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Dynamic Steering

Dynamic steering for Ackerman, rack-and-pinion, and parallel steering mechanisms
Library: Vehicle Dynamics Blockset / Steering
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Description

The Dynamic Steering block implements dynamic steering to calculate the wheel angles for
Ackerman, rack-and-pinion, and parallel steering mechanisms. The block uses the steering wheel
input torque, right wheel torque, and left wheel torque to calculate the wheel angles. The block uses
the vehicle coordinate system.

If you select Power assist, you can specify a torque assist lookup table that is a function of the
vehicle speed and steering wheel input torque. The block uses the steering wheel input torque and
torque assist to calculate the steering dynamics.

To specify the steering type, use the Type parameter.

Setting Block Implementation

Ackerman Ideal Ackerman steering. Wheel angles have a common turning circle
center.

Rack and pinion Ideal rack-and-pinion steering. Gears convert the steering rotation into
linear motion.

Parallel Parallel steering. Wheel angles are equal.

To specify the type of data for the steering mechanism, use the Parametrized by parameter.

Setting Block Implementation
Constant Steering mechanism uses constant parameter data.
Lookup table Steering mechanism implements tables for parameter data.

Use the Location parameter to specify front or rear steering.



Dynamic Steering

Setting Implementation
Front Front steering
I |_ B
/Y
|
ol L/, /
Rear Rear steering
| |\
D
Ly L _
Dynamics

To calculate the steering dynamics, the Dynamic Steering block models the steering wheel, shaft,
steering mechanism, hysteresis, and, optionally, power assist.
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Calculation Equations

Steering column and steering

61="Tin—byf1 - T
shaft dynamics J101 = Tin = b201 — Thys

J202 = Teq = 302 + Thys — Tfric

Hysteresis spring damper 6=01-0
A6 = bcyrrent — 5previous
Thys = (b15 = k16)(1 + exp(—lA‘#))

By, when 6 >0
p= B when 6 <0

Optional power assist Tast = ftrq(V, Tin)

J1601 = Tin + Tast — b261 - Thys

J262 = Teq T Tast — b30; + Thys = Tfric

The illustration and equations use these variables.

I Steering wheel inertia

I Steering mechanism inertia

0, 9’1' 9"1 Steering wheel angle, angular velocity, and angular acceleration, respectively
6,, 9’2' 6 5 Shaft angle, angular velocity, and angular acceleration, respectively

by, k; Hysteresis spring and viscous damping coefficients, respectively



Dynamic Steering

b, Steering wheel viscous damping coefficient

b; Steering mechanism damping coefficient

Thys Hysteresis spring damping torque

Thric Steering mechanism friction torque

Teq Wheel equivalent torque

Tast Torque assist

B.., B Upper and lower hysteresis modifiers, respectively
v Vehicle speed

Sirq Torque assist lookup table

Steering Types

Ackerman

For ideal Ackerman steering, the wheel angles have a common turning circle.

(22 Sack g

Turning Circle

To calculate the steering angles, the block uses these equations.

cot(61) — cot(bg) = %

back = 5;];1

6y = tan™" WB -II-/V (? ;?Fnl/(vﬁtiﬁ()ﬁ,qck)
6g = tan™' WB YV (f;?nv(‘ftgﬂ{(gAck)

The illustration and equations use these variables.
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Gin Steering angle

or Left wheel angle

Or Right wheel angle
Gir Virtual wheel angle
™W Track width

WB Wheel base

1% Steering ratio

Rack-and-Pinion

For ideal rack-and-pinion steering, the gears convert the steering rotation into linear motion.

{m:k

To calculate the steering angles, the block uses these equations.
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The illustration and equations use these variables.

Oin Steering wheel angle

or Left wheel angle

Or Right wheel angle

™ Track width

r Pinion radius

AP Linear change in rack position
D Distance between front axis and rack
Lrack Rack casing length

Lirm Steering arm length

Lrog Tie rod length

Parallel

T™W -1
I = 5 rack — AP
L2 = 2 + D*
AP = r6,-n

larm2 + 122 - lrodz
2larmlz

B= % - tan_l[%] —cos™!

For parallel steering, the wheel angles are equal.
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WB B

To calculate the steering angles, the block uses this equation.

6;
6r =0, =}

The illustration and equations use these variables.

Gin Steering wheel angle
or Left wheel angle

Or Right wheel angle

1% Steering ratio
Ports

Input

TrqIn — Torque
scalar

Torque, T;,, in N-m.

TrgqLft — Left wheel torque
scalar

Left wheel torque, 7;, in N-m.

1-8
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TrqRght — Right wheel torque
scalar

Right wheel torque, 7z, in N-m.

VehSpd — Vehicle speed
scalar

Vehicle speed, v, in m/s.

Dependencies

To create VehSpd, select Power assist.

Output

Info — Bus signal
bus

Bus signal contains these block calculations.

Signal Description Unit
StrgWhlAng Steering wheel angle rad
StrgWhlSpd Steering wheel angular velocity |rad/s
ShftAng Shaft angle rad
ShftSpd Shaft angular velocity rad/s
AngLft Left wheel angle rad
SpdLft Left wheel angular velocity rad/s
AngRght Right wheel angle rad
SpdRght Right wheel angular velocity rad/s
TrgAst Torque assist N'm
PwrAst Power assist W
PwrLoss Power loss w
InstStrgRatio Instantaneous steering ratio NA

AngLft — Left wheel angle
scalar

Left wheel angle, 6;, in rad.

AngRght — Right wheel angle
scalar

Right wheel angle, 6y, in rad.

Parameters

Type — Select steering type

Rack and pinion (default) | Ackerman | Parallel
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To specify the steeri

ng type, use the Type parameter.

Setting

Block Implementation

Ackerman

Ideal Ackerman steering. Wheel angles have a common turning circle
center.

Rack and pinion

Ideal rack-and-pinion steering. Gears convert the steering rotation into
linear motion.

Parallel

Parallel steering. Wheel angles are equal.

Dependencies

This table summarizes the Type and Parametrized by parameter dependencies.

Type

Parameterized By Creates Parameters

Ackerman

Constant Track width, TrckWdth
Wheel base, WhlBase
Steering range, StrgRng

Steering ratio, StrgRatio

Lookup table Track width, TrckWdth

Wheel base, WhlBase

Steering range, StrgRng

Steering angle breakpoints, StrgAngBpts

Steering ratio table, StrgRatioTbl

Rack and
pinion

Constant Track width, TrckWdth

Steering range, StrgRng

Steering arm length, StrgArmLngth
Rack casing length, RckCsLngth
Tie rod length, TieRodLngth

Distance between front axis and rack, D

Pinion radius, PnnRadius
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Type

Parameterized By

Creates Parameters

Lookup table

Track width, TrckWdth

Steering range, StrgRng

Steering angle breakpoints, StrgAngBpts
Steering arm length, StrgArmLngth
Rack casing length, RckCsLngth

Tie rod length, TieRodLngth

Distance between front axis and rack, D

Pinion radius, PnnRadiusTbl

Parallel

Constant

Steering range, StrgRng

Steering ratio, StrgRatio

Lookup table

Steering range, StrgRng

Steering angle breakpoints, StrgAngBpts

Steering ratio table, StrgRatioTbl

Parametrized by — Select parameterization
Lookup table (default) | Constant

To specify the type of data for the steering mechanism, use the Parametrized by parameter.

Setting

Block Implementation

Constant

Steering mechanism uses constant parameter data.

Lookup table

Steering mechanism implements tables for parameter data.

Dependencies

This table summarizes the Type and Parametrized by parameter dependencies.

Type

Parameterized By

Creates Parameters

Ackerman

Constant

Track width, TrckWdth
Wheel base, WhlBase

Steering range, StrgRng

Steering ratio, StrgRatio
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Type Parameterized By Creates Parameters

Lookup table Track width, TrckWdth

Wheel base, WhiBase

Steering range, StrgRng

Steering angle breakpoints, StrgAngBpts

Steering ratio table, StrgRatioTbl

Rack and Constant Track width, TrckWdth
pinion
Steering range, StrgRng

Steering arm length, StrgArmLngth
Rack casing length, RckCsLngth
Tie rod length, TieRodLngth

Distance between front axis and rack, D

Pinion radius, PnnRadius

Lookup table Track width, TrckWdth

Steering range, StrgRng

Steering angle breakpoints, StrgAngBpts
Steering arm length, StrgArmLngth
Rack casing length, RckCsLngth

Tie rod length, TieRodLngth

Distance between front axis and rack, D

Pinion radius, PnnRadiusTbl

Parallel Constant Steering range, StrgRng

Steering ratio, StrgRatio

Lookup table Steering range, StrgRng
Steering angle breakpoints, StrgAngBpts

Steering ratio table, StrgRatioTbl

Power assist — Specify power assist
on (default) | of f

If you select Power assist, you can specify a torque assist lookup table, fi.,, that is a function of the
vehicle speed, v, and steering wheel input torque, T,.

Tast = ftrq(V' Tin)
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The block uses the steering wheel input torque and torque assist to calculate the steering dynamics.

Dependencies

Selecting Power assist creates the VehSpd input port and these parameters.

Power Assist Parameters
on Steering wheel torque breakpoints, TrqBpts

Vehicle speed breakpoints, VehSpdBpts
Assisting torque table, TrqThl
Assisting torque limit, TrqLmt
Assisting power limit, PwrLmt

Assisting torque efficiency, Eta

Cutoff frequency, omega_c

Location — Select location
Front (default) | Rear

Use the Location parameter to specify front or rear steering.

Setting Implementation

Front Front steering

1-13



1 Steering and Suspension Blocks

1-14

Setting Implementation
Rear Rear steering
| Y
DO
Ly L _

General

Track width, TrckWdth — Width
1| scalar

Track width, TW, in m.

Dependencies
To create this parameter, set Type to Ackerman or Rack and pinion.

Wheel base, WhlBase — Base
1.524 (default) | scalar

Wheel base, WB, in m.

Dependencies
To create this parameter, set Type to Ackerman.

Steering range, StrgRng — Range
1.25*pi (default) | scalar

Steering range, in rad. The block limits the wheel angles to remain within the steering range.

Steering ratio, StrgRatio — Ratio
13.5 (default) | scalar

Steering ratio, y, dimensionless.

Dependencies

To create this parameter:
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» Set Type to Ackerman or Parallel.
* Set Parametrized by to Constant.

Steering angle breakpoints, StrgAngBpts — Breakpoints
[-6.2832 -5.0265 -3.7699 -2.5133 -1.2566 0 1.2566 2.5133 3.7699 5.0265
6.2832] (default) | vector

Steering angle breakpoints, in rad.

Dependencies
To create this parameter, set Parametrized by to Lookup table.

Steering ratio table, StrgRatioTbl — Table
[13.5000 13.3750 13.2500 13.1250 13.0000 13.0000 13.0000 13.1250 13.2500
13.3750 13.5000] (default) | vector

Steering ratio table, y, dimensionless.
Dependencies
To create this parameter:

* Set Type to Ackerman or Parallel.
* Set Parametrized by to Lookup table.

Rack-and-Pinion

Steering arm length, StrgArmLngth — Length
0.1 (default) | scalar

Steering arm length, 1., in m.

Dependencies
To create this parameter, set Type to Rack and pinion.

Rack casing length, RckCsLngth — Length
0.5 (default) | scalar

Rack casing length, I, in m.

Dependencies
To create this parameter, set Type to Rack and pinion.

Tie rod length, TieRodLngth — Length
0.248 (default) | scalar

Tie rod length, I,,4, in m.

Dependencies
To create this parameter, set Type to Rack and pinion.

Distance between front axis and rack, D — Distance
0.2 (default) | scalar
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Distance between front axis and rack, D, in m.

Dependencies
To create this parameter, set Type to Rack and pinion.

Pinion radius, PnnRadius — Radius
0.0057 (default) | scalar

Pinion radius, r, in m.

Dependencies
To create this parameter:

* Set Type to Rack and pinion.
* Set Parametrized by to Constant.

Pinion radius table, PnnRadiusTbl — Table
[0.0055 0.0055 0.0056 0.0057 0.0057 0.0057 0.0058 0.0057 0.0056 0.0055
0.0055] (default) | vector

Pinion radius table, r, in m.

Dependencies
To create this parameter:

* Set Type to Rack and pinion.
* Set Parametrized by to Lookup table.

Dynamics

Steering wheel inertia, J1 — Inertia
0.1 (default) | scalar

Steering wheel inertia, J;, in kg*m ™ 2.

Steering mechanism inertia, J2 — Inertia
0.01 (default) | scalar

Steering mechanism inertia, J,, in kg*m~2.

Upper hysteresis modifier, beta_u — Upper hysteresis modifier
0.1 (default) | scalar

Upper hysteresis modifier, §,, dimensionless.

Lower hysteresis modifier, beta_l — Lower hysteresis modifier
0.1 (default) | scalar

Lower hysteresis modifier, 8;, dimensionless.

Hysteresis viscous damping, bl — Damping
0.001 (default) | scalar

Hysteresis damping, b;, in N-m-s/rad.
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Hysteresis stiffness, kl — Stiffness
30 (default) | scalar

Hysteresis stiffness, k;,in N-m/rad.

Steering wheel damping, b2 — Damping
1 (default) | scalar

Steering wheel damping, b,, in N-m-s/rad.

Steering mechanism damping, b3 — Damping
0.001 (default) | scalar

Steering mechanism damping, b;, in N-m-s/rad.

Initial steering angle, theta_o — Angle
0 (default) | scalar

Initial steering angle, 6,, in rad.

Initial steering angular velocity, omega_o — Angular velocity
0 (default) | scalar

Initial steering angular velocity, w,, in rad/s.

Friction torque, FricTrq — Torque
0 (default) | scalar

Friction torque, Ty, in N-m.
Power Assist

Steering wheel torque breakpoints, TrqBpts — Breakpoints
[-100 O 100] (default) | 1-by-M vector

Steering wheel torque breakpoints, in N-m.

Dependencies

Selecting Power assist creates the VehSpd input port and these parameters.

Power Assist Parameters

on Steering wheel torque breakpoints, TrqBpts
Vehicle speed breakpoints, VehSpdBpts
Assisting torque table, TrqThl

Assisting torque limit, TrqLmt

Assisting power limit, PwrLmt

Assisting torque efficiency, Eta

Cutoff frequency, omega_c
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Vehicle speed breakpoints, VehSpdBpts — Breakpoints
[0 20] (default) | 1-by-N vector

Vehicle speed breakpoints, in m/s.

Dependencies

Selecting Power assist creates the VehSpd input port and these parameters.

Power Assist Parameters

on Steering wheel torque breakpoints, TrqBpts
Vehicle speed breakpoints, VehSpdBpts
Assisting torque table, TrqThl

Assisting torque limit, TrqLmt

Assisting power limit, PwrLmt

Assisting torque efficiency, Eta

Cutoff frequency, omega_c

Assisting torque table, TrqTbl — 2D torque table
[0 -100;0 0;0 100] (default) | M-by-N matrix

Assisting torque table, f.,, in N-m.

The torque assist lookup table is a function of the vehicle speed, v, and steering wheel input torque,
Tin-

Tast = ftrq(V, Tin)
The block uses the steering wheel input torque and torque assist to calculate the steering dynamics.

Dependencies

Selecting Power assist creates the VehSpd input port and these parameters.

Power Assist Parameters

on Steering wheel torque breakpoints, TrqBpts
Vehicle speed breakpoints, VehSpdBpts
Assisting torque table, TrqThl

Assisting torque limit, TrqLmt

Assisting power limit, PwrLmt

Assisting torque efficiency, Eta

Cutoff frequency, omega_c
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Assisting torque limit, TrqlLmt — Torque limit
100 (default) | scalar

Assisting torque limit, in N-m.

Dependencies

Selecting Power assist creates the VehSpd input port and these parameters.

Power Assist Parameters

on Steering wheel torque breakpoints, TrqBpts
Vehicle speed breakpoints, VehSpdBpts
Assisting torque table, TrqThl

Assisting torque limit, TrqLmt

Assisting power limit, PwrLmt

Assisting torque efficiency, Eta

Cutoff frequency, omega_c

Assisting power limit, PwrLmt — Power limit
1000 (default) | scalar

Assisting power limit, in N-m/s.

Dependencies

Selecting Power assist creates the VehSpd input port and these parameters.

Power Assist Parameters

on Steering wheel torque breakpoints, TrqBpts
Vehicle speed breakpoints, VehSpdBpts
Assisting torque table, TrqThl

Assisting torque limit, TrqLmt

Assisting power limit, PwrLmt

Assisting torque efficiency, Eta

Cutoff frequency, omega_c

Assisting torque efficiency, Eta — Efficiency
1 (default) | scalar

Assisting torque efficiency, dimensionless.

Dependencies

Selecting Power assist creates the VehSpd input port and these parameters.
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Power Assist Parameters

on Steering wheel torque breakpoints, TrqBpts
Vehicle speed breakpoints, VehSpdBpts
Assisting torque table, TrqThl

Assisting torque limit, TrqLmt

Assisting power limit, PwrLmt

Assisting torque efficiency, Eta

Cutoff frequency, omega_c

Cutoff frequency, omega_c — Cutoff frequency
200 (default) | scalar

Cutoff frequency, in rad/s.

Dependencies

Selecting Power assist creates the VehSpd input port and these parameters.

Power Assist Parameters

on Steering wheel torque breakpoints, TrqBpts
Vehicle speed breakpoints, VehSpdBpts
Assisting torque table, TrqThl

Assisting torque limit, TrqLmt

Assisting power limit, PwrLmt

Assisting torque efficiency, Eta

Cutoff frequency, omega_c

Version History
Introduced in R2018a
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Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using Simulink® Coder

See Also
Kinematic Steering | Mapped Steering

Topics
“Coordinate Systems in Vehicle Dynamics Blockset”

™
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Kinematic Steering

Kinematic steering for Ackerman, rack-and-pinion, and parallel steering mechanisms
Library: Vehicle Dynamics Blockset / Steering

) E Info [»

AngLt B

Nangin |

AngRaht

Description

The Kinematic Steering block implements a steering model to determine the left and right wheel
angles for Ackerman, rack-and-pinion, and parallel steering mechanisms. The block uses the vehicle
coordinate system.

To specify the steering type, use the Type parameter.

Setting Block Implementation

Ackerman Ideal Ackerman steering, adjusted by percentage Ackerman. Wheel angles
have a common turning circle center.

Rack and pinion Ideal rack-and-pinion steering. Gears convert the steering rotation into
linear motion.

Parallel Parallel steering. Wheel angles are equal.

To specify the type of data for the steering mechanism, use the Parametrized by parameter.

Setting Block Implementation
Constant Steering mechanism uses constant parameter data.
Lookup table Steering mechanism implements tables for parameter data.

Use the Location parameter to specify front or rear steering.
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Setting Implementation
Front Front steering
Iy |_ T
/Y
|
ad IV /
Rear Rear steering

I

s
>

I~
[

Steering Types

Ackerman

For ideal Ackerman steering, the wheel angles have a common turning circle.
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W

Turning Circle

To calculate the ideal wheel angles, the block uses these equations.

cot(6r) — cot(6g) = %

Gack = 5;}:1

61, = tan™| 7 ZV (f ;E;"nv(lftgcrf()ém)
6g = tan™ " WB YV (?.;nl/(lfatgi{()@xck)

After the block calculates the ideal wheel angles, it uses the Ackerman percentage to adjust the
outside wheel angle.

6o = i — pack(6; — back)
The outside wheel angle depends on the turn direction.
* Right turn

* Qutside angle, 6,, is left wheel angle, 6;
+ Inside angle, 6;, is right wheel angle, 65
* Left turn

* Qutside angle, 6,, is right wheel angle, 63
* Inside angle, 6,, is left wheel angle, 6;

The illustration and equations use these variables.

Oin Steering angle
6; Left wheel angle

1-24
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Or Right wheel angle

6, Outside wheel angle
6; Inside wheel angle
Pack Ackerman percentage
™W Track width

WB Wheel base

y Steering ratio

Rack-and-Pinion

For ideal rack-and-pinion steering, the gears convert the steering rotation into linear motion.

{m:k

To calculate the steering angles, the block uses these equations.
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T™W -1
I = 5 rack — AP
L2 = 2 + D*
AP = r6,-n

larm2 + 122 - lrodz
2larmlz

B= % - tan_l[%] —cos™!

The illustration and equations use these variables.

Oin Steering wheel angle

or Left wheel angle

Or Right wheel angle

™ Track width

r Pinion radius

AP Linear change in rack position
D Distance between front axis and rack
Lrack Rack casing length

Lirm Steering arm length

Lrog Tie rod length

Parallel

For parallel steering, the wheel angles are equal.
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5

W8

To calculate the steering angles, the block uses this equation.

6in

6r =0, =

The illustration and equations use these variables.

Oin Steering wheel angle
Or Left wheel angle

Og Right wheel angle

1% Steering ratio
Ports

Input

AngIn — Steering angle
scalar

Steering angle, 6;,, in rad.

Use the Steering range, StrgRng parameter to specify a steering angle range. By default, the value
is set to 1.25*pi, which limits the steering angle to a range of -1.25*pi to 1.25*pi.

PctAckIn — Ackerman percentage
scalar
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Ackerman percentage, 6;,, in percent.

Dependencies

To create this input port:

* Set Type to Ackerman.

* On the Ackerman Steering pane, select Input percent Ackerman.

Output

Info — Bus signal
bus

Bus signal contains this block calculation.

Signal Description Variable Unit
InstStrgRatio Instantaneous steering |y NA
ratio

AngLft — Left wheel angle

scalar

Left wheel angle, 6;, in rad.

AngRght — Right wheel angle

scalar

Right wheel angle, 63, in rad.

Parameters

Type — Select steering type
Ackerman (default) | Rack and pinion |Parallel

To specify the steering type, use the Type parameter.

Setting

Block Implementation

Ackerman

Ideal Ackerman steering. Wheel angles have a common turning circle
center.

Rack and pinion

Ideal rack-and-pinion steering. Gears convert the steering rotation into
linear motion.

Parallel

Parallel steering. Wheel angles are equal.

Parametrized by — Select parameterization
Constant (default) | Lookup table

To specify the type of data for the steering mechanism, use the Parametrized by parameter.

Setting

Block Implementation

Constant

Steering mechanism uses constant parameter data.
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Setting Block Implementation
Lookup table Steering mechanism implements tables for parameter data.

Location — Select location
Front (default) | Rear

Use the Location parameter to specify front or rear steering.

Setting Implementation
Front Front steering

SIS

Rear Rear steering

I

3
e
ol
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Normalization factor, NrmFctr — Adjust the steering angle
scalar

Factor, Nrmg,,, that the block uses to adjust the steering ratio, y or pinion radius, r. The block can
only normalize if you have Parametrized by set to Constant.

To adjust the steering ratio or pinion radius, click Normalize.

Steering Type Normalization
Ackerman Block updates the Steering ratio, StrgRatio
parameter to the normalized value, y,,, specified by
Parallel this equation.
N S
Yrm = N
Rack and pinion Block updates the Pinion radius, PnnRadius
parameter to using the normalization factor, Nrmg;,.

General

Track width, TrckWdth — Width
1 (default) | scalar

Track width, TW, in m.

Dependencies
To create this parameter, set Type to Ackerman or Rack and pinion.

Wheel base, WhlBase — Base
1.524 (default) | scalar

Wheel base, WB, in m.

Dependencies
To create this parameter, set Type to Ackerman.

Deadband, Db — Deadband
0 (default) | scalar

Deadband steering angle before pinion engages the gear, in rad.

Steering range, StrgRng — Steering wheel angle input range
1.25*pi (default) | scalar

Steering wheel angle input range, in rad. The block limits the steering wheel input angles to remain
within the steering range.

Steering ratio, StrgRatio — Ratio
100 (default) | scalar

Steering ratio, y, dimensionless.
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Dependencies
To create this parameter:

» Set Type to Ackerman or Parallel.
* Set Parametrized by to Constant.

Steering angle breakpoints, StrgAngBpts — Breakpoints
[-6.2832 -5.0265 -3.7699 -2.5133 -1.2566 0 1.2566 2.5133 3.7699 5.0265
6.2832] (default) | vector

Steering angle breakpoints, in rad.

Dependencies
To create this parameter, set Parametrized by to Lookup table.

Steering ratio table, StrgRatioTbl — Table
[13.5000 13.3750 13.2500 13.1250 13.0000 13.0000 13.0000 13.1250 13.2500
13.3750 13.5000] (default) | vector

Steering ratio table, p, dimensionless.

Dependencies
To create this parameter:

* Set Type to Ackerman or Parallel.
* Set Parametrized by to Lookup table.

Rack-and-Pinion

Steering arm length, StrgArmLngth — Length
0.1 (default) | scalar

Steering arm length, 1., in m.

Dependencies
To create this parameter, set Type to Rack and pinion.

Rack casing length, RckCsLngth — Length
0.5 (default) | scalar

Rack casing length, I, in m.

Dependencies
To create this parameter, set Type to Rack and pinion.

Tie rod length, TieRodLngth — Length
0.248 (default) | scalar

Tie rod length, I,,4, in m.

Dependencies

To create this parameter, set Type to Rack and pinion.
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Distance between front axis and rack, D — Distance
0.2 (default) | scalar

Distance between front axis and rack, D, in m.

Dependencies
To create this parameter, set Type to Rack and pinion.

Pinion radius, PnnRadius — Radius
0.0057 (default) | scalar

Pinion radius, r, in m.
Dependencies
To create this parameter:

* Set Type to Rack and pinion.
* Set Parametrized by to Constant.

Pinion radius table, PnnRadiusTbl — Table
[0.0055 0.0055 0.0056 0.0057 0.0057 0.0057 0.0058 0.0057 0.0056 0.0055
0.0055] (default) | vector

Pinion radius table, r, in m.

Dependencies
To create this parameter:

* Set Type to Rack and pinion.
* Set Parametrized by to Lookup table.

Ackerman Steering

Input Percent Ackerman — Create PctAckIn input port
off (default) | on

Select to create PctAckIn input port.

Dependencies
To enable this parameter, set Type to Ackerman.

Percent Ackerman, PctAck — Percent Ackerman constant
100 (default) | scalar

Constant value of percent Ackerman, in percent.

Dependencies
To enable this parameter:

* Set Type to Ackerman
* Set Parametrized by to Constant
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* Clear Input Percent Ackerman

Percent Ackerman table, PctAckTbl — Percent Ackerman table
ones(1,11)*100 (default) | vector

Table of percent Ackerman values as a function of the steering angle, 6;,, in percent.

Dependencies
To enable this parameter:

* Set Type to Ackerman
* Set Parametrized by to Constant
* Clear Input Percent Ackerman

Version History
Introduced in R2018a
References

[1] Crolla, David, David Foster, et al. Encyclopedia of Automotive Engineering. Volume 4, Part 5
(Chassis Systems) and Part 6 (Electrical and Electronic Systems). Chichester, West Sussex,
United Kingdom: John Wiley & Sons Ltd, 2015.

[2] Gillespie, Thomas. Fundamentals of Vehicle Dynamics. Warrendale, PA: Society of Automotive
Engineers, 1992.

[3] Vehicle Dynamics Standards Committee. Vehicle Dynamics Terminology. SAE J670. Warrendale,
PA: Society of Automotive Engineers, 2008.
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C/C++ Code Generation
Generate C and C++ code using Simulink® Coder™.

See Also
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Mapped Steering

Mapped steering with speed-dependent option
Library: Vehicle Dynamics Blockset / Steering

NAangin

' AngLit

AngRght

Description

The Mapped Steering block implements lookup tables to calculate the right and left wheel angles.
Use the Speed dependent parameter to implement a speed-dependent table for the steering angle
calculations. The block uses the vehicle coordinate system.

Steering Wheel Angle

If you set Steering type to Steering wheel angle, the block implements these tables.

Speed Implementation Calculations

Dependen

t

on Block uses three tables: Ospdr = fs(v)

(default) i -5 .6
* f, — Function of vehicle speed SuprImp = OSpdF * %in
* fi — Function of superimposed 61 = fL(Bsuprimp)

steering wheel angle
& . Y . Or = fR(ﬁsuprImp)
* fr — Function of superimposed

steering wheel angle

off Block uses two tables: 01 = f1.(6in)
* fi — Function of steering wheel 6r = fR(6in)
angle

* fr — Function of steering wheel
angle

Rack Travel Displacement

If you set Steering type to Rack travel displacement, the block implements these tables.
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Speed Implementation Calculations
Dependen
t
on Block uses three tables: Ospdr = fs(v)
(default) . ) 5 =6 .6
* f, — Function of vehicle speed Suprimp = YSpdF * Yin
* f; — Function of rack displacement ARack = Osuprimp * GT
* fr — Function of rack displacement 6r = fL(ARack)
6r = fR(ARqck)
of f Block uses two tables: ARack = 6in* Gr
* fi — Function of rack displacement 6 = fL(ARack)
* fr — Function of rack displacement 6r = fR(ARack)

The block uses a gear ratio to adjust the rack displacement. To use a

* Constant gear ratio, set Gear ratio parameterized by to Constant.
* Gear ratio as a function of steering angle, set Gear ratio parameterized by to Lookup table.

The equations use these variables.

Gin Steering wheel angle

Ospar Steering wheel angle speed factor
Osuprimp Superimposed steering wheel angle

61, Og Left and right wheel angles, respectively
ARack Rack displacement

Gr Gear ratio

Ports

Input

AngIn — Steering angle
scalar

Steering angle, 6;,, in rad.

Use the Steering angle breakpoints, StrgAngBpts parameter to specify a steering angle range. By
default, the value is set to 1.25*pi, which limits the steering angle to a range of -1.25%pi to 1.25%pi.

VehSpd — Vehicle speed
scalar

Vehicle speed, Vehg,, in m/s.

Dependencies

To create this port, select Speed dependent.
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Output

Info — Bus signal
bus

Bus signal containing these block calculations.

Signal Description Variable Unit
AngLft Left wheel angle Or rad
AngRght Left wheel angle Or rad

AngLft — Left wheel angle
scalar

Left wheel angle, 6;, in rad.

AngRght — Right wheel angle
scalar

Right wheel angle, 6, in rad.

Parameters
Options

Speed dependent — Use speed-dependent tables
on (default) | off

Select to use speed-dependent tables.

Dependencies
Selecting this parameter creates input port VehSpd.

Steering type — Use speed-dependent tables

Steering wheel angle (default) | Rack travel displacement

If you set Steering type to Steering wheel angle, the block implements these tables.

Speed Dependent |Implementation

on (default) Block uses three tables:

* f, — Function of vehicle speed

* f; — Function of superimposed steering wheel angle
* fr — Function of superimposed steering wheel angle

off Block uses two tables:

* f; — Function of steering wheel angle
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Speed Dependent |Implementation

on (default) Block uses three tables:

e f, — Function of vehicle speed
* f; — Function of rack displacement
* fgr — Function of rack displacement

off Block uses two tables:

* f; — Function of rack displacement

* fr — Function of rack displacement

Steering angle breakpoints, StrgAngBpts — Steering angle breakpoints
[-1.5%pi 1.5*pi] (default) | vector

Steering angle breakpoints, in rad.
Dependencies

If you set Steering type to Rack travel displacement, to enable this parameter, set Gear ratio
parameterized by to Lookup table.

Rack displacement breakpoints, RackDispBpts — Rack displacement breakpoints
[-40 -19.2 -4.53 4.53 19.2 40] (default) | vector

Rack displacement breakpoints, in mm.
Dependencies

To enable this parameter, set Steering type to Rack travel displacement and Gear ratio
parameterized by to Lookup table.

Gear ratio table, GrTbl — Gear ratio table
[9.87 9.87 7.16 7.16 9.87 9.87]*2*pi (default) | vector

Gear ratio table as a function of rack displacement, in mm/rev.

Dependencies

To enable this parameter, set Steering type to Rack travel displacement and Gear ratio
parameterized by to Lookup table.

Gear ratio constant, Gr — Gear ratio constant
8.28*2*pi (default) | scalar

Gear ratio constant, in mm/rev.

Dependencies

To enable this parameter, set Steering type to Rack travel displacement and Gear ratio
parameterized by to Constant.

Left wheel angle table, WhlLftTbl — Left wheel angle table
[-1.5*%pi 1.5*pi]/13.5] (default) | vector

Left wheel angle table, 6;, in rad.
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Right wheel angle table, WhlRghtTbhl — Right wheel angle table
[-1.5%pi 1.5*%pi]/13.5] (default) | vector

Right wheel angle table, 6, in rad.

Vehicle speed breakpoints, VehSpdBpts — Vehicle speed breakpoints
[-1 1] (default) | vector

Vehicle speed breakpoints, in m/s.

Dependencies
To create this parameter, select Speed dependent.

Superimposed speed factor table, SpdFctTbl — Speed factor
[1 1] (default) | vector

Superimposed speed factor table, f;, dimensionless. The table is a factor of vehicle speed, v.

Dependencies

To create this parameter, select Speed dependent.

Version History

Introduced in R2018a

References

[1] Crolla, David, David Foster, et al. Encyclopedia of Automotive Engineering. Volume 4, Part 5
(Chassis Systems) and Part 6 (Electrical and Electronic Systems). Chichester, West Sussex,

United Kingdom: John Wiley & Sons Ltd, 2015.

[2] Gillespie, Thomas. Fundamentals of Vehicle Dynamics. Warrendale, PA: Society of Automotive
Engineers, 1992.

[3] Vehicle Dynamics Standards Committee. Vehicle Dynamics Terminology. SAE J670. Warrendale,
PA: Society of Automotive Engineers, 2008.
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Steering System

Steering system for Ackerman, rack-and-pinion, and parallel steering mechanisms

Library: Vehicle Dynamics Blockset / Steering
VehSpd . f "

Wnl‘m;ngk o =——TmWhtang
i (e))

TireFgk,

“RghtWhiAng
StWhlAng ——

Description

The Steering System block implements dynamic steering to calculate the wheel angles for rack-and-
pinion mechanisms with friction, compliance, and Ackerman steering features. The block uses the
steering wheel input angle or torque, vehicle speed, caster angle, and right and left wheel feedbacks
to calculate the wheel angles. The block uses the vehicle coordinate system.

If you select the Power assist parameter, you can specify a torque assist lookup table that is a
function of the vehicle speed and steering wheel input torque. The block uses the steering wheel
input torque and torque assist to calculate the steering dynamics. If you select the Ackerman
steering parameter, you can specify a lookup table of percent Ackerman values to calculate the
Ackerman steering effects. Otherwise, the block calculates the wheel angles based on a perfect 100
percent Ackerman.

If you select the Power assist, Ackerman steering, or Kingpin moment parameters in the Input
signals section, you can specify additional inputs for the external power assist torques, percent
Ackerman values, or kingpin moments.

Use the Location parameter to specify front or rear steering.
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Setting Implementation
Front Front steering
I |__‘|
/7
|
ol /i /
Rear Rear steering
A
N
Ly L _
Steering

Rack-and-Pinion

For ideal rack-and-pinion steering, the gears convert the steering rotation into linear motion.
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To calculate the steering angles, the block uses these equations.

T™W -1
I = rack _ AP
2
L2 = 12 + D*
AP = r6,-n

larm2 + 122 - lrodz
2larmlz

B= % - tan_l[%] —cos™!

The illustration and equations use these variables.
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Irack
larm

l rod

Ackerman

Steering wheel angle

Left wheel angle

Right wheel angle

Track width

Pinion radius

Linear change in rack position
Distance between front axis and rack
Rack casing length

Steering arm length

Tie rod length

For ideal Ackerman steering, the wheel angles have a common turning circle.

ay

W

Turning Circle

To calculate the steering angles, the block uses these equations.

cot(6y) — cot(bg) = %

back = 5;];1

6, = tan™ ! WB IV (f;?nl/(ligill{()ﬁ,qck)
6g = tan™? WB XV : ;aTnV(Vii?l(()&ck)

The illustration and equations use these variables.

Gin Steering angle
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Or Left wheel angle

Or Right wheel angle
Ouir Virtual wheel angle
™ Track width

WB Wheel base

Y Steering ratio
Ports

Input

VehSpd — Vehicle speed
scalar

Vehicle speed, v, in m/s, specified as a scalar.

CstrAng — Wheel caster angle
1-by-2 vector

Wheel caster angle, 1;, in radians, specified as a 1-by-2 vector. The first element represents the angle
of the left wheel and the second element represents the angle of the right wheel.

Dependencies
To enable this port, clear Input signals > Kingpin moment.

WhelAngFdk — Wheel angle feedback
1-by-2 vector

Wheel angle feedback, in radians, specified as a 1-by-2 vector. The first element represents the angle
feedback for the left wheel and the second element represents the angle feedback for the right wheel.

Dependencies
To enable this port, clear Input signals > Kingpin moment.

StrWhlAng — Steering angle input
scalar

Steering angle input, in radians, specified as a scalar.

Dependencies
To enable this port, select Steer inputs > Angle.

StrWwh1lTrq — Steering torque input
scalar

Steering torque input, in N*m, specified as a scalar.

Dependencies

To enable this port, select Steer inputs > Torque.
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PwrAstTrq — External power assistant torque
scalar

External power assistant torque, in N*m, specified as a scalar.

Dependencies
To enable this port, select Input signals > Power assist.

PctAck — External percent Ackerman value
scalar

External percent Ackerman value, in N*m, specified as a scalar.

Dependencies
To enable this port, select Input signals > Ackerman steering.

TireFdk — Tire forces and moments feedback
1-by-6 vector

Tire forces and moments feedback, specified as a 1-by-6 vector that contains the following values, in

order:

Description Unit
x-directional Force N
y-directional Force N
z-directional Force N
x-directional Moment N*m
y-directional Moment N*m
z-directional Moment N*m

Dependencies
To enable this port, clear Input signals > Kingpin moment.

LftKpM — Left kingpin moment
scalar

Left kingpin moment, in N*m, specified as a scalar.

Dependencies
To enable this port, select Input signals > Kingpin moment.

RghtKpM — Right kingpin moment
scalar

Right kingpin moment, in N*m, specified as a scalar.

Dependencies

To enable this port, select Input signals > Kingpin moment.
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Output

Info — Vehicle dynamics information
bus

Vehicle dynamics information, returned as a bus signal that contains:

Signal Description Unit
StrgWhlAng Steering wheel angle rad
StrgwWhlSpd Steering wheel angular velocity |rad/s
ShftAng Shaft angle rad
ShftSpd Shaft angular velocity rad/s
AngLft Left wheel angle rad
SpdLft Left wheel angular velocity rad/s
AngRght Right wheel angle rad
SpdRght Right wheel angular velocity rad/s
TrgAst Torque assist N-m
PwrAst Power assist A
PwrLoss Power loss w
InstStrgRatio Instantaneous steering ratio NA

LftWhlAng — Left wheel angle
scalar

Left wheel angle, §;, in radians, returned as a scalar.

RghtWhlAng — Right wheel angle
scalar

Right wheel angle, 6y, in radians, returned as a scalar.

Parameters
Block Options

Type — Steering type
Rack and pinion (default)

Steering type for the steering system.

Intermediate shaft type — Intermediate shaft type
Single Cardan joint (default) | Double Cardan joints

Whether to model the intermediate shaft type using single or double cardan joints.

Power assist — Whether to model power assist
on (default) | of f

Select to model power assist in the steering system.
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Dependencies
To enable this parameter, in the Input signals section, clear Power assist.

Ackerman steering — Whether to use Ackerman steering
on (default) | of f

Select to use Ackerman steering in the steering system.

Dependencies

To enable this parameter, in the Input signals section, clear Ackerman steering.
Input Signals

Power assist — Specify external power assistance torque
off (default) | on

Select this parameter to enable the PwrAstTrq port.

Ackerman steering — Specify external percent Ackerman value
off (default) | on

Select this parameter to enable the PctAct port.

Kingpin moment — Specify right and left wheel angles
off (default) | on

Select this parameter to enable the LftKpM and RghtKpM ports.

Location — Location of steering system
Front (default) | Rear

Select the front or rear axle as the location of the steering system.

Steer inputs — Wheel angle or torque
Angle (default) | Torque

Specify wheel angle or wheel torque steering input.

General

Track width, TrckWdth — Track width
1 (default) | scalar

Track width, TW, in m, specified as a scalar.

Steering range, StrgRng — Steering range
1.25*pi (default) | scalar

Steering range, in rad, specified as a scalar. The block limits the wheel angles to remain within the
steering range.

Steering wheel inertia, StrWhlInert — Steering wheel inertia
0.1 (default) | scalar

Steering wheel inertia, in kg*m?, specified as a scalar.
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Steering column inertia, StrColInert — Steering column inertia
0.01 (default) | scalar

Steering column inertia, in kg*m?, specified as a scalar.

Kingpin offset, KngpnOfst — Kingpin offset
0.075 (default) | scalar

Kingpin offset, in m, specified as a scalar.

Kingpin inclination angle, Lambda — Kingpin inclination angle
0.20943951023932 (default) | scalar

Kingpin inclination angle, in rad, specified as a scalar.

Hub lead, HbLead — Hub lead
4.00E-05 (default) | scalar

Hub lead, in m, specified as a scalar.

Static loaded radius, StcLdRadius — Static loaded radius
0.4 (default) | scalar

Static loaded radius, in m, specified as a scalar.

Overall steer ratio, OvrlStrRatio — Overall steer ratio
17.42 (default) | scalar

Overall steer ratio, specified as a scalar.

Steering angle breakpoints, StrgAngBpts — Steering angle breakpoints
[-6.2832 -5.0265 -3.7699 -2.5133 -1.2566 0 1.2566 2.5133 3.7699 5.0265
6.2832] (default)

Steering angle breakpoints, in rad, specified as a 1-by-11 vector.

Dependencies
To enable this parameter, set one of these parameters to Lookup table:

* Rack and pinion > Rack gain parameterized by
* Ackerman steering > Percent Ackerman parameterized by

Caster angle, CstrAng — Caster angle
0 (default) | scalar

Caster angle, in rad, specified as a scalar.

Dependencies
To enable this parameter, select Input signals > Kingpin moment.
Rack and Pinion

Rack gain parametrized by — Rack gain parametrization
Constant (default) | Lookup table
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Whether to parametrize the rack gain as a constant value or by using a lookup table.

Rack gain, RckGn — Rack gain
0.062 (default) | scalar

Rack gain, in m/rev, specified as a scalar.

Dependencies
To enable this parameter, set Rack gain parametrized by to Constant.

Rack gain table, RckGnTbl — Rack gain table
ones(1,11)*0.0057*2*pi (default) | 1-by-11 vector

Rack gain table, in m/rev, specified as a 1-by-11 vector.

Dependencies
To enable this parameter, set Rack gain parametrized by to Lookup table.

Steering arm length, StrgArmLngth — Steering arm length
0.1 (default) | scalar

Steering arm length, in m, specified as a scalar.

Rack casing length, RckCsLngth — Rack casing length
0.5 (default) | scalar

Rack casing length, in m, specified as a scalar.

Tie rod length, TieRodLngth — Tie rod length
0.248 (default) | scalar

Tie rod length, I,,4, in m, specified as a scalar.

Distance between axis and rack, Dst — Distance between front axis and rack
0.2 (default) | scalar

Distance between the front axis and rack, D, in m, specified as a scalar.

Efficiency of gears, Epsilon — Efficiency of gears
0.9 (default) | scalar

Efficiency of the gears, ¢, specified as a scalar.

Pinion inertia, PnInert — Pinion inertia
0.1 (default) | scalar

Pinion inertia, in kg*m?, specified as a scalar.

Single Cardan Joint

Spatial angle for the single Cardan joint, SptlAng — Spatial angle for single
cardan joint
2.6178 (default) | scalar

Spatial angle for the single cardan joint, in rad, specified as a scalar.
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Dependencies

To enable this parameter, set Intermediate shaft type to Single Cardan joint.

Double Cardan Joints

fSp_atial angle for the upper Cardan joint, Alpha_b — Spatial angle for upper cardan
j20.I2§78 (default) | scalar

Spatial angle for the upper cardan joint, in rad, specified as a scalar.

Dependencies
To enable this parameter, set Intermediate shaft type to Double Cardan joints.

Spatial angle for the lower Cardan joints, Alpha_c — Spatial angle for lower
cardan joints
2.7051 (default) | scalar

Spatial angle for the lower cardan joints, in rad, specified as a scalar.

Dependencies
To enable this parameter, set Intermediate shaft type to Double Cardan joints.

Edge view angle between the planes of the two joints, Sigma_bc — Edge view
angle between planes of the two joints
0.2618 (default) | scalar

Edge view angle between the planes of the two joints, in rad, specified as a scalar.

Dependencies
To enable this parameter, set Intermediate shaft type to Double Cardan joints.

Phase angle, Gamma — Phase angle
0.2618 (default) | scalar

Phase angle, in rad, specified as a scalar.

Dependencies
To enable this parameter, set Intermediate shaft type to Double Cardan joints.
Power Assist

Steering wheel torque breakpoints, TrgBpts — Steering wheel torque breakpoints
[-100 O 100] (default) | 1-by-M vector

Steering wheel torque breakpoints, in N-m, specified as a 1-by-M vector.

Dependencies
To enable this parameter, select Power assist.

Vehicle speed breakpoints, VehSpdBpts — Vehicle speed breakpoints
[0 20] (default) | 1-by-N vector
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Vehicle speed breakpoints, in m/s, specified as a 1-by-N vector.

Dependencies
To enable this parameter, select Power assist.

Assisting torque table, TrqTbl — Assisting torque table
[0 -100;0 0;0 100] (default) | M-by-N matrix

Assisting torque table, fi,, in N'm, specified as an M-by-N matrix.

The torque assist lookup table is a function of the vehicle speed, v, and steering wheel input torque,
Tin:

Tast = ftrq(V, Tin)-

The block uses the steering wheel input torque and torque assist to calculate the steering dynamics.

Dependencies
To enable this parameter, select Power assist.

Assisting torque limit, TrqLmt — Assisting torque limit
100 (default) | scalar

Assisting torque limit, in N-m, specified as a scalar.

Dependencies
To enable this parameter, select Power assist.

Assisting power limit, PwrLmt — Assisting power limit
1000 (default) | scalar

Assisting power limit, in N-m/s, specified as a scalar.

Dependencies
To enable this parameter, select Power assist.

Assisting torque efficiency, Eta — Assisting torque efficiency
1 (default) | scalar

Assisting torque efficiency, specified as a scalar.

Dependencies
To enable this parameter, select Power assist.

Cutoff frequency, CutOmege [rad/s] — Cutoff frequency
200 (default) | scalar

Cutoff frequency, in rad/s, specified as a scalar.

Dependencies

To enable this parameter, select Power assist.
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Ackerman Steering

Percent Ackerman parametrized by — Ackerman parametrization
Constant (default) | Lookup table

Whether to parametrize the Ackerman values as a constant value or by using a lookup table.

Dependencies
To enable this parameter, select Ackerman steering.

Percent Ackerman, PctAck — Percent Ackerman
100 (default) | scalar

Percent Ackerman, specified as a scalar.

Dependencies

To enable this parameter, select Ackerman steering and set Percent Ackerman parametrized by
to Constant.

Percent Ackerman table, PctAckTbl — Percent Ackerman table
ones(1,11)*100 (default)

Percent Ackerman table, specified as a 1-by-11 vector.

Dependencies

To enable this parameter, select Ackerman steering and set Percent Ackerman parametrized by
to Lookup table.

Friction and Compliance

Sealing stiffness, S1gStf — Sealing stiffness
1.5e4 (default) | scalar

Sealing stiffness, in N*m/rad, specified as a scalar.

Upper boundary friction, UpprFric — Upper boundary friction
1 (default) | scalar

Upper boundary friction, in N, specified as a scalar.

Pressure change due to friction boundary increase, PrsFric — Pressure change
due to friction boundary increase
le-5 (default) | scalar

Pressure change due to friction boundary increase, in N/bar, specified as a scalar.

Maxwell element stiffness, MaxStf — Maxwell element stiffness
10000 (default) | scalar

Maxwell element stiffness, in Nm/rad, specified as a scalar.

Maxwell element upper boundary friction, MaxUpprFric — Maxwell element upper
boundary friction
0.2 (default) | scalar
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Maxwell element upper boundary friction, in N, specified as a scalar.

Maxwell linear damping coefficient, MaxDamp — Maxwell linear damping coefficient
1 (default) | scalar

Maxwell linear damping coefficient, specified as a scalar.

Torsion bar stiffness coefficient, TorStf — Torsion bar stiffness coefficient
30 (default) | scalar

Torsion bar stiffness coefficient, in N*m/rad, specified as a scalar.

Torsion bar damping coefficient, TorDamp — Torsion bar damping coefficient
1 (default) | scalar

Torsion bar damping coefficient, in N*m*s/rad, specified as a scalar.

Version History
Introduced in R2022b

References
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(Chassis Systems) and Part 6 (Electrical and Electronic Systems). Chichester, West Sussex,
United Kingdom: John Wiley & Sons Ltd, 2015.

[2] Gillespie, Thomas. Fundamentals of Vehicle Dynamics. Warrendale, PA: Society of Automotive
Engineers, 1992.
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Independent Suspension - Double Wishbone

Double wishbone independent suspension
Library: Vehicle Dynamics Blockset / Suspension

Description

The Independent Suspension - Double Wishbone block implements an independent double wishbone
suspension for multiple axles with multiple wheels per axle.

The block models the suspension compliance, damping, and geometric effects as functions of the
relative positions and velocities of the vehicle and wheel carrier with axle-specific compliance and
damping parameters. Using the suspension compliance and damping, the block calculates the
suspension force on the vehicle and wheel. The block uses the Z-down coordinate system (defined in
SAE J670).

For Each You Can Specify
Axle e Multiple wheels
* An anti-sway bar for axles with two wheels

* Suspension parameters

Wheel * Steering angles

The block contains energy-storing spring elements and energy-dissipating damper elements. It does
not contain energy-storing mass elements. The block assumes that the vehicle (sprung) and wheel
(unsprung) blocks connected to the block store the mass-related suspension energy.

This table summarizes the block parameter settings for a vehicle with:

* Two axles

* Two wheels per axle

» Steering angle input for both wheels on the front axle
* An anti-sway bar on the front axle

Parameter Setting
Number of axles, NumAxI 2
Number of wheels by axle, NumWhlsByAx] [2 2]
Steered axle enable by axle, StrgEnByAx] [1 0]

Anti-sway axle enable by axle, [1 0]
AntiSwayEnByAx]

The block uses the wheel number, ¢, to index the input and output signals. This table summarizes the
wheel, axle, and corresponding wheel number for a vehicle with:
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* Two axles
* Two wheels per axle

Wheel Axle Wheel Number
Front left Front 1
Front right Front 2
Rear left Rear 1
Rear right Rear 2

Suspension Compliance and Damping

The block uses a linear spring and damper to model the vertical dynamic effects of the suspension
system. Using the relative positions and velocities of the vehicle and wheel carrier, the block
calculates the vertical suspension forces on the wheel and vehicle. The block uses a linear equation
that relates the vertical damping and compliance to the suspension height, suspension height rate of
change, and absolute value of the steering angles.

The block implements this equation.
FWZa,t =Fy,t+ kza(zva,t ~ 2wyt mhsteera|5steera, t|) + C(Z'va,t - 2wa, )t thstopa,t + answya,t

The damping coefficient, ¢, depends on the Enable active damping parameter setting.

Enable active damping Damping

Setting

off Constant, ¢ = ¢,,

on Lookup table that is a function of active damper duty cycle and

actuator velocity

Cc= f(duty, (Z‘Va,t - Z.Wa, t))

The block assumes that the suspension elements have no mass. Therefore, the suspension forces and
moments applied to the vehicle are equal to the suspension forces and moments applied to the wheel.

F"Xa,t = FWXa,t

FV)’a,t = FWya,t
FVZa,t = - FWZa,t
MVXa,t = MWXa,t + FWYa, t(ReW_Va,t + Hg,¢)

MVYa,t = Mwya,t + FWXG, t(Rewxa,t + Ha, t)

Mvza, t= MWZa, t

The block sets the wheel positions and velocities equal to the vehicle lateral and longitudinal
positions and velocities.
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XWa,t = XVa,t
yWa,t = y"a,t
XWa,t = X"a,t

yWa,t = yva’t

The equations use these variables.

Fuzpp My,

F

WXq ¢! 1 1WXa't

F

WYt MWYa,t

FVZa,t’ MVZa,t

F

VXq,t! M"Xa,t

F

VWt

M

Va,t

F 20,
k,
kwa,

a

mhsteerﬂ

steer,,
C;,
cwa,
Re,,,
thstopa,f

F 2a5WY,
Fwa 20

ZVa,:’ ZVu,:
Zwa,t’ ZWu,t
Xva,t' Xva,t

Xwa,t' Xwa,t

Yoo Yoo,

Suspension force and moment applied to the wheel on axle a, wheel t
along wheel-fixed 2-axis

Suspension force and moment applied to the wheel on axle a, wheel t
along wheel-fixed x-axis

Suspension force and moment applied to the wheel on axle a, wheel t
along wheel-fixed y-axis

Suspension force and moment applied to the vehicle on axle a, wheel t
along wheel-fixed 2-axis

Suspension force and moment applied to the vehicle on axle a, wheel t
along wheel-fixed x-axis

Suspension force and moment applied to the vehicle on axle a, wheel t
along wheel-fixed y-axis

Vertical suspension spring preload force applied to the wheels on axle a
Vertical spring constant applied to wheels on axle a
Wheel and axle interface compliance constant

Steering angle to vertical force slope applied at wheel carrier for wheels on
axle a

Steering angle input for axle a, wheel t

Vertical damping constant applied to wheels on axle a

Wheel and axle interface damping constant

Effective wheel radius for axle a, wheel t

Vertical hardstop force at axle a, wheel t, along the vehicle-fixed z-axis
Vertical anti-sway force at axle a, wheel t, along the vehicle-fixed z-axis
Wheel and axle interface compliance constant

Vehicle displacement and velocity at axle a, wheel t, along the vehicle-
fixed z-axis

Wheel displacement and velocity at axle a, wheel t, along the vehicle-fixed
z-axis

Vehicle displacement and velocity at axle a, wheel t, along the vehicle-
fixed z-axis

Wheel displacement and velocity at axle a, wheel t, along the vehicle-fixed
z-axis

Vehicle displacement and velocity at axle a, wheel t, along the vehicle-
fixed y-axis
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Yw,p Ywe, Wheel displacement and velocity at axle a, wheel t, along the vehicle-fixed
y-axis

Hg; Suspension height at axle a, wheel t

Re,, Effective wheel radius at axle a, wheel t

Hardstop Forces

The hardstop feedback force, Fygp,,, that the block applies depends on whether the suspension is
compressing or extending. The block applies the force:

* In compression, when the suspension is compressed more than the maximum distance specified by
the Suspension maximum height, Hmax parameter.

* In extension, when the suspension extension is greater than maximum extension specified by the
Suspension maximum height, Hmax parameter.

To calculate the force, the block uses a stiffness based on a hyperbolic tangent and exponential
scaling.

Anti-Sway Bar

Optionally, use the Anti-sway axle enable by axle, AntiSwayEnByAxl parameter to implement an
anti-sway bar force, F,y, , for axles that have two wheels. This figure shows how the anti-sway bar
transmits torque between two independent suspension wheels on a shared axle. Each independent
suspension applies a torque to the anti-sway bar via a radius arm that extends from the anti-sway bar
back to the independent suspension connection point.

To calculate the sway bar force, the block implements these equations.

Calculation Equation
Anti-sway bar angular deflection 60 = tan~ 1( 20 )
for a given axle and wheel, A6, e = r

1 rtanfpg — Zwg t T g, ¢t

AQ, + = tan™

r
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Calculation Equation
Anti-sway bar twist angle, 6, 0 = —tan-! rtanfog — 2w, ¢t 2y, 1)
_tan~l rtanfpq — Zwg ot 2vg, 2]
r
Anti-sway bar torque, T, Tq = ka0,
Anti-sway bar forces applied to Tq _q("tanboq = 2wy 1+ 2v, 4
the wheel on axle a, wheel t Faaswyg,1 = (T)COS 60 — tan r

along wheel-fixed z-axis

Fraswyg, 2 = (TTG)COS B0q — tan™! o~ Z‘:]a' . ))
The equations and figure use these variables.
T, Anti-sway bar torque
0 Anti-sway bar twist angle
00a Initial anti-sway bar twist angle
AB,; Anti-sway bar angular deflection at axle a, wheel t
r Anti-sway bar arm radius
2 Vertical distance from anti-sway bar connection point to anti-sway bar centerline
Frsway,, Anti-sway bar force applied to the wheel on axle a, wheel t along wheel-fixed z-axis
2y, Vehicle displacement at axle a, wheel t, along the vehicle-fixed z-axis
Zu,, Wheel displacement at axle a, wheel t, along the vehicle-fixed z-axis

Camber, Caster, and Toe Angles

To calculate the camber, caster, and toe angles, block uses linear functions of the suspension height
and steering angle.

&a,t =&0a T mhcambera(zwa’t Tyt mhsteera|6steera’ t|) + mcambersteera|6steera, t|
Na,t = Noa + mhcastera(zwa,t g T mhsteera|5steera' t|) + mcastersteera|5steera, t|

Ca,t =Coa t mhtoea(zwa, t~ gt~ mhsteera|6steera, tl) + mtoesteera|5steera, t|

The equations use these variables.

