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ABSTRACT

Vibration tests have been conducted to verify the structural robustness of mounted vehicle parts
experiencing road excitations during driving. Given the difficulty with installing water supply devices,
a numerical methodology is required to conduct environmental tests of real vehicle parts containing
cooling water. In this study, the structural vibrations of an exhaust gas recirculation (EGR) system
with cooling water under base excitations were analyzed considering fluid-structure interactions. A
numerical model based on the finite element method (FEM) was simulated to predict the structural
responses of the EGR system and pressure fluctuations of its cooling water. To describe a dynamic
environmental test, the excitation condition was modeled using experimental acceleration signals. The
torsional and bending modes of the cooling water receptor were revealed as important factors in de-
termining the fatigue life. The modal frequencies of the EGR system were lowered and their mode
shapes were changed owing to the added mass and fluid coupling of the cooling water. Finally, the
durability life under road excitations was predicted using time analysis and Miner’s rule, and its nu-

merical results were verified experimentally.

W77k Ak elst EGR) A2Ee Aaibahae
1M 8 WS W) SAal w717k E Aol

7071
= A2 WA7IE Al WhEA] Fagh Fgolt)
A2 BARAVE FAARA A ALURE,  EGR ALUL W] S8 va] 9 92
oJuslEk: SOl falzks ME A ABEm 9 Gk P Fuslel Qo) FRE AN FA9 ot
oh 53] AaAetEe g i U] m2, ek AR AEY Z3E Lol 6“:}
o 93 A9H oz A YFP] 9FES Ty EGR A=Hle] AAE ffell theFat Alsi4 I
A7 Aol 87) Aee) foloz HEAYD. & Agae] BEHS RS At Ay
¥  Corresponding Author ; Member, Department of Automotive
Engineering, Korea National University of Transportation, Professor # A part of this paper was presented at the KSNVE 2021 Annual
E-mail : wsyang@ut.ac.kr Spring Conference
*  Department of Mechanical Engineering, Korea National University of i Recommended by Editor Heon Jun Yoon
Transportation, Student (© The Korean Society for Noise and Vibration Engineering

552 | Trans. Korean Soc. Noise Vib. Eng., 32(6) : 552~559, 2022


https://crossmark.crossref.org/dialog/?doi=10.5050/KSNVE.2022.32.6.552&domain=http://journal.ksnve.or.kr/&uri_scheme=http:&cm_version=v1.5

Jaeha Ryu et al.; Durability Analysis for Vibration Characteristics of EGR System considering Fluid-structure Interaction

EGR 7%=9 vt AuA 4ds A8std =i

A5 o SR fFHeswd AN Az -
AT, AaE] ABRAE FAS] 93 A3b exhaustgas Inlet
a2 A4AEe selde] ©E, A7 Fuy cooling water
EGR Al2dle] Rusjilst gouEg a5 ah T
AT BGR A28k fALEA flE s
= o] ABRAS o5 nel olE3 #A = el
WS F§F AL APHANO, B4 oy WE
S804 Bl 7179 EGR A28le 9] aefste] of Outle
WA AzdloR Ras, Y AT g S Outlet
Sre SIEGTO, wak, v A% sk EGR cooling water

AzEe) 39 FAE ALk
g, Aol AERA £

%
)
o
re
-
i
38

—u = I} %
A% A7 AL A 2l 3 ol

HE O?L t J= 10, ESR E= uoﬂstﬂ o}, ulebA], EGR A2Ele] AES Bagls] 9ja)A]
2 Z&E o AAgeR o9 up Ju®, B

Fash A0 AUENE weisier Bk WA

Bl A% A BA S5 neld 1A%

_ Azge AAs Adso] gom, wr o] 43
FHE oAZS5h= A7 AR EE
s f;m? PR AT B ime A4 EGR A2gow At oF g
—J—LOﬂ 1 = go}”\f bl o]'_é_oﬂ ’]OH Z}%‘X}"%' 'é“] LH o]_ ] ‘l’]oH}‘ll’E‘ EGR 1\]/\‘5“-4 1}-?]— _LUZ]O] E%% Q
=0 O 5o Amdl AW ICI » o
4 o_a et E’_EEE] d =3k Aldl7F 9. 5 ?‘l’a oJof 3]_131’ 718k 744 2AS G = A R ) |
T4 Agel W AT 9 FA o o Aol g LT
AT 24 9e AdEY NS B PRy - .

