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Calculation of Dynamic Stress Time History of
a Component Using Computer Simulation

Chan Jong Park’, Tae Won Park™

ABSTRACT

In order to design a reliable machine component efficiently, it is necessary to set up the process of durability analysis
using computer simulation technique. In this paper, two methods for dynamic stress calculation, which are basis of
durability analysis, are reviewed. Then, a user-oriented dynamic stress analysis program is developed from these two

algorithms together with a general-purpose flexible body dynamic analysis and structural analysis programs. Finally, a

slider-crank mechanism which has a flexible connecting-rod is chosen to show the special characteristics of these two

dynamic stress calculation methods.

Key Words : Stress time history (-5 ©] 8), Modal stress superposition method (&

=2-83A %), Hybrid method

(3}o] B.8] =), Stress influence coefficient (3- 2 J & A 5)

7|54y
tilde(a) =a
axb=ab
@b =—-b
1. A&
FUY AFolA A %1«] ZARY L AFe 4

% 330z s W=
%é“‘”%XﬁMlﬂ
PPy axge AEY
712 H2e Bdo

Edo]

Az gtk 53 ¥
H347 Lojue HEFL
4ol e Ak
ugsiztel 21w we F

. olEdetE 7)AT s} vt
o olFdaetm 7lA 2 AgEe

52

EAHE @AstdX FAY S SRy A
AFE ANEHOR V1&g o8 HTE AR
z9 Jdo] daste,

%HV—‘IOE ZIAFES 4B R WTE B
7He AAES AFste] WEsFE Tteke A=
NEE Fatd o]FojFrt. ojgo] B A
vl go] = Al@ARAAN Fdo] TAsHTIE

AA & A3 sotste o] oYt} wetA,
AFEE ol8T ;M 71&E ol &3t 7] 47
Aol A WEEF] o FF] J2EZE
5% F gl 7= o] BEA] Zasit

UTe AdAredAe AAEFSE BHEY] A
z7) AAGANA AAFS W= AE glo]



SaE - wee

AP A 17A A1 %

=m0

259E dF5E7] AsA FFo = A
3k 53 o] H (stress time history) Aj4to] Lol
HAA AdE 58 AdTIHe A 37HA
1Atk )AA Algdoldy A Fgad 3§
-4} (quasi-static finite element method)!'?¥, )2 =
-2 2] 844 ' (modal stress superposition method)® , 3)3}
9] B 2] =¥ (hybrid method)®®, 42 HFei 3
e HF9 fes mdd g
AZd ddoz AGHE B3 wEE BFA=ZA
22 AEsty FAAR fFEsax dA4E FYsA
Y& Adste Wyolth. o] W F3HE
fad mdo] F7)7F AXAY 3|4 Algto] Ao
A5 ulg v g&FHo|t}h olEjd ¥ EEAHS
Adste Bk gdHoz BFO $HE ALtst
7l fEte] RS ERAR T stolrel=ro] A<t
HAch ok 99 HEE AFo] LAY H
ZAE 1A 8 F J=E T T2 oA
st e AT AP A6,

2 =9dAe 7AEE JFAAE 249
AAF g FP37] Ysto] RS T HE 3}
o]BEEYE ol&F JAA F&FH o8 A
Wol dis] nAsRoY, o]AL AAl HAYPFE
o 4 HEE 5 I=E Z2a83 9. o
2 £glo|v]-=13 7 7] F(slider-crank mechanism)
of A8t 2 AAE v, FESGH

H 3 ©
TEEY

2. RESHULHY

RESAFAR0] QoI FAA HFo) 2
JEe fHasdde Ry fAH $Yt

Ao ANHE re=RF olgaly MYFH
(linear superposition)ell 2f3jA] & 4= k. g2 Il

9 WYEE WoRE FAA BA%ANL F
499 WY 2A= weEe 78 5 A 7
PES P 820 2QEd 99 BE FEESH
A@s7) W] AALANNE JiHoz 2
ol Waste] FRMHPo] AT oG FHW

9 538 mesr) AeA Be vMyncs

<At} Fig. 1 & mESARES AA49
qe BolFn ok

Akt

53

| Finite Element Modet |

+
| Normat Mode Analysis | | Static Mode Analysis |

[Modes Selection & Syntherd.ﬂ

v ¥
[Flexibie Body Dynamics| | Modal Stress Analysis |

| Linear Superposition I

Stress Time History

Fig. 1 Data flow of modal stress superposition

212538 Hu

FeQA RAGY EE HAdA WHYE
adsglthd FHHol i MY H(displacement field)
o] wl&ol o 3 (stress) R W & (strain) S 7
g = Ak §aAA EEFS do9 AHAM9
HAE wetd 8t oh&3 o] AHFogtt

u=Nq 4))

