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ABSTRACT

A Study on Thermal Strain Analysis of
Aluminum Alloy for Tire Mold

Kim, Yong-Bum
Advisor : Prof. Oh, Yool-Kwon Ph.D.
Major in Precision Mechanical Engineering

Graduate School, Chosun Ursiter

The manufacturing industry such as tire productstmbe changed to consult the
taste of customers and is required to make the pesiuct that it has improved
more stability and driving performance at consusnaiesire in a short time. So,
many studies have been tried to produce the moddiyst of good quality and to
reduce the manufacturing process in mold industiynd, they are increasingly
concentrated on process technique developmentref ntiold using aluminum (Al)
alloy. Generally, there are two types of separatimgthod in the tire mold
manufacturing process. The first, and basic onea idull-casting mold which is
obtained the product of uniform quality and is edkg mass production. However,

the product of width tire that tread pattern is ptew is difficult.

- vii -



The second type of separating method is sectiwasting mold, in which the
product of width tire having a complex tread pattés made without a defect
because it is manufactured to 6 ~ 8 equal divisiBat, in this case, because
rubber flush is apt to occur from division part,siiag mold must have a high
precision and need a long time in manufacturingcgse. Also, precision of casting
mold can decrease by contraction during the salatibn process in mold.

Therefore, this study presents numerical analgpiglying a finite element method
(FEM) on thermal deformation characteristics of @loy mold for automobile tire
production. To analyze the thermal deformation abgristics on the tread pattern
of sectional-casting mold using Al alloy, it is estigated the temperature, thermal
displacement and thermal stress of Al alloy tireldnasing a FEM. The numerical
results are presented to help to make the effecéwel the best tire mold.
Moreover confidence of numerical analysis improveg experimental to be based
on numerical analysis. Therefore the most suitatedition will be predicted by
numerical analysis when prototype manufactured. Athén, cost and time of
production can be reduced for this study. In addijtithe introduced technique of
numerical work needs to improve the precision ofldnand particularly is very

useful to analyze the material processing techryolog

= viii -
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Table 1 Physical properties of AC7A casting materia

Properties Unit Value
Solidus Temperature T 590
Liquidus Temperature C 640
Thermal Conductivity Wim - K 140
Young's modulus Gpa 70
Poisson's ratio - 0.33
Density kght 2670
Specific Heat kikg - K 0.88

Thermal Expansion Coefficient - 23.6 x 10

_16_



R

M;uo % v wm mﬂ of T Y
©o =3 m o=
- Mﬂ ol 1 & <o o T L

BT T o W W3 Gy oo Y

W o e T B 5 o X o ok % fe 9T
o:ﬁbﬂms%w,Hzﬁﬂ%xﬁguwgﬁo
mo o <2 X = e oo N st =z o £ ol o X K
st i+ o ny U~ B o B e - Jm L ! = Aﬂ
B ° T m w 7T N B 5 n R

0 2 o EoL, = I Y [
o W - b E = 500 o o M
A g M T ME n_n.v E o N - ™ o @o o N X Eﬂ o) R m

= flAﬂ 0 o ) —_ U*A \wo ..:\_ ° ,Z —
5T T m;pm;%z%ogmlkyﬁﬂwﬁu
—_— :.L [ o mo X X0 k) ox ;o.._ —_— o = O
o N Mo ) ~ RS 3 NS
o - o} 2 4 N T Mc._ e No © R H o 70

N o = 5o ® % o g R T " T
o X W e B iy = o= -~ T oo H Iy
oy o oo T o omw KX = T o i - o
e poa 3 Gl oW o T m K RO o

ﬂnoﬂa«woua,Hmﬂﬂﬁﬁ@@@cl@
= M I S T LR X = 5 © oW P
L) % v E NN P i B X = ° o op X o
ﬂAa%@*O%AHHQWOMﬂzwnjg%g@ﬂﬂ
o T oo P i o o2 = .

— o 1) N ~ ow 1]
zfol_ooiw%%mﬂl7@.o%&%ﬁﬂmw
o D X - 5 oW oo TR v =o
P R o O .

