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Reliability Based Design Optimization

for the Improvement of Engine Mount Vibration Performance
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B g L5 Ao F Alawe] A
HE A% 258 ddste A4S BHow 3
AW ES] NFAAE AFAL dA F23
gEozH thkdl AAWMSES BEFAA 58 17
slo] 2 A 3}7)F S E oo 3},

H =Roas MSC.ADAMS 7]HFo 2 7urg of
AnfeE A2E A Tzl EMTOOLS & o]
£3lo] AANEE AFATES Hrpsigon, AR
e E Ao ek A 7w HHAAE
& HA3 AEst df TR SIGHT-FD =

2 B
2.1 4 AZA7d A HA(RBDO: Reliability
Based Design Optimization)

(1) &5 MA M (probabilistic design
variable)

A FrEe AzBY, AR BAA, L%, &
5o s9He ggon doys Buye
A gew, de we RS BRHI4e

Wxzstm ¢rh.

Standard Deviation

Probability Distribution

-1 p +lo

Mean Performance

2 1 &5 A AW (probabilistic design
variable)

Design Parameter
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(2) A | ZHNEH(FORM : First Order
Reliability Method)

AEAR HAAA EAE AP ES aHe H

A EAR W] fsiAe e
|2 ES SFEEAQ Aoz W) +
F ook A=A HAAAAE A% 7IHde 2=
|5 o]&3st= WHERIA Reliability Index
Approach)® ¢ AlgA A& ol&st= WY
(PMA : Performance Measure Approach)©] ¢
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a8 2 A XEHEH(FORM : First Order

Reliability Meghod)

NN =SS AAClARAERE (1)

st.g(X)=g(T'(U)=gU)=0 (1)

oA71A, )= A T(failure function), U &

T AT ¥ U-space)dl X A3 & AT

232 gEW < (random variable)& gn|stH, U =
FHE Ho v 7S HMPP ¢ Most Probable
Failure Point)s YERH, o] A7} A=A
(reliability index), S 7} |oh?@W,

223 AZXOIRE AlA" EX He
X T

AR =S AAEAAGNA AT HEa
&&= Aofsta F Alxge] s Ied &5
o - ﬁ

& Adele AL 2Aow Ak A EEe
FAAE AL AN Fo FRo=m o
AWM B34 52 nelste] A
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(1) ARRLE A 2" 27|2d A9

AZebEE A 2~®e] A5 5S H7Eshr] HsiA
v AdRnE Fo EAARE MR JEHE
of gttt F9 EAAH= v 2o

D <zl FZF 49

2) ozl Az ek, 4)

3) 9% MOI(mass moment of inertia) 4 9]

4) 4R TRA(torque roll axis) 2]

5) <17 COG(center of gravity) %2

6) <z vlEE $|(hard point) A <]

7) el vlE F-AIZHA (bush stiffness) A2

8) R wlLE A Al(Orientation) 42
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it ezl A& wigko] FHFEH(Y-din) e ®E o] gl YeElg o™, No. 6 Purity(Yaw mode)] HAZF=
S A, dXY F8 e #A] FES ERE o] of 81%%M, No. 1~4 Purity ¢ == UAEFE
(Roll mode)o|t}. vh&E €)X+ LHS, RHS, BODY — ®Ht} tha WAI(90% ©l8h) ebsktt
olr, 3 A A A dF w+¥ &2 (3-point engine
mounting type) o g A E] 9}1\1;]_ Mode Modal analysis result (assembly) - Low Amplitude (+0.05mm)
_ o g g = o1z o] No- | Prea. (Hz) | X (Fore/att) | Y (Lateral) | Z (Bounce) | Rux (Roll) [Ryy (Pitch) | Rz (Yaw) | Total
_;—_%_ 1 ~ 4 ?J_]_Z(_]_U}‘T’__E Z(_]_ [e} }\6]6‘ U—é7 = HSH H 1 5.82 0 98.047 017 1.527 0.235 0.02 100