471 N& ftexe  Hehg 4 (shape
function)o]Z q& I 249 AHW(nodal
displacement)® el Zgln FEFQ 499
oA Hyg e b7 2o

e=Lu 2)

o714 L& M3 <A4rA(linear operator)©] t}.
AME Al gdste g 22 48 48
+ At

3
@

£=Bq
B=LN

Jes N A E f@as Rl o
2453 49 B 4@ 2y Adsolnc.
2ol medHQ ¢ o 98 WIE HRe
2 Aol T¥ 4 91, oo MY
4& 9E pE 0402 o3t
Zol Avg F Utk 2 joINe ==

o {n b

to KR Lo

ek

o2
Hy



H3E - wug

(¥R REFEHIA A17E A1 E

HE gl 23 jolMe ¥ERE HE ol g 4

@)l qol dstd ANE 5 ek
E! = Bo! )
F9 wgugol ¥=olstn sy 4
A 1011*1 R o o3 RESHE 53 Ao

M! = DE!

Q471 DE FEF9 A=A IS T
€+ ) & (elasticity matrix)o]t}. 7] ¥ &7 ZF
S$8o] gldx tARsn FAA £F9 3¥ B, D
7t ZREdE Redy sy ZEg5EE 469
AEL2TH 78 F o

TG ol ZE3HLE ANSYS L} NASTRAN
22 ¥R {4384 A T2 aRE o]85to B
F9 RENAE FAxHNCE & P& (static
analysis)& 53l #A4to] 7153t
22 3ol A4

Y jolA idx Wyz==z Q%
# 53 2o

<801y

oi(t)=M!a,(t) Q)
9714 Mit BE io) 9@ AY jolMe &
Yolm a(t)e Wl Azt tolqe] WMYRE |
o) mEFEolT oW a (1) FAA St
He B3 9L 4 Uk wakA, & nAe W

FEZE AMERE el ZA joA TPste
<9 o8 A 1E RE RESHEY T

Hol oste] AAdr}

@®

oi(t)=§«s(t)

3. stoj22|=HY

T34 fgsa @Y 2=3EdAdd
g o] 8¢ stolBg=ye FIA T e
B3 AdE =QUE ‘ﬂ'a-"} 22X @At
(inertia loads)& 3849 £33 4o FH&3

54

of Eo 34L& Adsl: wolth dutroz
YEEY 714 REES AETFR YoM g

o8l 4% BAAES HES AAHA 7] WE
of ZUE W} BYHFoZ AT REY §
de ol 2Aze dBL 4Y FAROEA U
3 gol 3¥ 4 vk

o, (t) - o_iconstraint (t) + G:nenia (t)

&)

Fig. 2 & ‘stolBe =] AMAA A #F
S &Y.

Finite Element Model

* P
[Normai Mode Analysis | | Static Mode Analysis

[ Component Mode Synthesis |

Flexible Body Dynamics
Nodal Acceleration
Joint Reaction Forces
Spring-Damper Forces

Statie Analysis

Stress Influence Co¢fficients due
1o Unit Nodal Accelerations & Unit
Constraint Forces

Fig. 2 Data flow of hybrid method

3.1 ZQIE BH2ol o8 SHAM

Fig. 33 2ol 7459 o= 7 B4 i 9% jA)
o] MAGE ZAE WY BAEE g 2
.

Fig. 3 Two bodies with applied and joint reaction forces



s -

gl FRFLTEIA] A7 E A1 %

10
(11)

F =C'B/A]®[)
T, =CIB/A{®; A +C/B/A[S"® 2

Aq714 AL EA i 2HE FEAANN B4
7NEHEARZY HEPYL, BT BAANUY g
ZRAEAFA 9 HEYL, Cv ZAEHTANA
EALRAEAZS WA, @, & FIAE T
&40 g3 g dHAFE g z=utdE
(jacobian matrix)o] I AE ZSQEA 9 gaHA %
=¥ B (lagrange multiplier vector)©] T}.

