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Rotational Inertia

Ideal mechanical rotational inertia

Library: Drivetrain / Couplings N

» Spd

Description

The Rotational Inertia block implements an ideal mechanical rotational inertia.

Ports

Input

RTrq — Input torque
scalar

Applied input drive shaft torque, in N-m.

Dependencies
To create this port, for Port Configuration, select Simulink.

CTrq — Load torque
scalar

Load drive shaft torque, in N'm.

Dependencies
To create 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.




Rotational Inertia

Dependencies
To create this port, for Port Configuration, select Two-way connection.

Inertia — Input
scalar

Additional inertia input, in kg*m~ 2.
Dependencies

To create this port, select the External inertia input parameter.

Output

Spd — Drive shaft speed
scalar

Angular drive shaft speed, in rad/s.

Dependencies
To create 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 create 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.
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Dependencies

Specifying Simulink creates these ports:

* RTrq
* (CTrq
* Spd

Specifying Two-way connection creates these ports:

* R
+ C

Rotational inertia, J — Inertia
scalar

Rotational inertia, in kg*m~ 2.

Torsional damping, b — Damping
scalar

Torsional damping, in N-m- s/rad.

Initial velocity, omega_o — Angular
scalar

Initial angular velocity, in rad/s.

External inertia input — Input inertia
off (default) | on

Select to create an input port for additional inertia.

See Also

Split Torsional Compliance | Torsional Compliance

Introduced in R2017a



Split Torsional Compliance

Split Torsional Compliance

Split torsional coupler
Library: 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.
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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

T out Resulting applied torque to first output shaft
Wiout First output shaft rotational velocity

Toout Resulting applied torque to second output shaft
Woout Second output shaft rotational velocity

b;, b, First, second shaft viscous damping



Split Torsional Compliance

kq, ks First, second shaft torsional stiffness

Shaft Merge

For the Shaft merge configuration, the block implements this schematic and equations.

W\F {:::' f 1 out
k1 —> T1lout
win > }b
1
Tin {:::I AAA .c:::: w 2 out
k2 |
1 — > T2out
|
b2
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lout = (a)out - a)lin )bl _elkl
TZ()MI = (a)out - a)Zin )bZ - 02 kZ

él = (a)lin -,,)

out

92 = (w2in -a,,)

out

To account for frequency-dependent damping, both damping terms incorporate a low-pass
filter.

The equations use these variables.

Resulting applied output torque
Wout Output shaft rotational velocity
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Tiin Resulting reaction torque to first input shaft
W1in First input shaft rotational velocity

Toin Resulting reaction torque to second input shaft
Wain Second input shaft rotational velocity

b;, b, First, second shaft viscous damping

ki, k, First, second shaft torsional stiffness

Ports

Input

RSpd — Input shaft speed
scalar

Input shaft rotational velocity, w;,, in rad/s.

Dependencies
To create 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 create 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, wy,,:, in rad/s.



Split Torsional Compliance

Dependencies

To create 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 create 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.
Dependencies
To create 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 create this port, set both of these parameters:

* Port Configuration to Simulink
* Coupling Configuration to Shaft merge
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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 create 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 create 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 create this port, select:

* Port Configuration>Two-way connection
* Coupling Configuration>Shaft merge

Output

RTrq — Input shaft torque
scalar

Input shaft torque, T;,, in N-m.
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Split Torsional Compliance

Dependencies

To create 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,y in N-m.

Dependencies

To create this port, set both of these parameters:

* 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 create 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 create this port, set both of these parameters:

* Port Configuration to Simulink
* Coupling Configuration to Shaft merge
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R1Trq — First input shaft torque
scalar

First input shaft torque, T;;,, in N-m.
Dependencies
To create 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 create 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.

Dependencies
To create 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 create this port, select:
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Split Torsional Compliance

* 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 create 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.
Coupling 1

Torsional stiffness, k1l — Stiffness
scalar

Rotational inertia, k;, in N-m/rad.

Torsional damping, bl — Damping
scalar

Torsional damping, b;, in N-m- s/rad.
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Damping cutoff frequency, omegal_c — Frequency
scalar

Damping cutoff frequency, in rad/s.
Coupling 2

Torsional stiffness, k2 — Stiffness
scalar

Rotational inertia, k,, in N-m/rad.

Torsional damping, b2 — Damping
scalar

Torsional damping, b,, in N-m- s/rad.

Damping cutoff frequency, omega2_ c — Frequency
scalar

Damping cutoff frequency, in rad/s.

See Also

Rotational Inertia | Torsional Compliance

Introduced in R2017b



Torsional Compliance

Torsional Compliance

Parallel spring-damper
Library: Drivetrain / Couplings

Description

The Torsional Compliance block implements a parallel spring-damper.

