
: RF: 400
Axle: 6.2 LR: 200
P~ Teack-Cl O
Fror | o ccarb. lsl RtCirc: 87.5 R200 "
nascar-d.arl —
| _d.apt Lirnited Late Model - 1B
Ree |hascore-ay 500 Holley 2 BBL gives abom SR
nascar-d.tna b 6000 .
nascar-i.ndy Dillon front suzpension lapout
nascar-m.ilw
Bunr | 1o ccar-m.is }\
——— [nascar-m.rtn ﬂ" Commenlsl
"Help: N .
MU\"E_ rnous Open Delete | ancel | Help | Advanced |
description j
Click an Hu
more detaled info on options. \
~]|

Name of Vehicle the
program is currently
working with. The
current specs may
have been changed
and be different than
the Vehicle in Library
of the same name.

Click on the vehicle
you want to Open to
see a Preview.
Double click to
Open immediately.

Preview of chosen
(highlighted) vehicle.

Click here to show
Vehicle Library

Figure 4.3 Test Results

# Circle Track Analyzer ¥2.0 Performance Trends [ LATEMODL ] Performance
L. Back Graph Print  Analvze Suspension  Analpze Pef History  HelplF1) o = | Summary
- Notes | Mates Summary: Lo Lift Coef, Engine RPM High. Mew Lap Time 1546 MPH 835 showmg Lap
iﬁ Click. on Maotes for more Detai LazstLap Time  1E.1E 835 Tlme & MPH
! Commenls | mprovement 0o 0 .
Time |F§BL |MPH |Accel Gs |Z Throttle |Eng RPM |Turn It\qumature|DownForce| ComnerGs + P
.00 0 655 00 5054 274 - Notes pointing
.50 49 7.7 44 39 5218 2/ 313 375 82 out important
1.00 100 2 .46 100 5619 2/4 450 302 .65 ;
1.50 156 . 100 5995 2/4 698 214 A4 th!ngs abou,t
2.00 214 82.1 100 6331 2/ 1046 152 29 this run. Click
2.50 276 85.8 100 6615 2/4 1495 109 19 on Notes
3.00 340 88.9 ) 6855 2/4 3064 43 03
3.50 407 91.5 22 7057 2/4 14988 | -14 -10 button or
400 475 937 18 7227 : . -29 -14 Analyze Perf
450 h44 956 16 F372 - - -29 -14 for more info'
5.0 7486 31 7367 7 -.05
5.50 3N 1699 129 24 ;
5.70 3 160 154 30 Click here or
5.70 11 1468 154 .30 here to Graph.
6.00 31 1208 168 33
6.50 3N 785 219 .45
7.00 ] . 34 503 286 51 Data columns
7.50 933 68.5 -55 52749 31 342 355 77 showing car
8.00 982 65.6 -.08 5056 3N 2832 397 .87
8.08 990 65.5 00 5054 21 284 397 87 performance at

requested time
intervals.
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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.

Figure 4.4 Notes Screen Produced by Clicking on the Notes Button

MNotesz on Calculations I

You have specified a lows Lift Coefficient in the Aerodvnamic Specs in the
Wehicle Specs menu. Low Lift Coefficients tell the program pour car developes
a great deal of downforce, difficulk to achieve unless the car iz professionally
dezigned. Lift Coefficientz are difficult o measure and if vou are owverestimating
thiz effect, the program will predict Faster corhering zpeeds and lap times than
the vwehicle can actually do.

Highezt engine BPM at the end of the straightaway iz 7372 RPM . well abowve
thiz engine's HF pealk., which iz high and potentially hurting performance.

Click on Analyze for more details.

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.
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Figure 4.5 Engine RPM Graph
Click here for other options

m. Circle Track analpzer v3.0 [ LATEMODI j
Back Fie Fofnat “iew Help[F1] DateTo Graph | history  last

Click here to change data to be graphed

IR =]

[ <l =] ) Funrview][Set Scaled]

Circle Track Analyzer v2.0 Eng RPMvs Tim

7750 [--------- s Gttt e ;

7500

7240

Fooo

6750

E500

6280

BO00

5740

5500

5250

current

3 Eng RPM

s000

Although
results are
calculated and
reported for
only half a lap,
graphs are
shown for the
full lap.

Figure 4.6 Graph of Downforce

current

DownForce

Seconds

Click on
Data_To_Graph,
then select data
type and data
type for X axis,
seconds or feet.
Check mark
shows current
selections.

Downforce is a
minimum on the
straightaway,
because banking
effect in turns is
minimum.
However,
program still
assumes
banking on
straightaway,
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!

Figure 4.7 Vehicle Menu for Changing Rear Axle Ratio

M Circle Track Analyzer ¥2.0 Performance Trends [ LATEMODL ]

Fila [vehiclel T alel s Tirmn LlalnfC11 Desfarminsan

|
Open - General Vehicle Specs | | Transmission / gIICk Zn |
ear Axie
Total Weight with Driver. Ibs 3000 [Type | [si by b arual - .
Sarve ¥ | ; | /M Jl Ratio and
e |Heal % |n2 Corner Weights |Hatloyﬁans Gear Used |1—| Change It tO
| Ve 795 | O—M[E45
Left % N CEl 'Fljv{\v'heelﬂire Specs 5.9. Then
—_— |Emss Z |59 1005 | [-=-[[555 /'fT}'DE | Typical Racing Tire [average traction] ﬂ| re(:_?ICUIate
¥ pertor-
|: Height of C.6.. in 7| E [Avg Wheel & Tire W, Ibs 40 _ mance.
Wheelbase. in s/ - _ Left Hight
| : [Circumference. in  [87.5 87.5 v Id
|Heal Axle Ratio [ B |Staggel, o 0 thOU cou t
Rear Axle T - en repea
___ | [Rear Axle Type | Siandard Duty J Tread Width, in 10 this
[ " Aerodynamics [Traction Factor, % %6 sequence
[Type |Use Specs Below j| - HeIP trying
- _ = The kotal ratio of the final drive gears or chain ratio or
I:d.;l!:e- |Dlag Eneiheient I"—I both, Click on Cle button to calculate from # of gear S.everal
toeeri | |Lift Coefficient 0 testh. p 27 different
I.EHIIDC[; E |anla| Area, sq It M aXIe ratIOS.
Back I Help | Print | Printer Setup |

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
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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 ]

L. Back Graph Print Analpze Suspenzion  Analyze Perf istary  Help(F1] — |5’|ﬁ|
- Notes Motes Summary: Lowe Lifk Ci v ew Lap Time 1608 MRH 840
Ztﬁ ————— 1 Click on Motes for more Det. ast Lap Time  1B.1B 8358
: | 1 Comments provement .08 R

Time [Feet [MPH [Accel Gs [% Throttle Clear History vature [DownForce] Comers «

.00 1] 65.5 .00 0 395 .

.50 49 67.6 .43 89 374 .82

1.00 100 727 .46 100 300 .64

1.50 155 ¥7.6 .43 100 213 43

2.00 214 821 .39 100 152 .29 Click
2.50 276 86.2 .34 100 6324 274 1495 110 19 here to
3.00 341 89.7 .29 100 6579 274 3600 33 .o

3.50 408 926 .25 100 6796 274 14988 13 -10 show
4.00 477 95.1 .21 100 6982 & & -29 -14 Test
4.50 548 973 .18 100 7140 & & -29 -14 .

5.00 620 98.9 0 63 7260 n 6828 11 -.04 HIStOI’y
5.55 700 99.7 .01 5 7314 n 1580 147 .28 LOg
5.55 700 99.7 -84 & 7314 n 1580 147 .28 i
6.00 763 91.4 - 82 & 6709 n 1166 172 .34 Optlons
6.50 827 82.7 -78 & 6065 n 757 224 .46

7.00 885 746 -.63 & 5475 n 486 292 .62

7.50 937 68.0 -.51 & 4990 n 334 360 .78

8.04 990 65.5 .00 & 4810 n 284 360 .87

#stan| | @ & @ AW || Lyespb. | THico | Bioe [ oo GTest | B34 @ susrm

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.

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.

133



(C) Performance Trends Inc 1999 Circle Track Analyzer Chapter 4 Examples

Figure 4.9 Test Results with Test History Log

m Circle Track Analyzer ¥2.0 Performance Trends [ LATEMODL | = 3] x|
& Back Graph Print  Analpzs Suspension  Analyze Perf History  Help(F1) - |ﬁ'|5|
Notes Motes Summary: Low Lift Coef, Engine BPM High. Mew Lap Time 16,03 MPH 84.0
——— 1 Click on Motes for maore Details. LastLap Time 1616 835 HIStOf'y LOg
] Comments | mprovement .08 , i i
[Fest WP TAgseia ] [y AW rum # [Curvatne] showng 2.9
Feet MPH Accel Gz (% Throttle ([Eng BPM |[Turn # Curvature | DownForcg| CornerGs <
0 655 0o 1] 4810 274 284 395 f .87 | and 3.08 axle
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latemod!: Mon bar 133 4:23 pm 1330 AO0O & |BOR4 A48 1E1E 00 838 |0 Q0 ;
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nazcar-d.ovr Mon bar 193 1240 pm 5280 1000 24 |BEBO 8216 2500 G42 1440 (287 471 options
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Click on Test Title (13t column) to change it ar to retrieve specs which produced those results. Click in other colurns Br definitions.
Figure 4.10 Comparing Engine RPM Click on Last to
w. Circle Track Analyzer v3.0 [ LATEMODL ] show pre-vious
Back File Fommat Yiew Help[F1] Data_To_Graph | histay & reSU|tS
el | ell=] [l T e+l [><lel 2] ] Furvion]set soaes]
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at the cursor
G200
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Gooo0
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. with 6.2
Axle Ratio
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S Ti R A A SRR IS RN Tiodl A AR S 1) W . Current run
P : : : : : : with 5.9 Axle
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Figure 4.11 Acceleration Gs for the Two Axle Ratios

w. Circle Track Analyzer v3.0 [ LATEMODL ] .
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] E fl o e lagt results

o |k :' _______________ i XThrottIe ________ K

: . 5.9 Ratio shows
higher
acceleration for
nearly the entire
180 poommm oo oo B Al time the vehicle is
accelerating.

AB0 Pe-oamao--

.aao

-.320

-.480

High negative
acceleration

due to braking
is about same
for both tests.

-.640

-.a00

B[] L S S S e S S 5 S e e 5 e i e e e e e e T e e e e e Seconds

Figure 4.12 Changing Test Name in History Log

M Circle Track Analyzer v2.0 Performance Trends [ LATEMODL ] == =] .
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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 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 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.

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 ]
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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.

e The Circle Track Analyzer allows you to simulate "real world" modifications by simply typing in
new specifications which simulate the hardware modification.

e 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.
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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.

138



(C) Performance Trends Inc 1999 Circle Track Analyzer Chapter 4 Examples
. __________________________________________________________________________________________________________________________|

Figure 4.14 Engine Examples Click on File, then Open Example Engine to load
in example actual dyno curves.
w Engine Specs | STRT-STK.350 | Click here to load
Back File"Calougte  Load fromErgine Analuzer  Comments  Help an Engine
 Base Engine Specs | |'Fu|| Power Curve Analyzer power
— curve.
|E Open Ex Engine File ] 4DDHP
L |23 Ex Engines in Library [Chosen Ex Engine Fite~g-406-2-bbl 'l Click on Calculate
96-busch. v-6 = o 1300 I to estimate a
€ |96-busch.v-8 ol | e power curve from
—| 9 RPMs PkTq: 394
¢ |busch3g.st S LR 1200 only a couple of
¢ |claimert.cyl CID: 408 PKHP: 387 simple inputs, like
' @GAE S 1100 cubic inches and
4 g—slleet.stk\
( a general
b ! || [well tuned 406 with Holley 500 2BBL #4412 = . d egscri tion
imca-406.500 T G flat tappet cam 11.5:7 CR. full 00 =000 p '
imca—lll]B:?ﬁI] ported CaTt o Tie heads, castiron . .
latemodl. 390 intake, headers. —HP Click on engines
— |latmod-2.bbl ;
"1 |iatmod-4.bbl - P14 ][ to obtain a
pont4-mi.dgt M b |33 preview, where
| B you can tell by
Open Cancel | Help | Ha.1 128 .
—l o the comments if
200 370 [ ] | 1T this engine may
(600 Jfaas Jfse7 | [ || be similar to your
engine.