ZE gteo] g MY aAd AsS 7HAs
3, FaA EEAY AH idA 2H i x yz
Bake] 99 3 # EHE o §¥& S;» 8§
Si, ST, S7. SyEhal drh o EJIE WY R
Ao o] AHAN LAEHE Y} RUEHE
F, F ol o3 434 i9 382 g3 go] Al
|

(12)

. NJ NF
O'iwns"mm (t) = Z Siij (t) + Z Sik Fk (t)
k=1

=

o714, NI 9} NF& 42 §-94 3E A<
HE ZUAES g 849 7ot} Sijg} S, <
ZAE g 2 o] ot 3 G FA G (stress
influence coefficien)gltil 3l9, o] L AA jol
GHEES 7teke] WASte BE sEgozy
AA L B8 Arkgic),

3.2 BMStEo] ot S At

$Eo BART o 2ADE 3

g #gdEF 98 ARG 4 B4

g odgke Amud oy Zo A4
gaindo] Agko] Zk AH FAFHo| 9l

AeAZo g 7HHsE Ao BHAF m, o

9] D’Alembert #4482 t}&3 Zrel

o ¥
L

E
B

O mH 2 il

s

2 o 1o o

£ = +f]
= -m [[F + B@s? - 5760 + (@& + B)ora) (Y

+ 260 + O]

714 F 4 o 4 A n3Zd HE

55

Ao HAASE WEY A% HHoln @F &
p AN BARERY, P& EATHREA
A Aeld pel 9XAMH 10 ak BEHE
WEE Uit 24 poldy B4IL A
5ol % AE £r9 DAY AALE
Aol og QR frotel 2@l odate Aue
L

4 WA 50 oF BAAL 4 (139 A
BAR] ¢ [xy & Wdn FTLIE

(space-dependent term)@} ] 7t9] &8} (time-dependent

term)© 2 ol Aatd Bew 2,

- -T

1 0 O
0 1 0
6 0 1
0 -z y
z 0 -x 14
ff =—m -y x 0 D
’ o -y -z
-x 0 -z
-x -y O
y 0 O
0 z vy
lz 0 x|
o] 7] A,

D=['r‘x,‘r’y,'r',,o)x,d)y,d)z,mi,mi,mf,mxmy,mym,,mlmx]T
olth. A (14)olA AIZFEFRI D HE 9 2} Fol
g99#g M o RE AR dPste dd)F
2 489 A% FReiANS T S
T §) (=121 ANIG. @M A &F
o dg $¥e FAY Ude HAestel o

Zol AL 5 Aot
o'(t) =i S +1S; +1.8; +,S] +d,Sj
10,8, +0lS] +03S; +olsy 1)

T r T
+0,0,8,+0,0,5] +0,0,8],

REo ggudd o3 BHYL A 13)9
FA g3 gow gy go] A 5 ok



h3E -

el FTHEFHEA A7 A1E

fy =“mpZBi‘Pi (16)
i=l

B, = (@@ +)a, + 2@4, +4,1 an
71 me AHSE $F WYRES) Fol
t} A ESE B, 3x3 F™)9 Z ol a9z
9 1& ALIL we BE AFPANY #AGHY
frol oF SHIFAT §, ( & k=123, =12,
- myE o] 83td FEE g gol ALdh

m 3 3
o’(t)=3. 3> B.Si (s
i=l j=t k=1
webr #AdH o {94 FEF9 $8E
ASE7) 9AME 12¢499mHY] BH F3aAE

A 3}Ao] &g st

AE polAe DAlembert HAHEA A &
7 go] AAEEFY GgHAYo g Foz E
st g 4 Aok

t?=t’ +t]
=(- 976 -5870)+[- 3Py i - (375 + &7

— tilde{y% ) %a — tildelp *a°(p %3]

4714 JPe AFAF FABAoI: ¢PE
pAHoIA HPR=FAL Yeath A 25

& #4Yo] S MAE FFE AN 2
3 nAANE pAA FnolEYs AREY

(19)

P

o072 YE F o
I 7P e T
XX yx zx
Jzy ng Jzy
A LA
N A 11 20
th = Jsz 0 -J° T
—J‘;Z AL 0
1% -1 I, Tk
-1 1 =15
TR A L 1

56

oq7]A,
T=[d)x,d)y,d)z,mf,mi,mf,mxmy,mymz,mzmxrO]q'-
F gEA] THEY Zt o] GARY 1 EE
Aol 20 o] Fo4N AHEAE HET
A48 fFeads Fd SHIFATE T
4 gk 2 o] HA ATl oF €SP
FA e HAA HILFA dd SHIFATS
A AddEo ez 274 AHaA Aol 2
834 Yk