) ar@ggmﬂ@ﬂmOg@@LmE B T
thﬁﬂgaﬂmv o_mm;uig w_aowwﬂa
o Moo X = T SR> o] w N | Mo o N
o Mmoo ® XK 5o S rAR 4 oo T il
= o o = o > - & N BT o M &l
N B o U Mk T T o @ N o — _wm o = ™ o o
I m_ B o = o M roo R o R aooMw
gy T of M = o ____uT oE ) m o)) X Lw T w w7 ol o
S ] Lorvg of X o Y I Y
W o w W T G M RO S N TN dm £ i3 mmo

T oT W %u o Eﬂ ST T R
w % T LT gy T 3O o)

o o ’

E.__l o 1 1o ‘Ql

e mw_v =0

- 17 -



Fig. 3 Schematic diagram of 3D analysis model amitial conditions
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Fig. 5 Numerical result of temperature distributian the point of 1, 4 and 7

Table 2 Numerical result of temperature value fromtial time to 20 minutes

, ) Measurement point [Unit C]
Time [min]

1 4 7

0 679.4 680.2 679.2

5 494.8 533.7 494.8

10 457.8 486.3 457.7

15 432.1 453.1 432

20 412.7 429.1 412.6
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Fig. 6 Numerical result of temperature distributian the point of 2, 5 and 8

Table 3 Numerical result of temperature value fromtial time to 20 minutes

, ) Measurement point [Unit C]
Time [min]
2 5 8
0 690.6 678.4 690.4
5 479.4 511.9 479.3
10 444 469.7 443.8
15 420.6 440.3 420.4
20 403.3 419.3 403.1
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Fig. 7 Numerical result of temperature distributian the point of 3, 6 and 9

Table 4 Numerical result of temperature value fromtial time to 20 minutes

, ) Measurement point [Unit C]
Time [min]

3 6 9

0 686.4 686.2 681.5

5 475.3 509.6 475.1

10 435.5 460.3 435.4

15 411.7 430.4 411.6

20 395.2 410.3 395.1
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Fig. 8 Numerical result of temperature distributitom 20 minutes to 360 minutes

at the point of 1, 4 and 7

Table 5 Numerical result of temperature value aft@rminute

, ) Measurement point [Unit C]
Time [min]
1 4 7
60 307.3 312.1 307.3
120 211 214.1 211
180 147.5 149.5 147.5
240 106.6 107.9 106.6
300 80.3 81.2 80.3
360 63.4 64 63.4
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Fig. 9 Numerical result of temperature distributitom 20 minutes to 360 minutes

at the point of 2, 5 and 8

Table 6 Numerical result of temperature value aft@rminute

, ) Measurement point [Unit C]
Time [min]
2 5 8
60 303.5 307.7 303.5
120 209.4 2125 209.6
180 147.1 149.1 147.1
240 106.6 108 106.6
300 80.5 81.4 80.5
360 63.6 61 60.4
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Fig. 10 Numerical result of temperature distribatifom 20 minutes to 360

minutes at the point of 3, 6 and 9

Table 7 Numerical result of temperature value aft@rminute

, ) Measurement point [Unit C]
Time [min]
3 6 9
60 300.9 305.1 300.9
120 208.8 211.8 208.9
180 147 149 147
240 106.8 108.1 106.8
300 80.7 81.6 80.7
360 63.8 61.2 60.6
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Fig. 11 Numerical result of displacement distribatiat the point of 1, 4 and 7

Table 8 Numerical result of displacement value fromtial time to 20 minutes

i ) Measurement point [Unit : mm]
Time [min]
1 4 7
0 0.011 0.023 0.010
5 0.075 0.111 0.074
10 0.107 0.149 0.107
15 0.128 0.168 0.128
20 0.143 0.179 0.142
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Fig. 12 Numerical result of displacement distribatiat the point of 2, 5 and 8

Table 9 Numerical result of displacement value fromtial time to 20 minutes

Measurement point [Unit : mm]

Time [min] 5 s 5
0 0.011 0.036 0.008
5 0.083 0.138 0.082
10 0.108 0.171 0.108
15 0.124 0.186 0.123
20 0.133 0.192 0.133
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Fig. 13 Numerical result of displacement distribatiat the point of 3, 6 and 9