Eat Camber angle of wheel on axle a, wheel t

Nat Caster angle of wheel on axle a, wheel t

Car Toe angle of wheel on axle a, wheel t

Eoar Now Coa Nominal suspension axle a camber, caster, and toe angles, respectively, at
zero steering angle

Mpcamber,, Mhcaster, Camber, caster, and toe angles, respectively, versus suspension height slope

Mhptoe, for axle a
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Mambersteer,, Meastersteer, Camber, caster, and toe angles, respectively, versus steering angle slope for
axle a

Mioesteer,

Mpsteer, Steering angle versus vertical force slope for axle a

Bisteer,, Steering angle input for axle a, wheel t

2y, Vehicle displacement at axle a, wheel t, along the vehicle-fixed z-axis
2y, Wheel displacement at axle a, wheel t, along the vehicle-fixed z-axis

Steering Angles

Optionally, use the Steered axle enable by axle, StrgEnByAxl parameter to input steering angles
for the wheels. To calculate the steering angles for the wheels, the block offsets the input steering

angles with a linear function of the suspension height.

6whlsteera't = 6steera't + mhtoea(zwa, t~ gt~ mhsteera|6steera, t|) + mtoesteera|5steera, t|

The equation uses these variables.

Axle a toe angle versus steering angle slope

Mipesteer,

Mpsteer, Axle a steering angle versus vertical force slope

Mptoe, Axle a toe angle versus suspension height slope

Ouhisteer,, Wheel steering angle for axle a, wheel t

Osteer,, Steering angle input for axle a, wheel t

2y, Vehicle displacement at axle a, wheel t, along the vehicle-fixed z-axis
2y, Wheel displacement at axle a, wheel t, along the vehicle-fixed z-axis

Power and Energy

The block calculates these suspension characteristics for each axle, a, wheel, t.

Calculation Equation
Dissipated power, Pqq, | Psuspy + = Fuwlo okupa(zva' s — 2wy p 2y £ — 2w o Osteery, t)
Absorbed energy, Eg,sp,, Esuspg ¢ = wzlookupa(zva,t = G o = Py o B, t)
Suspension height, H,, Fro,

Hot= - Zugt " Bwg ¢ T k_za + mhsteera|6steeral t|
Distance from wheel carrier Zwtry + = Rew, ;+ Ha ¢t
center to tire/road interface

The equations use these variables.

Steering angle to vertical force slope applied at wheel carrier for wheels on axle a

mhsteeru

Osteer,, Steering angle input for axle a, wheel t

Re,,, Axle a, wheel t effective wheel radius from wheel carrier center to tire/road
interface

Fy Vertical suspension spring preload force applied to the wheels on axle a

a
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Zuir,, Distance from wheel carrier center to tire/road interface, along the vehicle-fixed z-
axis

2y, 2y, Vehicle displacement and velocity at axle a, wheel t, along the vehicle-fixed z-axis

2w, Zw,, Wheel displacement and velocity at axle a, wheel t, along the vehicle-fixed z-axis

Ports

Input

Wh1Pz — Wheel z-axis displacement
array

Wheel displacement, z,,, along wheel-fixed 2-axis, in m. Array dimensions are 1 by the total number of
wheels on the vehicle.

For example, for a two-axle vehicle with two wheels per axle, the Wh1Pz:
+ Signal array dimensions are [1x4].

WhlPz = 2z, = [Zw1,1 2wy o 2wy 1 ZWZ,Z]

Wheel Array Element Axle Wheel Number
Front left WhlPz(1,1) 1 1
Front right Wh1lPz(1,2) 1 2
Rear left WhlPz (1, 3) 2 1
Rear right WhlPz(1,4) 2 2

Wh1Re — Wheel effective radius
array

Effective wheel radius, Re,,, in m. Array dimensions are 1 by the total number of wheels on the
vehicle.

For example, for a two-axle vehicle with two wheels per axle, the WhlRe:
* Signal array dimensions are [1x4].

WhIRe = Re,, = [R9w1,1 Rew1,2 R9W2,1 ReWZ,Z]

Wheel Array Element Axle Wheel Number
Front left WhlRe(1,1) 1 1
Front right WhlRe(1,2) 1 2
Rear left WhlRe(1, 3) 2 1
Rear right WhlRe(1,4) 2 2

WhlVz — Wheel z-axis velocity
array

Wheel velocity, 2,,, along wheel-fixed z-axis, in m. Array dimensions are 1 by the total number of
wheels on the vehicle.
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For example, for a two-axle vehicle with two wheels per axle, the WhlVz:

* Signal array dimensions are [1x4].

WhlVz = 2w = [Zwl,l ZW1,2 Zw2,1 ZWZ,Z]

Wheel Array Element Axle Wheel Number
Front left Whlvz(1,1) 1 1
Front right Whlvz(1,2) 1 2
Rear left Whlvz (1, 3) 2 1
Rear right WhlVz(1,4) 2 2

Wh1lFx — Longitudinal wheel force on vehicle
array

Longitudinal wheel force applied to vehicle, F,,, along the vehicle-fixed x-axis. Array dimensions are
1 by the total number of wheels on the vehicle.

For example, for a two-axle vehicle with two wheels per axle, the Wh1Fx:

* Signal array dimensions are [1x4].

WhlFx = FWX = [wal,l FWXI,Z FWXZ,l FWX2,2]

Wheel Array Element Axle Wheel Number
Front left WhlFx(1,1) 1 1
Front right WhlFx(1,2) 1 2
Rear left WhlFx(1,3) 2 1
Rear right WhlFx(1,4) 2 2

WhlFy — Lateral wheel force on vehicle
array

Lateral wheel force applied to vehicle, F,,,, along the vehicle-fixed y-axis. Array dimensions are 1 by
the total number of wheels on the vehicle.

For example, for a two-axle vehicle with two wheels per axle, the WhlFy:

* Signal array dimensions are [1x4].

WhIFy = Fyyy = [Fuwyi, 1 Fwy, o Fwyp 1 Fwyg o]

Wheel Array Element Axle Wheel Number
Front left WhlFy(1,1) 1 1
Front right WhlFy(1,2) 1 2
Rear left WhlFy(1.3) 2 1
Rear right WhlFy(1,4) 2 2
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Wh1lM — Suspension moment on wheel
array

Longitudinal, lateral, and vertical suspension moments at axle a, wheel t, applied to the wheel at the
axle wheel carrier reference coordinate, in N-m. Input array dimensions are 3 by the number of
wheels on the vehicle.

* WhlM(1,...) — Suspension moment applied to the wheel about the vehicle-fixed x-axis
(longitudinal)

* Wh1M(2,...) — Suspension moment applied to the wheel about the vehicle-fixed y-axis (lateral)

* WhlM(3,...) — Suspension moment applied to the wheel about the vehicle-fixed z-axis (vertical)

For example, for a two-axle vehicle with two wheels per axle, the Wh1M:

* Signal dimensions are [3x4].

* Signal contains suspension moments applied to four wheels according to their axle and wheel
locations.

MWXl, 1 MWX]_, 2 MWXZ, 1 MWXZ, 2
WhIM = M,, = (Mwy; 1 Mwy; 5 Mwyy 1 Mwy, 5
MWZl,l MWZl,Z MWZZ,l MWZZ,Z
Wheel |Array Element |[Axle |Wheel [Moment Axis
Numbe
r
Front [(WhlM(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)
left
Front [(WhlM(1,2) 1 2
right
Rear [Wh1M(1,3) 2 1
left
Rear [WhlM(1,4) 2 2
right
Front [(WhlM(2,1) 1 1 Vehicle-fixed y-axis (lateral)
left
Front [(WhlM(2,2) 1 2
right
Rear [(WhlM(2,3) 2 1
left
Rear [(WhlM(2,4) 2 2
right
Front [(WhlM(3,1) 1 1 Vehicle-fixed z-axis (vertical)
left
Front [(WhlM(3,2) 1 2
right
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1-62

Wheel |Array Element |[Axle |Wheel [Moment Axis
Numbe
r

Rear [Wh1M(3,3) 2 1

left

Rear [(Wh1M(3,4) 2 2

right

VehP — Vehicle displacement
array

Vehicle displacement from axle a, wheel t along vehicle-fixed coordinate system, in m. Input array
dimensions are 3 the number of wheels on the vehicle.

* VehP(1,...) — Vehicle displacement from wheel, x,, along the vehicle-fixed x-axis
* VehP(2,...) — Vehicle displacement from wheel, y,, along the vehicle-fixed y-axis
* VehP(3,...) — Vehicle displacement from wheel, z,, along the vehicle-fixed z-axis

For example, for a two-axle vehicle with two wheels per axle, the VehP:

* Signal dimensions are [3x4].
* Signal contains four displacements according to their axle and wheel locations.

x| (M1, 1,2 Y21 X2,
VehP = |w| = y"l,l yVl,Z y"2,1 yv2,2

2| |#vy,q vy g g g

Wheel |Array Element |Axle |Wheel |Axis
Numbe
r
Front (VehP(1,1) 1 1 Vehicle-fixed x-axis
left
Front |[VehP(1,2) 1 2
right
Rear |VehP(1,3) 2 1
left
Rear |VehP(1,4) 2 2
right
Front |VehP(2,1) 1 1 Vehicle-fixed y-axis
left
Front |VehP(2,2) 1 2
right
Rear |VehP(2,3) 2 1
left
Rear |VehP(2,4) 2 2
right
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Wheel |Array Element |Axle |Wheel |Axis
Numbe
r

Front |VehP(3,1) 1 1 Vehicle-fixed z-axis

left

Front |[VehP(3,2) 1 2

right

Rear |VehP(3,3) 2 1

left

Rear |VehP(3,4) 2 2

right

VehV — Vehicle velocity
array

Vehicle velocity at axle a, wheel t along vehicle-fixed coordinate system, in m. Input array dimensions
are 3 by the number of wheels on the vehicle.

* VehV(1,...) — Vehicle velocity at wheel, x,, along the vehicle-fixed x-axis

* VehV(2,...) — Vehicle velocity at wheel, y,, along the vehicle-fixed y-axis

* VehV(3,...) — Vehicle velocity at wheel, z,, along the vehicle-fixed z-axis

For example, for a two-axle vehicle with two wheels per axle, the VehV:

» Signal dimensions are [3x4].
+ Signal contains 4 velocities according to their axle and wheel locations.

Xyl |¥v1,1 Xvi,2 Xva, 1 Xvo 2
VehV = yv = yVl,l vaz yVZ,l yVZ,Z

2] |21 Zv,g Zvgq B g

Wheel |Array Element |Axle |Wheel |Axis
Numbe
r
Front |[VehV(1,1) 1 1 Vehicle-fixed x-axis
left
Front (VehV(1,2) 1 2
right
Rear |VehV(1,3) 2 1
left
Rear |VehV(1,4) 2 2
right
Front |VehV(2,1) 1 1 Vehicle-fixed y-axis
left
Front (VehV(2,2) 1 2
right
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Wheel |Array Element |Axle |Wheel |Axis
Numbe
r

Rear |[VehV(2,3) 2 1

left

Rear |VehV(2,4) 2 2

right

Front (VehV(3,1) 1 1 Vehicle-fixed z-axis

left

Front (VehV(3,2) 1 2

right

Rear [VehV(3,3) 2 1

left

Rear |[VehV(3,4) 2 2

right

StrgAng — Steering angle, optional
array

Optional steering angle for each wheel, 6. Input array dimensions are 1 by the number of steered
wheels.

For example, for a two-axle vehicle with two wheels per axle, you can input steering angles for both
wheels on the first axle.

* To create the StrgAng port, set Steered axle enable by axle, StrgEnByAxl to [1 0]. The input
signal array dimensions are [1x2].

* The StrgAng signal contains two steering angles according to their axle and wheel locations.

StrgAng = bgpeer = [6steer1,1 6steer1,2]

Wheel Array Element Axle Wheel Number
Front left StrgAng(1,1) 1 1
Front right StrgAng(1,2) 1 2

Dependencies

To create input port StrgAng, set an element of the Steered axle enable by axle, StrgEnByAxl
vector to 1.

Output

Info — Bus signal
bus

Bus signal containing block values. The signals are arrays that depend on the wheel location.
For example, here are the indices for a two-axle, two-wheel vehicle. The total number of wheels is

four.
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* 1D array signal (1-by-4)

Wheel Array Element Axle Wheel Number

Front left (1,1) 1 1

Front right (1,2) 1 2

Rear left (1,3) 2 1

Rear right (1,4) 2 2
* 3D array signal (3-by-4)

Wheel Array Element Axle Wheel Number

Front left (1,1) 1 1

Front right (1,2) 1 2

Rear left (1,3) 2 1

Rear right (1,4) 2 2

Front left (2,1) 1 1

Front right (2,2) 1 2

Rear left (2,3) 2 1

Rear right (2,4) 2 2

Front left (3,1) 1 1

Front right (3,2) 1 2

Rear left (3,3) 2 1

Rear right (3,4) 2 2
Signal Description Array Signal |Variable Units
Camber Wheel angles according (1D WhlAng(1,..] = & = [&, ¢] |rad
Caster ’lco thg axle and wheel WhIARGI2, .1 = 1 = [ ¢]

ocation. , a, t
Toe WhlAng(3,...]1 =T = [Ty ¢]
Height Suspension height 1D H m
Power Suspension power 1D B w
dissipation

Energy Suspension absorbed 1D -~ J

energy
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Signal Description Array Signal |Variable Units

VehF Suspension forces 3D For a two-axle, two wheels N
applied to the vehicle per axle vehicle:

VehF = F, =

F"Xl,l F"Xl,Z F"XZ,l FVX2,2
FVYl, 1 FVYl, 2 FVYZ, 1 FVYZ, 2
F"Zl,l FVZl,Z FVZZ,I Fy, 2

VehM Suspension moments 3D For a two-axle, two wheels N-m
applied to vehicle per axle vehicle:

VehM = M, =

M"Xl,l MVXI,Z MVXZ,I My 2,2

<

My, 1 Myyy, 5 My, 1 My, 5
MVZ]_,]_ MVZ]_,Z MV22,1 MVZZ,Z

WhlF Suspension force 3D For a two-axle, two wheels N
applied to wheel per axle vehicle:

WhIF = F,, =

FWXl,l FWXl,Z FWXZ,l FW"Z,Z
FWYl,l FW)’l,Z FW)’Z,l FW}Z,Z
FWZl,l FWZl,Z FWZZ,l szz,z
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Signal Description Array Signal |Variable Units

Wh1P Wheel displacement 3D For a two-axle, two wheels m
per axle vehicle:

Xwy 1 Xwyp Xwp 1 Xwp o
Ywi 1 Ywi o Ywpq Ywin o

Zwtrl,l Zwtrl’z Zwtrz’l Zwtrz,z

Whlv Wheel velocity 3D For a two-axle, two wheels m/s
per axle vehicle:
Xw

Zyy

Xwi, 1 Xwy, 2 Xwy 1 Xwp
.le 1 le,z .\./W2,1 yW2,2

2wy 4 Fwi, g Zwp, 1 2w, 2

WhlAng Wheel camber, caster, (3D For a two-axle, two wheels rad
toe angles per axle vehicle:
¢
WhlAng = (n
¢

1,1 €1,2 82,1 &2,2
=1M,1M,2 M2,1 M2,2

01,1 C1,2 02,1 02,2

VehF — Suspension force on vehicle
array

Longitudinal, lateral, and vertical suspension force at axle a, wheel t, applied to the vehicle at the
suspension connection point, in N. Array dimensions are 3 by the number of wheels on the vehicle.
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1-68

* VehF(1,...) — Suspension force applied to vehicle along the vehicle-fixed x-axis (longitudinal)
* VehF(2,...) — Suspension force applied to vehicle along the vehicle-fixed y-axis (lateral)
* VehF(3,...) — Suspension force applied to vehicle along the vehicle-fixed z-axis (vertical)

For example, for a two-axle vehicle with two wheels per axle, the VehF:

+ Signal dimensions are [3x4].
* Signal contains suspension forces applied to the vehicle according to the axle and wheel locations.

F"Xl,l val,g vag,l vaz,z

VehF = F, = [Fuy 1 Fuyy 5 Fuyy 1 Fuyg o

FVZl,l FVZl, 2 FVZz,l FVZZ,Z

Wheel |Array Element |Axle |Wheel (Force Axis

Numbe

r
Front (VehF(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)
left
Front |VehF(1,2) 1 2
right
Rear VehF (1, 3) 2 1
left
Rear |VehF(1,4) 2 2
right
Front (VehF(2,1) 1 1 Vehicle-fixed y-axis (lateral)
left
Front |VehF(2,2) 1 2
right
Rear VehF (2, 3) 2 1
left
Rear |VehF(2,4) 2 2
right
Front |[VehF(3,1) 1 1 Vehicle-fixed z-axis (vertical)
left
Front |[VehF(3,2) 1 2
right
Rear |VehF(3,3) 2 1
left
Rear |VehF(3,4) 2 2
right

VehM — Suspension moment on vehicle
array

Longitudinal, lateral, and vertical suspension moment at axle a, wheel t, applied to the vehicle at the
suspension connection point, in N-m. Array dimensions are 3 by the number of wheels on the vehicle.
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* VehM(1,...) — Suspension moment applied to the vehicle about the vehicle-fixed x-axis
(longitudinal)

* VehM(2,...) — Suspension moment applied to the vehicle about the vehicle-fixed y-axis (lateral)

* VehM(3,...) — Suspension moment applied to the vehicle about the vehicle-fixed z-axis
(vertical)

For example, for a two-axle vehicle with two wheels per axle, the VehM:

» Signal dimensions are [3x4].

* Signal contains suspension moments applied to vehicle according to the axle and wheel locations.

M M M M

VX1,1 VX1,2 VX2, 1 VX2, 2
VehM = M, = |Myy; | My, 5 Myy, 1 Myy, 5
Myzy 1 Myzy 5 Myzy ¢ Mz, 5
Array Element |Axle Wheel |Moment Axis
Number

VehM(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)

VehM(1,2) 1 2

VehM(1,3) 2 1

VehM(1,4) 2 2

VehM(2,1) 1 1 Vehicle-fixed y-axis (lateral)

VehM(2,2) 1 2

VehM(2,3) 2 1

VehM(2,4) 2 2

VehM(3,1) 1 1 Vehicle-fixed z-axis (vertical)

VehM(3,2) 1 2

VehM(3,3) 2 1

VehM(3,4) 2 2

Wh1lF — Suspension force on wheel
array

Longitudinal, lateral, and vertical suspension forces at axle a, wheel t, applied to the wheel at the
axle wheel carrier reference coordinate, in N. Array dimensions are 3 by the number of wheels on the
vehicle.

* WhlF(1,...) — Suspension force on wheel along the vehicle-fixed x-axis (longitudinal)
* WhlF(2,...) — Suspension force on wheel along the vehicle-fixed y-axis (lateral)
* WhlF(3,...) — Suspension force on wheel along the vehicle-fixed z-axis (vertical)

For example, for a two-axle vehicle with two wheels per axle, the Wh'lF:

+ Signal dimensions are [3x4].
» Signal contains wheel forces applied to the vehicle according to the axle and wheel locations.
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FWX]_,]_ FWXl,Z FWXZ,]. FWX2,2
WhIF = F,, = |Fwy; 1 Fwyy 5 Fwyy 1 Fwyy 2

FWZl,l FWZl,Z Fw22,1 FW22,2

Wheel |Array Element |Axle |Wheel (Force Axis

Numbe

r
Front |WhlF(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)
left
Front [WhlF(1,2) 1 2
right
Rear [WhlF(1,3) 2 1
left
Rear [WhlF(1,4) 2 2
right
Front |WhlF(2,1) 1 1 Vehicle-fixed y-axis (lateral)
left
Front [(WhlF(2,2) 1 2
right
Rear [WhlF(2,3) 2 1
left
Rear [WhlF(2,4) 2 2
right
Front [WhlF(3,1) 1 1 Vehicle-fixed z-axis (vertical)
left
Front [WhlF(3,2) 1 2
right
Rear [WhlF(3,3) 2 1
left
Rear [WhlF(3,4) 2 2
right

Wh1lV — Wheel velocity
array

Longitudinal, lateral, and vertical wheel velocity at axle a, wheel t, in m/s. Array dimensions are 3 by
the number of wheels on the vehicle.

* WhlV(1,...) — Wheel velocity along the vehicle-fixed x-axis (longitudinal)
* WhlV(2,...) — Wheel velocity along the vehicle-fixed y-axis (lateral)
* WhlV(3,...) — Wheel velocity along the vehicle-fixed z-axis (vertical)

For example, for a two-axle vehicle with two wheels per axle, the WhlV:

* Signal dimensions are [3x4].
» Signal contains wheel forces applied to the vehicle according to the axle and wheel locations.
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Xl [XwWL 1 Xwi, 2 Xwp, 1 Xwp o

WhIV = |yw| = ‘le,l yw1,2 J./wz'l yw2,2

Zw| (2w, | Zwi g Zwy 1 Zwg g

Wheel |Array Element |Axle |Wheel [Force Axis
Numbe
r

Front (WhlV(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)
left
Front [(WhlV(1,2) 1 2
right
Rear |[WhlV(1,3) 2 1
left
Rear |[WhlV(1,4) 2 2
right
Front (WhlV(2,1) 1 1 Vehicle-fixed y-axis (lateral)
left
Front [(WhlV(2,2) 1 2
right
Rear [WhlV(2,3) 2 1
left
Rear [(WhlV(2,4) 2 2
right
Front [(WhlV(3,1) 1 1 Vehicle-fixed z-axis (vertical)
left
Front [(WhlV(3,2) 1 2
right
Rear [WhlV(3,3) 2 1
left
Rear |Wh1lV(3,4) 2 2
right

Wh1lAng — Wheel camber, caster, toe angles
array

Camber, caster, and toe angles at axle a, wheel t, in rad. Array dimensions are 3 by the number of
wheels on the vehicle.

* WhlAng(1,...) — Camber angle
* WhlAng(2,...) — Caster angle
* WhlAng(3,...) — Toe angle

For example, for a two-axle vehicle with two wheels per axle, the Wh1Ang:

» Signal dimensions are [3x4].
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+ Signal contains angles according to the axle and wheel locations.

g1 [¢11 81,2 82,1 &2,2
WhlAng = [n| =|m,1 M,2 2,1 M,2
€l (01,101,201 022

Wheel |Array Element |Axle |Wheel |Angle
Numbe
r
Front |WhlAng(1,1) 1 1 Camber
left
Front |WhlAng(1,2) 1 2
right
Rear |WhlAng(1,3) 2 1
left
Rear |WhlAng(1,4) (2 2
right
Front |WhlAng(2,1) 1 1 Caster
left
Front |WhlAng(2,2) 1 2
right
Rear |WhlAng(2,3) 2 1
left
Rear |WhlAng(2,4) (2 2
right
Front |WhlAng(3,1) 1 1 Toe
left
Front [WhlF(3,2) 1 2
right
Rear |WhlF(3,3) 2 1
left
Rear |WhlF(3,4) 2 2
right
Parameters

Enable active damping — Include damping
off (default) | of f

Include damping

Dependencies
Selecting this parameter creates:

* Damping coefficient map, f act_susp cz
* Damping actuator duty cycle breakpoints, f act_susp_duty bpt
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+ Damping actuator velocity breakpoints, f act_susp_zdot_bpt

Number of axles, NumAxl — Number of axles
2 (default) | scalar

Number of axles, N,, dimensionless.

Number of wheels by axle, NumWhlsByAxl — Number of wheels per axle
[2 2] (default) | vector

Number of wheels per axle, Nt,, dimensionless. Vector is 1 by the number of vehicle axles, N,. For
example, [1,2] represents one wheel on axle one and two wheels on axle two.

Steered axle enable by axle, StrgEnByAxl — Boolean vector to enable axle steering
[1 O] (default) | vector

Boolean vector that enables axle steering, Eng.,,, dimensionless. Vector is 1 by the number of vehicle
axles, N,. For example:

* [1 0] — For a two-axle vehicle, enables axle 1 steering and disables axle 2 steering
* [1 1] — For a two-axle vehicle, enables axle 1 and axle 2 steering

Dependencies
Setting any element of the Steered axle enable by axle, StrgEnByAxl vector to 1 creates:

* Input port StrgAng.
e Parameters:

+ Toe angle vs steering angle slope, ToeStrgSlp

* Caster angle vs steering angle slope, CasterStrgSlp

* Camber angle vs steering angle slope, CamberStrgSlp
* Suspension height vs steering angle slope, StrgHgtSlp

For example, for a two-axle vehicle with two wheels per axle, you can input steering angles for both
wheels on the first axle.

* To create the StrgAng port, set Steered axle enable by axle, StrgEnByAxl to [1 0]. The input
signal array dimensions are [1x2].

* The StrgAng signal contains two steering angles according to their axle and wheel locations.

StrgAng = Ggteer = [6steer1,1 6steer1,2]

Wheel Array Element Axle Wheel Number
Front left StrgAng(1,1) 1 1
Front right StrgAng(1,2) 1 2

Anti-sway axle enable by axle, AntiSwayEnByAx1l — Boolean vector to enable axle
anti-sway
[0 O] (default) | vector

Boolean vector that enables axle anti-sway for axle a, dimensionless. For example, [1 0] enables
axle 1 anti-sway and disables axle 2 anti-sway. Vector is 1 by the number of vehicle axles, N,.
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Dependencies

Setting an element of the Anti-sway axle enable by axle, AntiSwayEnByAxl vector to 1 creates
these anti-sway parameters:

* Anti-sway arm radius, AntiSwayR
* Anti-sway arm neutral angle, AntiSwayNtrlAng
* Anti-sway torsion spring constant, AntiSwayTrsK

Suspension
Compliance and Damping - Passive

Suspension spring constant, Kz — Suspension spring constant
64370 (default) | scalar | vector

Linear vertical spring constant for independent suspension wheels on axle a, k,, in N/m.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Suspension spring preload, FO0z — Suspension spring preload
9810 (default) | scalar | vector

Vertical preload spring force applied to the wheels on the axle at wheel carrier reference coordinates,
F,, in N. Positive preload forces:

* Cause the vehicle to lift.
* Point along the negative vehicle-fixed z-axis.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Suspension shock damping constant, Cz — Suspension shock damping constant
10000 (default) | scalar | vector

Linear vertical damping constant for independent suspension wheels on axle a, ¢,, in Ns/m.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Dependencies
To create this parameter, clear Enable active damping.

Suspension maximum height, Hmax — Height
0.5 (default) | scalar | vector

Maximum suspension extension or minimum suspension compression height, H,,,, for axle a before
the suspension reaches a hardstop, in m.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.



Independent Suspension - Double Wishbone

Compliance and Damping - Active

Damping coefficient map, f_act_susp_cz — Lookup table
[10000 10000;10000 10000] (default) | M-by-N array

Damping coefficient table as a function of active duty cycle and actuator compression velocity, in
N-s/m. Each value specifies the damping for a specific combination of actuator duty cycle and
velocity. The array dimensions must match the duty cycle, M, and actuator velocity, N, breakpoint
vector dimensions.

Dependencies
To create this parameter, clear Enable active damping.

Damping actuator duty cycle breakpoints, f_act_susp_duty bpt — Duty cycle
breakpoints
[0 1] (default) | 1-by-M vector

Damping actuator duty cycle breakpoints, dimensionless.

Dependencies
To create this parameter, clear Enable active damping.

Damping actuator velocity breakpoints, f_act_susp_zdot_bpt — Velocity
breakpoints
[-1 1] (default) | 1-by-N vector

Damping actuator velocity breakpoints, in m/s.

Dependencies

To create this parameter, clear Enable active damping.

Geometry

Toe angle at steering center, Toe — Toe angle
0.0349 (default) | scalar

Nominal suspension toe angle at zero steering angle, ,,, in rad.

Roll steer vs suspension height slope, RollStrgSlp — Steer angle suspension slope
-0.2269 (default) | scalar | vector

Roll steer angle versus suspension height, my,, , in rad/m.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Toe angle vs steering angle slope, ToeStrgSlp — Toe angle steering slope
0.01 (default) | scalar | vector

Toe angle versus steering angle slope, Myesteer,, dimensionless.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.
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1-76

Dependencies

To create input port StrgAng, set an element of the Steered axle enable by axle, StrgEnByAxl
vector to 1.

Caster angle at steering center, Caster — Caster angle at steering center
0.0698 (default) | scalar

Nominal suspension caster angle at zero steering angle, 7,,, in rad.

Caster angle vs suspension height slope, CasterHslp — Caster angle versus
suspension height slope
-0.2269 (default) | scalar | vector

Caster angle versus suspension height, mpgger,, in rad/m.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Caster angle vs steering angle slope, CasterStrgSlp — Caster angle versus
steering angle slope
0.01 (default) | scalar | vector

Caster angle versus steering angle slope, Mgstersteer,, dimensionless.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Dependencies

To create input port StrgAng, set an element of the Steered axle enable by axle, StrgEnByAxl
vector to 1.

Camber angle at steering center, Camber — Camber angle at steering center
0.0698 (default) | scalar

Nominal suspension camber angle at zero steering angle, &,,, in rad.

Camber angle vs suspension height slope, CamberHslp — Camber angle versus
suspension height slope
-0.2269 (default) | scalar | vector

Camber angle versus suspension height, mycomper,, in rad/m.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Camber angle vs steering angle slope, CamberStrgSlp — Camber angle versus
steering angle slope
0.01 (default) | scalar | vector

Camber angle versus steering angle slope, Mgimpersteer,, dimensionless.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.
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Dependencies

To create input port StrgAng, set an element of the Steered axle enable by axle, StrgEnByAxl
vector to 1.

Suspension height vs steering angle slope, StrgHgtSlp — Suspension height versus
steering angle slope
0.1432 (default) | scalar | vector

Steering angle to vertical force slope applied at suspension wheel carrier reference point, Mg, in
m/rad.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Dependencies

To create input port StrgAng, set an element of the Steered axle enable by axle, StrgEnByAxl
vector to 1.

Anti-Sway

Anti-sway arm radius, AntiSwayR — Anti-sway arm radius
0.2 (default) | scalar | vector

Anti-sway arm radius, r, in m.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Dependencies

Setting an element of the Anti-sway axle enable by axle, AntiSwayEnByAxl vector to 1 creates
these anti-sway parameters:

* Anti-sway arm radius, AntiSwayR
* Anti-sway arm neutral angle, AntiSwayNtrlAng
* Anti-sway torsion spring constant, AntiSwayTIrskK

Anti-sway arm neutral angle, AntiSwayNtrlAng — Anti-sway arm neutral angle
0.5236 (default) | scalar | vector

Anti-sway arm neutral angle, 6, at nominal suspension height, in rad.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Dependencies

Setting an element of the Anti-sway axle enable by axle, AntiSwayEnByAxl vector to 1 creates
these anti-sway parameters:

* Anti-sway arm radius, AntiSwayR
* Anti-sway arm neutral angle, AntiSwayNtrlAng
* Anti-sway torsion spring constant, AntiSwayTrsK
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1-78

Anti-sway torsion spring constant, AntiSwayTrsK — Anti-sway torsion spring
constant
5.7296e+03 (default) | scalar | vector

Anti-sway bar torsion spring constant, k,, in N-m/rad.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Dependencies

Setting an element of the Anti-sway axle enable by axle, AntiSwayEnByAxl vector to 1 creates
these anti-sway parameters:

* Anti-sway arm radius, AntiSwayR
* Anti-sway arm neutral angle, AntiSwayNtrlAng
* Anti-sway torsion spring constant, AntiSwayTIrskK

Version History
Introduced in R2018a

Parameter name change from NumTracksByAx1l to NumWhlsByAx1
Behavior changed in R2022b

The Number of tracks by axle, NumTracksByAxl parameter is renamed to Number of wheels by
axle, NumWhlsByAxl.

The block uses the number of wheels per axle to index the input and output block signals.
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Independent Suspension - MacPherson

MacPherson independent suspension
Library: Vehicle Dynamics Blockset / Suspension

whiPz Info

Description

The Independent Suspension - MacPherson block implements an independent MacPherson
suspension for multiple axles with multiple wheels per axle.

The block models the suspension compliance, damping, and geometric effects as functions of the
relative positions and velocities of the vehicle and wheel carrier with axle-specific compliance and
damping parameters. Using the suspension compliance and damping, the block calculates the
suspension force on the vehicle and wheel. The block uses the Z-down coordinate system (defined in
SAE J670).

For Each You Can Specify
Axle * Multiple wheels
* An anti-sway bar for axles with two wheels

+ Suspension parameters

Wheel » Steering angles

The block contains energy-storing spring elements and energy-dissipating damper elements. It does
not contain energy-storing mass elements. The block assumes that the vehicle (sprung) and wheel
(unsprung) blocks connected to the block store the mass-related suspension energy.

This table summarizes the block parameter settings for a vehicle with:

* Two axles

* Two wheels per axle

» Steering angle input for both wheels on the front axle
* An anti-sway bar on the front axle

Parameter Setting
Number of axles, NumAxl 2
Number of wheels by axle, NumWhlsByAxI [2 2]
Steered axle enable by axle, StrgEnByAx] [1 0]
Anti-sway axle enable by axle, [1 0]
AntiSwayEnByAxl

The block uses the wheel number, ¢, to index the input and output signals. This table summarizes the
wheel, axle, and corresponding wheel number for a vehicle with:
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* Two axles
* Two wheels per axle

Wheel Axle Wheel Number
Front left Front 1
Front right Front 2
Rear left Rear 1
Rear right Rear 2

Suspension Compliance and Damping

The block uses a linear spring and damper to model the vertical dynamic effects of the suspension
system. Using the relative positions and velocities of the vehicle and wheel carrier, the block
calculates the vertical suspension forces on the wheel and vehicle. The block uses a linear equation
that relates the vertical damping and compliance to the suspension height, suspension height rate of
change, and absolute value of the steering angles.

The block implements this equation.
FWZa,t =Fy,t+ kza(zva,t ~ 2wyt mhsteera|5steera, t|) + C(Z'va,t - 2wa, )t thstopa,t + answya,t

The damping coefficient, ¢, depends on the Enable active damping parameter setting.

Enable active damping Damping

Setting

off Constant, ¢ = ¢,,

on Lookup table that is a function of active damper duty cycle and

actuator velocity

Cc= f(duty, (Z‘Va,t - Z.Wa, t))

The block assumes that the suspension elements have no mass. Therefore, the suspension forces and
moments applied to the vehicle are equal to the suspension forces and moments applied to the wheel.

F"Xa,t = FWXa,t

FV)’a,t = FWya,t
FVZa,t = - FWZa,t
MVXa,t = MWXa,t + FWYa, t(ReW_Va,t + Hg,¢)

MVYa,t = Mwya,t + FWXG, t(Rewxa,t + Ha, t)

Mvza, t= MWZa, t

The block sets the wheel positions and velocities equal to the vehicle lateral and longitudinal
positions and velocities.
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XWa,t = XVa,t
yWa,t = y"a,t
XWa,t = X"a,t

yWa,t = yva’t

The equations use these variables.

Fuzpp My,

F

WXq ¢! 1 1WXa't

F

WYt MWYa,t

FVZa,t’ MVZa,t

F

VXq,t! M"Xa,t

F

VWt

M

Va,t

F 20,
k,
kwa,

a

mhsteerﬂ

steer,,
C;,
cwa,
Re,,,
thstopa,f

F 2a5WY,
Fwa 20

ZVa,:’ ZVu,:
Zwa,t’ ZWu,t
Xva,t' Xva,t

Xwa,t' Xwa,t

Yoo Yoo,

Suspension force and moment applied to the wheel on axle a, wheel t
along wheel-fixed 2-axis

Suspension force and moment applied to the wheel on axle a, wheel t
along wheel-fixed x-axis

Suspension force and moment applied to the wheel on axle a, wheel t
along wheel-fixed y-axis

Suspension force and moment applied to the vehicle on axle a, wheel t
along wheel-fixed 2-axis

Suspension force and moment applied to the vehicle on axle a, wheel t
along wheel-fixed x-axis

Suspension force and moment applied to the vehicle on axle a, wheel t
along wheel-fixed y-axis

Vertical suspension spring preload force applied to the wheels on axle a
Vertical spring constant applied to wheels on axle a
Wheel and axle interface compliance constant

Steering angle to vertical force slope applied at wheel carrier for wheels on
axle a

Steering angle input for axle a, wheel t

Vertical damping constant applied to wheels on axle a

Wheel and axle interface damping constant

Effective wheel radius for axle a, wheel t

Vertical hardstop force at axle a, wheel t, along the vehicle-fixed z-axis
Vertical anti-sway force at axle a, wheel t, along the vehicle-fixed z-axis
Wheel and axle interface compliance constant

Vehicle displacement and velocity at axle a, wheel t, along the vehicle-
fixed z-axis

Wheel displacement and velocity at axle a, wheel t, along the vehicle-fixed
z-axis

Vehicle displacement and velocity at axle a, wheel t, along the vehicle-
fixed z-axis

Wheel displacement and velocity at axle a, wheel t, along the vehicle-fixed
z-axis

Vehicle displacement and velocity at axle a, wheel t, along the vehicle-
fixed y-axis
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Yw,p Ywe, Wheel displacement and velocity at axle a, wheel t, along the vehicle-fixed
y-axis

Hg; Suspension height at axle a, wheel t

Re,, Effective wheel radius at axle a, wheel t

Hardstop Forces

The hardstop feedback force, Fygp,,, that the block applies depends on whether the suspension is
compressing or extending. The block applies the force:

* In compression, when the suspension is compressed more than the maximum distance specified by
the Suspension maximum height, Hmax parameter.

* In extension, when the suspension extension is greater than maximum extension specified by the
Suspension maximum height, Hmax parameter.

To calculate the force, the block uses a stiffness based on a hyperbolic tangent and exponential
scaling.

Anti-Sway Bar

Optionally, use the Anti-sway axle enable by axle, AntiSwayEnByAxl parameter to implement an
anti-sway bar force, F,y, , for axles that have two wheels. This figure shows how the anti-sway bar
transmits torque between two independent suspension wheels on a shared axle. Each independent
suspension applies a torque to the anti-sway bar via a radius arm that extends from the anti-sway bar
back to the independent suspension connection point.

To calculate the sway bar force, the block implements these equations.

Calculation Equation
Anti-sway bar angular deflection 60 = tan~ 1( 20 )
for a given axle and wheel, A6, e = r

1 rtanfpg — Zwg t T g, ¢t

AQ, + = tan™

r
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Calculation Equation
Anti-sway bar twist angle, 6, 0 = —tan-! rtanfog — 2w, ¢t 2y, 1)
_tan~l rtanfpq — Zwg ot 2vg, 2]
r
Anti-sway bar torque, T, Tq = ka0,
Anti-sway bar forces applied to Tq _q("tanboq = 2wy 1+ 2v, 4
the wheel on axle a, wheel t Faaswyg,1 = (T)COS 60 — tan r

along wheel-fixed z-axis

Fraswyg, 2 = (TTG)COS B0q — tan™! o~ Z‘:]a' . ))
The equations and figure use these variables.
T, Anti-sway bar torque
0 Anti-sway bar twist angle
00a Initial anti-sway bar twist angle
AB,; Anti-sway bar angular deflection at axle a, wheel t
r Anti-sway bar arm radius
2 Vertical distance from anti-sway bar connection point to anti-sway bar centerline
Frsway,, Anti-sway bar force applied to the wheel on axle a, wheel t along wheel-fixed z-axis
2y, Vehicle displacement at axle a, wheel t, along the vehicle-fixed z-axis
Zu,, Wheel displacement at axle a, wheel t, along the vehicle-fixed z-axis

Camber, Caster, and Toe Angles

To calculate the camber, caster, and toe angles, block uses linear functions of the suspension height
and steering angle.

&a,t =&0a T mhcambera(zwa’t Tyt mhsteera|6steera’ t|) + mcambersteera|6steera, t|
Na,t = Noa + mhcastera(zwa,t g T mhsteera|5steera' t|) + mcastersteera|5steera, t|

Ca,t =Coa t mhtoea(zwa, t~ gt~ mhsteera|6steera, tl) + mtoesteera|5steera, t|

The equations use these variables.

Eat Camber angle of wheel on axle a, wheel t

Nat Caster angle of wheel on axle a, wheel t

Car Toe angle of wheel on axle a, wheel t

Eoar Now Coa Nominal suspension axle a camber, caster, and toe angles, respectively, at
zero steering angle

Mpcamber,, Mhcaster, Camber, caster, and toe angles, respectively, versus suspension height slope

Mhptoe, for axle a
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Mambersteer,, Meastersteer, Camber, caster, and toe angles, respectively, versus steering angle slope for
axle a

Mioesteer,

Mpsteer, Steering angle versus vertical force slope for axle a

Bisteer,, Steering angle input for axle a, wheel t

2y, Vehicle displacement at axle a, wheel t, along the vehicle-fixed z-axis
2y, Wheel displacement at axle a, wheel t, along the vehicle-fixed z-axis

Steering Angles

Optionally, use the Steered axle enable by axle, StrgEnByAxl parameter to input steering angles
for the wheels. To calculate the steering angles for the wheels, the block offsets the input steering

angles with a linear function of the suspension height.

6whlsteera't = 6steera't + mhtoea(zwa, t~ gt~ mhsteera|6steera, t|) + mtoesteera|5steera, t|

The equation uses these variables.

Axle a toe angle versus steering angle slope

Mipesteer,

Mpsteer, Axle a steering angle versus vertical force slope

Mptoe, Axle a toe angle versus suspension height slope

Ouhisteer,, Wheel steering angle for axle a, wheel t

Osteer,, Steering angle input for axle a, wheel t

2y, Vehicle displacement at axle a, wheel t, along the vehicle-fixed z-axis
2y, Wheel displacement at axle a, wheel t, along the vehicle-fixed z-axis

Power and Energy

The block calculates these suspension characteristics for each axle, a, wheel, t.

Calculation Equation
Dissipated power, Pqq, | Psuspy + = Fuwlo okupa(zva' s — 2wy p 2y £ — 2w o Osteery, t)
Absorbed energy, Eg,sp,, Esuspg ¢ = wzlookupa(zva,t = G o = Py o B, t)
Suspension height, H,, Fro,

Hot= - Zugt " Bwg ¢ T k_za + mhsteera|6steeral t|
Distance from wheel carrier Zwtry + = Rew, ;+ Ha ¢t
center to tire/road interface

The equations use these variables.

Steering angle to vertical force slope applied at wheel carrier for wheels on axle a

mhsteeru

Osteer,, Steering angle input for axle a, wheel t

Re,,, Axle a, wheel t effective wheel radius from wheel carrier center to tire/road
interface

Fy Vertical suspension spring preload force applied to the wheels on axle a

a
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Zuir,, Distance from wheel carrier center to tire/road interface, along the vehicle-fixed z-
axis

2y, 2y, Vehicle displacement and velocity at axle a, wheel t, along the vehicle-fixed z-axis

2w, Zw,, Wheel displacement and velocity at axle a, wheel t, along the vehicle-fixed z-axis

Ports

Input

Wh1Pz — Wheel z-axis displacement
array

Wheel displacement, z,,, along wheel-fixed 2-axis, in m. Array dimensions are 1 by the total number of
wheels on the vehicle.

For example, for a two-axle vehicle with two wheels per axle, the Wh1Pz:
+ Signal array dimensions are [1x4].

WhlPz = 2z, = [Zw1,1 2wy o 2wy 1 ZWZ,Z]

Wheel Array Element Axle Wheel Number
Front left WhlPz(1,1) 1 1
Front right Wh1lPz(1,2) 1 2
Rear left WhlPz (1, 3) 2 1
Rear right WhlPz(1,4) 2 2

Wh1Re — Wheel effective radius
array

Effective wheel radius, Re,,, in m. Array dimensions are 1 by the total number of wheels on the
vehicle.

For example, for a two-axle vehicle with two wheels per axle, the WhlRe:
* Signal array dimensions are [1x4].

WhIRe = Re,, = [R9w1,1 Rew1,2 R9W2,1 ReWZ,Z]

Wheel Array Element Axle Wheel Number
Front left WhlRe(1,1) 1 1
Front right WhlRe(1,2) 1 2
Rear left WhlRe(1, 3) 2 1
Rear right WhlRe(1,4) 2 2

WhlVz — Wheel z-axis velocity
array

Wheel velocity, 2,,, along wheel-fixed z-axis, in m. Array dimensions are 1 by the total number of
wheels on the vehicle.
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For example, for a two-axle vehicle with two wheels per axle, the WhlVz:

* Signal array dimensions are [1x4].

WhlVz = 2w = [Zwl,l ZW1,2 Zw2,1 ZWZ,Z]

Wheel Array Element Axle Wheel Number
Front left Whlvz(1,1) 1 1
Front right Whlvz(1,2) 1 2
Rear left Whlvz (1, 3) 2 1
Rear right WhlVz(1,4) 2 2

Wh1lFx — Longitudinal wheel force on vehicle
array

Longitudinal wheel force applied to vehicle, F,,, along the vehicle-fixed x-axis. Array dimensions are
1 by the total number of wheels on the vehicle.

For example, for a two-axle vehicle with two wheels per axle, the Wh1Fx:

* Signal array dimensions are [1x4].

WhlFx = FWX = [wal,l FWXI,Z FWXZ,l FWX2,2]

Wheel Array Element Axle Wheel Number
Front left WhlFx(1,1) 1 1
Front right WhlFx(1,2) 1 2
Rear left WhlFx(1,3) 2 1
Rear right WhlFx(1,4) 2 2

WhlFy — Lateral wheel force on vehicle
array

Lateral wheel force applied to vehicle, F,,,, along the vehicle-fixed y-axis. Array dimensions are 1 by
the total number of wheels on the vehicle.

For example, for a two-axle vehicle with two wheels per axle, the WhlFy:

* Signal array dimensions are [1x4].

WhIFy = Fyyy = [Fuwyi, 1 Fwy, o Fwyp 1 Fwyg o]

Wheel Array Element Axle Wheel Number
Front left WhlFy(1,1) 1 1
Front right WhlFy(1,2) 1 2
Rear left WhlFy(1.3) 2 1
Rear right WhlFy(1,4) 2 2
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Wh1lM — Suspension moment on wheel
array

Longitudinal, lateral, and vertical suspension moments at axle a, wheel t, applied to the wheel at the
axle wheel carrier reference coordinate, in N-m. Input array dimensions are 3 by the number of
wheels on the vehicle.

* WhlM(1,...) — Suspension moment applied to the wheel about the vehicle-fixed x-axis
(longitudinal)

* Wh1M(2,...) — Suspension moment applied to the wheel about the vehicle-fixed y-axis (lateral)

* WhlM(3,...) — Suspension moment applied to the wheel about the vehicle-fixed z-axis (vertical)

For example, for a two-axle vehicle with two wheels per axle, the Wh1M:

* Signal dimensions are [3x4].

* Signal contains suspension moments applied to four wheels according to their axle and wheel
locations.

MWXl, 1 MWX]_, 2 MWXZ, 1 MWXZ, 2
WhIM = M,, = (Mwy; 1 Mwy; 5 Mwyy 1 Mwy, 5
MWZl,l MWZl,Z MWZZ,l MWZZ,Z
Wheel |Array Element |[Axle |Wheel [Moment Axis
Numbe
r
Front [(WhlM(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)
left
Front [(WhlM(1,2) 1 2
right
Rear [Wh1M(1,3) 2 1
left
Rear [WhlM(1,4) 2 2
right
Front [(WhlM(2,1) 1 1 Vehicle-fixed y-axis (lateral)
left
Front [(WhlM(2,2) 1 2
right
Rear [(WhlM(2,3) 2 1
left
Rear [(WhlM(2,4) 2 2
right
Front [(WhlM(3,1) 1 1 Vehicle-fixed z-axis (vertical)
left
Front [(WhlM(3,2) 1 2
right
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Wheel |Array Element |[Axle |Wheel [Moment Axis
Numbe
r

Rear [Wh1M(3,3) 2 1

left

Rear [(Wh1M(3,4) 2 2

right

VehP — Vehicle displacement
array

Vehicle displacement from axle a, wheel t along vehicle-fixed coordinate system, in m. Input array
dimensions are 3 the number of wheels on the vehicle.

* VehP(1,...) — Vehicle displacement from wheel, x,, along the vehicle-fixed x-axis
* VehP(2,...) — Vehicle displacement from wheel, y,, along the vehicle-fixed y-axis
* VehP(3,...) — Vehicle displacement from wheel, z,, along the vehicle-fixed z-axis

For example, for a two-axle vehicle with two wheels per axle, the VehP:

* Signal dimensions are [3x4].
* Signal contains four displacements according to their axle and wheel locations.

x| (M1, 1,2 Y21 X2,
VehP = |w| = y"l,l yVl,Z y"2,1 yv2,2

2| |#vy,q vy g g g

Wheel |Array Element |Axle |Wheel |Axis
Numbe
r
Front (VehP(1,1) 1 1 Vehicle-fixed x-axis
left
Front |[VehP(1,2) 1 2
right
Rear |VehP(1,3) 2 1
left
Rear |VehP(1,4) 2 2
right
Front |VehP(2,1) 1 1 Vehicle-fixed y-axis
left
Front |VehP(2,2) 1 2
right
Rear |VehP(2,3) 2 1
left
Rear |VehP(2,4) 2 2
right
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Wheel |Array Element |Axle |Wheel |Axis
Numbe
r

Front |VehP(3,1) 1 1 Vehicle-fixed z-axis

left

Front |[VehP(3,2) 1 2

right

Rear |VehP(3,3) 2 1

left

Rear |VehP(3,4) 2 2

right

VehV — Vehicle velocity
array

Vehicle velocity at axle a, wheel t along vehicle-fixed coordinate system, in m. Input array dimensions
are 3 by the number of wheels on the vehicle.

* VehV(1,...) — Vehicle velocity at wheel, x,, along the vehicle-fixed x-axis

* VehV(2,...) — Vehicle velocity at wheel, y,, along the vehicle-fixed y-axis

* VehV(3,...) — Vehicle velocity at wheel, z,, along the vehicle-fixed z-axis

For example, for a two-axle vehicle with two wheels per axle, the VehV:

» Signal dimensions are [3x4].
+ Signal contains 4 velocities according to their axle and wheel locations.

Xyl |¥v1,1 Xvi,2 Xva, 1 Xvo 2
VehV = yv = yVl,l vaz yVZ,l yVZ,Z

2] |21 Zv,g Zvgq B g

Wheel |Array Element |Axle |Wheel |Axis
Numbe
r
Front |[VehV(1,1) 1 1 Vehicle-fixed x-axis
left
Front (VehV(1,2) 1 2
right
Rear |VehV(1,3) 2 1
left
Rear |VehV(1,4) 2 2
right
Front |VehV(2,1) 1 1 Vehicle-fixed y-axis
left
Front (VehV(2,2) 1 2
right
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Wheel |Array Element |Axle |Wheel |Axis
Numbe
r

Rear |[VehV(2,3) 2 1

left

Rear |VehV(2,4) 2 2

right

Front (VehV(3,1) 1 1 Vehicle-fixed z-axis

left

Front (VehV(3,2) 1 2

right

Rear [VehV(3,3) 2 1

left

Rear |[VehV(3,4) 2 2

right

StrgAng — Steering angle, optional
array

Optional steering angle for each wheel, 6. Input array dimensions are 1 by the number of steered
wheels.

For example, for a two-axle vehicle with two wheels per axle, you can input steering angles for both
wheels on the first axle.

* To create the StrgAng port, set Steered axle enable by axle, StrgEnByAxl to [1 0]. The input
signal array dimensions are [1x2].

* The StrgAng signal contains two steering angles according to their axle and wheel locations.

StrgAng = bgpeer = [6steer1,1 6steer1,2]

Wheel Array Element Axle Wheel Number
Front left StrgAng(1,1) 1 1
Front right StrgAng(1,2) 1 2

Dependencies

To create input port StrgAng, set an element of the Steered axle enable by axle, StrgEnByAxl
vector to 1.

Output

Info — Bus signal
bus

Bus signal containing block values. The signals are arrays that depend on the wheel location.
For example, here are the indices for a two-axle, two-wheel vehicle. The total number of wheels is

four.
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* 1D array signal (1-by-4)

Wheel Array Element Axle Wheel Number

Front left (1,1) 1 1

Front right (1,2) 1 2

Rear left (1,3) 2 1

Rear right (1,4) 2 2
* 3D array signal (3-by-4)

Wheel Array Element Axle Wheel Number

Front left (1,1) 1 1

Front right (1,2) 1 2

Rear left (1,3) 2 1

Rear right (1,4) 2 2

Front left (2,1) 1 1

Front right (2,2) 1 2

Rear left (2,3) 2 1

Rear right (2,4) 2 2

Front left (3,1) 1 1

Front right (3,2) 1 2

Rear left (3,3) 2 1

Rear right (3,4) 2 2
Signal Description Array Signal |Variable Units
Camber Wheel angles according (1D WhlAng(1,..] = & = [&, ¢] |rad
Caster ’lco thg axle and wheel WhIARGI2, .1 = 1 = [ ¢]

ocation. , a, t
Toe WhlAng(3,...]1 =T = [Ty ¢]
Height Suspension height 1D H m
Power Suspension power 1D B w
dissipation

Energy Suspension absorbed 1D -~ J

energy
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Signal Description Array Signal |Variable Units

VehF Suspension forces 3D For a two-axle, two wheels N
applied to the vehicle per axle vehicle:

VehF = F, =

F"Xl,l F"Xl,Z F"XZ,l FVX2,2
FVYl, 1 FVYl, 2 FVYZ, 1 FVYZ, 2
F"Zl,l FVZl,Z FVZZ,I Fy, 2

VehM Suspension moments 3D For a two-axle, two wheels N-m
applied to vehicle per axle vehicle:

VehM = M, =

M"Xl,l MVXI,Z MVXZ,I My 2,2

<

My, 1 Myyy, 5 My, 1 My, 5
MVZ]_,]_ MVZ]_,Z MV22,1 MVZZ,Z

WhlF Suspension force 3D For a two-axle, two wheels N
applied to wheel per axle vehicle:

WhIF = F,, =

FWXl,l FWXl,Z FWXZ,l FW"Z,Z
FWYl,l FW)’l,Z FW)’Z,l FW}Z,Z
FWZl,l FWZl,Z FWZZ,l szz,z
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Signal

Description

Array Signal |Variable Units

Wh1pP

Wheel displacement

3D For a two-axle, two wheels m
per axle vehicle:
Xw

WhIP = |yw| =
2w

Xwi, 1 Xwy2 Xwy 1 Xwp o

Ywi 1 Ywi o Ywpq Ywin o

Zwtrl,l Zwtrl’z Zwtrz’l Zwtrz,z

Whilv

Wheel velocity

3D For a two-axle, two wheels m/s
per axle vehicle:
Xy

Zyy

Xwi, 1 Xwy, 2 Xwy 1 Xwp
.le 1 le,z .\./W2,1 yW2,2

2wy 4 Fwi, g Zwp, 1 2w, 2

WhlAng

Wheel camber, caster,
toe angles

3D For a two-axle, two wheels rad
per axle vehicle:

¢
WhlAng = (n

4
&1,1 61,2 82,1 &2,2

=1M,1M,2 M2,1 M2,2

01,1 C1,2 02,1 02,2

VehF — Suspension force on vehicle

array

Longitudinal, lateral, and vertical suspension force at axle a, wheel t, applied to the vehicle at the
suspension connection point, in N. Array dimensions are 3 by the number of wheels on the vehicle.
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* VehF(1,...) — Suspension force applied to vehicle along the vehicle-fixed x-axis (longitudinal)
* VehF(2,...) — Suspension force applied to vehicle along the vehicle-fixed y-axis (lateral)
* VehF(3,...) — Suspension force applied to vehicle along the vehicle-fixed z-axis (vertical)

For example, for a two-axle vehicle with two wheels per axle, the VehF:

+ Signal dimensions are [3x4].
* Signal contains suspension forces applied to the vehicle according to the axle and wheel locations.

F"Xl,l val,g vag,l vaz,z

VehF = F, = [Fuy 1 Fuyy 5 Fuyy 1 Fuyg o

FVZl,l FVZl, 2 FVZz,l FVZZ,Z

Wheel |Array Element |Axle |Wheel (Force Axis

Numbe

r
Front (VehF(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)
left
Front |VehF(1,2) 1 2
right
Rear VehF (1, 3) 2 1
left
Rear |VehF(1,4) 2 2
right
Front (VehF(2,1) 1 1 Vehicle-fixed y-axis (lateral)
left
Front |VehF(2,2) 1 2
right
Rear VehF (2, 3) 2 1
left
Rear |VehF(2,4) 2 2
right
Front |[VehF(3,1) 1 1 Vehicle-fixed z-axis (vertical)
left
Front |[VehF(3,2) 1 2
right
Rear |VehF(3,3) 2 1
left
Rear |VehF(3,4) 2 2
right

VehM — Suspension moment on vehicle
array

Longitudinal, lateral, and vertical suspension moment at axle a, wheel t, applied to the vehicle at the
suspension connection point, in N-m. Array dimensions are 3 by the number of wheels on the vehicle.
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* VehM(1,...) — Suspension moment applied to the vehicle about the vehicle-fixed x-axis
(longitudinal)

* VehM(2,...) — Suspension moment applied to the vehicle about the vehicle-fixed y-axis (lateral)

* VehM(3,...) — Suspension moment applied to the vehicle about the vehicle-fixed z-axis
(vertical)

For example, for a two-axle vehicle with two wheels per axle, the VehM:

» Signal dimensions are [3x4].