7.34 0.36 0.25 98.698 0.25 0.436 0.005 100

gelol & AAThEE Fa 544U wolEn

9.04 99.54 0 0.39 0.005 0.05 0.015 100

9.79 0.06 0.26 0.421 5108 91.459 2.695 100

13.87 0 1,053 0.16 76.96 4365 17.462 100

3 1 Engine—PT Property

= S S O Y

14.9 0.01 0.18 0.02 16.572 2.116 81.102 100

Weight [kgl 262.7

1.61E+07 - -

MOI [kg.mm=*+2] H
-6.49E+05 8.69E+06 -

—8.75E+05 1.88E+06 1.45E+07

TRA{(torque roll axzis) 1.00 29.89 -3.82

3 2 Engine CG & Mounting Position

X Y z 2.33 AM=[M 7|4k =Z{MAH (RBDO : Reliability
COG —205.25 30.48 193.79 Based Design Optimization)
RHS Mounting -247.00 473.00 346.00 (1) dA L E A 2= RBDO A9 A<
o ] o 3 AW
LHS Mounting -161.00 | -455.70 303.20 dAveE Al 2Fe] FdWE(random variable)
o st AFAS uHI HHAAS AAS T ]7(4
Reaction rod PT 55.07 -42.30 -94.42 ae] 74 (robustness)® A2 A4 (reliability)<-
Reaction rod Body 205.07 -42.30 -84.42 Aol nEsk AAE 98] RBDO sj4S 3 o}oﬂﬁ‘r
RBDO &4 stz AFHA disia e
¥ 3 Engine Mount Bush Stiffness (random variable) £de] 7bgat, =4 At
ZZel dig dkE-x AA folsh, HETals A
Bush Stiffness - L o =
(N/mm) Kz Ky Kz st At HAgtoe®R WA Jheste A
LHS 182 172 122 }‘é% E’l’%‘}‘]ﬂ% gﬁ]% 63]' ‘}ll ohj’ EEB} :d'% L“/l\“
RHS 225 215 124 o] WEs xdste & exket v B (trade-
Reaction PT 1500 1500 1500 off)o] 7}&53}tt.
Reaction BD 200 80 350 2, AR E A|2Hle] RBDO wAE 49
sk Zlolt},

3 4 Engine Orientation

— 1) #FEWS(random variable)] # 2]

Orientation Aloha Beta Gamma . B A . o A AR
{deg) P © FAIZA(bush  stiffness)e]  FHQAH(+
LHS 90 10%)8 £ &= 49
RHS 90 2) AFA AdZ7(reliability constraints)e] &

Reaction PT | 90 of ¢ Aug B Y Hre TleE 23

Reaction BD 0 (Sigma level 2A)

3) AWM <4=(design variable)’d 4
ARvFEE ], LHS, RHS x—dir. #3%
(2) AFuEE A|£2H” 27|29 34 Hz} 4) 22385 (objective function) A%

AARNEE A2d 271228 G4 e 19 : No.1 Modal frequency(4.7~7.5Hz)
4 ¢F 2oy a9 4 oA B upe) o] gAZSFE

(== = =]
oo (ol

(% decouple the kinetic energy)& #7+g o, FEMSs dANSE 7 g2 29 FA|HA
No. 5 Purity(Roll mode)2] tJ#HZF0] &F 77% = (bush stiffness)®] EA90x (+10%)S FEATE
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few gelsdon, 4 A 19 3 3 go
LHS_K(x,y,2z), RHS_K(x,y,z), BODY_K(x,y,2), 3
A2 A BFE 9 Mo FAAANES AAsA
5~ 7 oAM= 9 e dEHTE 7 ved
l%i &AI8] A skl

) m

N

Ho

)
3x

L4

A7 B g
frequency =

a4

3l 2

(objective function)= No.1 Modal
A 2]