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:

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.

If you 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.
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.

You could build a power curve in one of Performance Trends” Windows Engine Analyzer
programs, then send it to the Circle Track Analyzer.
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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 ]

Back File Calculate Load from Engine Analvzer Comments  Help

" Base Engine 5pecz = | [ Full Power Curve

|Displacement, cuin (A3 - 400 m 4UUHP
s ] e NEv/4R

Clutch | 5id Diamter Clutch/Flywhed! =]

2480 200
" Comments =
Well tuned 406 with Holley 500 |« 200
ZBBL #4412, 2527296 flat tappet L1on
cam 11.5:1 CR. fully ported cast 150

iron Bow Tie heads. cast iron
intake, headers.

100 0
2000 3000 4000 5000 6000 FOOO 8000

A RFM Tq HP RFM Tq HP

" Help 3000 320 183 E500 290 389

Engine size or displacement in cubic inches. 3500 [{300 200 7000 |[250 333
plE 4000 360 274

4500 394 338
5000 385 367
5500 370 347
E000 328 375

140



(C) Performance Trends Inc 1999 Circle Track Analyzer Chapter 4 Examples

Vehicle Specs

Click on Vehicle to open the Vehicle Specs menu shown in Figure 4.16. This is one screen where there
are no examples to open. That is because all these specs can vary so much between different cars and
different track rules. Go through each specs and enter a number for your car.

Figure 4.16 Vehicle Specs

Yehicle Specs E |

" General ¥ehicle Specs " Transmission
Total Weight with Driver. Ibs  [3000 Type | 5td Duty Manual =

lm @ Cormer Weights |Flatiu of Trans Gear Used 1

713 743
Left = D_DI_I " Rear Wheel/Tire Specs
Cross % [Oa-lfsz || |Tyee  [§
|Height of C.G.. in 19 |A.\r|_:| Wheel & Tire Wt. Ibs 45
Wheelbase, in 108 : ==k ant
|E|rcumference, in |BB_E | |BB.E |
|Hear Axle Ratio 53 |5tagger, in 0

|Hear Axle Type |Standard Cruty j| |TIEE“:| Width. in 6
T Aerodynamics |Tractiun Factor, % 100

acing DOT Street Tire w Tread

|T_1-'I-'IE | Ilze Specs Below j| " Help
- - Clizk an down arraws buttan ta pick a general type of rear
|Dlag Coefficient |4B—| tire. Thiz choice has a LARGE effect on overal tire

|Liﬂ Coefficient 35 traction, handling and lap times. p 35
|anta| Area, zq ft 21

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
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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.

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 % 1.5 Calc Rear Weight % 50.7
[Calc Left Weight % 56.5 Calc Left Weight % 51.7
Calc Cross Weight % 57.5 Calc Cross Weight % 53.8
|Current ¥ehicle Wt, Ibs 3000 [Current Yehicle Wt, Ibs 3000
Weh. Wt from these Inputs. Ibs (3001 Weh. Wt from these Inputs, Ibs 2920
Wehicle Weights [ ¥ehicle Weights
|Lelt Front Weight, Ibs 713 |Lelt Front Weight, Ibs 690
|Right Front Weight. Ibs 743 [Right Front Weight, Ibs 750
|Lelt Rear Weight. lbs 983 |Lelt Rear wWeight. Ibs 820
|Right Rear Weight. Ibs 562 [Right Rear Weight. Ibs GED
" Mote: " Note:
Thesze weights should all be obtained with driver Theze weightz should all be obtained with driver
i wehicle on a very FLAT surface. i wehicle on a wemy FLAT surface.
Usze Calc ‘h"aluel Help | Eancell Print | Usze Calc 'H"aluell Help | Eancell Print |
Click on Use Calc Value to use the calculated Weight %s. J

If your corner weights add | Figure 4.18 Question After Calculating Weight %s

up to a different weight Use This Total Vehicle Weight Also? |
than already entered for e I Tl L S

Vehicle Weight, you
would get the message in
Figure 4.18. For most
situations, you would Wehicle Weight iz curently zet bo 3000 pounds.
answer this question Yes.

Do wou want the Yehicle Y eight for the weights vou entered here of 2320
pounds to be uzed az the Yehicle Weight in the Yehicle Specs menu’?
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You don’t know your car’s Height of CG, so - .
leave in the current height. Wheelbase you Figure 4.19 Calculation Menu for

measure at 102 inches with a tape measure, the Quick Change Rear Axle Ratio

same as the example LATEMODL.355. Rear Cale Final Drive Ratio |
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 Ratio to obtain the menu of Figure " Inputs
4.19. Type in your information to obtain a T : : :
calculated 6.03 axle ratio, then click on Use Calc AL | Buick Change with 4.85 Ring & Fj|
Value to load 6.03 back into the Vehicle Specs Ring and Pinion Ratio 4 .88
menu. For Re;ar Axle Type you click on the e

combo boxes’ down arrow key to see your

choices. Of the choices choose Quick Change |11 Teeth, Top Spur Gear 4
(more losses) best matches your car. (You may
not have realized it before, but there is a
“downside” to a quick change rear axle. Quick

change rear axles have more HP losses in them Note: - _ _
due to the additional gears.) Far drlvnj:tralns with a annjary gear drlve_between
the engine and tranzmizzion: Select 'Primary
Batio # Chain Drive' ag the Type if you know the
Frimary Fatio. Select 'Primany Gears & Chain
Dirive’ if wou know the # Teeth on the Prirmary

Aerodynamics Gears.

|Ea|t: Final Dnye Ratio 03

:

nils

|ﬂ Teeth, Bottom Spur Gear

For the Aerodynamic specs, click on the Type Use Calc Yalue | Help | Cancel | Print
combo boxes’ down arrow key to see your

choices. There are many choices and you
choose Typ Late Model. Notice how the acrodynamic specs are now “grayed out” and you can’t change
them. That's because your choice i "4 50~ Aerodynamic Type Choices

of Type is telling the program all = -
it needs to know. To enable these Aerodynamics — Click here to
specs so you can change them, Type Typ Late Model j drop dlown list
you would have to choose the top | of choices

choice in the Type list of Use Drag Co Typ Late Model, good downforce —M__ Click on
Specs Below. Lift CoelGood Late Mode! | these arrow
Good Late Model, good downforce buttons to
Frontal A Typical GoCart .
Good GoCart '1 Isete ?ntlre
B Poor Wington Cup ISto
1Poar Winston Cup, good downfarce ™ 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.
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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. 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 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

Figure 4.21 Calculation Menu to Help
Estimate Tire Traction Factor

E stimated Traction Factors

]
85

" Pick Tire & Suzpenszion Descnphion

|E stimated Traction Factor

a5 Awverage Suzpenzion Setup j

100 Best Poszible Suspenzion Setup
95 “emw Good Suzpenszion Setup

90 Good Suspenzion Setup
0h  Averar
20 Below Average Suspenzion Setup
70 Poor Suspenzion Setup

B0 e Poor Suspengion Setup

traction]' bires.

=] .E; 113 |Eer'|:5:i|:|r'| E;Etl_l 1

Usze Calc "Iu!'aluel Help | Ean-::ell Print

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 4.22 Tip on Limitations of Circle Track Analyzer

Circle Track Analyzer 2.0 Tip B

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 dizplay 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 reportz uzing these specs.

Although all these specs CAN affect lap times on the actual car, thiz version of the program
iz simply not "smart enough' to exactly know theze effects with vaniousz 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 time predictions.

Help |

[T Don't show thiz again
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Figure 4.23 Front Suspension Specs
w Front Suspension Specs [ LATEMODL.FAB ]

Back He—Lptions Suspension Type  Shim  Comments  Help
This s front view of suspension so left sids of SeERreastualy ot side of car. | | Dther Specs Bight | eft Click on
Camber Gain: -.36 Gain bazed on 5" Dive Camber Gain: -.83 Spring Length 1098 | 1098 .
and 5 deg Fioll Spring Angle 5 8 glle, then
Spring Rate 60D 550 pen
Wheel Rate 77l | 743 Example
Scrub Radius 6.0 6.0 Front
Stc Camber. deg (-4 2 .
Dyn Camber, deg SuspenS|o
Track.in [640 |[32 | [32 n for
King Pin Angle— [11.31 | [17.31 possibly
Spindle Angle 7.3 TEX]] flndlng a
Roll Center height = 2.8 Roll Center Right = .0 | | fioll Bar Rate. Ib/in 250 suspension
Roll Bar Length, in 1] I t
I Static Layout Dimenzions ayou
Right [X] Height _ Left [X] Height " Show Dive & Roll close to
A E el Upper Ball Joln_t 2 el & Oy Dive. inches Roll, deq Draw your car’s
Bl125 [17 Upper Frame Pivot [125 [17 H 8N = 5 = Big I [ t
C 25 [ Lower Ball Joint 25 [ 1 ® No bl Z b ayou
D75 [ Lower Flal-llB Pivot [g.5 [ J |- Help [definition]
E 19 16.5 Upper Spring Pad  [19 16.5 K Distance from car centerling to the center of ball joint
Fl21.29 [a.79 Lower Spring Pad  [21.25 [5.7% L on upper arm on Right side, in inches, For ease of
consigtent measurements for front and rear, use the
Length Angle Length Angle center of the driyetrain [engine, trans, rear axlz] az
9.96 17,52 |Upper Arm Dim. q 95 17.53 the car's centerline. p18
17.50 |.0 Lower Arm Dim. 16.50 |.0

Like Engine Specs, this screen does have examples to open. Click on File, then Open Example Front
Suspension as shown in Figure 4.23. In the list of example suspensions, click on ones that look
promising. The program will give a Preview on the right side of spring rates, camber, and comments
which describe the suspension. If you want, you can click on 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). Note 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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Rear Suspension

Click on Rear Suspension to open the Rear Suspension Specs menu shown in Figure 4.24. You may first
be given a similar important notice as in the Front Suspension menu shown in Figure 4.22. Again, the
Circle Track Analyzer can not analyze all details of handling and vehicle performance.

You go through these measurements and make changes to more closely match your car. You type in
your spring rates of 200 and 225 for the left and right. Note 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. 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.

Figure 4.24 Rear Suspension Screen _—
Name of Rear Suspension File

w. Rear Suspension Specs [ LATEMODL.FAB ] B3

Back File Commentz Help Your choice
B . : - — of Type will
Suszpension Specs —HER Side Top View Right Side . yp
significantly
|T5'PE | Trailing Armz/Coil Springs/Panhard orJ Ej| change the
Left Right appearance

|Spring Rates, Ibfin 200 225 of this
[Tire to Centerline. in 320 |EET L screen and

|Spring to Centerline. in 250 |250 T { I T what inputs

|5pling Angle. deg ] 1] you are able

- : to enter.
|5|:|nng to Axle. in 1] 1]
|Axle to Front Pivot, in 22.2 22.2 .
_ _ Rear View
|Pnhd Bar to Centerline, in |20 20 Lt ' heel Rate: 200 Rt'wheel Rate: 225

|Panhald Bar Heights, in 17 17

End of Panhard Bar that

Attaches to Axle @ Left O Right
= 2
" Help % k AN General

Diztance from car centerling to center of tire patch on Layout

the ground. inches. For eaze of congistent - - .
measurements for front and rear, use the center of the drawmg of
dri\fetrain [engine, tranz, rear axle] as the car's Rear
centerling. p18 Foll Center HE 170 Foll Certer Right; 0.0 Suspension
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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.”