Ports

Input

RSpd — Input angular velocity
scalar

Input angular velocity, in rad/s.

Dependencies
To create this port, for Port Configuration, select Simulink.

CSpd — Load torque angular velocity
scalar

Input angular velocity due to load torque, in rad/s.

Dependencies
To create 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.
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Dependencies

To create this port, for Port Configuration, select Two-way connection.

Output

RTrq — Input torque
scalar

Applied input drive shaft torque, in N-m.

Dependencies
To create this port, for Port Configuration, select Simulink.

CTrq — Load torque
scalar

Load drive shaft torque, in N-m.

Dependencies
To create 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 create 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.
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Torsional Compliance

Dependencies
Specifying Simulink creates these ports:

* RSpd
* (CSpd
* RTrq
« CTrqg

Specifying Two-way connection creates these ports:

* R
+ C

Torsional stiffness, k — Inertia
scalar

Torsional stiffness, in N-m/rad.

Torsional damping, b — Damping
scalar

Torsional damping, in N-m- s/rad.

Initial deflection, theta_o — Angular
scalar

Initial deflection, in rad.

Initial velocity difference, domega o — Angular
scalar

Initial velocity difference, in rad/s.

Damping cut-off frequency, omega_c — Frequency
scalar

Damping cut-off frequency, in rad/s.

See Also

Rotational Inertia | Split Torsional Compliance
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Limited Slip Differential

Limited Slip Differential

Limited differential as a planetary bevel gear
Library: Drivetrain / Final Drive Unit —

) DriveshitTrg . '
(| orivesnitspa p

P

4

Info

M AxtTrg “I-rL

NaxzTg |' | AszSpd

Ax1Spd

Description

The Limited Slip Differential block implements a differential as a planetary bevel gear
train. The block matches the drive shaft bevel gear to the crown (ring) bevel gear. You can

specify:

* Carrier-to-drive shaft 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 Axle Shaft
Pinion Gear
Pinion Shaft

Universal Joint

Differential
Side Gear

Clutch Plates

Equations

The Limited Slip Differential block implements these differential equations to represent
the mechanical dynamic response for the crown gear, left axle, and right axle.

Crown Gear gy =Ty -wgb; - T,
Left Axle ayd; =Ty -wb; -T
Right Axle @yd g =Ty - wgby - Ty




Limited Slip Differential

The block assumes rigid coupling between the crown gear and axles. These constraint

equations apply.

T1=T2 =%Ti+Tc

N
Og =3(a)1+w2)

The equations use these variables.

N Carrier-to-drive shaft gear ratio
Ja Rotational inertia of the crown gear assembly
by Crown gear linear viscous damping
Wy Driveshaft angular speed
ol Slip speed
Ji Axle 1 rotational inertia
b, Axle 1 linear viscous damping
Wy Axle 1 speed
I Axle 2 rotational inertia
b, Axle 2 linear viscous damping
W, Axle 2 angular speed
T, Driveshaft torque
T, Axle 1 torque
T, Axle 2 torque
T; Axle internal resistance torque
Ty Axle 1 internal resistance torque
T, Axle 2 internal resistance torque
il Coefficient of friction

Effective clutch radius
Refy
R Annular disk outer radius
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R, Annular disk inner radius
F Clutch force

T, Clutch torque

i}

i3}

3]

Coefficient of friction

Table blocks in Limited Slip Differential have these parameter settings:

* Interpolation method — Linear
* Extrapolation method — Clip

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, = F.N(|®|) Repr tanh (4o
The disc radii determine the effective clutch radius over which the clutch force acts.

2R, -R?)

Rypp = —5——
eff 3(R,2-R2)

The angular velocities of the axles determine the slip speed.
O =0 — Wy

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.

D=0 — Wy
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.



Limited Slip Differential

N

T1=T=7T

N
W= =?(601+a)2)

Ports

Inputs

DriveshftTrq — Torque
scalar

Applied input torque, typically from the engine crankshaft, 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

Bus signal containing these block calculations.

Signal Description Units

Driveshft DriveshftTrq Drive shaft torque N-m
DriveshftSpd Drive shaft speed rad/s

Ax11 Ax11Trq Axle 1 torque N-m
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Signal Description Units
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

DriveshftSpd — Angular speed
scalar

Drive shaft angular speed, wy, 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.

Parameters

Open Differential

Crown wheel (ring gear) located — Specify crown wheel connection
To the left of center-line (default) | To the right of center-line

Specify the crown wheel connection to the drive shaft.