* Signal contains suspension moments applied to vehicle according to the axle and wheel locations.

M M M M

VX1,1 VX1,2 VX2, 1 VX2, 2
VehM = M, = |Myy; | My, 5 Myy, 1 Myy, 5
Myzy 1 Myzy 5 Myzy ¢ Mz, 5
Array Element |Axle Wheel |Moment Axis
Number

VehM(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)

VehM(1,2) 1 2

VehM(1,3) 2 1

VehM(1,4) 2 2

VehM(2,1) 1 1 Vehicle-fixed y-axis (lateral)

VehM(2,2) 1 2

VehM(2,3) 2 1

VehM(2,4) 2 2

VehM(3,1) 1 1 Vehicle-fixed z-axis (vertical)

VehM(3,2) 1 2

VehM(3,3) 2 1

VehM(3,4) 2 2

Wh1lF — Suspension force on wheel
array

Longitudinal, lateral, and vertical suspension forces at axle a, wheel t, applied to the wheel at the
axle wheel carrier reference coordinate, in N. Array dimensions are 3 by the number of wheels on the
vehicle.

* WhlF(1,...) — Suspension force on wheel along the vehicle-fixed x-axis (longitudinal)
* WhlF(2,...) — Suspension force on wheel along the vehicle-fixed y-axis (lateral)
* WhlF(3,...) — Suspension force on wheel along the vehicle-fixed z-axis (vertical)

For example, for a two-axle vehicle with two wheels per axle, the Wh'lF:

+ Signal dimensions are [3x4].
» Signal contains wheel forces applied to the vehicle according to the axle and wheel locations.
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FWX]_,]_ FWXl,Z FWXZ,]. FWX2,2
WhIF = F,, = |Fwy; 1 Fwyy 5 Fwyy 1 Fwyy 2

FWZl,l FWZl,Z Fw22,1 FW22,2

Wheel |Array Element |Axle |Wheel (Force Axis

Numbe

r
Front |WhlF(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)
left
Front [WhlF(1,2) 1 2
right
Rear [WhlF(1,3) 2 1
left
Rear [WhlF(1,4) 2 2
right
Front |WhlF(2,1) 1 1 Vehicle-fixed y-axis (lateral)
left
Front [(WhlF(2,2) 1 2
right
Rear [WhlF(2,3) 2 1
left
Rear [WhlF(2,4) 2 2
right
Front [WhlF(3,1) 1 1 Vehicle-fixed z-axis (vertical)
left
Front [WhlF(3,2) 1 2
right
Rear [WhlF(3,3) 2 1
left
Rear [WhlF(3,4) 2 2
right

Wh1lV — Wheel velocity
array

Longitudinal, lateral, and vertical wheel velocity at axle a, wheel t, in m/s. Array dimensions are 3 by
the number of wheels on the vehicle.

* WhlV(1,...) — Wheel velocity along the vehicle-fixed x-axis (longitudinal)
* WhlV(2,...) — Wheel velocity along the vehicle-fixed y-axis (lateral)
* WhlV(3,...) — Wheel velocity along the vehicle-fixed z-axis (vertical)

For example, for a two-axle vehicle with two wheels per axle, the WhlV:

* Signal dimensions are [3x4].
» Signal contains wheel forces applied to the vehicle according to the axle and wheel locations.
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Xl [XwWL 1 Xwi, 2 Xwp, 1 Xwp o

WhIV = |yw| = ‘le,l yw1,2 J./wz'l yw2,2

Zw| (2w, | Zwi g Zwy 1 Zwg g

Wheel |Array Element |Axle |Wheel [Force Axis
Numbe
r

Front (WhlV(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)
left
Front [(WhlV(1,2) 1 2
right
Rear |[WhlV(1,3) 2 1
left
Rear |[WhlV(1,4) 2 2
right
Front (WhlV(2,1) 1 1 Vehicle-fixed y-axis (lateral)
left
Front [(WhlV(2,2) 1 2
right
Rear [WhlV(2,3) 2 1
left
Rear [(WhlV(2,4) 2 2
right
Front [(WhlV(3,1) 1 1 Vehicle-fixed z-axis (vertical)
left
Front [(WhlV(3,2) 1 2
right
Rear [WhlV(3,3) 2 1
left
Rear |Wh1lV(3,4) 2 2
right

Wh1lAng — Wheel camber, caster, toe angles
array

Camber, caster, and toe angles at axle a, wheel t, in rad. Array dimensions are 3 by the number of
wheels on the vehicle.

* WhlAng(1,...) — Camber angle
* WhlAng(2,...) — Caster angle
* WhlAng(3,...) — Toe angle

For example, for a two-axle vehicle with two wheels per axle, the Wh1Ang:

» Signal dimensions are [3x4].
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+ Signal contains angles according to the axle and wheel locations.

g1 [¢11 81,2 82,1 &2,2
WhlAng = [n| =|m,1 M,2 2,1 M,2
€l (01,101,201 022

Wheel |Array Element |Axle |Wheel |Angle
Numbe
r
Front |WhlAng(1,1) 1 1 Camber
left
Front |WhlAng(1,2) 1 2
right
Rear |WhlAng(1,3) 2 1
left
Rear |WhlAng(1,4) (2 2
right
Front |WhlAng(2,1) 1 1 Caster
left
Front |WhlAng(2,2) 1 2
right
Rear |WhlAng(2,3) 2 1
left
Rear |WhlAng(2,4) (2 2
right
Front |WhlAng(3,1) 1 1 Toe
left
Front [WhlF(3,2) 1 2
right
Rear |WhlF(3,3) 2 1
left
Rear |WhlF(3,4) 2 2
right
Parameters

Enable active damping — Include damping
off (default) | of f

Include damping

Dependencies
Selecting this parameter creates:

* Damping coefficient map, f act_susp cz
* Damping actuator duty cycle breakpoints, f act_susp_duty bpt
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+ Damping actuator velocity breakpoints, f act_susp_zdot_bpt

Number of axles, NumAxl — Number of axles
2 (default) | scalar

Number of axles, N,, dimensionless.

Number of wheels by axle, NumWhlsByAxl — Number of wheels per axle
[2 2] (default) | vector

Number of wheels per axle, Nt,, dimensionless. Vector is 1 by the number of vehicle axles, N,. For
example, [1,2] represents one wheel on axle one and two wheels on axle two.

Steered axle enable by axle, StrgEnByAxl — Boolean vector to enable axle steering
[1 O] (default) | vector

Boolean vector that enables axle steering, Eng.,,, dimensionless. Vector is 1 by the number of vehicle
axles, N,. For example:

* [1 0] — For a two-axle vehicle, enables axle 1 steering and disables axle 2 steering
* [1 1] — For a two-axle vehicle, enables axle 1 and axle 2 steering

Dependencies
Setting any element of the Steered axle enable by axle, StrgEnByAxl vector to 1 creates:

* Input port StrgAng.
e Parameters:

+ Toe angle vs steering angle slope, ToeStrgSlp

* Caster angle vs steering angle slope, CasterStrgSlp

* Camber angle vs steering angle slope, CamberStrgSlp
* Suspension height vs steering angle slope, StrgHgtSlp

For example, for a two-axle vehicle with two wheels per axle, you can input steering angles for both
wheels on the first axle.

* To create the StrgAng port, set Steered axle enable by axle, StrgEnByAxl to [1 0]. The input
signal array dimensions are [1x2].

* The StrgAng signal contains two steering angles according to their axle and wheel locations.

StrgAng = Ggteer = [6steer1,1 6steer1,2]

Wheel Array Element Axle Wheel Number
Front left StrgAng(1,1) 1 1
Front right StrgAng(1,2) 1 2

Anti-sway axle enable by axle, AntiSwayEnByAx1l — Boolean vector to enable axle
anti-sway
[0 O] (default) | vector

Boolean vector that enables axle anti-sway for axle a, dimensionless. For example, [1 0] enables
axle 1 anti-sway and disables axle 2 anti-sway. Vector is 1 by the number of vehicle axles, N,.
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Dependencies

Setting an element of the Anti-sway axle enable by axle, AntiSwayEnByAxl vector to 1 creates
these anti-sway parameters:

* Anti-sway arm radius, AntiSwayR
* Anti-sway arm neutral angle, AntiSwayNtrlAng
* Anti-sway torsion spring constant, AntiSwayTrsK

Suspension
Compliance and Damping - Passive

Suspension spring constant, Kz — Suspension spring constant
64370 (default) | scalar | vector

Linear vertical spring constant for independent suspension wheels on axle a, k,, in N/m.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Suspension spring preload, FO0z — Suspension spring preload
9810 (default) | scalar | vector

Vertical preload spring force applied to the wheels on the axle at wheel carrier reference coordinates,
F,, in N. Positive preload forces:

* Cause the vehicle to lift.
* Point along the negative vehicle-fixed z-axis.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Suspension shock damping constant, Cz — Suspension shock damping constant
10000 (default) | scalar | vector

Linear vertical damping constant for independent suspension wheels on axle a, ¢,, in Ns/m.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Dependencies
To create this parameter, clear Enable active damping.

Suspension maximum height, Hmax — Height
0.5 (default) | scalar | vector

Maximum suspension extension or minimum suspension compression height, H,,,, for axle a before
the suspension reaches a hardstop, in m.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.
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Compliance and Damping - Active

Damping coefficient map, f_act_susp_cz — Lookup table
[10000 10000;10000 10000] (default) | M-by-N array

Damping coefficient table as a function of active duty cycle and actuator compression velocity, in
N-s/m. Each value specifies the damping for a specific combination of actuator duty cycle and
velocity. The array dimensions must match the duty cycle, M, and actuator velocity, N, breakpoint
vector dimensions.

Dependencies
To create this parameter, clear Enable active damping.

Damping actuator duty cycle breakpoints, f_act_susp_duty bpt — Duty cycle
breakpoints
[0 1] (default) | 1-by-M vector

Damping actuator duty cycle breakpoints, dimensionless.

Dependencies
To create this parameter, clear Enable active damping.

Damping actuator velocity breakpoints, f_act_susp_zdot_bpt — Velocity
breakpoints
[-1 1] (default) | 1-by-N vector

Damping actuator velocity breakpoints, in m/s.

Dependencies

To create this parameter, clear Enable active damping.

Geometry

Toe angle at steering center, Toe — Toe angle
0.0349 (default) | scalar

Nominal suspension toe angle at zero steering angle, ,,, in rad.

Roll steer vs suspension height slope, RollStrgSlp — Steer angle suspension slope
-0.2269 (default) | scalar | vector

Roll steer angle versus suspension height, my,, , in rad/m.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Toe angle vs steering angle slope, ToeStrgSlp — Toe angle steering slope
0.01 (default) | scalar | vector

Toe angle versus steering angle slope, Myesteer,, dimensionless.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.
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Dependencies

To create input port StrgAng, set an element of the Steered axle enable by axle, StrgEnByAxl
vector to 1.

Caster angle at steering center, Caster — Caster angle at steering center
0.0698 (default) | scalar

Nominal suspension caster angle at zero steering angle, 7,,, in rad.

Caster angle vs suspension height slope, CasterHslp — Caster angle versus
suspension height slope
-0.2269 (default) | scalar | vector

Caster angle versus suspension height, mpgger,, in rad/m.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Caster angle vs steering angle slope, CasterStrgSlp — Caster angle versus
steering angle slope
0.01 (default) | scalar | vector

Caster angle versus steering angle slope, Mgstersteer,, dimensionless.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Dependencies

To create input port StrgAng, set an element of the Steered axle enable by axle, StrgEnByAxl
vector to 1.

Camber angle at steering center, Camber — Camber angle at steering center
0.0698 (default) | scalar

Nominal suspension camber angle at zero steering angle, &,,, in rad.

Camber angle vs suspension height slope, CamberHslp — Camber angle versus
suspension height slope
-0.2269 (default) | scalar | vector

Camber angle versus suspension height, mycomper,, in rad/m.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Camber angle vs steering angle slope, CamberStrgSlp — Camber angle versus
steering angle slope
0.01 (default) | scalar | vector

Camber angle versus steering angle slope, Mgimpersteer,, dimensionless.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.
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Dependencies

To create input port StrgAng, set an element of the Steered axle enable by axle, StrgEnByAxl
vector to 1.

Suspension height vs steering angle slope, StrgHgtSlp — Suspension height versus
steering angle slope
0.1432 (default) | scalar | vector

Steering angle to vertical force slope applied at suspension wheel carrier reference point, Mg, in
m/rad.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Dependencies

To create input port StrgAng, set an element of the Steered axle enable by axle, StrgEnByAxl
vector to 1.

Anti-Sway

Anti-sway arm radius, AntiSwayR — Anti-sway arm radius
0.2 (default) | scalar | vector

Anti-sway arm radius, r, in m.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Dependencies

Setting an element of the Anti-sway axle enable by axle, AntiSwayEnByAxl vector to 1 creates
these anti-sway parameters:

* Anti-sway arm radius, AntiSwayR
* Anti-sway arm neutral angle, AntiSwayNtrlAng
* Anti-sway torsion spring constant, AntiSwayTIrskK

Anti-sway arm neutral angle, AntiSwayNtrlAng — Anti-sway arm neutral angle
0.5236 (default) | scalar | vector

Anti-sway arm neutral angle, 6, at nominal suspension height, in rad.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Dependencies

Setting an element of the Anti-sway axle enable by axle, AntiSwayEnByAxl vector to 1 creates
these anti-sway parameters:

* Anti-sway arm radius, AntiSwayR
* Anti-sway arm neutral angle, AntiSwayNtrlAng
* Anti-sway torsion spring constant, AntiSwayTrsK
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Anti-sway torsion spring constant, AntiSwayTrsK — Anti-sway torsion spring
constant
5.7296e+03 (default) | scalar | vector

Anti-sway bar torsion spring constant, k,, in N-m/rad.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Dependencies

Setting an element of the Anti-sway axle enable by axle, AntiSwayEnByAxl vector to 1 creates
these anti-sway parameters:

* Anti-sway arm radius, AntiSwayR
* Anti-sway arm neutral angle, AntiSwayNtrlAng
* Anti-sway torsion spring constant, AntiSwayTIrskK

Version History
Introduced in R2018a

Parameter name change from NumTracksByAx1l to NumWhlsByAx1
Behavior changed in R2022b

The Number of tracks by axle, NumTracksByAxl parameter is renamed to Number of wheels by
axle, NumWhlsByAxl.

The block uses the number of wheels per axle to index the input and output block signals.

References

[1] Gillespie, Thomas. Fundamentals of Vehicle Dynamics. Warrendale, PA: Society of Automotive
Engineers, 1992.

[2] Vehicle Dynamics Standards Committee. Vehicle Dynamics Terminology. SAE J670. Warrendale,
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Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using Simulink® Coder™.

See Also
Independent Suspension - Double Wishbone | Independent Suspension - Mapped | Independent
Suspension - K and C
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Independent Suspension - Mapped

Mapped independent suspension

Library: Vehicle Dynamics Blockset / Suspension
. ?—0‘
e wisea

Description

The Independent Suspension - Mapped block implements a mapped independent suspension for
multiple axles with multiple wheels per axle. You can use the block to model suspension geometry,
compliance, and damping effects from measured or simulated suspension response data.

The block models the suspension compliance, damping, and geometric effects as functions of the
relative positions and velocities of the vehicle and wheel carrier with axle-specific compliance and
damping parameters. Using the suspension compliance and damping, the block calculates the
suspension force on the vehicle and wheel. The block uses the Z-down coordinate system (defined in

SAE J670).

For Each You Can Specify

Axle * Multiple wheels
* An anti-sway bar for axles with two wheels
* Suspension parameters

Wheel * Steering angles

The block contains energy-storing spring elements and energy-dissipating damper elements. It does
not contain energy-storing mass elements. The block assumes that the vehicle (sprung) and wheel
(unsprung) blocks connected to the block store the mass-related suspension energy.

This table summarizes the block parameter settings for a vehicle with:

* Two axles

* Two wheels per axle

* Steering angle input for both wheels on the front axle

* An anti-sway bar on the front axle

Parameter Setting
Number of axles, NumAxl 2
Number of wheels by axle, NumWhlsByAxl [2 2]
Steered axle enable by axle, StrgEnByAxl [1 0]
Anti-sway axle enable by axle, [1 0]
AntiSwayEnByAxl
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The block uses the wheel number, ¢, to index the input and output signals. This table summarizes the
wheel, axle, and corresponding wheel number for a vehicle with:

e Two axles

* Two wheels per axle

Wheel Axle Wheel Number
Front left Front 1
Front right Front 2
Rear left Rear 1
Rear right Rear 2

Suspension Compliance and Damping

The block uses a lookup table that relates the vertical damping and compliance to the suspension
height, suspension height rate of change, and steering angle. You can calibrate the wheel force
lookup table so that steering angle changes from the nominal center position generate a force that
increases the vehicle height.

The block implements these equations.
Fyziookupg = f(zva,t ~ 2wy, p Z-va’t - Z.wa, £ 6steera, ")
FWZa,t = Fywzlookup, + answya,t

The block assumes that the suspension elements have no mass. Therefore, the suspension forces and
moments applied to the vehicle are equal to the suspension forces and moments applied to the wheel.

F"Xa,t = FWXa,t
FVJ’a,t = FW)’a,t
FVZa,t = _FWZa,t

M"Xa,t = MWXa,t + FW)/a, t(ReWYa,t + Hg, 1)
MVJ’a,t = MWya,t + FWXa, t(ReWXa,t t Ha, t)
Mvza,t = MWZa,t

The block sets the wheel positions and velocities equal to the vehicle lateral and longitudinal
positions and velocities.

XWa,t = XVa,t
yWa,t = yvalt
XWa,t = X"a,t

ywa,t = yva,t

The equations use these variables.
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F

Wz, ! MWZﬂ/t
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Anti-Sway Bar

Suspension force and moment applied to the wheel on axle a, wheel t
along wheel-fixed z-axis

Suspension force and moment applied to the wheel on axle a, wheel t
along wheel-fixed x-axis

Suspension force and moment applied to the wheel on axle a, wheel t
along wheel-fixed y-axis

Suspension force and moment applied to the vehicle on axle a, wheel t
along wheel-fixed z-axis

Suspension force and moment applied to the vehicle on axle a, wheel t
along wheel-fixed x-axis

Suspension force and moment applied to the vehicle on axle a, wheel t
along wheel-fixed y-axis

Vertical suspension spring preload force applied to the wheels on axle a
Vertical spring constant applied to wheels on axle a
Wheel and axle interface compliance constant

Steering angle to vertical force slope applied at wheel carrier for wheels on
axle a

Steering angle input for axle a, wheel t

Vertical damping constant applied to wheels on axle a

Wheel and axle interface damping constant

Effective wheel radius for axle a, wheel t

Vertical hardstop force at axle a, wheel t, along the vehicle-fixed z-axis
Vertical anti-sway force at axle a, wheel t, along the vehicle-fixed z-axis
Wheel and axle interface compliance constant

Vehicle displacement and velocity at axle a, wheel t, along the vehicle-
fixed z-axis

Wheel displacement and velocity at axle a, wheel t, along the vehicle-fixed
z-axis

Vehicle displacement and velocity at axle a, wheel t, along the vehicle-
fixed z-axis

Wheel displacement and velocity at axle a, wheel t, along the vehicle-fixed
z-axis

Vehicle displacement and velocity at axle a, wheel t, along the vehicle-
fixed y-axis

Wheel displacement and velocity at axle a, wheel t, along the vehicle-fixed
y-axis

Suspension height at axle a, wheel t

Effective wheel radius at axle a, wheel t

Optionally, use the Anti-sway axle enable by axle, AntiSwayEnByAxI] parameter to implement an
anti-sway bar force, F,,,,, for axles that have two wheels. This figure shows how the anti-sway bar
transmits torque between two independent suspension wheels on a shared axle. Each independent
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suspension applies a torque to the anti-sway bar via a radius arm that extends from the anti-sway bar
back to the independent suspension connection point.

To calculate the sway bar force, the block implements these equations.

Calculation Equation
Anti-sway bar angular deflection 0. = tan_l( 20 )
for a given axle and wheel, A6, Oa r
rtanfgyg — z + 2z

AB, ; = tan™! ‘ :Va't Va’t)
Anti-sway bar twist angle, 6, _q(rtanfoa — 2w, 1 +2vg 4

0, = —tan - :

rtanfgq — 2 +z
_ tan-1 a = 2wg, Va,2]
r
Anti-sway bar torque, T, Tq = ka0,
Anti-sway bar forces applied to g _1[mtan60a = 2wy 1 +2vg 1
the wheel on axle a, wheel t Faaswyq,1 = (T)COS f0q — tan r
along wheel-fixed z-axis rtanfog - 2 2
T, -1 a— “w, , 2 V, , 2

Fraswyg 2 = (Ta)cos 0pq — tan - d )]
The equations and figure use these variables.
T, Anti-sway bar torque
0 Anti-sway bar twist angle
004 Initial anti-sway bar twist angle
AB,; Anti-sway bar angular deflection at axle a, wheel t
r Anti-sway bar arm radius
2 Vertical distance from anti-sway bar connection point to anti-sway bar centerline
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Fsway,, Anti-sway bar force applied to the wheel on axle a, wheel t along wheel-fixed z-axis
2, Vehicle displacement at axle a, wheel t, along the vehicle-fixed z-axis
Zw,, Wheel displacement at axle a, wheel t, along the vehicle-fixed z-axis

Camber, Caster, and Toe Angles

To calculate the camber, caster, and toe angles, the block uses a lookup table, Goxyp, that is a
function of the suspension height and steering angle.

[Sa.t Mot Ca t] = Galookupf(zwa,t ~ vy p dsteera, t)

The equations use these variables.

Eat Camber angle of wheel on axle a, wheel t
Nat Caster angle of wheel on axle a, wheel t
Cat Toe angle of wheel on axle a, wheel t
steer,, Steering angle input for axle a, wheel t
2, Vehicle displacement at axle a, wheel t, along vehicle-fixed z-axis
Zu,, Wheel displacement at axle a, wheel t, along vehicle-fixed z-axis

Steering Angles
Optionally, you can input steering angles for the wheels. To calculate the steering angles for the
wheels, the block offsets the input steering angles as a function of the suspension height. For the

calculation, the block uses a lookup table, Gyoryp, that is a function of the suspension position and
steering angle.

6whlsteera't = 6steera,t + Galookupf (ZWa,t - Z"a, v 5steera‘ t)

The equation uses these variables.

Ouhisteer,, Wheel steering angle for axle a, wheel t

Bisteer,, Steering angle input for axle a, wheel t

2y, Vehicle displacement at axle a, wheel t, along the vehicle-fixed z-axis
Zy,, Wheel displacement at axle a, wheel t, along the vehicle-fixed z-axis

Power and Energy

The block calculates these suspension characteristics for each axle, a, wheel, t.

Calculation Equation

Dissipated power, Pqq, | Psuspa,t = szlookupa(z-va‘ 2= iwa’ . Z'va,t - Zw at 5steera‘ t)

Absorbed energy, Eysp, , Esuspg ¢ = wzlookupa(zva,t e iy D t)

Suspension height, Ha,t Ha,t = — (ZVa £~ 2wy T median(f_susp_dz_bp))
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Calculation Equation
Distance from wheel carrier Zwtry + = Rew, ;+ Ha,t
center to tire/road interface ' '

The equations use these variables.

Mpsteer, Steering angle to vertical force slope applied at wheel carrier for wheels on axle a

Oisteer,, Steering angle input for axle a, wheel t

Re, Axle a, wheel t effective wheel radius from wheel carrier center to tire/road
interface

f susp dz bp  Vertical axis suspension height breakpoints

Zwtr,, Distance from wheel carrier center to tire/road interface, along the vehicle-fixed z-
axis

2y, 2y, Vehicle displacement and velocity at axle a, wheel t, along the vehicle-fixed z-axis

Zuw, s Zw,, Wheel displacement and velocity at axle a, wheel t, along the vehicle-fixed z-axis

Ports

Input

Wh1Pz — Wheel z-axis displacement
array

Wheel displacement, z,,, along wheel-fixed 2-axis, in m. Array dimensions are 1 by the total number of
wheels on the vehicle.

For example, for a two-axle vehicle with two wheels per axle, the Wh1Pz:
* Signal array dimensions are [1x4].

WhlPz = 2z, = [Zw1,1 2wy 9 2wy 1 ZWZ,Z]

Wheel Array Element Axle Wheel Number
Front left WhlPz(1,1) 1 1
Front right Wh1lPz(1,2) 1 2
Rear left WhlPz (1, 3) 2 1
Rear right Wh1lPz(1,4) 2 2

Wh1Re — Wheel effective radius
array

Effective wheel radius, Re,,, in m. Array dimensions are 1 by the total number of wheels on the
vehicle.

For example, for a two-axle vehicle with two wheels per axle, the WhlRe:
* Signal array dimensions are [1x4].

WhiRe = Re,, = [Rew1,1 Rew1,2 Rewz,l ReWZ,Z]
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Wheel Array Element Axle Wheel Number
Front left WhlRe(1,1) 1 1
Front right Wh1lRe(1,2) 1 2
Rear left WhlRe (1, 3) 2 1
Rear right Wh1lRe(1,4) 2 2

Wh1lVz — Wheel z-axis velocity
array

Wheel velocity, z,,, along wheel-fixed z-axis, in m. Array dimensions are 1 by the total number of
wheels on the vehicle.

For example, for a two-axle vehicle with two wheels per axle, the WhlVz:
» Signal array dimensions are [1x4].

Whilvz =z, = [Zwl,l 2wy, 2 Zwy 1 ZWZ,Z]

Wheel Array Element Axle Wheel Number
Front left Whlvz(1,1) 1 1
Front right Whlvz(1,2) 1 2
Rear left Whlvz (1, 3) 2 1
Rear right WhlVz(1,4) 2 2

Wh1lFx — Longitudinal wheel force on vehicle
array

Longitudinal wheel force applied to vehicle, F,,,, along the vehicle-fixed x-axis. Array dimensions are
1 by the total number of wheels on the vehicle.

For example, for a two-axle vehicle with two wheels per axle, the Wh1Fx:

» Signal array dimensions are [1x4].

WhiFx = F = [wal,l wa1,2 FWXZ,l waz‘g]

Wheel Array Element Axle Wheel Number
Front left WhlFx(1,1) 1 1
Front right WhlFx(1,2) 1 2
Rear left WhlFx(1,3) 2 1
Rear right WhlFx(1,4) 2 2

WhlFy — Lateral wheel force on vehicle
array

Lateral wheel force applied to vehicle, F,,,, along the vehicle-fixed y-axis. Array dimensions are 1 by
the total number of wheels on the vehicle.

For example, for a two-axle vehicle with two wheels per axle, the WhlFy:
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» Signal array dimensions are [1x4].

WhIFy = Fyyy = [Fwyi, 1 Fwyr, o Fwyn 1 Fwyg o]

Wheel Array Element Axle Wheel Number
Front left WhlFy(1,1) 1 1
Front right WhlFy(1,2) 1 2
Rear left WhlFy(1.3) 2 1
Rear right WhlFy(1,4) 2 2

Wh1lM — Suspension moment on wheel
array

Longitudinal, lateral, and vertical suspension moments at axle a, wheel t, applied to the wheel at the
axle wheel carrier reference coordinate, in N-m. Input array dimensions are 3 by the number of
wheels on the vehicle.

* Wh1M(1,...) — Suspension moment applied to the wheel about the vehicle-fixed x-axis
(longitudinal)

* WhlM(2,...) — Suspension moment applied to the wheel about the vehicle-fixed y-axis (lateral)

* WhlM(3,...) — Suspension moment applied to the wheel about the vehicle-fixed z-axis (vertical)

For example, for a two-axle vehicle with two wheels per axle, the Wh1M:

» Signal dimensions are [3x4].

* Signal contains suspension moments applied to four wheels according to their axle and wheel
locations.

MWXl,l MWX1,2 MWXZ,l MWXZ,Z
WhIM = M,, = [Mwy; 1 My 5 Mwyy 1 My,
MWZ]_,l MWZl,Z MWZZ,l MWZZ,Z
Wheel |Array Element |Axle |Wheel [Moment Axis
Numbe
r
Front [(WhlM(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)
left
Front [(WhlM(1,2) 1 2
right
Rear (Wh1M(1,3) 2 1
left
Rear [(WhlM(1,4) 2 2
right
Front [(WhlM(2,1) 1 1 Vehicle-fixed y-axis (lateral)
left
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Wheel |Array Element |[Axle |Wheel [Moment Axis
Numbe
r

Front [WhlM(2,2) 1 2

right

Rear [WhlM(2,3) 2 1

left

Rear (Wh1M(2,4) 2 2

right

Front [(WhlM(3,1) 1 1 Vehicle-fixed z-axis (vertical)

left

Front [(WhlM(3,2) 1 2

right

Rear [WhlM(3,3) 2 1

left

Rear [(Wh1M(3,4) 2 2

right

VehP — Vehicle displacement
array

Vehicle displacement from axle a, wheel t along vehicle-fixed coordinate system, in m. Input array
dimensions are 3 the number of wheels on the vehicle.

* VehP(1,...) — Vehicle displacement from wheel, x,, along the vehicle-fixed x-axis
* VehP(2,...) — Vehicle displacement from wheel, y,, along the vehicle-fixed y-axis
* VehP(3,...) — Vehicle displacement from wheel, z,, along the vehicle-fixed z-axis

For example, for a two-axle vehicle with two wheels per axle, the VehP:

* Signal dimensions are [3x4].
» Signal contains four displacements according to their axle and wheel locations.

xp|  Xvi,1 Xv1,2 Xvp 1 X2
VehP = |W| = yVl,l yVl,Z yv2,1 yvz,z

Zv| |31 By Bvgn By
Wheel |Array Element |Axle |Wheel |Axis
Numbe
r
Front |(VehP(1,1) 1 1 Vehicle-fixed x-axis
left
Front |[VehP(1,2) 1 2
right
Rear |VehP(1,3) 2 1
left
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Wheel |Array Element |Axle |Wheel |Axis
Numbe
r
Rear |[VehP(1,4) 2 2
right
Front |VehP(2,1) 1 1 Vehicle-fixed y-axis
left
Front (VehP(2,2) 1 2
right
Rear |[VehP(2,3) 2 1
left
Rear |[VehP(2,4) 2 2
right
Front |VehP(3,1) 1 1 Vehicle-fixed z-axis
left
Front (VehP(3,2) 1 2
right
Rear [VehP(3,3) 2 1
left
Rear |VehP(3,4) 2 2
right

VehV — Vehicle velocity
array

Vehicle velocity at axle a, wheel t along vehicle-fixed coordinate system, in m. Input array dimensions
are 3 by the number of wheels on the vehicle.

* VehV(1,...) — Vehicle velocity at wheel, x,, along the vehicle-fixed x-axis

* VehV(2,...) — Vehicle velocity at wheel, y,, along the vehicle-fixed y-axis

* VehV(3,...) — Vehicle velocity at wheel, z,, along the vehicle-fixed z-axis

For example, for a two-axle vehicle with two wheels per axle, the VehV:

* Signal dimensions are [3x4].

» Signal contains 4 velocities according to their axle and wheel locations.

Xy [Xvi,1 Xvi,2 Xvg,1 Xvg
VehV = |yy| = yVl,l y"l,Z yVZ,l sz,z

Zvl |®vyq #vip Bvg 1 Bvgn

Wheel |Array Element |Axle |Wheel |Axis
Numbe
r

Front (VehV(1,1) 1 1 Vehicle-fixed x-axis
left
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Wheel |Array Element |Axle |Wheel |Axis
Numbe
r
Front |[VehV(1,2) 1 2
right
Rear |[VehV(1,3) 2 1
left
Rear |VehV(1,4) 2 2
right
Front |VehV(2,1) 1 1 Vehicle-fixed y-axis
left
Front |[VehV(2,2) 1 2
right
Rear |[VehV(2,3) 2 1
left
Rear |VehV(2,4) 2 2
right
Front (VehV(3,1) 1 1 Vehicle-fixed z-axis
left
Front |[VehV(3,2) 1 2
right
Rear |[VehV(3,3) 2 1
left
Rear |VehV(3,4) 2 2
right

StrgAng — Steering angle, optional
array

Optional steering angle for each wheel, 6. Input array dimensions are 1 by the number of steered
wheels.

For example, for a two-axle vehicle with two wheels per axle, you can input steering angles for both
wheels on the first axle.

* To create the StrgAng port, set Steered axle enable by axle, StrgEnByAxl to [1 0]. The input
signal array dimensions are [1x2].

* The StrgAng signal contains two steering angles according to their axle and wheel locations.

StrgAng = Ggteer = [6steer1,1 6steer1,2]

Wheel Array Element Axle Wheel Number
Front left StrgAng(1,1) 1 1
Front right StrgAng(1,2) 1 2
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Dependencies

To create input port StrgAng, set an element of the Steered axle enable by axle, StrgEnByAxl
vector to 1.

Output

Info — Bus signal
bus

Bus signal containing block values. The signals are arrays that depend on the wheel location.

For example, here are the indices for a two-axle, two-wheel vehicle. The total number of wheels is
four.

* 1D array signal (1-by-4)

Wheel Array Element Axle Wheel Number

Front left (1,1) 1 1

Front right (1,2) 1 2

Rear left (1,3) 2 1

Rear right (1,4) 2 2
* 3D array signal (3-by-4)

Wheel Array Element Axle Wheel Number

Front left (1,1) 1 1

Front right (1,2) 1 2

Rear left (1,3) 2 1

Rear right (1,4) 2 2

Front left (2,1) 1 1

Front right (2,2) 1 2

Rear left (2,3) 2 1

Rear right (2,4) 2 2

Front left (3,1) 1 1

Front right (3,2) 1 2

Rear left (3,3) 2 1

Rear right (3,4) 2 2
Signal Description Array Signal |Variable Units
Camber  |Wheel angles according |1D WhlAng(1,..] = & = [, ¢] |rad
Caster fo thg axle and wheel WhiAng(2, ] = 1 = [’7 ]

ocation. ; at

Toe WhlAng(3,...]1 = = [Ty ¢]
Height Suspension height 1D H m

1-116



Independent Suspension - Mapped

Signal Description Array Signal |Variable Units
Power Suspension power 1D B w
dissipation
Energy Suspension absorbed 1D -~ J
energy
VehF Suspension forces 3D For a two-axle, two wheels N
applied to the vehicle per axle vehicle:
VehF = F, =
va1,1 va1’2 FVXZI 1 FVXZ,Z
Fvyl,l Fvyl,z Fvyz,l Fyy 12
FVerl FVZLZ FV22,1 FVZZ,Z
VehM Suspension moments 3D For a two-axle, two wheels N-m
applied to vehicle per axle vehicle:
VehM = M, =
M"Xl,l M"Xl, 2 va2,1 MVXZ, 2
Myy;, 1 Myyy, 5 Myy, 1 Myy, 5
MVZl,l Mvzll 2 Mvzzll Mvzgl 2
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Signal Description Array Signal |Variable Units
WhlF Suspension force 3D For a two-axle, two wheels N
applied to wheel per axle vehicle:
WhIF = F,, =

FWXl,l wa1,2 FWXZ,l FW"Z,Z
FWYl,l FWyl,Z FWY2,1 FW}Z,Z
FWZl,l FWZI,Z FWZZ,l Fw22,2

Wh1P Wheel displacement 3D For a two-axle, two wheels m
per axle vehicle:

Xwy 1 Xwyp Xwp 1 Xwp o
le,l le,Z yw2,1 Yw 2,2

ZWLTL 1 ZwtrL 2 Zwtrzl 1 Zwtrz, 2

Whlv Wheel velocity 3D For a two-axle, two wheels m/s
per axle vehicle:

Xw
Zy

XWl,l XWI,Z XWZ,I XWZ,Z

ywl 1 le,Z wa,l sz,z

2wy 1 Fwi,2 Fwz,1 Fwy,2
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Signal Description Array Signal |Variable Units

WhlAng Wheel camber, caster, |3D For a two-axle, two wheels rad
toe angles per axle vehicle:

¢
WhlAng = (n

4
&1,1 61,2 82,1 &2,2

=1M,1M,2m2,1M,2

C1,1 C1,2 C2,1 (2,2

VehF — Suspension force on vehicle
array

Longitudinal, lateral, and vertical suspension force at axle a, wheel t, applied to the vehicle at the
suspension connection point, in N. Array dimensions are 3 by the number of wheels on the vehicle.

* VehF(1,...) — Suspension force applied to vehicle along the vehicle-fixed x-axis (longitudinal)
* VehF(2,...) — Suspension force applied to vehicle along the vehicle-fixed y-axis (lateral)
* VehF(3,...) — Suspension force applied to vehicle along the vehicle-fixed z-axis (vertical)

For example, for a two-axle vehicle with two wheels per axle, the VehF:

* Signal dimensions are [3x4].

* Signal contains suspension forces applied to the vehicle according to the axle and wheel locations.

FVX]_,]_ FVX]_Iz FVXZ,]. FVX2,2
VehF = F, = [Fuy 1 Fuyy 5 Fuyy 1 Fuyg o
Fva1,1 Fvzy, g Fvzy 1 Fuzy o
Wheel |Array Element |Axle |Wheel |Force Axis
Numbe
r
Front |VehF(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)
left
Front |VehF(1,2) 1 2
right
Rear |VehF(1,3) 2 1
left
Rear |VehF(1,4) 2 2
right
Front |VehF(2,1) 1 1 Vehicle-fixed y-axis (lateral)
left
Front |VehF(2,2) 1 2
right

1-119



1 Steering and Suspension Blocks

1-120

Wheel |Array Element |Axle |Wheel [Force Axis
Numbe
r

Rear |VehF(2,3) 2 1

left

Rear |VehF(2,4) 2 2

right

Front |[VehF(3,1) 1 1 Vehicle-fixed z-axis (vertical)

left

Front (VehF(3,2) 1 2

right

Rear |[VehF(3,3) 2 1

left

Rear |[VehF(3,4) 2 2

right

VehM — Suspension moment on vehicle

array

Longitudinal, lateral, and vertical suspension moment at axle a, wheel t, applied to the vehicle at the
suspension connection point, in N-m. Array dimensions are 3 by the number of wheels on the vehicle.

* VehM(1,...) — Suspension moment applied to the vehicle about the vehicle-fixed x-axis
(longitudinal)

* VehM(2,...) — Suspension moment applied to the vehicle about the vehicle-fixed y-axis (lateral)

* VehM(3,...) — Suspension moment applied to the vehicle about the vehicle-fixed z-axis
(vertical)

For example, for a two-axle vehicle with two wheels per axle, the VehM:

* Signal dimensions are [3x4].

+ Signal contains suspension moments applied to vehicle according to the axle and wheel locations.

MVX]_, 1 MVX]_, 2 MVXZ, 1 MVXZ, 2
VehM = M, = |Myy; | My 5 Myy, 1 Myy, 5

Myzy 1 Myzy 5 Myzy Mz, 5

Array Element Axle Wheel |Moment Axis
Number

VehM(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)
VehM(1,2) 1 2
VehM(1,3) 2 1
VehM(1,4) 2 2
VehM(2,1) 1 1 Vehicle-fixed y-axis (lateral)
VehM(2,2) 1 2
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Array Element |Axle Wheel |Moment Axis
Number

VehM(2,3) 2 1

VehM(2,4) 2 2

VehM(3,1) 1 1 Vehicle-fixed z-axis (vertical)
VehM(3,2) 1 2

VehM(3,3) 2 1

VehM(3,4) 2 2

Wh1lF — Suspension force on wheel
array

Longitudinal, lateral, and vertical suspension forces at axle a, wheel t, applied to the wheel at the
axle wheel carrier reference coordinate, in N. Array dimensions are 3 by the number of wheels on the
vehicle.

* WhlF(1,...) — Suspension force on wheel along the vehicle-fixed x-axis (longitudinal)
* WhlF(2,...) — Suspension force on wheel along the vehicle-fixed y-axis (lateral)
* WhlF(3,...) — Suspension force on wheel along the vehicle-fixed z-axis (vertical)

For example, for a two-axle vehicle with two wheels per axle, the Wh'lF:
+ Signal dimensions are [3x4].
» Signal contains wheel forces applied to the vehicle according to the axle and wheel locations.
wal,l FWXLZ FWXZ, 1 FWXZ,Z
WhIF = Fy, = [Fwyy 1 Fwyy 5 Fwyg 1 Fwyg,

FWZl[]_ FWlez FWZZ,l FWZZ,Z

Wheel |Array Element |Axle |Wheel (Force Axis
Numbe
r
Front (WhlF(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)
left
Front [WhlF(1,2) 1 2
right
Rear [WhlF(1,3) 2 1
left
Rear (WhlF(1,4) 2 2
right
Front [(WhlF(2,1) 1 1 Vehicle-fixed y-axis (lateral)
left
Front [WhlF(2,2) 1 2
right
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Wheel |Array Element |Axle |Wheel [Force Axis
Numbe
r

Rear [WhlF(2,3) 2 1

left

Rear [WhlF(2,4) 2 2

right

Front [(WhlF(3,1) 1 1 Vehicle-fixed z-axis (vertical)

left

Front [WhlF(3,2) 1 2

right

Rear [WhlF(3,3) 2 1

left

Rear [WhlF(3,4) 2 2

right

Wh1lV — Wheel velocity
array

Longitudinal, lateral, and vertical wheel velocity at axle a, wheel t, in m/s. Array dimensions are 3 by
the number of wheels on the vehicle.

* WhlV(1,...) — Wheel velocity along the vehicle-fixed x-axis (longitudinal)
* WhlV(2,...) — Wheel velocity along the vehicle-fixed y-axis (lateral)
* WhlV(3,...) — Wheel velocity along the vehicle-fixed z-axis (vertical)

For example, for a two-axle vehicle with two wheels per axle, the Wh1V:

» Signal dimensions are [3x4].
» Signal contains wheel forces applied to the vehicle according to the axle and wheel locations.

Xyl [Xwi 1 Xwi 2 Xwo 1 Xw o

WhIV = yw = ywl,l le,Z yWZ,l yWZ,Z

Zw| 2w | 2wy g Zwy 1 2w,

Wheel |Array Element |Axle |Wheel [Force Axis
Numbe
r

Front [(WhlV(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)

left

Front [(WhlV(1,2) 1 2

right

Rear |[WhlV(1,3) 2 1

left

Rear [WhlV(1,4) 2 2

right
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Wheel |Array Element |Axle |Wheel [Force Axis
Numbe
r
Front |WhlV(2,1) 1 1 Vehicle-fixed y-axis (lateral)
left
Front [(WhlV(2,2) 1 2
right
Rear (WhlV(2,3) 2 1
left
Rear [WhlV(2,4) 2 2
right
Front |WhlV(3,1) 1 1 Vehicle-fixed z-axis (vertical)
left
Front [(WhlV(3,2) 1 2
right
Rear (WhlV(3,3) 2 1
left
Rear [WhlV(3,4) 2 2
right

Wh1Ang — Wheel camber, caster, toe angles
array

Camber, caster, and toe angles at axle a, wheel t, in rad. Array dimensions are 3 by the number of
wheels on the vehicle.

* WhlAng(1,...) — Camber angle
* WhlAng(2,...) — Caster angle
* WhlAng(3,...) — Toe angle

For example, for a two-axle vehicle with two wheels per axle, the Wh1Ang:

* Signal dimensions are [3x4].

* Signal contains angles according to the axle and wheel locations.

g1 [é11 81,2 82,1 &2,2
WhlAng = [n|={m,1 M,2 M,1 2,2
€l 01,1 01,2 021 02,2

Wheel |Array Element |Axle |Wheel [Angle
Numbe
r
Front |WhlAng(1,1) 1 1 Camber
left
Front |WhlAng(1,2) 1 2
right
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Wheel |Array Element |Axle |Wheel [Angle
Numbe
r
Rear |WhlAng(1,3) 2 1
left
Rear |WhlAng(1,4) 2 2
right
Front |WhlAng(2,1) 1 1 Caster
left
Front |WhlAng(2,2) 1 2
right
Rear |WhlAng(2,3) 2 1
left
Rear |WhlAng(2,4) 2 2
right
Front |WhlAng(3,1) 1 1 Toe
left
Front [WhlF(3,2) 1 2
right
Rear [WhlF(3,3) 2 1
left
Rear [WhlF(3,4) 2 2
right
Parameters

Axles

Number of axles, NumAxl — Number of axles
2 (default) | scalar

Number of axles, N,, dimensionless.

Number of wheels by axle, NumWhlsByAxl — Number of wheels per axle
[2 2] (default) | vector

Number of wheels per axle, Nt,, dimensionless. Vector is 1 by the number of vehicle axles, N,. For
example, [1,2] represents one wheel on axle one and two wheels on axle two.

Steered axle enable by axle, StrgEnByAxl — Boolean vector to enable axle steering
[1 O] (default) | vector

Boolean vector that enables axle steering, Eng..» dimensionless. Vector is 1 by the number of vehicle
axles, N,. For example:

* [1 0] — For a two-axle vehicle, enables axle 1 steering and disables axle 2 steering
* [1 1] — For a two-axle vehicle, enables axle 1 and axle 2 steering
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Dependencies
Setting any element of the Steered axle enable by axle, StrgEnByAxl vector to 1 creates:

* Input port StrgAng.
* Parameters:

+ Toe angle vs steering angle slope, ToeStrgSlp

* Caster angle vs steering angle slope, CasterStrgSlp

* Camber angle vs steering angle slope, CamberStrgSlp
* Suspension height vs steering angle slope, StrgHgtSlp

For example, for a two-axle vehicle with two wheels per axle, you can input steering angles for both
wheels on the first axle.

* To create the StrgAng port, set Steered axle enable by axle, StrgEnByAxl to [1 0]. The input
signal array dimensions are [1x2].

* The StrgAng signal contains two steering angles according to their axle and wheel locations.

StrgAng = Ggpeer = [6steer1,1 6steer1,2]

Wheel Array Element Axle Wheel Number
Front left StrgAng(1,1) 1 1
Front right StrgAng(1,2) 1 2

Anti-sway axle enable by axle, AntiSwayEnByAx1l — Boolean vector to enable axle
anti-sway
[0 O] (default) | vector

Boolean vector that enables axle anti-sway for axle a, dimensionless. For example, [1 O] enables
axle 1 anti-sway and disables axle 2 anti-sway. Vector is 1 by the number of vehicle axles, N,.

Dependencies

Setting an element of the Anti-sway axle enable by axle, AntiSwayEnByAxl vector to 1 creates
these anti-sway parameters:

* Anti-sway arm radius, AntiSwayR
* Anti-sway arm neutral angle, AntiSwayNtrlAng
* Anti-sway torsion spring constant, AntiSwayTrsK

Suspension

Mapped

Axle breakpoints, f_susp_axl_bp — Breakpoints
[1 2] (default) | 1-by-P array

Axle breakpoints, dimensionless.
Vertical axis suspension height breakpoints, f_susp_dz_bp — Breakpoints

1-by-M array
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Vertical axis suspension height breakpoints, in m.

Vertical axis suspension height velocity breakpoints, f_susp_dzdot_bp —
Breakpoints
1-by-N array

Vertical axis suspension height velocity breakpoints, in m/s.

Vertical axis suspension force and moment responses, f_susp_fmz — Output array
zeros(31,31,61,2,4) (default) | M-by-N-by-0-by-P-by-4 array

Array of output values as a function of:

» Vertical suspension height, M

» Vertical suspension height velocity, N
* Steering angle, O

* Axle, P

* 4 output types

* 1 — Vertical force, in N

* 2 — User-defined

* 3 — Stored energy, in ]

* 4 — Absorbed power, in W

The array dimensions must match the breakpoint dimensions

Suspension geometry responses, f_susp_geom — Suspension geometry responses
zeros(31,61,2,3) (default) | M-by-0-by-P-by-3 array

Array of geometric suspension values as a function of:

» Vertical suspension height, M
* Steering angle, O

* Axle, P

* 3 output types

¢ 1 — Camber angle, in rad
* 2 — Caster angle, in rad
* 3 — Toe angle, in rad

The array dimensions must match the breakpoint dimensions

Steering angle breakpoints, f_susp_strgdelta_bp — Steering angle breakpoints
1-by-0 array

Steering angle breakpoints, in rad.
Anti-Sway

Anti-sway arm radius, AntiSwayR — Anti-sway arm radius
0.2 (default) | scalar | vector
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Anti-sway arm radius, r, in m.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Dependencies

Setting an element of the Anti-sway axle enable by axle, AntiSwayEnByAxl vector to 1 creates
these anti-sway parameters:

* Anti-sway arm radius, AntiSwayR
* Anti-sway arm neutral angle, AntiSwayNtrlAng
* Anti-sway torsion spring constant, AntiSwayTIrskK

Anti-sway arm neutral angle, AntiSwayNtrlAng — Anti-sway arm neutral angle
0.5236 (default) | scalar | vector

Anti-sway arm neutral angle, 6,,, at nominal suspension height, in rad.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Dependencies

Setting an element of the Anti-sway axle enable by axle, AntiSwayEnByAxl vector to 1 creates
these anti-sway parameters:

* Anti-sway arm radius, AntiSwayR

* Anti-sway arm neutral angle, AntiSwayNtrlAng

* Anti-sway torsion spring constant, AntiSwayTrsK

Anti-sway torsion spring constant, AntiSwayTrsK — Anti-sway torsion spring

constant
5.7296e+03 (default) | scalar | vector

Anti-sway bar torsion spring constant, k,, in N-m/rad.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Dependencies

Setting an element of the Anti-sway axle enable by axle, AntiSwayEnByAxl vector to 1 creates
these anti-sway parameters:

* Anti-sway arm radius, AntiSwayR
* Anti-sway arm neutral angle, AntiSwayNtrlAng
* Anti-sway torsion spring constant, AntiSwayTrsK

Version History
Introduced in R2018a
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Parameter name change from NumTracksByAx1 to NumWhlsByAx1l
Behavior changed in R2022b

The Number of tracks by axle, NumTracksByAxl parameter is renamed to Number of wheels by
axle, NumWhlsByAxl.

The block uses the number of wheels per axle to index the input and output block signals.
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Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using Simulink® Coder™.

See Also
Independent Suspension - Double Wishbone | Independent Suspension - MacPherson | Independent
Suspension - K and C
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Solid Axle Suspension - Mapped

Mapped solid axle suspension
Library: Vehicle Dynamics Blockset / Suspension

b
b
4
b
P
4

Description

The Solid Axle Suspension - Mapped block implements a mapped solid axle suspension for multiple
axles with multiple wheels per axle.

The block models the suspension compliance, damping, and geometric effects as functions of the
wheel positions and velocities, with axle-specific compliance and damping parameters. Using the
wheel position and velocity, the block calculates the vertical wheel position and suspension forces on
the vehicle and wheel. The block uses the Z-down (defined in SAE J670) and a solid axle coordinate
system. The solid axle coordinate system, shown here, is aligned with the Z-down vehicle coordinate
system, with the x-axis in the direction of forward vehicle motion.

For Each You Can Specify
Axle * Multiple wheels
* Suspension parameters

Wheel * Steering angles
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The block contains energy-storing spring elements and energy-dissipating damper elements. The
block also stores energy via the axle roll angular acceleration and axle center of mass vertical and
lateral acceleration.

This table summarizes the block parameter settings for a vehicle with:

* Two axles
* Two wheels per axle
» Steering angle input for both wheels on the front axle

Parameter Setting

Number of axles, NumAxl 2

Number of wheels by axle, NumWhlsByAx] [2 2]

Steered axle enable by axle, StrgEnByAxl [1 0]

The block uses the wheel number, ¢, to index the input and output signals. This table summarizes the
wheel, axle, and corresponding wheel number for a vehicle with:

* Two axles
* Two wheels per axle

Wheel Axle Wheel Number
Front left Front 1
Front right Front 2
Rear left Rear 1
Rear right Rear 2

Suspension Compliance and Damping

The block uses a lookup table that relates the vertical damping and compliance to the suspension
height, suspension height rate of change, and steering angle. You can calibrate the wheel force
lookup table so that steering angle changes from the nominal center position generate a force that
increases the vehicle height. Specifically, the block:

Uses To Calculate

* Longitudinal and lateral displacement and * Suspension forces applied to the axle center.

velocity of the vehicle. + Vertical displacements and velocities of the

* Longitudinal and lateral displacement and vehicle and wheel.

velocity of the wheel. + Longitudinal, lateral, and vertical suspension

» Vertical wheel forces applied to the vehicle. forces and moments applied to the vehicle.

* Longitudinal, lateral, and vertical suspension
forces and moments applied to the wheel.

To calculate the dynamics of the axle, the block implements these equations. The block neglects the
effects of:

» Lateral and longitudinal translational velocity.
* Angular velocity about the vertical and lateral axes.
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For the forces and moments, the block uses lookup tables.

FWZa,t = f(z"a,t = Zwg, p Zva,t ~ #Wq,t’ 6steera, P

M"Za,t = f(zva,t - ZWa, t Zva,t - Zwa, t 6steeral t)

The suspension forces and moments applied to the vehicle are equal to the suspension forces and
moments applied to the wheel.

FVXa,t = FWXa,t

FWa,t = FWya,t
FVZa,t = - FWZa,t
MVXa,t = MWXa,t + FWya, t(ReWYa,t + Hg,p)

<

Va,t = MWYa,t + FWXa, t(ReWXa,t + H, t)

MVZa,t = MWZa,t

The equations use these variables.

Foz o My, Suspension force and moment applied to the wheel on axle a, wheel t
along wheel-fixed z-axis

Fln,o My, Suspension force and moment applied to the wheel on axle a, wheel t
along wheel-fixed x-axis

Fly,o Myy,, Suspension force and moment applied to the wheel on axle a, wheel t
along wheel-fixed y-axis

Fop My, Suspension force and moment applied to the vehicle on axle a, wheel t
along wheel-fixed z-axis

Fi,» My, Suspension force and moment applied to the vehicle on axle a, wheel t
along wheel-fixed x-axis

Foyo My, Suspension force and moment applied to the vehicle on axle a, wheel t
along wheel-fixed y-axis

F, Vertical suspension spring preload force applied to the wheels on axle a

a
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k
kwa,

2

mhsteeru

ésteeralt

thstopa,f

F 2aswWy,;
Fwa 20

Zva,t’ ZVa,z
Zwa,t’ Z'Wu,t
Xva,t’ )&va,t
Xwa,t' Xwa,t
Yoo Yo
Yo Y,

Ha,t
Re,

Vertical spring constant applied to wheels on axle a
Wheel and axle interface compliance constant

Steering angle to vertical force slope applied at wheel carrier for wheels on
axle a

Steering angle input for axle a, wheel t

Vertical damping constant applied to wheels on axle a

Wheel and axle interface damping constant

Effective wheel radius for axle a, wheel t

Vertical hardstop force at axle a, wheel t, along the vehicle-fixed z-axis
Vertical anti-sway force at axle a, wheel t, along the vehicle-fixed z-axis
Wheel and axle interface compliance constant

Vehicle displacement and velocity at axle a, wheel t, along the vehicle-
fixed z-axis

Wheel displacement and velocity at axle a, wheel t, along the vehicle-fixed
z-axis

Vehicle displacement and velocity at axle a, wheel t, along the vehicle-
fixed z-axis

Wheel displacement and velocity at axle a, wheel t, along the vehicle-fixed
z-axis

Vehicle displacement and velocity at axle a, wheel t, along the vehicle-
fixed y-axis

Wheel displacement and velocity at axle a, wheel t, along the vehicle-fixed
y-axis

Suspension height at axle a, wheel t

Effective wheel radius at axle a, wheel t

Camber, Caster, and Toe Angles

To calculate the camber, caster, and toe angles, the block uses a lookup table, Ggoxyp, that is a
function of the suspension height and steering angle.

[Sat Ma,t Cat] = Galookupf(zwa,t ~ v, 1 65teeral "

The equations use these variables.

Ear Camber angle of wheel on axle a, wheel t

Nat Caster angle of wheel on axle a, wheel t

Cat Toe angle of wheel on axle a, wheel t

Osteer,, Steering angle input for axle a, wheel t

2y, Vehicle displacement at axle a, wheel t, along vehicle-fixed z-axis
2y, Wheel displacement at axle a, wheel t, along vehicle-fixed z-axis

Steering Angles

Optionally, you can input steering angles for the wheels. To calculate the steering angles for the
wheels, the block offsets the input steering angles as a function of the suspension height. For the
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calculation, the block uses a lookup table, Goxyp, that is a function of the suspension position and
steering angle.

6whlsteera,t = 6steera,t + Galookupf (Zwa,t ~ v, ¢ 5steera' t)

The equation uses these variables.

Ouhisteer,, Wheel steering angle for axle a, wheel t
Osteer,, Steering angle input for axle a, wheel t
2y, Vehicle displacement at axle a, wheel t, along the vehicle-fixed z-axis
Zw,, Wheel displacement at axle a, wheel t, along the vehicle-fixed z-axis

Power and Energy

The block calculates these suspension characteristics for each axle, a, wheel, t.