For the Reports/Graphs spec of Show
Results Every ... you leave it as is

Figure 4.25 Selecting Simple Weather Specs
m Running Conditions

- Track Weather

IH ethod of Reading Wweather Data

Typ MHice ¥0 deg. day in Midweest

Typ Mice 7O deg. day at =ea lewel _.-.
Tvp Cool/Diry day at sea lewel =
Typ Hobt/Humid day in kdidwvsest

T o Cday in kidvsest
Typ Cool/Diry day in kAidvaest

|
[ Typ HotA/Hurmid day in mountains

Mice A0 de

Typ MHice FO deg. dav in mountains 1
Tyvp Cool/Dry day in mountains

ll

(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 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 screen [Type

should now look like Figure 4.27.

Figure 4.26 Simplified Track Specs

" Track Specs

low banlks

Ty 144 Mile, medium banks =

Tep 144 Mile, high banks
Track L] Twp 143 Mile, low banks
Typ 143 Mile, medium bankz
Tvp 143 Mile, high banks

Typ 348 Mile, low banks
Qp 38 Mile, medium banks &
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Figure 4.27 Running Conditions for Your Car

Notice how most

& Running Conditions specs are
" Track Weather | Track Specs disabled (grayed
|Hethnd of Reading Weather Data |Ty|:|e |T_','|:l 1/4 Mile, low barks j| OUt) because
you chose
[Tip Hice 70 deg. day in Midwest ~| simple “Types”
for Track

|[anr. Barometer, "Hg 30 Track Layout [straightz = 220ft]  Bank Anale Weather, Track

|Air Temperature, deg F 70 Specs and
Relative Humidity, % 60 ] [ .2Emi I Driver catagories
| ¥ mi g
|Elevatinn, feet 1000

" Reports/Graphs [Track Length. ft 1320

|Show Results Every._. | o5 ceconds =l Infield Width. ft 280
[Bank Angle. deg 7 .

" Help — Click here to
Click on amove to zelect how you vwant to enter " Driver / calculate |ap
weather info and the twpe of ingtruments you wil L
uge, of select from the list of Tepical weather |Tfpyilfypical.ﬂ.ggressive Driver j| time, or return
conditionz [Midwest azzumes 1000 ft and mountains = - to Main Screen
agsumes 3000 ft elevations). p 50 %BI' AQQIESSIVENESS|| A ogressive j and click on

// [Brake Aggressiveness [ . qqessive El Calculate Lap
Back I Help I Lﬁulale Lap Time I Print I Printer Setup I ;lee button
ere

Calculate Lap Time Performance

Whew, we’re finally done! Now for the fun stuff, lets see how this car performs. Click on the Calculate
Lap Times button in the Running Conditions menu, or click on the Back button to return to the Main
Screen, then click on the Calculate Lap Times button at the top of the Main Screen.

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 (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.
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Figure 4.28 Results for First Try Click here for History Log shown below.

Summary
M Circle Track Analpzer ¥2.0 Performance Trends [ LATEMODL.355 ] shows 14.04

L. Back Graph Frint  Analpze Suspension  Analvze Perf  Hisfory  Help(F1) _|ﬁ'|5|

i g Loww Lift Coef, A& iver Dirivi Mew Lap Ti 14.04 MPH E4.1 seconds and
otes Summarny: Low Lift Coef, Agressive Driving. ew Lap Time . .
64.1 MPH,

- M Click on Motes for maore Details. LaztLap Time  14.34 B2.8

] 1 Commentsl Improvement a0 1.3 faster than

Time |Feel |MPH |Accel Gs |z Throttle |Eng RPH |Tum i |[:unralure|DuwnFnlce|EumerEs ~| your car's

.00 0 456 i) 0 3580 2/4 186 236 62 | 14.5 second

.25 17 46.1 .25 62 3620 191 233 62 laps.

50 34 48.0 45 100 3772 223 59

75 52 50.5 A8 100 3970 199 53

1.00 7 53.2 505 a9 4180 162 44

1.25 a1 55.9 515 ag 4396 2/4 425 133 38 Lowest

1.50 112 53.7 515 ag 4616 2/4 553 104 .30 RPM

1.75 134 61.6 525 a9 4837 2/4 705 81 .25 .

2.00 158 64.4 51 100 5058 2/4 880 64 20 (minimum

2.25 182 67.1 50 100 5276 2/4 1091 49 a7 or Mn

m Test History !EE RPM) iS

Don't Show Histary  Clear [erase] History Print - Help shown as

Test Title [5ave?[[Lap Ft [Infield [Bank]MrRPMMzRPM]LapTimeImp. [MPH  [imp. [Callen [«]| the first

latemodl, 355; Sun Mar 7 93 12:08 pm 1320 (280 |7 |35 BE3j (1404 |20 G471 13 13 || EngRPM

laternadl, 355: Sun Mar 7 93 12:08 prm 1320 280 |7 315 1434 230 628 (1.3 1.4

latemod] 355: Sun Mar 7 99 12:05 pm 1320 |280 |7 | 358 1404 .30 B41 13 1.3 at the start

latermodl. 355: Sun Mar 7 99 11:58 am 1320 280 7 315 1434 00 E28 |0 .0 of Turn #2.

latemodl, 355; Sun Mar 7 33 11:57 am 1320 (280 |7 316 1434 .34 (628 (15 16 Mx RPM

laternadl, 355: Sun Mar 7 93 10:21 am 1320 (280 |7 3183 1400 .20 (643 |3 .9

latemodl 356: Sun Mar 7 93 327 am 1320 280 |7 2898 1420 00 634 0 |0 - would be

IEEIick ;;qustp'l'itle. f1 st cglrL‘,ln:niTo change it or t01r;E;iréveF|sr|;récs which pr;gaa tI;;;e re;L:It;.n Click. in otL;cholumns for definitions. someWh_er
e down in

Highest and lowest RPMs (Mx and Mn the
EngRPM

RPM) are shown in the History Log also

Match My Lap Times Feature

The program is currently predicting your car runs faster than your actual car’s 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.

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 Figure 4.23. Click on the Match My Lap Times button at the top, to
display the menu similar to Figure 4.24. Enter in your actual performance, including a description of
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your engine. You choose ‘500 2BBL, ported heads’ as
the engine description. It should look like Figure 4.29.
Then click on the OK (adjust veh. specs to match
performance) button.

The program makes several passes adjusting critical
specs between each pass, fine tuning the specs to find a
combination which best matches your actual vehicle’s
performance. After 30-40 passes, it arrives at the
combination shown in Figure 4.30. At the top of this
menu you see how close these new specs will make the
performance match. In the lower section, you see the
Old specs, and the new ones arrived at, which you can
either Keep, or discard and return to the old specs. You
see that the program adjusted tire Traction Factor down
to about 77% from 85%, and HP down slightly to 376
from 387. However, the program estimates that a 406
engine with a 500 2BBL and ported heads should make
421 ft 1bs, more than the example power curve which had
394 ft Ibs.

Click on the Keep These New Specs button to keep these
new specs.

Figure 4.29 Match Lap Times

Match Yehicle Lap Times

" Your ¥ehicle's Actual Performance
|anesl Engine RPM in Turns 3400
|Highest RPM before Braking 6300

LLap Time, sec 145

|Adiust Track Specs if Needed Yes j

E00 ZBEL Paried Heads =

Pick basic engine description from list of engine types,
carb sizes. general head dezcription, ete.

[Engine |

[ Important Current Specs
These are zome curment settings of critical specs
which must be accurate BEFORE using this menu:

Engine Cubic Inches: 406

Track Type: Typ 1/4 Mile, low banks
Track Surface: Azphalt

Track Length: 1320

Track Infield wWidth: 2E6

Track Banking: 5.0

Help Cancel Clear Entries |

OK [adjust veh. specs to match performance] |

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.

Saving Your Car

Return to the Main Menu and click in the Vehicle Comments section and change them to match these
specs for your Late Model running 14.3 seconds. There are comments which can be entered for the total
vehicle at the Main Screen, and for the individual components of Engine, Front Suspension and Rear
Suspension. An easy way to show all these comments is to click on the Show All Comments button at
the Main Screen. Figure 4.31 shows what you could type in for comments.
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When finished, click on the Save Figure 4.30 Results of Match Vet. Perf.
Vehicle button, or on File and then Modifications Required to Match your Performance I
Save Vehicle. You are first as shown - Performance from New Specs
Figure 4.32. You answer No, since - Lap Time Highest RPM  Lowest RPM
these specs no longer represent the 32&‘2{;"33“ EE | [Fa00 | [Baoo |
LATEMODL.355, but that you want to Perf Obtained [1434 | [6474 | [463 |
give it a new name. Next the screen from New Specs
shown in Figure 4.33 is displayed.
Change the New Vehicle Name from " Specs Which Have Been Changed
LATEMODL.355 to something that Spec Hame oid Hew
matches these specs, like MY- Engine Pk Tq [full curve] 394 0 421.0
LATMO.DEL. Engine Pk HP [Full curve] 387.0 376.3

Eng Pk HP RPM [full curve] | (5500 5500
As Figure 4.31 shows, there are eyl setion]i seton il LSS
individual File names for the Engine, Tire Type TypRacing QlivoHecig
Front Suspension and Rear Suspension. inieldpi il gl
You should also go into each of these B anking. deg i I
menus and save these components [Driving Style | Pagessive | Jagiessive |
under a new file name, one the matches Important: This combination iz just one of many to produce these results.
the components on your car. If you do, Other combinations may more accurately match your car.
then you will want to update the | Keep Theze Mew Specs I Return to Old Specs |
Vehicle file with these new component

names also. At the Main

Screen, click on File, then Figure 4.31 Editing all Comments
Save to update MY- All Yehicle Comments |
LATMO.DEL with these new Engine E stimate of my 406 engine from program using Match |«
component file names. Comments for: My Lap Times.
G-406-2 BBL
Ad|
Front Completely fabricated double A front end for late |+
NOW you are. ready to check Suspension munrcrlngl-e ely fabricated double A arm front end for late |+ |
various modifications on your Comments for: —
vehicle, like changing gear LATEMODL.FAB
ratios, tire size, or power 2]
curves, etc. Rear Completely fabricated 3 link rear suspenszion with =
Suzpension panhard bar for late model.
Comments for: —
LATEMODL_FAB
Total Vehicle Baseline of my Late Model on a 1/4 mile rack with |+ |
Comments for: fabricated front and rear suspension.
376 HP at 5500 from 406 cid w 500 2BBL. ported [
LATEMODL. 355 | |cast iron heads.
OK [keep changes) I Allow Editing any Comments |
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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

Figure 4.32 First Screen for Saving Vehicle

Save Changes to Same File Hame? |
@ Do you want to update the current vehicle:
LATEMODL. 355

With the changes vou've made?

Click on Mo to zave the current vehicle specs to a new name. Click
on Cancel to stop gaving.

Mo Cancel

from preloaded examples, preloaded lists, or by calculating them using Calculation menus from
other known information or measurements

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.