B o] 23 D'Alembert BHEIE T
1 Zo] 3709 Eazog FAH

Al

th =t +th, +th, Q@D

2 enel AUA F& Jdstd et ok

th =-IPPa=-> I} 4, (22)
i=1

o714, A7t &y REIEE gho] 14
e EFS ALdle mHe FAA {3844
Hzgo] Bt FHA ¥ APstd oS
Zr

£, = (0% +BJ” - tilde(Iw ) 4
m (23)
= Z ¢, DPwa,
i=l
o 7]A,
LA L L AL 20,
D= 25 L LI 1) 2w,
20, 2, L L )

wrebA] Azh AEFHQ a9 #ol 19WY
Eagel d@ste 3mye] A FFas ol
gasith oz AWA EIFL dad Zol
9 F Ao

2, = —tilde(y Pa )07 (¢ °a)
=_i 3 (Fi']pq’jaiaj

i=l )=

24



o)

LIS A A17A A1 E

AL AEFR] aa, 0 SARC sBEE B

Azt Lo mHe AF SeaiA I
o] "aslth uelr] BAEIN o3 2HE A
2517] A= F dmem? U] 24 A HE
43}74o] BastA Ark

4. 39 oy AlM Tz

E =ToMe g 49 F 4ie 18
3t FEo F59 o8& ANY F AE AME
A T T2aBL A £ Z2afe
Microsoft Visual C++& A}F8-3t9 Windows NT %7
AA &AFsE2 o HAAHA FAL Fig 4
9} g}

493t SHAFAFE ALE7] st §-&

|

r

l

8484 T2 ANSYS 9 MSC/NASTRAN
& A8 & AES HYon fAA T4
& 5487) Akl DADS & AMgstuth E@
e AFEH 4xH0] gl olE ATz
22 9408 AT Agol HEHES B4
o}.
Select Stress Ce Method
modal stress superposition
hybrid
|
!
Preprocessor
B.C o svess s coacenss |1 A1
Dynamic Analysis Model

ANSYS/Nastrarn
Stress Influence Co¢fficients atl o
static analysis
Joint Reaction Forces
Appiied Forces DADS
Modal Coordinates
Modal Veloclty and Acceleration| | Jlexible body analysis
Acceleration

Fig. 4 Flow chart of stress calculation program
5. oA H&

4ol AHE 28 AN Zzaag oge
A Fig. 591 Holt &eold-aPa 77l A4
A AP zER Bt 8L FAA

&8 ATl wet A g gto

51 29 3o

gttolr-aPa 7j7E YA, AYYRE,

57

ggold agln duEFol flv XA EAYU 1

222 FA=Y gon 7IFEHA FAYF&
(redundant constraint)S ¥ 3}7] 93} Tablel 3} Z
o] AAsATt. AP Sdolole FARE A
39x AGEZEE FAAZ /AP ey olE
of tigh BAAEE Table2 9 2t}

Fig. 5 Slider-crank mechanism with

a flexible connecting-rod.
Adezeo fgesr e F AL
533 7folx, &£E]=8 A(solid brick element): 264
7, W84 (beam element)= 102 7HE AFE3t +

A |
AAzDoRE AMY ZES $FS mes
o 33 JddHe AHde y¥F 34 o9
9 AFEE BF 753D, edolts A2
© AAde x BT AT LA ol »

SR E = Fig6~Fig.10 7 2t}
IAPAE 2/s 22 TS W AYY=RE
o] FZ FEol fXE 2FE 2410 M= S

g ol"E A

Table 1 D.O.F of the System
Body 4x6=24
Ground 1x6=6
Spherical Joint 1x3=3
Revolute Joint 1x5=5
Universal Joint 1x4=4
Translational Joint 1x5=5
Driver Ixt=1 |

DOF. =24-24=0



HAF - Oed  FSFEITHEAA A7 A A1 R

Table 2 Inertia Data (kg, mm)

Slider Crank C(;::;:ctmg
mass 31.98 18.11 4.33
Ixx 1.65e5 | 1.67e5 2.01e5
Iyy 1.71eS | 2.27e5 2.03e5
Izz 1.73e5 6.68e4 2.53e7
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Fig. 9 Longitudinal deformation mode
(N,:55.70Hz)

Fig. 7 Lateral bending mode (N,:35.05Hz) ]
Fig. 10 Lateral second bending mode

(N,:64.62Hz)
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