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Finite Element Stress Analysis of Coil Springs using a Multi-level
Substructuring Method II : Validation and Analysis
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ABSTRACT

This study is concerned with computerized multi-level substructuring methods and stress
analysis of coil springs. The purpose of substructuring methods is to reduce computing time
and capacity of computer memory by multiple level reduction of the degrees of freedom in
large size problems that are modeled by three dimensional continuum finite elements. In this
paper, the spring super element developed is investigated with tension, torsion, and bending of
a cylindrical bar in order to verify its accuracy and efficiency for the multi-level substructuring
method. And then the algorithm is applied to finite element analysis of coil springs. The result
demonstrates the validity of the multi-level substructuring method and the efficiency in
computing time and memory by providing good computational results in coil spring analysis.

FQo7]&8o] : oA B & ZH(multi-level substructuring method), 2~ & 73 Q A~(spring
super element), TU AT, FI24W, S8

webd, 2TPe 24 1R ey ) E
1.4 2 o ARg olgste Hr} 483 o Jux|
E%, AU A& 9 By A% 9 249 9
SERE YR AISHY 2a2 BH YHE g so 2x02 waw Ypon A% sz
Bl 715, WS Y EE 18T 1%, o iman su Ae@ 4 oo
4% g8ste 7%, AUAE AF, wEse o] ZAAE TUATAS T BRI} e
15 WEATHE AT T S HIAE qgn by gusiasl 485D v, ols
Y 2ZYe AFo] foldlx, I LA A
« 59, NAAU(F) PLNEATA 8l 7hZo] HEE Byt ofue} HFo] 7] Y&
w29 F2AEr &Y AT ojtf, Y 2T FFE AA Y& FL W
e 4F 2Y 228, A% §F5E Pa g

H8A HM3%, 2000 151



a9 -3 F

A% Y 22y HEY 8FS ¥n Y= Wittrick”o] £4st 3% H23} 3ug A
HEY Y 2ZYPo2 RN, A &= = TS BT 18 Au) A Ae 7
drzZHP e HAo uwgt AdEFH (Cylindrical 8 Mottershead”= Y ~ZgL 238
Coil Spring), ¥935%(Conical Coil Spring), % 22 2838 st 3FA A kA Y

18 (Hourglass-shaped Coil Spring), Z=3% AABHETE 2y o] whAm Au) B o]
(Barrel-shaped Coil Spring) S8 7&% ¢ F3A A= Qo] A& HYU FEF HE
At "?4_/\“3‘9- 357 W9 *475“01] o} Eo] YA FAZRA HATt AFH 4

A BEEsld MEn nMdiog B T de A" 7 3 Shimoseki”& Wittricke] 4
o, Hl’:_%’ FYLZHo| = FFo i] FAYPAETY, S T OM rEstn HEAQ 24 e
F3 2Y2z o] g S A4F YA ZYsLY o HEF 5
22y AL Fefo] digh Hx A& Hooke AEE 3t} Wittrickd] 71248 AEHoR
of ofa o]Fo] Mok FHF T2 HAoE U TARtY #HARE IP3te ATY ZYAZE
21zl o] Ha WE 35 vHdtes Ao o] B g5 TAE FAHLE AFA @7 AA
ZH oA T AxF HAY 7z o|EoE HE € 3Y 2= AFE F23 3
€5 ok @Az HAA M Fag ]ir Swanobori® Nakamura''& 3249
A& 2xge] BT FEE UNEAIE AIYE AE o]83td Y 2= Y W} % kil
AARsle Aolth ZUA2EZHYH AYE AAd= °é7é, a7, Fxe] WslE med vy s
g ol AA AL Fe Wahl”9 o]&e] o Bt dAFsgm, uobrt Vondracek o

AA — )
FHSASA A= ok Wahle 9A7F 0o]  Nadorff™ 29 2Zge) Axzke] 433 A
5 Y FAAA F Wgor A&t E B HFE HF 245 A 1
of ~xge] WMYg syt Gt HAE N @ A7E SHTh @
2 A Zho] 10° wgte]7] Ookouchi £} Nagaya”)—‘c— gHo] Aol

of

o o] 714 BFAS 7t ¥ T olyt A obd Qlo] Ty e] FUAZH thgk SHE
Aol sl wgel Al Bel AgHel  Esh B4 WA SUE B A4S olgetel o
gk aed, Wahle] o2& md2zye) 3% Mgy, 9H mdrzyel Wwae %A 2
7+g FAIEI L, dtFol ZY FAlCA F W A5 ARESHY dMste AL e ZRads
o7 ZAgstn 7hgay, A& LA % o] &3te] dutstElo] 7t 9d7] wFEe] Ao A
7] wWEo} Aug dAdE HEsr) Ak 7} olFojN 1 A E G AAoY Y &

of Hlolw :Q) ~xYo] A FAF olg  Zel @ SHLEE ABSA TN Ad
ol A7, Gohner’9 o]24, Rover'd At 334 F& A A 33 I 4
24 F we AT/ FRuUch £ 3HY & esm 3Y AN YRE 3RYHoR
AE A7) AsiA Yolrt A& aFste & agEojol gt 2Y 2ol HdYPY S =
ek §2 T3 Anckerst Goodier’ & T & d szye] gy SAR g 2Y 2ZF o)
meletel ol24 g PaAY et olsh Tol 4N HZ HESAY 9%e HES Vs
A& ns AE AR sted ALY 4 of ZAAz7o] sl vAY EXo=z FE™
o7 §Fo] Agdthe e 2ror s th |
Qi 2] 3ak I FEEAE AR W B =RoMe §3a4 sadod AFE 7Y
Gakx) 2z Uk B DEL wedsted I Aokm ALAZ S BAHNE AdD
Kirchhoff7} ol&4l& F3en, o3& A AA g9 A4 FEES vddAY REFE

