Hydraulic Engine Mount Analysis
HEMA 04.1: Interactive Design and Simulation Tool

 Time and Frequency Response Simulations

e Linear and Non-Linear Models (Based on First Principals)
« Estimation of Mount Parameters Given Experimental Data
e Parametric Design Studies

— Mount as a component
— Mount within a 2 Car Model

Song He and Prof R. Singh
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System Model & Parameters

Symbol Physical Symbol Physical
meaning meaning
k Rubber dynamic b Rubber viscous
4 stiffness* : damping*
Yo, Fluid density Y7 Fluid viscosity
m Rubber mass A Piston area
r r
Inertia track area Decoupler area
A A, P
Fx(t) C Upper chamber C Lower chamber
Fluid Model ! compliance 2 compliance
R Fluid resistance / Inertia track
SIMULINK Parameters i of inertia track i length
tstep| 1ed  [3] ts | 0 [l b, Equiv. degoupler l, Decoupler gap
Mss[ 10 ] N#t|[ 5 [ ) damping length
Actual decouper
Mg mass
Simulation Parameters

* Constant value/experimental result interpolation
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Max loss angle freq (Hz)

M ax loss angle £)

Linear Analysis: Effects of Upper Chamber Compliance C1
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Effect of C1 on maximum loss angle
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Multiple of baseline parameter
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Suspension accelerance | ol |

Multiple of baseline parameter
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Engine accelerance | c_|

Effect of C1 on accelerances (1/4 car model)
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Nonlinear Analysis I: System Parameters

Mount Designs

— Fixed decoupler mount
— Free decoupler mount

Select Response Type

— Steady state response to
sinusoidal excitation

— Dynamic stiffness
simulation

— Transient responses:
Step, Pulse, Saw-tooth,
Triangular...

— Realistic profiles
response
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Monlinear Hpdromount Simulation

[ Fired decoupler model

{* Free decoupler model

Simulation Type

Steady State - Frequency Damain ﬂ

Steady State - Time Damain
Steady State - Frequency Domain
Tranzient Responze

Realiztic Profile

Syztem Parameters

|Use constant kr, br walues j

ke | 32063 M/l pe| 500 [Mesfm]
rou| 1000 [Ko/m3] miu] ge3  [N-s/m2]
Ar [ 331e3 M2 me| g3 [kal
C1 [ 2511 [m5MN] Ai[ ga.5 [mZ]
€2 [ 24eg MM §i [ o303 [m]
Ad [196ez M2l md[ g3 [kd]
gd [1103 [ml  bd[ qgg  [Ms/m]

SIMULIMK FParameters

kstep| 1e-d4  [g] ts 0 (2]
Mss|[ 10 [ N[ g5 [




Nonlinear Analysis II: Dynamic Stiffness Simulation

2000 1 ‘ ‘ ‘ Governing Equations
¢ 0.3mmp-p | | | M :
= | | — Momentum equations
1500/ O 05mmpp . Ao T e A
= A 1mmpp , S\ W | — Continuity equations
£ o 2mmp-p | fLA A A A . . . .
51000 v 3MMpp |feee00ee000000008000 s tat Simulation Algorithm
~ - AR | o "7V — Solve differential equations in
00 saan. 2N time domain
0 | | | | — Transform results to frequency
0 10 20 30 40 50 domain
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Inclusion of Mount in %2 Car Model

Huydromount Stiffneszs (Mmm)
Minimum *alue 200
b asirnum Y alue Ll

;I i~ Undamped Case

™ Proportional Damped Case

todal Damping R atio

I'-.-1|:u:|e1| 01 Mode 4 | 0.02
Mn:u:lel 0.0 Mode 5 | 0.02

b 7S % ¥ Unproportional Damped Caze Mode I 0.05 Mooz 6 | 0.05
Parametric studies block Damping study block | Estinate rato |
Engirie: ml MASS [kl
Iﬂ” Modal
125 .
STIFFMESS [M/mm] anal}ISlS
SRET — Baseline values DEMPING [M-s/m] block
warormounk
'31| 150
. k45| 1800
Front body: m? 2y 200 Center body: md Fiear body: m5
[T220 [kal [ 270 Ikal [za0 Tkal
k23| 22 kEEI 26
Suspenzion Suzpension
c:23| g00 i .:;5|3| 2000
Vehicle Frequency
Front wheel & asle: m3 parameters Rear wheel & axle: mb response
| 45 [ka] | 75 [kal
block
k3| 200 kE| 200

Front tire

Rear tire
ch

Complex plane
kode Amp
tade Plot

Mat. Freq. Map

Myquizt plakz

E seitabion Imass 1 vI
M ax Freq [Hz] I 50
Murn. of Pz I a0

FRF b4 atrix |
Single FRF |




Frequency Response I: Effect of Some Parameters

) o BEE

File Edit View Insert Tools Window Help File Edit View Insert Tools Window Help

Accelerance: Acc_ /F Accelerance: Acc_/F
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Mext bdags | M ext Para, |

Mazs Mo, 1

Mext Masz |
Previous Mass | Time Response |

Effect of mount stiffness Inclusion of measure stiffness data (A3)
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|FRF |

Frequency Response II: Time Domain Responses

Dynamic Compliance (m/N)

— New FRF (ref)
Curvefit result (ref)
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Curve-fit transfer function
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6'/8™ transfer function,

Time (s)

Displacement response

Time Responzes

Murn order 3
Den order 8

Curve-fit ¥fer Function |

Excitation Force

1+ Sinusoidal Excitation
" Step Excitation
[ Pulsa Excitation
" Ramp Excitation

" Triangular E

SIMULINK Setup

AmpN] | 1200
freq [Hz] A

tatep [z] | led
[z 05

Shart |

(given sinusoidal force excitation)
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