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2. Hydraulic Brake Concept




2. Hydraulic Brake Concept
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3. Hydraulic Brake System Modeling & Analysis

Entire Brake System

- Input - Parameter

= Are| ¢l (Step) OrAE fElE oA = HA = 0.0015 m?
- Output Lever gain = 3

Ae|H ojAFE 2= Booster gain = 8



3. Hydraulic Brake System Modeling & Analysis

Vacumm Booster
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3. Hydraulic Brake System Modeling & Analysis

Vacumm Booster

In1 Outl

booster delay

]
52+155+60

PID Contraller Transfer Fen

»{ PID(s)

»  F out

To Workspace




3. Hydraulic Brake System Modeling & Analysis

Master cylinder

dV,
Brake Fluid Resew:}:li.rdmwm b — tanh(PmC o PW) X CW X \/Pmc Selels PW

_ dt
Master
Cylinder - \ : 3
Assembly 0 : P = C V + C V
il w — “p2%b p3Vp
- Pushrod to Brake
Brake Calip Master Cylinder Pedal/ Lever
Piston \\. . Piston Vé %Eo':
/—-—\ DI—AE.l Alg E_I oI=| —:||
Caliper ; 5’H = ol
r_| ' I:'ll_ Assembly PW' _I_EE'l'LL-I 'L'L\l - H T
| CW: ELE 7:”_I_

Rotor / |

(Brake Disk)
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3. Hydraulic Brake System Modeling & Analysis

Hydraulic Line

Vi =tanh(P,. — P,) X C,, X \/Bpc — By

Py = CpoVi + Cps3Vyp
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3. Hydraulic Brake System Modeling & Analysis

Transfer function

lever booster
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3. Hydraulic Brake System Modeling & Analysis
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Pole-Zero Map

System: linsys1

Pole : -6.62 + 4 .93i
Damping: 0.802
Overshoot (%):
Frequency (rad/s): 8.25

System: linsys1
Pole : -6.62 - 4.93i
Damping: 0.802
Overshoot

Frequency (rad/s): 8.25

Real Axis (seconds ')

L 10 15

System: linsys1
Zero: 29.4
Damping: -1
Overshoot

Wheel Pressure

0.5
time[s]

Linear
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3. Hydraulic Brake System Modeling & Analysis

Input : F;,, = 150N

Qutput : B, = 2.4 MPa
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4. Brake Caliper Modeling & Analysis

Fixed Caliper Type

Floating Caliper Type
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4. Brake Caliper Modeling & Analysis

Reference Model Floating Caliper
Hyundai Avante AD 2016

ype
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4. Brake Caliper Modeling & Analysis

Caliper Model
from GrabCad
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4. Brake Caliper Modeling & Analysis

etailed Model
uto Mesh Build
1ze: Fine

Stationary Solver 1 in Study 1/Solution 1 (soll) started at 9-122-
Linear solver

Number of degrees of freedom solved for: 750345.

Symmetric matrices found.

Scales for dependent variables:

Displacement field (Material) (compl.u): 1

orthonormal null-space function used.

Iter SolEst Damping Stepsize #Res #Jac §Sol LinErr  LinRes

1 0.94 1.0000000 0.94 1 1 1 4.5e-009 1.4e-011

Stationary Solver 1 in Study 1/Solution 1 (=soll): Sclution time: 96 = (1 minute, 36 seconds)
Physical memory: 8.35 GB
Virtual memory: 9.52 GB
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4. Brake Caliper Modeling & Analysis
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etailed Caliper Model Simplified Caliper Model




4. Brake Caliper Modeling & Analysis

R e o : Inear Elastic Material

¥ Coordinate System Selection

Coordinate system:

Global coordinate system

¥ Linear Elastic Material

[ Nearly incompressible material v r]
Solid model: ray aS r O

Isotropic
Speci

Young's modulus and Poi:
C=C(EY)
Young's modulus:
E | User defined ,

n —
e O u S O u u S a

Poisson's ratio: es Progre:
L User defined

degrees of freedom solved for: 10305
matrices found.
ales for dependent variables:
Displacement field (Material) (compl.u): 1
orthonormal null-space funetion used.
Iter SolEst Damping sStepsize #Res $Jac fsol LinErr LinRes
1 0.92 1.0000000 1 2.6e-0035 4.7e-012

0.32 1 1 . ) &
stationary Solver 1 im Study l/Solution 1 (soll): Solution time: 4 s S—
ometric Nonlinearity Physical memory: 1.41 GB —
Virtual memory: 1.61 GB [ ]

I Force linear

P User defined




4. Brake Caliper Modeling & Analysis

Fixed Boundary Condition

-Bolted Part

—
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4. Brake Caliper Modeling & Analysis

Fixed Boundary Condition

-Bolted Part

Table 1

Number of degrees of freedom solwved for:

Symmetric matrices found.