Calculation Equation

Dissipated power, Pyusp,, Psuspa,t = szlookupa(zva, t ~ Zwg, 2 Zvg, t ~ Zwg p 5steera, t)

Absorbed energy, ES”sl’ﬂ/f Esuspa,t = wzlookupa(iva,t - Z.Wa, ¢ iVa,t - iWa, t’ 5steera, t)

Suspension height, H,, Hyi= - (ZVa . = 2w, ; — median( f_susp_dz_bp))

Distance from wheel carrier Zwtry + = Rew, ;+ Ha,t
center to tire/road interface ' '

The equations use these variables.

Mpsteer, Steering angle to vertical force slope applied at wheel carrier for wheels on axle a

Osteer,, Steering angle input for axle a, wheel t

Re,, Axle a, wheel t effective wheel radius from wheel carrier center to tire/road
interface

f susp dz bp Vertical axis suspension height breakpoints

Zyir,, Distance from wheel carrier center to tire/road interface, along the vehicle-fixed z-
axis

2y, 2y, Vehicle displacement and velocity at axle a, wheel t, along the vehicle-fixed z-axis

2w, Zw,, Wheel displacement and velocity at axle a, wheel t, along the vehicle-fixed z-axis

Ports

Input

Wh1Pz — Wheel z-axis displacement
array

Wheel displacement, z,,, along wheel-fixed 2-axis, in m. Array dimensions are 1 by the total number of
wheels on the vehicle.

For example, for a two-axle vehicle with two wheels per axle, the Wh1Pz:
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» Signal array dimensions are [1x4].

WhilPz = 2z, = [Zw1,1 2wy 9 2wy 1 ZWZ,Z]

Wheel Array Element Axle Wheel Number
Front left WhlPz(1,1) 1 1
Front right WhlPz(1,2) 1 2
Rear left WhlPz (1, 3) 2 1
Rear right WhlPz(1,4) 2 2

Wh1Re — Wheel effective radius
array

Effective wheel radius, Re,,, in m. Array dimensions are 1 by the total number of wheels on the
vehicle.

For example, for a two-axle vehicle with two wheels per axle, the Wh1Re:
* Signal array dimensions are [1x4].

WhIRe = Rey, = [Rele ReWLZ Rew2,1 Rewzlz]

Wheel Array Element Axle Wheel Number
Front left WhlRe(1,1) 1 1
Front right WhlRe(1,2) 1 2
Rear left WhlRe(1,3) 2 1
Rear right Wh1lRe(1,4) 2 2

WhlVz — Wheel z-axis velocity
array

Wheel velocity, z,,, along wheel-fixed z-axis, in m. Array dimensions are 1 by the total number of
wheels on the vehicle.

For example, for a two-axle vehicle with two wheels per axle, the WhlVz:

» Signal array dimensions are [1x4].

Whilvz =z, = [Zwl,l 2wy, 2 Zwy 1 ZWZ,Z]

Wheel Array Element Axle Wheel Number
Front left Whlvz(1,1) 1 1
Front right Whlvz(1,2) 1 2
Rear left Whlvz (1, 3) 2 1
Rear right Whlvz(1,4) 2 2

Wh1Fx — Longitudinal wheel force on vehicle
array
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Longitudinal wheel force applied to vehicle, F,,,, along the vehicle-fixed x-axis. Array dimensions are
1 by the total number of wheels on the vehicle.

For example, for a two-axle vehicle with two wheels per axle, the Whl1Fx:
* Signal array dimensions are [1x4].

WhlFx = FWX = [wal,l FWXI,Z FWXZ,l FWXZ,Z]

Wheel Array Element Axle Wheel Number
Front left WhlFx(1,1) 1 1
Front right WhlFx(1,2) 1 2
Rear left WhlFx(1,3) 2 1
Rear right WhlFx(1,4) 2 2

Wh1lFy — Lateral wheel force on vehicle
array

Lateral wheel force applied to vehicle, F,,,, along the vehicle-fixed y-axis. Array dimensions are 1 by
the total number of wheels on the vehicle.

For example, for a two-axle vehicle with two wheels per axle, the WhlFy:

» Signal array dimensions are [1x4].

WhIFy = Fyyy = [Fuwyi, 1 Fwyn, o Fwyp 1 Fwyg o]

Wheel Array Element Axle Wheel Number
Front left WhlFy(1,1) 1 1
Front right WhlFy(1,2) 1 2
Rear left WhlFy(1.3) 2 1
Rear right WhlFy(1,4) 2 2

Wh1lM — Suspension moment on wheel
array

Longitudinal, lateral, and vertical suspension moments at axle a, wheel t, applied to the wheel at the
axle wheel carrier reference coordinate, in N-m. Input array dimensions are 3 by the number of
wheels on the vehicle.

* Wh1M(1,...) — Suspension moment applied to the wheel about the vehicle-fixed x-axis
(longitudinal)

* WhlM(2,...) — Suspension moment applied to the wheel about the vehicle-fixed y-axis (lateral)

* Wh1M(3,...) — Suspension moment applied to the wheel about the vehicle-fixed z-axis (vertical)

For example, for a two-axle vehicle with two wheels per axle, the Wh1M:

* Signal dimensions are [3x4].

» Signal contains suspension moments applied to four wheels according to their axle and wheel
locations.
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MWXl,l MWX]_,Z MWXZ,]_ MWX2,2
WhIM = M, = (Mwy; 1 Muy; 5 Mwy, 1 Mwy, »
MWZl,l MWZI,Z MWZZ,l MWZZ,Z
Wheel |Array Element |Axle |Wheel [Moment Axis
Numbe
r
Front |[Wh1M(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)
left
Front [(WhlM(1,2) 1 2
right
Rear [(Wh1M(1,3) 2 1
left
Rear |[(WhlM(1,4) 2 2
right
Front |Wh1M(2,1) 1 1 Vehicle-fixed y-axis (lateral)
left
Front [(WhlM(2,2) 1 2
right
Rear (Wh1M(2,3) 2 1
left
Rear [(WhlM(2,4) 2 2
right
Front |Wh1M(3,1) 1 1 Vehicle-fixed z-axis (vertical)
left
Front [(WhlM(3,2) 1 2
right
Rear (Wh1M(3,3) 2 1
left
Rear [(WhlM(3,4) 2 2
right

VehP — Vehicle displacement
array

Vehicle displacement from axle a, wheel t along vehicle-fixed coordinate system, in m. Input array
dimensions are 3 the number of wheels on the vehicle.

* VehP(1,...) — Vehicle displacement from wheel, x,, along the vehicle-fixed x-axis
* VehP(2,...) — Vehicle displacement from wheel, y,, along the vehicle-fixed y-axis
* VehP(3,...) — Vehicle displacement from wheel, z,, along the vehicle-fixed z-axis

For example, for a two-axle vehicle with two wheels per axle, the VehP:

* Signal dimensions are [3x4].
+ Signal contains four displacements according to their axle and wheel locations.
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x| [Xvi,1 Xve,2 Xvp,1 Xvo 2
VehP = |yy| = (W1 1 Wy 2 W 1 Wvp 2
Zv| |31 By Bvpn By
Wheel |Array Element |Axle |Wheel |Axis
Numbe
r
Front (VehP(1,1) 1 1 Vehicle-fixed x-axis
left
Front |VehP(1,2) 1 2
right
Rear |VehP(1,3) 2 1
left
Rear VehP(1,4) 2 2
right
Front |VehP(2,1) 1 1 Vehicle-fixed y-axis
left
Front (VehP(2,2) 1 2
right
Rear |VehP(2,3) 2 1
left
Rear VehP(2,4) 2 2
right
Front |[VehP(3,1) 1 1 Vehicle-fixed z-axis
left
Front |[VehP(3,2) 1 2
right
Rear |VehP(3,3) 2 1
left
Rear |VehP(3,4) 2 2
right

VehV — Vehicle velocity

array

Vehicle velocity at axle a, wheel t along vehicle-fixed coordinate system, in m. Input array dimensions
are 3 by the number of wheels on the vehicle.

* VehV(1,..
* VehV(2,..
* VehV(3,..

. ) — Vehicle velocity at wheel, x,, along the vehicle-fixed x-axis

. ) — Vehicle velocity at wheel, y,, along the vehicle-fixed y-axis

. ) — Vehicle velocity at wheel, z,, along the vehicle-fixed z-axis

For example, for a two-axle vehicle with two wheels per axle, the VehV:

* Signal dimensions are [3x4].

+ Signal contains 4 velocities according to their axle and wheel locations.
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Xyl [Xvi,1 Xvi,2 Xvg, 1 Xvg 2
VehV = |yy| = y"l,l y"l,Z YVzll J7vz,2

Zv] |2y, 2y g Zvy g Zvyn

Wheel |Array Element |Axle |Wheel |Axis

Numbe

r
Front (VehV(1,1) 1 1 Vehicle-fixed x-axis
left
Front (VehV(1,?2) 1 2
right
Rear VehV (1, 3) 2 1
left
Rear |VehV(1,4) 2 2
right
Front |VehV(2,1) 1 1 Vehicle-fixed y-axis
left
Front (VehV(2,2) 1 2
right
Rear VehV (2, 3) 2 1
left
Rear |[VehV(2,4) 2 2
right
Front |[VehV(3,1) 1 1 Vehicle-fixed z-axis
left
Front (VehV(3,2) 1 2
right
Rear VehV (3, 3) 2 1
left
Rear |[VehV(3,4) 2 2
right

StrgAng — Steering angle, optional
array

Optional steering angle for each wheel, 6. Input array dimensions are 1 by the number of steered
wheels.

For example, for a two-axle vehicle with two wheels per axle, you can input steering angles for both
wheels on the first axle.

» To create the StrgAng port, set Steered axle enable by axle, StrgEnByAxl to [1 0]. The input
signal array dimensions are [1x2].

* The StrgAng signal contains two steering angles according to their axle and wheel locations.

StrgAng = bgteer = [6steer1,1 6steer1,2]
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Wheel Array Element Axle Wheel Number
Front left StrgAng(1,1) 1 1
Front right StrgAng(1,2) 1 2

Dependencies

To create input port StrgAng, set an element of the Steered axle enable by axle, StrgEnByAxl
vector to 1.

Output

Info — Bus signal
bus

Bus signal containing block values. The signals are arrays that depend on the wheel location.

For example, here are the indices for a two-axle, two-wheel vehicle. The total number of wheels is
four.

1D array signal (1-by-4)

Array Element Axle Wheel Number
(1,1) 1 1
(1,2) 1 2
(1,3) 2 1
(1,4) 2 2
* 3D array signal (3-by-4)
Array Element Axle Wheel Number
(1,1) 1 1
(1,2) 1 2
(1,3) 2 1
(1,4) 2 2
(2,1) 1 1
(2,2) 1 2
(2,3) 2 1
(2,4) 2 2
(3,1) 1 1
(3,2) 1 2
(3,3) 2 1
(3,4) 2 2
Signal Description Array Signal |Variable Units
Camber  |Wheel angles according |1D WhlAng(1,...] = & = [&, ¢] |rad

to the axle.
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Signal Description Array Signal |Variable Units
Caster WhlAng(2,...] = n = [ng ¢
Toe WhlAng(3,...1 =T = [Ty ¢]
Height Suspension height 1D H m
Power Suspension power 1D B w
dissipation
Energy Suspension absorbed 1D -~ J
energy
VehF Suspension forces 3D For a two-axle, two wheels N
applied to the vehicle per axle vehicle:
VehF = F, =
F"Xl,l FVXl,Z FVXZ, 1 FVXZ,Z
Foyi,1 Foyy, 2 Foyp 1 Foyap

Fv21,1 FVZI,Z FVZZ,l F"ZZ,Z

VehM Suspension moments 3D For a two-axle, two wheels N-m
applied to vehicle per axle vehicle:
VehM = M, =
MVX]_, 1 val, 2 MVXZ, 1 MVXZ, 2
Myy;, 1 Myyy, 5 Myy, 1 Myy, 5

Mvzl,l Mvzl,g Mvzz,l Mvzz,z
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per axle vehicle:

Xw
Zy

XWl,l XWI,Z XWZ,I XWZ,Z

ywl 1 le,Z wa,l sz,z

Signal Description Array Signal |Variable Units
WhlF Suspension force 3D For a two-axle, two wheels N
applied to wheel per axle vehicle:
WhIF = F,, =
FWXl,l wa1,2 FWXZ,l FWXZ,Z
Fwy1,1 Fwyr, 2 Fwyy, 1 Fwip o
FWZl,l FWZI,Z FWZZ,I Fw22,2
Wh1P Wheel displacement 3D For a two-axle, two wheels m
per axle vehicle:
Xy
Zyw
Xwi, 1 Xwy2 Xwp 1 Xwp o
le, 1 le, 2 yw2, 1 Yw 2,2
ZWLTL 1 ZwtrL 2 Zwtrzl 1 Zwtrz, 2
Whlv Wheel velocity 3D For a two-axle, two wheels m/s

2wy 1 Fwi,2 Fwz,1 Fwy,2
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Signal Description

Array Signal |Variable

Units

WhlAng Wheel camber, caster,
toe angles

3D

For a two-axle, two wheels
per axle vehicle:

¢
WhlAng = (n

4
&1,1 61,2 82,1 &2,2

=1M,1M,2m2,1M,2

C1,1 C1,2 C2,1 (2,2

rad

VehF — Suspension force on vehicle

array

Longitudinal, lateral, and vertical suspension force at axle a, wheel t, applied to the vehicle at the
suspension connection point, in N. Array dimensions are 3 by the number of wheels on the vehicle.

* VehF(1,...) — Suspension force applied to vehicle along the vehicle-fixed x-axis (longitudinal)
* VehF(2,...) — Suspension force applied to vehicle along the vehicle-fixed y-axis (lateral)
* VehF(3,...) — Suspension force applied to vehicle along the vehicle-fixed z-axis (vertical)

For example, for a two-axle vehicle with two wheels per axle, the VehF:

* Signal dimensions are [3x4].

* Signal contains suspension forces applied to the vehicle according to the axle and wheel locations.

F

VX1, 1

FVXI,Z

FVXZ,l

F"XZ,Z

VehF = F, = |Fvy; 1 Fvyy 5 Fuyy 1 Fuyy o

F"Zl,l F"Zl, 2 FVZZ,l FVZZ,Z
Wheel |Array Element |Axle |Wheel |Force Axis
Numbe
r
Front |VehF(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)
left
Front |VehF(1,2) 1 2
right
Rear |VehF(1,3) 2 1
left
Rear |VehF(1,4) 2 2
right
Front |VehF(2,1) 1 1 Vehicle-fixed y-axis (lateral)
left
Front |VehF(2,2) 1 2
right
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Wheel |Array Element |Axle |Wheel [Force Axis
Numbe
r

Rear |VehF(2,3) 2 1

left

Rear |VehF(2,4) 2 2

right

Front |[VehF(3,1) 1 1 Vehicle-fixed z-axis (vertical)

left

Front (VehF(3,2) 1 2

right

Rear |[VehF(3,3) 2 1

left

Rear |[VehF(3,4) 2 2

right

VehM — Suspension moment on vehicle

array

Longitudinal, lateral, and vertical suspension moment at axle a, wheel t, applied to the vehicle at the
suspension connection point, in N-m. Array dimensions are 3 by the number of wheels on the vehicle.

* VehM(1,...) — Suspension moment applied to the vehicle about the vehicle-fixed x-axis
(longitudinal)

* VehM(2,...) — Suspension moment applied to the vehicle about the vehicle-fixed y-axis (lateral)

* VehM(3,...) — Suspension moment applied to the vehicle about the vehicle-fixed z-axis
(vertical)

For example, for a two-axle vehicle with two wheels per axle, the VehM:

* Signal dimensions are [3x4].

+ Signal contains suspension moments applied to vehicle according to the axle and wheel locations.

MVX]_, 1 MVX]_, 2 MVXZ, 1 MVXZ, 2
VehM = M, = |Myy; | My 5 Myy, 1 Myy, 5

Myzy 1 Myzy 5 Myzy Mz, 5

Array Element Axle Wheel |Moment Axis
Number

VehM(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)
VehM(1,2) 1 2
VehM(1,3) 2 1
VehM(1,4) 2 2
VehM(2,1) 1 1 Vehicle-fixed y-axis (lateral)
VehM(2,2) 1 2
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Array Element |Axle Wheel |Moment Axis
Number

VehM(2,3) 2 1

VehM(2,4) 2 2

VehM(3,1) 1 1 Vehicle-fixed z-axis (vertical)
VehM(3,2) 1 2

VehM(3,3) 2 1

VehM(3,4) 2 2

Wh1lF — Suspension force on wheel
array

Longitudinal, lateral, and vertical suspension forces at axle a, wheel t, applied to the wheel at the
axle wheel carrier reference coordinate, in N. Array dimensions are 3 by the number of wheels on the

vehicle.

* WhlF(1,...) — Suspension force on wheel along the vehicle-fixed x-axis (longitudinal)
* WhlF(2,...) — Suspension force on wheel along the vehicle-fixed y-axis (lateral)

* WhlF(3,...) — Suspension force on wheel along the vehicle-fixed z-axis (vertical)

For example, for a two-axle vehicle with two wheels per axle, the Wh'lF:
+ Signal dimensions are [3x4].
» Signal contains wheel forces applied to the vehicle according to the axle and wheel locations.
wal,l FWXLZ FWXZ, 1 FWXZ,Z
WhIF = Fy, = [Fwyy 1 Fwyy 5 Fwyg 1 Fwyg,

FWZl[]_ FWlez FWZZ,l FWZZ,Z

Wheel |Array Element |Axle |Wheel (Force Axis
Numbe
r
Front (WhlF(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)
left
Front [WhlF(1,2) 1 2
right
Rear [WhlF(1,3) 2 1
left
Rear (WhlF(1,4) 2 2
right
Front [(WhlF(2,1) 1 1 Vehicle-fixed y-axis (lateral)
left
Front [WhlF(2,2) 1 2
right

1-144



Solid Axle Suspension - Mapped

Wheel |Array Element |Axle |Wheel [Force Axis
Numbe
r

Rear [WhlF(2,3) 2 1

left

Rear [WhlF(2,4) 2 2

right

Front [(WhlF(3,1) 1 1 Vehicle-fixed z-axis (vertical)

left

Front [WhlF(3,2) 1 2

right

Rear [WhlF(3,3) 2 1

left

Rear [WhlF(3,4) 2 2

right

Wh1lV — Wheel velocity

array

Longitudinal, lateral, and vertical wheel velocity at axle a, wheel t, in m/s. Array dimensions are 3 by
the number of wheels on the vehicle.

* Whlv(1l,..
« Whlv(2,..

 Whlv(3,.

. ) — Wheel velocity along the vehicle-fixed x-axis (longitudinal)

. ) — Wheel velocity along the vehicle-fixed y-axis (lateral)

. . ) — Wheel velocity along the vehicle-fixed z-axis (vertical)

For example, for a two-axle vehicle with two wheels per axle, the Wh1V:

» Signal dimensions are [3x4].

» Signal contains wheel forces applied to the vehicle according to the axle and wheel locations.

Xw

Xwy, 1 Xwy, 2 Xwy 1 Xwp o

WhIV = yw = ywl,l le,Z yWZ,l yWZ,Z

Zw| 2w | 2wy g Zwy 1 2w,

Wheel |Array Element |Axle |Wheel [Force Axis
Numbe
r

Front [(WhlV(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)

left

Front [(WhlV(1,2) 1 2

right

Rear |[WhlV(1,3) 2 1

left

Rear [WhlV(1,4) 2 2

right
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Wheel |Array Element |Axle |Wheel [Force Axis
Numbe
r
Front |WhlV(2,1) 1 1 Vehicle-fixed y-axis (lateral)
left
Front [(WhlV(2,2) 1 2
right
Rear (WhlV(2,3) 2 1
left
Rear [WhlV(2,4) 2 2
right
Front |WhlV(3,1) 1 1 Vehicle-fixed z-axis (vertical)
left
Front [(WhlV(3,2) 1 2
right
Rear (WhlV(3,3) 2 1
left
Rear [WhlV(3,4) 2 2
right

Wh1Ang — Wheel camber, caster, toe angles
array

Camber, caster, and toe angles at axle a, wheel t, in rad. Array dimensions are 3 by the number of
wheels on the vehicle.

* WhlAng(1,...) — Camber angle
* WhlAng(2,...) — Caster angle
* WhlAng(3,...) — Toe angle

For example, for a two-axle vehicle with two wheels per axle, the Wh1Ang:

* Signal dimensions are [3x4].

* Signal contains angles according to the axle and wheel locations.

g1 [é11 81,2 82,1 &2,2
WhlAng = [n|={m,1 M,2 M,1 2,2
€l 01,1 01,2 021 02,2

Wheel |Array Element |Axle |Wheel [Angle
Numbe
r
Front |WhlAng(1,1) 1 1 Camber
left
Front |WhlAng(1,2) 1 2
right
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Wheel |Array Element |Axle |Wheel [Angle
Numbe
r
Rear |WhlAng(1,3) 2 1
left
Rear |WhlAng(1,4) 2 2
right
Front |WhlAng(2,1) 1 1 Caster
left
Front |WhlAng(2,2) 1 2
right
Rear |WhlAng(2,3) 2 1
left
Rear |WhlAng(2,4) 2 2
right
Front |WhlAng(3,1) 1 1 Toe
left
Front [WhlF(3,2) 1 2
right
Rear [WhlF(3,3) 2 1
left
Rear [WhlF(3,4) 2 2
right
Parameters

Axles

Number of axles, NumAxl — Number of axles

2 (default) | scalar

Number of axles, N,, dimensionless.

Number of wheels by axle, NumWhlsByAxl — Number of wheels per axle
[2 2] (default) | vector

Number of wheels per axle, Nt,, dimensionless. Vector is 1 by the number of vehicle axles, N,. For
example, [1,2] represents one wheel on axle one and two wheels on axle two.

Steered axle enable by axle, StrgEnByAxl — Boolean vector to enable axle steering
[1 O] (default) | vector

Boolean vector that enables axle steering, Eng..» dimensionless. Vector is 1 by the number of vehicle
axles, N,. For example:

 [1 0]—For a two-axle vehicle, enables axle one steering and disables axle two steering

* [1 1]—For a two-axle vehicle, enables axle one and axle two steering

1-147



1 Steering and Suspension Blocks

1-148

Dependencies
Setting an element of the Steered axle enable by axle, StrgEnByAxl vector to 1:

* Creates input port StrgAng.
* Creates these parameters

+ Toe angle vs steering angle slope, ToeStrgSlp

* Caster angle vs steering angle slope, CasterStrgSlp

+ Camber angle vs steering angle slope, CamberStrgSlp
* Suspension height vs steering angle slope, StrgHgtSlp

For example, for a two-axle vehicle with two wheels per axle, you can input steering angles for both
wheels on the first axle.

» To create the StrgAng port, set Steered axle enable by axle, StrgEnByAxl to [1 0]. The input
signal array dimensions are [1x2].

* The StrgAng signal contains two steering angles according to their axle and wheel locations.

StrgAng = bgteer = [6steer1,1 6steer1,2]

Wheel Array Element Axle Wheel Number
Front left StrgAng(1,1) 1 1
Front right StrgAng(1,2) 1 2

Axle and wheels lumped principal moments of inertia about longitudinal axis,
Ax1Ixx — Inertia

300 (default) | vector

Axle and wheels lumped principal moments of inertia about longitudinal axis, AxleIxx g, in kg*m” 2.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Axle and wheels lumped mass, Ax1M — Mass
[2 2] (default) | vector

Axle and wheels lumped mass, a, in kg.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Track hardpoint coordinates relative to axle center, TrackCoords — Point
[0000;-11-11;000 0] (default) | array

Track hardpoint coordinates, Tc;, along the solid axle x, y, and z-axes, in m.

For example, for a two-axle vehicle with two wheels per axle, the TrackCoords array:

* Dimensions are [3x4].
* Contains four track hardpoint coordinates according to their axle and wheel locations.
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Xwy, 1 Xwy, 2 Xwp 1 Xwp o
Tey = le,l yw1,2 yWZ,l ywz,z

2wy, 1 2wy, Awy 1 Zwp 2

Array Element Axle Wheel |Axis
Number
TrackCoords (1, |1 1 Solid axle x-axis
1)
TrackCoords (1, |1 2
2)
TrackCoords (1, (2 1
3)
TrackCoords(1, |2 2
4)
TrackCoords (2, |1 1 Solid axle y-axis
1)
TrackCoords (2, |1 2
2)
TrackCoords (2, (2 1
3)
TrackCoords(2, |2 2
4)
TrackCoords (3, |1 1 Solid axle z-axis
1)
TrackCoords (3, |1 2
2)
TrackCoords (3, (2 1
3)
TrackCoords(3, |2 2
4)

Dimensions are [3x4].

Suspension hardpoint coordinates relative to axle center, SuspCoords — Point
[000O0;-11-11;000 0] (default)|array

Suspension hardpoint coordinates, Sc;, along the solid axle x-, y-, and z-axes, in m.

For example, for a two-axle vehicle with two wheels per axle, the SuspCoords array:

Contains four track hardpoint coordinates according to their axle and track locations.

Xs1,1 Xs1,2 Xsp,1 Xs2,2
Scy=|Ys1.1 Ys1,2 Vso, 1 Vso 2

Zs1,1 %s1,2 %s2,1 5,2
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Array Element |Axle Track Axis
?uspCoords(l,l 1 1 Solid axle x-axis
?uspCoords(l,Z 1 2

?uspCoords(l,B 2 1

?uspCoords(1,4 2 2

?uspCoords(Z,l 1 1 Solid axle y-axis
?uspCoords(Z,Z 1 2

?uspCoords(Z,B 2 1

?uspCoords(2,4 2 2

?uspCoords(3,1 1 1 Solid axle z-axis
?uspCoords(3,2 1 2

?uspCoords(3,3 2 1

?uspCoords(3,4 2 2

Wheel and axle interface compliance constant, KzWhlAxl — Spring rate
6437000 (default) | scalar

Wheel and axle interface compliance constant, kwa,, in N/m.

Wheel and axle interface compliance preload, FO0zWhlAxl — Spring rate
9810 (default) | scalar

Wheel and axle interface compliance preload, Fwa,,, in N.

Wheel and axle interface damping constant, CzWhlAx1 — Damping
10000 (default) | scalar

Wheel and axle interface damping constant, cwa,, in m.

Suspension
Mapped

Axle breakpoints, f_susp_axl_bp — Breakpoints
[1 2] (default) | 1-by-P array

Axle breakpoints, dimensionless.
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Vertical axis suspension height breakpoints, f_susp_dz_bp — Breakpoints
1-by-M array

Vertical axis suspension height breakpoints, in m.

Vertical axis suspension height velocity breakpoints, f susp_dzdot bp —
Breakpoints
1-by-N array

Vertical axis suspension height velocity breakpoints, in m/s.

Vertical axis suspension force and moment responses, f_susp_fmz — Output array
zeros(31,31,61,2,4) (default) | M-by-N-by-0-by-P-by-4 array

Array of output values as a function of:

* Vertical suspension height, M

» Vertical suspension height velocity, N
* Steering angle, O

* Axle, P

* 4 output types

* 1 — Vertical force, in N

* 2 — User-defined

* 3 — Stored energy, in ]

* 4 — Absorbed power, in W

The array dimensions must match the breakpoint dimensions

Suspension geometry responses, f_susp_geom — Suspension geometry responses
zeros(31,61,2,3) (default) | M-by-0-by-P-by-3 array

Array of geometric suspension values as a function of:

* Vertical suspension height, M
* Steering angle, O

* Axle, P

* 3 output types

* 1 — Camber angle, in rad
* 2 — Caster angle, in rad
* 3 — Toe angle, in rad

The array dimensions must match the breakpoint dimensions

Steering angle breakpoints, f_susp_strgdelta_bp — Steering angle breakpoints
1-by-0 array

Steering angle breakpoints, in rad.
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Version History
Introduced in R2018a

Parameter name change from NumTracksByAxl to NumWhlsByAx1
Behavior changed in R2022b

The Number of tracks by axle, NumTracksByAxl parameter is renamed to Number of wheels by
axle, NumWhlsByAxl.

The block uses the number of wheels per axle to index the input and output block signals.

References
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Engineers, 1992.

[2] Vehicle Dynamics Standards Committee. Vehicle Dynamics Terminology. SAE J670. Warrendale,
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ISO 8855:2011. Geneva, Switzerland: International Organization for Standardization, 2011.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using Simulink® Coder™.

See Also
Solid Axle Suspension | Solid Axle Suspension - Coil Spring | Solid Axle Suspension - Leaf Spring
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Solid Axle Suspension

Solid axle suspension for multiple axles
Library: Vehicle Dynamics Blockset / Suspension

H

s 5 & 3
2 5 = % 3
v

Description

The Solid Axle Suspension block implements a solid axle suspension for multiple axles with multiple
wheels per axle.

The block models the suspension compliance, damping, and geometric effects as functions of the
wheel positions and velocities, with axle-specific compliance and damping parameters. Using the
wheel position and velocity, the block calculates the vertical wheel position and suspension forces on
the vehicle and wheel. The block uses the Z-down (defined in SAE ]J670) and a solid axle coordinate
system. The solid axle coordinate system, shown here, is aligned with the Z-down vehicle coordinate
system, with the x-axis in the direction of forward vehicle motion.

For Each You Can Specify
Axle * Multiple wheels
* Suspension parameters

Wheel * Steering angles
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The block contains energy-storing spring elements and energy-dissipating damper elements. The

block also stores energy via the axle roll angular acceleration and axle center of mass vertical and
lateral acceleration.

This table summarizes the block parameter settings for a vehicle with:

* Two axles
* Two wheels per axle

* Steering angle input for both wheels on the front axle

Parameter Setting

Number of axles, NumAxI 2

Number of wheels by axle, NumWhlsByAxl [2 2]

Steered axle enable by axle, StrgEnByAx] [1 0]

The block uses the wheel number, ¢, to index the input and output signals. This table summarizes the
wheel, axle, and corresponding wheel number for a vehicle with:

e Two axles

* Two wheels per axle

Wheel Axle Wheel Number
Front left Front 1
Front right Front 2
Rear left Rear 1
Rear right Rear 2

Suspension Compliance and Damping

The block uses a linear spring and damper to model the vertical dynamic effects of the suspension
system on the vehicle and wheel. Specifically, the block:

Uses To Calculate

* Longitudinal and lateral displacement and * Suspension forces applied to the axle center.
velocity of the vehicle.

* Vertical displacements and velocities of the
* Longitudinal and lateral displacement and vehicle and wheel.

velocity of the wheel. + Longitudinal, lateral and vertical suspension

» Vertical wheel forces applied to the vehicle. forces and moments applied to the vehicle.

* Longitudinal, lateral and vertical suspension
forces and moments applied to the wheel.

To calculate the dynamics of the axle, the block implements these equations. The block neglects the
effects of:

» Lateral and longitudinal translational velocity.

* Angular velocity about the vertical and lateral axes.
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Xa Fxa Xq p 0 0 p 0 0
y":MLaFya+5’a><4=MLao+0><0+0=sz0
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The net vertical force on the axle center of mass is the sum of the wheel and suspension forces acting
on the axle.

Nta
Fp = E =1 (FWZa,t + ona + kza(zva,t ~Zsg T mhsteera|6steera, t|) + Cza(z.va,t - Z.sa, t))

The net moment about the roll axis of the solid axle suspension accounts for the hardpoint
coordinates of the suspension and wheels.

Nta
M, = E A (FWZa, tYw + (FZOG + kza(zva,t ~Zsy t + mhsteera|6steera,t|) + Cza(iva,t - Z.sal t))JJst

+M b
WXa, tIxy + Mayw;

Block parameters provide the track and suspension hardpoints coordinates.

Xy Xy -
Tcy = |Ywy Ywy -
Zyy 2wy o

Xs Xsp -

SCt = |Vs1 Vsp -

Zg) Zsy oo

The block uses Euler angles to transform the track and suspension displacements, velocities, and
accelerations to the vehicle coordinate system.

To calculate the suspension forces applied to the vehicle, the block implements this equation.
F"Za,t = - (FZOG + kza(zva,t ~Zg, 4t mhsteera|6steera’ t|) + Cza(zlva,t - ZISG’ t) + thstopa, t)

The suspension forces and moments applied to the vehicle are equal to the suspension forces and
moments applied to the wheel.
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FVXa,t = FWXa,t
FVYa,t = FWJ/a,t
F"Za,t = _FWZa,t
M,

VXg,t = MWXa,t + FWya, t(ReWJ/a,t +Hg,¢)

<

VWa,t = MWya,t + FWXa, t(ReWXa,t + H, t)

Mvza,t = MWZa,t

To calculate the vertical force applied to the suspension at the wheel location, the block implements a
stiff spring-damper, shown here.

Spring Dampe

Solid Axle

The block uses this equation.
Fuz at= " Fwa,y - kwaz(zw ot Zsq, t) - cwaz(zw 0t~ Zsq, t)
The equations use these variables.

Fuso My, Suspension force and moment applied to the wheel on axle a, wheel t
along wheel-fixed z-axis

Fln,o My, Suspension force and moment applied to the wheel on axle a, wheel t
along wheel-fixed x-axis
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F

WYa,t Mwya,t
VZoy MVZa,t

VXt MVXa,t

FV_Va,t’ MV.Va,t

F 20,
k,,
kwa,

mhsteera

6steera,t

C,

a

cwa,
Rewalt

F zhstop,

F Zaswyg ¢
Fwa,,

Zva,t' Z'Va,t
Zwa,t' 2Wa,[
Xva,t’ Xva,t
Xwa,t' )&Wa,t
Yoo Yo,

Yw, o Yw,,

Ha,t
Rewm

Hardstop Forces

Suspension force and moment applied to the wheel on axle a, wheel t
along wheel-fixed y-axis

Suspension force and moment applied to the vehicle on axle a, wheel t
along wheel-fixed z-axis

Suspension force and moment applied to the vehicle on axle a, wheel t
along wheel-fixed x-axis

Suspension force and moment applied to the vehicle on axle a, wheel t
along wheel-fixed y-axis

Vertical suspension spring preload force applied to the wheels on axle a
Vertical spring constant applied to wheels on axle a
Wheel and axle interface compliance constant

Steering angle to vertical force slope applied at wheel carrier for wheels on
axle a

Steering angle input for axle a, wheel t

Vertical damping constant applied to wheels on axle a

Wheel and axle interface damping constant

Effective wheel radius for axle a, wheel t

Vertical hardstop force at axle a, wheel t, along the vehicle-fixed z-axis
Vertical anti-sway force at axle a, wheel t, along the vehicle-fixed z-axis
Wheel and axle interface compliance constant

Vehicle displacement and velocity at axle a, wheel t, along the vehicle-
fixed z-axis

Wheel displacement and velocity at axle a, wheel t, along the vehicle-fixed
Z-axis

Vehicle displacement and velocity at axle a, wheel t, along the vehicle-
fixed z-axis

Wheel displacement and velocity at axle a, wheel t, along the vehicle-fixed
z-axis

Vehicle displacement and velocity at axle a, wheel t, along the vehicle-
fixed y-axis

Wheel displacement and velocity at axle a, wheel t, along the vehicle-fixed
y-axis

Suspension height at axle a, wheel t

Effective wheel radius at axle a, wheel t

The hardstop feedback force, F,p, , that the block applies depends on whether the suspension is
compressing or extending. The block applies the force:

* In compression, when the suspension is compressed more than the maximum distance specified by
the Suspension maximum height, Hmax parameter.

* In extension, when the suspension extension is greater than maximum extension specified by the
Suspension maximum height, Hmax parameter.
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To calculate the force, the block uses a stiffness based on a hyperbolic tangent and exponential
scaling.

Camber, Caster, and Toe Angles

To calculate the camber, caster, and toe angles, block uses linear functions of the suspension height
and steering angle.

Ea,t =&0a T mhcambera(zwa,t gt T mhsteera|6steera,t|) + mcambersteera|5steera,t|
Na,t = Noa + mhcastera(zwa,t 7N mhsteera|5steera' t|) + mcastersteera|5steeral t|

Ca,t =Coa t mhtoea(zwa,t gt~ mhsteera|5steera, t|) + mtoesteera|5steera, t|

The equations use these variables.

Eat Camber angle of wheel on axle a, wheel t

Nat Caster angle of wheel on axle a, wheel t

Car Toe angle of wheel on axle a, wheel t

&oar Now Coa Nominal suspension axle a camber, caster, and toe angles, respectively, at
zero steering angle

Mpcamber,, Mhcaster, Camber, caster, and toe angles, respectively, versus suspension height slope

Mptoe, for axle a

Megmbersteer,, Meastersteer, Camber, caster, and toe angles, respectively, versus steering angle slope for
mtoesteeru aXle a

Mpsteer, Steering angle versus vertical force slope for axle a

Osteer,, Steering angle input for axle a, wheel t

2, Vehicle displacement at axle a, wheel t, along the vehicle-fixed z-axis
Zw,, Wheel displacement at axle a, wheel t, along the vehicle-fixed z-axis

Steering Angles
Optionally, use the Steered axle enable by axle, StrgEnByAxl parameter to input steering angles

for the wheels. To calculate the steering angles for the wheels, the block offsets the input steering
angles with a linear function of the suspension height.

6whlsteera,t = asteera,t + mhtoea(zwa,t gt~ mhsteera|65teera, t|) + mtoesteera|5steera, t|

The equation uses these variables.

Myoesteer, Axle a toe angle versus steering angle slope

Mpsteer, Axle a steering angle versus vertical force slope

Mptoe, Axle a toe angle versus suspension height slope

Ouhisteer,, Wheel steering angle for axle a, wheel t

Osteer,, Steering angle input for axle a, wheel t

2y, Vehicle displacement at axle a, wheel t, along the vehicle-fixed z-axis
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Zwa,t

Power and Energy

Wheel displacement at axle a, wheel t, along the vehicle-fixed z-axis

The block calculates these suspension characteristics for each axle, a, wheel, t.

Calculation

Equation

Dissipated power, P, .

Psuspa,t = szlookupa(zva, t 2wt vt~ Zwg p 5steera, t)

Absorbed energy, Eqp,,

Esuspa,t = wzlookupa(zva,t ~Zwg p2vg,t ~ 2wy, p 6steera, t)

Suspension height, H, ,

20
Hot= - Zugt " Awg ¢ T ke, + mhsteera|6steera,t|

Distance from wheel carrier
center to tire/road interface

Zwtra,t = Rewa,t + Ha,t

The equations use these variables.

Steering angle to vertical force slope applied at wheel carrier for wheels on axle a

mhsteen1

Oisteer,, Steering angle input for axle a, wheel t

Re,, Axle a, wheel t effective wheel radius from wheel carrier center to tire/road
interface

Fl, Vertical suspension spring preload force applied to the wheels on axle a

Zwtr,, Distance from wheel carrier center to tire/road interface, along the vehicle-fixed z-
axis

2y, 2y, Vehicle displacement and velocity at axle a, wheel t, along the vehicle-fixed z-axis

Z, s Zw,, Wheel displacement and velocity at axle a, wheel t, along the vehicle-fixed z-axis

Ports

Input

Wh1Pz — Wheel z-axis displacement

array

Wheel displacement, z,,, along wheel-fixed 2-axis, in m. Array dimensions are 1 by the total number of

wheels on the vehicle.

For example, for a two-axle vehicle with two wheels per axle, the WhlPz:

* Signal array dimensions are [1x4].

WhIPZ = 2,, = [Zwy, 1 2wy, 2wy, 1 Zwp, 2]

Wheel Array Element Axle Wheel Number
Front left WhlPz(1,1) 1 1
Front right WhlPz(1,2) 1 2
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Wheel Array Element Axle Wheel Number
Rear left WhlPz (1, 3) 2 1
Rear right WhlPz(1,4) 2 2

Wh1Re — Wheel effective radius

array

Effective wheel radius, Re,,, in m. Array dimensions are 1 by the total number of wheels on the

vehicle.

For example, for a two-axle vehicle with two wheels per axle, the WhlRe:

* Signal array dimensions are [1x4].

WhiRe = Rew = [ReWLl Rewl, 2 Rewg,l Rewz, 2]

Wheel Array Element Axle Wheel Number
Front left WhlRe(1,1) 1 1
Front right WhlRe(1,2) 1 2
Rear left WhlRe(1, 3) 2 1
Rear right Wh1lRe(1,4) 2 2

WhlVz — Wheel z-axis velocity

array

Wheel velocity, 2,,, along wheel-fixed z-axis, in m. Array dimensions are 1 by the total number of

wheels on the vehicle.

For example, for a two-axle vehicle with two wheels per axle, the Wh1Vz:

* Signal array dimensions are [1x4].

WhlVz = 2w = [Zwl,l ZW1,2 Zw2,1 ZWZ,Z]

Wheel Array Element Axle Wheel Number
Front left Whlvz(1,1) 1 1
Front right Whlvz(1,2) 1 2
Rear left Whlvz (1, 3) 2 1
Rear right Whlvz(1,4) 2 2

Wh1Fx — Longitudinal wheel force on vehicle

array

Longitudinal wheel force applied to vehicle, F,,, along the vehicle-fixed x-axis.

1 by the total number of wheels on the vehicle.

For example, for a two-axle vehicle with two wheels per axle, the Wh1Fx:

* Signal array dimensions are [1x4].

Array dimensions are
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WhiFx = FWX = [wal,l FWXl,Z FWXZ,l FWX2,2]

Wheel Array Element Axle Wheel Number
Front left WhlFx(1,1) 1 1
Front right WhlFx(1,2) 1 2
Rear left WhlFx(1,3) 2 1
Rear right WhlFx(1,4) 2 2

Wh1lFy — Lateral wheel force on vehicle
array

Lateral wheel force applied to vehicle, F,,,, along the vehicle-fixed y-axis. Array dimensions are 1 by
the total number of wheels on the vehicle.

For example, for a two-axle vehicle with two wheels per axle, the WhlFy:

* Signal array dimensions are [1x4].

WhIFy = Fyyy = [Fwyr, 1 Fwyr, 2 Fwyg 1 Fwy o]

Wheel Array Element Axle Wheel Number
Front left WhlFy(1,1) 1 1
Front right WhlFy(1,2) 1 2
Rear left WhlFy(1.3) 2 1
Rear right WhlFy(1,4) 2 2

Wh1lM — Suspension moment on wheel
array

Longitudinal, lateral, and vertical suspension moments at axle a, wheel t, applied to the wheel at the
axle wheel carrier reference coordinate, in N-m. Input array dimensions are 3 by the number of
wheels on the vehicle.

* WhlM(1,...) — Suspension moment applied to the wheel about the vehicle-fixed x-axis
(longitudinal)

* WhlM(2,...) — Suspension moment applied to the wheel about the vehicle-fixed y-axis (lateral)
* WhlM(3,...) — Suspension moment applied to the wheel about the vehicle-fixed z-axis (vertical)

For example, for a two-axle vehicle with two wheels per axle, the Wh1M:

+ Signal dimensions are [3x4].

* Signal contains suspension moments applied to four wheels according to their axle and wheel
locations.

MWXl,l MWXl,Z MWXZ,I wa2,2

WhIM = M,, = |Mwy; 1 Mwy) 5 Mwy, 1 Muy, 5
MWZl,l MWZl,Z MWZZ,l M

wz) 2
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Wheel |Array Element |[Axle |Wheel [Moment Axis

Numbe

r
Front |Wh1M(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)
left
Front [(WhlM(1,2) 1 2
right
Rear (Wh1M(1,3) 2 1
left
Rear |[(WhlM(1,4) 2 2
right
Front |Wh1M(2,1) 1 1 Vehicle-fixed y-axis (lateral)
left
Front [(WhlM(2,2) 1 2
right
Rear (Wh1M(2,3) 2 1
left
Rear [(WhlM(2,4) 2 2
right
Front |Wh1M(3,1) 1 1 Vehicle-fixed z-axis (vertical)
left
Front [(WhlM(3,2) 1 2
right
Rear [(Wh1M(3,3) 2 1
left
Rear [(WhlM(3,4) 2 2
right

VehP — Vehicle displacement
array

Vehicle displacement from axle a, wheel t along vehicle-fixed coordinate system, in m. Input array
dimensions are 3 the number of wheels on the vehicle.

* VehP(1,...) — Vehicle displacement from wheel, x,, along the vehicle-fixed x-axis
* VehP(2,...) — Vehicle displacement from wheel, y,, along the vehicle-fixed y-axis
* VehP(3,...) — Vehicle displacement from wheel, z,, along the vehicle-fixed z-axis

For example, for a two-axle vehicle with two wheels per axle, the VehP:

* Signal dimensions are [3x4].
+ Signal contains four displacements according to their axle and wheel locations.

x| i1 Xve2 Xvgq Xvg o
VehP = |yy| = (W1 1 Wy 2 W 1 Wvp 2

2v| |3vy, 1 vy Bvg 1 Bvp o
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Wheel |Array Element |Axle |Wheel |Axis

Numbe

r
Front (VehP(1,1) 1 1 Vehicle-fixed x-axis
left
Front (VehP(1,2) 1 2
right
Rear |VehP(1,3) 2 1
left
Rear VehP(1,4) 2 2
right
Front |VehP(2,1) 1 1 Vehicle-fixed y-axis
left
Front (VehP(2,2) 1 2
right
Rear |VehP(2,3) 2 1
left
Rear VehP(2,4) 2 2
right
Front |[VehP(3,1) 1 1 Vehicle-fixed z-axis
left
Front (VehP(3,2) 1 2
right
Rear |VehP(3,3) 2 1
left
Rear |VehP(3,4) 2 2
right

VehV — Vehicle velocity

array

Vehicle velocity at axle a, wheel t along vehicle-fixed coordinate system, in m. Input array dimensions
are 3 by the number of wheels on the vehicle.

* VehV(1,...) — Vehicle velocity at wheel, x,, along the vehicle-fixed x-axis
* VehV(2,...) — Vehicle velocity at wheel, y,, along the vehicle-fixed y-axis
* VehV(3,...) — Vehicle velocity at wheel, z,, along the vehicle-fixed 2z-axis

For example, for a two-axle vehicle with two wheels per axle, the VehV:

» Signal dimensions are [3x4].
» Signal contains 4 velocities according to their axle and wheel locations.

Xy
VehV = yv = y"l,l y"l,Z yVZ,l yVZ,Z
2] |21 Zv,g 2 2 g

X"l,l x"1,2 x"2,1 XVZ,Z
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Wheel |Array Element |Axle |Wheel |Axis

Numbe

r
Front |[VehV(1,1) 1 1 Vehicle-fixed x-axis
left
Front |[VehV(1,2) 1 2
right
Rear |VehV(1,3) 2 1
left
Rear VehV(1,4) 2 2
right
Front |VehV(2,1) 1 1 Vehicle-fixed y-axis
left
Front |[VehV(2,2) 1 2
right
Rear |[VehV(2,3) 2 1
left
Rear VehV(2,4) 2 2
right
Front [VehV(3,1) 1 1 Vehicle-fixed z-axis
left
Front |[VehV(3,2) 1 2
right
Rear |VehV(3,3) 2 1
left
Rear |[VehV(3,4) 2 2
right

StrgAng — Steering angle, optional

array

Optional steering angle for each wheel, 6.

wheels.

Input array dimensions are 1 by the number of steered

For example, for a two-axle vehicle with two wheels per axle, you can input steering angles for both
wheels on the first axle.

* To create the StrgAng port, set Steered axle enable by axle, StrgEnByAxl to [1 0]. The input
signal array dimensions are [1x2].

» The StrgAng signal contains two steering angles according to their axle and wheel locations.

StrgAng = bgteer = [6steer1’1 65teer1,2]

Wheel Array Element Axle Wheel Number
Front left StrgAng(1,1) 1 1
Front right StrgAng(1,2) 1 2
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Dependencies

To create input port StrgAng, set an element of the Steered axle enable by axle, StrgEnByAxl

vectorto 1.
Output

Info — Bus signal
bus

Bus signal containing block values. The signals are arrays that depend on the wheel location.

For example, here are the indices for a two-axle, two-wheel vehicle. The total number of wheels is

four.

* 1D array signal (1-by-4)

Array Element Axle Wheel Number

(1,1) 1 1

(1,2) 1 2

(1,3) 2 1

(1,4) 2 2
+ 3D array signal (3-by-4)

Array Element Axle Wheel Number

(1,1) 1 1

(1,2) 1 2

(1,3) 2 1

(1,4) 2 2

(2,1) 1 1

(2,2) 1 2

(2,3) 2 1

(2,4) 2 2

(3,1) 1 1

(3,2) 1 2

(3,3) 2 1

(3,4) 2 2
Signal Description Array Signal |Variable Units
Camber Wheel angles according (1D WhlAng[1,...] =& = [&,,¢] |rad
Caster to the axle. WhlAng(2,...] = n = [ng,¢
Toe WhlAng(3,...]1 = 7 = [Ty ¢]
Height Suspension height 1D H m
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Signal Description Array Signal |Variable Units
Power Suspension power 1D B w
dissipation
Energy Suspension absorbed 1D -~ J
energy
VehF Suspension forces 3D For a two-axle, two wheels N
applied to the vehicle per axle vehicle:
VehF = F, =
va1,1 va1’2 FVXZI 1 FVXZ,Z
Fvyl,l Fvyl,z Fvyz,l Fyy 12
FVerl FVZLZ FV22,1 FVZZ,Z
VehM Suspension moments 3D For a two-axle, two wheels N-m
applied to vehicle per axle vehicle:
VehM = M, =
M"Xl,l M"Xl, 2 va2,1 MVXZ, 2
Myy;, 1 Myyy, 5 Myy, 1 Myy, 5
MVZl,l Mvzll 2 Mvzzll Mvzgl 2
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per axle vehicle:

Xw
Zy

XWl,l XWI,Z XWZ,I XWZ,Z

ywl 1 le,Z wa,l sz,z

Signal Description Array Signal |Variable Units
WhlF Suspension force 3D For a two-axle, two wheels N
applied to wheel per axle vehicle:
WhIF = F,, =
FWXl,l wa1,2 FWXZ,l FWXZ,Z
Fwy1,1 Fwyr, 2 Fwyy, 1 Fwip o
FWZl,l FWZI,Z FWZZ,I Fw22,2
Wh1P Wheel displacement 3D For a two-axle, two wheels m
per axle vehicle:
Xy
Zyw
Xwi, 1 Xwy2 Xwp 1 Xwp o
le, 1 le, 2 yw2, 1 Yw 2,2
ZWLTL 1 ZwtrL 2 Zwtrzl 1 Zwtrz, 2
Whlv Wheel velocity 3D For a two-axle, two wheels m/s

2wy 1 Fwi,2 Fwz,1 Fwy,2
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Signal Description

Array Signal |Variable

Units

WhlAng Wheel camber, caster,
toe angles

3D

For a two-axle, two wheels
per axle vehicle:

¢
WhlAng = (n

4
&1,1 61,2 82,1 &2,2

=1M,1M,2m2,1M,2

C1,1 C1,2 C2,1 (2,2

rad

VehF — Suspension force on vehicle

array

Longitudinal, lateral, and vertical suspension force at axle a, wheel t, applied to the vehicle at the
suspension connection point, in N. Array dimensions are 3 by the number of wheels on the vehicle.

* VehF(1,...) — Suspension force applied to vehicle along the vehicle-fixed x-axis (longitudinal)
* VehF(2,...) — Suspension force applied to vehicle along the vehicle-fixed y-axis (lateral)
* VehF(3,...) — Suspension force applied to vehicle along the vehicle-fixed z-axis (vertical)

For example, for a two-axle vehicle with two wheels per axle, the VehF:

* Signal dimensions are [3x4].

* Signal contains suspension forces applied to the vehicle according to the axle and wheel locations.

F

VX1, 1

FVXI,Z

FVXZ,l

F"XZ,Z

VehF = F, = |Fvy; 1 Fvyy 5 Fuyy 1 Fuyy o

F"Zl,l F"Zl, 2 FVZZ,l FVZZ,Z
Wheel |Array Element |Axle |Wheel |Force Axis
Numbe
r
Front |VehF(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)
left
Front |VehF(1,2) 1 2
right
Rear |VehF(1,3) 2 1
left
Rear |VehF(1,4) 2 2
right
Front |VehF(2,1) 1 1 Vehicle-fixed y-axis (lateral)
left
Front |VehF(2,2) 1 2
right
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Wheel |Array Element |Axle |Wheel [Force Axis
Numbe
r

Rear |VehF(2,3) 2 1

left

Rear |VehF(2,4) 2 2

right

Front |[VehF(3,1) 1 1 Vehicle-fixed z-axis (vertical)

left

Front (VehF(3,2) 1 2

right

Rear |[VehF(3,3) 2 1

left

Rear |[VehF(3,4) 2 2

right

VehM — Suspension moment on vehicle

array

Longitudinal, lateral, and vertical suspension moment at axle a, wheel t, applied to the vehicle at the
suspension connection point, in N-m. Array dimensions are 3 by the number of wheels on the vehicle.

* VehM(1,...) — Suspension moment applied to the vehicle about the vehicle-fixed x-axis
(longitudinal)

* VehM(2,...) — Suspension moment applied to the vehicle about the vehicle-fixed y-axis (lateral)

* VehM(3,...) — Suspension moment applied to the vehicle about the vehicle-fixed z-axis
(vertical)

For example, for a two-axle vehicle with two wheels per axle, the VehM:

* Signal dimensions are [3x4].

+ Signal contains suspension moments applied to vehicle according to the axle and wheel locations.

MVX]_, 1 MVX]_, 2 MVXZ, 1 MVXZ, 2
VehM = M, = |Myy; | My 5 Myy, 1 Myy, 5

Myzy 1 Myzy 5 Myzy Mz, 5

Array Element Axle Wheel |Moment Axis
Number

VehM(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)
VehM(1,2) 1 2
VehM(1,3) 2 1
VehM(1,4) 2 2
VehM(2,1) 1 1 Vehicle-fixed y-axis (lateral)
VehM(2,2) 1 2
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Array Element |Axle Wheel |Moment Axis
Number

VehM(2,3) 2 1

VehM(2,4) 2 2

VehM(3,1) 1 1 Vehicle-fixed z-axis (vertical)
VehM(3,2) 1 2

VehM(3,3) 2 1

VehM(3,4) 2 2

Wh1lF — Suspension force on wheel
array

Longitudinal, lateral, and vertical suspension forces at axle a, wheel t, applied to the wheel at the
axle wheel carrier reference coordinate, in N. Array dimensions are 3 by the number of wheels on the

vehicle.

* WhlF(1,...) — Suspension force on wheel along the vehicle-fixed x-axis (longitudinal)
* WhlF(2,...) — Suspension force on wheel along the vehicle-fixed y-axis (lateral)

* WhlF(3,...) — Suspension force on wheel along the vehicle-fixed z-axis (vertical)

For example, for a two-axle vehicle with two wheels per axle, the Wh'lF:
+ Signal dimensions are [3x4].
» Signal contains wheel forces applied to the vehicle according to the axle and wheel locations.
wal,l FWXLZ FWXZ, 1 FWXZ,Z
WhIF = Fy, = [Fwyy 1 Fwyy 5 Fwyg 1 Fwyg,

FWZl[]_ FWlez FWZZ,l FWZZ,Z

Wheel |Array Element |Axle |Wheel (Force Axis
Numbe
r
Front (WhlF(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)
left
Front [WhlF(1,2) 1 2
right
Rear [WhlF(1,3) 2 1
left
Rear (WhlF(1,4) 2 2
right
Front [(WhlF(2,1) 1 1 Vehicle-fixed y-axis (lateral)
left
Front [WhlF(2,2) 1 2
right
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Wheel |Array Element |Axle |Wheel [Force Axis
Numbe
r

Rear [WhlF(2,3) 2 1

left

Rear [WhlF(2,4) 2 2

right

Front [(WhlF(3,1) 1 1 Vehicle-fixed z-axis (vertical)

left

Front [WhlF(3,2) 1 2

right

Rear [WhlF(3,3) 2 1

left

Rear [WhlF(3,4) 2 2

right

Wh1lV — Wheel velocity

array

Longitudinal, lateral, and vertical wheel velocity at axle a, wheel t, in m/s. Array dimensions are 3 by
the number of wheels on the vehicle.

* Whlv(1l,..
« Whlv(2,..

 Whlv(3,.

. ) — Wheel velocity along the vehicle-fixed x-axis (longitudinal)

. ) — Wheel velocity along the vehicle-fixed y-axis (lateral)

. . ) — Wheel velocity along the vehicle-fixed z-axis (vertical)

For example, for a two-axle vehicle with two wheels per axle, the Wh1V:

» Signal dimensions are [3x4].

» Signal contains wheel forces applied to the vehicle according to the axle and wheel locations.