Carrier to drive shaft ratio, NC/ND — Ratio

scalar
Carrier-to-drive shaft gear ratio, N.

Carrier inertia, Jd — Inertia
scalar




Limited Slip Differential

Rotational inertia of the crown gear assembly, J;, in kg*m”™2. You can include the drive
shaft inertia.

Carrier damping, bd — Damping
scalar

Crown gear linear viscous damping, b, in N-m-s/rad.

Driveshaft 1 inertia, Jwl — Inertia
scalar

Driveshaft 1 rotational inertia, J;, in kg*m~™2.

Driveshaft 1 damping, bwl — Damping
scalar

Driveshaft 1 linear viscous damping, b;, in N-m-s/rad.

Driveshaft 2 inertia, Jw2 — Inertia
scalar

Driveshaft 2 rotational inertia, J,, in kg*m~2.

Driveshaft 2 damping, bw2 — Damping
scalar

Driveshaft 2 linear viscous damping, b,, in N-m-s/rad.

Driveshaft 1 initial velocity, omegawlo — Angular velocity
scalar

Driveshaft 1 initial velocity, w,;, in rad/s.

Driveshaft 2 initial velocity, omegaw2o — Angular velocity
scalar

Driveshaft 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
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Specify the type of torque coupling.

Number of disks, Ndisks — Torque coupling
scalar

Number of disks.

Dependencies

To enable the ideal clutch parameters, select Ideal pre-loaded clutch for the
Coupling type parameter.

Effective radius, Reff — Radius
scalar

The effective radius, R,q, used with the applied clutch friction force to determine the
friction force. The effective radius is defined as:

2R, -R)

R, =20 " 2
eff 3(R,2-R2)

The equation uses these variables.

R Annular disk outer radius

o

R Annular disk inner radius

12

Dependencies

To enable the clutch parameters, select Ideal pre-loaded clutch for the Coupling
type parameter.

Nominal preload force, Fc — Force
scalar

Nominal preload force, in N.

Dependencies

To enable the clutch parameters, select Ideal pre-loaded clutch for the Coupling
type parameter.



Limited Slip Differential

Friction coefficient vector, mu — Friction
vector

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
vector

Slip speed vector, in rad/s.

Dependencies

To enable the clutch parameters, select Ideal pre-loaded clutch for the Coupling
type parameter.

Torque - slip speed vector, Tdw — Torque
vector

Torque vector, in N-m.

Dependencies

To enable the slip speed parameters, select Slip speed dependent torque data for
the Coupling type parameter.

Slip speed vector, dwT — Angular velocity
vector

Slip speed vector, in rad/s.

Dependencies

To enable the slip speed parameters, select SLip speed dependent torque data for
the Coupling type parameter.

Torque - input torque vector, TTin — Torque
vector

Torque vector, in N-m.
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Dependencies

To enable the input torque parameters, select Input torque dependent torque
data for the Coupling type parameter.

Input torque vector, Tin — Torque
vector

Torque vector, in N-m.

Dependencies

To enable the input torque parameters, select Input torque dependent torque
data for the Coupling type parameter.

Coupling time constant, tauC — Constant
scalar

Coupling time constant, in s.

References
[1] Deur, J., Ivanovié¢, V., Hancock, M., and Assadian, F. Modeling and analysis of active

differential dynamics. Journal of Dynamic Systems, Measurement, and Control
132.6 (2010): 061501.

See Also
Open Differential

Introduced in R2017a



Open Differential

Open Differential

Differential as a planetary bevel gear

Library: Drivetrain / Final Drive Unit X -
DriveshitTrg o
s G}
Wiz Trg | Aul2Spd
Description

The Open Differential block implements a differential as a planetary bevel gear train. The

block matches the drive shaft bevel gear to the crown (ring) bevel gear. You can specify:

* Carrier-to-drive shaft ratio

* Crown wheel location

* Viscous and damping coefficients for the axles and carrier

Use the Open Differential block to:

* Dynamically couple the post-transmission drive shaft to the wheel axles or universal
joints

* Model simplified or older drivetrains when optimal traction control does not require
passive or active torque vectoring

* Model mechanical power splitting in generic gearbox and drive line scenarios

The block is suitable for use in hardware-in-the-loop (HIL) and optimization workflows. All
the parameters are tunable.

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 Axle Shaft
Pinion Gear

Pinion Shaft

Universal Joint

Equations

The Open Differential block implements these differential equations to represent the
mechanical dynamic response for the crown gear, left axle, and right axle.

Crown Gear agd =Ty -wzby - T,
Left Axle ayed; =Ty - by -Ty
Right Axle @yd g =Ty - ey - Ty




Open Differential

The Open Differential block assumes rigid coupling between the crown gear and axles.
These constraint equations apply.