Figure 4.33 Screen for Entering New Vehicle Name for Saving
Click on File, then Save As or Save Vehicle button to save specs

7
M Circle Track Analyzer v2.00 Performance Trends [ LATEMODL. 355 ]

FE [vehiclef CalcLapTimez  HelpF1]  Preferences P Type in
7 = most any
| Opén ¥ehicle Library I | Calculate Lap Times I | Find Best G<ar Hatio I | Help I name then
b
ave Ve =10 uit Program I click OK.
e [New Vehicle Name: MY-LAPMODEL
. The program
0K Cancel | Hel | 06 cubic inches, N .
| P 75 HP ot G500 B will tell you if
@3 Vehicle File Name Had To Be Changed szllence it must .
— lger change it to
i i i i i g s il S : o Ly
F neﬁ' To possibly be a valid Vehicle File Mame, paur entry ha be changed to: ggnﬂgr;%sz Track: B4.0 be a valid flle
h'v'-LaATMO.DEL
pringzs/Panhard or J Bar name for the
Do you want b uge this name? com pUter, as
shown here.
Mo Cancel
Runnin
Show All Comments I
Help: Comments: g .
This section shows & summary of Baseline of my Late Model on a 1/4 mile track with fabricated front 1 Click here
thPT cument zettings in each menu. and rear suspension. tO ShOW
Click on the menu's buttan to 376 HP at 5500 from 406 cid w 500 2BBL, ported cast iron heads. .
view all the details. and edit all
-|| comments,
I:ig 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
w. Front Suspenszion Specs [ 96-BUSCH._LOW ]
Back | File spension Type  Shim  Comments  Help
T MNew Frant S i - o r
Thi Eew ;n TST:enSIth : =) ly right side of car. Other Specs Right Left
Can [Pt (STl el SR el ' Dive Camber Gain: 97 Spring Length 906 915
Dpen Saved Front Suspension II. Spring Angle 50.3 918
Save Front Suspenszion Spring Rate 770 774
Save Az Front Suspehsion Wheel Rate a0 T35
Pt 7» ﬂ/q; Scrub Radius 5.0 5.2
Print Blank Worksheet Ste Camber. deg |25 2
Windows Frint Setup Wym (Eemliren, e
| . ____-3=-q___q:. Track.in [61.0_| 305 | [305
L _i___--— | T King Pin Angle 11.17 | [7.95
Spindle Angle 8.67 9.95
Roll Center height = 3.7 Roll Center Riaht = 4.7 | | fioll Bar Rate. Ib/in il
Roll Bar Length. in 13
| Static Layout Dimensions
Right [X) Height Left [X] Height 'Show Dive & Roll
A 20.4 Upper Ball Joint 225 [202 G Dive. i Draw
_ Yes ive, inches Roll. deg
B (15 17.4 Upper Frame Pivot [14.85 [17.3 H O - |1 5 H Big
C(238 [8.75 |LowerBalldoint [241 [s75 |1 || ®MNo e .
D7 7.3 Lower Frame Pivot (7. 25 7.25 J |- Help [definition)
E[181 [165 |UpperSpnngPad [181 [165 |K | | Distance from car centerling to the center of ball joint
F21.25 |g Lower Spring Pad (215 [g L | | onupper am on Right side, ininches, For ease of
consistent measurements for frant and rear, uze the
Length Angle Length Angle center of the drivetrain (engine. trans, rear axle] as
7.16 24 78 |Upper Arm Dim. 8.18 20.76 the car's centerline, p18
16.86 |49 Lower Arm Dim. 16.92 [5.1

Click on
File, then
several
options are
available for
Opening
saved
suspension
file, printing
blank
worksheets,
etc for
entering
specs or
evaluating
other
suspension
setups.
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From this menu, you can:

o 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 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 Susp File E | alphabetlca_lly.
Click on a file to
[10 Front Susps in Library Chosen Front Susp File: 96-busch_hi highlight it and
. display a Preview.
96-busch_low IR Then click on the
imca-met.ric . . OK button (or
Type: Dbl Adrm Track: 61.0
latemodl.fab RtUprLen: 7.16 LtUprLen: 8.18 double click on file
S eI RtUprAngl: 16.86 LtUprangl: 16.92 name to Open in
- RtCamber: -2.5 LtCamber: 2 -
mustang. stk one operation).
qrir-mid.get
:?;?&gét-ng 1396 Buszch Thunderbird Front Suspenzsion — The Advanced
with spring rates high speed and high button opens up a
banking [stiff zpringz]. 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).
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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.

Fii ure 4.36 Specs for the File 96-BUSCH.LOW
w. Front Suspension Specs [ 96-BUSCH.LDW ]

Back Fie Options Suspension Type Shim  Comments  Help A ]
P |
This iz front view of suspension so left side of screen is actually right side of car. ight Left
Camber Gain: -.81 Gain bazed on 5" Dive Camber Gain: -.92 9.06 915
and .5 deg Roll 20.3 1.8
L Spring Rate [l {770 724
Wheel Rate 340 335
Scrub Radius 5.0 5.2
Stc Camber. deg| |-2.5 2
Dyn Camber, de
Track. in [61.0 305 305
_ King Pin Angle 1117 | |[7.95
Spindle Angle 8 67 9.95
Roll Center height = 3.7 Roll Center Right = 4.7 | | Fioll Bar Rate, fb/in 250
Roll Bar Length. in T
" Static Layout Dimensi
Right (X) Heig _ Left [X] Height ~Show Dive & Roll |
AHEE [0« |UpperBal .lum_t 225 J202 |G (ak; Dive. inch Roll. deg  Draw
B 15 17.4 Upper Frame Pivot (1485 [17.2 H L lé' |1 5 lé' Big I
C[738 875 |Lower Ball Joint 241 g7 |l @ No F - |
D7 7.3 Lower Frame Pivot |7.26 1796 | | - yepp (definition)
E[181 |16.5 |UpperSpringPad (181 [|16.5 [K | | Distance from car centefling to the center of ball joint
F |12 |8 Lower Spring Pad |21 5 8 L on upper arm on Right gde, in inches. Faor ease of
conziztent meazuremerfs for front and rear, use the
Length Angle Length Angle center of the diivetrainengine, tranz, rear a=le] as
716 24 78 | Upper Arm Dim. .18 20.76 the car's centerline. pfl8
16.86 |4.9 Lower Arm Dim. 16.92 |51

Click on
most
any
specs
for a
brief
descrip-
tion to
be given
in the
Help
box at
the
bottom
of this
screen.

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.
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Figure 4.37 Front Susp. Screen after Raising Rt Upper Ball Joint to 20.9 “

Back File Option:  Suspenzion Twpe  Shim Comments  Help
This = frant view of suspension sa left side of screen iz actually night side of car. | | Other Specs Right Left
Camber Gain: -.99 Gain bazed on 5" Dive Camber Gain: - .92 5 pring Length 9.06 915
and .5 deqg Raoll -
Spring Angle 20.3 21.8
Spring Rate 770 | [724
Wwheel Rate 324 335
Scrub Radius 5.0 5.2
Stc Camber, deg |2 05 | |2
Dyn Camber, deg
Track.in [51.0 305 305
_ King Pin Angle 10.72 | [F.95
Spindle Angle 8.67 9.95
Roll Center height = 4.0 Roll Center Right = 7.2 | | Aoll Bar Rate. Ib/in 250
Roll Bar Length, in T
" Static Layout Dimenszions
Hight [X] Height Left [X] Height " Show Dive % Roll
Al Upper Ball Joint 25 [20.2 G Dive. i Draw
: ClYes ive, inches Roll, deg
B |15 17.4 Upper Frame Pivot (1485 [17.3 H | H |1 5 H Big |
C[238 [g75 |Lower Ball Joint 241 |g.75 | ® No e : o
D7 7.3 Lower FI-EII-IIB Pivot (7 25 7.25 J | - Help [definition)
E(181 [165 |UpperSprngPad [181 [165 |K | | Distance from around up to the center of ball joint on
Fl21.29 |8 Lower Spring Pad |21 5 g L upper arm on Right zide, in inchez. p 18
Length Angle _ Length Angle
.38 28.30 |[Upper Arm Dim. 8.18 20.76
16.86 |49 Lower Arm Dim. 16.92 |51
Table 4.1 Before | After - - -
- Figure 4.38 Front Suspension Options
Upper Rt BJ Ht | 20.4 20.9 9 P P
Roll Center Ht 3.7 4.0 Euspension Specs [ 96-BUSCH _ LO% ]
RO” Center Rt 4.7 7'2 z | O pticrn=s SLISI:IEI"ISiDrjI Tuoup= =S him Commenks HEI
- = E rnter >E&HE RHeadings. Frames= & BEall dntks i
Camber Gain -.81 -.99 ‘il Erber 2<&HE 1 Erd. 2o Len & Sagle L
o = Drawe E =ten=sion Lines
Stc Camber 25 205 - Cron't Dirave E xtension Lines
Upper Arm Len 716 738 w~ Background Car Lavout Colar - Light Gray qE
Upper Arm Ang 24.78 28.30 Eackaground Car Layvowut Color - D ark Grag
w Camber Changes with Fewvs ITnputs E_'
Camber Doe=s Mol Changs with M eve Inputks |
Press <enter> and notice how Camber ] Bl B i B Smees B
gain changed from -.81 to -.99. See v Show Spindls Angle e
Table 4.1. This minor change will B T

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 Figure 4.39 Notice when Changing Options

(rinted inlight gy n the ower
left corner changed from 7.16

inches to 7.38 and 24.78 degrees to Fram naw an, the length of the A Amg will be held constant a5 you change =

23.30. You might be thinking that and Height inputs far the available ends of the & Armes.

the only way for the length of the Far the Upper Arm, the Frame Pivat iz moved bazed on the Ball Jaoint = &

arm to change is by installing a Height, Length and Angle.

different hich i t.

V\l]heien am’ ;Vt 13 18 cor.re.C th Far the Lower Arm, the Ball Joint iz moved baged on the Frame Pivat = &
atwe 51mq ated was .ralsilng c Height, Length and Angle.

Upper Ball Joint and adjusting the

length and angle of the upper arm so Thiz made is Lsually best for watching adjustments pou make, where the

the Frame Pivot would stay in the lenathz of the armz are MOT changed.

same spot.

If you want to change the height of
the Rt Upper Ball Joint, but use the
same arm (arm length stays the same), you can start adjusting the Rt Upper Ball Joint X dimension until
you get back the original length of 7.16 inches. For example, after a few tries, you’d find that an Upper
Ball Joint X of 21.25 inches would produce a length of 7.16 inches.

If you click on Options at the top of the Main Screen you will see that the first option (Enter X&Ht
Readings, Frame & Ball Joints) is checked. This means you enter the X and Height readings of both
ends of the arms, and the length is calculated from those readings. If you select its alternate option (Enter
X&Ht at 1 End, Arm Len & 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 at the Frame Mount.

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.