Xw

Xwy, 1 Xwy, 2 Xwy 1 Xwp o

WhIV = yw = ywl,l le,Z yWZ,l yWZ,Z

Zw| 2w | 2wy g Zwy 1 2w,

Wheel |Array Element |Axle |Wheel [Force Axis
Numbe
r

Front [(WhlV(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)

left

Front [(WhlV(1,2) 1 2

right

Rear |[WhlV(1,3) 2 1

left

Rear [WhlV(1,4) 2 2

right
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Wheel |Array Element |Axle |Wheel [Force Axis
Numbe
r
Front |WhlV(2,1) 1 1 Vehicle-fixed y-axis (lateral)
left
Front [(WhlV(2,2) 1 2
right
Rear (WhlV(2,3) 2 1
left
Rear [WhlV(2,4) 2 2
right
Front |WhlV(3,1) 1 1 Vehicle-fixed z-axis (vertical)
left
Front [(WhlV(3,2) 1 2
right
Rear (WhlV(3,3) 2 1
left
Rear [WhlV(3,4) 2 2
right

Wh1Ang — Wheel camber, caster, toe angles
array

Camber, caster, and toe angles at axle a, wheel t, in rad. Array dimensions are 3 by the number of
wheels on the vehicle.

* WhlAng(1,...) — Camber angle
* WhlAng(2,...) — Caster angle
* WhlAng(3,...) — Toe angle

For example, for a two-axle vehicle with two wheels per axle, the Wh1Ang:

* Signal dimensions are [3x4].

* Signal contains angles according to the axle and wheel locations.

g1 [é11 81,2 82,1 &2,2
WhlAng = [n|={m,1 M,2 M,1 2,2
€l 01,1 01,2 021 02,2

Wheel |Array Element |Axle |Wheel [Angle
Numbe
r
Front |WhlAng(1,1) 1 1 Camber
left
Front |WhlAng(1,2) 1 2
right
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Wheel |Array Element |Axle |Wheel [Angle
Numbe
r
Rear |WhlAng(1,3) 2 1
left
Rear |WhlAng(1,4) 2 2
right
Front |WhlAng(2,1) 1 1 Caster
left
Front |WhlAng(2,2) 1 2
right
Rear |WhlAng(2,3) 2 1
left
Rear |WhlAng(2,4) 2 2
right
Front |WhlAng(3,1) 1 1 Toe
left
Front [WhlF(3,2) 1 2
right
Rear [WhlF(3,3) 2 1
left
Rear [WhlF(3,4) 2 2
right
Parameters

Axles

Number of axles, NumAxl — Number of axles

2 (default) | scalar

Number of axles, N,, dimensionless.

Number of wheels by axle, NumWhlsByAxl — Number of wheels per axle

[2 2] (default) | vector

Number of wheels per axle, Nt,, dimensionless. Vector is 1 by the number of vehicle axles, N,. For

example, [1,2] represents one wheel on axle one and two wheels on axle two.

Steered axle enable by axle, StrgEnByAxl — Boolean vector to enable axle steering
[1 O] (default) | vector

Boolean vector that enables axle steering, Eng..» dimensionless. Vector is 1 by the number of vehicle
axles, N,. For example:

 [1 0]—For a two-axle vehicle, enables axle one steering and disables axle two steering

* [1 1]—For a two-axle vehicle, enables axle one and axle two steering
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Dependencies
Setting an element of the Steered axle enable by axle, StrgEnByAxl vector to 1:

* Creates input port StrgAng.
* Creates these parameters

+ Toe angle vs steering angle slope, ToeStrgSlp

* Caster angle vs steering angle slope, CasterStrgSlp

+ Camber angle vs steering angle slope, CamberStrgSlp
* Suspension height vs steering angle slope, StrgHgtSlp

For example, for a two-axle vehicle with two wheels per axle, you can input steering angles for both
wheels on the first axle.

» To create the StrgAng port, set Steered axle enable by axle, StrgEnByAxl to [1 0]. The input
signal array dimensions are [1x2].

* The StrgAng signal contains two steering angles according to their axle and wheel locations.

StrgAng = bgteer = [6steer1,1 6steer1,2]

Wheel Array Element Axle Wheel Number
Front left StrgAng(1,1) 1 1
Front right StrgAng(1,2) 1 2

Axle and wheels lumped principal moments of inertia about longitudinal axis,
Ax1Ixx — Inertia

300 (default) | vector

Axle and wheels lumped principal moments of inertia about longitudinal axis, AxleIxx g, in kg*m” 2.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Axle and wheels lumped mass, Ax1M — Mass
[2 2] (default) | vector

Axle and wheels lumped mass, a, in kg.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Track hardpoint coordinates relative to axle center, TrackCoords — Point
[0000;-11-11;000 0] (default) | array

Track hardpoint coordinates, Tc;, along the solid axle x, y, and z-axes, in m.

For example, for a two-axle vehicle with two wheels per axle, the TrackCoords array:

* Dimensions are [3x4].
* Contains four track hardpoint coordinates according to their axle and wheel locations.
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Xwy, 1 Xwy, 2 Xwp 1 Xwp o
Tey = le,l yw1,2 yWZ,l ywz,z

2wy, 1 2wy, Awy 1 Zwp 2

Array Element Axle Wheel |Axis
Number
TrackCoords (1, |1 1 Solid axle x-axis
1)
TrackCoords (1, |1 2
2)
TrackCoords (1, (2 1
3)
TrackCoords(1, |2 2
4)
TrackCoords (2, |1 1 Solid axle y-axis
1)
TrackCoords (2, |1 2
2)
TrackCoords (2, (2 1
3)
TrackCoords(2, |2 2
4)
TrackCoords (3, |1 1 Solid axle z-axis
1)
TrackCoords (3, |1 2
2)
TrackCoords (3, (2 1
3)
TrackCoords(3, |2 2
4)

Dimensions are [3x4].

Suspension hardpoint coordinates, Sc;, along the solid axle x-, y-, and z-axes, in m.

Suspension hardpoint coordinates relative to axle center, SuspCoords — Point
[000O0;-11-11;000 0] (default)|array

For example, for a two-axle vehicle with two wheels per axle, the SuspCoords array:

Contains four track hardpoint coordinates according to their axle and track locations.

Xs1,1 Xs1,2 Xsp,1 Xs2,2
Scy=|Ys1.1 Ys1,2 Vso, 1 Vso 2

Zs1,1 %s1,2 %s2,1 5,2
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Array Element |Axle Track Axis
?uspCoords(l,l 1 1 Solid axle x-axis
?uspCoords(l,Z 1 2

?uspCoords(l,B 2 1

?uspCoords(1,4 2 2

?uspCoords(Z,l 1 1 Solid axle y-axis
?uspCoords(Z,Z 1 2

?uspCoords(Z,B 2 1

?uspCoords(2,4 2 2

?uspCoords(3,1 1 1 Solid axle z-axis
?uspCoords(3,2 1 2

?uspCoords(3,3 2 1

?uspCoords(3,4 2 2

Wheel and axle interface compliance constant, KzWhlAxl — Spring rate
6437000 (default) | scalar

Wheel and axle interface compliance constant, kwa,, in N/m.

Wheel and axle interface compliance preload, FO0zWhlAxl — Spring rate
9810 (default) | scalar

Wheel and axle interface compliance preload, Fwa,,, in N.

Wheel and axle interface damping constant, CzWhlAx1 — Damping
10000 (default) | scalar

Wheel and axle interface damping constant, cwa,, in m.

Suspension

Compliance and Damping - Passive

Suspension spring constant, Kz — Suspension spring constant
64370 (default) | scalar | vector

Linear vertical spring constant for independent suspension wheels on axle a, k,, in N/m.
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Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Suspension spring preload, FO0z — Suspension spring preload
9810 (default) | scalar | vector

Vertical preload spring force applied to the wheels on the axle at wheel carrier reference coordinates,
F,, in N. Positive preload forces:

* Cause the vehicle to lift.
* Point along the negative vehicle-fixed z-axis.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Suspension shock damping constant, Cz — Suspension shock damping constant
10000 (default) | scalar | vector

Linear vertical damping constant for independent suspension wheels on axle a, ¢,, in Ns/m.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Dependencies
To create this parameter, clear Enable active damping.

Suspension maximum height, Hmax — Height
0.5 (default) | scalar | vector

Maximum suspension extension or minimum suspension compression height, H,,,, for axle a before
the suspension reaches a hardstop, in m.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Geometry

Toe angle at steering center, Toe — Toe angle
0.0349 (default) | scalar

Nominal suspension toe angle at zero steering angle, ,,, in rad.

Roll steer vs suspension height slope, RollStrgSlp — Steer angle suspension slope
-0.2269 (default) | scalar | vector

Roll steer angle versus suspension height, my,, , in rad/m.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Toe angle vs steering angle slope, ToeStrgSlp — Toe angle steering slope
0.01 (default) | scalar | vector

Toe angle versus steering angle slope, Myesteer,, dimensionless.
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Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Dependencies

To create input port StrgAng, set an element of the Steered axle enable by axle, StrgEnByAxl
vector to 1.

Caster angle at steering center, Caster — Caster angle at steering center
0.0698 (default) | scalar

Nominal suspension caster angle at zero steering angle, 7,,, in rad.

Caster angle vs suspension height slope, CasterHslp — Caster angle versus
suspension height slope

-0.2269 (default) | scalar | vector

Caster angle versus suspension height, mpgger,, in rad/m.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Caster angle vs steering angle slope, CasterStrgSlp — Caster angle versus
steering angle slope
0.01 (default) | scalar | vector

Caster angle versus steering angle slope, Megstersteer,, dimensionless.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Dependencies

To create input port StrgAng, set an element of the Steered axle enable by axle, StrgEnByAxl
vector to 1.

Camber angle at steering center, Camber — Camber angle at steering center
0.0698 (default) | scalar

Nominal suspension camber angle at zero steering angle, &, in rad.

Camber angle vs suspension height slope, CamberHslp — Camber angle versus
suspension height slope

-0.2269 (default) | scalar | vector

Camber angle versus suspension height, mycomper,, in rad/m.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Camber angle vs steering angle slope, CamberStrgSlp — Camber angle versus
steering angle slope
0.01 (default) | scalar | vector

Camber angle versus steering angle slope, Mgsmpersteer,, dimensionless.
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Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Dependencies

To create input port StrgAng, set an element of the Steered axle enable by axle, StrgEnByAxl
vector to 1.

Suspension height vs steering angle slope, StrgHgtSlp — Suspension height versus
steering angle slope
0.1432 (default) | scalar | vector

Steering angle to vertical force slope applied at suspension wheel carrier reference point, mpgeer,, in
m/rad.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Dependencies

To create input port StrgAng, set an element of the Steered axle enable by axle, StrgEnByAxl
vector to 1.

Version History
Introduced in R2018a

Parameter name change from NumTracksByAxl to NumWhlsByAx1
Behavior changed in R2022b

The Number of tracks by axle, NumTracksByAxl parameter is renamed to Number of wheels by
axle, NumWhlsByAxl.

The block uses the number of wheels per axle to index the input and output block signals.

References

[1] Gillespie, Thomas. Fundamentals of Vehicle Dynamics. Warrendale, PA: Society of Automotive
Engineers, 1992.

[2] Vehicle Dynamics Standards Committee. Vehicle Dynamics Terminology. SAE J670. Warrendale,
PA: Society of Automotive Engineers, 2008.

[3] Technical Committee. Road vehicles — Vehicle dynamics and road-holding ability — Vocabulary.
ISO 8855:2011. Geneva, Switzerland: International Organization for Standardization, 2011.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using Simulink® Coder™.
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See Also
Solid Axle Suspension - Coil Spring | Solid Axle Suspension - Leaf Spring | Solid Axle Suspension -
Mapped

1-180



Solid Axle Suspension - Coil Spring

Solid Axle Suspension - Coil Spring

Solid axle suspension with coil spring
Library: Vehicle Dynamics Blockset / Suspension

HE
55
7
Vv~

Description

The Solid Axle Suspension - Coil Spring block implements a solid axle suspension with a coil spring
for multiple axles with multiple wheels per axle.

The block models the suspension compliance, damping, and geometric effects as functions of the
wheel positions and velocities, with axle-specific compliance and damping parameters. Using the
wheel position and velocity, the block calculates the vertical wheel position and suspension forces on
the vehicle and wheel. The block uses the Z-down (defined in SAE J670) and a solid axle coordinate
system. The solid axle coordinate system, shown here, is aligned with the Z-down vehicle coordinate
system, with the x-axis in the direction of forward vehicle motion.

For Each You Can Specify
Axle * Multiple wheels
* Suspension parameters

Wheel * Steering angles
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The block contains energy-storing spring elements and energy-dissipating damper elements. The

block also stores energy via the axle roll angular acceleration and axle center of mass vertical and
lateral acceleration.

This table summarizes the block parameter settings for a vehicle with:

* Two axles
* Two wheels per axle

* Steering angle input for both wheels on the front axle

Parameter Setting

Number of axles, NumAxI 2

Number of wheels by axle, NumWhlsByAxl [2 2]

Steered axle enable by axle, StrgEnByAx] [1 0]

The block uses the wheel number, ¢, to index the input and output signals. This table summarizes the
wheel, axle, and corresponding wheel number for a vehicle with:

e Two axles

* Two wheels per axle

Wheel Axle Wheel Number
Front left Front 1
Front right Front 2
Rear left Rear 1
Rear right Rear 2

Suspension Compliance and Damping

The block uses a linear spring and damper to model the vertical dynamic effects of the suspension
system on the vehicle and wheel. Specifically, the block:

Uses To Calculate

* Longitudinal and lateral displacement and * Suspension forces applied to the axle center.
velocity of the vehicle.

* Vertical displacements and velocities of the
* Longitudinal and lateral displacement and vehicle and wheel.

velocity of the wheel. + Longitudinal, lateral and vertical suspension

» Vertical wheel forces applied to the vehicle. forces and moments applied to the vehicle.

* Longitudinal, lateral and vertical suspension
forces and moments applied to the wheel.

To calculate the dynamics of the axle, the block implements these equations. The block neglects the
effects of:

» Lateral and longitudinal translational velocity.

* Angular velocity about the vertical and lateral axes.
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Xa Fxa Xq p 0 0 p 0 0
y":MLaFya+5’a><4=MLao+0><0+0=sz0
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ql=1{|My|=1{q| x| 0 Ly Ofq||{O0 Ly O
oMl [r] o o L irllo o L,
My [p] [kx O OJplllx O 0771 II”_X
XX
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o] [0o] |0 o L,[lo]ffo o0 I, 0

The net vertical force on the axle center of mass is the sum of the wheel and suspension forces acting
on the axle.

Nta
Fp = E =1 (FWZa,t + ona + kza(zva,t ~Zsg T mhsteera|6steera, t|) + Cza(z.va,t - Z.sa, t))

The net moment about the roll axis of the solid axle suspension accounts for the hardpoint
coordinates of the suspension and wheels.

Nta
M, = E A (FWZa, tYw + (FZOG + kza(zva,t ~Zsy t + mhsteera|6steera,t|) + Cza(iva,t - Z.sal t))JJst

+M b
WXa, tIxy + Mayw;

Block parameters provide the track and suspension hardpoints coordinates.

Xy Xy -
Tcy = |Ywy Ywy -
Zyy 2wy o

Xs Xsp -

SCt = |Vs1 Vsp -

Zg) Zsy oo

The block uses Euler angles to transform the track and suspension displacements, velocities, and
accelerations to the vehicle coordinate system.

To calculate the suspension forces applied to the vehicle, the block implements this equation.
F"Za,t = - (FZOG + kza(zva,t ~Zg, 4t mhsteera|6steera’ t|) + Cza(zlva,t - ZISG’ t) + thstopa, t)

The suspension forces and moments applied to the vehicle are equal to the suspension forces and
moments applied to the wheel.

1-183



1 Steering and Suspension Blocks

FVXa,t = FWXa,t
FVYa,t = FWJ/a,t
F"Za,t = _FWZa,t
M,

VXg,t = MWXa,t + FWya, t(ReWJ/a,t +Hg,¢)

<

VWa,t = MWya,t + FWXa, t(ReWXa,t + H, t)

Mvza,t = MWZa,t

To calculate the vertical force applied to the suspension at the wheel location, the block implements a
stiff spring-damper, shown here.

Spring Dampe

Solid Axle

The block uses this equation.
Fuz at= " Fwa,y - kwaz(zw ot Zsq, t) - cwaz(zw 0t~ Zsq, t)
The equations use these variables.

Fuso My, Suspension force and moment applied to the wheel on axle a, wheel t
along wheel-fixed z-axis

Fln,o My, Suspension force and moment applied to the wheel on axle a, wheel t
along wheel-fixed x-axis
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F

WYa,t Mwya,t
VZoy MVZa,t

VXt MVXa,t

FV_Va,t’ MV.Va,t

F 20,
k,,
kwa,

mhsteera

6steera,t

C,

a

cwa,
Rewalt

F zhstop,

F Zaswyg ¢
Fwa,,

Zva,t' Z'Va,t
Zwa,t' 2Wa,[
Xva,t’ Xva,t
Xwa,t' )&Wa,t
Yoo Yo,

Yw, o Yw,,

Ha,t
Rewm

Hardstop Forces

Suspension force and moment applied to the wheel on axle a, wheel t
along wheel-fixed y-axis

Suspension force and moment applied to the vehicle on axle a, wheel t
along wheel-fixed z-axis

Suspension force and moment applied to the vehicle on axle a, wheel t
along wheel-fixed x-axis

Suspension force and moment applied to the vehicle on axle a, wheel t
along wheel-fixed y-axis

Vertical suspension spring preload force applied to the wheels on axle a
Vertical spring constant applied to wheels on axle a
Wheel and axle interface compliance constant

Steering angle to vertical force slope applied at wheel carrier for wheels on
axle a

Steering angle input for axle a, wheel t

Vertical damping constant applied to wheels on axle a

Wheel and axle interface damping constant

Effective wheel radius for axle a, wheel t

Vertical hardstop force at axle a, wheel t, along the vehicle-fixed z-axis
Vertical anti-sway force at axle a, wheel t, along the vehicle-fixed z-axis
Wheel and axle interface compliance constant

Vehicle displacement and velocity at axle a, wheel t, along the vehicle-
fixed z-axis

Wheel displacement and velocity at axle a, wheel t, along the vehicle-fixed
Z-axis

Vehicle displacement and velocity at axle a, wheel t, along the vehicle-
fixed z-axis

Wheel displacement and velocity at axle a, wheel t, along the vehicle-fixed
z-axis

Vehicle displacement and velocity at axle a, wheel t, along the vehicle-
fixed y-axis

Wheel displacement and velocity at axle a, wheel t, along the vehicle-fixed
y-axis

Suspension height at axle a, wheel t

Effective wheel radius at axle a, wheel t

The hardstop feedback force, F,p, , that the block applies depends on whether the suspension is
compressing or extending. The block applies the force:

* In compression, when the suspension is compressed more than the maximum distance specified by
the Suspension maximum height, Hmax parameter.

* In extension, when the suspension extension is greater than maximum extension specified by the
Suspension maximum height, Hmax parameter.
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To calculate the force, the block uses a stiffness based on a hyperbolic tangent and exponential
scaling.

Camber, Caster, and Toe Angles

To calculate the camber, caster, and toe angles, block uses linear functions of the suspension height
and steering angle.

Ea,t =&0a T mhcambera(zwa,t gt T mhsteera|6steera,t|) + mcambersteera|5steera,t|
Na,t = Noa + mhcastera(zwa,t 7N mhsteera|5steera' t|) + mcastersteera|5steeral t|

Ca,t =Coa t mhtoea(zwa,t gt~ mhsteera|5steera, t|) + mtoesteera|5steera, t|

The equations use these variables.

Eat Camber angle of wheel on axle a, wheel t

Nat Caster angle of wheel on axle a, wheel t

Car Toe angle of wheel on axle a, wheel t

&oar Now Coa Nominal suspension axle a camber, caster, and toe angles, respectively, at
zero steering angle

Mpcamber,, Mhcaster, Camber, caster, and toe angles, respectively, versus suspension height slope

Mptoe, for axle a

Megmbersteer,, Meastersteer, Camber, caster, and toe angles, respectively, versus steering angle slope for
mtoesteeru aXle a

Mpsteer, Steering angle versus vertical force slope for axle a

Osteer,, Steering angle input for axle a, wheel t

2, Vehicle displacement at axle a, wheel t, along the vehicle-fixed z-axis
Zw,, Wheel displacement at axle a, wheel t, along the vehicle-fixed z-axis

Steering Angles
Optionally, use the Steered axle enable by axle, StrgEnByAxl parameter to input steering angles

for the wheels. To calculate the steering angles for the wheels, the block offsets the input steering
angles with a linear function of the suspension height.

6whlsteera,t = asteera,t + mhtoea(zwa,t gt~ mhsteera|65teera, t|) + mtoesteera|5steera, t|

The equation uses these variables.

Myoesteer, Axle a toe angle versus steering angle slope

Mpsteer, Axle a steering angle versus vertical force slope

Mptoe, Axle a toe angle versus suspension height slope

Ouhisteer,, Wheel steering angle for axle a, wheel t

Osteer,, Steering angle input for axle a, wheel t

2y, Vehicle displacement at axle a, wheel t, along the vehicle-fixed z-axis
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Zwa,t

Power and Energy

Wheel displacement at axle a, wheel t, along the vehicle-fixed z-axis

The block calculates these suspension characteristics for each axle, a, wheel, t.

Calculation

Equation

Dissipated power, P, .

Psuspa,t = szlookupa(zva, t 2wt vt~ Zwg p 5steera, t)

Absorbed energy, Eqp,,

Esuspa,t = wzlookupa(zva,t ~Zwg p2vg,t ~ 2wy, p 6steera, t)

Suspension height, H, ,

F 204
Hot= - Zugt " Awg ¢ T _kza + mhsteera|6steeral t|

Distance from wheel carrier Zwtry + = Rew, + Ha,t
center to tire/road interface

The equations use these variables.

Steering angle to vertical force slope applied at wheel carrier for wheels on axle a

mhsteen1

Oisteer,, Steering angle input for axle a, wheel t

Re,, Axle a, wheel t effective wheel radius from wheel carrier center to tire/road
interface

Fl, Vertical suspension spring preload force applied to the wheels on axle a

Zwtr,, Distance from wheel carrier center to tire/road interface, along the vehicle-fixed z-
axis

2y, 2y, Vehicle displacement and velocity at axle a, wheel t, along the vehicle-fixed z-axis

Z, s Zw,, Wheel displacement and velocity at axle a, wheel t, along the vehicle-fixed z-axis

Ports

Input

Wh1Pz — Wheel z-axis displacement

array

Wheel displacement, z,,, along wheel-fixed 2-axis, in m. Array dimensions are 1 by the total number of

wheels on the vehicle.

For example, for a two-axle vehicle with two wheels per axle, the WhlPz:

* Signal array dimensions are [1x4].

WhIPZ = 2,, = [Zwy, 1 2wy, 2wy, 1 Zwp, 2]

Wheel Array Element Axle Wheel Number
Front left WhlPz(1,1) 1 1
Front right WhlPz(1,2) 1 2
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Wheel Array Element Axle Wheel Number
Rear left WhlPz (1, 3) 2 1
Rear right WhlPz(1,4) 2 2

Wh1Re — Wheel effective radius

array

Effective wheel radius, Re,,, in m. Array dimensions are 1 by the total number of wheels on the

vehicle.

For example, for a two-axle vehicle with two wheels per axle, the WhlRe:

* Signal array dimensions are [1x4].

WhiRe = Rew = [ReWLl Rewl, 2 Rewg,l Rewz, 2]

Wheel Array Element Axle Wheel Number
Front left WhlRe(1,1) 1 1
Front right WhlRe(1,2) 1 2
Rear left WhlRe(1, 3) 2 1
Rear right Wh1lRe(1,4) 2 2

WhlVz — Wheel z-axis velocity

array

Wheel velocity, 2,,, along wheel-fixed z-axis, in m. Array dimensions are 1 by the total number of

wheels on the vehicle.

For example, for a two-axle vehicle with two wheels per axle, the Wh1Vz:

* Signal array dimensions are [1x4].

WhlVz = 2w = [Zwl,l ZW1,2 Zw2,1 ZWZ,Z]

Wheel Array Element Axle Wheel Number
Front left Whlvz(1,1) 1 1
Front right Whlvz(1,2) 1 2
Rear left Whlvz (1, 3) 2 1
Rear right Whlvz(1,4) 2 2

Wh1Fx — Longitudinal wheel force on vehicle

array

Longitudinal wheel force applied to vehicle, F,,, along the vehicle-fixed x-axis.

1 by the total number of wheels on the vehicle.

For example, for a two-axle vehicle with two wheels per axle, the Wh1Fx:

* Signal array dimensions are [1x4].

Array dimensions are
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WhiFx = FWX = [wal,l FWXl,Z FWXZ,l FWX2,2]

Wheel Array Element Axle Wheel Number
Front left WhlFx(1,1) 1 1
Front right WhlFx(1,2) 1 2
Rear left WhlFx(1,3) 2 1
Rear right WhlFx(1,4) 2 2

Wh1lFy — Lateral wheel force on vehicle
array

Lateral wheel force applied to vehicle, F,,,, along the vehicle-fixed y-axis. Array dimensions are 1 by
the total number of wheels on the vehicle.

For example, for a two-axle vehicle with two wheels per axle, the WhlFy:

* Signal array dimensions are [1x4].

WhIFy = Fyyy = [Fwyr, 1 Fwyr, 2 Fwyg 1 Fwy o]

Wheel Array Element Axle Wheel Number
Front left WhlFy(1,1) 1 1
Front right WhlFy(1,2) 1 2
Rear left WhlFy(1.3) 2 1
Rear right WhlFy(1,4) 2 2

Wh1lM — Suspension moment on wheel
array

Longitudinal, lateral, and vertical suspension moments at axle a, wheel t, applied to the wheel at the
axle wheel carrier reference coordinate, in N-m. Input array dimensions are 3 by the number of
wheels on the vehicle.

* WhlM(1,...) — Suspension moment applied to the wheel about the vehicle-fixed x-axis
(longitudinal)

* WhlM(2,...) — Suspension moment applied to the wheel about the vehicle-fixed y-axis (lateral)
* WhlM(3,...) — Suspension moment applied to the wheel about the vehicle-fixed z-axis (vertical)

For example, for a two-axle vehicle with two wheels per axle, the Wh1M:

+ Signal dimensions are [3x4].

* Signal contains suspension moments applied to four wheels according to their axle and wheel
locations.

MWXl,l MWXl,Z MWXZ,I wa2,2

WhIM = M,, = |Mwy; 1 Mwy) 5 Mwy, 1 Muy, 5
MWZl,l MWZl,Z MWZZ,l M

wz) 2
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Wheel |Array Element |[Axle |Wheel [Moment Axis

Numbe

r
Front |Wh1M(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)
left
Front [(WhlM(1,2) 1 2
right
Rear (Wh1M(1,3) 2 1
left
Rear |[(WhlM(1,4) 2 2
right
Front |Wh1M(2,1) 1 1 Vehicle-fixed y-axis (lateral)
left
Front [(WhlM(2,2) 1 2
right
Rear (Wh1M(2,3) 2 1
left
Rear [(WhlM(2,4) 2 2
right
Front |Wh1M(3,1) 1 1 Vehicle-fixed z-axis (vertical)
left
Front [(WhlM(3,2) 1 2
right
Rear [(Wh1M(3,3) 2 1
left
Rear [(WhlM(3,4) 2 2
right

VehP — Vehicle displacement
array

Vehicle displacement from axle a, wheel t along vehicle-fixed coordinate system, in m. Input array
dimensions are 3 the number of wheels on the vehicle.

* VehP(1,...) — Vehicle displacement from wheel, x,, along the vehicle-fixed x-axis
* VehP(2,...) — Vehicle displacement from wheel, y,, along the vehicle-fixed y-axis
* VehP(3,...) — Vehicle displacement from wheel, z,, along the vehicle-fixed z-axis

For example, for a two-axle vehicle with two wheels per axle, the VehP:

* Signal dimensions are [3x4].
+ Signal contains four displacements according to their axle and wheel locations.

x| i1 Xve2 Xvgq Xvg o
VehP = |yy| = (W1 1 Wy 2 W 1 Wvp 2

2v| |3vy, 1 vy Bvg 1 Bvp o



Solid Axle Suspension

- Coil Spring

Wheel |Array Element |Axle |Wheel |Axis

Numbe

r
Front (VehP(1,1) 1 1 Vehicle-fixed x-axis
left
Front (VehP(1,2) 1 2
right
Rear |VehP(1,3) 2 1
left
Rear VehP(1,4) 2 2
right
Front |VehP(2,1) 1 1 Vehicle-fixed y-axis
left
Front (VehP(2,2) 1 2
right
Rear |VehP(2,3) 2 1
left
Rear VehP(2,4) 2 2
right
Front |[VehP(3,1) 1 1 Vehicle-fixed z-axis
left
Front (VehP(3,2) 1 2
right
Rear |VehP(3,3) 2 1
left
Rear |VehP(3,4) 2 2
right

VehV — Vehicle velocity

array

Vehicle velocity at axle a, wheel t along vehicle-fixed coordinate system, in m. Input array dimensions
are 3 by the number of wheels on the vehicle.

* VehV(1,...) — Vehicle velocity at wheel, x,, along the vehicle-fixed x-axis

* VehV(2,...) — Vehicle velocity at wheel, y,, along the vehicle-fixed y-axis

* VehV(3,...) — Vehicle velocity at wheel, z,, along the vehicle-fixed 2z-axis

For example, for a two-axle vehicle with two wheels per axle, the VehV:

» Signal dimensions are [3x4].

» Signal contains 4 velocities according to their axle and wheel locations.

Xy
VehV = yv = y"l,l y"l,Z yVZ,l yVZ,Z
2] |21 Zv,g 2 2 g

X"l,l x"1,2 x"2,1 XVZ,Z
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Wheel |Array Element |Axle |Wheel |Axis

Numbe

r
Front |[VehV(1,1) 1 1 Vehicle-fixed x-axis
left
Front |[VehV(1,2) 1 2
right
Rear |VehV(1,3) 2 1
left
Rear VehV(1,4) 2 2
right
Front |VehV(2,1) 1 1 Vehicle-fixed y-axis
left
Front |[VehV(2,2) 1 2
right
Rear |[VehV(2,3) 2 1
left
Rear VehV(2,4) 2 2
right
Front [VehV(3,1) 1 1 Vehicle-fixed z-axis
left
Front |[VehV(3,2) 1 2
right
Rear |VehV(3,3) 2 1
left
Rear |[VehV(3,4) 2 2
right

StrgAng — Steering angle, optional

array

Optional steering angle for each wheel, 6.

wheels.

Input array dimensions are 1 by the number of steered

For example, for a two-axle vehicle with two wheels per axle, you can input steering angles for both
wheels on the first axle.

* To create the StrgAng port, set Steered axle enable by axle, StrgEnByAxl to [1 0]. The input
signal array dimensions are [1x2].

» The StrgAng signal contains two steering angles according to their axle and wheel locations.

StrgAng = bgteer = [6steer1’1 65teer1,2]

Wheel Array Element Axle Wheel Number
Front left StrgAng(1,1) 1 1
Front right StrgAng(1,2) 1 2
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Dependencies

To create input port StrgAng, set an element of the Steered axle enable by axle, StrgEnByAxl

vectorto 1.
Output

Info — Bus signal
bus

Bus signal containing block values. The signals are arrays that depend on the wheel location.

For example, here are the indices for a two-axle, two-wheel vehicle. The total number of wheels is

four.

* 1D array signal (1-by-4)

Array Element Axle Wheel Number

(1,1) 1 1

(1,2) 1 2

(1,3) 2 1

(1,4) 2 2
+ 3D array signal (3-by-4)

Array Element Axle Wheel Number

(1,1) 1 1

(1,2) 1 2

(1,3) 2 1

(1,4) 2 2

(2,1) 1 1

(2,2) 1 2

(2,3) 2 1

(2,4) 2 2

(3,1) 1 1

(3,2) 1 2

(3,3) 2 1

(3,4) 2 2
Signal Description Array Signal |Variable Units
Camber Wheel angles according (1D WhlAng[1,...] =& = [&,,¢] |rad
Caster to the axle. WhlAng(2,...] = n = [ng,¢
Toe WhlAng(3,...]1 = 7 = [Ty ¢]
Height Suspension height 1D H m
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Signal Description Array Signal |Variable Units
Power Suspension power 1D B w
dissipation
Energy Suspension absorbed 1D -~ J
energy
VehF Suspension forces 3D For a two-axle, two wheels N
applied to the vehicle per axle vehicle:
VehF = F, =
va1,1 va1’2 FVXZI 1 FVXZ,Z
Fvyl,l Fvyl,z Fvyz,l Fyy 12
FVerl FVZLZ FV22,1 FVZZ,Z
VehM Suspension moments 3D For a two-axle, two wheels N-m
applied to vehicle per axle vehicle:
VehM = M, =
M"Xl,l M"Xl, 2 va2,1 MVXZ, 2
Myy;, 1 Myyy, 5 Myy, 1 Myy, 5
MVZl,l Mvzll 2 Mvzzll Mvzgl 2
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per axle vehicle:

Xw
Zy

XWl,l XWI,Z XWZ,I XWZ,Z

ywl 1 le,Z wa,l sz,z

Signal Description Array Signal |Variable Units
WhlF Suspension force 3D For a two-axle, two wheels N
applied to wheel per axle vehicle:
WhIF = F,, =
FWXl,l wa1,2 FWXZ,l FWXZ,Z
Fwy1,1 Fwyr, 2 Fwyy, 1 Fwip o
FWZl,l FWZI,Z FWZZ,I Fw22,2
Wh1P Wheel displacement 3D For a two-axle, two wheels m
per axle vehicle:
Xy
Zyw
Xwi, 1 Xwy2 Xwp 1 Xwp o
le, 1 le, 2 yw2, 1 Yw 2,2
ZWLTL 1 ZwtrL 2 Zwtrzl 1 Zwtrz, 2
Whlv Wheel velocity 3D For a two-axle, two wheels m/s

2wy 1 Fwi,2 Fwz,1 Fwy,2
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Signal Description

Array Signal |Variable

Units

WhlAng Wheel camber, caster,
toe angles

3D

For a two-axle, two wheels
per axle vehicle:

¢
WhlAng = (n

4
&1,1 61,2 82,1 &2,2

=1M,1M,2m2,1M,2

C1,1 C1,2 C2,1 (2,2

rad

VehF — Suspension force on vehicle

array

Longitudinal, lateral, and vertical suspension force at axle a, wheel t, applied to the vehicle at the
suspension connection point, in N. Array dimensions are 3 by the number of wheels on the vehicle.

* VehF(1,...) — Suspension force applied to vehicle along the vehicle-fixed x-axis (longitudinal)
* VehF(2,...) — Suspension force applied to vehicle along the vehicle-fixed y-axis (lateral)
* VehF(3,...) — Suspension force applied to vehicle along the vehicle-fixed z-axis (vertical)

For example, for a two-axle vehicle with two wheels per axle, the VehF:

* Signal dimensions are [3x4].

* Signal contains suspension forces applied to the vehicle according to the axle and wheel locations.

F

VX1, 1

FVXI,Z

FVXZ,l

F"XZ,Z

VehF = F, = |Fvy; 1 Fvyy 5 Fuyy 1 Fuyy o

F"Zl,l F"Zl, 2 FVZZ,l FVZZ,Z
Wheel |Array Element |Axle |Wheel |Force Axis
Numbe
r
Front |VehF(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)
left
Front |VehF(1,2) 1 2
right
Rear |VehF(1,3) 2 1
left
Rear |VehF(1,4) 2 2
right
Front |VehF(2,1) 1 1 Vehicle-fixed y-axis (lateral)
left
Front |VehF(2,2) 1 2
right
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Wheel |Array Element |Axle |Wheel [Force Axis
Numbe
r

Rear |VehF(2,3) 2 1

left

Rear |VehF(2,4) 2 2

right

Front |[VehF(3,1) 1 1 Vehicle-fixed z-axis (vertical)

left

Front (VehF(3,2) 1 2

right

Rear |[VehF(3,3) 2 1

left

Rear |[VehF(3,4) 2 2

right

VehM — Suspension moment on vehicle

array

Longitudinal, lateral, and vertical suspension moment at axle a, wheel t, applied to the vehicle at the
suspension connection point, in N-m. Array dimensions are 3 by the number of wheels on the vehicle.

* VehM(1,...) — Suspension moment applied to the vehicle about the vehicle-fixed x-axis
(longitudinal)

* VehM(2,...) — Suspension moment applied to the vehicle about the vehicle-fixed y-axis (lateral)

* VehM(3,...) — Suspension moment applied to the vehicle about the vehicle-fixed z-axis
(vertical)

For example, for a two-axle vehicle with two wheels per axle, the VehM:

* Signal dimensions are [3x4].

+ Signal contains suspension moments applied to vehicle according to the axle and wheel locations.

MVX]_, 1 MVX]_, 2 MVXZ, 1 MVXZ, 2
VehM = M, = |Myy; | My 5 Myy, 1 Myy, 5

Myzy 1 Myzy 5 Myzy Mz, 5

Array Element Axle Wheel |Moment Axis
Number

VehM(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)
VehM(1,2) 1 2
VehM(1,3) 2 1
VehM(1,4) 2 2
VehM(2,1) 1 1 Vehicle-fixed y-axis (lateral)
VehM(2,2) 1 2
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Array Element |Axle Wheel |Moment Axis
Number

VehM(2,3) 2 1

VehM(2,4) 2 2

VehM(3,1) 1 1 Vehicle-fixed z-axis (vertical)
VehM(3,2) 1 2

VehM(3,3) 2 1

VehM(3,4) 2 2

Wh1lF — Suspension force on wheel
array

Longitudinal, lateral, and vertical suspension forces at axle a, wheel t, applied to the wheel at the
axle wheel carrier reference coordinate, in N. Array dimensions are 3 by the number of wheels on the

vehicle.

* WhlF(1,...) — Suspension force on wheel along the vehicle-fixed x-axis (longitudinal)
* WhlF(2,...) — Suspension force on wheel along the vehicle-fixed y-axis (lateral)

* WhlF(3,...) — Suspension force on wheel along the vehicle-fixed z-axis (vertical)

For example, for a two-axle vehicle with two wheels per axle, the Wh'lF:
+ Signal dimensions are [3x4].
» Signal contains wheel forces applied to the vehicle according to the axle and wheel locations.
wal,l FWXLZ FWXZ, 1 FWXZ,Z
WhIF = Fy, = [Fwyy 1 Fwyy 5 Fwyg 1 Fwyg,

FWZl[]_ FWlez FWZZ,l FWZZ,Z

Wheel |Array Element |Axle |Wheel (Force Axis
Numbe
r
Front (WhlF(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)
left
Front [WhlF(1,2) 1 2
right
Rear [WhlF(1,3) 2 1
left
Rear (WhlF(1,4) 2 2
right
Front [(WhlF(2,1) 1 1 Vehicle-fixed y-axis (lateral)
left
Front [WhlF(2,2) 1 2
right
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Wheel |Array Element |Axle |Wheel [Force Axis
Numbe
r

Rear [WhlF(2,3) 2 1

left

Rear [WhlF(2,4) 2 2

right

Front [(WhlF(3,1) 1 1 Vehicle-fixed z-axis (vertical)

left

Front [WhlF(3,2) 1 2

right

Rear [WhlF(3,3) 2 1

left

Rear [WhlF(3,4) 2 2

right

Wh1lV — Wheel velocity

array

Longitudinal, lateral, and vertical wheel velocity at axle a, wheel t, in m/s. Array dimensions are 3 by
the number of wheels on the vehicle.

* Whlv(1l,..
« Whlv(2,..

 Whlv(3,.

. ) — Wheel velocity along the vehicle-fixed x-axis (longitudinal)

. ) — Wheel velocity along the vehicle-fixed y-axis (lateral)

. . ) — Wheel velocity along the vehicle-fixed z-axis (vertical)

For example, for a two-axle vehicle with two wheels per axle, the Wh1V:

» Signal dimensions are [3x4].

» Signal contains wheel forces applied to the vehicle according to the axle and wheel locations.

Xw

Xwy, 1 Xwy, 2 Xwy 1 Xwp o

WhIV = yw = ywl,l le,Z yWZ,l yWZ,Z

Zw| 2w | 2wy g Zwy 1 2w,

Wheel |Array Element |Axle |Wheel [Force Axis
Numbe
r

Front [(WhlV(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)

left

Front [(WhlV(1,2) 1 2

right

Rear |[WhlV(1,3) 2 1

left

Rear [WhlV(1,4) 2 2

right
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Wheel |Array Element |Axle |Wheel [Force Axis
Numbe
r
Front |WhlV(2,1) 1 1 Vehicle-fixed y-axis (lateral)
left
Front [(WhlV(2,2) 1 2
right
Rear (WhlV(2,3) 2 1
left
Rear [WhlV(2,4) 2 2
right
Front |WhlV(3,1) 1 1 Vehicle-fixed z-axis (vertical)
left
Front [(WhlV(3,2) 1 2
right
Rear (WhlV(3,3) 2 1
left
Rear [WhlV(3,4) 2 2
right

Wh1Ang — Wheel camber, caster, toe angles
array

Camber, caster, and toe angles at axle a, wheel t, in rad. Array dimensions are 3 by the number of
wheels on the vehicle.

* WhlAng(1,...) — Camber angle
* WhlAng(2,...) — Caster angle
* WhlAng(3,...) — Toe angle

For example, for a two-axle vehicle with two wheels per axle, the Wh1Ang:

* Signal dimensions are [3x4].

* Signal contains angles according to the axle and wheel locations.

g1 [é11 81,2 82,1 &2,2
WhlAng = [n|={m,1 M,2 M,1 2,2
€l 01,1 01,2 021 02,2

Wheel |Array Element |Axle |Wheel [Angle
Numbe
r
Front |WhlAng(1,1) 1 1 Camber
left
Front |WhlAng(1,2) 1 2
right
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Wheel |Array Element |Axle |Wheel [Angle
Numbe
r
Rear |WhlAng(1,3) 2 1
left
Rear |WhlAng(1,4) 2 2
right
Front |WhlAng(2,1) 1 1 Caster
left
Front |WhlAng(2,2) 1 2
right
Rear |WhlAng(2,3) 2 1
left
Rear |WhlAng(2,4) 2 2
right
Front |WhlAng(3,1) 1 1 Toe
left
Front [WhlF(3,2) 1 2
right
Rear [WhlF(3,3) 2 1
left
Rear [WhlF(3,4) 2 2
right
Parameters

Axles

Number of axles, NumAxl — Number of axles

2 (default) | scalar

Number of axles, N,, dimensionless.

Number of wheels by axle, NumWhlsByAxl — Number of wheels per axle
[2 2] (default) | vector

Number of wheels per axle, Nt,, dimensionless. Vector is 1 by the number of vehicle axles, N,. For
example, [1,2] represents one wheel on axle one and two wheels on axle two.

Steered axle enable by axle, StrgEnByAxl — Boolean vector to enable axle steering
[1 O] (default) | vector

Boolean vector that enables axle steering, Eng..» dimensionless. Vector is 1 by the number of vehicle
axles, N,. For example:

 [1 0]—For a two-axle vehicle, enables axle one steering and disables axle two steering

* [1 1]—For a two-axle vehicle, enables axle one and axle two steering

1-201



1 Steering and Suspension Blocks

1-202

Dependencies
Setting an element of the Steered axle enable by axle, StrgEnByAxl vector to 1:

* Creates input port StrgAng.
* Creates these parameters

+ Toe angle vs steering angle slope, ToeStrgSlp

* Caster angle vs steering angle slope, CasterStrgSlp

+ Camber angle vs steering angle slope, CamberStrgSlp
* Suspension height vs steering angle slope, StrgHgtSlp

For example, for a two-axle vehicle with two wheels per axle, you can input steering angles for both
wheels on the first axle.

» To create the StrgAng port, set Steered axle enable by axle, StrgEnByAxl to [1 0]. The input
signal array dimensions are [1x2].

* The StrgAng signal contains two steering angles according to their axle and wheel locations.

StrgAng = bgteer = [6steer1,1 6steer1,2]

Wheel Array Element Axle Wheel Number
Front left StrgAng(1,1) 1 1
Front right StrgAng(1,2) 1 2

Axle and wheels lumped principal moments of inertia about longitudinal axis,
Ax1Ixx — Inertia

300 (default) | vector

Axle and wheels lumped principal moments of inertia about longitudinal axis, AxleIxx g, in kg*m” 2.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Axle and wheels lumped mass, Ax1M — Mass
[2 2] (default) | vector

Axle and wheels lumped mass, a, in kg.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Track hardpoint coordinates relative to axle center, TrackCoords — Point
[0000;-11-11;000 0] (default) | array

Track hardpoint coordinates, Tc;, along the solid axle x, y, and z-axes, in m.

For example, for a two-axle vehicle with two wheels per axle, the TrackCoords array:

* Dimensions are [3x4].
* Contains four track hardpoint coordinates according to their axle and wheel locations.
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Xwy, 1 Xwy, 2 Xwp 1 Xwp o
Tey = le,l yw1,2 yWZ,l ywz,z

2wy, 1 2wy, Awy 1 Zwp 2

Array Element Axle Wheel |Axis
Number
TrackCoords (1, |1 1 Solid axle x-axis
1)
TrackCoords (1, |1 2
2)
TrackCoords (1, (2 1
3)
TrackCoords(1, |2 2
4)
TrackCoords (2, |1 1 Solid axle y-axis
1)
TrackCoords (2, |1 2
2)
TrackCoords (2, (2 1
3)
TrackCoords(2, |2 2
4)
TrackCoords (3, |1 1 Solid axle z-axis
1)
TrackCoords (3, |1 2
2)
TrackCoords (3, (2 1
3)
TrackCoords(3, |2 2
4)

Dimensions are [3x4].

Suspension hardpoint coordinates, Sc;, along the solid axle x-, y-, and z-axes, in m.

For example, for a two-axle vehicle with two wheels per axle, the SuspCoords array:

Contains four track hardpoint coordinates according to their axle and track locations.

Xs1,1 Xs1,2 Xsp,1 Xs2,2
Scy=|Ys1.1 Ys1,2 Vso, 1 Vso 2

Zs1,1 %s1,2 %s2,1 5,2

Suspension hardpoint coordinates relative to axle center, SuspCoords — Point
[000O0;-11-11;000 0] (default)|array
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Array Element |Axle Track Axis
?uspCoords(l,l 1 1 Solid axle x-axis
?uspCoords(l,Z 1 2

?uspCoords(l,B 2 1

?uspCoords(1,4 2 2

?uspCoords(Z,l 1 1 Solid axle y-axis
?uspCoords(Z,Z 1 2

?uspCoords(Z,B 2 1

?uspCoords(2,4 2 2

?uspCoords(3,1 1 1 Solid axle z-axis
?uspCoords(3,2 1 2

?uspCoords(3,3 2 1

?uspCoords(3,4 2 2

Wheel and axle interface compliance constant, KzWhlAxl — Spring rate
6437000 (default) | scalar

Wheel and axle interface compliance constant, kwa,, in N/m.

Wheel and axle interface compliance preload, FO0zWhlAxl — Spring rate
9810 (default) | scalar

Wheel and axle interface compliance preload, Fwa,,, in N.

Wheel and axle interface damping constant, CzWhlAx1 — Damping
10000 (default) | scalar

Wheel and axle interface damping constant, cwa,, in m.

Suspension

Compliance and Damping - Passive

Suspension spring constant, Kz — Suspension spring constant
64370 (default) | scalar | vector

Linear vertical spring constant for independent suspension wheels on axle a, k,, in N/m.
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Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Suspension spring preload, FO0z — Suspension spring preload
9810 (default) | scalar | vector

Vertical preload spring force applied to the wheels on the axle at wheel carrier reference coordinates,
F,, in N. Positive preload forces:

* Cause the vehicle to lift.
* Point along the negative vehicle-fixed z-axis.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Suspension shock damping constant, Cz — Suspension shock damping constant
10000 (default) | scalar | vector

Linear vertical damping constant for independent suspension wheels on axle a, ¢,, in Ns/m.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Dependencies
To create this parameter, clear Enable active damping.

Suspension maximum height, Hmax — Height
0.5 (default) | scalar | vector

Maximum suspension extension or minimum suspension compression height, H,,,, for axle a before
the suspension reaches a hardstop, in m.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Geometry

Toe angle at steering center, Toe — Toe angle
0.0349 (default) | scalar

Nominal suspension toe angle at zero steering angle, ,,, in rad.

Roll steer vs suspension height slope, RollStrgSlp — Steer angle suspension slope
-0.2269 (default) | scalar | vector

Roll steer angle versus suspension height, my,, , in rad/m.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Toe angle vs steering angle slope, ToeStrgSlp — Toe angle steering slope
0.01 (default) | scalar | vector

Toe angle versus steering angle slope, Myesteer,, dimensionless.
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Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Dependencies

To create input port StrgAng, set an element of the Steered axle enable by axle, StrgEnByAxl
vector to 1.

Caster angle at steering center, Caster — Caster angle at steering center
0.0698 (default) | scalar

Nominal suspension caster angle at zero steering angle, 7,,, in rad.

Caster angle vs suspension height slope, CasterHslp — Caster angle versus
suspension height slope

-0.2269 (default) | scalar | vector

Caster angle versus suspension height, mpgger,, in rad/m.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Caster angle vs steering angle slope, CasterStrgSlp — Caster angle versus
steering angle slope
0.01 (default) | scalar | vector

Caster angle versus steering angle slope, Megstersteer,, dimensionless.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Dependencies

To create input port StrgAng, set an element of the Steered axle enable by axle, StrgEnByAxl
vector to 1.

Camber angle at steering center, Camber — Camber angle at steering center
0.0698 (default) | scalar

Nominal suspension camber angle at zero steering angle, &, in rad.

Camber angle vs suspension height slope, CamberHslp — Camber angle versus
suspension height slope

-0.2269 (default) | scalar | vector

Camber angle versus suspension height, mycomper,, in rad/m.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Camber angle vs steering angle slope, CamberStrgSlp — Camber angle versus
steering angle slope
0.01 (default) | scalar | vector

Camber angle versus steering angle slope, Mgsmpersteer,, dimensionless.
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Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Dependencies

To create input port StrgAng, set an element of the Steered axle enable by axle, StrgEnByAxl
vector to 1.

Suspension height vs steering angle slope, StrgHgtSlp — Suspension height versus
steering angle slope
0.1432 (default) | scalar | vector

Steering angle to vertical force slope applied at suspension wheel carrier reference point, mpgeer,, in
m/rad.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Dependencies

To create input port StrgAng, set an element of the Steered axle enable by axle, StrgEnByAxl
vector to 1.

Version History
Introduced in R2018a

Parameter name change from NumTracksByAxl to NumWhlsByAx1
Behavior changed in R2022b

The Number of tracks by axle, NumTracksByAxl parameter is renamed to Number of wheels by
axle, NumWhlsByAxl.

The block uses the number of wheels per axle to index the input and output block signals.

References

[1] Gillespie, Thomas. Fundamentals of Vehicle Dynamics. Warrendale, PA: Society of Automotive
Engineers, 1992.

[2] Vehicle Dynamics Standards Committee. Vehicle Dynamics Terminology. SAE J670. Warrendale,
PA: Society of Automotive Engineers, 2008.

[3] Technical Committee. Road vehicles — Vehicle dynamics and road-holding ability — Vocabulary.
ISO 8855:2011. Geneva, Switzerland: International Organization for Standardization, 2011.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using Simulink® Coder™.
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See Also
Solid Axle Suspension | Solid Axle Suspension - Leaf Spring | Solid Axle Suspension - Mapped
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Solid Axle Suspension - Leaf Spring

Solid axle suspension with leaf spring
Library: Vehicle Dynamics Blockset / Suspension

Info

VehF

ehhd

Whil WhiF

WhiAng

Description

The Solid Axle Suspension - Leaf Spring block implements a solid axle suspension with a leaf spring
for multiple axles with multiple wheels per axle.

The block models the suspension compliance, damping, and geometric effects as functions of the
wheel positions and velocities, with axle-specific compliance and damping parameters. Using the
wheel position and velocity, the block calculates the vertical wheel position and suspension forces on
the vehicle and wheel. The block uses the Z-down (defined in SAE J670) and a solid axle coordinate
system. The solid axle coordinate system, shown here, is aligned with the Z-down vehicle coordinate
system, with the x-axis in the direction of forward vehicle motion.

For Each You Can Specify
Axle * Multiple wheels
* Suspension parameters

Wheel * Steering angles
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The block contains energy-storing spring elements and energy-dissipating damper elements. The

block also stores energy via the axle roll angular acceleration and axle center of mass vertical and
lateral acceleration.

This table summarizes the block parameter settings for a vehicle with:

* Two axles
* Two wheels per axle

* Steering angle input for both wheels on the front axle

Parameter Setting

Number of axles, NumAxI 2

Number of wheels by axle, NumWhlsByAxl [2 2]

Steered axle enable by axle, StrgEnByAx] [1 0]

The block uses the wheel number, ¢, to index the input and output signals. This table summarizes the
wheel, axle, and corresponding wheel number for a vehicle with:

e Two axles

* Two wheels per axle

Wheel Axle Wheel Number
Front left Front 1
Front right Front 2
Rear left Rear 1
Rear right Rear 2

Suspension Compliance and Damping

The block uses a linear spring and damper to model the vertical dynamic effects of the suspension
system on the vehicle and wheel. Specifically, the block:

Uses To Calculate

* Longitudinal and lateral displacement and * Suspension forces applied to the axle center.
velocity of the vehicle.

* Vertical displacements and velocities of the
* Longitudinal and lateral displacement and vehicle and wheel.

velocity of the wheel. + Longitudinal, lateral and vertical suspension

» Vertical wheel forces applied to the vehicle. forces and moments applied to the vehicle.

* Longitudinal, lateral and vertical suspension
forces and moments applied to the wheel.

To calculate the dynamics of the axle, the block implements these equations. The block neglects the
effects of:

» Lateral and longitudinal translational velocity.

* Angular velocity about the vertical and lateral axes.
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The net vertical force on the axle center of mass is the sum of the wheel and suspension forces acting
on the axle.

Nta
Fp = E =1 (FWZa,t + ona + kza(zva,t ~Zsg T mhsteera|6steera, t|) + Cza(z.va,t - Z.sa, t))

The net moment about the roll axis of the solid axle suspension accounts for the hardpoint
coordinates of the suspension and wheels.

Nta
M, = E A (FWZa, tYw + (FZOG + kza(zva,t ~Zsy t + mhsteera|6steera,t|) + Cza(iva,t - Z.sal t))JJst

+M b
WXa, tIxy + Mayw;

Block parameters provide the track and suspension hardpoints coordinates.

Xy Xy -
Tcy = |Ywy Ywy -
Zyy 2wy o

Xs Xsp -

SCt = |Vs1 Vsp -

Zg) Zsy oo

The block uses Euler angles to transform the track and suspension displacements, velocities, and
accelerations to the vehicle coordinate system.

To calculate the suspension forces applied to the vehicle, the block implements this equation.
F"Za,t = - (FZOG + kza(zva,t ~Zg, 4t mhsteera|6steera’ t|) + Cza(zlva,t - ZISG’ t) + thstopa, t)

The suspension forces and moments applied to the vehicle are equal to the suspension forces and
moments applied to the wheel.

1-211



1 Steering and Suspension Blocks

FVXa,t = FWXa,t
FVYa,t = FWJ/a,t
F"Za,t = _FWZa,t
M,

VXg,t = MWXa,t + FWya, t(ReWJ/a,t +Hg,¢)

<

VWa,t = MWya,t + FWXa, t(ReWXa,t + H, t)

Mvza,t = MWZa,t

To calculate the vertical force applied to the suspension at the wheel location, the block implements a
stiff spring-damper, shown here.

Spring Dampe

Solid Axle

The block uses this equation.
Fuz at= " Fwa,y - kwaz(zw ot Zsq, t) - cwaz(zw 0t~ Zsq, t)
The equations use these variables.

Fuso My, Suspension force and moment applied to the wheel on axle a, wheel t
along wheel-fixed z-axis

Fln,o My, Suspension force and moment applied to the wheel on axle a, wheel t
along wheel-fixed x-axis
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F

WYa,t Mwya,t
VZoy MVZa,t

VXt MVXa,t

FV_Va,t’ MV.Va,t

F 20,
k,,
kwa,

mhsteera

6steera,t

C,

a

cwa,
Rewalt

F zhstop,

F Zaswyg ¢
Fwa,,

Zva,t' Z'Va,t
Zwa,t' 2Wa,[
Xva,t’ Xva,t
Xwa,t' )&Wa,t
Yoo Yo,

Yw, o Yw,,

Ha,t
Rewm

Hardstop Forces

Suspension force and moment applied to the wheel on axle a, wheel t
along wheel-fixed y-axis

Suspension force and moment applied to the vehicle on axle a, wheel t
along wheel-fixed z-axis

Suspension force and moment applied to the vehicle on axle a, wheel t
along wheel-fixed x-axis

Suspension force and moment applied to the vehicle on axle a, wheel t
along wheel-fixed y-axis

Vertical suspension spring preload force applied to the wheels on axle a
Vertical spring constant applied to wheels on axle a
Wheel and axle interface compliance constant

Steering angle to vertical force slope applied at wheel carrier for wheels on
axle a

Steering angle input for axle a, wheel t

Vertical damping constant applied to wheels on axle a

Wheel and axle interface damping constant

Effective wheel radius for axle a, wheel t

Vertical hardstop force at axle a, wheel t, along the vehicle-fixed z-axis
Vertical anti-sway force at axle a, wheel t, along the vehicle-fixed z-axis
Wheel and axle interface compliance constant

Vehicle displacement and velocity at axle a, wheel t, along the vehicle-
fixed z-axis

Wheel displacement and velocity at axle a, wheel t, along the vehicle-fixed
Z-axis

Vehicle displacement and velocity at axle a, wheel t, along the vehicle-
fixed z-axis

Wheel displacement and velocity at axle a, wheel t, along the vehicle-fixed
z-axis

Vehicle displacement and velocity at axle a, wheel t, along the vehicle-
fixed y-axis

Wheel displacement and velocity at axle a, wheel t, along the vehicle-fixed
y-axis

Suspension height at axle a, wheel t

Effective wheel radius at axle a, wheel t

The hardstop feedback force, F,p, , that the block applies depends on whether the suspension is
compressing or extending. The block applies the force:

* In compression, when the suspension is compressed more than the maximum distance specified by
the Suspension maximum height, Hmax parameter.

