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Abstract

There have been many problems due to deformation in industry field. Especially, it is severe in parts
with small size and thin thickness and in products that must have excellent airtightness and anti-
noise. The countermeasures for this deformation in field have mainly been dependent on the rule of
trial and error by operator’s experience because of productivities. Systematic study about this product
with deformation problem is also insufficient. The reason is that deformation is complex problem with
shape, size, material of product, joining method, and conditions, etc..

It is efficient to apply CAE technique without influence on productivity to this problem. There is,
however, much difference between the result analyzed by CAE and appearances in working field
because of the insufficiency of communication between simulator and worker and of sensing data for
boundary condition in analysis. In this study, to solve this deformation problem, we intend to make a
simulation model that is adapted from working conditions by tuning and feedback between sensing data
and simulation results. This paper include temperature monitoring and make a heat transfer model
using sensing data in product as previous step for deformation analysis. The heat transfer analysis of
shrinkage fit process is considerably difficult due to contact heat transfer between case and core. To
solve this contact problem, gap element is used in present study.
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Table 1 Calibration constant of each channel

Channel Terlr\l/[;;)er;iz:gﬂz%“c] Calibration Constant

1 332.45 0.984

2 333.65 0.98

3 333.61 0.98

4 333.54 0.98

5 331.83 0.985

6 327.42 | 0.998
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Table 2 Temperature of each channel during process in axial direction

] Measuring temperature in each channel T
Remark Timelsec)

@® @ ® @ ® ®
After high frequency heating| 33.58 | 124.97129.16[211.39|254.02|249.01 | 237.12
B Pick up case 42.96 | 132.25 | 142.10 | 212.27 | 261.56 | 252.65 | 232.23
After shrinkge fit 45.93 | 131.95 143.08 [ 210.31 | 259.11 | 249.60 | 228.06
Before 1st air cooling 62.47 | 131.66 145.63 | 197.96 | 241.18| 232.07 | 188.75
After 1st air cooling 67.41 | 113.55| 126.42 | 164.64 | 195.12 | 188.04 | 180.54
Before 2nd air cooling 69.38 | 121.13] 134.55]176.20 | 209.33|200.64 | 191.72
After 2nd air cooling 74.57 |110.31 123.87 | 156.31 | 181.10 | 17218 | 169.76
| Before 3rd air cooling 80.49 | 116.41129.95 | 161.21 | 18532 | 178.78 | 173.55
After 3rd air cooling 83.70 | 105.68| 117.50 | 142.49 | 159.84 | 154.25 | 152,79
After 180 sec. 180.0 | 70.06 | 71.05 | 69.78 | 68.80 | 74.37 | 77.47 |

Table 3 Temperature of each channel during process in axial and circumferential direction
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el
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) Measuring temperature in each channel C
Remark Timel(sec]
@ @ ® @ ® ®
After high frequency heating| 26.17 [180.17|316.14|311.05|309.39305.94 | 299.10
Pick up case 36.04 1179.09|311.051299.29 | 309.97 | 297.47 | 281 Sf
After shrinkge fit 41.37 1176.14 1 303.21 1 289.10 1 302.13|290.08 | 272.15
Before 1st air cooling 53.38 164.031276.26 | 262.64 | 262.15 | 261.71 | 236.33
After 1st air cooling » 58.77 140.71 1 219.52 1 212.17 1 193.26 | 228.72 | 200.30
Before 2nd air cooling 60.74 | 146.52 | 232.65 | 220.11 | 204.13 | 231.57 | 204.99|
I After 2nd air cooling 65.65 126.74 1 197.86 | 188.06 | 150.63 | 193.06 | 158.68
Before 3rd air cooling 71.85 1127.331194.43(180.03|155.82]187.94 1 158.08
After 3rd air cooling 74 .81 112.08 16é.]5 157.58 1 125.051161.84 | 126.75
After 180 sec. . 180.0 72.42 ¢ 70.36 | 7448 | 69.78 '771.31 71.06
A7 22 Ex o8 Al EYold & uf A F F 84 9 AAH9 = 6850, 1033670 o|th. Fig. 6
83 AAz] v AL 7|Fo 2 UE 1079 & olgdt kel A P FHg FaAA A A
Fte 2 TR Table 2 3’4 3el 2 FRref A e 72t H W3 E el soe] ASE ek
dHie] =& Jelldc. 7 pibeigh dAde] Aol 1" 4 UeE 2 A FHAME 6vlgA
A z7e] Wsgletnz, 7} ?Z}U}‘ﬂr Agdloldg 39 QA (deactivated alement)® AF bl A
sbRA o 2 elsle] AlS Aol b fAbg AR Ay 5dEA nEEg. A EdHolAe 2E A
1 Fazt sty dlolel7t &A1 2 Table 20142 21 & nF v
7Y AFE xR o s n. 84 ¥
4. 7oA oM 2E ME 2 Ao HA] 2% Ado] B 9o Aol amgg