=il

(reliability constraints)< 3% 9 ¢} o] 5712 A=}
(parameter)E XA 3slo] 283},

& 8 AAMS

(random variable)

¥ 5 ZEWS(random variable), LHS Input Lower Current Upper
Mounting T Parameters Bound Value Bound
Position LHS hp X | -181.00 |=| -161.00 |=| -141.00
stiffness e Ky " LHS_hp_Y -455.70
(r:;mm) 170.0 102.0 330.0 e 205,20
Sardad Devi e 102 30 RHS hp X | -277.00 |=]| -247.00 |=]| -237.00
e T RHS_hp_Y 473.00
- i ' RHS_hp_Z 346.00
A ENG_hp_X 55.07
variable € ENG_hp.Y 4230
s - ENG_hp_Z -94.42
Probability ; BODY_hp_X 205.07
Dttty IR BODY_hp_Y -42.30
BODY_hp_7Z -84.42

%6 SENs

Mounting

RHS
Position
Stiffness
(N/mm) = Ky k=
Mean 220.0 132.0 220.0
Standard Devi. 13.2

Random
variable ]

Probability 1 [ 4 2]
Density J@= ——exp|-Gx-p)' /20
Function o2

¥ 7 @& (random variable), BODY

Mou.n:tmg BODY
Position
Stiffness
(N/mm) Kx Ky Kz

Mean 190.0 190.0 95.0
Standard Devi.

Random )
variable X :
Probability . 1 - [ " 2]
Density Joo= exp|- (- p) /20
Function Jﬂ
A A4 (deign variable):= X 8 o] Ao,
12 7H91 nhEE 913 5 <lxle Z‘_%é%oﬂ =
7} %8 LHS_hp_X ¢ RHS_hp_X, 2 7ll¢] AdARF

e Helstol 4 g et

X 9 XA AstzA & A8 (reliability
constraints & objective function)

Output Lower Current Upper Eelabiivicnsnans Sigma
Parameters Bound Value Bound L. or . Level
Objective Function
Frequency 1st 0.0 Objective Function =
Purity_1st_Lateral 60.0 = 0.0 Reliability constraints 3.0
Frequency_2nd 6.7 = 0.0 = 9.2 Reliability constraints 3.0
Purity_2nd_Bounce 0.0 - -
Frequency_3rd 0.0
Purity_3rd_Foreafter 0.0 - -
Frequency 4th 8.0 | 00 £| 110 Reliability constraints 3.0
Purity_4th_Pitch 0.0 -
Frequency_5th 0.0 = =
Purity 5th_Yaw 60.0 = 0.0 Reliability constraints 3.0
Frequency_6th 0.0 - -
Purity_6th_Roll 80.0 H 0.0 Reliability constraints 3.0

(2) dRul$E A|2¥ RBDO &4 Az}

ol %

R

InhEE JAedel hak A=A 7wk H44d

A3l D 2=z T2 Wl SIGHT-
gom, #4 Ave vgat g

LHSNgX vs RunCounter

4 m [0 ramx
161

RuACOUnter

T T
50 100

2468

2480

RHShpX

247

RHENDX vs RunCounter

Froq1stvs RunCounter

IW [0 Rrsnex
_—

4754 [=0= Freaian
=
2 4753
&
4752
i

Freqind vs RunCounter

RunCounter

[0 Freqzna

7535

[~ Freaaa

ERPE |k
£ 7593 | g

75324

RunCounter

[~@=Freaetn

RunCounter

Freq5th vs RunCourter

FreaBih vs RunCounter

PuryandBounce vi RunCounter

RunCountsr

[@- Freasin

1432

FreqSth

14315

[~@- Freasm

RunCounter

[=@- Pumyanazounce

13 5 RBDO lteration Results




F 10 °lAd+= RBDO XAl AAWSsz HA4%
LHS_hp_X ¢ RHS_hp_X, 2 7ll¢] Ao wgat
= BT

% 10 Engine CG & Mounting Position
(RBDO Results)