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
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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 Suzpension Specs [ 96-BUSCH.LOW ] E3

Back File Options Suspension Tope  Shim Comments Help

This is frant view of suspension so left side of screen is actually right side of car. | | Dther Specs Right Left
Camber Gain: -. 77 Gain bazed on 5" Dive Camber Gain: -.92 Spring Length 9.06 9.15
and .5 deqg Raoll -
Spring Angle 20.3 21.8
Spring Rate [ [770 | [724
Wheel Rate 344 335
Scrub Radius 5.0 5.2

Stc Camber. deg |-2.05 | (2
Dyn Camber, deg
Track. in 1.0 30.5 305
King Pin Angle 10,70 | [7.97
Spindle Angle 8 55 9.97

Roll Center heiaht = 3.6 Roll Center Right = 4.0 | | ioll Bar Rate. Ib/in 250
Roll Bar Length, in T
" Static Layout Dimensions
AHight [¥] Height u Ball Joi Left ] Height & 'Shuw Dive & Roll
215 [20.9 |UpperBallJoint  [225 [20.2 Ovyes Dive,inches Roll deg Drow
B (1500 |[17.90 [UpperFrame Pivot (1485 [17.30 |H |1 lé' |1 5 H Big I
Ci>380 [874 |Lower BallJoint 2410 lg7s |l @ Mo b - -
D7 7.3 Lower Frame Pivot |7.2% 7.2 I [ Help (definition)
Elig1 | |UpperSprng Pad (181 16.5 |K | | Distance from ground to center of Upper maunting
Fl»1 25 |8 Lower Spring Pad [?1.5 8 L pad for the =pring on night zide, in inches. p 19
Length Angle ) Length Angle
716 |24.78 [Upper Arm Dim. 818 |20.76
16.86 4.9 Lower Arm Dim. 16.92 |5.1

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 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. gyna[;nlc
amber
D pe pe 96-B 0 =
Back File /Opti 5 ion T St tz  Hel shows
ack  File i uspension Type im  Commentz  He X
R - - / how tire
Thiz iz ffort vieg of suspensign.sobleft sc:de ofsﬁc[r;laen iz actually right side of car. Other Specs Right la‘z" camber
ain based on . ive Spring Length 9.06 15|
and 5 deg Rall S pring Angle 503 bis Changgs
Spring Rate |gid] (770 724 with Dive
Wheel Rate 344 ||[335 & Roll.
Scrub Radius .0 5.2
Stc Camber, deg -2_I]5I 2
Dyn Camber. deg [3.827| .04
Track.in [61.0 305 | 305 |||  Click here
King Pin Angle 10.70 | [7.97
\ Spindle Angle 8.65 | [9.97 to show
- more
o I Roll Bar Rate. Ibfin [ [250 i
Roll Center height = 3.3 ! Roll Center Right = 10.7 Roll Bar Length, in - - / detall, ||ke
" Static Layout Dimensions 7 Figure
Right [X] Height : Left [X] Height 'Shuw Dive & Roll [ 4 42
Al715 20.9 Upper Ball Joint 22 5 20.2 G ) . Di i Roll. d Dl+l )
: @ Yes ive, inches oll. deg
Bl1s500 |17.90 |UpperFrame Pivot (1485 [17.30 |H PTER: |1 '%\IJ 5 H Bi
C(z380 |6.74 |LowerBallJoint [2a70 [875 (I | | C'Ne . Big | Click on
D|7 7.3 Lower Frame Pivot (7 25 7.95 J |- Help [definition) arrow
E(181 [165 |UpperSpnhgPad [181 [16.5 |K | | Distance from car centerling to the center of ball joint
Fl»1725 |8 Lower Sprigng Pad |21 5 |8 L | | onupper amoon Right side, in inches. For ease of buttons to
consistent measurements for frant and rear, uze the increment
Length Angle Length Angle center of the drivetrain [engine, tranz, rear axle] az X
7.16 24 78 |Upper Am Bim. 3.18 20.76 the car's centerline. p 18 DIVe & RO”
16.86 |4.9 Lower Arm Dim. 16.92 |51 up or
. : down, or
Emﬁtall"J [ RSN e |J\@ Explo...l Kh-hcro...l Eﬁrap...l =, Circl... ”[:,Fm... | @ 1202 PM . ’ .
just type in
Car is shown diving and rolling to the right your
(positive Roll), which is what the car desired
would do braking into a left hand turn. Dive & Roll
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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.

Figure 4.42 Screen of Figure 4.42 ‘Drawn Big’

w. Front Suspension Specs [ 96-BUSCH_LOW |

Back File Options Suspension Type Shim Comments  Help

/]

Thiz iz front view of suspenzion so left side of zoreen iz actually right Age of car.

Gain based on 5" Dive
and .5 deg Rall

Roll Center height = 3.3

Roll Center Right = 'Iz’
Show Dive & Roll /

. Other Dimensions & Specs High}// Left //

Spring Compression, inches [1.3% 30 ’ @ Yes Dive.inches Roll, de [:'a“'
Camber, degrees -2.05 2 C/ No 1 |Z|v 1.5 li‘v [

Hew Camber. degrees -3.82 -.04
King Pin Angle, degrees 10.70 7.97

Click an Draw Mormal button to return to aniginal screen.

Spring
Compressio
n is only
displayed on
the Front
Suspension
screen in
Draw Big
Mode

Click here to
return to
original
screen.

discussed above are listed at the end of Appendix 2.

Tips for understanding Roll Center, Camber and Camber Gain

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.
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Analyze Suspension

You can also analyze the suspension
actually going around a particular
track. Change the Upper Ball Joint
Height back to 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.

Figure 4.43

Click here to Analyze Suspension
as shown in Figure 4.44

@ Circle Track Analyzer ¥2.0 Performance Trends [ 96-BUSCH V-8 ]

§.. Back Graph Print Analyze Suspension  Analyze Perf  History  Help(F1)

[ = ey

Motes Summary: e Low Litt Coef, Wery daressive
Driving. Click on Mates for more Details.

Comments
Time  |Feet [MPH  [Accel Bs [% Thiottle [Eng RPM [Tumn #
.00 0 64.6 .00 0 4411 224
.50 48 68.0 .59 100 4646 214

This will produce the screen shown in Figure 4.44.

Fig. 4.44 Suspension Analysis Screen (See Section 3.6, page 116 for details)
Unlike the Front Suspension Screen where you enter
your “guess” at Dive and Roll, Dive and Roll are
calculated from track specs and vehicle specs.
w. Circle Track Analyzer ¥2.0 Suspension Analysis Screen
Options  Print Reportg  Contnuouz  Single Step Ahead  Single Step Back  Help
Thisz iz a Front Wiew [left zide of screen iz actually right side of car.] Left G Right
—_ 3 deg Bank Angle —_ Spring Spiing
.o a2
_ 4411 RPM
B Lbs ) ) Lbs
554 s 28 1287
Brake Gas
Rall: 1.28 -:Ieg/ \ Dive: 0.69 inches \—/
Rt Camber: -3.65 deqg Lt Camber: .50 deg Static Dyn.
— - 0 485 49 Rear X
Turk 2 Turk 1 F"“"J:" EI"‘:I: B Spring 2 £ G Sp['i'ng
ceelerating ~06 50 53 Cross % 75
646 MMPH Lbs - Lbs
E11 1123
1378 Feet
968 Sec
Turk 3 Ture 4
I Eraking I
Track Position and j Spring compression and tire load J
other info shown here on all 4 corners shown here
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Before entering the Suspension
Analysis Screen, you may get a

Figure 4.45 Possible Baseline Notice when
Entering Suspension Analysis Screen

notice like Figure 4.45. The CTA |
Analy51§ Screen lets you compare the The current results are for a 2756 foot Track with a 439 foot Infield. The
suspension of the current test results saved Bazeline conditions are for a 1375 foot Track with a 280 foat Infigld.

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

results.

Theze Bazeline conditions can not be accurately shown with the current

Infield Width, but Banking can be
different).

One important feature of Figure 4.44 is watching the Front Suspension go through “computer predicted”
Dive and Roll and watching Camber and Roll Center Location of the Front Suspension change. This
avoids you having to “guess” at reasonable combinations of Dive and Roll to enter in the Front

Suspension screen.

Figure 4.46 Baseline Question Asked when Exiting

The Suspension Analysis screen Suspension Analysis Screen
AR 5o vc o Baselie? [
has several options. Read ave g8 Dascane -

Section 3.6 (starting on page @ Do pou want to zave these conditions az the new baseling? [Click

116) to understand all the
possibilities. For now, click on
the [X] box in the upper right
corner, or the [-] box in the upper

on Cancel to return to thiz screen. ]

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.

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.
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Figure 4.47 Entering Baseline Title
Baseline Title |

Current Conditions were
saved as the Baseline.

i . Cancel
Enter some title for this _l

Bazeline

Upper Ball Joint at 20.4" [bazeline] |




(C) Performance Trends Inc 1999 Circle Track Analyzer Chapter 4 Examples

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

w. Circ:le Track Analyzer ¥2.0 Suszpension Analyzis Screen

Optiofz  Print Reports Continuous  Single Step &head  Single Step Back  Help
Fdster Eontinmons pdate treen is actually right side of car.) Left Right
Slower Continuous Lipdate 4" [bazeling] [results shown in pink]
e (LS Heq Bank, Angl
v [fraw Extengion Lines 2 bank Anglie S pring
or't Draw Estension Lines 114"
v [Show Baseline Lolle 6441 RPM
Don't Show Bazeline Lbs . el .
Edit Baseling Mame EE) S L
991 Brake Gas
_'O_ _. I|
Fol: 0.84 deg 057 Dive: 231 inches 215 N\
Rt Carnber: -8.67 deg -7 43 Lt Camber: -2 33 deg  -1.94 Static Dyn.
Friction Circle in Gs ;ES i; TE[‘:';% Spring
Tumm 2 Tum 1 Accelerating 51 50 E?DSS} 29"
29
94,3 MPH
54.3 \ / Y I 'é';;
1189 Feet B2
e o 15 10 5
8.00 Sec
a.00
Tumn 3 Tum 4
Baseling iz 0.0 car lengths ahead. Braking \ \ l

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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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 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.
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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 accuracy, 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 area:

1/3
Top Speed = K1 x Frontal Area x HP
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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.

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
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L. |
If "close enough" was 200 Ibs, our first answer of 3200 lIbs would have been good enough. If "close
enough" was 1 1b, 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.

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.
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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 No0 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)

e More Engine Power (especially long tracks)

e Higher Banking

e  Wider Infield Width

e Higher Traction Tire ‘Type’

e Higher Tire Traction Factor

e Higher Driver Aggressiveness (Braking and/or Accelerating)

e Lower Lift Coefficient (larger negative numbers, especially big tracks)
e Lower Drag Coefficient (especially long tracks)

e 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,
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. __________________________________________________________________________________________________________________________|
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.

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 lbs from the vehicle's rotating components (wheels, tires, engine flywheel) will show a
larger improvement in accelerating performance than removing 30 lbs 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, Figure A1 Changing Rotation Inertia
>

rotating components
with small /— Base Inertia
diameters, which f \
concentrate the
O

é
mass close to the
center of rotation, Reduce weight 50%

>
have much less /— Same Diameter
inertia. These 1 Inertia is reduced 50%
Requires only half the HP

components consist

of the driveshaft, to accelerate

axle shafts, etc. >

Reducing the /—

weight of these Reduce Diameter 50%
components _/ Same Weight
insignificantly < Inertia is reduced 75%
reduces you rotating Requires only a quarter
inertia Rotating the HP to accelerate

components with
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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 I pound from an axle shafft.

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 lbs from the all 4 wheels and placing it somewhere on the body, since
we did not also reduce Vehicle Weight 128 lbs (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).

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 1bs
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.
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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
e  Weight %s, Rear, Left and Cross
e 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:

174

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.

The program is now designed for 600 x 800 or higher resolution screens.

There is now an option in the Analyze Suspension screen to output an ASCII file of the wheel
loads for analysis in other programs.

The graph screen is now larger, and generally fills the entire screen.

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.

The program now figures the wheel rates more like our more detailed Suspension Analyzer.

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.

Braking is now done more gradually, like a human driver, on high speed tracks.
The Front Suspension screen now has Edit options to copy measurements from one side to

another, and move all measurements in, out, left right, up, down, or re-center all measurements
based on changes to the tire track.

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.

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.

File commands to save a vehicle file to a floppy disk, or open a vehicle file from a floppy disk.
The Rear Suspension screen now reports wheel rates for both bump (as before) and roll.

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.
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*  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.

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

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.

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 Circ:le Track Analyzer ¥3.2 Performance Trends [ LATEMODL 355 ]
File [4&hicle] CalcLapTimes Help  Preferences FReqg To: Kevin Gertgen

=001 Cirl+M . . f
Open Example Yehicle from Performance Trends ] | Find Best Gear Hatio I | / Help I
Open One of My Saved Wehicles Chrl+0 = / =
5 ave Yehicle Chilss ] | Quit Program I | Comer Jacking I
Save Az Chil+
mal
Open fram Flappy Disk. 4 .
e odl. 390 355.1 cubic inches,

RPM and 487 HP at E500 RPM

[B0% rear, 587% left, 58% crossg]
Rear Tires: 82" and 85" circumference

Print Main Screen
Print Blank Woarkshesat

V{indows Printer Setup htemodlfab  Double & A with Cail Springs Track: 64.0"

.

Spiing: 325 Rt Camber; -3 Lt Camber. 2.5
Uhlock F;rogram
r temodl.fab  for Trailing Arme/Coil 5 prings/Panhard or J Bar
Edit Progkam Ctilex |t Spring: 150 Rt Spring: 180

[ I [

\ Running Conditions

Show All Comments |
Comments:

Super Late Model on a 1/2 mile track with fabricated front and rear ;I
suspension.

Help' in menu fine for 487 HP at 6500 from 355 w 390 4BBL. roller cam, AFR heads.
mare detalled info on options.

=
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 combnuter 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

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
| o8] | 1ot ] 7 o
|Spring Rate I&I |Spring Rate I&I
Lbs Lbs
) £a0 1048
Left Rear Right Rear 71 1007
|T hreads/fInch 1 |T hreads/Inch 16 : :
[Turns Down 0 %I [Turns Down 0 %I
[Static Weight  [941 [Static Weight (960
[Spring Rate 225 [Spring Rate 200
Static  Mew
Enter the nurber of threads per inch far the jacking screw on this corner of the car. 5238 5238 Rear X )
MET A4ET Left% Height
5481 5255 Cioss % -
=30
Lbs
/ SE0
1001,

/
[} adobe der... | EICTAMANL.. | %cmzn-m..]/{f Cicle Trac. |[53 Cireld Tr.. [ BME P4 a26aM

I ] Slarl”J (3] ctadac

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.
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Circle Track Analyzer

Appendices

. Circle Track Analyzer ¥3.2 Suspension Analysis Screen

Figure A4 Analyze Suspension Screen Results

Back Option: Print Reportz  Continuous  Single Step Akhead | Single Step Back  Help

Baseling Title; V3.2 [results shown in pink)]

1 16 deg Bank Angle

This iz a Front Yiew [left zside of screen is actually right side of car.]

Foll: 0.82 deg 039
Rt Camber. -5.04 deg  -5.05

Dive: 0.69 inches
Lt Carnber: .E2 deg

07
0EE

Friction Circle in Gs

Turn 2 Tum1 Accelerating

E339 MPH

B39

1058 Feet

1052 15

962 Sec

962
Turn 3 Tum 4

/

;ﬂsrlal.lmn@ m— I-IlwAdobeAcr... | @cTamanL.. | %cmzn-k] < cice Trae. |[ &5 Circle Tr.. [ B &P 02am

Left Right
Spring Spring
a4 '?B”
a1 46965 RPM o
e 4E9E Lbs
BE0 e 1048
- Brake Gas 1018

Static Dyn.

. 431 52 Rear X .
Spnrlg 551 45 Leftx Sp[,l.ng
1.08 515 55 Cross % o
8B" 102t
Lbs Lbs
5341 960
1R H 930

. Circle Track Analyzer ¥3.2

Suszpension Analysic Scieen

Back Options Print Reportzs  Continuous — Single Step Ahead SmgleStepBack|HeIp

This iz a Front View [left side of screen is actually right side of car]
Baszeline Title: ¥3.2 [results shown in pink]

— 16 deg Bank Angle

— —

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.

Fiol: -0.08 deg 011
Fit Camber: -10.09 deg -10.08

Dive: 261 inches
Lt Camber: -3.62 deg

262
363

I 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 ¥Yehicle File

|?4 Yehicles in Library / |[:husen Yehicle File: Legends at
EIJ'ZUZI]I]Z Grand Stpck Preview:
91952002 Legends at Cordele HP- 127 Dbl A Arm
9/16/2002 Legends RPM: 9000 LF- 200
81472002 LATEMODL for kevin Wt 1'3']'] HF-' 290
8/1/2002 LATEMODL e .

Axle: 6.2 LR: 185
81220001 Prdet171_ges RiCirc: 69.4 RR: 200
1/5/20001 SWEATHMEM.002 T :
1/9/20001 SWEATMEM.001 Tonical L IoC Hardeevile M .
127242000 DAVE-MAT THL ypical Legends ar_at ardeeville Motar
8MEG/2000 TEST.dat SFIEEdWEI_',', Hardeeville G ]

Tires: 205-60R-13z BF Goodrickh Comp Tz
RAT7/2000 GEMZ2.001 . . -
31072000 LEFT17.002 1 Al F'ru_'rnﬂrj,I Reduction ratio [must be
23210/2000 LEFT17.001 j included in Rear Axle Ratio 4.0 to product
r List Abhabetical -[t ical listing) 7.179 averall rear axle ratio) LI

i phabetically [typical listing
f+ List by Date Last Changed
Open | Delete | Cancel | Help Advanced |
\

\

New Option to List Files by Date Last Changed, which lists the files
vou most recentlv worked with first.

Figure A6 New Help Options y New Help
E Circle Track Analyzer ¥3.2 Performance Trends [ Prdct]71.ges | Opt!ons
File [vehicle] CalcLapTimes | Help Preferences Fieg To: Kevin Geftagn a\_/all_able by
Help F1 clicking on
| Dpen Vehicle Library Intraduction to basic Windows Cermmal ar Ratio Hel_p at top of
about Circle Track Analyzer Main Screen.

| Save Yehicle to Library

Display the Uzer's banual
Dizplay the the Readme. doc file
“ehicle Specs = Dther Peifamance Trends Produg

Performance Trends on the web hes,
1 JZB T 0z at 2600 REF and 212 AF at 6000 RPk

Weight: 306E.5 Ibs  [49.1% rear, 5RO left, 51.5%

Wahinla 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:

e 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.

e 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.

e  The program can now do an angled, symmetric 4 link rear suspension, as used in the late model
Mustangs and GM Metric chassis.

e Added the ability to do Camber Change and Roll Center Migration tables and graphs in the
Front Suspension Screen.

e 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.

e 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

e Screen colors are now more compatible with Windows XP.

e 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.

e New Example files have been added, like GM Metric 4 Link Rear Suspension..

e 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.

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
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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

& Circle Track Analyzer ¥3.5 Performance Trends [ LATEMODL.355 ]

Filz (wehicle) Results Help  Preferences Reg To: Kevin Gertgen

\
| Open Yehicle Library | | Calculate Lap Times | | Find Best Gear Hatio | | Help \ |
\
| Save Yehicle to Library | | Match My Lap Times | | Quit Program | | Cormner Weights |
W

! FLLD value for this car is shown [ —
[ here, with a description of what it qulir?qSDand 433?53; grg;;u'g;hggi
means. Click on details for more

. . . [B0% rear, 58% left, 58% crozs]
_| info on this tuning parameter, Rear Tires: 82" and 85" ciy

including more complete vehicle emodlLfab  Double & Apdwith Coil Springs  Track\64.0"
—| calculations. Epring: 325 Rt Carfiber: -3 Lt Camber: 2.5

Rear Suspension | Fear Susp. File: latemad| fab for Triling Arms/Cail Springs/Fanhard or NG ar

Track: 64.0" Lt Spring: 150

t Spring: 180

‘Tranzistion” Handlin

Running Conditions Lateral Load Transfer: 4274 % Front [some oversteer/looze) Details
[Mote: Understeer (a number above 50%) iz Safer than Dversteer] Fin
Help: Comments:
tove mouse over item for Show All Eumm' nts |
de_s-:ru:-h-lan i .b.e it |“_'|EIE. Super Late Model on a 1/2 mile track with Fabricated front and rgar
Click on "Help' in menu line far

Suspension.

more detailed info on options. 487 HP at 6500 from 355 w 390 4BBL. roller cam. AFR heads.

Find button brings up screen of Figure A8, to let you
quickly find combinations producing different FLLDs.

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).
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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.

Circle Track Analyzer

Figure A8 Find Front Lateral Load Distribution
Screen obtained by clicking on Find button in Fig A7.

3

. Find Front Lat Load Dist

3) Click here
to have

program find
new settings.

1) Pick what
to Adjust.

t Load Dist
Current Bear Spri (150 7 180 |
Curmrent Mat Freq, F |1_?5 / 1.68 |
Mew Front Lat Load Di

MNew Hear Springs 96 .4 F 235.7

2) Select the
FLLD you
want. The
program will
default to a
typical value
based on your
car’'s weight
distribution.

For This FLLD

Thiz change tends to make the car
shghtly looser.

Hote:
The new zettings you find uzing thiz feature may

HOT be best your driving style and could be
MSAFE. Click on Help for mare info.

4) Click here to
have program
save these new
settings.

Far this vehicle's Front "W % of 50.0%, 55.0% (5%
higher] would be a sugoested setting.

0OK./Keep

| Help | Eant:el| Print|

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.

Appendices

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

181



(C) Performance Trends Inc 1999 Circle Track Analyzer Appendices
L. |
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 the Analyze
Suspension screen, these
3 reports are all improved
using the FLLD concept.

& Circle Track Analyzer ¥3.5 Suspension Analysis Screcn
Print

This iz a Front Yiew [left zside of 2zl

[ LATEMODL.355 ]

Back Back (keep changes) Options #ngle Step Ahead  Single Step Back.

=N Continuous

Suspension Calgufations
Suspension

lculations with Cornments

'Rule of Thumb' Suggestions

—
7de  'Rule of Thumb' Adjustments
e Spring
‘Wrike ASCII File of BASELINE Wheel Loads i

B Suspension Report.txt - Notepad
File Edit Format Miew 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

Two New Options in Version 3.5

[ LATEMODL. 355 ]

w| Circle Track Analyzer v3.5 Zarner Jacking Screen

Back Back (keep changes)  Print

\ Left Fink represents Mew Settings Right
Jacking Tire Change Move Weight
z Static  Mew
Tire to Change i - i i
Right Front | Height 5000 5000 Rear Heioht
What to Change Circumference v 00 5A00 5900 Lait ¥ oo
L BOOD 5711 Cross% ki
Current Tire New Tire
< < Lbs Lbs
Circumference Circumference
o o
2] [ 1| |7 6675
Help Definition: Choze the type of weight change you want to
make.
Height Height
oo oo
14 -1
Important: The estimates made in this screen are based on several
assumptions, two of the most important being the chassis is Lbz Lbz
perfectly stiff and the tires are perfectly shff. 924 475
9115 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.
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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.

Front Suspension Screen

Figure A 11 New Front Suspension Screen Features

New Table & Graph features are
explained in Figure A12.

Back File Options Edit  Suspension Type  Shim WEEEEREE SN Comments  Help

This is fromt view of suspension Camber Table
Gain bazed or Roll Center Table

and 0 deg Foll

tually right side of car. Other Specs Right Left

} Spring Lenath

Swing Arm Length and
Scrub are displayed here.

Scrub Radius
Stc Camber. deg
Dyn Camber. deg
Track. in [B4.0 32 32

King Pin Angle
Spindle Angle

Lt Swing Arm 55.4 \Fll Swing Arm 471
Rt Scrub: .092 Lt Scrub: - 207 Roll Bar Rate, Ib/in
Roll Bar Length. in

FRoll Center height = 1.5 Roll Center Left = .5 9
Static Layout Dimensions Show Dive & Roll

Right Height Left (X) Height @ Fom R
A Wg— Upper Ball Joint 5 50 G % Yez Dive. |nchii Roll. deg - Drau_u
B 125 [7 Upper Frame Pivot [125 17 H ' No |1 '?' |1-5 l?' Big
C [25 |5 Lower Ball Joint 25 [ 1 .
D |75 |5 Lower Frame Pivot (g5 3 J Help [definition] ) L

- Distance from car centerling to the center of ball joint on

E 19 [16.5 Upper Spl!ng Pad |19 16.5 K upper arm on Bight side, in inches. For ease of consistent
F |21.25 |5_?5 Lower Spring Pad  [21.25 575 L measurernents for front and rear, use the center of the

diivetrain [engine, trans, rear axle] az the car's centerline. p
k]l

Length Angle e e i Length Angle

I [ | Lower Arm Dim. I [ |

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.
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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).

Table & Graph

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 A12.

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 A12.

As you change the specs in this menu, the Preview 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.
When you are satisfied with the Preview, click on OK/Exit. Click on Cancel to close this menu and
return to the original Table layout.

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.
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Figure A 12 Roll Center Table and Grap

Click on Graph to make graph
as shown below.

— 3 Camber Table Setngs
= Roll Center Table - Helght & Offsat Left of... |- [[B2][5<] — e
bede  Prick I:.-'p?ur:: Dassline (show saved resdts)  @raph  Help . . .
Starting Dive, inches IZ'
Haoll, degress = = =
-y.00 [-2.00 -1.00 .00 [1.00 |00 | 3.00 EndinglDiveRinches
6.2 6.2 B3 6.3 6.3 Dive Step Size 2 -
_5-,'-5 _5?5 535 iﬁ 535 Starting Roll, degrees
a5 R an A6 A6 Ending Roll, degrees
#H FH ZFH PR D
r 7 7 “ Roll Step Size 1 -
11 11 1.1 1.2
E -4 ] i Preview:
. F _F _F N _ Fall
\ Holl, deqgrees glve 302 1 0 1 3
A nn [-2\om o o 1 oon [2on 0
1.3 r n 1.3 1.4 2
1.7 1 H 11 )
4 r 7 " 3 llows # 7 columns.  [Maximum of 10 roves by 11
29 1.5 : : olumns. |
14 1.3 Click on Options
e for screen to the
— h . OK/Exit Hel C 1 Print
-2 -3 right to choose X | b | ance | rin |
5.2 A increments for dive
and roll for table.

RC Location for Rell, degrees -3.00to 3.00 Baseling: Symetric

RC Offset, Left (left side graph=right side car, like Front Suspension

SCreen)
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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 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.

Fi?ure A 13 Graph Options Menu

Graph |i|
Back Prj &
= Options for Making Graphs
" Graph Labels
30 -25 @) Lse Standard Labels [FPror Yite [ |
I ) ge Labels Given Here
|§::5.§§§<’:¥5§ Flaa'y B oabaed |§3a9a§'§¥sa FRay’s §oahad
e - . i
Frint Flot Lines .
@ Black &'wWhite O Color O Thick @® Thin
IPnnlNow I | Wwindows Printer Setup I
" Background Color

| 0K 11 Help | | Osiek @ white

S N O I S I

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.
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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.

Rear Suspension Screen

Figure A14 Symmetric, Angled 4 Link Rear Suspension

N . e New Type is available of
&, Rear Suspension Specs [ Metric 4 Link ] Symetric Angled 4 Link

Back File Comments Help

Suspension Specs Left Side Top Yiew Right Side
Type Symetnc Angled 4 Link j

Spring Rates, Ibfin

Tire to Centerline, in

Left Right
Spring to Centerline. in 17 17
Spring Angle. deg 0 1]

Spring to Axle. in Wheel Rates Rear Vi whesl Rates
. . Bump = 200 ear Yiew Bump = 200
— LinkAB Link DE Rall =113 Roll =113
Axzle to Front Pivol, in 115 19
Axle to Rear Pivot, in 1 1]

4 Link Side Yiew Front of car—s

ToC/L Ht ToCr Ht 5
445 N7 D22 8 -
E
B|13.5 [16.5 17 85 |D
i

Help
Click. on down arrow button to pick a Typical Example of
a rear suzpension, of a general design to Use Specs
Below' where pou can enter your own specs, p 51

m

Roll Center HE: 1B.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
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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 WeESNEWEEETN Load from Engine Analyzer  Comments  Help

Bpes Calculake Power Curve

Baze Ex Full Power Curve

lls] B

: Add HP
Dizplaci sm am

Reduce HP —
o T < = HP
2 (2820
|: Re-Sort Power Curve Table | - /7 - \ ] ml

Clutch |Smaller Clutch/Flpwheel  «|

<
o

]
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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
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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.

Program is now more compatible with Windows Vista and Windows 7. RCC, RCC+ and CTA.

Program is now better at remembering a printer or printer orientation changes. RCC, RCC+ and
CTA.

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

= Rear Suspension Specs [ LATEMODL.FAB ]
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Figure A16 Front and Rear Aerodynamic Lift Coefficients
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W Front Suspension $/ecs [ lates

Figure A17 More Front Suspension Details
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Figure A18 Oversteer/Understeer Rating

R —
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difference between this and the o 0 BBD
Baseline condition..
| —-— I - J
Check Section 3.6 in book “Analyze Suspension” Hodig  288%Undaien  SighlpLos T
for more info on this screen. This “Dynamic Wi 4BiUnkSen  b147

Handling” rating is for the vehicle at the “transition”
point, between braking and accelerating, no fore or
aft acceleration.
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tes Summary:

Notes | e RPM Hig

[Time [Feet

[Accel Gs [%

0

w Circle Track Analyzer v3.5

Suspension Calations
Suspensian Caletions with Comments

[MPH
65.5 .00

Figure A19 Oversteer/Understeer Rating Around the Entire Track, and Big
Bar Soft Spring Starting Pont Suggestions

& Circle Track Analyzer 3.6 Performance Trends [ LATEMODL.355 ]

B3 Back Graph Print  Analyze Suspension  Analyze Perf History  Help{F1})
Low Lift Coef, Adressive Driving

Mewlap Time 1936 MPH 930

After you Calculate Lap Times, click on Analyze
Suspension for the screen below.

Suspension Analysis Screen, [ LATEMODL.355 |

Back Options Print GRS Continuous  Single Step Ahead  Single Step Back Help

s actual g site of ca)
[rsults shown n pik]

‘Rule of Thumb' Suggestions - td Setup
Rule of Thumb' Suggestions - BBSS Setup
Rule of Thumb' Adjustments

Wit ASCIL File of BASELINE Wheel Loads

Left :

Il Il

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.

o L]

Aeio Downforce 75

Foll 011 deg 038
Rt Camber 457 deg -3.42

Dive: 1.52inches 04
Lt Camber: 63deg 172

a8

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

Rear %
Sping Letx

Cioss %

Lbs
Aero Downforce 1

0

Handing  2712% UnderSteer  Very Mush Tighter

Handing 274 % UnderSter by 2438 %

Sping

Farmak

Big Bar Soft Spring

beginner racers.

Wiews Help

I Suspension Report. txt - Notepad
File  Edit

{BBSS) ASPHALT Track Recommendations for: LATEMODL .35%

Report is shown in Notepad so you
can easily copy and paste, email, or
print it on most any printer.

These recommendations should work well as a starting point for
Experienced drivers may want to adjust these
specs for their oun driving preferences.
dations are based on the current vehicle, front and rear suspension,
and track specs. These recommendations are based on 'rules of thumb®

The following recommen-—
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4 Link, 48, 179, 189

Accel Gs, 68, 98

Accel. Aggressiveness, 64

Acceleration, 68, 118, 119, 133, 165, 166, 171,
180

Active Bar Length, 87

Adobe, 192

Advanced file Open, |

Aerodynamics, 21, 143

Air Temperature, 61, 62

Analysis Report, 66, 93, 95, 96

Analyze Perf, 5, 8, 66, 95

Analyze Suspension, 5, 8, 93, 116, 153, 161,
164, 174, 175, 192

Angle, 22, 23, 30, 33, 35, 36, 38, 42, 44, 51,
120, 157, 158

Anti-Dive, 191, 192

Anti-roll bar, rear, 191

Arm Len & Angle, 30, 42, 157, 158

Arm Length, 31, 87, 185

Aspect Ratio, 81

Assumptions, 6, 3, 7, 15, 16, 25, 36, 37, 46, 52,
66, 68,72, 115,118, 128, 139, 165, 167, 168,
171

Axle Ratio, 6, 127, 133, 135, 136, 143

Back Color, 105

Background Car Layout Color, 43

Background Color, 188

Balance, 191

Bank Angle, 24, 64, 90

Barometer, 60, 61, 62

Baseline, 8, 117, 118, 119, 127, 133, 162, 163,
171, 185, 192

Beginner, 13, 42, 57

Big Bar Soft Spring, 192

Brake Aggressiveness, 64

C.G., 76,77
Calc Lap Times, 59

Index

Calculation Menu, 5, 1, 9, 16, 70, 71, 87, 88,
142, 143, 144, 191

Calibrate, 138

Camber, 30, 37, 41, 43, 44, 46, 154, 155, 156,
157, 158, 160, 162, 173, 179, 185, 187

Camber Changes with New Inputs, 30, 43

Camber Does Not Change with New Inputs, 30,
43

Camber Gain, 41, 43, 44, 155, 156, 157, 158,
160, 173, 185

Car Length, 115, 118

CCs, 15,74

Cd, 22,23

Centerline, 27, 28, 29, 31, 32, 33, 34, 35, 36,
37,49, 51, 52, 53, 54, 56, 120, 122, 168, 173

CG, 20, 121, 122

Chain, 21, 78, 79

Chain Drive, 78

Circle Track Analyzer, 1,4,6, 1, 2,3,4,5, 11,
16, 17, 18, 25, 26, 41, 42, 57, 65, 66, 72, 90,
93, 96, 106, 107, 109, 110, 112, 116, 119,
127, 137, 138, 140, 144, 146, 149, 152, 153,
164, 165, 166, 167, 169, 170, 171, 191

Circumference, 26, 70, 80, 81, 179

Clc button, 70

Clc Button, 9, 15, 21, 25, 26, 35, 36, 38, 51, 54,
61, 62,70, 74,76, 78, 82, 83, 86, 87, 88, 143,
144

Clutch, 15, 16, 171

Coil Springs, 83

Comments, 5, 8, 16, 41, 47, 56, 57, 58, 71, 111,
119, 120, 139, 140, 145, 150, 151, 154

Continuous, 119

Corner Gs, 69

Corner Weight, 142, 179, 183

Corner Weights, 8, 20, 70, 75, 118, 141, 142,
168, 174, 179, 183, 184

Corr. Barometer, 60, 61

Current Run, 67

Cursor, 100, 101

Curvature, 68

Data To Graph, 98
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Dew Point, 9, 16, 61, 62, 87, 88, 89, 167

Differential, 78

Disabled, 44, 60, 61, 62, 71, 147, 157

Displacement, 15, 16, 73, 74,75, 171, 172

Displacement in CCs, 74

Displacement in Liters, 75

Distance, 20, 21, 26, 27, 28, 31, 32, 34, 35, 37,
49, 51, 52, 53, 54, 56, 63, 64, 68, 74, 77, 80,
82, 85,87,98, 114, 118, 120, 122, 155, 170,
185

Dive, 36, 37, 39,43, 44, 117, 154, 156, 159,
160, 162, 173, 185, 187, 191

Double A Arm, 28, 31, 33, 34, 35, 37, 44, 191,
192

Downforce, 23, 24, 118, 119, 130, 192

Drag Coefficient, 22, 24, 169, 191

Draw ‘Big’, 39

Driver, 64, 90, 147, 169

Dry Bulb, 9, 61, 62, 70, 88, 89

Dynamic Camber, 37, 159, 160

Dynamometer, 16, 169, 170

Elevation, 60, 62

Engine, 4, 5, 6, 12, 13, 14, 15, 16, 17, 18, 20,
22,25,27,28,49, 51, 52, 56, 60, 67, 68, 70,
71,72,73,74,75,78,79, 90, 91, 96, 98, 103,
106, 107, 108, 109, 110, 111, 113, 114, 118,
121, 127, 130, 131, 132, 133, 134, 138, 139,
140, 145, 150, 151, 165, 166, 167, 168, 169,
170, 171, 172, 173, 174, 175, 179, 189

Engine Analyzer, 15, 16, 17, 18, 103, 140

Engine Cubic Inches, 71, 73

Engine Graph, 13

Engine RPM, 68, 98, 114, 127, 130, 131, 132,
133, 134, 168, 170

Engine specs, 13, 14, 17, 72, 110, 139

Enter X & Ht at 1 End, Arm Len & Angle, 30,
33,42

Enter X & Ht Readings, Frame & Ball Jnts, 30,
42

Examples, 5, 6, 5, 15, 17, 41,42, 57,71, 90,
125, 127, 138, 139, 140, 145, 153, 169, 171,
174,175, 179

Extension Lines, 43
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Feet, 68,98, 118

File, 5, 1,2, 5,6, 15, 16, 28, 41, 42, 47, 49, 56,
57,58, 106, 107, 108, 109, 113, 127, 138,
139, 140, 145, 151, 154, 155, 174

Final Drive Ratio, 70, 78

Find Best Gear Ratio, 136

FLLD (Front Lateral Load Distribution), 179,
180, 181, 182, 183, 191

Flywheel, 15, 170, 171

Format, 100, 102, 104

Friction Circle, 64, 117, 118, 119

Front Pivot to Axle, 52

Frontal Area, 24, 25, 79, 80, 165, 166, 169, 172

Gear, 1, 19, 21, 25, 27, 49, 78, 79, 132, 143,
151, 170, 171

Graph, 1, 6, 8, 13, 15, 66, 97, 99, 100, 101, 102,
103, 104, 105, 112, 113, 130, 131, 132, 133,
174,184, 185, 187, 188

Graph Labels, 187

Graphs, 5, 63, 67, 97, 100, 137, 147

Grid Style, 104

Gs, 68, 69, 98, 133, 135, 166

Height of C.G., 20, 21, 143, 168, 172

Help, 2, 3,6, 8,9, 13, 16, 41, 56, 70, 144, 154,
155,175

Highest RPM Before Braking, 91

History, 5, 66, 98, 99, 112, 113, 114, 116, 133,
134, 135, 136, 137

Hollow, 83, 85, 86, 87

Humidity, 16, 61, 62, 70, 87, 88, 89

Improvement, 66, 67

Improvement Summary, 66

Include Vehicle Comments, 111
Include Vehicle Specs, 110

Inertia, 15, 21, 170, 171

Infield Width, 64, 90, 114, 162, 169
Install, 9

Installation, 5, 4

Instant Centers, 30, 43, 120, 159

J bar, 34, 35, 52, 54
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Jacobs Ladder, 54, 55

King Pin Angle, 34, 38
Know Dew Point?, 89
Know Relative Humidity?, 87

Lap Time, 5, 7, 26, 66, 67, 90,91, 114, 115,
127,130, 132, 148, 149, 150, 162, 164, 167,
169, 171

Lap times, 1, 20, 26, 82,90, 91, 114, 117, 136,
138, 149, 153, 160, 161, 168, 169, 191

Last Run, 67

Layout, 27, 43, 50, 51, 55

Leaf Springs, 49, 52, 83, 84

Legend, 100, 102, 113, 187

Length, 30, 33, 38, 42, 44, 157, 158

Letter Tire Size, 81

Lever Arm Length, 85

Library, 5, 6, 106, 107, 108, 109, 138, 152

Lift Coefficient, 24, 130, 169, 191

Line Style, 104

Liters, 75

Load from Engine Analyzer, 16, 17

Lower Arm Angle, 33

Lower Arm Length, 33

Lower Ball Joint, 32, 157

Lower Frame Pivot, 29, 32

Lower Spring Pad, 32, 34, 36

Lower Strut Loc, 34

Lowest Engine RPM in Turns, 91

Main Menu, 4, 5, 6,9, 11, 13, 17, 26, 59, 66,
82,90, 107, 109, 127, 128, 132, 139, 149,
150

Match My Lap Times, 5, 82, 90, 91, 149, 150,
152, 169

McPherson, 28, 30, 33, 44, 45

Method of Reading Weather Data, 60, 87, 88

Milliken, 180, 181

Motion Ratio, 120

Move Weight, 184

MPH, 7, 66, 67, 68, 98, 115, 118, 127, 130,
132, 148

Natural Frequency, 121, 181

Number of Active Coils, 84

Obs. Barometer, 61

Open, 5, 15, 16,22, 41,42, 57, 106, 107, 127,
138, 139, 140, 145, 154

Open Example, 15, 16, 41, 57, 139, 140, 145,
154

Open Saved, 15, 16, 41, 57

Optimize, 23, 165, 173

Other Specs, 32, 33, 34, 35, 36, 156

Outside Air Temp, 87, 89

Outside Rel Humidity, 88

Oversteer, 180, 181, 191, 192

P Metric, 81

Panhard Bar, 34, 35, 52, 54

Panhard Bar Heights, 52

PDF, 175,192

Peak HP, 71, 72

Peak HP RPM, 71

Peak Torque, 71, 72

Peak Torque RPM, 71, 72

PERFTRNS.PTI, 2, 4, 109, 127

Pinion, 27, 49, 78, 79, 143

Plot Lines, 188

Pnhd Bar to Centerline, 52

power curve, 16, 17, 18, 70, 71, 91, 139, 140,
150, 151, 179, 189

Preferences, 5, 13, 67, 179

Print, 5,1, 2, 8, 16, 28, 31, 42, 47, 49, 57, 58,
66, 93, 100, 102, 110, 119, 185, 187, 188

Quick Change, 78, 143

Radius, 68, 77, 82, 120, 122

Rating Type, 80, 81

Ratio of Trans Gear Used, 25

README.DOC, 2

Rear anti-roll bar, 191

Rear Axle Ratio, 21, 78, 127, 132, 143

Rear Axle Type, 21, 143

Rear Suspension, 5, 1, 26, 48, 50, 51, 56, 57,
58,83, 106, 109, 111, 120, 121, 138, 146,
150, 151, 174, 179, 182, 188, 191

Rear Track Width, 80
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Registered Owner, 3, 4

Rel Humidity, 60, 61, 62, 70, 87, 88

Request Report Comment, 111

Roll, 1,2, 11, 28, 30, 34, 36, 37, 38, 39, 41, 43,

44, 86,87, 117,120, 121, 122, 154, 156, 159,

160, 162, 168, 173, 179, 182, 184, 185, 187,
191

Roll Bar Rate, 1b/in, 120

Roll bar, rear, 191

Roll Center, 1, 2, 11, 28, 30, 34,41, 43, 117,
121, 154, 156, 159, 160, 162, 168, 173, 179,
182, 184, 185, 187, 191

Roll Center Calculator, 1, 11, 28, 41, 191

Roll Center Calculator Plus, 1, 11, 191

Roll Center Migration, 179

Roll stiffness, 38, 120, 121, 167, 189, 191

Roll Stiffness, 120, 121

Rolling Radius, 80, 81, 82

Roof Height, 80

RPM at HP Peak, 72, 73

RPM at Peak HP, 71

Rule of Thumb, 119, 122, 123, 179, 192

Running Conditions, 5, 24, 59, 67, 87, 88, 127,
128, 132, 147, 148

Safety, 3

Satchell (Terry), 180

Save, 1, 5, 16, 17, 41, 42, 57, 108, 109, 114,
151, 154, 185

Save As, 42, 57, 154

Scales, 103, 104

Scrub, 34, 37, 120, 122, 185, 192

Scrub Radius, 34, 37, 120

Sec, 67

Setup, 16, 100, 119, 144, 188

Shim, 41, 44, 45

Show Dive & Roll, 27, 38, 159

Single Step, 119

Spindle Angle, 34, 38, 44

Spoiler, 22, 23, 24, 191

Spring, 32, 33, 34, 35, 36, 37, 39, 51, 52, 53,
54, 83, 84, 120, 121, 154, 160

Spring Compressn, 160

Spring Deflection, 39

Spring Front Height, 52
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Spring Length, 35, 36, 84

Spring Rate, 32, 33, 35, 36, 37, 51, 52, 54, 83,
120, 121

Spring Rear Height, 54

Spring Rear to Axle, 53

Spring to Axle, 51

Spring to Centerline, 51, 52

Spring Width, 84

Sprocket, 78, 79

Static Camber, 173

Static Layout, 27, 28, 34, 35

Stiffness, 38, 120, 121, 167, 189, 191

Straight Axle, 34

Suspension, 5, 6, 1, 8, 11, 20, 26, 27, 28, 29,
30, 33, 34, 35, 37, 38, 39, 40, 41, 42, 43, 44,
45, 46,47, 48, 49, 54, 55, 56, 57, 58, 63, 60,
76, 83, 85, 86, 87, 93, 106, 109, 111, 116,
117, 119, 120, 121, 122, 123, 138, 144, 145,
146, 147, 150, 151, 153, 154, 155, 156, 159,
160, 161, 162, 163, 164, 167, 168, 172, 174,
175, 179, 182, 184, 185, 189, 191, 192

Suspension Calculations, 119, 120

Suspension Layout, 27, 30, 39, 40, 43, 44, 55,
120, 121

Suspension Library, 154

T Bar Rate, 36

T.Bar Arm to Centerline, 54

Tech Help, 3, 4

Test Results, 5, 17, 24, 65, 93, 98,99, 112, 116,
117,118,119, 129, 130, 132, 133, 134, 136,
149, 161, 162

Thick Lines, 13

Thin Lines, 13

Tire Change, 184

Tire Diameter, 26, 80, 179

Tire Scrub, 179

Tire to Centerline, 49, 51, 52

Titles, 102

Torsion Bar Diameter, 85

Torsion Bar Length, 85

Torsion Bar Rate, 35, 36, 37

Torsion Bars, 35, 37, 54, 83, 85

Total Vehicle Weight, 76

Total Weight with Driver, 20
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Track Length, 63, 137, 162

Track Weather, 60

Traction, 2, 25, 26, 68, 82,90, 117, 118, 119,
144, 150, 160, 166, 167, 168, 169, 171, 173,
179

Traction Factor, 2, 26, 82, 90, 144, 150, 169

Trailing Arm, 49, 50, 51, 52, 54

Transition, 180, 192

Transmission, 15, 19, 25, 51, 78, 79, 143, 171

Tread, 26, 80, 81, 144

Tread Width, 26, 80, 81, 144

Truck Arm, 48, 50, 51, 52, 54

Turn #, 66, 67, 68, 118

Type, 16, 21, 22, 25, 28, 33, 34, 35, 41, 44, 45,
48,49, 51, 54, 57, 63, 64, 78, 81, 83, 86, 90,
130, 143, 144, 147, 169, 189

Understeer, 180, 181, 191, 192

Upper Arm Angle, 33

Upper Arm Length, 33

Upper Ball Joint, 31, 33, 155, 156, 157, 158,
161, 162

Upper Frame Pivot, 31

Upper Spring Pad, 32

Upper Strut Loc, 34

Vehicle Library, 6, 9, 93, 106, 108, 114, 129,
138, 152, 153

Vehicle Weight, 20, 70, 75, 142, 171, 172

Version 2, 1

Vol Eff, 71, 72, 73

Weather, 5, 9, 60, 61, 62, 88, 89, 111, 127, 147

Weight %s, 70, 75, 118, 142, 171, 172

Wet bulb, 88, 89

Wet Bulb, 88, 89

Wheel Rate, 32, 33, 36, 37, 120

Wheel Rim Diameter, 82

Wheel/Tire, 25

Wheelbase, 21, 76, 143

Wheels & Tires Wt, 25

Wind Resistance, 22

Windows, 1, 2,4, 5, 15, 16, 18, 22, 41, 42, 56,
57,100, 109, 117, 119, 127, 140, 174, 179,
187, 188, 192

Windows Print Setup, 42, 57

Worksheet, 28, 42, 49, 57

X&Ht Readings, 155, 157, 158
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