N
T =T=75T

N
W= =~ (0 +w2)

The equations use these variables.

N Carrier-to-drive shaft gear ratio

Ja Rotational inertia of the crown gear assembly
by Crown gear linear viscous damping
Wy Drive shaft angular speed

Ji Axle 1 rotational inertia

b; Axle 1 linear viscous damping

Wy Axle 1 speed

Iz Axle 2 rotational inertia

b, Axle 2 linear viscous damping

W, Axle 2 angular speed

T, Drive shaft torque

T, Axle 1 torque

T, Axle 2 torque

T; Drive shaft internal resistance torque
T; Axle 1 internal resistance torque

Ty Axle 2 internal resistance torque

1-31



1 Drivetrain Blocks — Alphabetical List

1-32

Ports

Inputs

DriveshftTrq — Torque
scalar

Applied input torque, typically from the engine crankshaft, 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

Bus signal containing these block calculations.

Signal Description Units
Driveshft DriveshftTrq Drive shaft torque N-m
DriveshftSpd Drive shaft 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

DriveshftSpd — Angular speed
scalar

Drive shaft angular speed, wy, in rad/s.




Open Differential

Ax11Spd — Angular speed
scalar

Axle 1 angular speed, w;, in rad/s.

Ax12Spd — Angular speed
scalar

Axle 2 angular speed, w,, in rad/s.

Parameters

Crown wheel (ring gear) located — Specify crown wheel connection
To the left of center-line (default) | To the right of center-line

Specify the crown wheel connection to the drive shaft.

Carrier to drive shaft ratio, Ndiff — Ratio
scalar

Carrier-to-drive shaft gear ratio, N, dimensionless.

Carrier inertia, Jd — Inertia
scalar

Rotational inertia of the crown gear assembly, J;, in kg*m”™2. You can include the drive
shaft inertia.

Carrier damping, bd — Damping
scalar

Crown gear linear viscous damping, by, in N-m-s/rad.

Axle 1 inertia, Jwl — Inertia
scalar

Axle 1 rotational inertia, J;, in kg*m™2.

Axle 1 damping, bwl — Damping
scalar

Axle 1 linear viscous damping, b;, in N-m-s/rad.
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Axle 2 inertia, Jw2 — Inertia
scalar

Axle 2 rotational inertia, J,, in kg*m” 2.

Axle 2 damping, bw2 — Damping
scalar

Axle 2 linear viscous damping, b,, in N-m-s/rad.

Axle 1 initial velocity, omegawlo — Angular velocity
scalar

Axle 1 initial velocity, w,;, in rad/s.

Axle 2 initial velocity, omegaw2o — Angular velocity
scalar

Axle 2 initial velocity, w,,, in rad/s.

See Also
Limited Slip Differential

Introduced in R2017a



Longitudinal Wheel

Longitudinal Wheel

Longitudinal wheel with disc, drum, or mapped brake
Library: Drivetrain / Wheels

Longitudinal Wheeal - Mo Brake
Fx Type: Ma BNt Value

Description

The Longitudinal Wheel block implements the longitudinal behavior of an ideal wheel. You
can specify the longitudinal force and rolling resistance calculation method, and brake
type. Use the block in driveline and longitudinal vehicle simulations where low frequency
tire-road and braking forces are required to determine vehicle acceleration, braking, and
wheel-rolling resistance. For example, you can use the block to determine the torque and
power requirements for a specified drive cycle or braking event. The block is not suitable
for applications that require combined lateral slip.

There are four types of Longitudinal Wheel blocks. Each block implements a different
brake type.

Block Name Brake Type Setting |Brake Implementation

Longitudinal Wheel - No |None None

Brake

Longitudinal Wheel - Disc [Disc Brake that converts the brake

Brake cylinder pressure into a braking
force.

Longitudinal Wheel - Drum Simplex drum brake that converts

Drum Brake the applied force and brake
geometry into a net braking torque.
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Block Name Brake Type Setting |Brake Implementation

Longitudinal Wheel - Mapped Lookup table that is a function of the

Mapped Brake wheel speed and applied brake
pressure.

The block models longitudinal force as a function of wheel slip relative to the road
surface. To calculate the longitudinal force, specify one of these Longitudinal Force

parameters.

Setting

Block Implementation

value

Magic Formula constant

Magic Formula with constant coefficient for stiffness,
shape, peak, and curvature.

Magic Formula pure
longitudinal slip

Magic Formula with load-dependent coefficients that
implement equations 4.E9 through 4.E18 in Tire and
Vehicle Dynamics.

Mapped force

Lookup table that is a function of the normal force and
wheel slip ratio.