* In extension, when the suspension extension is greater than maximum extension specified by the
Suspension maximum height, Hmax parameter.
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To calculate the force, the block uses a stiffness based on a hyperbolic tangent and exponential
scaling.

Camber, Caster, and Toe Angles

To calculate the camber, caster, and toe angles, block uses linear functions of the suspension height
and steering angle.

Ea,t =&0a T mhcambera(zwa,t gt T mhsteera|6steera,t|) + mcambersteera|5steera,t|
Na,t = Noa + mhcastera(zwa,t 7N mhsteera|5steera' t|) + mcastersteera|5steeral t|

Ca,t =Coa t mhtoea(zwa,t gt~ mhsteera|5steera, t|) + mtoesteera|5steera, t|

The equations use these variables.

Eat Camber angle of wheel on axle a, wheel t

Nat Caster angle of wheel on axle a, wheel t

Car Toe angle of wheel on axle a, wheel t

&oar Now Coa Nominal suspension axle a camber, caster, and toe angles, respectively, at
zero steering angle

Mpcamber,, Mhcaster, Camber, caster, and toe angles, respectively, versus suspension height slope

Mptoe, for axle a

Megmbersteer,, Meastersteer, Camber, caster, and toe angles, respectively, versus steering angle slope for
mtoesteeru aXle a

Mpsteer, Steering angle versus vertical force slope for axle a

Osteer,, Steering angle input for axle a, wheel t

2, Vehicle displacement at axle a, wheel t, along the vehicle-fixed z-axis
Zw,, Wheel displacement at axle a, wheel t, along the vehicle-fixed z-axis

Steering Angles
Optionally, use the Steered axle enable by axle, StrgEnByAxl parameter to input steering angles

for the wheels. To calculate the steering angles for the wheels, the block offsets the input steering
angles with a linear function of the suspension height.

6whlsteera,t = asteera,t + mhtoea(zwa,t gt~ mhsteera|65teera, t|) + mtoesteera|5steera, t|

The equation uses these variables.

Myoesteer, Axle a toe angle versus steering angle slope

Mpsteer, Axle a steering angle versus vertical force slope

Mptoe, Axle a toe angle versus suspension height slope

Ouhisteer,, Wheel steering angle for axle a, wheel t

Osteer,, Steering angle input for axle a, wheel t

2y, Vehicle displacement at axle a, wheel t, along the vehicle-fixed z-axis
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Zwa,t

Power and Energy

Wheel displacement at axle a, wheel t, along the vehicle-fixed z-axis

The block calculates these suspension characteristics for each axle, a, wheel, t.

Calculation

Equation

Dissipated power, P, .

Psuspa,t = szlookupa(zva, t 2wt vt~ Zwg p 5steera, t)

Absorbed energy, Eqp,,

Esuspa,t = wzlookupa(zva,t ~Zwg p2vg,t ~ 2wy, p 6steera, t)

Suspension height, H, ,

F 204
Hot= - Zugt " Awg ¢ T _kza + mhsteera|6steeral t|

Distance from wheel carrier Zwtry + = Rew, + Ha,t
center to tire/road interface

The equations use these variables.

Steering angle to vertical force slope applied at wheel carrier for wheels on axle a

mhsteen1

Oisteer,, Steering angle input for axle a, wheel t

Re,, Axle a, wheel t effective wheel radius from wheel carrier center to tire/road
interface

Fl, Vertical suspension spring preload force applied to the wheels on axle a

Zwtr,, Distance from wheel carrier center to tire/road interface, along the vehicle-fixed z-
axis

2y, 2y, Vehicle displacement and velocity at axle a, wheel t, along the vehicle-fixed z-axis

Z, s Zw,, Wheel displacement and velocity at axle a, wheel t, along the vehicle-fixed z-axis

Ports

Input

Wh1Pz — Wheel z-axis displacement

array

Wheel displacement, z,,, along wheel-fixed 2-axis, in m. Array dimensions are 1 by the total number of

wheels on the vehicle.

For example, for a two-axle vehicle with two wheels per axle, the WhlPz:

* Signal array dimensions are [1x4].

WhIPZ = 2,, = [Zwy, 1 2wy, 2wy, 1 Zwp, 2]

Wheel Array Element Axle Wheel Number
Front left WhlPz(1,1) 1 1
Front right WhlPz(1,2) 1 2
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Wheel Array Element Axle Wheel Number
Rear left WhlPz (1, 3) 2 1
Rear right WhlPz(1,4) 2 2

Wh1Re — Wheel effective radius

array

Effective wheel radius, Re,,, in m. Array dimensions are 1 by the total number of wheels on the

vehicle.

For example, for a two-axle vehicle with two wheels per axle, the WhlRe:

* Signal array dimensions are [1x4].

WhiRe = Rew = [ReWLl Rewl, 2 Rewg,l Rewz, 2]

Wheel Array Element Axle Wheel Number
Front left WhlRe(1,1) 1 1
Front right WhlRe(1,2) 1 2
Rear left WhlRe(1, 3) 2 1
Rear right Wh1lRe(1,4) 2 2

WhlVz — Wheel z-axis velocity

array

Wheel velocity, 2,,, along wheel-fixed z-axis, in m. Array dimensions are 1 by the total number of

wheels on the vehicle.

For example, for a two-axle vehicle with two wheels per axle, the Wh1Vz:

* Signal array dimensions are [1x4].

WhlVz = 2w = [Zwl,l ZW1,2 Zw2,1 ZWZ,Z]

Wheel Array Element Axle Wheel Number
Front left Whlvz(1,1) 1 1
Front right Whlvz(1,2) 1 2
Rear left Whlvz (1, 3) 2 1
Rear right Whlvz(1,4) 2 2

Wh1Fx — Longitudinal wheel force on vehicle

array

Longitudinal wheel force applied to vehicle, F,,, along the vehicle-fixed x-axis.

1 by the total number of wheels on the vehicle.

For example, for a two-axle vehicle with two wheels per axle, the Wh1Fx:

* Signal array dimensions are [1x4].

Array dimensions are
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WhiFx = FWX = [wal,l FWXl,Z FWXZ,l FWX2,2]

Wheel Array Element Axle Wheel Number
Front left WhlFx(1,1) 1 1
Front right WhlFx(1,2) 1 2
Rear left WhlFx(1,3) 2 1
Rear right WhlFx(1,4) 2 2

Wh1lFy — Lateral wheel force on vehicle
array

Lateral wheel force applied to vehicle, F,,,, along the vehicle-fixed y-axis. Array dimensions are 1 by
the total number of wheels on the vehicle.

For example, for a two-axle vehicle with two wheels per axle, the WhlFy:

* Signal array dimensions are [1x4].

WhIFy = Fyyy = [Fwyr, 1 Fwyr, 2 Fwyg 1 Fwy o]

Wheel Array Element Axle Wheel Number
Front left WhlFy(1,1) 1 1
Front right WhlFy(1,2) 1 2
Rear left WhlFy(1.3) 2 1
Rear right WhlFy(1,4) 2 2

Wh1lM — Suspension moment on wheel
array

Longitudinal, lateral, and vertical suspension moments at axle a, wheel t, applied to the wheel at the
axle wheel carrier reference coordinate, in N-m. Input array dimensions are 3 by the number of
wheels on the vehicle.

* WhlM(1,...) — Suspension moment applied to the wheel about the vehicle-fixed x-axis
(longitudinal)

* WhlM(2,...) — Suspension moment applied to the wheel about the vehicle-fixed y-axis (lateral)
* WhlM(3,...) — Suspension moment applied to the wheel about the vehicle-fixed z-axis (vertical)

For example, for a two-axle vehicle with two wheels per axle, the Wh1M:

+ Signal dimensions are [3x4].

* Signal contains suspension moments applied to four wheels according to their axle and wheel
locations.

MWXl,l MWXl,Z MWXZ,I wa2,2

WhIM = M,, = |Mwy; 1 Mwy) 5 Mwy, 1 Muy, 5
MWZl,l MWZl,Z MWZZ,l M

wz) 2
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Wheel |Array Element |[Axle |Wheel [Moment Axis

Numbe

r
Front |Wh1M(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)
left
Front [(WhlM(1,2) 1 2
right
Rear (Wh1M(1,3) 2 1
left
Rear |[(WhlM(1,4) 2 2
right
Front |Wh1M(2,1) 1 1 Vehicle-fixed y-axis (lateral)
left
Front [(WhlM(2,2) 1 2
right
Rear (Wh1M(2,3) 2 1
left
Rear [(WhlM(2,4) 2 2
right
Front |Wh1M(3,1) 1 1 Vehicle-fixed z-axis (vertical)
left
Front [(WhlM(3,2) 1 2
right
Rear [(Wh1M(3,3) 2 1
left
Rear [(WhlM(3,4) 2 2
right

VehP — Vehicle displacement
array

Vehicle displacement from axle a, wheel t along vehicle-fixed coordinate system, in m. Input array
dimensions are 3 the number of wheels on the vehicle.

* VehP(1,...) — Vehicle displacement from wheel, x,, along the vehicle-fixed x-axis
* VehP(2,...) — Vehicle displacement from wheel, y,, along the vehicle-fixed y-axis
* VehP(3,...) — Vehicle displacement from wheel, z,, along the vehicle-fixed z-axis

For example, for a two-axle vehicle with two wheels per axle, the VehP:

* Signal dimensions are [3x4].
+ Signal contains four displacements according to their axle and wheel locations.

x| i1 Xve2 Xvgq Xvg o
VehP = |yy| = (W1 1 Wy 2 W 1 Wvp 2

2v| |3vy, 1 vy Bvg 1 Bvp o
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Wheel |Array Element |Axle |Wheel |Axis

Numbe

r
Front (VehP(1,1) 1 1 Vehicle-fixed x-axis
left
Front (VehP(1,2) 1 2
right
Rear |VehP(1,3) 2 1
left
Rear VehP(1,4) 2 2
right
Front |VehP(2,1) 1 1 Vehicle-fixed y-axis
left
Front (VehP(2,2) 1 2
right
Rear |VehP(2,3) 2 1
left
Rear VehP(2,4) 2 2
right
Front |[VehP(3,1) 1 1 Vehicle-fixed z-axis
left
Front (VehP(3,2) 1 2
right
Rear |VehP(3,3) 2 1
left
Rear |VehP(3,4) 2 2
right

VehV — Vehicle velocity

array

Vehicle velocity at axle a, wheel t along vehicle-fixed coordinate system, in m. Input array dimensions
are 3 by the number of wheels on the vehicle.

* VehV(1,...) — Vehicle velocity at wheel, x,, along the vehicle-fixed x-axis

* VehV(2,...) — Vehicle velocity at wheel, y,, along the vehicle-fixed y-axis

* VehV(3,...) — Vehicle velocity at wheel, z,, along the vehicle-fixed 2z-axis

For example, for a two-axle vehicle with two wheels per axle, the VehV:

» Signal dimensions are [3x4].

» Signal contains 4 velocities according to their axle and wheel locations.

Xy
VehV = yv = y"l,l y"l,Z yVZ,l yVZ,Z
2] |21 Zv,g 2 2 g

X"l,l x"1,2 x"2,1 XVZ,Z
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Wheel |Array Element |Axle |Wheel |Axis

Numbe

r
Front |[VehV(1,1) 1 1 Vehicle-fixed x-axis
left
Front |[VehV(1,2) 1 2
right
Rear |VehV(1,3) 2 1
left
Rear VehV(1,4) 2 2
right
Front |VehV(2,1) 1 1 Vehicle-fixed y-axis
left
Front |[VehV(2,2) 1 2
right
Rear |[VehV(2,3) 2 1
left
Rear VehV(2,4) 2 2
right
Front [VehV(3,1) 1 1 Vehicle-fixed z-axis
left
Front |[VehV(3,2) 1 2
right
Rear |VehV(3,3) 2 1
left
Rear |[VehV(3,4) 2 2
right

StrgAng — Steering angle, optional

array

Optional steering angle for each wheel, 6.

wheels.

Input array dimensions are 1 by the number of steered

For example, for a two-axle vehicle with two wheels per axle, you can input steering angles for both
wheels on the first axle.

* To create the StrgAng port, set Steered axle enable by axle, StrgEnByAxl to [1 0]. The input
signal array dimensions are [1x2].

» The StrgAng signal contains two steering angles according to their axle and wheel locations.

StrgAng = bgteer = [6steer1’1 65teer1,2]

Wheel Array Element Axle Wheel Number
Front left StrgAng(1,1) 1 1
Front right StrgAng(1,2) 1 2
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Dependencies

To create input port StrgAng, set an element of the Steered axle enable by axle, StrgEnByAxl

vectorto 1.
Output

Info — Bus signal
bus

Bus signal containing block values. The signals are arrays that depend on the wheel location.

For example, here are the indices for a two-axle, two-wheel vehicle. The total number of wheels is

four.

* 1D array signal (1-by-4)

Array Element Axle Wheel Number

(1,1) 1 1

(1,2) 1 2

(1,3) 2 1

(1,4) 2 2
+ 3D array signal (3-by-4)

Array Element Axle Wheel Number

(1,1) 1 1

(1,2) 1 2

(1,3) 2 1

(1,4) 2 2

(2,1) 1 1

(2,2) 1 2

(2,3) 2 1

(2,4) 2 2

(3,1) 1 1

(3,2) 1 2

(3,3) 2 1

(3,4) 2 2
Signal Description Array Signal |Variable Units
Camber Wheel angles according (1D WhlAng[1,...] =& = [&,,¢] |rad
Caster to the axle. WhlAng(2,...] = n = [ng,¢
Toe WhlAng(3,...]1 = 7 = [Ty ¢]
Height Suspension height 1D H m
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Signal Description Array Signal |Variable Units
Power Suspension power 1D B w
dissipation
Energy Suspension absorbed 1D -~ J
energy
VehF Suspension forces 3D For a two-axle, two wheels N
applied to the vehicle per axle vehicle:
VehF = F, =
va1,1 va1’2 FVXZI 1 FVXZ,Z
Fvyl,l Fvyl,z Fvyz,l Fyy 12
FVerl FVZLZ FV22,1 FVZZ,Z
VehM Suspension moments 3D For a two-axle, two wheels N-m
applied to vehicle per axle vehicle:
VehM = M, =
M"Xl,l M"Xl, 2 va2,1 MVXZ, 2
Myy;, 1 Myyy, 5 Myy, 1 Myy, 5
MVZl,l Mvzll 2 Mvzzll Mvzgl 2
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per axle vehicle:

Xw
Zy

XWl,l XWI,Z XWZ,I XWZ,Z

ywl 1 le,Z wa,l sz,z

Signal Description Array Signal |Variable Units
WhlF Suspension force 3D For a two-axle, two wheels N
applied to wheel per axle vehicle:
WhIF = F,, =
FWXl,l wa1,2 FWXZ,l FWXZ,Z
Fwy1,1 Fwyr, 2 Fwyy, 1 Fwip o
FWZl,l FWZI,Z FWZZ,I Fw22,2
Wh1P Wheel displacement 3D For a two-axle, two wheels m
per axle vehicle:
Xy
Zyw
Xwi, 1 Xwy2 Xwp 1 Xwp o
le, 1 le, 2 yw2, 1 Yw 2,2
ZWLTL 1 ZwtrL 2 Zwtrzl 1 Zwtrz, 2
Whlv Wheel velocity 3D For a two-axle, two wheels m/s

2wy 1 Fwi,2 Fwz,1 Fwy,2
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Signal Description

Array Signal |Variable

Units

WhlAng Wheel camber, caster,
toe angles

3D

For a two-axle, two wheels
per axle vehicle:

¢
WhlAng = (n

4
&1,1 61,2 82,1 &2,2

=1M,1M,2m2,1M,2

C1,1 C1,2 C2,1 (2,2

rad

VehF — Suspension force on vehicle

array

Longitudinal, lateral, and vertical suspension force at axle a, wheel t, applied to the vehicle at the
suspension connection point, in N. Array dimensions are 3 by the number of wheels on the vehicle.

* VehF(1,...) — Suspension force applied to vehicle along the vehicle-fixed x-axis (longitudinal)
* VehF(2,...) — Suspension force applied to vehicle along the vehicle-fixed y-axis (lateral)
* VehF(3,...) — Suspension force applied to vehicle along the vehicle-fixed z-axis (vertical)

For example, for a two-axle vehicle with two wheels per axle, the VehF:

* Signal dimensions are [3x4].

* Signal contains suspension forces applied to the vehicle according to the axle and wheel locations.

F

VX1, 1

FVXI,Z

FVXZ,l

F"XZ,Z

VehF = F, = |Fvy; 1 Fvyy 5 Fuyy 1 Fuyy o

F"Zl,l F"Zl, 2 FVZZ,l FVZZ,Z
Wheel |Array Element |Axle |Wheel |Force Axis
Numbe
r
Front |VehF(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)
left
Front |VehF(1,2) 1 2
right
Rear |VehF(1,3) 2 1
left
Rear |VehF(1,4) 2 2
right
Front |VehF(2,1) 1 1 Vehicle-fixed y-axis (lateral)
left
Front |VehF(2,2) 1 2
right
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Wheel |Array Element |Axle |Wheel [Force Axis
Numbe
r

Rear |VehF(2,3) 2 1

left

Rear |VehF(2,4) 2 2

right

Front |[VehF(3,1) 1 1 Vehicle-fixed z-axis (vertical)

left

Front (VehF(3,2) 1 2

right

Rear |[VehF(3,3) 2 1

left

Rear |[VehF(3,4) 2 2

right

VehM — Suspension moment on vehicle

array

Longitudinal, lateral, and vertical suspension moment at axle a, wheel t, applied to the vehicle at the
suspension connection point, in N-m. Array dimensions are 3 by the number of wheels on the vehicle.

* VehM(1,...) — Suspension moment applied to the vehicle about the vehicle-fixed x-axis
(longitudinal)

* VehM(2,...) — Suspension moment applied to the vehicle about the vehicle-fixed y-axis (lateral)

* VehM(3,...) — Suspension moment applied to the vehicle about the vehicle-fixed z-axis
(vertical)

For example, for a two-axle vehicle with two wheels per axle, the VehM:

* Signal dimensions are [3x4].

+ Signal contains suspension moments applied to vehicle according to the axle and wheel locations.

MVX]_, 1 MVX]_, 2 MVXZ, 1 MVXZ, 2
VehM = M, = |Myy; | My 5 Myy, 1 Myy, 5

Myzy 1 Myzy 5 Myzy Mz, 5

Array Element Axle Wheel |Moment Axis
Number

VehM(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)
VehM(1,2) 1 2
VehM(1,3) 2 1
VehM(1,4) 2 2
VehM(2,1) 1 1 Vehicle-fixed y-axis (lateral)
VehM(2,2) 1 2
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Array Element |Axle Wheel |Moment Axis
Number

VehM(2,3) 2 1

VehM(2,4) 2 2

VehM(3,1) 1 1 Vehicle-fixed z-axis (vertical)
VehM(3,2) 1 2

VehM(3,3) 2 1

VehM(3,4) 2 2

Wh1lF — Suspension force on wheel
array

Longitudinal, lateral, and vertical suspension forces at axle a, wheel t, applied to the wheel at the
axle wheel carrier reference coordinate, in N. Array dimensions are 3 by the number of wheels on the

vehicle.

* WhlF(1,...) — Suspension force on wheel along the vehicle-fixed x-axis (longitudinal)
* WhlF(2,...) — Suspension force on wheel along the vehicle-fixed y-axis (lateral)

* WhlF(3,...) — Suspension force on wheel along the vehicle-fixed z-axis (vertical)

For example, for a two-axle vehicle with two wheels per axle, the Wh'lF:
+ Signal dimensions are [3x4].
» Signal contains wheel forces applied to the vehicle according to the axle and wheel locations.
wal,l FWXLZ FWXZ, 1 FWXZ,Z
WhIF = Fy, = [Fwyy 1 Fwyy 5 Fwyg 1 Fwyg,

FWZl[]_ FWlez FWZZ,l FWZZ,Z

Wheel |Array Element |Axle |Wheel (Force Axis
Numbe
r
Front (WhlF(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)
left
Front [WhlF(1,2) 1 2
right
Rear [WhlF(1,3) 2 1
left
Rear (WhlF(1,4) 2 2
right
Front [(WhlF(2,1) 1 1 Vehicle-fixed y-axis (lateral)
left
Front [WhlF(2,2) 1 2
right
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Wheel |Array Element |Axle |Wheel [Force Axis
Numbe
r

Rear [WhlF(2,3) 2 1

left

Rear [WhlF(2,4) 2 2

right

Front [(WhlF(3,1) 1 1 Vehicle-fixed z-axis (vertical)

left

Front [WhlF(3,2) 1 2

right

Rear [WhlF(3,3) 2 1

left

Rear [WhlF(3,4) 2 2

right

Wh1lV — Wheel velocity

array

Longitudinal, lateral, and vertical wheel velocity at axle a, wheel t, in m/s. Array dimensions are 3 by
the number of wheels on the vehicle.

* Whlv(1l,..
« Whlv(2,..

 Whlv(3,.

. ) — Wheel velocity along the vehicle-fixed x-axis (longitudinal)

. ) — Wheel velocity along the vehicle-fixed y-axis (lateral)

. . ) — Wheel velocity along the vehicle-fixed z-axis (vertical)

For example, for a two-axle vehicle with two wheels per axle, the Wh1V:

» Signal dimensions are [3x4].

» Signal contains wheel forces applied to the vehicle according to the axle and wheel locations.

Xw

Xwy, 1 Xwy, 2 Xwy 1 Xwp o

WhIV = yw = ywl,l le,Z yWZ,l yWZ,Z

Zw| 2w | 2wy g Zwy 1 2w,

Wheel |Array Element |Axle |Wheel [Force Axis
Numbe
r

Front [(WhlV(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)

left

Front [(WhlV(1,2) 1 2

right

Rear |[WhlV(1,3) 2 1

left

Rear [WhlV(1,4) 2 2

right
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Wheel |Array Element |Axle |Wheel [Force Axis
Numbe
r
Front |WhlV(2,1) 1 1 Vehicle-fixed y-axis (lateral)
left
Front [(WhlV(2,2) 1 2
right
Rear (WhlV(2,3) 2 1
left
Rear [WhlV(2,4) 2 2
right
Front |WhlV(3,1) 1 1 Vehicle-fixed z-axis (vertical)
left
Front [(WhlV(3,2) 1 2
right
Rear (WhlV(3,3) 2 1
left
Rear [WhlV(3,4) 2 2
right

Wh1Ang — Wheel camber, caster, toe angles
array

Camber, caster, and toe angles at axle a, wheel t, in rad. Array dimensions are 3 by the number of
wheels on the vehicle.

* WhlAng(1,...) — Camber angle
* WhlAng(2,...) — Caster angle
* WhlAng(3,...) — Toe angle

For example, for a two-axle vehicle with two wheels per axle, the Wh1Ang:

* Signal dimensions are [3x4].

* Signal contains angles according to the axle and wheel locations.

g1 [é11 81,2 82,1 &2,2
WhlAng = [n|={m,1 M,2 M,1 2,2
€l 01,1 01,2 021 02,2

Wheel |Array Element |Axle |Wheel [Angle
Numbe
r
Front |WhlAng(1,1) 1 1 Camber
left
Front |WhlAng(1,2) 1 2
right
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- Leaf Spring

Wheel |Array Element |Axle |Wheel [Angle
Numbe
r
Rear |WhlAng(1,3) 2 1
left
Rear |WhlAng(1,4) 2 2
right
Front |WhlAng(2,1) 1 1 Caster
left
Front |WhlAng(2,2) 1 2
right
Rear |WhlAng(2,3) 2 1
left
Rear |WhlAng(2,4) 2 2
right
Front |WhlAng(3,1) 1 1 Toe
left
Front [WhlF(3,2) 1 2
right
Rear [WhlF(3,3) 2 1
left
Rear [WhlF(3,4) 2 2
right
Parameters

Axles

Number of axles, NumAxl — Number of axles

2 (default) | scalar

Number of axles, N,, dimensionless.

Number of wheels by axle, NumWhlsByAxl — Number of wheels per axle
[2 2] (default) | vector

Number of wheels per axle, Nt,, dimensionless. Vector is 1 by the number of vehicle axles, N,. For
example, [1,2] represents one wheel on axle one and two wheels on axle two.

Steered axle enable by axle, StrgEnByAxl — Boolean vector to enable axle steering
[1 O] (default) | vector

Boolean vector that enables axle steering, Eng..» dimensionless. Vector is 1 by the number of vehicle
axles, N,. For example:

 [1 0]—For a two-axle vehicle, enables axle one steering and disables axle two steering

* [1 1]—For a two-axle vehicle, enables axle one and axle two steering
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Dependencies
Setting an element of the Steered axle enable by axle, StrgEnByAxl vector to 1:

* Creates input port StrgAng.
* Creates these parameters

+ Toe angle vs steering angle slope, ToeStrgSlp

* Caster angle vs steering angle slope, CasterStrgSlp

+ Camber angle vs steering angle slope, CamberStrgSlp
* Suspension height vs steering angle slope, StrgHgtSlp

For example, for a two-axle vehicle with two wheels per axle, you can input steering angles for both
wheels on the first axle.

» To create the StrgAng port, set Steered axle enable by axle, StrgEnByAxl to [1 0]. The input
signal array dimensions are [1x2].

* The StrgAng signal contains two steering angles according to their axle and wheel locations.

StrgAng = bgteer = [6steer1,1 6steer1,2]

Wheel Array Element Axle Wheel Number
Front left StrgAng(1,1) 1 1
Front right StrgAng(1,2) 1 2

Axle and wheels lumped principal moments of inertia about longitudinal axis,
Ax1Ixx — Inertia

300 (default) | vector

Axle and wheels lumped principal moments of inertia about longitudinal axis, AxleIxx g, in kg*m” 2.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Axle and wheels lumped mass, Ax1M — Mass
[2 2] (default) | vector

Axle and wheels lumped mass, a, in kg.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Track hardpoint coordinates relative to axle center, TrackCoords — Point
[0000;-11-11;000 0] (default) | array

Track hardpoint coordinates, Tc;, along the solid axle x, y, and z-axes, in m.

For example, for a two-axle vehicle with two wheels per axle, the TrackCoords array:

* Dimensions are [3x4].
* Contains four track hardpoint coordinates according to their axle and wheel locations.



Solid Axle Suspension

- Leaf Spring

Xwy, 1 Xwy, 2 Xwp 1 Xwp o
Tey = le,l yw1,2 yWZ,l ywz,z

2wy, 1 2wy, Awy 1 Zwp 2

Array Element Axle Wheel |Axis
Number
TrackCoords (1, |1 1 Solid axle x-axis
1)
TrackCoords (1, |1 2
2)
TrackCoords (1, (2 1
3)
TrackCoords(1, |2 2
4)
TrackCoords (2, |1 1 Solid axle y-axis
1)
TrackCoords (2, |1 2
2)
TrackCoords (2, (2 1
3)
TrackCoords(2, |2 2
4)
TrackCoords (3, |1 1 Solid axle z-axis
1)
TrackCoords (3, |1 2
2)
TrackCoords (3, (2 1
3)
TrackCoords(3, |2 2
4)

Dimensions are [3x4].

Suspension hardpoint coordinates, Sc;, along the solid axle x-, y-, and z-axes, in m.

For example, for a two-axle vehicle with two wheels per axle, the SuspCoords array:

Contains four track hardpoint coordinates according to their axle and track locations.

Xs1,1 Xs1,2 Xsp,1 Xs2,2
Scy=|Ys1.1 Ys1,2 Vso, 1 Vso 2

Zs1,1 %s1,2 %s2,1 5,2

Suspension hardpoint coordinates relative to axle center, SuspCoords — Point
[000O0;-11-11;000 0] (default)|array
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Array Element |Axle Track Axis
?uspCoords(l,l 1 1 Solid axle x-axis
?uspCoords(l,Z 1 2

?uspCoords(l,B 2 1

?uspCoords(1,4 2 2

?uspCoords(Z,l 1 1 Solid axle y-axis
?uspCoords(Z,Z 1 2

?uspCoords(Z,B 2 1

?uspCoords(2,4 2 2

?uspCoords(3,1 1 1 Solid axle z-axis
?uspCoords(3,2 1 2

?uspCoords(3,3 2 1

?uspCoords(3,4 2 2

Wheel and axle interface compliance constant, KzWhlAxl — Spring rate
6437000 (default) | scalar

Wheel and axle interface compliance constant, kwa,, in N/m.

Wheel and axle interface compliance preload, FO0zWhlAxl — Spring rate
9810 (default) | scalar

Wheel and axle interface compliance preload, Fwa,,, in N.

Wheel and axle interface damping constant, CzWhlAx1 — Damping
10000 (default) | scalar

Wheel and axle interface damping constant, cwa,, in m.

Suspension

Compliance and Damping - Passive

Suspension spring constant, Kz — Suspension spring constant
64370 (default) | scalar | vector

Linear vertical spring constant for independent suspension wheels on axle a, k,, in N/m.
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Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Suspension spring preload, FO0z — Suspension spring preload
9810 (default) | scalar | vector

Vertical preload spring force applied to the wheels on the axle at wheel carrier reference coordinates,
F,, in N. Positive preload forces:

* Cause the vehicle to lift.
* Point along the negative vehicle-fixed z-axis.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Suspension shock damping constant, Cz — Suspension shock damping constant
10000 (default) | scalar | vector

Linear vertical damping constant for independent suspension wheels on axle a, ¢,, in Ns/m.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Dependencies
To create this parameter, clear Enable active damping.

Suspension maximum height, Hmax — Height
0.5 (default) | scalar | vector

Maximum suspension extension or minimum suspension compression height, H,,,, for axle a before
the suspension reaches a hardstop, in m.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Geometry

Toe angle at steering center, Toe — Toe angle
0.0349 (default) | scalar

Nominal suspension toe angle at zero steering angle, ,,, in rad.

Roll steer vs suspension height slope, RollStrgSlp — Steer angle suspension slope
-0.2269 (default) | scalar | vector

Roll steer angle versus suspension height, my,, , in rad/m.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Toe angle vs steering angle slope, ToeStrgSlp — Toe angle steering slope
0.01 (default) | scalar | vector

Toe angle versus steering angle slope, Myesteer,, dimensionless.
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Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Dependencies

To create input port StrgAng, set an element of the Steered axle enable by axle, StrgEnByAxl
vector to 1.

Caster angle at steering center, Caster — Caster angle at steering center
0.0698 (default) | scalar

Nominal suspension caster angle at zero steering angle, 7,,, in rad.

Caster angle vs suspension height slope, CasterHslp — Caster angle versus
suspension height slope

-0.2269 (default) | scalar | vector

Caster angle versus suspension height, mpgger,, in rad/m.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Caster angle vs steering angle slope, CasterStrgSlp — Caster angle versus
steering angle slope
0.01 (default) | scalar | vector

Caster angle versus steering angle slope, Megstersteer,, dimensionless.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Dependencies

To create input port StrgAng, set an element of the Steered axle enable by axle, StrgEnByAxl
vector to 1.

Camber angle at steering center, Camber — Camber angle at steering center
0.0698 (default) | scalar

Nominal suspension camber angle at zero steering angle, &, in rad.

Camber angle vs suspension height slope, CamberHslp — Camber angle versus
suspension height slope

-0.2269 (default) | scalar | vector

Camber angle versus suspension height, mycomper,, in rad/m.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Camber angle vs steering angle slope, CamberStrgSlp — Camber angle versus
steering angle slope
0.01 (default) | scalar | vector

Camber angle versus steering angle slope, Mgsmpersteer,, dimensionless.
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Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Dependencies

To create input port StrgAng, set an element of the Steered axle enable by axle, StrgEnByAxl
vector to 1.

Suspension height vs steering angle slope, StrgHgtSlp — Suspension height versus
steering angle slope
0.1432 (default) | scalar | vector

Steering angle to vertical force slope applied at suspension wheel carrier reference point, mpgeer,, in
m/rad.

Vector is 1 by the number of vehicle axles, N,. If you provide a scalar value, the block uses that value
for all axles.

Dependencies

To create input port StrgAng, set an element of the Steered axle enable by axle, StrgEnByAxl
vector to 1.

Version History
Introduced in R2018a

Parameter name change from NumTracksByAxl to NumWhlsByAx1
Behavior changed in R2022b

The Number of tracks by axle, NumTracksByAxl parameter is renamed to Number of wheels by
axle, NumWhlsByAxl.

The block uses the number of wheels per axle to index the input and output block signals.

References

[1] Gillespie, Thomas. Fundamentals of Vehicle Dynamics. Warrendale, PA: Society of Automotive
Engineers, 1992.

[2] Vehicle Dynamics Standards Committee. Vehicle Dynamics Terminology. SAE J670. Warrendale,
PA: Society of Automotive Engineers, 2008.

[3] Technical Committee. Road vehicles — Vehicle dynamics and road-holding ability — Vocabulary.
ISO 8855:2011. Geneva, Switzerland: International Organization for Standardization, 2011.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using Simulink® Coder™.
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See Also
Solid Axle Suspension | Solid Axle Suspension - Coil Spring | Solid Axle Suspension - Mapped
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Independent Suspension - K and C

Independent kinematics and compliance test suspension
Library: Vehicle Dynamics Blockset / Suspension

WhiPz Info
WhiRe

Whivz VehF
WhiFx

WhiFy Vehn
Whiv v

Venp 1 te =1 WhiF
Vehv e

StrgAng Whv.
Phi

TrckWath WhiAng

Description

In the Vehicle Dynamics Blockset™ library, there are two types of suspension blocks that implement
the kinematics and compliance (K and C) test suspension characteristics measured from simulated or
actual laboratory suspension tests.

Block Suspension type |Implementation
Setting
Twist-Beam Suspension - K and |Independent Kinematics and compliance effects of:
C front and
twist-beam * Independent suspension on a front axle
rear with two wheels
WhiPz Irfey >Twist-beam suspension on a rear axle with
WhHIRe two wheels
Whivz VehFd® more information, see Twist-Beam
WhIFx : Syspension - K and C.

WhiFy ,Q’ VehM [
WhiM 't

LAY AV AVYAVAVAVAVAVAVAVAY

VehP t' .1 WHIF [
VehV Twist

StrgAng ' Whiv
Phi

TrekWdth WhiAng [
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Block Suspension type |Implementation
Setting
Independent Suspension - K and |Independent Kinematics and compliance effects of four
C front and rear|independent suspensions on a vehicle with two

axles and two wheels per axle.

A WhiPz Info [
Y WhiRe

N Whivz VeHF P
N WhIFx

M WhiFy VehM
N WhiM v

3 VehP t t .¢ WhiF [
N vehv 'HM

M StrgAng Whiv P
3 Phi

N TrekWdth WhiAng

K and C Effects on Suspension

To determine the overall suspension forces and geometric effects on the vehicle and wheels, the block
adds the individual effects from kinematic (bounce, roll, steering) and compliance (longitudinal and
lateral forces, aligning moments) inputs. Specifically, the block multiplies the suspension geometry
states by either gradient or table values to determine the K and C effects on wheel orientation and
suspension forces.

Wheel orientation:

* Camber, caster, and steer angles
* Lateral wheel center displacement
* Longitudinal wheel center displacement

Vertical suspension forces:

* Anti-sway bar

* Shock force

*  Wheel rate

» Contact patch swing arm (CPSA) force

* Longitudinal side view swing arm (SVSA) anti-effects

Camber, Caster, and Steer Angles

The block uses these parameters to account for the K and C effects on the camber, caster, and steer
angles.

* Bounce test- Independent suspension
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* Roll test- Independent suspension

* Steer test

* Longitudinal compliance test

* Lateral compliance-opposed test

* Aligning torque compliance-opposed test

Use the Static alignment settings parameters to set the initial state of the suspension.

Lateral Wheel Center Displacement

The block uses these parameters to account for the K and C effects the lateral wheel center
displacement.

* Bounce test
* Longitudinal compliance test

* Lateral compliance-opposed test

Longitudinal Wheel Center Displacement

The block uses these parameters to account for the K and C effects on the longitudinal wheel center
displacement.

* Bounce test
* Longitudinal compliance test

Shock Force

The block uses the Shock force parameters to calculate the shock force effect on the vertical
suspension force. You can specify table-based or constant parameter values.

Wheel Rate

The block uses the Bounce test parameters to calculate the wheel rate effect on the vertical
suspension force.

Contact Patch Swing Arm

The block uses these equations to calculate the effect of the contact patch swing arm (CPSA) forces
on vertical suspension force.

tan(6cpsa) = f(Zw)
Fycpsa = Fytan(0cpsa)

The block also uses the Static loaded radius of wheels parameter in the CPSA force calculation.

The equations use these variables.

Ocpsa Contact patch swing arm angle

F, Lateral suspension force

F,cpsa CPSA effect on vertical suspension force
Zy Wheel displacement
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Longitudinal Side View Swing Arm Anti-Effects

The block uses these equations to calculate the effect of the side view swing arm (SVSA) forces on
vertical suspension force during acceleration and braking.

tan(0sysa) = f(Zy)
Fysvsa = Fxtan(6sysa)

Use the Drivetrain type parameter to ensure that the block applies the acceleration anti-effects to
the correct wheels.

The equations use these variables.

Osvsa Contact patch swing arm angle

F, Longitudinal wheel force

F,svsa SVSA effect on vertical suspension force
Zy Wheel displacement

Anti-Sway Bar

Optionally, use the Anti-sway axle enable by axle, AntiSwayEnByAxl parameter to implement anti-
sway bar reaction forces by axle.

If you enable an anti-sway bar on the axle, the anti-sway bar stiffness is the difference between the
anti-sway bar torque parameter, Suspension roll stiffness with anti-roll bar, RollStiffArb, and
the roll stiffness parameter measured with no anti-sway bar present Suspension roll stiffness
without anti-roll bar, RollStiffNoArb.

If you do not enable an anti-sway bar, the roll stiffness is 0.

Ports

The block uses the wheel number, ¢, to index the input and output signals. This table summarizes the
wheel, axle, and corresponding wheel number for a vehicle with:

* Two axles
* Two wheels per axle

Wheel Axle Wheel Number
Front left Front 1

Front right Front 2

Rear left Rear 1

Rear right Rear 2

Input

Wh1Pz — Wheel z-axis displacement
array

Wheel displacement, z,,, along wheel-fixed z-axis, in m. Array dimensions are 1 by the total number of
wheels on the vehicle.
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For example, for a two-axle vehicle with two wheels per axle, the Wh1Pz:

» Signal array dimensions are [1x4].

WhlPz = Zy = [zwl,l ZWI,Z ZWZ,I sz’ 2]

Wheel Array Element Axle Wheel Number
Front left WhlPz(1,1) 1 1
Front right WhlPz(1,2) 1 2
Rear left WhlPz (1, 3) 2 1
Rear right WhlPz(1,4) 2 2

Wh1Re — Wheel effective radius
array

Effective wheel radius, Re,, in m. Array dimensions are 1 by the total number of wheels on the
vehicle.

For example, for a two-axle vehicle with two wheels per axle, the Wh1Re:

» Signal array dimensions are [1x4].

WhIRe = Re,, = [R9w1,1 Rewl,z Rew2,1 ReWZ,Z]

Wheel Array Element Axle Wheel Number
Front left WhlRe(1,1) 1 1
Front right Wh1lRe(1,2) 1 2
Rear left WhlRe(1, 3) 2 1
Rear right WhlRe(1,4) 2 2

WhlVz — Wheel z-axis velocity
array

Wheel velocity, z,,, along wheel-fixed z-axis, in m. Array dimensions are 1 by the total number of
wheels on the vehicle.

For example, for a two-axle vehicle with two wheels per axle, the Wh1Vz:

+ Signal array dimensions are [1x4].

Whivz =z, = [Zwl,l Zwy 9 2wy 1 ZWZ,Z]

Wheel Array Element Axle Wheel Number
Front left Whlvz(1,1) 1 1
Front right Whlvz(1,2) 1 2
Rear left Whlvz(1,3) 2 1
Rear right Whlvz(1,4) 2 2

Wh1Fx — Longitudinal wheel force on vehicle
array
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Longitudinal wheel force applied to vehicle, F,,,, along the vehicle-fixed x-axis. Array dimensions are
1 by the total number of wheels on the vehicle.

For example, for a two-axle vehicle with two wheels per axle, the Whl1Fx:
* Signal array dimensions are [1x4].

WhlFx = FWX = [wal,l FWXI,Z FWXZ,l FWXZ,Z]

Wheel Array Element Axle Wheel Number
Front left WhlFx(1,1) 1 1
Front right WhlFx(1,2) 1 2
Rear left WhlFx(1,3) 2 1
Rear right WhlFx(1,4) 2 2

Wh1lFy — Lateral wheel force on vehicle
array

Lateral wheel force applied to vehicle, F,,,, along the vehicle-fixed y-axis. Array dimensions are 1 by
the total number of wheels on the vehicle.

For example, for a two-axle vehicle with two wheels per axle, the WhlFy:

» Signal array dimensions are [1x4].

WhIFy = Fyyy = [Fuwyi, 1 Fwyn, o Fwyp 1 Fwyg o]

Wheel Array Element Axle Wheel Number
Front left WhlFy(1,1) 1 1
Front right WhlFy(1,2) 1 2
Rear left WhlFy(1.3) 2 1
Rear right WhlFy(1,4) 2 2

Wh1lM — Suspension moment on wheel
array

Longitudinal, lateral, and vertical suspension moments at axle a, wheel t, applied to the wheel at the
axle wheel carrier reference coordinate, in N-m. Input array dimensions are 3 by the number of
wheels on the vehicle.

* Wh1M(1,...) — Suspension moment applied to the wheel about the vehicle-fixed x-axis
(longitudinal)

* WhlM(2,...) — Suspension moment applied to the wheel about the vehicle-fixed y-axis (lateral)

* Wh1M(3,...) — Suspension moment applied to the wheel about the vehicle-fixed z-axis (vertical)

For example, for a two-axle vehicle with two wheels per axle, the Wh1M:

* Signal dimensions are [3x4].

» Signal contains suspension moments applied to four wheels according to their axle and wheel
locations.
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MWXl,l MWX]_,Z MWXZ,]_ M

WX2] 2

WhIM = M,, = |Mwy; 1 Mwy) 5 Mwy, 1 Muy, 5

MWZl,l MW21,2 MWZZ,l M

wz) 2
Wheel |Array Element |Axle |Wheel [Moment Axis

Numbe

r
Front |[Wh1M(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)
left
Front [(WhlM(1,2) 1 2
right
Rear [(Wh1M(1,3) 2 1
left
Rear |[(WhlM(1,4) 2 2
right
Front |Wh1M(2,1) 1 1 Vehicle-fixed y-axis (lateral)
left
Front [(WhlM(2,2) 1 2
right
Rear (Wh1M(2,3) 2 1
left
Rear [(WhlM(2,4) 2 2
right
Front [Wh1M(3,1) 1 1 Vehicle-fixed z-axis (vertical)
left
Front [(WhlM(3,2) 1 2
right
Rear (Wh1M(3,3) 2 1
left
Rear [(WhlM(3,4) 2 2
right

VehP — Vehicle displacement

array

Vehicle displacement from axle a, wheel t along vehicle-fixed coordinate system, in m. Input array
dimensions are 3 the number of wheels on the vehicle.

* VehP(1,..
* VehP(2,..
* VehP(3,..

. ) — Vehicle displacement from wheel, x,, along the vehicle-fixed x-axis
. ) — Vehicle displacement from wheel, y,, along the vehicle-fixed y-axis
. ) — Vehicle displacement from wheel, z,, along the vehicle-fixed z-axis

For example, for a two-axle vehicle with two wheels per axle, the VehP:

* Signal dimensions are [3x4].

+ Signal contains four displacements according to their axle and wheel locations.
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xy]  [Xv1,1 Xvq,2 Xvg1 X0

VehP = |yy| = (W1 1 Wy 2 W 1 Wvp 2

Zv| |31 By Bvpn By

Wheel |Array Element |Axle |Wheel |Axis

Numbe

r
Front (VehP(1,1) 1 1 Vehicle-fixed x-axis
left
Front (VehP(1,2) 1 2
right
Rear |VehP(1,3) 2 1
left
Rear VehP(1,4) 2 2
right
Front |VehP(2,1) 1 1 Vehicle-fixed y-axis
left
Front (VehP(2,2) 1 2
right
Rear |VehP(2,3) 2 1
left
Rear VehP(2,4) 2 2
right
Front |[VehP(3,1) 1 1 Vehicle-fixed z-axis
left
Front (VehP(3,2) 1 2
right
Rear |VehP(3,3) 2 1
left
Rear |VehP(3,4) 2 2
right

VehV — Vehicle velocity
array

Vehicle velocity at axle a, wheel t along vehicle-fixed coordinate system, in m. Input array dimensions
are 3 by the number of wheels on the vehicle.

* VehV(1,...) — Vehicle velocity at wheel, x,, along the vehicle-fixed x-axis
* VehV(2,...) — Vehicle velocity at wheel, y,, along the vehicle-fixed y-axis
* VehV(3,...) — Vehicle velocity at wheel, z,, along the vehicle-fixed z-axis

For example, for a two-axle vehicle with two wheels per axle, the VehV:

* Signal dimensions are [3x4].
+ Signal contains 4 velocities according to their axle and wheel locations.
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XVl,l XVI,Z XV2,1 >€"2,2

Xy
VehV = |yy| = y"l,l y"l,Z YVzll sz,z
Zy 2V1,1 Z-\/1,2 iV2,1 zV2,2

Wheel |Array Element |Axle |Wheel |Axis

Numbe

r
Front |[VehV(1,1) 1 1 Vehicle-fixed x-axis
left
Front (VehV(1,?2) 1 2
right
Rear VehV (1, 3) 2 1
left
Rear |VehV(1,4) 2 2
right
Front |VehV(2,1) 1 1 Vehicle-fixed y-axis
left
Front (VehV(2,2) 1 2
right
Rear VehV (2, 3) 2 1
left
Rear |[VehV(2,4) 2 2
right
Front |[VehV(3,1) 1 1 Vehicle-fixed z-axis
left
Front (VehV(3,2) 1 2
right
Rear VehV (3, 3) 2 1
left
Rear |[VehV(3,4) 2 2
right

StrgAng — Steering angle, optional

array

Optional steering angle for each wheel, 6. Input array dimensions are 1 by the number of steered

wheels.

For example, for a two-axle vehicle with two wheels per axle, you can input steering angles for both
wheels on the first axle.

» To create the StrgAng port, set Steered axle enable by axle, StrgEnByAxl to [1 0]. The input

signal array dimensions are [1x2].

* The StrgAng signal contains two steering angles according to their axle and wheel locations.

StrgAng = bgteer = [5steer1,1 Gsteerllz]
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Wheel Array Element Axle Wheel Number
Front left StrgAng(1,1) 1 1
Front right StrgAng(1,2) 1 2

Dependencies

To create input port StrgAng, set an element of the Steered axle enable by axle, StrgEnByAxl
vector to 1.

Phi — Vehicle pitch angle
scalar

Vehicle pitch angle about earth-fixed Y-axis, in rad.

TrckWdth — Track width
array

Distance between wheels on each axle. Input array dimensions are 1-by-2.

Array Element Description

TrckWdth(1,1) Distance between wheels on front axle
TrckWdth(1,2) Distance between wheels on rear axle
Output

Info — Bus signal
bus

Bus signal containing block values. The signals are arrays that depend on the wheel location.

For example, here are the indices for a two-axle, two-wheel vehicle. The total number of wheels is
four.

* 1D array signal (1-by-4)

Wheel Array Element Axle Wheel Number
Front left (1,1) 1 1
Front right (1,2) 1 2
Rear left (1,3) 2 1
Rear right (1,4) 2 2

* 3D array signal (3-by-4)

Wheel Array Element Axle Wheel Number
Front left (1,1) 1 1
Front right (1,2) 1 2
Rear left (1,3) 2 1
Rear right (1,4) 2 2
Front left (2,1) 1 1
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Wheel Array Element Axle Wheel Number

Front right (2,2) 1 2

Rear left (2,3) 2 1

Rear right (2,4) 2 2

Front left (3,1) 1 1

Front right (3,2) 1 2

Rear left (3,3) 2 1

Rear right (3,4) 2 2
Signal Description Array Signal |Variable Units
Camber  |Wheel angles according |1D WhlAng(1,...] = & = [&, ¢] |rad

to the axle and wheel

Caster || cation. WhIAng[2,...]1 = n = [ng,¢]
Toe WhlAng(3,...]1 = = T4 ¢]
Height Suspension height 1D H m
Power Suspension power 1D P w
dissipation
Energy Suspension absorbed 1D 85 J
energy
VehF Suspension forces 3D For a two-axle, two wheels N
applied to the vehicle per axle vehicle:
VehF = F, =
F"Xl,l F"XI,Z FVXZ,l vaz’z
Fvyl,l Fvyl,z Fvyz,l Fyy 2
FVZl,l FVZLZ FV22,1 FVZZ,Z
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2wtry 1 Zwtry o Zwtry 1 2wt

Signal Description Array Signal |Variable Units
VehM Suspension moments 3D For a two-axle, two wheels N-m
applied to vehicle per axle vehicle:
VehM = M, =
va1,1 va1,2 M"XZ,l va2,2
Myy;, 1 Myyy, 5 Myy, 1 Myy, 5
Mvzl,l Mvzl,z Mvzz,l Mvzzlz
WhlF Suspension force 3D For a two-axle, two wheels N
applied to wheel per axle vehicle:
WhIF = F,, =
FWXl,l wa1’2 FWXZ,I waz,z
Fwyi,1 Fwyr, 2 Fwyy, 1 Fwip o
FWlel FWZ][Z FW22,1 FW22,2
Wh1lP Wheel displacement 3D For a two-axle, two wheels m
per axle vehicle:
Xw
Zy
Xwy,1 Xwip Xwyp Xwp o
le,l le, 2 yWZ,l Yw 2,2
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Signal Description Array Signal |Variable Units

Wh1lv Wheel velocity 3D For a two-axle, two wheels m/s
per axle vehicle:

Xw

Zy

Xwy, 1 Xwy, 2 Xwy 1 Xwp
ywl 1 yW1,2 yWZ,l sz,z

2wy 1 Fwi,2 Fwz,1 Fwy,2

WhlAng Wheel camber, caster, (3D For a two-axle, two wheels rad
toe angles per axle vehicle:
¢
WhlAng = (n
¢

&1,1 61,2 62,1 &2
=(m,1m,2 M1 M,2

(1,1 C1,2 02,1 (2,2

VehF — Suspension force on vehicle
array

Longitudinal, lateral, and vertical suspension force at axle a, wheel t, applied to the vehicle at the
suspension connection point, in N. Array dimensions are 3 by the number of wheels on the vehicle.

* VehF(1,...) — Suspension force applied to vehicle along the vehicle-fixed x-axis (longitudinal)
* VehF(2,...) — Suspension force applied to vehicle along the vehicle-fixed y-axis (lateral)
* VehF(3,...) — Suspension force applied to vehicle along the vehicle-fixed z-axis (vertical)

For example, for a two-axle vehicle with two wheels per axle, the VehF:

» Signal dimensions are [3x4].

* Signal contains suspension forces applied to the vehicle according to the axle and wheel locations.

F

VX1, 1 F,

vy g Fvg 1 F

vxp, 1 £'vxg, 2
VehF = F, = [Fyy; 1 Fuyy 5 Fuyy 1 Fuyy 5

F"Zl,l F"Zl, 2 szg'l szz,z

1-249



1 Steering and Suspension Blocks

1-250

Wheel |Array Element |Axle |Wheel [Force Axis

Numbe

r
Front |VehF(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)
left
Front |VehF(1,2) 1 2
right
Rear |VehF(1,3) 2 1
left
Rear |[VehF(1,4) 2 2
right
Front |VehF(2,1) 1 1 Vehicle-fixed y-axis (lateral)
left
Front |VehF(2,2) 1 2
right
Rear |VehF(2,3) 2 1
left
Rear |[VehF(2,4) 2 2
right
Front |VehF(3,1) 1 1 Vehicle-fixed z-axis (vertical)
left
Front |VehF(3,2) 1 2
right
Rear |VehF(3,3) 2 1
left
Rear |VehF(3,4) 2 2
right

VehM — Suspension moment on vehicle
array

Longitudinal, lateral, and vertical suspension moment at axle a, wheel t, applied to the vehicle at the
suspension connection point, in N-m. Array dimensions are 3 by the number of wheels on the vehicle.

* VehM(1,...) — Suspension moment applied to the vehicle about the vehicle-fixed x-axis
(longitudinal)

* VehM(2,...) — Suspension moment applied to the vehicle about the vehicle-fixed y-axis (lateral)

* VehM(3,...) — Suspension moment applied to the vehicle about the vehicle-fixed z-axis
(vertical)

For example, for a two-axle vehicle with two wheels per axle, the VehM:

» Signal dimensions are [3x4].
* Signal contains suspension moments applied to vehicle according to the axle and wheel locations.
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MVX]_, 1 MVXL 2 MVXZ, 1 MVXZ, 2
VehM = M, = |Myy; | My, 5 Myy, 1 Myy, 5

MVZ]_I 1 MVZ]_I 2 MVZzl 1 MVZZI 2

Array Element |Axle Wheel |Moment Axis
Number

VehM(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)
VehM(1,2) 1 2
VehM(1,3) 2 1
VehM(1,4) 2 2
VehM(2,1) 1 1 Vehicle-fixed y-axis (lateral)
VehM(2,2) 1 2
VehM(2,3) 2 1
VehM(2,4) 2 2
VehM(3,1) 1 1 Vehicle-fixed z-axis (vertical)
VehM(3,2) 1 2
VehM(3,3) 2 1
VehM(3,4) 2 2

Wh1lF — Suspension force on wheel
array

Longitudinal, lateral, and vertical suspension forces at axle a, wheel t, applied to the wheel at the
axle wheel carrier reference coordinate, in N. Array dimensions are 3 by the number of wheels on the
vehicle.

* WhlF(1,...) — Suspension force on wheel along the vehicle-fixed x-axis (longitudinal)
* WhlF(2,...) — Suspension force on wheel along the vehicle-fixed y-axis (lateral)
* WhlF(3,...) — Suspension force on wheel along the vehicle-fixed z-axis (vertical)

For example, for a two-axle vehicle with two wheels per axle, the WhlF:

» Signal dimensions are [3x4].
» Signal contains wheel forces applied to the vehicle according to the axle and wheel locations.
FWX]_,]_ FWXLZ FWlel FWX2,2
WhIF = Fy, = [Fwyy 1 Fwyy 5 Fwyg 1 Fwyp o

FWZl,l FWZl,Z FWZZ,l szz,z

Wheel |Array Element |Axle |Wheel [Force Axis
Numbe
r

Front (WhlF(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)
left
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Wheel |Array Element |Axle |Wheel [Force Axis
Numbe
r
Front [WhlF(1,2) 1 2
right
Rear [WhlF(1,3) 2 1
left
Rear (WhlF(1,4) 2 2
right
Front [WhlF(2,1) 1 1 Vehicle-fixed y-axis (lateral)
left
Front [WhlF(2,2) 1 2
right
Rear [WhlF(2,3) 2 1
left
Rear (WhlF(2,4) 2 2
right
Front [WhlF(3,1) 1 1 Vehicle-fixed z-axis (vertical)
left
Front [WhlF(3,2) 1 2
right
Rear |[WhlF(3,3) 2 1
left
Rear [(WhlF(3,4) 2 2
right

Wh1lV — Wheel velocity
array

Longitudinal, lateral, and vertical wheel velocity at axle a, wheel t, in m/s. Array dimensions are 3 by
the number of wheels on the vehicle.

* WhlV(1,...) — Wheel velocity along the vehicle-fixed x-axis (longitudinal)

* WhlV(2,...) — Wheel velocity along the vehicle-fixed y-axis (lateral)

* WhlV(3,...) — Wheel velocity along the vehicle-fixed z-axis (vertical)

For example, for a two-axle vehicle with two wheels per axle, the Wh1V:

+ Signal dimensions are [3x4].
» Signal contains wheel forces applied to the vehicle according to the axle and wheel locations.