Table 10 Numerical result of displacement valuemfrinitial time to 20 minutes

Time [min]

Measurement point [Unit : mm]

3 6 9
0 0.011 0.2 0.008
5 0.087 0.13 0.088
10 0.115 0.162 0.116
15 0.132 0.178 0.132
20 0.144 0.187 0.144
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Fig. 15 Numerical result of stress distributionthé point of 1, 4 and 7

Table 11 Numerical result of stress value fromiahitime to 20 minutes

, ) Measurement point [Unit : GPa]
Time [min]
1 4 7

0 0.064 0.08 0.039
5 0.246 0.359 0.229
10 0.295 0.467 0.279
15 0.326 0.536 0.311
20 0.348 0.583 0.333
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Fig. 16 Numerical result of stress distributionthé point of 2, 5 and 8

Table 12 Numerical result of stress value fromiahitime to 20 minutes

Time [min]

Measurement point [Unit : GPa]

2 5 8
0 0.054 0.109 0.023
5 0.292 0.434 0.28
10 0.353 0.548 0.34
15 0.391 0.62 0.378
20 0.417 0.669 0.404
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Fig. 17 Numerical result of stress distributionthé point of 3, 6 and 9

Table 13 Numerical result of stress value fromiahitime to 20 minutes

, ) Measurement point [Unit : GPa]
Time [min]
3 6 9

0 0.037 0.14 0.033
5 0.236 0.332 0.237
10 0.269 0.413 0.272
15 0.291 0.464 0.294
20 0.306 0.5 0.31
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Thermocouples

Data Acquisition Unit
(DAQ100)

Fig. 18 Schematic diagram of experimental apparatus
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Fig. 19 Photograph of experimental device

Fig. 20 Installation of thermocouples on the cowface
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Fig. 21 Experimental result of temperature distiitru at the point of 1, 4 and 7

Table 14 Experimental result of temperature valuenf initial time to 20 minutes

, ) Measurement point [Unit C]
Time [min]

1 4 7

0 604 635.1 637.2

5 591.2 636.1 594.4

10 529.5 566.5 534

15 488.8 514.3 482.8

20 449.7 464.7 452.9
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Fig. 22 Experimental result of temperature distiitru at the point of 2, 5 and 8

xperimental result of temperature valgmf initial time to 20 minutes

, ) Measurement point [Unit C]
Time [min]

2 5 8

0 635 639.3 636.7

5 559.9 622.7 566.8

10 489.5 511.8 493

15 455.6 473.1 458.7

20 428.5 440.5 431.3
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Fig. 23 Experimental result of temperature distiitru at the point of 3, 6 and 9

Table 16 Experimental result of temperature valuenf initial time to 20 minutes

Time [min]

, . Measurement point [Unit C]
Time [min]
3 6 9
0 638.1 641 638.6
5 531.2 563 536
10 462.7 479.4 465
15 432 446.4 434.4
20 410.7 421.9 412.6
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Fig. 24 Experimental result of temperature distiiinu from 20 minutes to 245

Time [min]

minutes at the point of 1, 4 and 7

Table 17 Experimental result of temperature valtter&20 minute

Measurement point [Unit C]

Time [min] 1 4 -
20 424.9 429.2 425.3
60 256.3 259.3 258.7
120 131.5 134.3 134.6
180 89.8 90.3 90.1
240 63.7 64.3 64
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Fig. 25 Experimental result of temperature distiinu from 20 minutes to 245

minutes at the point of 2, 5 and 8

Table 18 Experimental result of temperature valfter 20 minute

, ) Measurement point [Unit C]
Time [min]
2 5 8
20 412.2 415.8 413
60 256.2 259.1 258.3
120 132.4 135 135
180 89.9 90.5 90
240 64.1 64.3 63.9
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Fig. 26 Experimental result of temperature distiiinu from 20 minutes to 245

Time [min]

minutes at the point of 3, 6 and 9

Table 19 Experimental result of temperature valtter 20 minute

Measurement point [Unit C]

Time [min] 3 5 9
20 400.3 404.1 400.3
60 254.6 257.5 256.6
120 132.2 134.8 134.9
180 89.6 90.1 89.8
240 63.8 64.1 63.9
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