creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

[UCI]1804: 24011- 200000237821

24

20094

A2-s}

7|



N

1=

A E= 1
414 A% 52 70 o
: 8 39

& A 4

& 3 2
A7 54 o] A A7

Investigation into the enhancement of cooling
characteristics for injection mould using
deposition of multi-materials based on the

direct rapid tooling process

2009 4 2 25

Z A2 s

) 4 L L
st}



7Nt ok A=

3

10 o

2008

7N AZ 3}



11 ¢

2008



LIST OF TABLES s, I

LIST OF FIGURES i, I

ABSTRACT

Al 1 A A B 1
1.1 AT @ T AT s 1
1.2 AFEA W HFH s 3

B A | s 4
21 AAHA 2L & B8 LA s 4
2.2 8 AT AA s 6
2.3 AA] HFH s, 7

— XIIT -



~

i

g

°
o

oJ
=

10

14 v 2

3|

17

~

3

g

°
o

oJ
=

17

3}]@]

4.2 ZFHE 2 Al

- 27

T
3

T
olo
3

K

37

37

- 42

Mo
—_

48






Table
Table
Table
Table
Table
Table

Table
Table

S O B~ W N

ﬂ

LIST OF TABLES

Material properties Of mould ..............................................................

Analysis CONAILIONS  srrrrrerrererrrrrrerestttirtititetir ettt s sraees

Results of two dimensional transient heat transfer analysis
Results of thermal stress analysis (Qmax = 200 W) e
Yleld Strength Of eaCh material ........................................................
Variation of thermal stress in the mould according to the
mOUld design Of the Computer TNLOUSE  sreerereerrersennsssnsernnnennennennns
Displacement of the mould for each design condition -

Experimental conditions for injection molding experiments -



Fig.

Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

a1 s~ W N

© oo 3 O

LIST OF FIGURES

Principle of the laser—aided direct metal rapid tooling (DMT)

DI O C S S #rrerrrre et 5
Manufacturing process of direct metal rapid tooling process - 5
FUnCtional decompOSition Of geometry ............................................... 6
MOuld deSign Of Cleaner COSE  rrerrereerensenstrontontetiettittiitetetiitiatatttesnaes ’7
Mould design for two dimensional heat transfer & thermal stress
ANALY SIS wereeressessesees ettt 8
History of the heat INpUL e 9
Boundary condition for two dimensional heat transfer analysis © 9
The measurement point of the thermal Stress . 10
Influence of thickness of each layer on the max. temperature of

the mould ..................................................................................................... 12

10 Variation of temperature distribution in the mould according to

11

different thickness of molding part at the max. temperature
time Of the mould ................................................................................... 14
Influence of thickness of the mid—layer on thermal stress in

JOlnlng area (Qmax = 200 W, TP = 5 mm) ................................. 15

12 Influence of thickness of the mid—layer on thermal stress in

JOlnlng area (Qmax = 200 W, Tl\/l = 05 mm) ............................. 15
13 Design of the mould with multi—materials -, 18
14 Modeling modification for mesh generation .. 18

15

Boundary conditions of three—dimensional heat transfer and



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

16
17
18
19
20
21

22

23

24

25

26

27

28

29

30

31

thermal stress analysis ........................................................................ 19

Pressure—time history (Results of injection molding analysis) - 20
HiStOl"y Of heat input ............................................................................ 20
Arriving time of resin to each mould surface e 21
MOUld deSign Wlth Single material ................................................... 21
Results of three—dimensional transient heat transfer analysis - 22

Temperature distribution of the mould for each design
Condition (InjeCtiOn tlme = 8 SeC) ................................................. 23
Temperature distribution of the mould for each design
Condition (Injection tlme = 12 SeC) ............................................... 24
Influence of design condition on the temperature distribution
inSide mOU.ld (Injection tlme = 8 SeC) .......................................... 24
Influence of design condition on the temperature distribution
inSide mOU.ld (Injection tlme = 12 SeC) ....................................... 25