X Y z
COG —205.25 30.48 193.79
RHS Mounting -247.92 473.00 346.00
LHS Mounting -157.99 -455.70 303.20
Reaction rod PT 55.07 -42.30 -94.42
Reaction rod Body 205.07 -42.30 -84.42

I 11 A= LHS_K(x,v,z), RHS_
BODY_ K(x,v,2), 3 /9] #AZHex =5
A 7FAe gsk RBDO AFE A sl

K(x,y,2),
9 7Mel H

3t 11 Engine Mount Bush Stiffness
(RBDO Results)

Busr‘]’leS:l.l::;ess Kx Ky Kz
LHS 173.68 9g8.18 330.48
RHS 216.18 120,97 227.21
Reaction PT 1500 1500 1500
Reaction BD 189.74 190.00 93.86
FAZde A, 10% #2 ¥is A digh #
g 7FHS AA4stden, LHS 2 RHS SE 9
2ol ek A AA A (robust design point)S A A|
=
E 12 oA RBDO Z#EA 21# 43 (quality
level) @ A 33-E (probability of success)S A
=

3% 12 Quality level & Probability of success
(RBDO Results)

Parameters Name Sigma Level Probability of Success
(Target : B=3)

Purity_1st_Lateral 2.56 98.94%
Frequency_2nd 11 72.86%
Frequency_4th 1.57 88.46%
Purity_5th_Yaw 211 96.47%
Purity_6th_Roll 8 100.00%

RBDO Z¥H=2ZEEH A Az

Purity(Roll mode)ollA AA 7314 =}
T =4 F37 =AY
X 13 A= EA 4 (0Objective function)e} 4l

A# el

A AsEZA(reliability constraint) Z3}o] o3|
AL E A2 Z7|Rde] §4 A 4 AR
A

4 HAdA A3}, ae]al RBDO 235 At
RBDO ZA39 No.5 Purity(Roll mode) ¥ No.6
Purity(Yaw mode)®] YHAZ5F(% decouple the
kinetic energy)< Z7|2 499l 34 A3} dv] No.5
Purity(Yaw mode)oll A 25% &A™, No.6
Purity(Roll mode)?] 14% 342 Hth dH =%
HAsE Axet Ao va @ & w, Nob
Purity(Yaw mode)ollAd ¢k 5% ZAE HoH,
No.6 Purity(Roll mode)®] 1% 74

How WEHd vAasiglon, ol
RBDO aiAA] gEFo] Wadd i SH549
HsS J—Eﬁo}oﬁ 44 E dFS sk del
A EASHE Al eatE Bl

)

3 13 Objective function & reliability constraint
(Initial Design & RBDO Results)

- . Deterministic RBD
Initial Design L L
Parameter Name Optimization | Optimization
Results
Results Results

Frequency 1st 5.82Hz 4.75Hz 4.71Hz

Purity_1st_Lateral 98.05% 98.86% 98.83%

Frequency_2nd 7.34 Hz 7.13 Hz 7.20 Hz

Frequency_dth 9.79 Hz 8.24 Hz 8.24 Hz

Purity_5th_Roll 76.96% 97.89%(Yaw) 96.11%(Yaw)

Purity_6th_Yaw 81.10% 93.62%(Roll) 92.77%(Roll)

3. & &

B oEREAE AE4 N AAAAL o2 A
g3l st AAMSSL BHUY 52 neistol
AxvpEES Eds S AT HAS dAE
s
FAZA B, 10% F4 ¥E oAt EH%& e
71exds AAslor, LHS 9 RHS vhEE 9] A
3k 7+ A A (robust design point)S Xﬂ/\]é}?i
o}, ®E3F No.6 Purity(Roll mode)oll A A 74X
I AFAol v A F7E =90
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