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Jatupong Krongthanin 2011: An Investigation into Bond Strength of Injection
Overmolded Polypropylene. Master of Engineering (Materials Engineering), Major
Field: Materials Engineering, Department of Materials Engineering. Thesis Advisor:

Mr. Somjate Patcharaphun, Dr.-Ing. 81 pages.

The aim of this study was to investigate the influence of injection overmolding
parameters on the bond strength between substrate and overmolded polypropylene. The
injection overmolded temperature, substrate temperature, and holding pressure on the tensile
and impact strengths of injection overmolded part were studied in details. In addition the effects
of contact distance and surface pattern on the shear strength were also main interest. The
experimental results indicated that the bond strength particularly increased with increasing
substrate temperature, while less significant effect was found with increasing overmolded
temperature. It can be seen that the shear strength tended to decrease with the increase of contact
distance. This was associated with the decrease of intermolecular diffusion at the interface as
increase in flow distance. Furthermore, the significant improvement of shear strength was found
by using the perpendicular and parallel groove patterns on the substrate surface. In this work,
the mathematical model was developed in order to predict the shear strength of overmolded part
and the analytical results were in well agreement with corresponding experiments. However, the
model needs to be further developed in order to accurately predict the shear strength of

overmolded part with various surface pattern.
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| Non-rotary mold system
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(M) Smooth surface (V) Perpendicular groove

(7) Parallel groove X= Contact distance = 13/19/25 mm.
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9.5 0.19778 0.18782 0.24519
10.0 0.18000 0.16623 0.21964
10.5 0.13111 0.13941 0.16729
11.0 0.04667 0.08259 0.09344
11.5 -0.01556 0.03105 0.06151
12.0 -0.01000 0.04577 0.13579

12.5 0.02889 0.08627 0.18922
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M31INHINT V2 wﬁwammqmwgmiﬂfﬁﬂﬁuﬁﬁwamszszmmﬁﬂmmmiwa@m:mﬂ

Q

Y Y
aaoAuUIFUREYRITLIIU 10103 TNaAUURANIAY)

3282A199) (mm) qmwgﬁfﬁ@ﬁ;’u (‘0
30 60 90
0.0 0.03076 0.08627 0.49368
0.5 0.02752 0.04577 0.14047
1.0 0.00648 0.05137 0.05137
1.5 0.00886 0.08259 0.04818
2.0 0.01086 0.11941 0.08319
2.5 0.01324 0.12455 0.12455
3.0 0.02133 0.13782 0.17547
3.5 0.03886 0.17547 0.19456
4.0 0.04695 0.20092 0.21092
4.5 0.05666 0.21882 0.23047
5.0 0.07285 0.2225 0.24911
5.5 0.09066 0.23723 0.26547
6.0 0.11038 0.23355 0.27275
6.5 0.11038 0.23355 0.27275
7.0 0.09066 0.23723 0.26547
7.5 0.07285 0.2225 0.24911
8.0 0.05666 0.21882 0.23047
8.5 0.04695 0.20092 0.21092
9.0 0.03886 0.17547 0.19456
9.5 0.02133 0.13782 0.17547
10.0 0.01324 0.12455 0.12455
10.5 0.01086 0.11941 0.08319
11.0 0.00886 0.08259 0.04818
11.5 0.00648 0.05137 0.05137
12.0 0.02752 0.04577 0.14047

12.5 0.03076 0.08627 0.49368




MIaNUINH U3 SﬂgwaﬂlﬂﬂlLiﬂﬁjﬂﬂﬂﬁ}NﬁﬁNﬁﬁ@i%ﬂ%ﬂfﬂﬂﬁﬂﬂl’E]Qﬂ”liﬂﬁ’f]llaga”lﬂﬁaﬂﬂ

Y Y
nuduRaveIruau Tones luadauuunanaune)

F2YZAN) (mm) 1L39R9AIA14 (Bar)
800 900 1000
0.0 0.08398 0.08627 0.12558
0.5 0.04199 0.04577 0.06233
1.0 0.05491 0.03105 0.07233
1.5 0.05814 0.08259 0.12883
2.0 0.07752 0.11941 0.14783
2.5 0.10659 0.15623 0.17683
3.0 0.11951 0.16782 0.19166
3.5 0.15827 0.19305 0.20699
4.0 0.15827 0.21514 0.22118
4.5 0.17442 0.21882 0.22118
5.0 0.20318 0.2225 0.23332
5.5 0.21026 0.23723 0.24966
6.0 0.21583 0.24091 0.25049
6.5 0.21583 0.24091 0.25049
7.0 0.21026 0.23723 0.24966
7.5 0.20318 0.2225 0.23332
8.0 0.17442 0.21882 0.22118
8.5 0.15827 0.21514 0.22118
9.0 0.15827 0.19305 0.20699
9.5 0.11951 0.16782 0.19166
10.0 0.10659 0.15623 0.17683
10.5 0.07752 0.11941 0.14783
11.0 0.05814 0.08259 0.12883
11.5 0.05491 0.03105 0.07233
12.0 0.04199 0.04577 0.06233

12.5 0.08398 0.08627 0.12558
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FLYLANO
sy dud guugiianiagdounu (:C)
(mm) 220 SD 230 SD 240 SD
13 205.12821  81.40771  290.59830  29.60769  601.53851 195.32911
19 146.66667  54.49338  303.50873  68.66796  414.03510 135.39494
25 104.88888  16.07390  238.80000  77.49890  361.33332  13.33333