To calculate the rolling resistance torque, specify one of these Rolling Resistance

parameters.
Setting Block Implementation
None None

Pressure and velocity

Method in Stepwise Coastdown Methodology for
Measuring Tire Rolling Resistance. The rolling
resistance is a function of tire pressure, normal force,
and velocity.

Magic Formula

Magic formula equations from 4.E70 in Tire and
Vehicle Dynamics. The magic formula is an empirical
equation based on fitting coefficients.

Mapped torque

Lookup table that is a function of the normal force and
spin axis longitudinal velocity.

To calculate vertical motion, specify one of these Vertical Motion parameters.
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Setting Block Implementation

None Block passes the applied chassis forces directly
through to the rolling resistance and longitudinal force
calculations.

Mapped stiffness and Vertical motion depends on wheel stiffness and

damping damping. Stiffness is a function of tire sidewall
displacement and pressure. Damping is a function of
tire sidewall velocity and pressure.

Rotational Wheel Dynamics

The block calculates the inertial response of the wheel subject to:

* Axle losses

* Brake and drive torque

* Tire rolling resistance

* Ground contact through the tire-road interface

The input torque is the summation of the applied axle torque, braking torque, and
moment arising from the combined tire torque.

T, =T, - Ty + T,

For the moment arising from the combined tire torque, the block implements tractive
wheel forces and rolling resistance with first order dynamics. The rolling resistance has a
time constant parameterized in terms of a relaxation length.

oR,

Zm(FxRe +My)

Ty

To calculate the rolling resistance torque, you can specify one of these Rolling
Resistance parameters.

Setting Block Implementation

None Block sets rolling resistance, M,, to zero.
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Setting

Block Implementation

Pressure and
velocity

Block uses the method in Stepwise Coastdown Methodology for
Measuring Tire Rolling Resistance. The rolling resistance is a function
of tire pressure, normal force, and velocity. Specifically,

M, = R a+b[V,|+ cV,2HEP p*}tanh(4V, )

Magic Formula

Block calculates the rolling resistance, M,, using the Magic formula
equations from 4.E70 in Tire and Vehicle Dynamics. The magic formula
is an empirical equation based on fitting coefficients.

Mapped torque

For the rolling resistance, M,, the block uses a lookup table that is a
function of the normal force and spin axis longitudinal velocity.

If the brakes are enabled, the block determines the braking locked or unlocked condition
based on an idealized dry clutch friction model. Based on the lock-up condition, the block

implements these

friction and dynamic models.

If Lock-Up Friction Model Dynamic Model

Condition

lock:

Unlocked oJ =-wb+ T, +T,
0#0
or
Ts <|T; + Ty — b Ty =

where,
Locked T; = f ﬁpys w=0
2R -R?)

©=0 Rt = SRI_RE)
and A

T +Tr -

wb
The ethuatlo S use

w
a
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Wheel angular velocity
Velocity independent force component
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Linear velocity force component
Quadratic velocity force component
Tire relaxation length

Moment of inertia

Rolling resistance torque

Applied axle torque

Braking torque

Combined tire torque

Frictional torque

Net input torque

Kinetic frictional torque

Net output torque

Static frictional torque

Applied clutch force

Longitudinal force developed by the tire road interface due to slip
Effective clutch radius

Annular disk outer radius

Annular disk inner radius

Effective tire radius while under load and for a given pressure
Longitudinal axle velocity

Vehicle normal force

Tire pressure exponent

Normal force exponent

Tire pressure

Coefficient of static friction
Coefficient of kinetic friction
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Brakes

If you specify the Brake Type parameter Disc, the block implements a disc brake. This
figure shows the side and front views of a disc brake.

Caliper
Piston
Pad
Pad

Backing

plate

" Brake fluid
Rotor/disc

Hub
Disc

A disc brake converts brake cylinder pressure from the brake cylinder into force. The disc
brake applies the force at the brake pad mean radius.

The block uses these equations to calculate brake torque for the disc brake.
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PrBj2R, N
a a “m”_ pads when N =0
T = 4
2
#staticPﬂBa RmNpads when N =0
4
Rom = Ro+ Ri
2
The equations use these variables.
T Brake torque
P Applied brake pressure
N Wheel speed
Nopads Number of brake pads in disc brake assembly
Ustatic Disc pad-rotor coefficient of static friction
i Disc pad-rotor coefficient of kinetic friction
B, Brake actuator bore diameter
R, Mean radius of brake pad force application on brake rotor
R, Outer radius of brake pad
R; Inner radius of brake pad

If you specify the Brake Type parameter Drum, the block implements a static (steady-
state) simplex drum brake. A simplex drum brake consists of a single two-sided hydraulic
actuator and two brake shoes. The brake shoes do not share a common hinge pin.