B AN FAS Aol Aol a5t moi B

|=)
-—
3;‘<].0 taldl O}M_ﬂ /\}Q.s} QA= 822424 Hg 9

(iso-parametric eight-node solid element)®l

RS $19% $4%. 2001F 84

mdYsgon, Aol
o 828 Y45 A
v}, el Bolel A%

@] Yolipu of Y
At 7]

ZzA Lo

R L v

A

7 O 1 c:”ﬂu

o T 1o

ko 29 %ﬁ%
o] 29} HE5]
o A
o7l &= A

# ek
A4 &7

[<]

uls m]o

K
ox U
rﬂoﬂ.rﬂ‘]ﬂ

2 370

]_

_.L., ol

?3‘}

e

387



26

Fig. 6 Mesh generation and node number in
position of thermocouple

the
Trme 2 N0 we

Timper T ee

Fig. 7 Initial Condition

As NEeg 74 Ad Alole MEYY 2= T E
Z{‘—h: Aoz 7Hgste afd Apolof Holep HHe]
FE st ZF AP 2EFE Fodaa Aolx
FAMIEo R Fig. 59 238 7IE22 2 5T
o] 2xijolE Fofsldr). Fig. 72 olig 27|=
A& vepditt,

Guro zalo] Alg#Holdo AR FES ¥
9 2% Alolast 2ol Atelel AEFW Azl EAlol
. = Quhg A FHE Aol I Atoje] AR
Ad-og 3 FFHRE HFHA % (thermal
contact resistance)ol ZAstng A48z & 4
Aol dojuix] REAG 1 o) f= o2 FE AY

& F2 89 ARVl M1dE AFREE AR
T2 AN BEH YA HA4F )7 GEe)T 2

388

BAR Z4Y BAE

A, ASAFL 2FLH o] F718d HEAA T
7tete S Fo{Evh, e{BE, Yuhe 2T
Aol AollA Zolgel Aol Aot Aojart Ao
A A ??‘%fé of met AEEl

fo fr ofy

Mo RA dge Fotgch olaE A4 =Y
2at7] el % AN E Aol Ae RVt HEE e
HHof Hutg AFHE Ao B24d wnA 43

EE AR er Zriehe 82 (gap element) S
BASAG, Fig. 8& AR 3 G993 AL
TE AATEY WElE velhdch

Gap element

[
!
1
1
{
¢
i
(
|
i
i
i
i
|
!

1
i
i
)
i

Thermal conductivity (W/mK)

—

After shrinkage fit process Room temperature (sec)

Fig. 8 Region of gap element and transition of
thermal conductivity

3349 49 Mg g8 o Aola ¢ Fofd
dx FAR¢ GHrRe) HgE 50 FE 7
stglond BRI control procedure® auto-
steppingg o3&ttt 74 initial fraction
0.5%, 8% A0 2% 7§ WA= 20CE QY.
AN FTe Aolart aFn 7t @ 55 3%
ZA B 3 Mg ojgrzxe] F 1173l &
iy Tttt AAZAE oA ol AellMe A
e ndeA A

Journal of KWS, Vol. 19, No. 4, August 2001



LE AZ 3 gAY 2 Hd

4.2 s|M ZAn}

471¢F Zol FyE FARIE o] g3t AAZA
W8l Z Table 29) Ve 7k 33 37 d= bt
NS stn 1L ARE A S Aol vlwsted
a P b e AARNE AP
7t A Fhe Mg T AS Aol &% Aole
5C o7t H=s AAZAE AAsided ol A
U3k @ pERA ofFojzich o8 5B, Table 2
N 2)~417e FHE AN FHE A
(Fig. 2 #x) 33} 20| Ho] i) ¢He) Sofr}
F e 12 P vne
Fofl Aojx dhog wWx Jong of ke #Holx

= 2§ HAR

°}

J

3o
fr
X,
lO
fu

o
AAZAE Folad
T A7) #Holxe p
AN glemg o] T diF Ergol
2 7hg et ek, 3)A o)A & 27) A e
of |87 A9 Aolxe] HENE U Exd
o] gl How AAZANEL ol Fr}.
B ndex AAZRA Aol oy BEe
2 Aolxst Fojote] HE RE¥ Hul
A 3] 7] Wzt kol of 7| Aol
o H& FAlE ArldM i gares &4
Tt

!

Hoh S ol 2aly) wiof

T A 2 A8} AF dolE 9 d)4 2dilo)g
Feed Back ¥ Tuningelth. ¥ AolM o]2idl
30l Wl Y 8E g ddsta] AdAAQd A
275 A8 FA .