AT 54 08 PAS A4S SR SHEE o g Ee wAkE) A4 e 2

£ Akt S d5e A7 Ay A0, v} o] GA-TZ ANFHHES wHF Gores WAL
- 2- U 1= 1 12

Auto A7)e| o] FRE AHHA AZE 7HEE b

ez 9% R PrEd WF N2+ o=

A7k AR, Mo 3] [c 0|
p) L0 C;

AHgBHT,

A AdES B fA72 Qdane naw SMIb ' m
EGR Al=8l9] Aga)Ae e ul 9lou diojH +[Krsf] [d]: [f]
g o WTSHS dEstn A% vE A7 A 0 K1) 0
W= AR AL Atk o] ATelME EGR A= o)) M, ¢, K= T2 4%, 24, 2aaY
Bl s dSar] Ae fAl-TE AP o wei, M, ¢ K W7l A 14, 348
& wed fELARAS 7S JE FA o oquit). d= TR W9 W p= W7k
4 S Ea EGR A2 RrEaidat Add o oy W, £ s]0k shdo] o)sk o] & u)
TE dSelaL, AEe SO ATtk A5E B g2 wed sk dA gz pxo $A9 ket
S F3f AFFElA S adte] EGR Al=Re] FF  Sof o] AA4H)
H5 Fo} w4 & HAR YFAS HESGIT 71 pRe 9@ Agates BAE] 98 WY,
o4, 7H & g 2ol 23R 7P sklth
2. #H-Tx Mg TS FRGIA ZHY . . .
d = D", p = Pe", f = Fe"' ?2)
2.1 wetet sy 2H 2 @F A (Dl didste] ot 2ol 7Nk 71
EGR A28l Fig 13 Zo] 4% wl7|7k=rh o] Ful: Sotol mhe F2E9] Wglel W7o ¢
R F addel s WzaEe dYgE e g8 8 5 Qo

Trans. Korean Soc. Noise Vib. Eng., 32(6) : 552~559, 2022 | 553



Jaeha Ryu ef al.;

Durability Analysis for Vibration Characteristics of EGR System considering Fluid-structure Interaction

e s S [ RNRE) o

21 (3)9] & Tat7] $1siA MATLABS o] &3}
o] I=E FAGIL o] =iolA] AMES Fke A
= %E}% dFuE dygve A

S =3 0),

2.2 EGR Al2Be| Gt ZSsH4

A7 EGR A28l Fig. 23} 3Fo] H3hsh 425
I PR gEo] Stk FERES ZHSUS 304),
L-F1]E(6061 aluminum alloy), STF~E/(PPA)SZ
o]Folx glom, WZ4= 15°Ce B2 7143t

¥ : measurement point
: base excitation

ey

() :steel, @: aluminum, (@): PPA,

(a) Structure

Lateral

Vertical
Crankshaft
} Radiation condition
/
(b) Cooling water

Fig. 2 Boundary condition of finite element model for
vibration analysis of EGR cooling water system
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Table 1 Mechanical properties of EGR cooling water

system

Solid  |[Young’s modulus Density Poisson ratio
properties (GPa) (kg/m?)

Steel 200 8000 0.3
Aluminum 68.9 2700 0.35

PPA 3.7 1200 0.4

Fluid Wave speed Densit}y Iilil;(e::)r;?tt;c
properties (m/s) (kg/m’) k)

Water 1492 1000 1.787 x 10°

——- : base excitation

EGR structure

Cooling water

Fig. 3 Simplified model of EGR cooling water system
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Fig. 4 Numerical results of a simplified model
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Fig. 5 Numerical results of EGR cooling water system
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Fig. 6 Transfer functions of EGR cooling water system
on the base excitation in the crankshaft,
vertical, and lateral directions
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Fig. 7 Experimental setup to measure the acceleration
signal of EGR cooling water system
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Table2 Damage evaluation of EGR cooling water
system using Miner’s rule

Dgﬁ)crt ;?ign()f Measuring point Miner’s rule

Housing 0
Crankshaft dir. Bracket 0
Tube 0

Housing 0.02

Vertical dir. Bracket 0.02
Tube 0.01

Housing 0.39

Lateral dir. Bracket 0.38
Tube 0.01
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