The simplex drum brake model uses the applied force and brake geometry to calculate a
net torque for each brake shoe. The drum model assumes that the actuators and shoe
geometry are symmetrical for both sides, allowing a single set of geometry and friction
parameters to be used for both shoes.

The block implements equations that are derived from these equations in Fundamentals
of Machine Elements.
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T mucr(cos By —cosb, )Bal2 p
h =
e 2,u(2r( cosfy —cosb)+a (cos2 0y — cos? 6; )) +ar(20; — 20, +sin 205 —sin 26, )
T _ mer(cosBy — cos (91)Ba2 p
Ishoe —
* —2u(2r (00592 —cosb;) +a (cos2 0y —cos® 6, )) +ar (26, — 20, +sin 26, — sin 26, )
Trshoe + Tlshoe when N =0
T =

(Trshoe + Tlshoe ) % when N =0

Faotation

The equations use these variables.

T Brake torque
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P

N
Hstatic
u
Trshoe

Tlshoe

Applied brake pressure

Wheel speed

Disc pad-rotor coefficient of static friction

Disc pad-rotor coefficient of kinetic friction

Right shoe brake torque

Left shoe brake torque

Distance from drum center to shoe hinge pin center

Distance from shoe hinge pin center to brake actuator connection on brake
shoe

Drum internal radius

Brake actuator bore diameter

Angle from shoe hinge pin center to start of brake pad material on shoe
Angle from shoe hinge pin center to end of brake pad material on shoe

If you specify the Brake Type parameter Mapped, the block uses a lookup table to
determine the brake torque.

forake(P,N) when N # 0

T = .
{M]fbm 4e(P,N) when N =0
u

The equations use these variables.

T

fbrake(P’N)
p
N

Hstatic

Brake torque
Brake torque lookup table

Applied brake pressure
Wheel speed

Friction coefficient of drum pad-face interface under static
conditions

Friction coefficient of disc pad-rotor interface
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The lookup table for the brake torque, f},.z.(P,N), is a function of applied brake
pressure and wheel speed, where:

T is brake torque, in N-m.

P is applied brake pressure, in bar.

N is wheel speed, in rpm.

Brake torque vs applied pressure and wheel speed

sy
e

Z77
o ':I’III’:III,

S
s
Sl ot
L e
7

Brake torque (Nm)

500

Wheel speed (rpm) 0 0
Applied brake pressure (bar)

Longitudinal Force

To model the Longitudinal Wheel block longitudinal forces, you can use the Magic
Formula. The model provides a steady-state tire characteristic function F, = f(k, F,), the
longitudinal force F, on the tire, based on:

* Vertical load F,
* Wheel slip x
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F=

The Magic Formula model uses these variables.

Q Wheel angular velocity

T'w Wheel radius

Vy Wheel hub longitudinal velocity

r.Q Tire tread longitudinal velocity

Ve =r,0-V, Wheel slip velocity

k = Vi/|Vy Wheel slip

F, F, Vertical load and nominal vertical load on tire

F, =flx, F,) Longitudinal force exerted on the tire at the contact point. Also a

characteristic function f of the tire.

If you set Longitudinal Force to Magic Formula constant value, the block
implements the Magic Formula as a specific form of the tire characteristic function,
characterized by four dimensionless coefficients (B, C, D, E), or stiffness, shape, peak, and
curvature:

F.=f(x.F,) =F,Dsin(Ctan"'[ {Bx—E[Bx—tan™ (Bx) | } 1)
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The slope of fat k = 0 is BCD-F,,.

The coefficients are based on empirical tire data. These values are typical sets of constant
Magic Formula coefficients for common road conditions.

Surface B C D E
Dry tarmac 10 1.9 1 0.97
Wet tarmac 12 Ao 0.82 1
Snow 5 2 0.3 1
Ice 2 0.1 1

If you set Longitudinal Force to Magic Formula pure longitudinal slip, the
block implements a more general Magic Formula using dimensionless coefficients that
are functions of the tire load. The block implements the longitudinal force equations in
Chapter 4 of Tire and Vehicle Dynamics, including 4.E9 through 4.E18:

F, :stin(CX tan”'[ {B,x, —E,[ B,x, —tan” (B K, ) ] F1) +8,,

where:

K, =K+ S,
Cx = prlz’Cx
Dx = lthFzgl

H = (o + Ppodf, )L+ P sdp, + poudp )= ppsy A,

E= (Ppy + Prodf, + Prsdf, 1 prusgn(k)] Ay,

K, =F,(Pgy+ Prodf,)exp(pydf, )1+ p,dp,+ p,.dp;)