Fig. 9w 12 A Wzt 3t Bt 724 &5 A d ol A
o] 2= WHalel 12k FA Wk A F Aojae 2 &
EE YeEfed A Wt ol 2udd 2n B
2} & Jeht vk 283, Table 29 A& d 3o}

lwa) & ) 39e) FAH A0E HelFa 9

Fig. 102 olefek oz 4% A0S vgos
2} el el dhel L& Ao 2 HAH R
e Zeldl 1A A W el 2, 33t Al
S5 AWZ AEeol UGS < 4 U7 Fig 4(a)

o FUF AZ Ansh Y2 L YN S B P

REBGHRBEIE $19% 4%, 20014 81

afterly 21
r.-yorr:é-] letmgretion Pans, (xidyy
] ? 7 aﬂr...#mi
i i i ! i
i i & . ! ‘
H i
)~~»..i.“ ; ! i | ‘
I 3 -y . ! i i i N
i ; | g S W W
R SR SR v M
; i I & . ; 65
B | ! e ) w67
. 3 L e
' ; [ :
H : | t : : 315
b SR S
: ] [ M S S FER A IR )
| i . ‘ SIS SURURY U
H i i !
.‘ ; . f
; ] ,
{ ‘ , !
[OOSR e ORI SV DR U Jgec]
i EIEE 4 10t g2 LI | ] R0 2 e Yl
ite 95 N Yedw S3Y
Peale 134 e Nade ML
Hote 43 S e vgge 110Y

(a)Temperaturs variation

(b)Temperature distribution
Fig. 9 Temperature variation during first air
cooling and temperature distribution after
first cooling

o
Shorie 1%
Neate L7

Fig. 10 Temperature variation by simulation
during total process

389



28 $AE-289 245
slom & waF dxlgist Tz% A A 2] 7} A e 2108 s

L7t 153 vHE A%
2 70C Y9 e 2o

$E e 1462 F BAH L
=gee ¢ % e,

54 &

AEFe] 4 S Aojar] M e AL 3 £
N 8A A ]éiﬂr Al & ol Atole] Feedback
Tuning®] FAon, & A7 uhE 33
ojgt Aolxe] WHLZ Aojatr] Hal Az FH
g 22 AE 4 dde FARY YL Tt o

=% 2 dEE doUH

1) Alolze) & 9 A3 2 AS 23 5%
Al

oz 5U% AR AT Lxrt AFA
ol Vet o] 24 235} AN mYo] Aol x

HE A4E o dFez 294 EA7F A &
S5 A58 F Ay 2BR, duts F Aol 29
Eadd HY S FoV] M e 27T 7kE A
A 71] ol2:ot o] Ao the #el7t Hasirt

2) 150 7FEA] Aol 29 U - e & Aol E

AZ7 A3t 1 Aoz} v]AsioBg AojAel -
e]7de] Wiske T4ty ¥y ASL 3% S =
Tk Ao 2 o AR

3) dutg AT Aolxst Fojete] AW Alele] E
Ashs HEAE A7t Fotd wet EdE=rt &
Hale g2 AYs faerzA mdysin 3We
A YAE TFEE Ve 3 = el AL
7 BA3 A B ol A Ateld A 1R
A drg £x 2dE JHE AU

1) o|2A FYHFA £4 wdo) Y A% 53
49l 7 349 W5 R AUL F Aol a9 WF L%
7 A% Assl farel et gRsi £ R
9ol BY4S FAT + YA,

390

10.

11.

12.

13.

. K. Satoh, T. Terasaki :

. Shigetomo Matsui :

. Akira Sakaguchi,

. P. Tekriwal and J. Mazumder :

. ;\1/\01

.S.B.Brown and H.song :

. Ueda, Y.,

. Chakravarti,

. Andersson, B.,

Effect of Weld Conditions on
Welding Deformation, Welded Structure Materials, JWS,
45-1(1976), 302-308

Control of Weld Distortion in Thin-
58-66
Estimate and

skin Welded Structures, JWS, 52-5(1983),
Takahiro Tanaka :
Counterplan for Welding Deformation-Thin Plates Steel
Structure, JWS, 60-6(1991). 14-19

Finite Element Analysis
of Three-Dimensional Transient Heat Transfer in GMA
Welding, Welding Journal(1988), 150s-156s

ARF £ F2E ¥ o Zo @ A7t
4erglA, 15-5(1997), 64-73

Implications of Three-
Dimensional Numerical Simulations of Welding of Large
Structures, Welding Journal, Research Supplement, 71-
2(1992), 55s-62s

and Nakacho, K. :
deformation due to multi-pass welding, Trans. Japan
Weld. Res. 11(1982), 95-103

A. P., Malik, L. M., and Goldak, J. A. :
Prediction of distortion and residual stress in panel

Simplifying methods and

welds, Symposium on Computer Modeling of Fabrication
(1986)

and Karlsson, L. @ Thermal stresses in
large butt-welded plates, Thermal Stresses,(4)(1981) :
491-500
V.d..

determining temperatures,
residual stresses during welding, Ph.D. Thesis, MIT.,
Cambridge, Mass(1981)

E. Friedman :

Papazoglou Analytical techniques for

thermal strains, and

Thermomechanical analysis of the
welding process using finite element method, Journal
Press. Vessel Tech. ASME, series J(1975), 206-243
Koichi Masubuchi : Research Activities Examine
Residual Stresses and Distortion in Welded
Structures, Welding Journal, Dec(1991), 41-47

K. W.Mahin, W .Winters,T.M.Hosbonds and S.R.Macewen
© Prediction and Measurement of Residual Elastic
Strain Distributions in Gas Tungsten Arc Welds,

Welding Journal(1991), 245s-259s

Journal of KWS, Vol. 19, No. 4, August 2001