Xl [¥wi 1 Xwi2 Xwo 1 Xw o
WhlV = yw = ywl,l waz yWZ,l yW2,2

Zw| (2w, | Zwy g Zwy 1 Zwp g
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Wheel |Array Element |Axle |Wheel [Force Axis

Numbe

r
Front |WhlV(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)
left
Front [(WhlV(1,2) 1 2
right
Rear (WhlV(1,3) 2 1
left
Rear |[WhlV(1,4) 2 2
right
Front |WhlV(2,1) 1 1 Vehicle-fixed y-axis (lateral)
left
Front [(WhlV(2,2) 1 2
right
Rear (WhlV(2,3) 2 1
left
Rear [(WhlV(2,4) 2 2
right
Front |WhlV(3,1) 1 1 Vehicle-fixed z-axis (vertical)
left
Front [(WhlV(3,2) 1 2
right
Rear (WhlV(3,3) 2 1
left
Rear [WhlV(3,4) 2 2
right

Wh1Ang — Wheel camber, caster, toe angles
array

Camber, caster, and toe angles at axle a, wheel t, in rad. Array dimensions are 3 by the number of
wheels on the vehicle.

* WhlAng(1,...) — Camber angle
* WhlAng(2,...) — Caster angle
* WhlAng(3,...) — Toe angle

For example, for a two-axle vehicle with two wheels per axle, the Wh1Ang:

* Signal dimensions are [3x4].

» Signal contains angles according to the axle and wheel locations.

g1 [é1.1 81,2 82,1 &2,2
WhlAng = [n| =|M1,1 M,2 M2,1 2,2
€l 01,101,201 022
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Wheel |Array Element |Axle |Wheel [Angle
Numbe
r
Front |WhlAng(1,1) |1 1 Camber
left
Front |WhlAng(1,2) 1 2
right
Rear |WhlAng(1,3) 2 1
left
Rear |WhlAng(1,4) 2 2
right
Front |WhlAng(2,1) 1 1 Caster
left
Front |WhlAng(2,2) 1 2
right
Rear |WhlAng(2,3) 2 1
left
Rear |WhlAng(2,4) 2 2
right
Front |WhlAng(3,1) 1 1 Toe
left
Front [WhlF(3,2) 1 2
right
Rear [WhlF(3,3) 2 1
left
Rear [WhlF(3,4) 2 2
right
Parameters

Steered axle enable by axle, StrgEnByAxl — Boolean vector to enable axle steering
[1 O] (default) | vector

Boolean vector that enables axle steering, Eng.,.,» dimensionless. Vector is 1 by the number of vehicle
axles, N,. For example:

* [1 0] — For a two-axle vehicle, enables axle 1 steering and disables axle 2 steering
* [1 1] — For a two-axle vehicle, enables axle 1 and axle 2 steering

Dependencies

Setting any element of the Steered axle enable by axle, StrgEnByAxl vector to 1 creates Input
port StrgAng.

Anti-sway axle enable by axle, AntiSwayEnByAxl — Boolean vector to enable axle
anti-sway
[0 O] (default) | vector
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Boolean vector that enables axle anti-sway for axle a, dimensionless. For example, [1 0] enables
axle 1 anti-sway and disables axle 2 anti-sway. Vector is 1 by the number of vehicle axles, N,.

If you enable an anti-sway bar on the axle, the anti-sway bar stiffness is the difference between the
anti-sway bar torque parameter, Suspension roll stiffness with anti-roll bar, RollStiffArb, and
the roll stiffness parameter measured with no anti-sway bar present Suspension roll stiffness
without anti-roll bar, RollStiffNoArb.

If you do not enable an anti-sway bar, the stiffness is 0.

Suspension Parameters

Suspension type — Type of suspension
Independent front and rear | Independent front and twist beam rear

Select type of suspension.

Drivetrain type — Type of drivetrain
FWD (default) | RWD | AWD

Select type of drivetrain.

e AWD - All-wheel drive
*  FWD - Front-wheel drive
* RWD - Rear-wheel drive

Directions

+ Steer angle — Positive steer angle
Right (default) | Left

Direction of positive steer angle during kinematics and compliance test.

+ Fx used in compliance tests — Positive longitudinal force
Front (default) | Rear

Direction of positive longitudinal force during kinematics and compliance test.

+ Fy used in compliance tests — Positive lateral force
Right (default) | Left

Direction of positive lateral force during kinematics and compliance test.

+ Suspension Jounce — Positive suspension jounce
Up (default) | Down

Direction of positive suspension jounce during kinematics and compliance test.

+ WhlMz used in compliance tests — Positive yaw moment
Counter-clockwise (default) | Clockwise

Direction of positive yaw moment during kinematics and compliance test.
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Shock force

Shock type — Type of shock force
Table-based (default) | Table-based individualConstant

Type of shock force.

If a table-based individual setting is chosen, table-based shock force is implemented together with
constant motion ratios. If a table-based setting is chosen both shock force and motion ratios are
calculated from lookup tables.

Setting Implementation

Table-based Table-based shock force and motion ratios.

Table-based individual Table-based shock force and constant motion
ratios.

Constant Constant shock force and motion ratios.

Shock force vs shock compression rate, ShckFrceVsCompRate — Table
struct('FL',[-100. -5000;0 0;100. 5000], 'FR',[-100. -5000;0 0;100.
5000], 'RL',[-100. -5000;0 0;100. 5000], 'RR',[-100. -5000;0 0;100. 50001])
(default)

Shock force versus shock compression rate, specified as a structure, in N/mm per sec.
Dependencies

To create this parameter, set Shock type to Table-based or Table-based individual.

Data Types: struct

Motion ratios by axle, MotRatios — Table
struct('FL',[-0.1 -0.1;0 0;0.1 0.1],"'FR",[-0.1 -0.1;0 0;0.1 0.1],'RL",[-0.1
-0.1;0 0;0.1 0.1],'RR",[-0.1 -0.1;0 0;0.1 0.1]) (default)

Motion ratios by axle, specified as a structure.

Data Types: struct

Bounce test

Bump steer, BumpSteer — Table

struct('FL',[-0.1 1.1459;0 0;0.1 -1.1459],'FR',[-0.1 1.1459;0 0;0.1
-1.1459],'RL',[-0.1 0.;0 0;0.1 0.],'RR',[-0.1 0.;0 0;0.1 0.]) (default)
Bump steer, specified as a structure, in deg/m.

Data Types: struct

Bump camber, BumpCamber — Table

struct('FL',[-0.1 1.7189;0 0;0.1 -1.7189],'FR',[-0.1 1.7189;0 0;0.1
-1.7189],'RL',[-0.1 0.;0 0;0.1 0.],'RR",[-0.1 0.;0 0;0.1 0.]) (default)

Bump camber, specified as a structure, in deg/m.

Data Types: struct
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Bump caster, BumpCaster — Table

struct('FL',[-0.1 1.1459;0 0;0.1 -1.1459],'FR',[-0.1 1.1459;0 0;0.1
-1.1459],'RL',[-0.1 -11.4592;0 0;0.1 11.4592],'RR',[-0.1 -11.4592;0 0;0.1
11.4592]) (default)

Bump caster, specified as a structure, in deg/m.

Data Types: struct

Lateral wheel center displacement, LatWhlCtrDisp — Table
struct('FL',[-0.1 0.02;0 0;0.1 -0.02],'FR',[-0.1 0.02;0 0;0.1 -0.02],'RL",
[-0.1 0.;0 0;0.1 0.],'RR",[-0.1 0.;0 0;0.1 0.]) (default)

Lateral wheel center displacement, specified as a structure, in mm/mm.

Data Types: struct

Longitudinal wheel center displacement, LngWhlCtrDisp — Table
struct('FL',[-0.1 -0.002;0 0;0.1 0.002],'FR',[-0.1 -0.002;0 0;0.1
0.002],'RL',[-0.1 0.;0 0;0.1 0.],'RR",[-0.1 0.02;0 0;0.1 0.01]) (default)

Longitudinal wheel center displacement, specified as a structure, in mm/mm.

Data Types: struct

Normal wheel rates, NrmlWhlRates — Table

struct('FL',[-100. -5000;0 0;100. 5000],'FR',[-100. -5000;0 0;100.
50001, 'RL',[-100. -5000;0 0;100. 5000],'RR',[-100. -5000;0 0;100. 50001])
(default) | vector

Normal wheel rates, specified as a structure, in N/mm.

Data Types: struct

Normal wheel force offsets, NrmlWWhlFrcOff — Force offset
[0 0 0 O] (default)

Normal wheel force offsets, specified as a vector, in N.

Dependencies

To create this parameter, specify a Normal wheel rates, NrmlWhlRates vector.

Data Types: struct

Roll test

Suspension roll stiffness with anti-roll bar, RollStiffArb — Anti-sway bar
enabled
[800 700] (default) | 1-by-2 vector

Suspension roll stiffness with anti-roll bar, specified as a 1-by-2 vector, in Nm/deg. The first element is
the front axle roll stiffness. The second element is the rear axle roll stiffness.

If you enable an anti-sway bar on the axle, the anti-sway bar stiffness is the difference between the
anti-sway bar torque parameter, Suspension roll stiffness with anti-roll bar, RollStiffArb, and
the roll stiffness parameter measured with no anti-sway bar present Suspension roll stiffness
without anti-roll bar, RollStiffNoArb.
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If you do not enable an anti-sway bar, the stiffness is 0.

Dependencies

To enable this parameter, set Suspension type to Independent front and rear.
Data Types: double
Suspension roll stiffness without anti-roll bar, RollStiffNoArb — Anti-sway bar

not enabled
[0 O] (default) | 1-by-2 vector

Suspension roll stiffness without anti-roll bar, specified as a 1-by-2 vector, in Nm/deg. The first
element is the front axle roll stiffness. The second element is the rear axle roll stiffness.

If you enable an anti-sway bar on the axle, the anti-sway bar stiffness is the difference between the
anti-sway bar torque parameter, Suspension roll stiffness with anti-roll bar, RollStiffArb, and
the roll stiffness parameter measured with no anti-sway bar present Suspension roll stiffness
without anti-roll bar, RollStiffNoArb.

If you do not enable an anti-sway bar, the stiffness is 0.

Dependencies

To enable this parameter, set Suspension type to Independent front and rear.

Data Types: double

Steer test

Camber vs steer angle, CambVsSteerAng — Table

struct('FL',[-10. -1.;0 0;10. 1.],'FR',[-10. 1.;0 0;10. -1.],'RL',[-10. -1.;0
0;10. 1.],'RR',[-10. 1.;0 0;10. -1.]) (default)

Camber vs steer angle, specified as a structure, in deg/deg.

Data Types: struct

Caster vs steer angle, CastVsSteerAng — Table

struct('FL',[-10. -1.;0 0;10. 1.],'FR',[-10. 1.;0 0;10. -1.],'RL',[-10. -1.;0
0;10. 1.],'RR',[-10. 1.;0 0;10. -1.]) (default)

Caster vs steer angle, specified as a structure, in deg/deg.

Data Types: struct

Longitudinal compliance test

Longitudinal steer compliance, LngSteerCompl — Table
struct('NegFx',struct('FL',[-2. -1.;0 0;2. 1.],'FR',[-2. 1.;0 0;2. -1.],'RL",
[-2. -1.;0 0;2. 1.],'RR",[-2. 1.;0 0;2. -1.1),'PosFx"',struct('FL',[-2. -1.;0
0;2. 1.],'FR',[-2. 1.;0 ©0;2. -1.],'RL',[-2. -1.;0 0;2. 1.],'RR',[-2. 1.;0
0;2. -1.1)) (default)

Longitudinal steer compliance, specified as a structure, in deg/kN.

Data Types: struct
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Longitudinal camber compliance, LngCambCompl — Table

struct('NegFx',struct('FL',[-2. -1.;0 0;2. 1.],'FR",[-2. 1.;0 0;2. -1.],'RL",
[-2. -1.;0 0;2. 1.],'RR",[-2. 1.;0 0;2. -1.]),'PosFx"',struct('FL',[-2. -1.;0
0;2. 1.],'FR",[-2. 1.;0 ©0;2. -1.],'RL',[-2. -1.;0 0;2. 1.]1,'RR',[-2. 1.;0

0;2. -1.])) (default)

Longitudinal camber compliance, specified as a structure, in deg/kN.

Data Types: struct

Longitudinal caster compliance, LngCastCompl — Table
struct('NegFx',struct('FL',[-2. -1.;0 0;2. 1.],'FR',[-2. 1.;0 0;2. -1.],'RL",
[-2. -1.;0 ©0;2. 1.],'RR",[-2. 1.;0 0;2. -1.1),'PosFx"',struct('FL',[-2. -1.;0
0;2. 1.],'FR'",[-2. 1.;0 0;2. -1.],'RL',[-2. -1.;0 0;2. 1.],'RR',[-2. 1.;0
0;2. -1.1)) (default)

Longitudinal caster compliance, specified as a structure, in deg/kN.

Data Types: struct

Longitudinal wheel center compliance, LngWhlCtrCompl — Table
struct('NegFx',struct('FL',[-2. -10.;0 0;2. 10.],'FR',[-2. 10.;0 0;2.
-10.]1,'RL',[-2. -10.;0 0;2. 10.],'RR',[-2. 10.;0 0;2.

-10.]1), 'PosFx',struct('FL',[-2. -10.;0 0;2. 10.],'FR"',[-2. 10.;0 0;2.
-10.]1,'RL"',[-2. -10.;0 0;2. 10.],'RR',[-2. 10.;0 0;2. -10.])) (default)
Longitudinal wheel center compliance, specified as a structure, in mm/kN.

Data Types: struct

Lateral wheel center compliance from braking, LatWhlCtrComplLngBrk — Table
struct('NegFx',struct('FL',[-2. -10.;0 0;2. 10.],'FR',[-2. 10.;0 0;2.
-10.],'RL",[-2. -10.;0 0;2. 10.],'RR',[-2. 10.;0 0;2.

-10.]), 'PosFx',struct('FL',[-2. -10.;0 0;2. 10.],'FR',[-2. 10.;0 0;2.
-10.]1,'RL',[-2. -10.;0 0;2. 10.],'RR',[-2. 10.;0 0;2. -10.])) (default)
Lateral wheel center compliance from braking, specified as a structure, in mm/kN.

Data Types: struct
Lateral compliance-opposed test

Lateral steer compliance, LatSteerCompl — Table

struct('FL',[-2. -1.;0 0;2. 1.],'FR',[-2. 1.;0 0;2. -1.],'RL',[-2. -1.;0 0;2.
1.1,'RR',[-2. 1.;0 0;2. -1.]) (default)

Lateral steer compliance, specified as a structure, in deg/kN.

Data Types: struct

Lateral camber compliance, LatCambCompl — Table

struct('FL',[-2. -1.;0 ©;2. 1.],'FR',[-2. 1.;0 0;2. -1.],'RL',[-2. -1.;0 0;2.
1.1,'RR'",[-2. 1.;0 0;2. -1.]) (default)

Lateral camber compliance, specified as a structure, in deg/kN.

Data Types: struct
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Lateral wheel center compliance from lateral sources, LatWhlCtrComplLat —

Table

struct('FL"', [ 5.;0 0;2. 5.1,'FR",[-2.
;2.

-2. - 5.;0 0;2. -5.],'RL", [-2.
5.1,'RR", [-2. 5.,0 0; -5.]) (default)

-5.;0 0;2.

Lateral wheel center compliance from lateral sources, specified as a structure, in mm/kN.

Data Types: struct
Aligning torque compliance-opposed test

Aligning torque steer compliance, AlgnTrqSteerCompl — Table
struct('FL',[-0.2 -1.;0 0;0.2 1.],'FR",[-0.2 1.;0 0;0.2 -1.],'RL"',[-0.2 -1.;0
0;0.2 1.],'RR",[-0.2 1.;0 0;0.2 -1.]) (default)

Aligning torque steer compliance, specified as a structure, in deg/kNm.

Data Types: struct

Aligning torque camber compliance, AlgnTrqCambCompl — Table
struct('FL',[-0.2 -1.;0 0;0.2 1.],'FR",[-0.2 1.;0 0;0.2 -1.],'RL"',[-0.2 -1.;0
0;0.2 1.],'RR",[-0.2 1.;0 0;0.2 -1.]) (default)

Aligning torque camber compliance, specified as a structure, in deg/kNm.
Data Types: struct

Static alignment settings

Toe, StatToe — Wheel toe angle
[0 0 0 O] (default) | 1-by-4 vector

Static toe angle for each wheel, specified as a 1-by-4 vector, in deg.

Wheel Array Element Axle Wheel Location
Front left (1,1) 1 1
Front right (1,2) 1 2
Rear left (1,3) 2 1
Rear left (1,4) 2 2

Data Types: double

Camber, StatCamber — Wheel camber angle
[0 0 0 0] (default) | 1-by-4 vector

Static camber angle for each wheel, specified as a 1-by-4 vector, in deg.
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Wheel Array Element Axle
Front left (1,1) 1
Front right (1,2) 1
Rear left (1,3) 2
Rear left (1,4) 2

Data Types: double
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Caster, StatCaster — Wheel caster angle
[0 0 0 O] (default) | 1-by-4 vector

Static caster angle for each wheel, specified as a 1-by-4 vector, in deg.

Wheel Array Element Axle
Front left (1,1) 1
Front right (1,2) 1
Rear left (1,3) 2
Rear left (1,4) 2

Data Types: double
Wheels

Static loaded radius of wheels, StatLdWhlR — Wheel radius
[0.3 0.3 0.3 0.3] (default) | 1-by-4 vector

Static loaded radius of wheels, specified as a 1-by-4 vector, in m.

Wheel Array Element Axle
Front left (1,1) 1
Front right (1,2) 1
Rear left (1,3) 2
Rear left (1,4) 2

Data Types: double

Version History
Introduced in R2022a

Parameter name change from NumTracksByAxl to NumWhlsByAx1l
Behavior changed in R2022b

The Number of tracks by axle, NumTracksByAxl parameter is renamed to Number of wheels by
axle, NumWhlsByAxl.

The block uses the number of wheels per axle to index the input and output block signals.

New Suspension type and Drivetrain type Parameters
Behavior changed in R2022b

Starting from R2022b, the Independent Suspension - K and C block includes Suspension type and
Drivetrain type parameters that allow you specify a suspension and drivetrain. Previously, the block
was configured for front wheel drive with independent front and rear suspensions.

References

[1] Gillespie, Thomas. Fundamentals of Vehicle Dynamics. Warrendale, PA: Society of Automotive
Engineers, 1992.
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Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using Simulink® Coder™.

See Also
Independent Suspension - Double Wishbone | Independent Suspension - Mapped | Independent
Suspension - MacPherson
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Twist-Beam Suspension - Kand C

Twist-beam kinematics and compliance test suspension

Library: Vehicle Dynamics Blockset / Suspension
o e
StrgAng st WhiV
TrckWdth ‘WhiAng
Description

In the Vehicle Dynamics Blockset library, there are two types of suspension blocks that implement the
kinematics and compliance (K and C) test suspension characteristics measured from simulated or
actual laboratory suspension tests.

Block Suspension type |Implementation
Setting
Twist-Beam Suspension - K and |[Independent Kinematics and compliance effects of:
C front and )
twist-beam + Independent suspension on a front axle
rear with two wheels
WhiPz Ir(fey ’Fwist-beam suspension on a rear axle with
WhiRe two wheels
WhiVz VehF P
WhiFx

WhiFy .‘9 e
WhiM 't

LAY AYAVYAVAVAVAVAVAVAVAY

p
VehP t' | ¢ WHIF D
vehV Twist
StrgAng ' Whiv P
Phi
TrekWdth WhiAng [

1-263



1 Steering and Suspension Blocks

Block Suspension type |Implementation
Setting
Independent Suspension - K and |Independent Kinematics and compliance effects of four
C front and rear|independent suspensions on a vehicle with two

axles and two wheels per axle.

3 WhiPz InFF more information, see Independent

) spension - K and C.
WhiRe

M Whivz VelF

N WhIFx

) WhiFy VehM

N WhiM v

) VehP ) $ =} WhiF

N vehv 'HM

) StrgAng WhV

3 Phi

) TrekWdth WhiAng

K and C Effects on Suspension

To determine the overall suspension forces and geometric effects on the vehicle and wheels, the block
adds the individual effects from kinematic (bounce, roll, steering) and compliance (longitudinal and
lateral forces, aligning moments) inputs. Specifically, the block multiplies the suspension geometry
states by either gradient or table values to determine the K and C effects on wheel orientation and
suspension forces.

Wheel orientation:

* Camber, caster, and steer angles
* Lateral wheel center displacement
* Longitudinal wheel center displacement

Vertical suspension forces:

* Anti-sway bar

* Shock force

*  Wheel rate

» Contact patch swing arm (CPSA) force

* Longitudinal side view swing arm (SVSA) anti-effects

Camber, Caster, and Steer Angles

The block uses these parameters to account for the K and C effects on the camber, caster, and steer
angles.

* Bounce test- Independent suspension
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* Roll test- Independent suspension

* Steer test

* Longitudinal compliance test

* Lateral compliance-opposed test

* Aligning torque compliance-opposed test

Use the Static alignment settings parameters to set the initial state of the suspension.

Lateral Wheel Center Displacement

The block uses these parameters to account for the K and C effects the lateral wheel center
displacement.

* Bounce test
* Longitudinal compliance test

* Lateral compliance-opposed test

Longitudinal Wheel Center Displacement

The block uses these parameters to account for the K and C effects on the longitudinal wheel center
displacement.

* Bounce test
* Longitudinal compliance test

Shock Force

The block uses the Shock force parameters to calculate the shock force effect on the vertical
suspension force. You can specify table-based or constant parameter values.

Wheel Rate

The block uses the Bounce test parameters to calculate the wheel rate effect on the vertical
suspension force.

Contact Patch Swing Arm

The block uses these equations to calculate the effect of the contact patch swing arm (CPSA) forces
on vertical suspension force.

tan(6cpsa) = f(Zw)
Fycpsa = Fytan(0cpsa)

The block also uses the Static loaded radius of wheels parameter in the CPSA force calculation.

The equations use these variables.

Ocpsa Contact patch swing arm angle

F, Lateral suspension force

F,cpsa CPSA effect on vertical suspension force
Zy Wheel displacement
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Longitudinal Side View Swing Arm Anti-Effects

The block uses these equations to calculate the effect of the side view swing arm (SVSA) forces on
vertical suspension force during acceleration and braking.

tan(Bsysa) = f(Zy)
F,sysa = Fytan(8sysa)

Use the Drivetrain type parameter to ensure that the block applies the acceleration anti-effects to
the correct wheels.

The equations use these variables.

Osvsa Contact patch swing arm angle

F, Longitudinal wheel force

F,svsa SVSA effect on vertical suspension force
Zy Wheel displacement

Anti-Sway Bar

Optionally, use the Anti-sway axle enable by axle, AntiSwayEnByAxl parameter to implement anti-
sway bar reaction forces by axle.

If you do not enable an anti-sway bar, the axle roll stiffness is 0.

Front Axle

If you enable an anti-sway bar on the axle, the anti-sway bar stiffness is the difference between the
anti-sway bar torque parameter, Front suspension roll stiffness with anti-roll bar,
RollIStiffArbFrnt, and the roll stiffness parameter measured with no anti-sway bar present Front
suspension roll stiffness without anti-roll bar, RollStiffNoArbFrnt.

Rear Axle

If you enable an anti-sway bar on the rear axle, the block uses this equation to calculate the twist-
beam roll stiffness.

n|zWRyTW?]

TBrs = Sps = — 180

The equation uses these variables.

TB,, Twist beam roll stiffness

S Suspension roll stiffness without twist beam, RollStiffNoTwstRear parameter

WRy Normal wheel rate gradient, calculated from NrmlWhlRates parameter and
suspension displacement

T™W Track width

Ports

The block uses the wheel number, ¢, to index the input and output signals. This table summarizes the
wheel, axle, and corresponding wheel number for a vehicle with:
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* Two axles
* Two wheels per axle

Wheel Axle Wheel Number
Front left Front 1

Front right Front 2

Rear left Rear 1

Rear right Rear 2

Input

Wh1Pz — Wheel z-axis displacement
array

Wheel displacement, z,,, along wheel-fixed z-axis, in m. Array dimensions are 1 by the total number of
wheels on the vehicle.

For example, for a two-axle vehicle with two wheels per axle, the Wh1Pz:
» Signal array dimensions are [1x4].

WhiPz = 2z, = [Zw1,1 2wy 9 2wy 1 ZWZ,Z]

Wheel Array Element Axle Wheel Number
Front left WhlPz(1,1) 1 1
Front right WhlPz(1,2) 1 2
Rear left WhlPz (1, 3) 2 1
Rear right WhlPz(1,4) 2 2

Wh1Re — Wheel effective radius
array

Effective wheel radius, Re,, in m. Array dimensions are 1 by the total number of wheels on the
vehicle.

For example, for a two-axle vehicle with two wheels per axle, the Wh1Re:

* Signal array dimensions are [1x4].

WhiRe = Re,, = [R9w1,1 Rew1,2 ReWz,l ReWZ,Z]

Wheel Array Element Axle Wheel Number
Front left WhlRe(1,1) 1 1
Front right WhlRe(1,2) 1 2
Rear left WhlRe(1,3) 2 1
Rear right WhlRe(1,4) 2 2

Wh1lVz — Wheel z-axis velocity
array
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Wh1Fx — Longitudinal wheel force on vehicle

Wheel velocity, z,,, along wheel-fixed z-axis, in m. Array dimensions are 1 by the total number of

wheels on the vehicle.

For example, for a two-axle vehicle with two wheels per axle, the Wh1Vz:

» Signal array dimensions are [1x4].

Whilvz =z, = [Zwl,l 2wy, 2 2wy 1 ZWZ,Z]

Wheel Array Element Axle Wheel Number
Front left Whlvz(1,1) 1 1
Front right Whlvz(1,2) 1 2
Rear left Whlvz (1, 3) 2 1
Rear right Whlvz(1,4) 2 2

array

Longitudinal wheel force applied to vehicle, F,,,, along the vehicle-fixed x-axis. Array dimensions are
1 by the total number of wheels on the vehicle.

For example, for a two-axle vehicle with two wheels per axle, the Wh1Fx:

WhlFx = FWX = [FWXLl FWXI,Z FWXZ,l waz,z]

Signal array dimensions are [1x4].

Wheel Array Element Axle Wheel Number
Front left WhlFx(1,1) 1 1
Front right WhlFx(1,2) 1 2
Rear left WhlFx(1,3) 2 1
Rear right WhlFx(1,4) 2 2

Wh1lFy — Lateral wheel force on vehicle
array

Lateral wheel force applied to vehicle, F,,,, along the vehicle-fixed y-axis. Array dimensions are 1 by
the total number of wheels on the vehicle.

For example, for a two-axle vehicle with two wheels per axle, the WhlFy:

Signal array dimensions are [1x4].

WhIFy = Fyyy = [Fwyi, 1 Fwyn, o Fwyp 1 Fwyg o]

Wheel Array Element Axle Wheel Number
Front left WhlFy(1,1) 1 1
Front right WhlFy(1,2) 1 2
Rear left WhlFy(1.3) 2 1
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Wheel Array Element Axle Wheel Number
Rear right WhlFy(1,4) 2 2

Wh1lM — Suspension moment on wheel
array

Longitudinal, lateral, and vertical suspension moments at axle a, wheel t, applied to the wheel at the
axle wheel carrier reference coordinate, in N-m. Input array dimensions are 3 by the number of
wheels on the vehicle.

* Wh1M(1,...) — Suspension moment applied to the wheel about the vehicle-fixed x-axis
(longitudinal)

* WhlM(2,...) — Suspension moment applied to the wheel about the vehicle-fixed y-axis (lateral)

* Wh1M(3,...) — Suspension moment applied to the wheel about the vehicle-fixed z-axis (vertical)

For example, for a two-axle vehicle with two wheels per axle, the Wh1M:

» Signal dimensions are [3x4].

* Signal contains suspension moments applied to four wheels according to their axle and wheel
locations.

MWXl,l MWXl,Z MWXZ,I MWXZ,Z
WhIM = M,, = (Mwy; 1 Mwy; 5 Mwyy 1 Mwy, 5
MWZl,l MWZl,Z MWZZ,l MWZ2,2
Wheel |Array Element |Axle |Wheel [Moment Axis
Numbe
r
Front (Wh1lM(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)
left
Front [(WhlM(1,2) 1 2
right
Rear [Wh1M(1,3) 2 1
left
Rear [(Wh1M(1,4) 2 2
right
Front (WhlM(2,1) 1 1 Vehicle-fixed y-axis (lateral)
left
Front [(WhlM(2,2) 1 2
right
Rear [(WhlM(2,3) 2 1
left
Rear |WhlM(2,4) 2 2
right
Front (WhlM(3,1) 1 1 Vehicle-fixed z-axis (vertical)
left
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Wheel |Array Element |[Axle |Wheel [Moment Axis
Numbe
r

Front [(WhlM(3,2) 1 2

right

Rear [Wh1M(3,3) 2 1

left

Rear [(Wh1M(3,4) 2 2

right

VehP — Vehicle displacement
array

Vehicle displacement from axle a, wheel t along vehicle-fixed coordinate system, in m. Input array
dimensions are 3 the number of wheels on the vehicle.

* VehP(1,...) — Vehicle displacement from wheel, x,, along the vehicle-fixed x-axis
* VehP(2,...) — Vehicle displacement from wheel, y,, along the vehicle-fixed y-axis
* VehP(3,...) — Vehicle displacement from wheel, z,, along the vehicle-fixed z-axis

For example, for a two-axle vehicle with two wheels per axle, the VehP:

* Signal dimensions are [3x4].
» Signal contains four displacements according to their axle and wheel locations.

xp|  |Xvi,1 Xvi,2 Xvg 1 X2
VehP = |W| = yVl,l yVl,Z yv2,1 yvz,z

vl |#vy,q vy g g g

Wheel |Array Element |Axle |Wheel |Axis
Numbe
r
Front |[VehP(1,1) 1 1 Vehicle-fixed x-axis
left
Front |[VehP(1,2) 1 2
right
Rear |VehP(1,3) 2 1
left
Rear VehP(1,4) 2 2
right
Front |VehP(2,1) 1 1 Vehicle-fixed y-axis
left
Front |[VehP(2,2) 1 2
right
Rear |VehP(2,3) 2 1
left
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Wheel |Array Element |Axle |Wheel |Axis
Numbe
r

Rear |VehP(2,4) 2 2

right

Front |[VehP(3,1) 1 1 Vehicle-fixed z-axis

left

Front (VehP(3,2) 1 2

right

Rear |VehP(3,3) 2 1

left

Rear |VehP(3,4) 2 2

right

VehV — Vehicle velocity
array

Vehicle velocity at axle a, wheel t along vehicle-fixed coordinate system, in m. Input array dimensions
are 3 by the number of wheels on the vehicle.

* VehV(1,...) — Vehicle velocity at wheel, x,, along the vehicle-fixed x-axis
* VehV(2,...) — Vehicle velocity at wheel, y,, along the vehicle-fixed y-axis
* VehV(3,...) — Vehicle velocity at wheel, z,, along the vehicle-fixed z-axis

For example, for a two-axle vehicle with two wheels per axle, the VehV:

* Signal dimensions are [3x4].

» Signal contains 4 velocities according to their axle and wheel locations.

Xy [Xvi,1 Xvi,2 Xvo,1 Xvg 2

VehV = |y, | = yVl,l y"l,Z yVZ,l sz,z

Zv 2V1,1 2V1,2 Z'\/2,1 ivz,z
Wheel |Array Element |Axle |Wheel |Axis
Numbe
r
Front (VehV(1,1) 1 1 Vehicle-fixed x-axis
left
Front (VehV(1,?2) 1 2
right
Rear |[VehV(1,3) 2 1
left
Rear |[VehV(1,4) 2 2
right
Front (VehV(2,1) 1 1 Vehicle-fixed y-axis
left
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Wheel |Array Element |Axle |Wheel |Axis
Numbe
r

Front |[VehV(2,2) 1 2

right

Rear |[VehV(2,3) 2 1

left

Rear |VehV(2,4) 2 2

right

Front (VehV(3,1) 1 1 Vehicle-fixed z-axis

left

Front |[VehV(3,2) 1 2

right

Rear |[VehV(3,3) 2 1

left

Rear |VehV(3,4) 2 2

right

StrgAng — Steering angle, optional

array

Optional steering angle for each wheel, 6. Input array dimensions are 1 by the number of steered

wheels.

For example, for a two-axle vehicle with two wheels per axle, you can input steering angles for both
wheels on the first axle.

* To create the StrgAng port, set Steered axle enable by axle, StrgEnByAxl to [1 0]. The input

signal array dimensions are [1x2].

* The StrgAng signal contains two steering angles according to their axle and wheel locations.

StrgAng = Ogpeer = [6steer1,1 6steer1,2]

Wheel Array Element Axle Wheel Number
Front left StrgAng(1,1) 1 1
Front right StrgAng(1,2) 1 2

Dependencies

To create input port StrgAng, set an element of the Steered axle enable by axle, StrgEnByAxl

vectorto 1.

Phi — Vehicle pitch angle

scalar

Vehicle pitch angle about earth-fixed Y-axis, in rad.

TrckWdth — Track width

array
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Distance between wheels on each axle. Input array dimensions are 1-by-2.

Array Element

Description

TrckWdth(1,1)

Distance between wheels on front axle

TrckWdth(1,2)

Distance between wheels on rear axle

Output

Info — Bus signal

bus

Bus signal containing block values. The signals are arrays that depend on the wheel location.

For example, here are the indices for a two-axle, two-wheel vehicle. The total number of wheels is

four.

* 1D array signal (1-by-4)

Wheel Array Element Axle Wheel Number
Front left (1,1) 1 1
Front right (1,2) 1 2
Rear left (1,3) 2 1
Rear right (1,4) 2 2
* 3D array signal (3-by-4)
Wheel Array Element Axle Wheel Number
Front left (1,1) 1 1
Front right (1,2) 1 2
Rear left (1,3) 2 1
Rear right (1,4) 2 2
Front left (2,1) 1 1
Front right (2,2) 1 2
Rear left (2,3) 2 1
Rear right (2,4) 2 2
Front left (3,1) 1 1
Front right (3,2) 1 2
Rear left (3,3) 2 1
Rear right (3,4) 2 2
Signal Description Array Signal |Variable Units
Camber Wheel angles according (1D WhlAng[1,..] = & = [&, ¢] |rad
Caster ’lco the axle and wheel WhIANGLZ, -] = 71 = [0.d
ocation. , a, t
Toe WhlAng(3,...]1 =T = [Ty ¢]

1-273



1 Steering and Suspension Blocks

Signal Description Array Signal |Variable Units
Height Suspension height 1D H m
Power Suspension power 1D P w
dissipation
Energy Suspension absorbed 1D . ]
energy
VehF Suspension forces 3D For a two-axle, two wheels N
applied to the vehicle per axle vehicle:
VehF = F, =
F"Xl,l F"XI,Z F"XZ,l vaz}z
Fyyy,1 Fuyy, o Fuyg 1 Fuyap
FVZl,l FVZI,Z Fv22,1 FVZZ,Z
VehM Suspension moments 3D For a two-axle, two wheels N-m
applied to vehicle per axle vehicle:
VehM = M, =
MVXll 1 MVX][ 2 MVXZ, 1 MVXZI 2
Muyy,1 Myyy,p Muyy 1 My, 5
M"Zl,l Mvzll 2 Mvzzll Mvzzl 2
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per axle vehicle:

Xw
Zy

XWl,l XWI,Z XWZ,I XWZ,Z

ywl 1 le,Z wa,l sz,z

Signal Description Array Signal |Variable Units
WhlF Suspension force 3D For a two-axle, two wheels N
applied to wheel per axle vehicle:
WhIF = F,, =
FWXl,l wa1,2 FWXZ,l FWXZ,Z
Fwy1,1 Fwyr, 2 Fwyy, 1 Fwip o
FWZl,l FWZI,Z FWZZ,I Fw22,2
Wh1P Wheel displacement 3D For a two-axle, two wheels m
per axle vehicle:
Xy
Zyw
Xwi, 1 Xwy2 Xwp 1 Xwp o
le, 1 le, 2 yw2, 1 Yw 2,2
ZWLTL 1 ZwtrL 2 Zwtrzl 1 Zwtrz, 2
Whlv Wheel velocity 3D For a two-axle, two wheels m/s

2wy 1 Fwi,2 Fwz,1 Fwy,2
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Signal Description

Array Signal |Variable

Units

WhlAng Wheel camber, caster,
toe angles

3D

For a two-axle, two wheels
per axle vehicle:

¢
WhlAng = (n

4
&1,1 61,2 82,1 &2,2

=1M,1M,2m2,1M,2

C1,1 C1,2 C2,1 (2,2

rad

VehF — Suspension force on vehicle

array

Longitudinal, lateral, and vertical suspension force at axle a, wheel t, applied to the vehicle at the
suspension connection point, in N. Array dimensions are 3 by the number of wheels on the vehicle.

* VehF(1,...) — Suspension force applied to vehicle along the vehicle-fixed x-axis (longitudinal)
* VehF(2,...) — Suspension force applied to vehicle along the vehicle-fixed y-axis (lateral)
* VehF(3,...) — Suspension force applied to vehicle along the vehicle-fixed z-axis (vertical)

For example, for a two-axle vehicle with two wheels per axle, the VehF:

* Signal dimensions are [3x4].

* Signal contains suspension forces applied to the vehicle according to the axle and wheel locations.

F

VX1, 1

FVXI,Z

FVXZ,l

F"XZ,Z

VehF = F, = |Fvy; 1 Fvyy 5 Fuyy 1 Fuyy o

F"Zl,l F"Zl, 2 FVZZ,l FVZZ,Z
Wheel |Array Element |Axle |Wheel |Force Axis
Numbe
r
Front |VehF(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)
left
Front |VehF(1,2) 1 2
right
Rear |VehF(1,3) 2 1
left
Rear |VehF(1,4) 2 2
right
Front |VehF(2,1) 1 1 Vehicle-fixed y-axis (lateral)
left
Front |VehF(2,2) 1 2
right
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Wheel |Array Element |Axle |Wheel [Force Axis
Numbe
r

Rear |VehF(2,3) 2 1

left

Rear |VehF(2,4) 2 2

right

Front |[VehF(3,1) 1 1 Vehicle-fixed z-axis (vertical)

left

Front (VehF(3,2) 1 2

right

Rear |[VehF(3,3) 2 1

left

Rear |[VehF(3,4) 2 2

right

VehM — Suspension moment on vehicle

array

Longitudinal, lateral, and vertical suspension moment at axle a, wheel t, applied to the vehicle at the
suspension connection point, in N-m. Array dimensions are 3 by the number of wheels on the vehicle.

* VehM(1,...) — Suspension moment applied to the vehicle about the vehicle-fixed x-axis
(longitudinal)

* VehM(2,...) — Suspension moment applied to the vehicle about the vehicle-fixed y-axis (lateral)

* VehM(3,...) — Suspension moment applied to the vehicle about the vehicle-fixed z-axis
(vertical)

For example, for a two-axle vehicle with two wheels per axle, the VehM:

* Signal dimensions are [3x4].

+ Signal contains suspension moments applied to vehicle according to the axle and wheel locations.

MVX]_, 1 MVX]_, 2 MVXZ, 1 MVXZ, 2
VehM = M, = |Myy; | My 5 Myy, 1 Myy, 5

Myzy 1 Myzy 5 Myzy Mz, 5

Array Element Axle Wheel |Moment Axis
Number

VehM(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)
VehM(1,2) 1 2
VehM(1,3) 2 1
VehM(1,4) 2 2
VehM(2,1) 1 1 Vehicle-fixed y-axis (lateral)
VehM(2,2) 1 2
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Array Element |Axle Wheel |Moment Axis
Number

VehM(2,3) 2 1

VehM(2,4) 2 2

VehM(3,1) 1 1 Vehicle-fixed z-axis (vertical)
VehM(3,2) 1 2

VehM(3,3) 2 1

VehM(3,4) 2 2

Wh1lF — Suspension force on wheel
array

Longitudinal, lateral, and vertical suspension forces at axle a, wheel t, applied to the wheel at the
axle wheel carrier reference coordinate, in N. Array dimensions are 3 by the number of wheels on the

vehicle.

* WhlF(1,...) — Suspension force on wheel along the vehicle-fixed x-axis (longitudinal)
* WhlF(2,...) — Suspension force on wheel along the vehicle-fixed y-axis (lateral)

* WhlF(3,...) — Suspension force on wheel along the vehicle-fixed z-axis (vertical)

For example, for a two-axle vehicle with two wheels per axle, the Wh'lF:
+ Signal dimensions are [3x4].
» Signal contains wheel forces applied to the vehicle according to the axle and wheel locations.
wal,l FWXLZ FWXZ, 1 FWXZ,Z
WhIF = Fy, = [Fwyy 1 Fwyy 5 Fwyg 1 Fwyg,

FWZl[]_ FWlez FWZZ,l FWZZ,Z

Wheel |Array Element |Axle |Wheel (Force Axis
Numbe
r
Front (WhlF(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)
left
Front [WhlF(1,2) 1 2
right
Rear [WhlF(1,3) 2 1
left
Rear (WhlF(1,4) 2 2
right
Front [(WhlF(2,1) 1 1 Vehicle-fixed y-axis (lateral)
left
Front [WhlF(2,2) 1 2
right
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Wheel |Array Element |Axle |Wheel [Force Axis
Numbe
r

Rear [WhlF(2,3) 2 1

left

Rear [WhlF(2,4) 2 2

right

Front [(WhlF(3,1) 1 1 Vehicle-fixed z-axis (vertical)

left

Front [WhlF(3,2) 1 2

right

Rear [WhlF(3,3) 2 1

left

Rear [WhlF(3,4) 2 2

right

Wh1lV — Wheel velocity

array

Longitudinal, lateral, and vertical wheel velocity at axle a, wheel t, in m/s. Array dimensions are 3 by
the number of wheels on the vehicle.

* Whlv(1l,..
« Whlv(2,..

 Whlv(3,.

. ) — Wheel velocity along the vehicle-fixed x-axis (longitudinal)

. ) — Wheel velocity along the vehicle-fixed y-axis (lateral)

. . ) — Wheel velocity along the vehicle-fixed z-axis (vertical)

For example, for a two-axle vehicle with two wheels per axle, the Wh1V:

» Signal dimensions are [3x4].

» Signal contains wheel forces applied to the vehicle according to the axle and wheel locations.

Xw

Xwy, 1 Xwy, 2 Xwy 1 Xwp o

WhIV = yw = ywl,l le,Z yWZ,l yWZ,Z

Zw| 2w | 2wy g Zwy 1 2w,

Wheel |Array Element |Axle |Wheel [Force Axis
Numbe
r

Front [(WhlV(1,1) 1 1 Vehicle-fixed x-axis (longitudinal)

left

Front [(WhlV(1,2) 1 2

right

Rear |[WhlV(1,3) 2 1

left

Rear [WhlV(1,4) 2 2

right
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Wheel |Array Element |Axle |Wheel [Force Axis
Numbe
r
Front |WhlV(2,1) 1 1 Vehicle-fixed y-axis (lateral)
left
Front [(WhlV(2,2) 1 2
right
Rear (WhlV(2,3) 2 1
left
Rear [WhlV(2,4) 2 2
right
Front |WhlV(3,1) 1 1 Vehicle-fixed z-axis (vertical)
left
Front [(WhlV(3,2) 1 2
right
Rear (WhlV(3,3) 2 1
left
Rear [WhlV(3,4) 2 2
right

Wh1Ang — Wheel camber, caster, toe angles
array

Camber, caster, and toe angles at axle a, wheel t, in rad. Array dimensions are 3 by the number of
wheels on the vehicle.

* WhlAng(1,...) — Camber angle
* WhlAng(2,...) — Caster angle
* WhlAng(3,...) — Toe angle

For example, for a two-axle vehicle with two wheels per axle, the Wh1Ang:

* Signal dimensions are [3x4].

* Signal contains angles according to the axle and wheel locations.

g1 [é11 81,2 82,1 &2,2
WhlAng = [n|={m,1 M,2 M,1 2,2
€l 01,1 01,2 021 02,2

Wheel |Array Element |Axle |Wheel [Angle
Numbe
r
Front |WhlAng(1,1) 1 1 Camber
left
Front |WhlAng(1,2) 1 2
right




Twist-Beam Suspension - K and C

Wheel |Array Element |Axle |Wheel [Angle
Numbe
r
Rear |WhlAng(1,3) 2 1
left
Rear |WhlAng(1,4) 2 2
right
Front |WhlAng(2,1) 1 1 Caster
left
Front |WhlAng(2,2) 1 2
right
Rear |WhlAng(2,3) 2 1
left
Rear |WhlAng(2,4) 2 2
right
Front |WhlAng(3,1) 1 1 Toe
left
Front [WhlF(3,2) 1 2
right
Rear [WhlF(3,3) 2 1
left
Rear [WhlF(3,4) 2 2
right
Parameters

Steered axle enable by axle, StrgEnByAxl — Boolean vector to enable axle steering
[1 O] (default) | vector

Boolean vector that enables axle steering, Eng.., dimensionless. Vector is 1 by the number of vehicle
axles, N,. For example:

* [1 0] — For a two-axle vehicle, enables axle 1 steering and disables axle 2 steering
* [1 1] — For a two-axle vehicle, enables axle 1 and axle 2 steering

Dependencies

Setting any element of the Steered axle enable by axle, StrgEnByAxl vector to 1 creates Input
port StrgAng.

Anti-sway axle enable by axle, AntiSwayEnByAxl — Boolean vector to enable axle
anti-sway
[0 O] (default) | vector

Boolean vector that enables axle anti-sway for axle a, dimensionless. For example, [1 0] enables a
front axle anti-sway and disables a rear axle anti-sway. Vector is 1 by the number of vehicle axles, N,.

If you enable an anti-sway bar on the front axle, the anti-sway bar stiffness is the difference between
the anti-sway bar torque parameter, Suspension roll stiffness with anti-roll bar, RollStiffArb,
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and the roll stiffness parameter measured with no anti-roll bar present Suspension roll stiffness
without anti-roll bar, RollStiffNoArb.

If you enable an anti-sway bar on the rear axle, the block uses this equation to calculate the twist-
beam roll stiffness.

1 2
a|5sWRyTW
2
TBrs = Sps— [ 180 ]

The equation uses these variables.

TB,, Twist beam roll stiffness

S Suspension roll stiffness without twist beam, RollStiffNoTwstRear parameter

WRy Normal wheel rate gradient, calculated from NrmlWhlRates parameter and
suspension displacement

™W Track width

If you do not enable an anti-sway bar, the stiffness is 0.
Suspension Parameters

Suspension type — Type of suspension
Independent front and rear | Independent front and twist beam rear

Select type of suspension.

Drivetrain type — Type of drivetrain
FWD (default) | RWD | AWD

Select type of drivetrain.

* AWD - All-wheel drive
*  FWD - Front-wheel drive
* RWD - Rear-wheel drive

Directions

+ Steer angle — Positive steer angle
Right (default) | Left

Direction of positive steer angle during kinematics and compliance test.

+ Fx used in compliance tests — Positive longitudinal force
Front (default) | Rear

Direction of positive longitudinal force during kinematics and compliance test.

+ Fy used in compliance tests — Positive lateral force
Right (default) | Left

Direction of positive lateral force during kinematics and compliance test.

+ Suspension Jounce — Positive suspension jounce
Up (default) | Down
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Direction of positive suspension jounce during kinematics and compliance test.

+ WhlMz used in compliance tests — Positive yaw moment
Counter-clockwise (default) | Clockwise

Direction of positive yaw moment during kinematics and compliance test.
Shock force

Shock type — Type of shock force
Table-based (default) | Table-based individualConstant

Type of shock force.

If a table-based individual setting is chosen, table-based shock force is implemented together with
constant motion ratios. If a table-based setting is chosen both shock force and motion ratios are
calculated from lookup tables.

Setting Implementation

Table-based Table-based shock force and motion ratios.

Table-based individual Table-based shock force and constant motion
ratios.

Constant Constant shock force and motion ratios.

Shock force vs shock compression rate, ShckFrceVsCompRate — Table
struct('FL',[-100. -5000;0 0;100. 5000],'FR',[-100. -5000;0 0;100.
5000], 'RL',[-100. -5000;0 0;100. 5000],'RR',[-100. -5000;0 0;100. 5000])
(default)

Shock force versus shock compression rate, specified as a structure, in N/mm per sec.
Dependencies

To create this parameter, set Shock type to Table-based or Table-based individual.

Data Types: struct

Motion ratios by axle, MotRatios — Table

struct('FL',[-0.1 -0.1;0 0;0.1 0.1],'FR',[-0.1 -0.1;0 0;0.1 0.1],'RL",[-0.1
-0.1;0 0;0.1 0.1],'RR",[-0.1 -0.1;0 0;0.1 0.1]) (default)

Motion ratios by axle, specified as a structure.

Data Types: struct

Bounce test

Bump steer, BumpSteer — Table
struct('FL',[-0.1 1.1459;0 0;0.
-1.1459],'RL',[-0.1 0.;0 0;0.1

[-

-1.1459], 'FR",
10.;

1
0.],'RR", [-0.

Bump steer, specified as a structure, in deg/m.

Data Types: struct
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Bump camber, BumpCamber — Table
struct('FL',[-0.1 1.7189;0 0;0.1 -1.7189],"'FR',[-
-1.7189],'RL',[-0.1 0.;0 0;0.1 O0.],'RR',[-0.1 O.;

Bump camber, specified as a structure, in deg/m.

Data Types: struct

Bump caster, BumpCaster — Table

struct('FL',[-0.1 1.1459;0 0;0.1 -1.1459],'FR',[-0.1 1.1459;0 0;0.1
-1.1459],'RL"',[-0.1 -11.4592;0 0;0.1 11.4592],'RR',[-0.1 -11.4592;0 0;0.1
11.4592]) (default)

Bump caster, specified as a structure, in deg/m.

Data Types: struct

Lateral wheel center displacement, LatWhlCtrDisp — Table
struct('FL',[-0.1 0.02;0 0;0.1 -0.02],'FR',[-0.1 0.02;0 0;0.1 -0.02],'RL",
[-0.1 0.;0 0;0.1 0.],'RR",[-0.1 0.;0 0;0.1 0.]) (default)

Lateral wheel center displacement, specified as a structure, in mm/mm.

Data Types: struct

Longitudinal wheel center displacement, LngWhlCtrDisp — Table
struct('FL',[-0.1 -0.002;0 0;0.1 0.002],'FR",[-0.1 -0.002;0 0;0.1
0.002],'RL',[-0.1 0.;0 0;0.1 0.],'RR",[-0.1 0.02;0 0;0.1 0.01]) (default)

Longitudinal wheel center displacement, specified as a structure, in mm/mm.

Data Types: struct

Normal wheel rates, NrmlWhlRates — Table

struct('FL',[-100. -5000;0 0;100. 5000],'FR',[-100. -5000;0 0;100.
5000],'RL',[-100. -5000;0 0;100. 5000]1,'RR',[-100. -5000;0 0;100. 5000])
(default) | vector

Normal wheel rates, specified as a structure, in N/mm.

Data Types: struct

Normal wheel force offsets, NrmlWWhlFrcOff — Force offset
[0 0 0 0] (default)

Normal wheel force offsets, specified as a vector, in N.

Dependencies

To create this parameter, specify a Normal wheel rates, NrmlWhlRates vector.
Data Types: struct

Roll test

Roll steer, RollSteer — Table
struct('RL',[-10. -1.;0 0;10. 1.],'RR',[-10. 1.;0 0;10. -1.]) (default)

Rear axle roll steer, specified as a structure, in deg/deg.
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Dependencies

To enable this parameter, set Suspension type to Independent front and twist-beam rear.

Data Types: struct

Roll camber, RollCamber — Table
struct('RL',[-10. -1.;0 0;10. 1.],'RR',[-10. 1.;0 0;10. -1.]) (default)

Rear axle roll camber, specified as a structure, in deg/deg.

Dependencies

To enable this parameter, set Suspension type to Independent front and twist-beam rear.

Data Types: struct

Roll caster, RollCaster — Table
struct('RL',[-10. -1.;0 0;10. 1.],'RR',[-10. 1.;0 0;10. -1.]) (default)

Rear axle roll caster, specified as a structure, in deg/deg.

Dependencies

To enable this parameter, set Suspension type to Independent front and twist-beam rear.

Data Types: struct

Front suspension roll stiffness with anti-roll bar, RollStiffArbFrnt — Anti-
sway bar enabled
800 (default) | scalar

Front axle suspension roll stiffness with anti-roll bar, specified as a scalar.

If you enable an anti-sway bar on the axle, the anti-sway bar stiffness is the difference between the
anti-sway bar torque parameter, Front suspension roll stiffness with anti-roll bar,
RollStiffArbFrnt, and the roll stiffness parameter measured with no anti-sway bar present, Front
suspension roll stiffness without anti-roll bar, RollStiff NoArbFrnt.

If you do not enable an anti-sway bar, the front axle roll stiffness is 0.

Dependencies

To enable this parameter, set Suspension type to Independent front and twist-beam rear.

Data Types: double

Front suspension roll stiffness without anti-roll bar, RollStiffNoArbFrnt —
Anti-sway bar not enabled
0 (default) | scalar

Front suspension roll stiffness without an anti-roll bar, specified as a scalar, in Nm/deg.

If you enable an anti-sway bar on the axle, the anti-sway bar stiffness is the difference between the
anti-sway bar torque parameter, Front suspension roll stiffness with anti-roll bar,
RollStiffArbFrnt, and the roll stiffness parameter measured with no anti-sway bar present, Front
suspension roll stiffness without anti-roll bar, RollStiffNoArbFrnt.

If you do not enable an anti-sway bar, the axle roll stiffness is 0.

1-285



1 Steering and Suspension Blocks

1-286

Dependencies

To enable this parameter, set Suspension type to Independent front and twist-beam rear.

Data Types: double

Rear suspension roll stiffness without twist-beam, RollStiffNoTwstRear — Anti-
sway bar not enabled
0 (default) | scalar

Rear suspension roll stiffness without an twist beam, specified as a scalar, in Nm/deg. T
If you do not enable an anti-sway bar, the rear axle roll stiffness is 0.

If you enable an anti-sway bar on the rear axle, the block uses this equation to calculate the twist-
beam roll stiffness.

1 2
|3 WRyTW

2
TByg = Sys - —[ T80 |

The equation uses these variables.

TB,, Twist beam roll stiffness

S Suspension roll stiffness without twist beam, RollStiffNoTwstRear parameter

WRy Normal wheel rate gradient, calculated from NrmlWhlRates parameter and
suspension displacement

T™W Track width

Dependencies

To enable this parameter, set Suspension type to Independent front and twist-beam rear.

Data Types: double
Steer test

Camber vs steer angle, CambVsSteerAng — Table
struct('FL',[-10. -1.;0 0;10. 1.],'FR',[-10. 1.;0 0;10. -1.],'RL',[-10. -1.;0
0;10. 1.],'RR',[-10. 1.;0 0;10. -1.]) (default)

Camber vs steer angle, specified as a structure, in deg/deg.

Data Types: struct

Caster vs steer angle, CastVsSteerAng — Table
struct('FL',[-10. -1.;0 0;10. 1.],'FR',[-10. 1.;0 0;10. -1.],'RL',[-10. -1.;0
0;10. 1.],'RR',[-10. 1.;0 0;10. -1.]) (default)

Caster vs steer angle, specified as a structure, in deg/deg.

Data Types: struct
Longitudinal compliance test

Longitudinal steer compliance, LngSteerCompl — Table
struct('NegFx',struct('FL"',[-2. -1.;0 0;2. 1.],'FR",[-2. 1.;0

0;2. -1.]1,'RL",
[-2. -1.;0 0;2. 1.],'RR",[-2. 1.;0 0;2. -1.]), " 'PosFx"',struct('FL"'

,[-2. -1.;0
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0;2. 1.],'FR'",[-2. 1.;0 0;2. -1.],'RL"',[-2. -1.;0 0;2. 1.],'RR",[-2. 1.;0
0;2. -1.])) (default)

Longitudinal steer compliance, specified as a structure, in deg/kN.

Data Types: struct

Longitudinal camber compliance, LngCambCompl — Table
struct('NegFx',struct('FL',[-2. -1.;0 0;2. 1.],'FR',[-2. 1.;0 0;2. -1.],'RL",
[-2. -1.;0 0;2. 1.],'RR",[-2. 1.;0 0;2. -1.]),'PosFx',struct('FL',[-2. -1.;0
0;2. 1.],'FR",[-2. 1.;0 ©;2. -1.],'RL',[-2. -1.;0 0;2. 1.],'RR",[-2. 1.;0
0;2. -1.])) (default)

Longitudinal camber compliance, specified as a structure, in deg/kN.

Data Types: struct

Longitudinal caster compliance, LngCastCompl — Table
struct('NegFx',struct('FL',[-2. -1.;0 0;2. 1.],'FR',[-2. 1.;0 0;2. -1.],'RL",
[-2. -1.;0 0;2. 1.],'RR",[-2. 1.;0 0;2. -1.]),'PosFx"',struct('FL',[-2. -1.;0
0;2. 1.],'FR'",[-2. 1.;0 0;2. -1.],'RL"',[-2. -1.;0 ©;2. 1.]1,'RR",[-2. 1.;0
0;2. -1.1)) (default)

Longitudinal caster compliance, specified as a structure, in deg/kN.

Data Types: struct

Longitudinal wheel center compliance, LngWhlCtrCompl — Table
struct('NegFx',struct('FL',[-2. -10.;0 0;2. 10.],'FR',[-2. 10.;0 0;2.
-10.],'RL",[-2. -10.;0 0;2. 10.],'RR',[-2. 10.;0 0;2.

-10.]), '"PosFx',struct('FL',[-2. -10.;0 0;2. 10.],'FR',[-2. 10.;0 0;2.
-10.],'RL",[-2. -10.;0 0;2. 10.],'RR',[-2. 10.;0 0;2. -10.])) (default)
Longitudinal wheel center compliance, specified as a structure, in mm/kN.

Data Types: struct

Lateral wheel center compliance from braking, LatWhlCtrComplLngBrk — Table
struct('NegFx',struct('FL',[-2. -10.;0 0;2. 10.],'FR',[-2. 10.;0 0;2.
-10.]1,'RL',[-2. -10.;0 0;2. 10.],'RR',[-2. 10.;0 0;2.

-10.]1), 'PosFx',struct('FL',[-2. -10.;0 0;2. 10.],'FR"',[-2. 10.;0 0;2.
-10.]1,'RL',[-2. -10.;0 0;2. 10.],'RR',[-2. 10.;0 0;2. -10.])) (default)

Lateral wheel center compliance from braking, specified as a structure, in mm/kN.

Data Types: struct

Lateral compliance-opposed test

Lateral steer compliance, LatSteerCompl — Table

struct('FL',[-2. -1.;0 0;2. 1.],'FR',[-2. 1.;0 0;2. -1.],'RL",[-2. -1.;0 0;2.
1.],'RR",[-2. 1.;0 0;2. -1.]) (default)

Lateral steer compliance, specified as a structure, in deg/kN.

Data Types: struct
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Lateral camber compliance, LatCambCompl — Table

struct('FL',[-2. -1.;0 0;2. 1.],'FR",[-2. 1.;0 0;2. -1.],'RL',[-2. -1.;0 0;2.

1.1,'RR'",[-2. 1.;0 0;2. -1.]) (default)

Lateral camber compliance, specified as a structure, in deg/kN.

Data Types: struct

Lateral wheel center compliance from lateral sources, LatWhlCtrComplLat —

Table

struct('FL', [- 5.;0 0;2.
2. -5.

2. -5.; 5.],'FR",[-2. 5.;0 0;2. -5.],'RL",[-2. -5.;0 0;2.
5.1,'RR",[-2. 5.;0 0; )

1) (default)

Lateral wheel center compliance from lateral sources, specified as a structure, in mm/kN.

Data Types: struct

Aligning torque compliance-opposed test

Aligning torque steer compliance, AlgnTrqSteerCompl — Table
struct('FL',[-0.2 -1.;0 0;0.2 1.],'FR',[-0.2 1.;0 0;0.2 -1.],'RL',[-0.2 -1.;0
0;0.2 1.1,'RR",[-0.2 1.;0 0;0.2 -1.]) (default)

Aligning torque steer compliance, specified as a structure, in deg/kNm.

Data Types: struct

Aligning torque camber compliance, AlgnTrqCambCompl — Table
struct('FL',[-0.2 -1.;0 0;0.2 1.],'FR',[-0.2 1.;0 0;0.2 -1.],'RL',[-0.2 -1.;0
0;0.2 1.1,'RR",[-0.2 1.;0 0;0.2 -1.]) (default)

Aligning torque camber compliance, specified as a structure, in deg/kNm.

Data Types: struct

Parallel lateral force compliance test

Lateral load transfer, LatLdTrnsfr — Table

struct('FL',[-2. -1.;0 0;2. 1.1,'FR",[-2. 1.;0 0;2. -1.],'RL",[-2. -1.;0 0;2.
1.],'RR",[-2. 1.;0 0;2. -1.]) (default)

Lateral load transfer, specified as a structure, in N/kN.

Dependencies

To create this parameter, set Suspension type to Independent front and twist-beam rear.

Data Types: struct

Static alignment settings

Toe, StatToe — Wheel toe angle
[0 0 0 0] (default) | 1-by-4 vector

Static toe angle for each wheel, specified as a 1-by-4 vector, in deg.
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Twist-Beam Suspension - K and C

Wheel Array Element Axle Wheel Location
Front left (1,1) 1 1
Front right (1,2) 1 2
Rear left (1,3) 2 1
Rear left (1,4) 2 2

Data Types: double

Camber, StatCamber — Wheel camber angle
[0 0 0 0] (default) | 1-by-4 vector

Static camber angle for each wheel, specified as a 1-by-4 vector, in deg.

Wheel Array Element Axle
Front left (1,1) 1
Front right (1,2) 1
Rear left (1,3) 2
Rear left (1,4) 2

Data Types: double

Caster, StatCaster — Wheel caster angle
[0 0 0 0] (default) | 1-by-4 vector

Static caster angle for each wheel, specified as a 1-by-4 vector, in deg.

Wheel Array Element Axle
Front left (1,1) 1
Front right (1,2) 1
Rear left (1,3) 2
Rear left (1,4) 2

Data Types: double

Wheels

Static loaded radius of wheels, StatLdWhlR — Wheel radius
[0.3 0.3 0.3 0.3] (default) | 1-by-4 vector

Static loaded radius of wheels, specified as a 1-by-4 vector, in m.

Wheel Array Element Axle
Front left (1,1) 1
Front right (1,2) 1
Rear left (1,3) 2
Rear left (1,4) 2

Data Types: double




1 Steering and Suspension Blocks

Version History
Introduced in R2022b

References

[1] Gillespie, Thomas. Fundamentals of Vehicle Dynamics. Warrendale, PA: Society of Automotive
Engineers, 1992.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using Simulink® Coder™.

See Also

Independent Suspension - Double Wishbone | Independent Suspension - Mapped | Independent
Suspension - MacPherson
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2 Drivetrain Blocks

Rotational Inertia

Ideal mechanical rotational inertia
Powertrain Blockset / Drivetrain / Couplings
Vehicle Dynamics Blockset / Powertrain / Drivetrain /

Library:
Couplings
ARTr
B » Spd
AaTrg
Description

The Rotational Inertia block implements an ideal mechanical rotational inertia.

Power Accounting

For the power accounting, the block implements these equations.

energy rate of change

Positive signals
indicate an increase

Negative signals
indicate a decrease

stored internal
torsional energy

Bus Signal Description Variable |Equations
PwrInfo [PwrTrnsfrd — Power |PwrR Mechanical power| Py Prr = Trw
transferred between from base shaft
blocks PwrC Mechanical power | Pz Prc= Tcw
* DPositive signals fli:n? follower
indicate flow into shatt
block
* Negative signals
indicate flow out of
block
PwrNotTrnsfrd — PwrDampLoss Power loss due to |P, Py= - b|w|2
Power crossing the damping
block boundary, but
not transferred
* DPositive signals
indicate an input
* Negative signals
indicate a loss
PwrStored — Stored |[PwrStoredShft |Rate change of |P; Ps=ww]

The equations use these variables.
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Rotational Inertia

TR Input torque

Tc Output torque

w Driveshaft angular velocity

J Rotational inertia

b Rotational viscous damping

P, Power loss due to damping

Py Rate change of stored internal torsional energy
Ports

Input

RTrq — Input torque
scalar

Applied input driveshaft torque, Ty, in N-m.
Dependencies

To enable this port, for Port Configuration, select Simulink.

CTrq — Output torque
scalar

Load driveshaft torque, T¢, in N-m.
Dependencies

To enable this port, for Port Configuration, select Simulink.

R — Angular velocity and torque
two-way connector port

Angular velocity in rad/s. Torque is in N-m.

Dependencies

To enable this port, for Port Configuration, select Two-way connection.

Inertia — Input
scalar

Rotational inertia, in kg-m”2.

Dependencies

To create the Inertia port, select External inertia input.
Output

Info — Bus signal
bus

Bus signal containing these block calculations.
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torsional energy

Signal Description Variable Units
Trq R Applied input Tr N-m
driveshaft torque
C Output driveshaft [T, N-m
torque
Damp Damping torque T,=bw N-m
Spd Angular driveshaft |w rad/s
speed
Pwrlnfo PwrTrnsfrd |PwrR Mechanical power [Py W
from base shaft
PwrC Mechanical power |Prc W
from follower shaft
PwrNotTrnsf |PwrDampLos |Power loss dueto [Py w
rd S damping
PwrStored PwrStoredS |Rate change of Py W
hft stored internal

Dependencies
To enable this port, select Output Info bus.

Spd — Driveshaft speed
scalar

Angular driveshaft speed, w, in rad/s.

Dependencies
To enable this port, for Port Configuration, select Simulink.

C — Angular velocity and torque
two-way connector port

Angular velocity in rad/s. Torque is in N-m.

Dependencies

To enable this port, for Port Configuration, select Two-way connection.

Parameters
Block Options

Port Configuration — Specify configuration
Simulink (default) | Two-way connection

Specify the port configuration.

Dependencies

Specifying Simulink creates these ports:




Rotational Inertia

* RTrq

« CTrq

* Spd

Specifying Two-way connection creates these ports:
* R

e C

Output Info bus — Selection
off (default) | on

Select to create the Info output port.

External inertia input — Input rotational inertia
off (default) | on

Dependencies

To create the Inertia port, select External inertia input.

Parameters

Rotational inertia, J — Inertia
.01 (default) | scalar

Rotational inertia, in kg-m”2.

Dependencies
To enable this parameter, clear Input rotational inertia.

Torsional damping, b — Damping
.001 (default) | scalar

Torsional damping, in N-m- s/rad.

Initial velocity, omega_o — Angular
0 (default) | scalar

Initial angular velocity, in rad/s.

Version History
Introduced in R2017a

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using Simulink® Coder

™

See Also
Split Torsional Compliance | Torsional Compliance
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Split Torsional Compliance

Split torsional coupler

Library: Powertrain Blockset / Drivetrain / Couplings
Vehicle Dynamics Blockset / Powertrain / Drivetrain /
Couplings

) RSpd RTrg [

=
N cispd :L C1Trg

N caspd C2Trg [P

Description

The Split Torsional Compliance block implements parallel spring-damper coupling between shafts.
You can specify the type of coupling by selecting one of the Coupling Configuration parameters:
* Shaft split — Single input shaft coupled to two output shafts

* Shaft merge — Two input shafts coupled to a single output shaft

In fuel economy and emissions studies, you can use the Split Torsional Compliance block to model
mechanical rotational compliance between common driveline elements such as motors, planetary
gears, and clutches. For example, use the Shaft split configuration to couple a motor and two
planetary gear sets. Use the Shaft merge configuration to couple a dual clutch transmission to an
output shaft.

Shaft Split

For the Shaft split configuration, the block implements this schematic and equations.

AN <+ w lout
kl —
win > }

—> T1lout

bl

Tin e AAA {::(x}zﬂut

k2 |
— > T2out

(|

b2
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Split Torsional Compliance

Tin = — (Win — W1out)b1 — (Win — Wout)b2 — O1k1 — B2ky

T1out = (Win — W1out)b1 + O1k1
Toout = (Win — Woeut)ba + B2k
91 = (Win — W1out)

02 = (win — Wout)

To account for frequency-dependent damping, both damping terms incorporate a low-pass filter.

The equations use these variables.

T Resulting applied input reaction torque

Win Input shaft rotational velocity

Tiout Resulting applied torque to first output shaft

W1out First output shaft rotational velocity

Toout Resulting applied torque to second output shaft
W2out Second output shaft rotational velocity

6,, 6, First, second shaft rotation, respectively

by, b, First, second shaft viscous damping, respectively
ki, k, First, second shaft torsional stiffness, respectively

Shaft Merge

For the Shaft merge configuration, the block implements this schematic and equations.

—AAA—

k1

. N
win > Jb
1

Tin <
—A\NWV—

k2

~
d
b2

{::: v 1 out
—"> T 1lout

.c:::| w 2 out
—> l2out

Tout = (= Wyt + W1in)b1 + (= Woyt + Woin)by + O1k1 + B2k

T1out = (Wout — W1in)b1 — O1k1
Toout = (Wout — Woin)by — B2ky
6.1 = (W1in — Wout)

07 = (w2in — Wout)

To account for frequency-dependent damping, both damping terms incorporate a low-pass filter.
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The equations use these variables.

Tout

Resulting applied output torque
Output shaft rotational velocity

Resulting reaction torque to first input shaft

First input shaft rotational velocity

Resulting reaction torque to second input shaft

Second input shaft rotational velocity

First, second shaft rotation, respectively

First, second shaft viscous damping, respectively

First, second shaft torsional stiffness, respectively

Power Accounting

For the power accounting, the block implements these equations.

Bus Signal

Description

Variable

Equations

2-8

PwrInfo

PwrTrnsfrd — Power
transferred between
blocks

Positive signals
indicate flow into
block

Negative signals
indicate flow out of
block

PwrR

For the Shaft
split
configuration,
mechanical
power from input
shaft

PTR

Prr= —Tgwr

PwrC1l

For the Shaft
split
configuration,
mechanical
power from first
output shaft

PTCl

Prcy =
- Teiwer

PwrC2

For the Shaft
split
configuration,
mechanical
power from
second output
shaft

P TC2

Prcp =
— Teower

PwrcC

For the Shaft
merge
configuration,
mechanical
power from
output shaft

Prc= Tcwe




Split Torsional Compliance

Bus Signal Description Variable |[Equations
PWI"Rl FOI‘ the Shaft PTR] PTRl =
merge Tr1wR1
configuration,
mechanical
power from first
input shaft
PW FRZ FOI‘ the Shaft PTR2 PTR2 =
merge TRowRy
configuration,
mechanical
power from
second input
shaft
PwrNotTrnsfrd — PwrDampLoss Mechanical P, _ 5 12
. . Py = —(b1[6,]
Power crossing the damping loss R
block boundary, but not + b2|92| )
transferred
* DPositive signals
indicate an input
* Negative signals
indicate a loss
PwrStored — Stored |PwrStoredShft |Rate changein |P; Py = (k19191
energy rate of change spring energy + ko, 92)
* DPositive signals
indicate an increase
* Negative signals
indicate a decrease

The equations use these variables.

Ty
Tc

Wgr

Shaft R torque

Shaft C torque

Shaft R angular velocity

Shaft C angular velocity

Coupled shaft rotation

Shaft torsional stiffness

Rotational viscous damping

Total mechanical power

Power loss due to damping

Rate change of stored spring energy
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Ports
Input

RSpd — Input shaft speed
scalar

Input shaft rotational velocity, w;,, in rad/s.

Dependencies
To enable this port, set both of these parameters:

* Port Configuration to Simulink
* Coupling Configuration to Shaft split

C1Spd — First output shaft speed
scalar

First output shaft rotational velocity, w;,,;, in rad/s.

Dependencies
To enable this port, set both of these parameters:

* Port Configuration to Simulink
* Coupling Configuration to Shaft split

C2Spd — Second output shaft speed
scalar

Second output shaft rotational velocity, w,,, in rad/s.

Dependencies
To enable this port, set both of these parameters:

* Port Configuration to Simulink
* Coupling Configuration to Shaft split

CSpd — Input speed
scalar

Output shaft rotational velocity, w,,;, in rad/s.

Dependencies
To enable this port, set both of these parameters:

* Port Configuration to Simulink
* Coupling Configuration to Shaft merge

R1Spd — First input shaft speed
scalar

First input shaft rotational velocity, w;;,, in rad/s.



Split Torsional Compliance

Dependencies
To enable this port, set both of these parameters:

* Port Configuration to Simulink
* Coupling Configuration to Shaft merge

R2Spd — Second input shaft speed
scalar

Second input shaft rotational velocity, w,;,, in rad/s.
Dependencies
To enable this port, set both of these parameters:

* Port Configuration to Simulink
* Coupling Configuration to Shaft merge

R — Input shaft angular velocity and torque
two-way connector port

Input shaft angular velocity, w;,, in rad/s and torque, T;,, in N-m.
Dependencies
To enable this port, select:

* Port Configuration>Two-way connection
* Coupling Configuration>Shaft split

R1 — First input shaft angular velocity and torque
two-way connector port

First input shaft angular velocity, w;;,, in rad/s and torque, T;;,, in N-m.
Dependencies
To enable this port, select:

* Port Configuration>Two-way connection
* Coupling Configuration>Shaft merge

R2 — Second input shaft angular velocity and torque
two-way connector port

Second input shaft angular velocity, w,;,, in rad/s and torque, Ty;,, in N-m.

Dependencies
To enable this port, select:

* Port Configuration>Two-way connection
* Coupling Configuration>Shaft merge
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Output

Info — Bus signal
bus

If you set Coupling Configuration to Shaft split, the Info bus contains these signals.

Signal Description Variable |Units
Trq R Input shaft torque T, N-m
C1 First output shaft torque Tiout N'm
C2 Second output shaft torque Toout N'm
Damp C1 First output shaft damping b;w;out N-m
torque
C2 Second output shaft damping | b,wsey: N-m
torque
Spring C1 First output shaft spring torque |k;6; N-m
C2 Second output shaft spring k.0, N'‘m
torque
Spd R Input shaft angular velocity Win rad/s
C1 First output shaft angular Wiout rad/s
velocity
C2 Second output shaft angular Waout rad/s
velocity
deltadotl Difference in input and first 6, rad/s
output shaft angular velocity
deltadot2 Difference in input and second |g, rad/s
output shaft angular velocity
PwriInfo PwrTrnsfrd |PwrR Mechanical power from input  |Prg w
shaft
PwrCl Mechanical power from first Pre; w
output shaft
PwrC2 Mechanical power from second |Prq, W
output shaft
PwrNotTrnsf |PwrDampLo |Mechanical damping loss Py A
rd Ss
PwrStored PwrStored |Rate change of stored internal |P; w
Shft torsional energy

If you set Coupling Configuration to Shaft merge, the Info bus contains these signals.

Signal Description Variable |Units

Trq C Output shaft torque Tout N-m
R1 First input shaft torque Tiin N-m
R2 Second input shaft torque Toin N-m
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Split Torsional Compliance

Signal Description Variable |Units
Damp R1 First input shaft damping torque |b;w;, N-m
R2 Second in shaft damping torque |b,w,;, N-m
Spring R1 First input shaft spring torque |k;6; N-m
R2 Second in shaft spring torque k0, N'm
Spd C Output shaft angular velocity Wyt rad/s
R1 First input shaft angular Wiin rad/s
velocity
R2 Second input shaft angular Win rad/s
velocity
deltadotl Difference in first input and 6, rad/s
output shaft angular velocity
deltadot2 Difference in second input and  |g, rad/s
output shaft angular velocity
Pwrlnfo PwrTrnsfrd |PwrC Mechanical power from output |Prc A
shaft
PwrR1 Mechanical power from first Prg; w
input shaft
PwrR2 Mechanical power from second |Prz, w
input shaft
PwrNotTrnsf |PwrDampLo |Mechanical damping loss Py w
rd SS
PwrStored PwrStored |Rate change of stored internal |P; w
Shft torsional energy

Dependencies

To enable this port, select Output Info bus.

RTrq — Input shaft torque
scalar

Input shaft torque, T;,, in N-m.

Dependencies

To enable this port, set both of these parameters:

* Port Configuration to Simulink
* Coupling Configuration to Shaft split

C1Trq — First output shaft torque

scalar

First output shaft torque, T;,,;, in N-m.

Dependencies

To enable this port, set both of these parameters:
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* Port Configuration to Simulink
* Coupling Configuration to Shaft split

C2Trq — Second output shaft torque
scalar

Second output shaft torque, T,,,;, in N-m.
Dependencies
To enable this port, set both of these parameters:

* Port Configuration to Simulink
* Coupling Configuration to Shaft split

CTrq — Output shaft torque
scalar

Output shaft torque, T,,;, in N-m.

Dependencies
To enable this port, set both of these parameters:

* Port Configuration to Simulink
* Coupling Configuration to Shaft merge

R1Trq — First input shaft torque
scalar

First input shaft torque, T;;,, in N-m.
Dependencies
To enable this port, set both of these parameters:

* Port Configuration to Simulink
* Coupling Configuration to Shaft merge

R2Trq — Second input shaft torque
scalar

Second input shaft torque, Ty;,, in N-m.

Dependencies
To enable this port, set both of these parameters:

* Port Configuration to Simulink
* Coupling Configuration to Shaft merge

C1 — First output shaft angular velocity and torque
two-way connector port

First output shaft angular velocity, w;,,;, in rad/s and torque, T;,,; in N-m.
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Split Torsional Compliance

Dependencies
To enable this port, select:

* Port Configuration>Two-way connection
* Coupling Configuration>Shaft split

C2 — Second output shaft angular velocity and torque
two-way connector port

Second output shaft angular velocity, w,,,; in rad/s and torque, Ty, in N-m.

Dependencies
To enable this port, select:

* Port Configuration>Two-way connection
* Coupling Configuration>Shaft split

C — Output shaft angular velocity and torque
two-way connector port

Output shaft angular velocity, w,,, in rad/s and torque, T,,;, in N-m.

Dependencies
To enable this port, select:

* Port Configuration>Two-way connection
* Coupling Configuration>Shaft merge

Parameters
Block Options

Port Configuration — Specify configuration
Simulink (default) | Two-way connection

Specify the port configuration.

Coupling Configuration — Specify configuration
Shaft split (default) | Shaft merge

Specify the coupling type.

Output Info bus — Selection
off (default) | on

Select to create the Info output port.
Coupling 1

Torsional stiffness, k1l — Stiffness
5e4 (default) | scalar

Rotational inertia, k;, in N-m/rad.
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Torsional damping, bl — Damping
le?2 (default) | scalar

Torsional damping, b;, in N-m- s/rad.

Damping cutoff frequency, omegal_c — Frequency
3000 (default) | scalar

Damping cutoff frequency, in rad/s.
Coupling 2

Torsional stiffness, k2 — Stiffness
5e4 (default) | scalar

Rotational inertia, k,, in N-m/rad.

Torsional damping, b2 — Damping
le2 (default) | scalar

Torsional damping, b,, in N-m- s/rad.

Damping cutoff frequency, omega2_c — Frequency
3000 (default) | scalar

Damping cutoff frequency, in rad/s.

Version History
Introduced in R2017b

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using Simulink® Coder™.

See Also
Rotational Inertia | Torsional Compliance



Torsional Compliance

Torsional Compliance

Parallel spring-damper
Powertrain Blockset / Drivetrain / Couplings
Vehicle Dynamics Blockset / Powertrain / Drivetrain /

Library:

Couplings
N Rspd RTrg pr
b CSde ' CTrg
Description

The Torsional Compliance block implements a parallel spring-damper to couple two rotating
driveshafts. The block uses the driveshaft angular velocities, torsional stiffness, and torsional
damping to determine the torques.

TR = - (wR - wc)b - 0k
Tc = (wg — we)b + 6k

0 = (wg - wc)

Power Accounting

For the power accounting, the block implements these equations.

* Positive signals indicate
an input

* Negative signals indicate
a loss

Bus Signal Description Variable |[Equations
PwrInfo [PwrTrnsfrd — Power PwrR Mechanical Prg Prp =
transferred between blocks power from Trwgr
et et e driveshaft R
* Positive signals indicate :
o it el PwrC Mechanical Prc Prc =
o o power from T.w,
* Negative signals indicate driveshaft C
flow out of block
PwrNotTrnsfrd — Power PwrDampLoss Mechanical P, P, =
crossing the block boundary, damping loss g 0
but not transferred - b|9|
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* DPositive signals indicate
an increase

* Negative signals indicate
a decrease

Bus Signal Description Variable |[Equations
PwrStored — Stored energy (PwrStoredShft |Rate changein |Ps Py = - 6k6
rate of change spring energy

The equations use these variables.

Tr Driveshaft R torque

Tc Driveshaft C torque

Wg Driveshaft R angular velocity
wWc Driveshaft C angular velocity
0 Coupled driveshaft rotation
k Driveshaft torsional stiffness
b Rotational viscous damping
P, Power loss due to damping
P, Rate change of stored spring energy
Ports

Input

RSpd — Driveshaft R angular velocity
scalar

Input driveshaft angular velocity, in rad/s.
Dependencies

To enable this port, for Port Configuration, select Simulink.

CSpd — Driveshaft C angular velocity
scalar

Output driveshaft angular velocity, in rad/s.
Dependencies

To enable this port, for Port Configuration, select Simulink.

R — Angular velocity and torque
two-way connector port

Angular velocity in rad/s. Torque is in N-m.

Dependencies

To enable this port, for Port Configuration, select Two-way connection.




Torsional Compliance

Output

Info — Bus signal

bus

Bus signal containing these block calculations.

Signal Description Variable Units
Trq R Input driveshaft torque [Ty N-m
C Output driveshaft torque |T. N-m
Damp Damping torque Ts = bo N-m
Spring Spring torque T; =kO N-m
Spd R Input driveshaft angular |wg rad/s
velocity
C Output driveshaft We rad/s
angular velocity
deltadot Difference in input and |g rad/s
output driveshaft angular
velocity
Pwrlnfo PwrTrnsfrd |PwrR Mechanical power from |Pgg w
driveshaft R
PwrC Mechanical power from |Pg w
driveshaft C
PwrNotTrnsf |PwrDampLos |Power loss due to P, w
rd S damping
PwrStored PwrStoredS |Rate change of stored P, w
hft internal kinetic energy

Dependencies

To enable this port, select Output Info bus.

RTrq — Driveshaft R torque

scalar

Input drive shaft torque, in N-m.

Dependencies

To enable this port, for Port Configuration, select Simulink.

CTrq — Driveshaft C torque

scalar

Applied output driveshaft torque, in N-m.

Dependencies

To enable this port, for Port Configuration, select Simulink.
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C — Angular velocity and torque
two-way connector port

Angular velocity in rad/s. Torque is in N-m.

Dependencies

To enable this port, for Port Configuration, select Two-way connection.

Parameters
Block Options

Port Configuration — Specify configuration
Simulink (default) | Two-way connection

Specify the port configuration.

Dependencies
Specifying Simulink creates these ports:

* RSpd
*+ (CSpd
* RTrq
* (CTrqg

Specifying Two-way connection creates these ports:

* R
+ C

Output Info bus — Selection
off (default) | on

Select to create the Info output port.

Torsional stiffness, k — Inertia
le4 (default) | scalar

Torsional stiffness, in N-m/rad.

Torsional damping, b — Damping
le2 (default) | scalar

Torsional damping, in N-m- s/rad.

Initial deflection, theta_o — Angular
0 (default) | scalar

Initial deflection, in rad.

Initial velocity difference, domega_o — Angular
0 (default) | scalar
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Initial velocity difference, in rad/s.

Damping cut-off frequency, omega_c — Frequency
3000 (default) | scalar

Damping cut-off frequency, in rad/s.

Version History
Introduced in R2017a

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using Simulink® Coder™.

See Also
Rotational Inertia | Split Torsional Compliance
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Active Differential

Spur or planetary active differential gear
Library: Vehicle Dynamics Blockset / Powertrain / Drivetrain / Final
Drive Unit

Al 1Spd

g
e

-
AkI2Trq Ll Axl25pd

Spur gears. superposition cluiches

Description

The Active Differential block implements an active differential to account for the power transfer from

the transmission to the axles. The block models the active differential as an open differential coupled

to either a spur or planetary differential gear set. The block uses external pressure signals to regulate
the clutch pressure to either speed up or slow down each axle rotation.

Use the block in hardware-in-the-loop (HIL) and optimization workflows to dynamically couple the
driveshaft to the wheel axles when you want to direct the transmission torque to a specific axle. For
detailed front wheel driving studies, use the block to couple the driveshaft to universal joints. The
block is suitable to use in system-level closed-loop control studies, for example, yaw stability and
torque vectoring. All the parameters are tunable.

To specify the active differential, open the Active Differential parameters and specify Active
differential type.

Setting Block Implementation

Spur gears, superposition [Clutches are in superposition through a three-gang gear system
clutches and a differential case

Double planetary gears, Clutches are fixed to the carrier and axles through double
stationary clutches planetary gear sets

Use the Open Differential parameter Crown wheel (ring gear) located to specify the open
differential location, either to the left or right of the center-line.

Depending on the available data, to specify the method to couple the different torques applied to the
axles, use the Slip Coupling parameter Coupling type.

Setting Block Implementation

Pre-loaded ideal clutch Torque modeled as a dry clutch with constant friction coefficients
Slip speed dependent Torque determined from a lookup table that is a function of slip-
torque data speed and clutch pressure

The Active Differential block does not include a controller or external clutch actuator dynamics. Use
this information to control the input clutch pressure. The info bus contains the slip speeds at clutch 1,
Awy;, and clutch 2, Awgp.



Active Differential

Input Axle Torque Aw,; Aw; Input Clutch Pressure

Positive axle 1 torque |> 0 N/A Increase clutch 1
pressure

Positive axle 1 torque |< 0 N/A Disengage clutch 1 and
2

Positive axle 2 torque  [N/A >0 Increase clutch 1
pressure

Positive axle 2 torque  |[N/A <0 Disengage clutch 1 and
2

Differentials

The Active Differential block implements these equations to represent the mechanical dynamic
response for the superposition and stationary clutch configurations. To determine the gear ratios, the
block uses the clutch speed and the number of teeth for each gear pair. The allowable wheel speed
difference (AWSD) limits the wheel speed difference for positive torque.

Mechanical Equations
Dynamic Superposition Clutches and Spur | Stationary Clutches and Planetary
Response Gearing Gearing
Crown gear wq(Jag + Jgs) = Tqg — wgbg — T; wg( Ja+ Js1+ Js2) = Tg — wgbg — T;
Axle 1 wiJ1 =nTy —wiby — Ty w1(J1+ Jr1) =Ty —w by - Ty
Axle 2 waJ2 = NTy — wyby — Tp W2(Jaxte2 + Jr1) = To — woby — Ty
Gear ratios well _ _ 21% well _ _ 1%
Twg ST gz Twg  PLT 223
Wel2 _ N, 2125 wel2 _ 2z
Twg T 2T m Twg T P2z
Rigid Coupling _ NI} _Ns2 Ns1 _ NT; Np, (2 - Np1)
Constraints = — 2 Te2+ =~ Tenn Ti= — - (Npz - 1)2 Ter2 + (Np1 T 1)2TCI1
NT; N, N
T, = T’+(1—TSZ)T012—(1——§—1)T0111 - NL @-Np), _  Np o
2 2 T WNp-D2 2T Ny FD2 el
Wi = = (01 +w) N
wg = = 5 (w1 +w)
Allowable wheel Awmax = (N2 — Ng1) - 100% Awmax = (Np1,2=1)-100%
speed difference
(AWSD)

Superposition Clutches and Spur Gearing

These superposition clutch illustrations show the clutch configuration and schematic for torque
transfer to the left wheel.
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Propeller shaft

Torque transfer to left wheel

Active yaw control (AYC) differential Hydraulic multi-plate clutch

{left clutch)

Left axle

Right axle
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Stationary Clutches and Planetary Gearing

The illustrations show the stationary clutch configuration and schematic.

Doubis planetary sef 1
Stalicnary ciich 1
l.l..'lI w?

AT 1 — 33
oL o — WK
T'I

TI‘
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Slip Coupling

For both the ideal clutch and slip-speed configurations, the slip coupling is a function of the slip-
speed and clutch pressure. The slip-speed depends on the slip velocity at each of the clutch
interfaces.

W = [Awey, Awy]
Ideal Clutch

The ideal clutch coupling model uses the axle slip speed, clutch pressure, and friction to calculate the
clutch torque. The friction coefficient is a function of the slip speed.

T¢ = FrNgp(|@|)Refstanh(4w)

To calculate the total clutch force, the block uses the effective radius, clutch pressure, and clutch
preload force.

Fr= Fc+ Pl,ZAeff' Fr=0
The disc radii determine the effective clutch radius over which the clutch force acts.

R... = 2FB3-RD)
ff = 3RZ-RD)

Slip-Speed

To calculate the clutch torque, the slip speed coupling model uses torque data that is a function of
slip speed and clutch pressure. The angular velocities of the axles determine the slip speed.

TC = Tc(w, PI,Z)

The equations use these variables.

Acs Effective clutch pressure area

by Crown gear linear viscous damping

b;, b, Axle 1 and 2 linear viscous damping, respectively

F., Fr Clutch preload force and total force, respectively

Ja Carrier rotational inertia

Jge Three-gang gear rotational inertia

Jetr Je2 Planetary carrier 1 and 2 rotational inertia, respectively
Ty Jr2 Planetary ring gear 1 and 2 rotational inertia, respectively
IERE Planetary sun gear 1 and 2 rotational inertia, respectively
NIE Axle 1 and 2 rotational inertia, respectively

N Carrier-to-drive shaft gear ratio

Ny Number of disks

Ny, Ny, Clutch 1 and 2 carrier-to-spur gear ratio, respectively
Np1, Ny, Planetary 1 and 2 carrier-to-axle gear ratio, respectively
P, P, Clutch 1 and 2 pressure, respectively



Active Differential

Reg Effective clutch radius

R, R, Annular disk inner and outer radius, respectively
T, Clutch torque

Tai, Top Clutch 1 and 2 coupling torque, respectively

T, Driveshaft torque

T, Ty Axle 1 and 2 torque, respectively

T; Axle internal resistance torque

Ty, T, Axle 1 and 2 internal resistance torque

Wg Driveshaft angular velocity

w Slip speed

w1, Wy Axle 1 and 2 angular velocity, respectively

Awyy, Awg, Clutch 1 and 2 slip speed at interface, respectively
We1, Wei2 Clutch 1 and 2 angular velocity, respectively

il Clutch coefficient of friction

Z; Number of teeth on gear i

Ports

Inputs

Prsl — Clutch 1 pressure
scalar

Clutch 1 pressure, P;, in Pa.

Prs2 — Clutch 2 pressure
scalar

Clutch 2 pressure, P,, in Pa.

DriveshftTrq — Driveshaft torque
scalar

Applied input torque, Ty, typically from the engine driveshaft, in N-m.

Ax11Trq — Torque
scalar

Axle 1 torque, T;, in N-m.

Ax12Trq — Torque
scalar

Axle 2 torque, T,, in N'm.
Output

Info — Bus signal
bus
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Bus signal containing these block calculations.

Signal Description Units
Driveshft DriveshftTrq Drive shaft torque N-m
DriveshftSpd Drive shaft angular velocity |rad/s
Ax11 Ax11Trq Axle 1 torque N'm
Ax11Spd Axle 1 angular velocity rad/s
Ax12 Ax12Trq Axle 2 torque N-m
Ax12Spd Axle 2 angular velocity rad/s
Cplng CplngTrql Clutch 1 coupling torque N'm
CplngTrg2 Clutch 2 coupling torque N-m
CplngSlipSpdl Clutch 1 slip speed rad/s
CplngSlipSpd2 Clutch 2 slip speed rad/s
CplngPrsl Clutch 1 input pressure Pa
CplngPrs2 Clutch 2 input pressure Pa

DriveshftSpd — Angular velocity
scalar

Driveshaft angular velocity, wy, in rad/s.

Ax11Spd — Angular velocity
scalar

Axle 1 angular velocity, w;, in rad/s.

Ax12Spd — Angular velocity
scalar

Axle 2 angular velocity, w,, in rad/s.

Parameters

Active Differential

Active differential type — Differential

Spur gears, superposition clutches (default) | Double planetary gears, stationary
clutches

Specify the type of active differential.

Setting Block Implementation

Spur gears, superposition [Clutches are in superposition through a three-gang gear system
clutches and a differential case

Double planetary gears, Clutches are fixed to the carrier and axles through double
stationary clutches planetary gear sets
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Clutch 1 to differential case gear ratio, Nsl — Clutch 1-spur gear ratio
.875 (default) | scalar

Clutch 1-to-carrier spur gear ratio, Ny;, dimensionless.

Dependencies

To enable the spur gear parameters, select Spur gears, superposition clutches for the
Active differential type parameter.

Clutch 2 to differential case gear ratio, Ns2 — Clutch 2-spur gear ratio
1.125 (default) | scalar

Clutch 2-to-carrier spur gear ratio, Ng,, dimensionless.

Dependencies

To enable the spur gear parameters, select Spur gears, superposition clutches for the
Active differential type parameter.

Three-gang gear inertia, Jgc — Rotational inertia
.003 (default) | scalar

Three-gang gear rotational inertia, J,, in kg'm”2.

Dependencies

To enable the spur gear parameters, select Spur gears, superposition clutches for the
Active differential type parameter.

Axle 1 planetary carrier to axle gear ratio, Npl — Planetary 1 carrier gear ratio
1.125 (default) | scalar

Planetary 1 carrier-to-axle gear ratio, N,;, dimensionless.

Dependencies

To enable the planetary gear parameters, select Double planetary gears, stationary
clutches for the Active differential type parameter.

Axle 1 sun gear inertia, Jsl — Planetary 1 sun gear inertia
.001 (default) | scalar

Planetary 1 sun gear inertia, J;, in kg-m~2.

Dependencies

To enable the planetary gear parameters, select Double planetary gears, stationary
clutches for the Active differential type parameter.

Axle 1 carrier inertia, Jcl — Planetary 1 carrier inertia
.001 (default) | scalar

Planetary 1 carrier inertia, J.;, in kg-m”™2.

Dependencies

To enable the planetary gear parameters, select Double planetary gears, stationary
clutches for the Active differential type parameter.
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Axle 1 ring inertia, Jrl — Planetary 1 ring gear inertia
.002 (default) | scalar

Planetary 1 ring gear inertia, J;, kg'm”™2.

Dependencies

To enable the planetary gear parameters, select Double planetary gears, stationary
clutches for the Active differential type parameter.

Axle 2 planetary carrier to axle gear ratio, Np2 — Planetary 2 carrier gear ratio
1.125 (default) | scalar

Planetary 2 carrier-to-axle gear ratio, N,,, dimensionless.

Dependencies

To enable the planetary gear parameters, select Double planetary gears, stationary
clutches for the Active differential type parameter.

Axle 2 sun gear inertia, Js2 — Planetary 2 sun gear inertia
.001 (default) | scalar

Planetary 2 sun gear inertia, J,,, in kg-m~2.

Dependencies

To enable the planetary gear parameters, select Double planetary gears, stationary
clutches for the Active differential type parameter.

Axle 2 carrier inertia, Jc2 — Planetary 2 carrier inertia
.001 (default) | scalar

Planetary 2 carrier inertia, J,, in kg-m”™2.

Dependencies

To enable the planetary gear parameters, select Double planetary gears, stationary
clutches for the Active differential type parameter.

Axle 2 ring inertia, Jr2 — Planetary 2 ring gear inertia
.002 (default) | scalar

Planetary 2 ring gear inertia, J,,, in kg'm”™ 2.

Dependencies

To enable the planetary gear parameters, select Double planetary gears, stationary
clutches for the Active differential type parameter.

Open Differential

Crown wheel (ring gear) located — Specify crown wheel connection
To the left of center-line (default) | To the right of center-1line

Specify the crown wheel connection to the drive shaft.
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Carrier to drive shaft ratio, NC/ND — Ratio
4 (default) | scalar

Carrier-to-drive shaft gear ratio, N.

Carrier inertia, Jd — Inertia
.1 (default) | scalar

Rotational inertia of the crown gear assembly, J;, in kg'm” 2. You can include the drive shaft inertia.

Carrier damping, bd — Damping
le-3 (default) | scalar

Crown gear linear viscous damping, b, in N-m-s/rad.

Axle 1 inertia, Jwl — Inertia
.1 (default) | scalar

Axle 1 rotational inertia, J;, in kg-m”™2.

Axle 1 damping, bwl — Damping
le-3 (default) | scalar

Axle 1 linear viscous damping, b;, in N-m-s/rad.

Axle 2 inertia, Jw2 — Inertia
.1 (default) | scalar

Axle 2 rotational inertia, J,, in kg-m”™2.

Axle 2 damping, bw2 — Damping
le-3 (default) | scalar

Axle 2 linear viscous damping, b,, in N-m-s/rad.

Axle 1 initial velocity, omegawlo — Angular velocity
0 (default) | scalar

Axle 1 initial velocity, w,;, in rad/s.

Axle 2 initial velocity, omegaw2o — Angular velocity
0 (default) | scalar

Axle 2 initial velocity, w,,, in rad/s.

Slip Coupling

Coupling type — Torque coupling

Ideal pre-loaded clutch (default) | Slip speed dependent torque data | Input torque

dependent torque data

Specify the type of torque coupling.

Setting Block Implementation

Pre-loaded ideal clutch Torque modeled as a wet clutch with a constant velocity
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Setting Block Implementation
Slip speed dependent Torque determined from a lookup table that is a function of slip-
torque data speed and clutch pressure

Effective applied pressure area — Pressure area
0.01 (default) | scalar

Effective applied pressure area, in N/m” 2.
Dependencies

To enable the clutch parameters, select Ideal pre-loaded clutch for the Coupling type
parameter.

Number of disks, Ndisks — Torque coupling
4 (default) | scalar

Number of disks.
Dependencies

To enable the clutch parameters, select Ideal pre-loaded clutch for the Coupling type
parameter.

Effective radius, Reff — Radius
.20 (default) | scalar

The effective radius, Rer, used with the applied clutch friction force to determine the friction force.
The effective radius is defined as:

_ 2(R03 - Ri3)
off = SR

The equation uses these variables.

R, Annular disk outer radius

R; Annular disk inner radius

Dependencies

To enable the clutch parameters, select Ideal pre-loaded clutch for the Coupling type
parameter.

Nominal preload force, Fc — Force
500 (default) | scalar

Nominal preload force, in N.
Dependencies

To enable the clutch parameters, select Ideal pre-loaded clutch for the Coupling type
parameter.

Friction coefficient vector, mu — Friction
[.16 0.13 0.115 0.11 0.105 0.1025 0.10125 .10125] (default) | vector
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Friction coefficient vector.

Dependencies

To enable the clutch parameters, select Ideal pre-loaded clutch for the Coupling type
parameter.

Slip speed vector, dw — Angular velocity
[0 10 20 40 60 80 100 500] (default) | vector

Slip speed vector, in rad/s.

To enable the clutch parameters, select Ideal pre-loaded clutch for the Coupling type
parameter.

Torque - slip speed matrix, TdPdw — Clutch torque
[-1000,-500,-90,-50,-5,0,5,50,90,500,1000].*0ones(11) (default) | matrix

Torque matrix, T,, in N-m.

Dependencies

To enable the slip speed parameters, select Slip speed dependent torque data for the
Coupling type parameter.

Clutch pressure vector, pT — Clutch pressure breakpoints
[0 1le3 5e3 7e3 led4 2e4 5e4 1le5 5e5 1le6 5e6] (default) | vector

Clutch pressure breakpoints vector, P, ,, in Pa.

Dependencies

To enable the slip speed parameters, select Slip speed dependent torque data for the
Coupling type parameter.

Slip speed vector, dwT — Slip speed breakpoints
[-500 -200, -175, -100, - 50, 0, 50, 100, 175, 200, 500] (default) | vector

Slip speed breakpoints vector, w, in rad/s.

Dependencies

To enable the slip speed parameters, select SLlip speed dependent torque data for the
Coupling type parameter.

Coupling time constant, tauC — Constant
.01 (default) | scalar

Coupling time constant, in s.

Version History
Introduced in R2018b
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Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using Simulink® Coder™.

See Also
Open Differential | Limited Slip Differential
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Limited Slip Differential

Limited differential as a planetary bevel gear

Library: Powertrain Blockset / Drivetrain / Final Drive Unit
Vehicle Dynamics Blockset / Powertrain / Drivetrain / Final
Drive Unit

3 DriveshirTeg _ :r( Info

H0y I orivesnisea

4
4
Ax1Spd p
b

N axiTrg
Wizt |_ AxizSpd
Description

The Limited Slip Differential block implements a differential as a planetary bevel gear train. The
block matches the driveshaft bevel gear to the crown (ring) bevel gear. You can specify:

* Carrier-to-driveshaft ratio

* Crown wheel location

* Viscous and damping coefficients for the axles and carrier

* Type of slip coupling

Use the block in system-level driveline analysis to account for the power transfer from the

transmission to the wheels. The block is suitable for use in hardware-in-the-loop (HIL) and
optimization workflows. All the parameters are tunable.

In a limited slip differential, to prevent one of the wheels from slipping, the differential splits the
torque applied to the left and right axles. With different torque applied to the axles, the wheels can
move at different angular velocities, preventing slip. The block implements three methods for
coupling the different torques applied to the axes:

* Pre-loaded ideal clutch

» Slip speed-dependent torque data

* Input torque dependent torque data

The block uses a coordinate system that produces positive tire and vehicle motion for standard
engine, transmission, and differential configurations. The arrows indicate positive motion.
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Carrier
Ring Gear

Axle Shaft
Side Gear

Axle Shaft

Axle Housing Axe Shaft
Pinion Gear
Pinion Shaft

Universal Joint

Housing Differential
Clutch Plates ~ Side Gear

Efficiency

To account for the block efficiency, use the Efficiency factors parameter. This table summarizes the
block implementation for each setting.

Setting Implementation

Constant Constant efficiency that you can set with the Constant efficiency factor,
eta parameter.

Driveshaft torque, |Efficiency as a function of base gear input torque, air temperature, and
temperature and driveshaft speed. Use these parameters to specify the lookup table and
speed breakpoints:

» Efficiency lookup table, eta_tbl

* Efficiency torque breakpoints, Trq_bpts

+ Efficiency speed breakpoints, omega_bpts

» Efficiency temperature breakpoints, Temp_bpts

For the air temperature, you can either:

* Select Input temperature to create an input port.
* Set a Ambient temperature, Tamb parameter value.

To select the interpolation method, use the Interpolation method
parameter. For more information, see “Interpolation Methods”.
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Power Accounting

For the power accounting, the block implements these equations.

Bus Signal Description Equations
PwrInfo [PwrTrnsfrd — Power PwrDriveshft |Mechanical power |[nTjwq
transferred between blocks from driveshaft
« Positive signals indicate PwrAx11 Mechanical power |nTiwq
flow into block from axle 1
+ Negative signals PwrAx12 Mechanical power |nTrw;
indicate flow out of from axle 2
block
PwrN.otTrns1c rd — Power |PwrMechLoss |Total power loss Wipss = — (Pr+Pg+P.) + P
crossing the block
boundary, but not P = n(Tgwg + T1wq + Thwo)
ROSeREd PwrDampLoss |Power loss dueto |Py= — (b1|wi]
* Positive signals indicate damping + by|wy| + bylwal)
an input PwrCplngLoss |Power loss due to |P, = T,|®|
* Negative signals clutch
indicate a loss
PwrStored — Stored PwrStoredShft |Rate change of Py = — (ww1]h
energy rate of change stored internal + wywy Jy + WIw4Jq)
energy
* DPositive signals indicate
an increase
* Negative signals
indicate a decrease

Dynamics

The Limited Slip Differential block implements these differential equations to represent the
mechanical dynamic response for the crown gear, left axle, and right axle.

Mechanical Differential Equation
Dynamic

Response

Crown Gear WgJd = nTg — wgbg — T;
Left Axle w1J1 =nT1 —w1by — Ty
Right Axle wyJy = NTy — wyby — Ty

The block assumes rigid coupling between the crown gear and axles. These constraint equations

apply.
N 1
T =5Ti—5Tc
N 1
T]Tz 7T1 + TTC
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Wy = %(M + wy)

The equations use these variables.

N Carrier-to-driveshaft gear ratio
Ja Rotational inertia of the crown gear assembly
by Crown gear linear viscous damping
Wy Driveshaft angular speed

w Slip speed

Ji Axle 1 rotational inertia

b, Axle 1 linear viscous damping
w; Axle 1 speed

I Axle 2 rotational inertia

b, Axle 2 linear viscous damping
W, Axle 2 angular speed

n Efficiency

T, Driveshaft torque

T, Axle 1 torque

T, Axle 2 torque

T; Axle internal resistance torque
Ty Axle 1 internal resistance torque
Ty Axle 2 internal resistance torque
il Coefficient of friction

Reff Effective clutch radius

R, Annular disk outer radius

R; Annular disk inner radius

F, Clutch force

T, Clutch torque

i Coefficient of friction

Table blocks in the Limited Slip Differential have these parameter settings:

* Interpolation method — Linear
* Extrapolation method — Clip

Ideal Clutch Coupling

The ideal clutch coupling model uses the axle slip speed and friction to calculate the clutch torque.
The friction coefficient is a function of the slip speed.

T = FeNp(|w|)Regstanh(4|w])

The disc radii determine the effective clutch radius over which the clutch force acts.
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R = 2R3 -FR3)
ff = 3T -FD

The angular velocities of the axles determine the slip speed.
wW=w; — Wy
Slip Speed Coupling

To calculate the clutch torque, the slip speed coupling model uses torque data that is a function of
slip speed. The angular velocities of the axles determine the slip speed.

W=w; —Wwy
Input Torque Coupling

To calculate the clutch torque, the input torque coupling model uses torque data that is a function of
input torque.

The Open Differential block assumes rigid coupling between the crown gear and axles. These
constraint equations apply.

N
nTin = nTip = 5T

(w1 + wy)

_N
(L)d—7

Ports
Inputs

DriveshftTrq — Torque
scalar

Applied input torque, typically from the engine crankshaft, in N-m.

Ax11Trq — Torque
scalar

Axle 1 torque, Ty, in N'm.

Ax12Trq — Torque
scalar

Axle 2 torque, T,, in N'm.

Temp — Temperature
scalar

Temperature, in K.

Dependencies

To enable this port:
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» Set Efficiency factors to Driveshaft torque, speed and temperature.
* Select Input temperature.

Output

Info — Bus signal
bus

Bus signal containing these block calculations.

Signal Description Units
Driveshft DriveshftTrqg Driveshaft torque N-m
DriveshftSpd Driveshaft speed rad/s
Ax11 Ax11Trq Axle 1 torque N-m
Ax11Spd Axle 1 speed rad/s
Ax12 Ax12Trq Axle 2 torque N-m
Ax12Spd Axle 2 speed rad/s
Cplng CplngTrq Torque coupling N-m
CplngSlipSpd Slip speed rad/s
PwrInfo PwrTrnsfrd|PwrDrivesh |Mechanical power from driveshaft w
ft
PwrAx11 Mechanical power from axle 1 A
PwrAx12 Mechanical power from axle 2 W
PwrNotTrns |PwrMechLos | Total power loss w
frd S
PwrDampLos |Power loss due to damping w
s
PwrCplngLo |Power loss due to clutch W
SsS
E\%vrSto redS E\%vrSto redS |Rate change of stored internal energy |W
t t

DriveshftSpd — Angular speed
scalar

Driveshaft angular speed, w,, in rad/s.

Ax11Spd — Angular speed
scalar

Axle 1 angular speed, w;, in rad/s.

Ax12Spd — Angular speed
scalar

Axle 2 angular speed, w,, in rad/s.
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Parameters
Block Options

Efficiency factors — Specify configuration
Constant (default) | Driveshaft torque, speed and temperature

To account for the block efficiency, use the Efficiency factors parameter. This table summarizes the
block implementation for each setting.

Setting Implementation

Constant Constant efficiency that you can set with the Constant efficiency factor,
eta parameter.

Driveshaft torque, |Efficiency as a function of base gear input torque, air temperature, and
temperature and driveshaft speed. Use these parameters to specify the lookup table and
speed breakpoints:

» Efficiency lookup table, eta_tbl

* Efficiency torque breakpoints, Trq_bpts

* Efficiency speed breakpoints, omega_bpts

* Efficiency temperature breakpoints, Temp_bpts

For the air temperature, you can either:

¢ Select Input temperature to create an input port.
* Set a Ambient temperature, Tamb parameter value.

To select the interpolation method, use the Interpolation method
parameter. For more information, see “Interpolation Methods”.

Interpolation method — Method
Flat | Nearest | Linear point-slope|Linear Lagrange | Cubic spline

For more information, see “Interpolation Methods”.

Dependencies

To enable this parameter, set Efficiency factors to Driveshaft torque, speed and
temperature.

Input temperature — Create input port
off (default) | on

Select to create input port Temp for the temperature.

Dependencies

To enable this parameter, set Efficiency factors to Driveshaft torque, speed and
temperature.

Open Differential

Crown wheel (ring gear) located — Specify crown wheel connection
To the left of center-line (default) | To the right of center-line
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Specify the crown wheel connection to the driveshaft.

Carrier to drive shaft ratio, NC/ND — Ratio
4 (default) | scalar

Carrier-to-driveshaft gear ratio, N.

Carrier inertia, Jd — Inertia
.1 (default) | scalar

Rotational inertia of the crown gear assembly, J;, in kg'm” 2. You can include the driveshaft inertia.

Carrier damping, bd — Damping
le-3 (default) | scalar

Crown gear linear viscous damping, by, in N-m-s/rad.

Axle 1 inertia, Jwl — Inertia
.1 (default) | scalar

Axle 1 rotational inertia, J;, in kg-m”™2.

Axle 1 damping, bwl — Damping
le-3 (default) | scalar

Axle 1 linear viscous damping, b;, in N-m-s/rad.

Axle 2 inertia, Jw2 — Inertia
.1 (default) | scalar

Axle 2 rotational inertia, J,, in kg-m”™2.

Axle 2 damping, bw2 — Damping
le-3 (default) | scalar

Axle 2 linear viscous damping, b,, in N-m-s/rad.

Axle 1 initial velocity, omegawlo — Angular velocity
0 (default) | scalar

Axle 1 initial velocity, w,;, in rad/s.

Axle 2 initial velocity, omegaw2o — Angular velocity
0 (default) | scalar

Axle 2 initial velocity, w,,, in rad/s.

Constant efficiency factor, eta — Efficiency
1 (default) | scalar

Constant efficiency, n.

Dependencies

To enable this parameter, set Efficiency factors to Constant.

2-42



Limited Slip Differential

Efficiency lookup table, eta_tbl — Lookup table
M-by-N-by-L array

Dimensionless array of values for efficiency as a function of:

* Minput torques
* Ninput speed
* L air temperatures

Each value specifies the efficiency for a specific combination of torque, speed, and temperature. The
array size must match the dimensions defined by the torque, speed, and temperature breakpoint
vectors.

Dependencies

To enable this parameter, set Efficiency factors to Driveshaft torque, speed and
temperature.

Efficiency torque breakpoints, Trq_bpts — Torque breakpoints
[25, 50, 75, 100, 150, 200, 250] (default) | 1-by-M vector

Vector of input torque, breakpoints for efficiency, in N-m.

Dependencies

To enable this parameter, set Efficiency factors to Driveshaft torque, speed and
temperature.

Efficiency speed breakpoints, omega_bpts — Speed breakpoints
[52.4 78.5 105 131 157 183 209 262 314 419 524] (default) | 1-by-N vector

Vector of speed, breakpoints for efficiency, in rad/s.

Dependencies

To enable this parameter, set Efficiency factors to Driveshaft torque, speed and
temperature.

Efficiency temperature breakpoints, Temp_bpts — Temperature breakpoints
[290 358] (default) | 1-by-L vector

Vector of ambient temperature breakpoints for efficiency, in K.

Dependencies

To enable this parameter, set Efficiency factors to Driveshaft torque, speed and
temperature.

Ambient temperature, Tamb — Ambient temperature
297.15 (default) | scalar

Ambient air temperature, T,;, in K.

Dependencies

To enable this parameter:
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» Set Efficiency factors to Driveshaft torque, speed and temperature.
* Clear Input temperature.

Slip Coupling
Coupling type — Torque coupling

Pre-loaded ideal clutch (default) | Slip speed dependent torque data| Input torque
dependent torque data

Specify the type of torque coupling.

Number of disks, Ndisks — Torque coupling
4 (default) | scalar

Number of disks.

Dependencies

To enable the ideal clutch parameters, select Pre-loaded ideal clutch for the Coupling type
parameter.

Effective radius, Reff — Radius
.20 (default) | scalar

The effective radius, Reff, used with the applied clutch friction force to determine the friction force.
The effective radius is defined as:

Rove = 2R3 -Fi3)
ff = 3R FD

The equation uses these variables.

R, Annular disk outer radius

R; Annular disk inner radius
Dependencies

To enable the clutch parameters, select Pre-loaded ideal clutch for the Coupling type
parameter.

Nominal preload force, Fc — Force
500 (default) | scalar

Nominal preload force, in N.

Dependencies

To enable the clutch parameters, select Pre-loaded ideal clutch for the Coupling type
parameter.

Friction coefficient vector, muc — Friction
[.16 0.13 0.115 0.11 0.105 0.1025 0.10125] (default) | vector

Friction coefficient vector.
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Dependencies

To enable the clutch parameters, select Pre-loaded ideal clutch for the Coupling type
parameter.

Slip speed vector, dw — Angular velocity
[0 10 20 40 60 80 100] (default) | vector

Slip speed vector, in rad/s.

Dependencies

To enable the clutch parameters, select Pre-loaded ideal clutch for the Coupling type
parameter.

Torque - slip speed vector, Tdw — Torque
[-100, -90, -50, -5, 0, 5, 50, 90, 100] (def