Scales for dependent wvariables:

Displacement field (Material) (compl.u)

Orthonormal null-space function used.

Iter SolEst Damping Stepsize §Res §Jac #Sol LinErr  LinRes

1 0. 1.0000000 0 1 1 1 4.5e-010 4.8e-012

Stationary Solver 1 in Study 1/Solution 1 (soll) Solution time: 4 =
Physical memory: 1.43 GB
Virtual memory: 1.61 GB
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4. Brake Caliper Modeling & Analysis

Boundary Load
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4. Brake Caliper Modeling & Analysis

Table
2 E:

Using linear geometry shape order for mesh element near coordinates (-0.002&, -0.0708,
Stationary Solver 1 in Study 1/Solution 1 (soll) started at $5-12E-2018 22:10:31.
Linear solver
Number of degrees of freedom solved for:
Symmetric matrices found.
Scales for dependent variables:
Displacement field (Material) (compl.u):
Orthonormal null-space function used.
Iter SolEst Damping 3 #Res #Jac #So0l LinErr LinRes
1 o] 1.0000000 1 1 2.2e-009 €6.3e-012
Stationary Solver 1 in Study 1/Solution 1 (soll): Scolution time: 24 =
Physical memory: 3.59 GB
Virtual memory: 4.09 GB

0.000

9

implified Model
uto Mesh Build
1ze: Fine
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4. Brake Caliper Modeling & Analysis

Stationary Solver 1 in 3tudy 1/Solution 1 (soll) started at 9-12F
Linear solver

Number of degrees of freedom solved for:

Symmetric matrices found.

Scales for dependent variables:

Displacement field (Material) {compl.u):

Orthonormal null-space function used.

Iter SolEst Damping 3 > #Res #Jac #So0l LinErr LinRes

1 0.92 1.0000000 1 1 2.2e-009 6.3e-012

Stationary Solver 1 in Study 1/8olution 1 (soll): Solution time: 24 s
Physical memory: 3.59 GB
Virtual memory: 4.09 GB

Simplified Model
Auto Mesh Build
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4. Brake Caliper Modeling & Analysis

Graphics  Messages Progress Table v A L] (Y 1]
“aai C-u:cEDE @D e Simplified Model
oes implifi
Surface: von Mise[ stress (N/mT) |
- PR | ! A 1.39x10° A I
— uto Mesh Bui
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4. Brake Caliper Modeling & Analysis

Simplified Model
Manual Mesh Build
Mesh Size Adjustment by Domain

Number of degrees of freedom solved for: 103053.

Symmetric matrices found.

Scales for dependent variables:

Displacement field (Material) (compl.u): 1

crthonormal null-space function used.

Iter SolEst Damping Stepsi fRes $Jac #So0l LinErr  LinRes

1 o] 1.0000000 0. 1 1 1l 6.6e-010 4.8e-012

Stationary Solver 1 in Study 1/Sclution 1 (soll): Solution time: 4 s
Physical memory:
Virtual memory: 1.
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4. Brake Caliper Modeling & Analysis

Lo

Messages P 5 Table
AN =

Number of degrees of freedom solved for: 103053.

Symmetric matrices found.

cales for dependent variables:

Displacement field (Material) (compl.u): 1

Orthonormal null-space function used.

Iter SolEst Damping Stepsi fRes #Jac #8501 LinErr LinRes

1 0 1.0000000 ] 1 1 1l 6.6e-010 4.8e-012

Stationary Solver 1 in Study 1/Solution 1 (soll): Solution time: 4 s
Physical memory: 1.38 GB
Virtual memory: 7 GB

Simplified Model
Manual Mesh Build

Mesh Size Adjustment by Domain

VAS



4. Brake Caliper Modeling & Analysis

<0 aa | Simplified Model
Manual Mesh Build
Mesh Size Adjustment by Domain

x10°

Messages Progress Log Table

EANE

Number of degrees of freedom solved for: 103053.

Symmetric matrices found.

Scales for dependent variables:

Displacement field (Material) (compl.u): 1

Orthonormal null-space function used.

Iter SolEst Damping Stepsize #Res §Jac #Sol LinErr LinRes

1 0.92 1.0000000 0.92 1 1 1 6.6e-010 4.8e-012

Stationary Solver 1 in Study 1/Solution 1 (soll): Solution time: 4 s
Physical memory: 1.38 GB
Virtual memory: 1.57 GB

30



5. Conclusion with Q&A
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5. Conclusion with Q&A

Rise Time = 0.4s

Vehicle Initial Velocity 100km/h
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http://www.grabcad.com/
http://gsw.hyundai.com/