152 St=ASASEE =2



i YEPEYS olg ¥ FYsuwye) ¥R S I WS 2 Y

2 Fgo s s E8
e AA & F Qe ddA
A EAo) g3t} A A

g el oo F84E A
ax9) BgY 48 PeHE

B

i
= 3 A S ab

dg
otk
N
2oy
L
rx
T
2
n<h
2{_«(
2
=
iRt

o QAstE 2UE AAsta, YFAY
=1

Aro Bt FstF UL A3} o) E
g 2 gy Mt 84S o83
A2 938 IYAZYS My ¥y
A3 Ao FL3E SHEX EALS HE
Aok Fatedz S My FHAAE o|EAR]
29l Aol nlwsle] sjute 2] A
e HAEEa, ZYAZIHY A & =&
o 384 ZT2aMol FEAHOE o|&H F

Master nodal point
lldofs fixed

Section nodal point
;alldofs fixed

Section nodal point
: fixed displacements

Master nodal point
calldofs fixed

Master nodal point
: fixed displacements or forces

)

Fig. 1 Model with a circular cross section bar and
boundary conditions: (a) Tension condition-I;
(b) Tension condition-11; (c) Torsion condition
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(b)

Fig. 2 Displacement of the z-direction under tension
condition-I: (a) Distribution of displacement in
the bar; (b) Distribution of displacement at the
mid point

Fig. 3 Displacement of the z-direction under tension
condition-II: (a) Distribution of displacement
in the bar; (b) Distribution of displacement at
the mid point
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<Relative stress difference rate

<Stress contour> along surface nodes>

<Relative stress difference rate
<Stress contour> along surface nodes>

(b)

<Relative stress difference rate
along surface nodes>

<Stress contour>
(©)

Fig. 4 Sectional shear stress distribution under torsion
condition: (a) 3 by 4 section mesh; (b) 4 by
4 section mesh; (c) 6 by 6 section mesh

%e A74E 24k Figd e

3R dde FHREE RolFed, $YE
27h #detA] am A =58 7Y 3
458 Figd (b)% 658 Figd (0dAx=
gASHER A sAde 29U dAE
TEE 7R Zztel g el gl
M e SHEEE BA6] Al mwide) 44



b RTINS ol8¥ TULsmae] fUL SN 11 A% U H4

oMol gdg EHe $HFAN 4 2 39
o] A2 vehlo] olg WAL HAS U
B A3, dEwgez 35EY 2% o)
4299 BAE 7P, YA gHoA R 0.8%
olshel WS 7HAE Aoz vEhdT Wy,
44 BA=ZYe P4 Aoj: vue 2ge
W3 MR ARAT RO 242 45E o4

olojo} #the A& ¥ 4 YUTh

22. 38 ©d nH8

& dol AFoM FZIAEZHe] Ty
of thal) wHE Wy AlEdF wgo g 7hz) 4
SEE Zo] wegFoz Fuhu|7} 100387} HE
£ AAste o] B4 2ddd o g &
olx A gkt AFE A& 5 & 2ol
B AL WY ZYAZyo FEEe 3kF
et SEHEXE eSSt o HEAHS Hrtst
T UeA FRTERH A% s Ate @&

stAY Hojdgurl 47 HEE 245 B3
AAZAL Fig. 514 =4 HolA %S 1A
Al715L th 2 3% EollAM ziEe 2 1000Ne &)
TS Rosd. o W, B9 Z+ o #E

displacemé

Fig. 5 Curved bar model of the coil spring with
circular cross section

st 58 AAd B 8% 2% 2717t o
2/ BEaY o2HozE aFo Aedt
23} w9129 180°0) A1 MEY ZHETr)
Yy, 90°9 270°91M v v =l =
9 RHES} 28 71T AFHT hufA] HE
ANE FPH HEYe] Tt REshA €
.

#HA4E g FERL AN, ol
RMe $HETS /|2 ARGt 72
o249 Asls ulwated ngte
Fig. 65 2] A d9-33 A

B

(a)

MPa

(b)

Fig. 6 Stress distribution contour on the curved bar
surface: (a) Maximum shear stress; (b)
Maximum principal stress

M8 3%, 2000 155



P79 - 3%

Table 1 Comparison of the stress in a curved bar
from an analytic solution and a finite
element solution

Table 2 Comparison of the typical computing time in
the relative ratio for the conventional
process and a multi-level substructuring
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Fig. 7 Dimension of two coil springs: (a) Cylindrical
coil spring; (b) Conical coil spring

Fig. 8 Finite element model of a cylindrical coil
spring
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Fig. 9 Maximum shear stress distribution obtained

from linear static and nonlinear static analysis
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Fig. 12 Finite element model of a conical coil spring
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Fig. 14 Stress distribution in a conical coil spring:
(a) Inner surface of coil spring; (b) Outer
surface of coil spring
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Fig. 15 Stress distribution in a conical coil spring:
(a) Maximum shear stress distribution;
(b) Maximum principal stress distribution
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