Thermal stress distributions in the mould with multi—materials - 25

Displacement distributions for different mold design -eeeeeeeeeees 26
Design of the mould for a computer mouse e, 27
History of the heat input for the computer mouse -« 28
Boundary condition of heat transfer and thermal stress analysis for

the COmDUtel" TTNOULSE  revesresseesenssrnstnestnstuontuettttuettetistuettstieststtsttoststnnenns 29
Mold temperature distribution in the injection part (Results of
injection molding analysis for the computer mouse) - 29
Thickness of materials for each design condition of the

COmpUter TTLOLLSE  *reeerererssrestessnnttnttnettetuettttaettetiettttasttsttettstusttstnestsennns 30

- III —



Fig. 32 Results of transient heat transfer analysis for the computer

Fig. 33 Influence of design conditions on the temperature distribution in
the mould for the computer mouse (Injection time=10 sec) -+ 32
Fig. 34 Influence of design conditions on the temperature distribution
inside mould for the computer mouse (Injection time=10 sec) 32
Fig. 35 Thermal stress distribution in the mould of the computer
mouse for each design condition (Molding part : P 21) - 33
Fig. 36 Thermal stress distribution in the mould of the computer mouse
for each design condition (Mid—layer : Monel 400) oo 34
Fig. 37 Displacement distribution of the mould for different design of
mould for the COMPULEr TOUSE et 36
Fig. 38 Concepts of DMT DPrOCESS swrermmmiiiiiisisisiissiisiiissiins 38

Fig. 39 Geometry decomposition of the mould for the cleaner case - 38

Fig. 40 Laser path data for layer—by—layer stacking - 39
Fig. 41 Manufacturing process of the mould for the cleaner case -~ 39
Fig. 42 Mould With Multimmaterials s ssersermsseessemsemiiriesiesiesiieeinen. 40
Fig. 43 Functional deposition of the mould for the cleaner case - 40
Fig. 44 Insertion of COOlNG Chann@l s i 41
Fig. 45 Laser path data «eememeesiesessemsesssmsssreessesessssens 41
Fig. 46 Mould with single—material s esseereerssemreiemieniseniisesiieseenen. 49
Fig. 47 Before pPOSt—proCESSING s 43
Fig. 48 POSt DrOCESSING swwereeeseerrssesrsretmisersssasiessiessiseseisss st 43
Fig. 49 Mould with Multimmaterials - esersermsseesrmsmemiiriesiesisieeneen. 44



Fig.
Fig.
Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.

Fig.
Fig.

50
51
52

53

54
55
56
57
58
59
60

61
62

63
64

Mould Wlth Single material ................................................................. 44
After- pOSt—proceSSing ......................................................................... 45
Microstructures in the vicinity of the welded regions (Mould

Wlth multi—materials) ........................................................................... 45

Microstructures in the vicinity of the welded regions (Mould

Wlth Single—material) ............................................................................ 46
Hardness of the mould with multi—materials -eereeeeremememeees 47
Hardness of the mould with single material e, 47
Injection molding apparatus for experiments e, 48
Mould set for injection molding eXperiments e 49

Comparison of shape of final product for different cooling times -- 50
RedUCtiOH Of COOling tlme ................................................................... 50

Comparison of positional accuracy of final product for different cooling

Influence of cooling time on the mean errors «wreeeeerereeeee: 52
Percentage standard deviation of thickness from the designed
dimenSiOH ................................................................................................... 53
Inﬂuence Of COOling tlme on the HAZE ........................................ 54
Microstructures of a outer surface of the product for different

COOling 0081 o LR LT T T P TP PP P PP PP T PP P PR PRIPPIPPIIRY 54



ABSTRACT

Investigation into the enhancement of cooling
characteristics for injection mould using deposition
of multi—materials based on the direct rapid tooling

pProcess

Kim, Hyun—Woo
Advisor : Prof. Ahn, Dong—Gyu, Ph. D.
Dept. of Mechanical Engineering

Graduate School of Chosun University

In recent, several research works on the development of the injection
mould with a high cooling rate have been actively undertaken in efforts to
improve the productivity of injection molding process. Most of those
research works have been focused on the development of the injection
mould with conformal cooling channels using a direct and indirect rapid
tooling (RT) process.

The objective of this research work is to develop design technology of



mould with rapid and uniform cooling characteristics using the deposition
of the multi—materials based on the direct metal rapid tooling process.

In order to enhance thermal management characteristics, including the
high cooling rate and the uniform cooling, the injection mould was
designed as three parts consisted of a base structure, a mid layer and a
molding part with P21 injection tool steel. The material of the base
structure was selected as Ampcoloy 940 (Cu—Ni alloy) to enhance cooling
rate of the mould. The mid layer with Monel 400 was created to reduce a
thermal stress induced by a difference of thermal expansion coefficient
between the base part and the molding part. Also, the conformal cooling
channel was inserted into the mould to increase the cooling efficiency.

In order to obtain the optimum material thickness of each layer,
transient heat transfer analysis and thermal stress analysis were
performed using I-DEAS NX12 ESC module. From the results of the heat
transfer analyses, a proper geometrical arrangement of each material was
obtained. Through the results of thermal stress analysis, it was shown
that the maximum thermal stress of each layer is smaller than the yield
strength of each material. In addition, it was found that the thermal
management mould with multi—materials and conformal cooling channels
can rapidly transfer from the mould surface to the cooling channels in
comparison with the single material mould with linear or conformal cooling
channels.

In order to manufacture the mould with multi—materials, a hybrid rapid



tooling technology combining DMT process with a machining process was
utilized. The base structure of the designed mould was manufactured from
a high speed machining process to shorten the manufacturing time of the
mould. The mid layer and the molding part of the designed mould were
manufactured from the DMT process. In addition, post processing,
including a high speed machining and an EDM and a lapping process, was
carried out to improve surface roughness and to implement details of the
mould. The designed mould was fabricated within 157 hours. In order to
examine the efficiency and the applicability of the mould, several injection
molding experiments were performed. From the results of injection
molding experiments, it was shown that the cooling time of the developed
mould can be shortened to 3 seconds without the decrease of the product

quality.
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Fig. 1 Principle of the laser—aided direct metal rapid tooling (DMT)

process
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Table 1 Material properties of mould

Material Density Eger?il\?ilt Thermal expansion
aterna (kg/m?) CO(WI;;I_K) y coefficient (107%/C)
P 21 7,800 38 12.9
Monel 400 8,800 21.8 13.9
Ampcoloy 940 8,710 208 17.5

k=21.8W/mek, / k =38 W/m«K,

o= 18.9 x 105/°C =129 x 108/°C

k = 208 W/m ek,
o =17.5 x 106/°C

Fig. 3 Functional decomposition of geometry
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Table 2 Analysis conditions

TP (mm) TM (mm) Qmax (W)
5, 10, 20 0.5, 0.75, 1.0 50, 100, 200
Q‘
5 fromsmmesnnnn S0W, 100W, 200W
At=4sec At=16sec t (sec)
Fig. 6 History of the heat input
Insulation insulation
| QW |
rd | N
Convection ~ Convection
h =10 W/ma-C h = 10 W/mz-C

Convection
ho= 10 WimeC

Fig. 7 Boundary condition for two dimensional heat transfer analysis
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(C) Qmax = 200 W
Fig. 9 Influence of thickness of each layer on the max. temperature of the

mould



Table 3 Results

of two dimensional transient heat transfer analysis

Qe (W) Tp (mm) Tm (mm) te (sec)
) 0.5-1.0 4.2
10 0.5-1.0 4.3
50
20 0.5-1.0 4.3
Mould with single material 4.3
0.5 5.2
5 0.75 5.3
1.0 5.4
0.5 6.0
100
10 0.75 6.0
1.0 6.1
20 0.5-1.0 6.2
Mould with single material 6.2
0.5 8.0
5 0.75 8.3
1.0 8.6
0.5 11.2
10 0.75 11.5
200
1.0 11.8
0.5 15.2
20 0.75 15.3
1.0 15.4
Mould with single material 16.0
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Fig. 10 Variation of temperature distribution in the mould according to

different thickness of molding part at the max. temperature time
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VALLE OPTION:
SHELL SURFACE: TOP
3540408

..__._..\\ r ./____. 3190408}
: 2.830408)
Mid-Layer I—
2.120408)
1.770408)
E 7 Y

\KA = 595Mpa WY
VvV =

®

q

— VBL58.3 Mpa 7.10040

3.55[;1

1900409

1060408

Fig. 11 Influence of thickness of the mid—layer on the thermal stress in

joining area (Qmax = 200 W, Tp = 5mm)

Fig. 12 ¥ Qumax = 200 W, 7% 57 0.5 mmolA e mHZ 574 H3lo]| u}
& 4958 Hslolty. ¥ FAV FALASTSE AAIFAAS] 488 SISt
o] T7hZFol o] v XA FEal= TWFE FA 20 mm 24N d-SHo] Ax

VALUE OPTION:ACTUAL
SHELL SURFACE: TOP
3.54040¢

2.83040

Mid-Layer Mid-Layer Mid-Layer 2.48040
2.120408

177040

1.420408

A=51.2 Mpa

B<38.8 Mpa

1.06040

7.100407

i.sTi

1.900408

Fig. 12 Influence of thickness of the mid—layer on the thermal stress in

joining area (Qmax = 200 W, Ty = 0.5mm)



Table 4 £ WA & Ao £ Aol 200 W L Wl 7 AR T AAS
$ol A, B A 989 g etk Table 4 9 2ol HWFd Fr59 77
2l TS s AASelMds Hd s9eol 44 80.4 MPa 9 63.9 MPa
of YEhES o & gtk o] A} Table 5 o AR FEAEE Wlwd ww
BoaA zadelq e dwde od A4 Wde] wAsA 9ee & & 9
AT,
Table 4 Results of thermal stress analysis (Qmax = 200 W)
Tp (mm) Tm (mm) oa(MPa) os(MPa)
0.5 64.1 51.5
5 0.75 61.6 55.1
1.0 59.5 58.3
0.5 80.4 63.5
10 0.75 78.5 63.8
1.0 76.7 63.9
0.5 51.2 38.8
20 0.75 51.6 38.3
1.0 51.3 37.7
Table 5 Yield strength of each material
P 21 Monel 400 Ampcoloy 940
oy (MPa) 827—-986 200—-240 510-517
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Fig. 16 Pressure—time history (Results of injection molding analysis)
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Table 6 Variation of thermal stress in the mould according to the
mould design of the computer mouse (&% : MPa)

P 21 Monel 400 Ampcoloy 940
Case 1 64.6 61.3 72.4
Case 2 61.8 50.6 72.4
Case 3 61.1 56.4 72.1
Case 4 62.7 49.4 72.0
Case 5 56.6 51.3 71.4
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Fig. 37 Displacement distribution of the mould for different design of
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Table 7 Displacement for each design condition

Displacement (mm)
Mould with single material 0.0658
Case 1 0.0714
Case 2 0.0712
Case 3 0.0711
Case 4 0.0704
Case 5 0.0696
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(a) laser path (b) CAM-slice
Fig. 40 laser path data for layer—by—layer stacking
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Fig. 41 Manufacturing process of the mould for the cleaner case
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Fig. 44 Insertion of cooling channel
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Fig. 46 Mould with single—material
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Fig. 50 Mould with single—material
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Fig. 57 Mould set for injection molding experiments

Table 8 Experimental conditions for injection molding experiments

Injection molding machine Mitubishi 450 MN — 60
Injection pressure (kgf/cm?) 900
Injection velocity (m/s) 60
Injection time (sec) 4
Cooling time (sec) 3, 4, 5, 6, 8, 10, 12, 15
resin type ABS (Acrylonitrile Butadiene
Styrene copolymer)
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Cooling time = 12 sec
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