B =K, /(C.D, +¢))

Sie= Pua + Pradf,

Sy =F, 2Dy + Pyodf, )A‘Vx/l ’,uxg 1
Sy and Sy, represent offsets to the slip and longitudinal force in the force-slip function, or
horizontal and vertical offsets if the function is plotted as a curve. 1, is the longitudinal

load-dependent friction coefficient. €, is a small number inserted to prevent division by
zero as F, approaches zero.
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Vertical Dynamics

If you select no vertical degrees-of-freedom by setting Vertical Motion to None, the
block passes the applied chassis forces directly through to the rolling resistance and
longitudinal force calculations.

If you set Vertical Motion to Mapped stiffness and damping, the vertical motion

depends on wheel stiffness and damping. Stiffness is a function of tire sidewall

displacement and pressure. Damping is a function of tire sidewall velocity and pressure.
FZtire(Z’Z.’ Ptire) = sz (Z’Rire)-i_sz(Z"Rire)

The block determines the vertical response using this differential equation.

zm = Fztire—F, —mg

When you disable the vertical degree-of-freedom, the input normal force from the vehicle
passes directly to the longitudinal and rolling force calculations.

i=z=m=0
Fztire=mg

The block uses the wheel-fixed frame to resolve the vertical forces.

The equations use these variables.
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Fztire Tire normal force along the wheel-fixed z-axis

m Axle mass

Fyu Tire normal force due to wheel stiffness along the wheel-fixed z-axis
F, Tire normal force due to wheel damping along the wheel-fixed z-axis
F, Suspension or vehicle normal force along the wheel-fixed z-axis

Prie Tire pressure

2,27 Tire displacement, velocity, and acceleration, respectively, along the

wheel-fixed z-axis

Ports

Input

BrkPrs — Brake pressure
scalar

Brake pressure, in Pa.

Dependencies
To create this port, for the Brake Type parameter, specify one of these types:

* Disc
e Drum
* Mapped

Ax1Trq — Axle torque
scalar

Axle torque, T,, about wheel spin axis, in N-m.

Vx — Velocity
scalar

Axle longitudinal velocity along vehicle(body)-fixed x-axis, in m/s.

Fz — Normal force
scalar



Longitudinal Wheel

Absolute value of suspension or vehicle normal force along body-fixed z-axis, in N.

Gnd — Ground displacement
scalar

Ground displacement, Grndz, along negative wheel-fixed z-axis, in m.

Dependencies
To create Gnd:

* Set Vertical Motion to Mapped stiffness and damping.
* On the Vertical pane, select Input ground displacement.

lam_mux — Friction scaling factor
scalar

Longitudinal friction scaling factor, dimensionless.

Dependencies
To create this port, select Input friction scale factor.

TirePrs — Tire pressure
scalar

Tire pressure, in Pa.

1-49



1 Drivetrain Blocks — Alphabetical List

Dependencies
To create this port:
* Set one of these parameters:

* Longitudinal Force to Magic Formula pure longitudinal slip.
* Rolling Resistance to Pressure and velocity orMagic Formula.
* Vertical Motion to Mapped stiffness and damping.

* On the Wheel Dynamics pane, select Input tire pressure.

Output

Info — Bus signal
bus

Bus signal containing these block calculations.

Signal Description Units

Ax1Trq Axle torque about body-fixed y-axis N-m

Omega Wheel angular velocity about body- rad/s
fixed y-axis

Fx Longitudinal vehicle force along body- |N
fixed x-axis

Fz Vertical vehicle force along body-fixed |N
z-axis

My Rolling resistance torque about body- [N-m
fixed y-axis

Kappa Slip ratio NA

VX Vehicle longitudinal velocity along m/s
body-fixed x-axis

Re Wheel effective radius along wheel- m
fixed z-axis

BrkTrq Brake torque about body-fixed y-axis |[N-m

BrkPrs Brake pressure Pa
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Signal Description Units

z Wheel vertical deflection along wheel- |m
fixed z-axis

zdot Wheel vertical velocity along wheel- m/s
fixed z-axis

Gndz Ground displacement along negative of [m

wheel-fixed z-axis (positive input
produces wheel lift)

GndFz Vertical wheel force on ground along |N
negative of wheel-fixed z-axis

TirePrs Tire pressure Pa

Fx — Longitudinal axle force
scalar

Longitudinal force acting on axle, along body-fixed x-axis, in N. Positive force acts to move
the vehicle forward.