Y
3

MINHUINT A2 INTNAVDIQUHN

A A A 9 1 =) A
AANUNUADTUUAANUATUNIUABDLUIURDUNTEYY

A4
syozduNd garNIagNY (°C)
(mm) 30 SD 60 SD 90 SD
13 200.5983  29.6077  1630.7692  248.8808  3765.7692  237.9592
19 2795321  68.6680  1594.7368  396.9840 23063158  289.8365
25 238.8000  77.4989 7213667 2847914  2399.8000  208.0291
MINNUINN A3 DNTNAVDIANHULNUAINTADANUMUNIUADUT AN DU
5 g
. ANHAUTNUAD
sres AU ——— — —
AT 8 SD AT D4 SD TAIEGN SD
(mm) 2
LYY UUIAININ
13 1630.76923 248.88084 2309.85822 216.81094 2363.12251  75.58633
19 1594.73684 396.98401 1719.65396  9.52423  1714.94645 58.75407
25 72136667 284.79139  1351.65837  14.98657 1326.97218 51.82782
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o Y

MW uInTi a4 anSnavesguuginaiagdouiuniiaonnudumunsuounsze:

q

)

v

AIFUATA) N UUOITUITULHUTOILUIVUIY

sy dud gungiianiagdounu (:C)
(mm) 220 SD 230 SD 240 SD
13 829.75322  239.97107 2164.05512  88.59544  2605.30587 57.22305
19 99422644 12515962 141272421  44.60476  1747.42828  8.83207
25 541.41168  72.89343  1292.98395 120.40678 1395.03809 41.72635

] S - o 4 f 9 { a o o
Gni'NWH'Jﬂﬁ A5 'E_]‘Vl‘ﬁWa"U'f]\‘l'ﬁ_;mﬂ{]llﬂlﬂﬂjﬁﬂﬁuﬁﬁ@ﬂﬂ31mﬁ1uﬂ1ulﬁ\nﬁﬂuﬁﬁgﬂgfﬂﬂﬁﬂf?\lﬁ

Y
AN UUBIBUITULUANU ITDIUUIVUTU

[

FJ
szgzauna QUUANIANU(C)

(mm) 30 SD 60 SD 90 SD

13 2164.05512  88.59544  2309.85822 216.81094 2626.40518 122.35687
19 1412.72421 44.60476  1719.65396  9.52423 1808.78285 106.18237
25 1292.98395 120.40678 1351.65837  14.98657  1384.81181 35.68729

@ 9

v 1 H Y H
M319WINT A6 dNSnavesguuniiaiagFouLNNAeANUMUNIULT AR DURYLIANUA
Yy Y

AFUATA1 D UVOIT U ULHUTOLUIAIRIN

sTyrauid QUNYURATAYFOUNY (*C)

(mm) 220 SD 230 SD 240 SD

13 2098.97981 198.95853 2365.87459  13.57571  2439.03415 41.15109
19 1670.22509  8.56025 1659.39781  23.43692  1734.87492  43.64890
25 1263.28896  12.81998  1265.55485 3.30495 1303.00153  47.35568
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v k4 H v
MW uITi A7 anSnavesguugivesiagiuiiidonudumuusuRouNszoziITuNd
9

Y
ANNUUDNTUITULUNUTDILUIAIRIN

seosdund qmwgﬁfﬁﬂﬁu C)
(mm) 30 SD 60 SD 90 SD
13 2365.87459 13.57571  2363.12251  75.58633  2308.99819 57.85925
19 1659.39781 23.43692 1714.94645  58.75407 1651.70888 15.68292

25 1265.55485  3.30495  1326.97218  51.82782  1290.36029  45.89890
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VUNBUMTUATILHNTAD Iae e lFsananIs MATLAB

1. WlaTidsunsy MATLAB

2. mmsesumdaie 1 lsunsumar U

| Editor - Di\matiab\aunt Y - [ )

File Edit Text Go Cell Tools Debug Desktop Window Help o | X
TNEE | $RR90¢ |02 - Aeadf[b-BRBRE BB secbse || [0

BB -0 [+ | sl x| 0

1 [l function C=aunl4(t,tmt, tmd, 2,1, tg) O
2 - tmt=tmt; =
3 - tmd=tmd; ]
4 - a=a; —
= u=u; -
6 — if margin==5

7 - tg=-20 -]
8- end

g9 — z=(1./tmt-1/tg) ;

im = uu=u./z;

1= [m,n]=size(t); ]
12 — c=[ones (m,1) t]:
= B=c’uu =
14 — TU=c*&;
5 = U=U0.*z -
1 — max percent error=max (100*%abs ( (U-u) ./ u)) -
1 = plot(1:15,u,"0')
18 — hold on

| 19 — plot(1:15,0,"'c")
20 — ~hold off

(]
[y

| aun04 ln 21 Col 1 |OWR |
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o 1w A a 4 cg}
3. ﬂWTiuﬂﬂW]’]LLﬂiﬂslﬂuﬂﬁ']mi1$ﬁﬂ1iﬂﬂﬂﬂﬂ NU

Muuan1 U ﬁllﬁ}i]'lﬂﬂ'liﬂﬂﬁﬂi

4 NATLAB 790 (320095 ————————......... i T ———— || & e

File Edit Debug FParallel Desktop Window Help
IS 4 B9 o @ 2| @ | Curent Folder| CUsers\UnnG\Documents\ MATLAE = ]
 Shortcuts (2] