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1 .  GENERAL INFORMATION 

1.1 Introduction 1 
1.2 Computer Requirements 3 
1.3 Software Requirements 3 

This manual is the first of two volumes documenting the Chrysler/UMTRI Wind-Steer 
Vehicle Simulation, Version 1.3. This volume explains how to use the software. A 
separate Reference Manual (Volume 11) accompanies this document and contains more 
detailed background material defining the equations and computer codes used by the 
program. Volume I1 should be consulted when modifying the program. 

This volume is divided into five chapters: 

Chapter 1. General Information 
This chapter describes the basic purpose of the program and the requirements for 
using it. 

Chapter 2. The Vehicle Model 
This chapter describes the vehicle model underlying the simulation code, including 
definitions of parameters needed to describe the vehicle and its components. 

Chapter 3. Running the Program 
This chapter explains how the program is operated, and defines in detail the 
required inputs. 

Chapter 4. Program Output 
This chapter describes the variables whose time histories are predicted by the 
model. It also shows how they can be viewed with existing software. 

Chapter 5. Example 
This chapter presents input and output data for two example simulation runs. 

1.1 Introduction 
The purpose of the Wind-Steer program is to calculate the time-domain response of a 

vehicle subject to steering inputs and crosswind disturbances. The simulated system also 
includes a driver model, so that the computed response to a crosswind input can include 
both vehicle and driver effects. In addition to the vehicle simulation software, post- 
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processing software is available for viewing and analyzing the output responses predicted 
by the model. 

Use of the program is analogous to conducting "vehicle tests" on the computer. As 
shown conceptually in Figure 1.1.1, data from the simulation are interpreted the same as 
data that would be measured on a test track. In both cases, data are put into a standard type 
of computer file used at UMTRI, called the "ERD file." (With the simulation approach, 

Testing Simulation 

ERD files with conditioned data 
Figure 1.1.1. Simulating vehicle tests with a computer. 
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most of the signal conditioning activity indicated in the figure is not required.) 

1.2 Computer Requirements 
The computer code is written completely in Fortran 77 and can be run with minor 

modifications on most computers that have Fortran 77 compilers. The simulation has been 
run on the following systems: 

the IBM PC@, XT@, or AT8 with 640K memory and a floating-point coprocessor. 
The program was compiled with version 4.0 of the Microsoft0 Fortran 77 
Optimizing Compiler. 

the Apple Macintosh0 Plus, Mac SE, and members of the Mac I1 family. The 
program is compiled using version 2.3 or 2.4 of the Absoft@ MacFortranl0200 
compiler. 

the mainframe computer of the Michigan Terminal System (MTS) at The University 
of Michigan. (The compiler on MTS is called *FORTRAWIS.) 

1.3 Software Requirements 
The Wind-Steer simulation is a self-contained computer program that requires no 

additional software to run. However, as a practical matter, a text editor is needed to 
prepare input text files for the model. Also, software is needed to view and analyze the 
variables whose behavior is predicted by the program. 

The outputs from the program can be viewed using UMTRI software for plotting on the 
Macintosh. An optional 3-D animation program for the Macintosh can be used to view 
results of the simulation in the form of computer videos. Spectral analysis software is also 
available. Although the UMTRI analysis software is ideally suited for the outputs 
produced by the Wind-S teer program, other graphics packages and analysis programs can 
be used as well. 

The files produced by the Wind-Steer program have a simple structure that facilitates 
conversion to other file formats for compatibility with other software. Also, Section 4.4 of 
Volume I1 describes how the output file format can be modified to meet arbitrary 
requirements of software that might already be in use. 

If the program is modified, then a Fortran compiler is needed to compile the new 
version. 
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2 .  THE VEHICLE MODEL 

Overview 4 
Vehicle Dynamics and Kinematics 5 

Suspension Kinematics 6 
Compliance Effects 7 

Aerodynamic Forces and Moments 8 
Tire Model 9 
Steering System 10 
Driver Model 11 

This chapter explains the physical significance of the parameters used to represent a 
specific vehicle system. To do so, it describes the conceptual model of each component of 
the total vehicle-driver system. 

This chapter does not include the complete set of equations for the system (see Chapter 
3 in Volume 11). Only equations that are helpful for understanding the parameter 
definitions are presented. 

2.1  Overview 
The vehicle model is intended to accurately predict handling behavior for moderate 

levels of cornering (less than 0.3 g's) and frequencies less than 2 Hz. Higher frequency 
dynamics which involve motions of the unsprung masses or body flexing are not included 
because they involve frequencies well above the bandwidth of interest for steering 
response. 

Figure 2.1.1 shows a block diagram of the Wind-Steer model. In addition to the basic 
model of vehicle dynamics and suspension kinematics, the system includes a steering 
system model, a driver model, and several types of crosswind disturbance. 

The dynamics of the steering system are included as an option which can bypassed if 
desired. When this option is selected, the input to the steering system is a torque, Tsw, 
acting on the steering wheel. Otherwise, the input is the steering wheel angle, 6H. 

The simulation also includes a driver model. When the driver model is used, the input 
is a path that the driver attempts to follow. Otherwise, the input is a direct steering wheel 
angle or torque. 
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" stillmaif 
aerodynamics 

Figure 2.1.1. Wind-Steer Model - Block Diagram 

The equations of motion for the vehicle are presented in Chapter 3 of Volume II. Many 
of the terms appearing in those equations are defined in the various subcomponent models, 
described below. 

2.2 Vehicle Dynamics and Kinematics 
The vehicle is modeled as a rigid body that is free to pitch, roll, and yaw, and to 

translate laterally and vertically. The forward speed is constant. Movements of the four 
wheels are treated quasi-statically by considering the compliance of the suspensions and 
tires. The vehicle masss has five dynamic degrees of freedom and is essentially an 
extension of Segel's original three degree of freedom model [I] which included yaw, roll, 
and lateral translation. The dynamic steering system option adds a sixth degree of freedom. 
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Suspension Kinematics 

The kinematics of the suspensions are treated with the concept of a roll center. That is, 
the body rolls about an axis defined by two roll centers associated with the front and rear 
suspensions, as illustrated in Figure 2.2.1. The position of a roll center can be derived 
through an analysis of the suspension kinematics by considering instantaneous centers of 
rotation for the various links involved. It is often measured in the laboratory, to ensure that 
subtle effects of compliance in the linkages and their attachments are included. 

Figure 2.2.1. Roll axis in a passenger car. 

The roll center for an independent suspension is usually located along the longitudinal 
centerline of the vehicle, near ground level. The roll center for a "beam" dead-axle is 
usually above the ground, near the center of the axle. 

The positions of the roll centers are valid only for small roll perturbations of the vehicle 
body. For larger roll angles, the concept can be extended by considering movable roll 
centers. The Wind-Steer model includes this feature. The equations for the Wind-Steer 
model were derived assuming that the roll center is a function only of roll angle (that is, 
changes due to pitch angle or static trim height are assumed to be negligible). This means 
that the height of the sprung mass center of gravity (c.g.) above the roll center varies with 
vehicle trim height. Because the trim height is influenced by aerodynamic lift, the c.g. 
height is modeled as a function of speed. 

The roll center position for each suspension (front and rear) is defined by a lateral 
distance and vertical height, relative to a line along the ground under the longitudinal 
centerline of the vehicle. The height is computed using a quadratic polynomial of roll 
angle: 

where h, is the height of the roll center above ground, hg , hl , and h2 are coefficients, and 
@ is the roll angle. A similar polynomial is used for lateral position: 

Note that ho is the nominal ($ = 0) roll center height that would be used in a linear vehicle 
analysis, and that the nominal lateral offset is zero. (When only a value of ho is available, 
the other two coefficients should be set to zero.) 
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The suspension kinematics can also cause the wheels to steer and lean as a result of 
suspension deflection. The steer due to suspension deflection (bounce-steer) for each 
wheel on the right-hand side of the vehicle is fitted to the equation: 

where 6~~ is the additional steer angle due to suspension deflection on the right-hand side 
of the vehicle for axle i, Cgzli and C6z2i are coefficients for axle i, and zs is suspension 
deflection for the right-front wheel (positive for compression). On the left-hand side of the 
vehicle, the same coefficients apply, but in the opposite direction. That is, 

Note that the same coefficients (by axle) are used for the left- and right-hand sides of the 
vehicle, and that different axle coefficients are specified front and rear. 

Similar polynomials are used for the change in inclination angle of a wheel on the left- 
and right-hand sides of the vehicle: 

xiL and xiR are the portion of the inclination angle for a wheel on the left- and right-hand 
side of the vehicle, respectively, on axle i, due to suspension deflection. CFli and CFzi 
are coefficients for axle i. 

The inclination angle (y) is the lean of the wheel to the right (at the top of the wheel) 
relative to a vertical line normal to the road plane. On the right-hand side of the vehicle, 
camber equals positive inclination. On the left-hand side of the vehicle, camber equals 
negative inclination. 

Compliance Effects 

Steer and inclination of each wheel are also affected by side force and aligning moments 
generated by the tires, due to compliance in the suspensions. The change in steer angle on 
axle i and side S due to compliance @cis) is handled by linear functions of side force 
(FyiS) and aligning moment (Mzis): 

A similar equation is used for the change in inclination angle due to lateral force 

compliance (Yc): 

Note that the sign convention is such that a positive force and a positive coefficient 
define a negative change in inclination. 
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2.3 Aerodynamic Forces and Moments 
Following the convention used in wind tunnels, aerodynamic forces and moments are 

defined as if they act on a point at ground level, at the center of the vehicle wheelbase. The 
six forces and moments are shown in Figure 2.3.1 and should be fitted to equations shown 
in Table 3.1. 

In the table, A is the frontal area, pa is the aerodynamic slip angle (equivalent to -y in a 

Table 2.3.1. Aerodynamic Forces and Moments 

wind-tunnel setting), WB is wheelbase, and Q is 

where p is the air density and VA is air speed relative to the vehicle. The fitted coefficients 
CDO, CLO, CYO, KD, KY, KL, KR, KM, and KN are the input parameters required by the 
model. As can be seen from the table, these coefficients are combined with pa to obtain the 
conventional aerodynamic coefficients (CD, Cy, C L ~  etc.) internally in the program. 

Description 

Drag 

Side Force 

Lift 

Roll Moment 

Pitch Moment 

Yaw Moment 

The drag force (-FXA) does not affect the predicted motions of the vehicle, because the 
model does not include longitudinal accelerations due to engine and braking forces. This 
modeling assumption was made because changes in drag force are generally small enough 
that it is reasonable to expect the driver to maintain constant speed by throttle control. To 
check his  assumption, the drag force is computed and written into the output file. 

Symbol in 
Vehicle Dynamics 

-FXA 
FYA 

- F a  

MXA 

MYA 

- M a  

Equation (Model) 

Q A (CDO + KD Pa2) 

- Q A K Y ~  

Q A (CLO + KL Pa2) 

-Q AWB KR Pa 

-Q A WB (CYO + KM Pa2) 
- O A W B K N B ~  
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Aerodynamics Form 

QACD 

QACY 

QACL 

Q A W C M X  
Q A WB CMX 

Q A W C M Z  



2.4 Tire Model 
Figure 2.4.1 shows the directions of the forces and moments acting on the tire from the 

road. The tire is modeled as providing side force (Fy) and aligning moment (Mz) as 
functions of slip angle (a), inclination angle (y), and vertical load (Fz). The maneuvers of 
interest generally do not involve angles of more than a few degrees. Therefore, the forces 
and moments produced by the tires are computed by the linear superposition of the forces 
and moments due to lateral slip and camber. 

Although cornering stiffness is assumed to be linear with respect to slip and camber, 
the model is nonlinear with respect to load. The equations used for each wheel are: 

where 

Ca = C d  + Cal FZ + Ca2 Fz2 + Ca3 Fz3 (2.4.3) 

C ~ = C ~ - ~ + C ~ ~ F ~ + C + F ~ ~ + ~ F ~ ~  (2.4.4) 

CMa = CMo + CM1 FZ + C M ~  FZ* + c ~ 3  Fz3 (2.4.5) 

The 12 coefficients are fitted to match measured tire data when available. A completely 

Z', Normal Force - FZ 

Figure 2.4.1. Tire geometry. 
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linear model is obtained by setting all of the higher-order terns to zero, and using just the 
basic linear coefficients C d ,  C$) , and CMO. 

2 .5  Steering System 
The Wind-Steer model includes the dynamic steering system model shown in Figure 

2.5.1 and characterized by the following elements: 

rotational inertia for the steering wheel and upper column, 

steering column and linkage compliances, 

Coulomb and viscous friction, 

front wheel lash, and 

power boost. 

The dynamic steering system is optional when using the program. (The steering 
system dynamics are bypassed in the model by specifying a value of 0.0 in the input file for 
the SSKEY parameter.) Without the steering system, the steering wheel angle, tjsW, is the 
basic vehicle control input. However, when the dynamic steering system option is active, a 
steering wheel torque input, Tsw, is required instead. 

Parameters whose values are needed by the program are shown in the figure in bold 
typeface. 

The steering system equations are described further in Volume I1 and are largely 
patterned after the previous work of Segel[2,3]. 

Lash 

Figure 2.5.1. Complete steering system model. 

polar +DL*SH SfWL 
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ISS Eric tion total gear KSL %.~e 
- CFSS ratio steering linkage wheel angle 

left fkont 
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i stiffness (1 side) 
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(massless) 

KSC right front 
KSL wheel angle 

'SW viscous power 
steering friction boost 
wheel steering DLASH 

column Lash 
stiffness 



2.6 Driver Model 
The UMTRI driver model is included to permit simulation of driver steering control for 

typical path-following maneuvers. The model requires two driver-related parameters: 

driver time delay (sec). 

driver "look-ahead" (preview) time interval (sec). 

The model also requires a table of X-Y coordinates describing the desired path to be 
followed. 

The first driver parameter is a time delay representing the neuro-muscular lag of the 
driver in reacting to external stimuli during the steering control process. A typical value for 
this model parameter is 0.25 seconds for many path-following steering tasks. Smaller 
values may be used to represent more responsive drivers; larger values can be used to 
represent more sluggish or impaired driver steering behavior. 

The preview parameter represents a time interval over which the driver scans ahead and 
attempts to minimize future deviations of the predicted vehicle trajectory and the desired 
path. Values of 1.0 to 3.0 seconds have been found to be representative of many drivers 
during typical path-tracking maneuvers. 

The two driver-related parameters influence the level of damping of the total 
driverlvehicle (closed-loop) system response. Increasing the value of the time delay 
parameter, or decreasing the value of the driver preview time parameter, has the general 
effect of reducing the damping and degrading the system stability. Opposite variations in 
these parameters (decreasing the time delay parameter or increasing the preview time) will 
result in greater damping and stability of the total system response. 

Two versions of the driver model are present in the program code. One version 
calculates the required driver steering wheel angle; the other version calculates the required 
driver steering wheel torque. The program automatically selects the particular version 
based upon whether or not the dynamic steering system is being used. If the steering 
system is active, the steering wheel torque version of the driver model is used by the 
program. If the steering system is not activated, the steering wheel angle version of the 
driver model is used. 

When the control input to the system is specified as a prescribed (open-loop) time 
history of steering wheel angle or steering wheel torque, then the driver model is not 
involved in the simulated maneuver. 

The driver model is documented by two technical papers [4,5] which are included in 
Appendix A of Volume 11 and in a recent UMTRI technical report [6]. 
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3 .  RUNNING THE PROGRAM 

3.1 OperationoftheSoftware 12 
3.2 Position and Formatting 13 
3.3 Line-by-Line Description of Input File 15 
3.4 Summary of Program Options 26 

This chapter (1) explains how the program is operated, and (2) defines in detail the 
required inputs. 

Most of the parameters that describe the vehicle and driver system were defined in the 
previous chapter. All that remains to learn about using the Wind-Steer program are the 
details about how to communicate parameter values to the program and view results. This 
chapter explains in complete detail how to prepare inputs. The outputs of the program are 
then defined in the next chapter. 

3.1 Operation of the Software 
The Wind-Steer program is primarily a batch processing program whose operation is 

shown schematically in Figure 3.1.1. Three files are involved with each "run:" 

input file This file must already exist. It contains the input to the program as a 
list of parameters describing vehicle properties and the simulation 
maneuver. 

echo file This file is optional. If a name is entered when the program is run, a 
file is created by the program that contains a formatted echo of the 
input data. This file also contains summary indices computed using a 
quasi-static analysis. If no name is entered, then no echo file is 
created. 

ERD data jile This file is required. Two forms of output are possible-binary and 
text (see Chapter 4). If the text form is chosen, there is only a single 
output file. If the binary form is chosen, a second output file is used 
for the binary data with ".BIN" appended to the name. 
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Data file , 
Figure 3.1.1. Files used by Wind-Steer Program. 

3 .2  Position and Formatting 
The input file to the Wind-Steer simulation is a series of numbers with values 

corresponding to parameters in the model. This type of file is typical of many Fortran 
programs. Figure 3.2.1 shows an example input file. In the figure, vertical lines indicate 
the positions of columns 1, 13,25, and 37. The positions are significant because many of 
the numerical values must fit within column ranges indicated by those vertical lines. It 
should be noted that the line numbers shown in the figure do not exist in the actual text file. 
Neither, of course, do the vertical lines. 

Each numerical value required by the program corresponds to a specific position in the 
input file. The variable associated with each number is determined solely by the position of 
the number in the f11e. Thus, it is essential that the numbers be located correctly. For each 
line in the file, a range of columns is searched for numbers. Anything lying outside of that 
range is ignored. Thus, comments can be included on the same lines as the numerical data. 
Also, additional lines following the input data are ignored by the program. Consequently, 
documentation can be added at the bottom of the fde. 

As mentioned earlier, a text editor is needed to view and edit the input file. It will be 
very helpful if the text editor shows the row and column position of the cursor on the 
screen. 
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- 
Line 

no. - 
1 
2 
3 
4 
5 
6 
7 
8 
9 

9.1 
9.2 
9.3 
9.4 
9.5 
10 

10.1 
10.2 
10.3 
10.4 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1 
22 
23 
24 
25 
26 
27 

27.1 
2 72 

2 7,3 
2 7.4 

2 8 
2 9 
30 

Contents o f  line 
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1 
Lines 1 and 
and are not 
Best Aero, 
English 
(66F10.3) 

5O.C 
2 

90.0 
5 

0.0 
0.1 
10.0 
10.1 
20.0 

4 

[time, steer-input] 

(WEIGHT, SPWGHT,WaATIO) 
(IXSCG, IYS, IZZ, IXZ) 
(WB, WHLRAD, HCGTTL) 

(GR, XTRAIL, CSS) 
(CBOOST, KSS, CFSS) 

(TRACK (1) , HOROLC (1) ) 

(CZJNCE, CZRBND) 
(ALFAO, GAMMA0 ) 
(YROLCF(lt1) 
(HROLCF(lt1) 1 (112) 
(CSZ (If11 1 (It21 1 

'igure 3.2.1 (part 1). Example input file for the Wind-Steer vehicle 
model. 

13 
2 are for 
used by the 
50 mi/h, 

3.0 

0.0024 

0.0 
20.0 
20.0 
0-0 
0.0 

25 
dccumenting the 
Wind-Steer 

Ste~-Steer Input. 

.O2 

3 7 
file contelts 

rodel. 

49 

(Title line) 
(IUNITS) 
(TEXT Output Format) 
(V=MPH, TEND, DT) 
(print interval) 
(KSYWND, AIRHO) 
(WINDKY) 
(WIND TABLE) 
[time, wind (mph) input] 

(NSTEER) 
(Steer Table) 



model. 

Line 
no. 

31 
32 
33 
34 
35 
36 

36.1 
36.2 
36.3 
36.4 

37 
38 
39 
40 
41 

The program requires that the numbers be written in a format acceptable for standard 
Fortran input. Numbers are classified internally as integers or reals (floating-point 
numbers). Integers must not include a decimal point. Numbers should not include spaces 

Figure 3.2.1 (part 2). Example input file for the Wind-Steer vehicle 

Contents of line 

or commas. If no number is written in an area assigned to an input variable, the valuiO (or 
0.0) is assumed. Some Fortran compilers create programs that can read "free form" 
numerical data (e.g., numbers separated by commas or other delimiters). However, this is 
not a part of standard Fortran 77, so it is a good idea to consult the Fortran manual for the 

1 

-3.592 
1000.0 

57.5 
145. C 

5. C 
0.0 
0.C 
0.C 
0.c 
0.c 

specific compiler used before trying nonstandard formats. 

3 7 

-2.7433-07 

7.3193-08 
0.0 

It so happens that the compilers used for the Macintosh and IBM PC versions of the 
Wind-Steer program do permit free-form numerical input. With these versions, multiple 

49 

(CALIGN(1,l) . . (l,4) ) 
(KTIRE) 
(TRACK (2) , HOROLC (2) ) 
(KZ, KAUX) 
(CZJNCE, CZRBND) 
( ALFAO , GAMMA0 ) 
(YROLCF (2,1), (2,2) 
(HROLCF(2,l) I (2,2) 
(CSROLL) 
(CCZ (2,1) , (2,2) ) 
(CSFY, CSMZ, CCFY) 
(CALFA(2,l) . . (2,4) ) 
(CGAMMA(2,1)..(2,4)) 

13 

0.000 

6.C 
3360. C 

10.0 
0.5 
0.C 
0.0 

0.c 

numerical entries can be separated by commas. However, the number must still fit within 

(CALIGN(2,l) . . (2,4) ) 
(KTIRE) 

25 

0.0007814 

the column ranges shown in the fig&. 

0.0015 
-0.000355C 

0.C 
-3.592 
1000. c 

0. OOoOq 0.0001 

3.3  Line-by -Line Description of Input File 

0.000 

-2 6.4 
37.C 

0.0007814 

The contents of the input file are described below, line-by-line. For each line in the 
file, the Fortran format is shown, the internal names of the variables are given, and the 
variables are defined. The first two lines of character information in the file are ignored by 
the program and can be used to include comments and information about the file. The 
parameter values begin with line 3. 

0.589 
0 .C 

-2.7433-07 

The first three lines of data involve "strings" of alphanumeric characters. Line three 
contains a title which is allocated 80 characters. Line four contains a word describing the 
units convention (metric or English), of which only the first character is actually read. The 
fifth line contains a Fortran format statement which is allocated 32 characters. 
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5 

6 

7 

8 

9 

t 

FRMT 

V, TEND, DT 

PRINT 

KSYWND, 
AIRHO 

WINDKY 

(A32) 

(3F 12.) 

(14) 

(2F12.) 

(14) 

FRMT is a character string indicating whether 
the output will be written in binary or text form. 
If FRMT begins with '(I, e.g. (66F10.3), the 
output will be written as TEXT according to the 
specified FORTRAN format; otherwise, output 
will be BINARY. 

V is the forward vehicle speed (Illl/h I W) 

TEND is the stop time (sec). 

DT is the desired integration time step (sec). 

PRINT is the number of integration time steps 
that determines when program variables are 
written into the output file. For example, 
IPRINT = 2 indicates output is written every 
other integration time step. 

KSYWND is the wind heading angle (deg I rad). 

AIRHO is the air density (slug/ft3 I ~*sec2*m-~) .  

WINDKY has two levels of meaning: (1) It is a 
key indicating the source of the wind input. The 
polarity of the value determines the source of 
the wind input data. (2) It may also give the 
number of points in a table input. 

< 0 the crosswind amplitude is defined as a 
function of time with a user-supplied function 
named WINSUB. 

> 0 the crosswind amplitude is defined by a 
table of time vs. wind amplitude. The number 
of X-Y pairs in the table is WINDKY. 

= 0 no wind. 



(WINDKY 2 0) Wind input is provided in table form 
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9.1 

9.J 

10 

(2F12.) 

(2F12.) 

(14) 

TIMWIN(l), 
WINMAG(1) 

TIMWIN(J), 
WINMAG(J) 

NSTEER 

TIMWIN(1) and WINMAG (1) are the first 
entries and both must be 0.0. 

TIMWIN(J) (sec) and WINMAG(J) (mi/h I 
kmh) define the ongoing time-history of wind 
values. The time values in the table must start at 
0.0 and increase. Repeated times are not 
permitted. The number of entries in the table is 
WINDKY. If the simulation extends beyond the 
end of the table, the steer angle is frozen at 
WINMAG(WINDKY). 

NSTEER has two levels of meaning. (1) It is a 
code indicating type of steer input. (2) It may 
also give the number of points in a table input. 
First, the polarity of NSTEER is inspected, 
with the following three possibilities: 

< 0 - Driver model is used 
= 0 - Sinusoidal steer input 
> 0 - Table of steer input vs. time 

If NSTEER # 0, then the absolute value of this 
integer also determines how many entries are in 
the following table. 
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is used 

XPDR(1) is the first path x-coordinate value in a 
table of X-Y values (ft I m). (X is the forward 
direction in the inertial coordinate system). 
YPDR(1) is the first path y-coordinate value in 
the table (ft I m) (Y is the lateral direction to the 
right in the inertial coordinate system). 
The table includes INSTEERI pairs. 

define an X-Y pair of path values. The table 
should extend to X-Y values beyond the 
expected motion of the vehicle during the 
simulation run, plus the preview distance, s, of 
the driver model. (i.e., s = TFF V, with proper 
units conversion) 

TAUMEM is the driver time delay (sec). 

TFF is the driver model maximum preview time 
(sec). 

(NSTEER c 0) Driver model 

10.1 

10.J 

lO.J+l 

1O.J+2 

(2F12.) 

(2F12.) 

(F12.) 

(F12.) 

XPDR(l), 
YPDR(1) 

XPDR(J), 
YPDR(J) 

TAUMEM 

TFF 



(NSTEER = 0) Steering wheel angle SW is defined by function 

IF T I TSWBGN SW=O 

IF SW=SWSHFT+SWAMPL*SIN(2*PI * 
TSWBGN < T < TSWEND (T - TSWBGN) / TSWPRD + SWPHSE) 

IF TSWEND I T SW = SWSHFT + SWAMPL * SIN (2 * PI * 
(TSWEND - TSWBGN) / TSWPRD + 
SWPHSE) 
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10.1 

10.2 

10.3 

(or torque) is provided in table form 

XPNT(1) is the frst time in the table, and must 
be 0.0. YPNT(1) is the first steer angle (or 
torque) in the table, and must be 0.0. 

XPNT(J) (sec) and YPNT(J) define a time-steer 
pair of values. The time values in the table must 
start at 0.0 and increase. The table includes 
NSTEER entries. Repeated times are not 
permitted. If the simulation extends beyond the 
end of the table, the steer angle (torque) is 
frozen at YPNT(NSTEER). The physical 
meaning of YPNT depends on whether or not 
the steering system is included. If the steering 
system is included (as determined by the 
parameter SSKEY on line 21) then the Y values 
in the table indicate torque at the steering wheel 
(in-lb I N-m). If the steering system is not 
included, the Y values in the table indicate the 
angle of the steering wheel (deg I fad). 

(NSTEER 

10.1 

1O.J 

start and stop times for steer inputs (sec). (See 
above equations) 

SWSHFT is a bias in amplitude (deg I rad). 

SWAMPL is the sinusoidal amplitude (deg I 
rad). (See above equations) 

TSWPRD is the time period of the sinusoid 
(sec). SWPHSE is the phase angle of the 
sinusoid (deg I fad). 

(2F12.) 

(2F12.) 

(FP2.) 

> 0) 

(2F12.) 

(2F12.) 

TSWBGN, 
TSWEND 

SWSHFT, 
SWAMPL 

TSWPRD, 
SWPHSE 

Steering wheel angle 

XPNT(1), 
YPNT(1) 

XPNT(J), 
YPNT (J) 
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WEIGHT is the total vehicle weight (lb I N). 

SPWGHT is the sprung weight (lb I N). 

WRATIO is the fraction of the total weight 
carried by the front axle (thus, it has a value 
between 0.0 and 1.0). 

IXSCG is the roll moment of inertia of the 
sprung mass (about the X axis) (in-lb-sec2 I N- 
m-sec2). 

IYS is the pitch moment of inertia of the sprung 
mass (about the Y axis) (in-lbsec2 I N-m-sec2). 

IZZ is the yaw moment of inertia of the entire 
vehicle (about the Z axis) (in-lb-sec2 I N-m- 
sec2). 

IXZ is the cross product of inertia of the sprung 
mass (involving the X and Z axes) (in-lb-sec2 I 
N-m- sec2). 

WB is the wheelbase (in I m). 

WHLRAD is the tire rolling radius (and also the 
assumed c.g. height of the unsprung masses) (in 
I m). 

HCGTTL is the static c.g. height of the total 
vehicle above the ground (in I m). 

Frontal cross section area of total vehicle (ft2 I 
m2). 

KY is the aerodynamic side force coefficient. 
(deg-1 l rad-1). 

KR is the aerodynamic roll moment coefficient 
(deg-1 l rad-1). 

KN is the aerodynamic yaw moment coefficient 
(deg-l l rad-1). 

Aerodynamic lift force coefficients (-, deg-2 I 
rad-2). 

Aerodynamic pitch moment coefficients (deg-2 I 
rad-2). 

Aerodynamic drag force coefficients (deg-2 I 
rad-2). 

11 

12 

13 

14 

15 

16 

17 

18 

(3F 12.) 

(4F12.) 

(3F12.) 

(F12.) 

(3F12.) 

(2F 12.) 

(2F12.) 

(2F12.) 

WEIGHT, 
SPWGHT' 
WRATIO 

IXSCG, IYS, 
IZZ, IXZ 

WB, 
WHLRAD' 
H C G n  

AREA 

KY, KR, KN 

CLO, KL 

CMO, KM 

00, KD 
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19 

20 

2 1 

22 

(4F12.) 

(3F12.) 

(3F12.) 

(14) 

ISS, KSC, 
DLASH, KSL 

GR, XTRAIL, 
CSS 

CBOOST, 
SSKEY, CFSS 

NKINEM 

ISS is the moment of inertia of the steering 
wheel & upper column (in-lb-sec2 I N-m-sec2) 

KSC is the stiffness of the upper steering 
column (in-lb/deg I N-drad) 

DLASH is the lash (+/-) of each front wheel, 
(deg I rad). 

KSL is the one-side stiffness of the steering 
system linkage below the gear box (in-lb/deg I 
N-rnlrad). 

GR is the overall kinematic ratio of the steering 
system (degdeg). 

XTRAIL is the mechanical trail of a front wheel 
(in I m). 

CSS is the viscous damping of the steering 
system lumped at the steering wheel location (in- 
lb-secldeg I N-m-sec). 

CBOOST is the power boost coefficient for the 
steering system model (power/power). (That is, 
CBOOST = 0.0 implies no power assist; 
CBOOST = 0.5 implies a 50% power assist.) 

SSKEY is key which activates the dynamic 
steering system model. Its meaning is: 

> 0.0 - dynamic steering model 
= 0.0 - quasi-static steering model 

Note that (1) when SSKEY is 0.0, the steer 
input to the vehicle (from either the driver model 
or a steer table) is the steering wheel angle, and 
(2) when SSKEY > 0.0, the steer input to the 
vehicle (from either the driver model or a steer 
table) is the steering wheel torque. 
CFSS is steering system Coulomb friction, 
lumped at the steering wheel location (in-lb I N- 
m). 

NKINEM is a key that defines the sophistication 
of the model used for independent suspensions. 

it 0 - advanced model used 
= 0 - static roll center used 



User's Manual (Version 1.4) 

23 

24 

25 

26 

27 

(14) 

(2F12.) 

(2F12.) 

(2F12.) 

(2F12.) 

NBEAM 

TRACK(l), 
HOROLC(1) 

KZ(l), 
KAUX(1) 

CZJNCE(l), 
CZRBND(1) 

ALFAO(l), 
GAMMAO(1) 

NBEAM is a key that defines the type of rear 
suspension. 

# 0 - beam rear axle 
= 0 - independent rear suspension 

TRACK(1) is the track for the front wheels (in I 
m) . 
HOROLC(1) is height (above the ground plane) 
of the static roll center for the front suspension 
(in I m). 

KZ(1) is suspension ride stiffness for each front 
wheel (lblin I Nlm). 

KAUX(1) is the auxiliary roll stiffness for the 
front suspensions (in-lbldeg I N-m). 

Bi-linear damping coefficients for the front 
wheels. 

CZJNCE(1) is the rate for jounce (lb-seclin I N- 
seclm). 

CZTRBND(1) is the rate for rebound (lb-seclin I 
N-seclm). 

Static angular positions of front wheels. 
ALFAO(1) is the static slip angle (deg I rad). 
GAMMAO(1) is the static camber angle (deg I 
rad). 



These lines are included only if NKINEM # 0 
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27.1 

27.2 

27.3 

2'7.4 

2 8 

29 

30 

(2F12.) 

(2F12.) 

(2F12.) 

(2F12.) 

(3F12.) 

(4F12.) 

(4F12.) 

YROLCF(1, I), 
YROLCF(1,2) 

HROLCF(1, I), 
HROLCF(1,2) 

CSZ(1,1), 
CSZ(1,2) 

CCZ(1,1), 
CCZ(1,2) 

CSFY(l), 
C s m ( l ) ,  
CCFY(1) 

CALFA(l,l), 
CALFA(1,2), 
CALFA(1,3), 
CALFA(1,4) 

CGAMMA(1 ,I) 
CGAMMA(1,2) 
CGAMMA(1,3) 
CGAMm(1,4) 

Linear (in/deg I m) and quadratic (in/deg2 I m) 
coefficients used to define lateral displacement 
of front roll center as a function of roll of the 
sprung mass. 

Linear (in/deg I m) and quadratic (in/deg2 I m) 
coefficients used to define vertical displacement 
of front roll center as a function of roll of the 
sprung mass. 

Linear (deg/in I m-l) and quadratic (deg/in2 I 
m-2) bump-steer coefficients for front 
suspensions. 

Linear (deg/in I m-1) and quadratic (deg/in2 I 
m-2) bump-camber coefficients for front 
suspensions. 

CSN(1) is the linear compliant steer coefficient 
for side force acting on each front wheel (degtlb 
I N-1). 

CSMZ(1) is the linear compliant steer coefficient 
for aligning moment acting on each front wheel 
(deg/in/lb I N-lm-1). 

CCFY(1) is the linear compliant camber 
coefficient for side force acting on each front 
wheel (degflb I N-I). 

Coefficients for computing cornering stiffness 
as a cubic function of vertical load. 
Ca = A1 + A2 Fz + A3 FZ2 + Aq FZ3 
The units are: A1 (lb/deg I N/rad), 
A2 (degl  I-), ~3(lb-ldeg-l l N-l), 
~q(lb-2degl 1 N-2) 

Coefficients for computing camber stiffness as a 
cubic function of vertical load, 
CY = GI + G2 Fz + G3 FZ2 + G4 FZ3 
The units are: G1 (lbldeg I N/rad), 
G2 (degl  I -), G3(lb-ldegl l N-I), 
~4(lb-2deg-l I N-2) 
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Coefficients for computing aligning stiffness as 
a cubic function of vertical load. 
CM = MI + M2 Fz + M3 Fz2 + M4 Fz3 
The units are: MI (in-lb/deg I N-drad), 
M2 (in/deg I m), M3(in/lb/deg I m/N), 
M4(inflb2/deg I m/@) 

Vertical spring rate for each front tire (lblin I 
N/m). 

3 1 

32 

33 ... 41 

36.3a 

36.3b 

(4F12.) 

(F12.) 

CALIGN(1, I), 
CALIGN(1,2), 
CALIGN(1,3), 
CALIGN(1,4) 

KTIRE(1) 

These lines contain parameters for the rear of the vehicle, and correspond to 
lines 24 through 32. Only one difference exists: line 36.3 (corresponding to 
line 27.3) depends on whether the rear suspension is independent or a beam. 

(2F12.) 

(F12.) 

CSZ(2,1), 
CSZ(2,2) 

CSROLL 

Linear (deglin I m-l) and quadratic (deg/in2 I 
m -2) bump steer coefficients for rear 
suspensions IF NBEAM = 0. 

Roll steer coefficient for rear suspension IF 
NBEAM # 0 (deddeg). 



3 .4  Summary of Program Options 
Table 3.4,l lists the various options that are implemented in Version 1.3. of the Wind- 

Steer vehicle simulation program. 

Table 
Category 

Units 

Type of Output 
File 
Crosswind 

Steering System 
Dynamics 

Steer Input 

Independent 
Suspensions 

Type of Rear 
Suspension 

3.4.1. Simulation options in the Wind-Steer program. 
Option I How to Specify Option I Line(s) in 

MKS set UNITS # A 4 
text set FRMT to valid format 5 
binary set FRMT to blank 5 
"still air" set WINDKY = 0 9 
table lookup set WINDKY > 0, provide n 9, 9.1, ... 

entries for table 
compu te  wi th  set WINDKY < 0, provide 9 
subroutine subroutine WINSUB 
no dynamics set SSKEY = 0, specify steer as 21 

angle for "open-loop" inputs 
dynamic steering set SSKEY > 0, specify steer as 19, 20, 21 
model torque for "open-loop" inputs 
"open-loop" steering set NSTEER > 0, provide n 10, 10.1, 
wheel angleltorque entries for table ... 
obtained from table 
6'open-loop" set NSTEER = 0, provide data for 10, 10.1 , 
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4 .  PROGRAM OUTPUT 

4.1 ERDFiles 27 
4.2 Contents of the ERD File 28 
4.3 Post-Processing Software 32 
4.4 EchoFile 34 

This chapter describes the form of the program output. It also shows how plots are 
made of the data. 

4.1 ERD Files 
The Engineering Research Division (ERD) at The University of Michigan 

Transportation Research Institute (UMTRI) has developed a standard file format to simplify 
the processing of data from varied sources, such as experiments, simulations, and data- 
processing programs. These are called ERD files. The file contains two independent 
sections, the header and data. 

The data section contains nothing but numbers and is organized in a form similar to a 
spreadsheet, with each column corresponding to a different channel, and each row 
corresponding to a different sample of all channels. The data are stored in binary form 
when efficiency is important. Alternatively, the data can be stored in text form, to facilitate 
transporting the files between different computers. 

The header section of the file contains the information needed to read the numerical 
data. As a minimum, this includes the number of channels, the number of samples, the 
step size, and similar essential information. In addition, the header usually contains 
labeling information related to the file and the separate channels. This design allows a data- 
processing program to first read the header information that maps out the file, and then read 
the rest of the file based on that information. Thus, a program that can deal with one ERD 
file can usually deal with any ERD file, even though the other files have different numbers 
of channels and perhaps different amounts of information included in the headers. Another 
benefit is that the files are self-documenting. Names of channels, units, notes, etc. can all 
be put into the header. 

Depending on the design of the computer operating system and the form of the data, the 
two sections may reside in the same file or in two separate files. When the numerical data 
are written in text form (human readable numbers), both sections are put in the same file. 
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The numerical data follows immediately the header data. On the IBM PC and Apple 
Macintosh, separate files are used to contain binary and text data. On MTS, the mainframe 
computer system at The University of Michigan, both sections are always included in the 
same file, even when binary formats are used. 

4.2 Contents of the ERD File 
Table 4.2.1 lists all of the channels included in the output ERD file. (This listing was 

obtained using one of the post-processing programs used for generic ERD files.) Figure 
4.2.1 shows an actual file produced by the Wind-Steer program. In the figure, a vertical 
line is drawn to separate the line number (not included in the file) from the actual file 
contents. A second vertical line identifies the first 8 columns of each line, which contain a 
keyword in all but the first two lines in the header portion of the file. The keywords 
identify the type of data contained in the remainder of the line. Note that many of the lines 
are too long to be shown in the figure, as indicated by the ellipsis (, . .) at the end of those 
lines. 

The contents of the header produced by the Wind-Steer program are described below 
on a line-by-line basis in Table 4.2.2. 
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Table 4.2.1. Example list of output channels in an output (ERD) file. 
1 - Time : T i m e  - sec 
2 - Steer i n :  Input S t ee r  Angle - deg 
3 - SW Torq : Input S t e e r  Torque - in-# 
4 - X cg : X Pos i t ion ,  Sprung Mass cg - f t  
5 - Y cg : Y Pos i t i on ,  Sprung Mass cg - f t  
6 - Z cg : Z P o s i t i o n ,  SprungMass c g -  i n  
7 - Rol l  : Roll  Angle - deg 
8 - P i t c h  : P i t c h  Angle - deg 
9 - Yaw : Yaw Angle - deg 

1 0  - p : Rol l  Rate - deglsec 
11 - q : P i t c h  Rate - deglsec 
1 2  - r : Yaw Rate - deglsec 
13 - s l i p  : Vehicle S l i p  Angle - deg 
1 4  - X dot  : X Veloci ty,  Sprung Mass cg - f t / s  
15 - Y dot  : Y Veloci ty,  Sprung Mass cg - f t / s  
1 6  - w cg : Z Veloci ty,  Sprung Mass cg - i n / s  
17 - Ay cg : La te ra l  Accelerat ion a t  cg - g ' s  
18 - Rho cg : Vehicle Path Curvature - l / f t  
1 9  - Fx Aero : Aerodynamic Drag Force - l b  
2 0  - Fy Aero : Aerodynamic Side Force - l b  
21 - Fz Aero : Aerodynamic Down Force - l b  
22 - Mx Aero : Aerodynamic Roll  Moment - in-# 
23 - My Aero : Aerodynamic P i t ch  Moment - in-# 
24 - Mz Aero : Aerodynamic Yaw Moment - in-# 
25 - V A i r  : A i r  Speed - f t / s  
26 - S l i p  A i r :  Aerodynamic S l i p  Angle - in-# 
27 - L S t r  1 : Tota l  S t ee r ,  L s ide ,  Axle 1 - deg 
28 - L Alph 1: S l i p  Angle, L s ide ,  Axle 1 - deg 
2 9  - L Gamm 1: Camber Angle, L s ide ,  Axle 1 - deg 
30 - L Fy 1 : Side Force, L s i d e ,  Axle 1 - l b  
31 - L Mz 1 : Aligning Moment, L s i de ,  Axle 1 - in-# 
32 - L Fz 1 : Load, L s ide ,  Axle 1 - l b  
33 - L Z 1 : Vert Disp, L s ide ,  Axle 1 - i n  
34 - L Fdmp 1: Damping Force, L s ide ,  Axle 1 - l b  
35 - R S t r  1 : Tota l  S t ee r ,  R s ide ,  Axle 1 - deg 
36 - R Alph 1 :  S l i p  Angle, R s ide ,  Axle 1 - deg 
37 - R Gamm 1: Camber Angle, R s ide ,  Axle 1 - deg 
38 - R Fy 1 : Side Force, R s ide ,  Axle 1 - l b  
39 - R Mz 1 : Aligning Moment, R s ide ,  Axle 1 - in-# 
4 0  - R Fz 1 : Load, R s i d e ,  Axle 1 - l b  
4 1  - R Z 1 : Vert Disp, R s ide ,  Axle 1 - i n  
42 - R Fdmp 1 :  Damping Force, R s ide ,  Axle 1 - l b  
43 - L S t r  2 : Tota l  S t ee r ,  L s ide ,  Axle 2 - deg 
4 4  - L Alph 2: S l i p  Angle, L s ide ,  Axle 2 - deg 
45 - L Gamm 2:  Camber Angle, L s ide ,  Axle 2 - deg 
4 6  - L Fy 2 : Side Force, L s ide ,  Axle 2 - l b  
47 - L Mz 2 : Aligning Moment, L s i de ,  Axle 2 - in-# 
48 - L Fz 2 : Load, L s i d e ,  Axle 2 - l b  
4 9  - L Z 2 : Vert Disp, L s ide ,  Axle 2 - i n  
50 - L Fdmp 2 :  Damping Force, L s ide ,  Axle 2 - l b  
51 - R S t r  2 : Tota l  S t ee r ,  R s ide ,  Axle 2 - deg 
52 - R Alph 2 :  S l i p  Angle, R s ide ,  Axle 2 - deg 
53 - R Gamm 2:  Camber Angle, R s ide ,  Axle 2 - deg 
54 - R Fy 2 : Side Force, R s ide ,  Axle 2 - l b  
55 - R Mz 2 : Aligning Moment, R s ide ,  Axle 2 - in-# 
56 - R Fz 2 : Load, R s ide ,  Axle 2 - l b  
57 - R Z 2 : Vert Disp, R s ide ,  Axle 2 - i n  
58 - R Fdmp 2 :  Damping Force, R s ide ,  Axle 2 - l b  
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6 6 I -11 -1, 1, 5, O.5OOOOOE-01 
TITLE Best Aero, 50 mi/h, Wiggles input. 
SHORTNAM Time Steer inX cg Y cg Z cg Roll Pitch ... 
LONGNAME Time Input Steer Angle ... 
&lo00 Load, L side, Axle 1 Vert Displacement, L sid,. 
&I000 Vert Displacement, R side, Axle Kinematic Steer, R side ... 
UNITSNAM sec deg ft ft in de9 deg ..- 
GENNAME Time Steer Angle *.. 

&lo00 Load Vertical Displacement ..- 
&lo00 Vertical Displacement Steer Angle ... 
RIGIBODY Time Input .n. 

&lo00 Left side, Axle 1 Left side, Axle 1 ... 
&I000 Rght side, Axle 2 Rght side, Axle 2 ... 
TRUCKSIM WindISteer 
SPEEDMPH 50 
FORMAT (66613.6) 
HISTORY Data generated with Wind/Steer model at 20:29 on Apr 24,.- 
END 

.000030 .OOOOOO .OOOOOO .800000 .OOOOOO ... 
0.500030E-01 .000000 3.66668 -0.458360E-11-0.354777E-02... 
.lo00 30 .OOOOOO 7.33336 -0.780567E-11-0.128985E-Ol... 
.I500 30 12.5000 11.0000 0.214312E-02-0.258511E-01 ... 
.200030 25.0000 14.6667 0.156329E-01-0.383033E-01 ... 
.2500 30 25.0000 18.3332 0.462742E-01-0.443594E-01 ... 

180 I 3. O O O ~ O  25.0000 40.3257 .588851 -0.339343E-Ol... 

Figure 4.2.1. Example output file produced by the Wind-Steer vehicle 
model. 
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Kevword 

TITLE 

SHORTNAM 

LONGNAM 

& 1000 

in header of ERD file made by Wind-Steer program. 

Identify file as a Version 2.00 ERD file. 
Define layout of this file. The numbers in this line correspond 
to the variables: 
NCHAN, NSAMP, NRECS, NBYTES, NUMKEY, STEP 
NCHAN = no. of channels in file (this depends on the options 
used during the run) 
NSAMP = no. of samples (-1 = "read to end of file"). 
NRECS1 = no. of records (-1 = "read to end of file"). 
NBYTES1 = number of bytes / record for binary data, number 
of "scans" / record for text data. 
NUMKEY = 1 for binary data, 5 for text data 
STEP = sample interval 
Title for the file. This line is copied from the third line of the 
input file. 
List with one short name (8 characters) for each channel in the 

List with one long name (32 characters) for each channel in the 
file. The Fortran compiler for the Macintosh does not allow 
writing lines that are longer than 1024 characters, so the line is 
split up using the continuation keyword. 
This line continues the data from the previous line. The 
keyword &lo00 indicates that the previous line terminated at 
column position 1000. Thus, the previous line contains long 
labels for the first 31 channels (31 x 32 + 8 = lorn), and this 
line continues for channels 32 - 62. 
This line also continues data from the previous line, associated 
with the LONGNAM keyword for channels above 63. 

The parameters NBIN and NRECS together describe how the data are stored in the file. There are 
three types of file storage used: MTS-binary , PC-Mac-binary, and text. 

On MTS, the binary part of the ERD file is structured to contain NREC constant-length records of 
length NBYTES. Each record contains one sample from each channel (a "scan"), and thus, NRECS = 
NSAMP and NBYTES = 4 x NCHAN. 

On the IBM PC or the Apple Macintosh, the binary data are kept in a separate file that is not 
structured. The same values of NRECS (NSAMP) and NBYTES (4 x NCHAN) are used for reading and 
writing the data however. 

For text files, NRECS is the number of records containing numbers in text form. NBYTES is set to 
the number of values for each channel on that line. The text files produced by the WinWandling program 
contain one sample for each channel. Thus, NRECS=NSAMP and NBYTES=l. 
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Table 4.2.2 (continued). Lines in header of ERD file made by Wind-Steer 
Drogram. 

In the example ERD file shown in Figure 4.2.1, the numerical data are stored in the 
same file, beginning with line 20. On the other hand, if the numerical data are stored in a 
separate file in binary form, any lines after line 19 (END) would be ignored by all UMTRI 
post-processing software. 

4.3  Post-Processing Software 

List with 8-character name of the units for each channel. 
These three lines contain long names (32 characters) for each 
channel, similar to the labels associated with the LONGNAM 
keyword. These are '"general names" however, which are not 
unique for each channel. For example, the steer angles for all 
four wheels are given the same general name of "Steer Angle." 
The general names are selected automatically by the ERD plotter 
for labeling plots involving several similar data channels. 
These three lines contain long names (32 characters) for each 

8 
9-1 1 

12- 14 

Software has been developed for viewing and analyzing ERD files on the Macintosh 
and the mainframe computer at The University. At UMTRI, nearly all analyses of this sort 
are performed using Macintoshes that are networked together with several IBM PCs. 

channel, that identify a rigid body or other unit in the vehicle 
model that is associated with the channel. For example, all 
motions of the sprung mass have the RIGIBODY name 
"Sprung Mass." These names are selected automatically by the 

RD plotter for labeling plots involving several similar data 

e Fortran format used to write the 

UNITSNAM 
GENNAME 

RIGIBODY 

The programs that are relevant to the Wind-Steer simulation are: 

EP, a plotter for ERD files. EP obtains all of the labeling information required for 
preparing publication-quality plots from the header of the fde. 

Spectrum, a spectrum analyzer for computing power spectral density (PSD) 
functions and transfer functions for variables whose time-histories are stored in 
ERD files. This program reads a file with time-domain data as input, and produces 
a file with frequency-domain data as output. 
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Split, a utility program for editing ERD files. 

These programs are "user friendly" and make full use of the Macintosh interface. For 
example, the dialog below shows the screen display when selecting channels to plot with 
EP. (The channels are selected by clicking on them with the mouse.) 

Data f rom "ER.PITCH" 

f ~ i f f e r e n t  ~ i l e  1 V axis H axis 

[ Long names 1 

Plot 1 

Qdot # 1  
~t an 1 

1 del 1 
Fs 1 
uel 1 

Eleu. I n  
:::::: 

flz Seat blfli ...... flx Seat $if{/ 
iiiiii 

flz cg # 1 if91 
!:!!!: 

Q d o t # 1  ;]!$I 
H t a x  I n llllfi 

Fs 1 
@ From Lists 
0 Enter names 

Remember Channels 
Ft 2 : Tire force, flxle 2 - klbs 

I 
: Time - sec 

Data t o  Plot (fi le: y, HI 
[-I [-KG-) 

As another example, the dialog below shows the various options available in EP for 
sizing and scaling the plots. 

K f lxis @ Linear 
0 Log 0 Log 

Length (inches) Length (inches 
@ Axis B 
O T i c k  1 

Tick Spacing I Tick Spacing 

fluto - Include 0 Auto - Include 0 

0 Auto - Same x-y scaling 
Cancel 1 

The post-processing software also runs on the UM mainframe computer, MTS. For 
other systems, there are several ways to view results from the Wind-Steer program using 
established post-processing (analysis) software: 
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The numerical data in the ERD file can be written in text form using virtually any 
valid Fortran format (i.e., line 5 in the input file). Thus, this format should be 
selected to match the requirements of the post-processing software. However, it 
may be necessary to view the file with a text editor and eliminate or modify the 
header portion of the file. 

A conversion program can be written to read the ERD file and produce a file with a 
format appropriate for the post-processing software. 

The Wind-Steer program can be modified to produce files with a desired format. 
Appendix C of the Reference Manual (Volume 11) contains instructions for doing 
this. 

4 .4  Echo File 
An optional output file containing an "echo" of the input parameters may also be 

identified at the beginning of a simulation run, The vehicle and simulation parameters are 
then simply listed in formatted groupings in this echo file. (Examples of these follow in 
Section 5.) At the end of each echo file, following the parameter listings, is a set of static 
"Summary Calculations" which identify, among other things, the approximate vehicle 
understeer gradient and static crosswind sensitivity based upon the input parameters just 
entered. (These static calculations only account for lateral yaw-plane aerodynamics and do 
not include aerodynamic lift forces and pitching moments that may re-distribute vertical tire 
loads away from the assumed "no-air" initial static load condition.) An example "Summary 
Calculation" listing is seen below: 

*** Summary Calculations *** 

Front C-alpha (lbldeg): (Effective = > 55.4% offront tire-alone) 153.9 

Rear C-alpha (lbldeg): (Effective = > 93.4% of rear tire-alone) 203.1 

Pneumatic & mechanical trail (in): 

Steering system stiffness (in-lbldeg): 

Steering Syst Compl Reduction Factor: 

Front Rolling & Camber Reduction Factor: 

Total Front C-alpha Reduction Factor: (55.4%) 

Rear Camber & Fy Compl Reduction Factor: 

Rear Align Torque Compl Reduction Factor: 

Total Rear C-alpha Reduction Factor: (93.4%) 

Unders teer Gradient (dedg): 3.297 
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Distance from c.g FORWARD to neutral steer pt (in), XCGNS: -17.73 

Distance from WBl2 FORWARD to center of pressure (in), XL2CP: 25.810 

Distance from WB/2 FORWARD to c.g (in), XL2CG: 11.058 

Distance from WB/2 FORWARD to neutral steer pt (in), XL2NS: -6.67 1 

Distance from neut steer pt FORWARD to cent of press (in), XNSCP: 32.48 1 

Wind Sensitivity (deg/s of yaw rate / deg of wind sideslip), WSEN: .090 

The C-alpha values seen above are effective front and rear tire cornering stiffnesses 
corresponding to an "equivalent" (and greatly simplified) non-rolling vehicle having no 
steer, camber, or steering system compliances. These values are derived from the actual 
tire and vehicle data entered and indicate the approximate level of cornering stiffnesses 
available after accounting for "losses" from the front and rear suspension properties and the 
steering system compliance. (The actual front and rear tire cornering stiffnesses are 
obtained by dividing the effective C-alpha values by the corresponding "total reduction 
factors.") Following the indicated reduction factors, the understeer gradient is then 
estimated and printed next in units of degrees per g, using the effective tire cornering 
stiffnesses and the entered vehicle weight distribution. 

Following the understeer gradient, distances of the neutral steer point, aerodynamic 
center of pressure, and mass center relative to one another and to the mid-wheelbase point 
"WB/2" are then listed. The last parameter shown, "WSEN, is the approximate static 
crosswind sensitivity of the vehicle. It is listed in units of degreeslsecond of yaw rate per 
degree of crosswind and represents the amount of steady-state yaw rate expected from this 
vehicle due to a constant crosswind of one degree and no steering wheel input. (e.g., A 
constant crosswind of 15 degrees would be predicted to produce a vehicle steady-state 
turning response of 15 times the WSEN value shown, or, 1.35 degreeslsecond.) 
Reference [8] further describes and discusses the static crosswind sensitivity parameter. 

The intent of these summary calculations is simply to provide the program user with 
basic information regarding the locations of the neutral steer point and aerodynamic center 
of pressure, while also providing nominal estimates of vehicle understeer and static 
crosswind sensitivity. Such information can often be useful for helping to understand 
subsequent simulation results, or for conducting more simplified analyses. 
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5 .  EXAMPLES 

Sol Step Steer Example 36 
5.2 Lane Change Example 41 

This chapter presents two example simulations made with the Wind-Steer model. In 
both cases, the input files, echo files, and example output plots are shown. 

5 .1  Step Steer Example 
The first example is for a simple, open-loop (no driver steering control model) 

maneuver in which a step-like application of steering wheel angle (10 degrees) occurs at the 
start of the run. The dynamic steering model is inactivated (SSKEY = 0.0) and no 
crosswind input is present (WNDKY = 0). The vehicle is running at 100 mph. 

Figure 5.1.1 shows the input data set, and Figure 51.2 shows the corresponding 
"echo" file for that data set. Figure 5.1.3 shows plots of the steering wheel input and the 
resulting vehicle lateral acceleration. 
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T h i s  is an exarrple Wind-Steer input file f o r  Ve r s ion  1 . 0  
The first two lines in the f i l e  are ignored, the third is saved as a t i t le :  
B e s t  Pero, 100 d / h ,  step steering wheel  i n p u t ,  no steering s y s t e m  or c ro s swind .  
E n g l i s h  ( W I S H  UNITS) 
Binary (binary FORMAT) 

100 .0  2 .0  .0100 (V+PHI TEND, DT) 
2 (print i n t e r v a l )  

90.0 0.0024 (VWIND, K S W ,  AIRHO / f t 3 )  
0 ( W K y )  

003 (NSTEER) 
0 .0  0.0 [ s teer*  table; tine, steer] 
0 . 1  10.0 
9 .0  10.0 

3160.0 2830.0 0.6140 [ L C ]  (WIGHT, SPVXXT, W I O )  
3000.0 12000.0 18000.0 0.0 [A] (MSCG, IYS, I Z Z ,  IXZ) 

97.0 11.3 20.0 [C, 2 (CfA) I (m1 - 1  H m L )  
21 .0  [Ll (AREA sq ft) 

0.0345 0.0077 0.00918 [Ll ( K Y ,  KRr KN) 
0.166 0.00107 [LI ( a 0 1  KL) 

0.10545 0.0001864 [LI (mot KM) 
0.3431 0.000282 [LI (cDO1 la) 

0 . 4  7 .0  0.00 3000. [A] (ISS, KSC, DLASH, KSL) 
1 6 . 9  0.44 0.40 [A1 (QZ, CSS) 
0.55 0.0 3.0 [A] (-ST, SSKGI, CFSS) 

1 (-) 
1 (-1 

57 .5  1 . 0  [CIA1 (-(I) r HOWJ-C(l) 
150.0 6000.0 [CI (=I m) 

5.0 10.0 [A1 (CZJNCE, CZRBND) 
0.0  0.0 [CI (ALE'AOt -0) 
0 . 0  0.0 [A1 (mm (111) 1 (1 r2 )  
0 .0  0 .0  [A1 (WIG? (111) 1 (3-12) 

-0.1 0 . 0  [Cl (CSZ (111) 1 ( 1 , 2 )  
-0.213 -0.071 [CI OX (111) I (La 

-0.00015 0.000833 0.0014 [Arc, CI (CSFYr CSMZ, CCFY) 
-26.4 0.589 -0.0003550 7.3193-08 [GtU] (CALFA(1,l) . . (1 ,4)  ) 

37.0 0 .0  0 .0  0.0 [ M I  ( m ( l I 1 )  . . ( 1 1 4 ) )  
-3.592 -0 .ooo 0.0007814 -2.7433-07 [GtU] (CALIGN(1,l) . . (1 ,4)  ) 
1000.0 [A1 (KTIRE) 

5 7 . 5  6.0 [CIA1 r H0KIJ-C (2)  ) 
145.0  3360.0 [CI ( K z r  KAUX) 

5.0 10.0 [A1 (-1 C m )  
0 .0  0 . 5  [CI (AmAOr -0) 
0 . 0  0 .0  [A1 ( m m ( 2 , 1 ) ,  (2 ,2)  
0 .0  0 .0  [A1 ( m m ( 2 t 1 )  1 (212) 
0 .0  [A1 (CSWLL) 
0 .0  0 .0  [Cl (CCZ(211)I ( 2 1 2 ) )  

0.00005 0.0001 0.0015 [CI (csFy1 -1 C='Y) 
-26.4 0.589 -0.0003550 7.3193-08 [GtU] (CALFA(2,l) . . (2 ,4)  ) 

37.0 0 .0  0.0 0.0 [ m u ]  (CGWNA(2,1) . . (2,4))  
-3.592 -0.000 0.0007814 -2.7433-07 [WU] (CALIm(2 , l )  . . ( 2 , 4 ) )  
1000.0 [A1 (KTIRE) 

Figure 5.1.1. Input file for step-steer example. 
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Input f i le:  step input I 1 Run made a t  10:17 on May 2, 1990 

TITLE: Best Aero, 100 mi/h, step steering wheel input, no steering system or cross. 

English Units 
Output f o m t  : B i n a r y  
V ,  TEND, DT: 100.00 2.0000 0.10000E-01 
Write t o  f i l e  every 2 steps 
KSm, AIRID: 90.000 0.240003-02 

WIND MALMTUDE TlME HISTORY INPVT: 

STEER TABLE - t h  (sec) , sw (w) : 

TCYrZIL VEHICLE AND S P W  FSS PAEWMETERS: 

WEIGHT, S P m ,  WRATIO: 3160.0 2830 .O .61400 
IXSCG, IYS, IZZ, M Z :  3000.0 12000. 18000. .ooooo 
WB, WEIRAD, HCGTTL: 97.000 11.300 20.000 

AREA: 
KYf KR, KN: 
CLO, KL: 
CMO, KM: 
CDO, KD: 

ISS, KSC, D N H ,  KSL: .40000 7.0000 .OOOOO 30Q0.0 
GR, )(TRAIL, CSS, SWSTOP: 16.900 .44000 .40000 1000.0 
CBCOST, SSKEY, CFSS : .55000 .OOOOO 3.0000 

I NKINEM 0 0 -- Use full  kinemtics mdel 

I BEIN 0 0 -- Beam rear suspension 

Suspension and t i r e  data 
HOROLC: 57.500 1.0000 

KZ, KAUX: 150.00 6000.0 
CZJNCE, CZRBND: 5.0000 10.000 

I ALFAO, GAmAo : .00000 .ooooo 
Figure 5.1.2 (part 1). Echo file for step-steer example. 
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Kinemtic ccef f ic ients  : 
mm: .ooooo .ooooo 
HROLCF: ,00000 .00000 
CSZ : - .10000 .ooooo 
CCZ : - .21300 -0.710003-01 

Ccarpliance coefficients : 
CSM, CSMZ, CCFY: -0.150003-03 0.833003-03 0.14000E-02 

Tire s t i f fness  ccef f ic ients  : 
CALFA: -26.400 .58900 -0.355003-03 0.731903-07 
cGM4?i: 37.000 .OOOOO .OOOOO .OOOOO 
CALI(;N: -3.5920 .OOOOO 0.781403-03 -0.274303-06 
KTIRE : 1000.0 

Suspension and tire data 
TRACK, HOWLC: 57.500 6.0000 
KZ, KAUX: 145.00 3360 .O 
C Z W ,  CZRBND: 5.0000 10.000 
ALFAO, GRMAO : .OOOOO .50000 

Kinematic cceff ic ients  : 
mm: .ooooo .ooooo 
HROm: .ooooo .00000 
Rear axle r o l l  s teer :  .OOOOO 
ccz: .ooooo .ooooo 

CcPrpliance coefficients : 
CSM, CSMZ, CCFI: 0.500003-04 0.10000E-03 0.150003-02 

T i r e  s t i f fness  coefficients : 
W A :  -26.400 .58900 -0.355003-03 0.731903-07 
CGiWa: 37.000 .OOOOO .OOOOO .OOOOO 
CALI(;N: -3.5920 .OOOOO 0.781403-03 -0.274303-06 
KTIRE : 1000.0 

*** S m r y  Calculations *** 

Front C-alpha (a/-) : 201.101 
Rear C-alpha (a/-) : 203.110 
Front Rolling & Canker Reduction Factor: -724 
Total Front C-alpha Reduction Factor: .724 
Rear Camber & Fy carp1 Reduction Factor: .978 
Rear Align Torque Ccmpl W c t i o n  Factor: .955 
Total Rear C-alpha F?&xtion Factor: .934 
Understeer Gradient (cbg/g) : 1.821 
Distance f ran c . g MRhWD t o  neutral steer p t  (in) , XCGVS : -11.299 
Distance f ran WE/2 FOFMARD t o  center of pressure ( in)  , XI28 : 25.810 
Distance £ran WB/2 FORhWD t o  c.g (in), XL2CG: 11.058 
Distance f ran  WB/2 FORhWD t o  neutral s t ee r  pt  (in), -S: -.241 
Distance f ran  neut steer p t  FCTWGD t o  cent of press ( in)  , XNSCP: 26.052 
Wind Sensit ivi ty (deg/s of yaw ra te  / ckg of w i n d  s ides l ip) ,  WSEN .I24 
SIMPLIFIED (less accurate) Wind Sensitivity Measure, WSIMP: .I72 

Figure 5.1.2 (part 2). Echo file for step-steer example. 
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Input Steer Angle - deg 
10 

Time - sec 
Best Aero, 100 milh, step steering wheel input, no steering system or crosswind. 

Lateral Acceleration at cg - g's 

Time - sec 
Best Aero, 100 mi/h, step steering wheel input, no steering system or crosswind. 

Figure 5.1.3. Example plots for step-steer maneuver. 
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5 .2  Lane Change Example 
The second example is for a driver controlled lane-change maneuver during a 20 mph 

crosswind. In this run, the dynamic steering system is activated with the driver model 
producing steering wheel torque as the control input to the model. 

Figure 5.2.1 shows the basic maneuver performed for the lane change example. The 
vehicle starts in a straight line at 85 mph. After 0.5 seconds it encounters the beginning of 
the 20 mph crosswind blowing from the left. At about the same time, the driver model is 
beginning to steer the vehicle to the right for the start of the 12 ft lane-change maneuver. 
The wind assists the vehicle initially by "blowing" it to the right in the direction of the 
desired path. Following the completion of the lane change maneuver, counter-steering (and 
torque) are generated by the driver model to "trim" the vehicle against the constant 
crosswind. 

The input data set for the lane change example is seen in Figure 5.2.2. The 
corresponding "echo" file of that input set is provided in Figure 5.2.3. Figure 5.2.4 shows 
the steering wheel torque produced by the driver model and the resulting steering wheel 
angle from the dynamic steering system model. Figure 5.2.5 contains plots of the vehicle 
trajectory and the lateral acceleration time history. The negative torque and steering wheel 
values at the end of the run are being produced by the driver model in response to the 
crosswind condition. 
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20 mph crosswind 
______): 

0.5 seconds 
to reach wind 

front 

Figure 5.2.1. Lane Change Example. Driver Model Performing 12-ft 
Lane Change Maneuver in the presence of a 20 mph Crosswind. 

User's Manual (Version 1.4) 



This is an example Wind-Steer input file for Version 1.0 
The first two lines in the file are ignored, the third is saved as a title: 
85 mi/h, 12-ft lane change, driver model t steering system, 20 mph crosswind. 
English (ENGLISH UNITS) 
Binary (binary FORMAT) 

85.0 8.0 .0200 (V=MPH, TEND, DT) 
2 (print interval) 

90.0 0.0024 (VWIND, KSYWND, AIRHO /ft3) 
0 4 ( WINDKY) 
0.0 0.0 [time, crosswind table] 
0.5 0.0 
1.0 20.0 [ 20 mph gust @ 1 second ] 
99. 20.0 
-04 (NSTEER) [ < 0 => driver model] 
0.0 0.0 [x-y path coordinates table] 
200.0 0.0 
350.0 12.0 112-ft lane change maneuver] 
9999.0 12.0 
0.20 driver model time delay 
1.25 driver model preview time 

3160.0 2830.0 0.6140 [LtC] (WEIGHT, SPWGHT, WRATIO) 
3000.0 12000.0 18000.0 0.0 [A] (IXSCG, IYS, IZZ, IXZ) 

97.0 11.3 20.0 [C, 2 (CtA) I (WB, WHLRAD, HCGTTL) 
21.0 [L] (AREA sq ft) 

0.0345 0.0077 0.00918 [L] (KY, KR, KN) 
0.166 0.00107 [L] (CLO, KL) 

0.10545 0.0001864 :Ll (CMO, KM) 
0,3431 0.000282 :L] (CDO, KD) 

0.4 7.0 0.00 3000. :A] (ISS, KSC, DLASH, KSL) 
16.9 0.44 0.40 !A] (GR, XTRAIL, CSS) 
0.62 1.0 3.0 :A] (CBOOST, SSKEY, CFSS) 

1 (NKINEM) 
1 (NBEAM) 

57.5 1.0 [C,Al (TRACK(l), HOROLC(1) ) 
150.0 6000,O [Cl (KZ, KAUX) 
5.0 10,O [A] (CZJNCE, CZRBND) 
0.0 0.0 [Cl (ALFAO, GAMMAO) 
0.0 0.0 [A1 (YROLCF(1,1), (1,2)) 
0.0 0.0 [A1 (HROLCF(1,1), (1,2)) 

-0.1 0.0 [CI (CSZ (1,1), (1,2)) 
-0.213 -0.071 [cl (CCZ (Ill), (1,2)) 

-0.00015 0.000833 0.0014 [A,C,Cl (CSFY, CSMZ, CCFY) 
-26.4 0.589 -0.0003550 7.319E-08 [GtUl (CALFA(1,l) . . (1,4) ) 
37.0 0.0 0.0 0.0 [GtU] (CGAMMA(1,l). . (1,4)) 

-3.592 -0.000 0.0007814 -2,7433-07 [GtU] (CALIGN(1,l) . . (1,4) ) 
1000.0 [A] (KTIRE) 
57.5 6.0 [C,A] (TRACK(2), HOROLC (2) ) 
145.0 3360.0 [Cl (KZ, KAUX) 
5.0 10, 0 [A] (CZJNCE, CZRBND) 
0.0 0.5 [C] (ALFAO, GAMMAO) 
0.0 0.0 [A1 (YROLCF(2,1), (2,2) 
0.0 0.0 [A1 (HROLCF(2,1),(2,2)) 
0.0 [A] (CSROLL) 
0.0 0.0 [CI (CCZ (2,1), (2,2) ) 

0.00005 0.0001 0.0015 [C] (CSFY, CSMZ, CCFY) 
-26.4 0.589 -0.0003550 7.319E-08 [GtU] (CALFA(2,l) . . (2,4) ) 
37.0 0.0 0.0 0.0 [GtUl (CGAMMA(2,l). . (2,4)) 

-3.592 -0.000 0.0007814 -2.743E-07 [GtUl (CALIGN(2,l) . . (2,4) ) 
1000.0 [A] (KTIRE) 

Figure 5.2.2. Input file for lane change maneuver. 
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I n p u t  f i l e :  lane in 

Run mde a t  10:52 on  May 2, 1990 

TITLE: 85  mi/h, 12 - f t  l a n e  change,  driver rrodel + steer- system, 20 nph c ro s swind .  

E n g l i s h  U n i t s  
Output  f o m t :  Binary 
V, TEND, DT: 85.000 8.0000 0.20000E-09 
Write t o  f i le  every 2 steps 
K S W ,  AIRHO: 90.000 8.240003-02 

WIND r n T U D E  TIME HISTOF3 m m :  

D m  M)DEL INPUT: 

X-Y p a t h  coordinates : 

TOT= VEHICLE AND SPEIUNG MASS PARAMETEDS: 

WEIW, SPKGHT, WFATIO: 3160.0 2830.0 . 6 1  400 
IXSCG, IYS, IZZ, M Z :  3000.0 12000. 18000. . O O O O O  
WB, FMLRAD, H a X T L :  97.000 11.300 20.000 

AREA: 
KY, KR, KN: 
CLO, KL: 
mot KM: 
C D O ,  m: 

STEERING SYSTEM: 

ISS, KSC, DLASH, KSL: .40000 7.0000 . O O O O O  3000.0 
GR, XIRAIL, CSS, SWSTOP: 16.900 .44000 .40000 1000.0 
CBCOST, SSKEY, CFSS: ,62000 1.0000 3.0000 

N K W  0 0 -- Use full k i n e m t i c s  model 

Figure 5.2.2 (part 1). Echo file for lane-change example. 
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1 BERM 0 0 -- Beam rear suspension 

Suspension and tire data 
TRXX, HOWSLC: 57.500 1.0000 
KZ, KWX: 150.00 6000.0 
CZ-, CZREND: 5.0000 10,000 
ALFAO, -0 : .OOOOO .OOOOO 

Kinemtic ccef f ic ients  : 
YRDm: .00000 .ooooo 
HRLIm: .00000 .00000 
CSZ : -.10000 .ooooo 
CCZ : -.21300 -0.710003-01 

Ccnpliance coefficients : 
CSEY, CSMZ, m: -0.150003-03 0.833003-03 0.140003-02 

T i r e  s t iffness coef f icients : 
CALFA : -26.400 .58900 -0.355003-03 0.731903-07 
CmWlA: 37.000 .OOOOO .OOOOO .ooooo 
CALI(;N: -3.5920 .OOOOO 0.781403-03 -0.274303-06 
KTIRE : 1000.0 

Suspension and tire data 
TRACK, HOWSLC: 57.500 6.0000 
KZ, KAUX: 145.00 3360.0 
CZJXE, CZRBND: 5.0000 10.000 
ALFAO, GNW i O  : .OOOOO .50000 

Kinematic ccef f ic ients  : 
YROLCF': .ooooo .ooooo 
mm: .ooooo .ooooo 
Rear axle r o l l  steer: .OOOOO 
CCZ : .ooooo .00000 

Ccnpliance coefficients: 
CSFY, CSMZ, CCFY: 0.500003-04 0.100003-03 0.150003-02 

T i r e  s t iffness coefficients : 
CALFA : -26.400 .58900 -0.355003-03 0.731903-07 
CGAWA: 37.000 .OOOOO .OOOOO .OOOOO 
CAZII(;N: -3.5920 .OOOOO 0.781403-03 -0.274303-06 
KTIRE : 1000.0 

Figure 5.2.2 (part 2). Echo file for lane-change example. 
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*** S m r y  Calculations *** 

Front C-alpha (lb/deg) : 153.995 
Rear C-alpha (lb/deg) : 203.110 
Pneumatic & mchanical t r a i l  ( in)  : 2.173 
Steering system s t i f fness  (in-lb/deg) : 1499.589 
Steering Syst Carp1 Reduction Factor: .766 
Front Rolling & Cmker Reduction Factor: .724 
Total Front C-alpha Reduction Factor: .554 
Rear canker & Fy Cmpl Reduction Factor: .978 
b a r  Align Torque Ccgopl PBduction Factor: .955 
Total Rear C-alpha Reduction Factor: ,934 
Understeer Gradient (dq /g )  : 3.297 
Distance f ran  c.g FORWARD t o  neutral steer p t  ( in ) ,  KENS: -17.729 
Distance f ran  WB/2 FORWARD t o  center of pressure ( i n ) ,  XL2CP: 25.810 
Distance £ran W/2 FORWARD t o  c.g (in), XL2CG: 19.058 
Distance £ran WB/2 FOFWGD t o  neutral steer p t  (in), XL2NS: -6.671 
Distance f r m  neut steer pt FOFWARD t o  cent of press ( in)  , XNSCP : 32.481 
Wind Sensit ivi ty (deg/s of yaw ra te  / deg of w i n d  sideslip)  , WSEN .090 
SIMPLIFIED ( less  accurate) Wind Sensitivity Measure, WSIMP: .I16 

Figure 5.2.2 (part 3). Echo file for lane-change example. 
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85 mi/h, 12-ft lane change, driver model + steering system, 20 mph crosswind. 

Figure 5.2.3. Plots of steer inputs for lane-change maneuver. 
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Y Position, Sprung Mass cg - ft 
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85 rm/h, '12-ft lane change, driver model + steering system, 20 mph crosswind. 
Figure 5.2.4. Plots of vehicle motion variables in lane-change maneuver. 
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