Omega — Wheel angular velocity
scalar

Wheel angular velocity, about body-fixed y-axis, in rad/s.

z — Wheel vertical deflection
scalar

Wheel vertical deflection along wheel-fixed z-axis, in m.
Dependencies

To create this port, set Vertical Motion to Mapped stiffness and damping.

zdot — Wheel vertical velocity
scalar

Wheel vertical velocity along wheel-fixed z-axis, in m/s.

Dependencies

To create this port, set Vertical Motion to Mapped stiffness and damping.
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Parameters

Block Options

Longitudinal Force — Select type
Magic Formula constant value (default) | Magic Formula pure longitudinal

slip | Mapped force

The block models longitudinal force as a function of wheel slip relative to the road
surface. To calculate the longitudinal force, specify one of these Longitudinal Force

parameters.

Setting

Block Implementation

Magic Formula constant
value

Magic Formula with constant coefficient for stiffness,
shape, peak, and curvature.

Magic Formula pure
longitudinal slip

Magic Formula with load-dependent coefficients that
implement equations 4.E9 through 4.E18 in Tire and
Vehicle Dynamics.

Mapped force

Lookup table that is a function of the normal force and
wheel slip ratio.

Dependencies

Selecting

Enables These Parameters

Magic Formula constant
value

Pure longitudinal peak factor, Dx
Pure longitudinal shape factor, Cx
Pure longitudinal stiffness factor, Bx

Pure longitudinal curvature factor, Ex
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Selecting

Enables These Parameters

Magic Formula pure
longitudinal slip

Cfx shape factor, PCX1

Longitudinal friction at nominal normal load,
PDX1

Frictional variation with load, PDX2
Frictional variation with camber, PDX3

Longitudinal curvature at nominal normal load,
PEX1

Variation of curvature factor with load, PEX2

Variation of curvature factor with square of load,
PEX3

Longitudinal curvature factor with slip, PEX4

Longitudinal slip stiffness at nominal normal
load, PKX1

Variation of slip stiffness with load, PKX2
Slip stiffness exponent factor, PKX3

Horizontal shift in slip ratio at nominal normal
load, PHX1

Variation of horizontal slip ratio with load, PHX2

Vertical shift in load at nominal normal load,
PVX1

Variation of vertical shift with load, PVX2

Linear variation of longitudinal slip stiffness with
tire pressure, PPX1

Quadratic variation of longitudinal slip stiffness
with tire pressure, PPX2
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Selecting

Enables These Parameters

Linear variation of peak longitudinal friction with
tire pressure, PPX3

Quadratic variation of peak longitudinal friction
with tire pressure, PPX4

Linear variation of longitudinal slip stiffness with
tire pressure, PPX1

Slip speed decay function scaling factor,
lam_muV

Brake slip stiffness scaling factor, lam_Kxkappa

Slip speed decay function scaling factor,
lam_muV

Longitudinal shape scaling factor, lam_Cx
Longitudinal curvature scaling factor, lam_Ex

Longitudinal horizontal shift scaling factor,
lam_Hx

Longitudinal vertical shift scaling factor, lam_Vx

Mapped force

Slip ratio breakpoints, kappaFx
Normal force breakpoints, FzFx

Longitudinal force map, FxMap

Rolling Resistance — Select type
None (default) | Pressure and velocity |Magic Formula | Mapped torque

To calculate the rolling resistance torque, specify one of these Rolling Resistance

parameters.
Setting Block Implementation
None None
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Setting

Block Implementation

Pressure and velocity

Method in Stepwise Coastdown Methodology for
Measuring Tire Rolling Resistance. The rolling
resistance is a function of tire pressure, normal force,
and velocity.

Magic Formula

Magic formula equations from 4.E70 in Tire and
Vehicle Dynamics. The magic formula is an empirical
equation based on fitting coefficients.

Mapped torque

Lookup table that is a function of the normal force and
spin axis longitudinal velocity.

Dependencies

Selecting

Enables These Parameters

Pressure and velocity

Velocity independent force coefficient, aMy
Linear velocity force component, bMy
Quadratic velocity force component, cMy
Tire pressure exponent, alphaMy

Normal force exponent, betaMy
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Selecting

Enables These Parameters

Magic Formula

Rolling resistance torque coefficient, QSY

Longitudinal force rolling resistance coefficient,
QSY2

Linear rotational speed rolling resistance
coefficient, QSY3

Quartic rotational speed rolling resistance
coefficient, QSY4

Camber squared rolling resistance torque, QSY5

Load based camber squared rolling resistance
torque, QSY6

Normal load rolling resistance coefficient, QSY7
Pressure load rolling resistance coefficient, QSY8

Rolling resistance scaling factor, lam_My

Mapped torque

Spin axis velocity breakpoints, VxMy
Normal fo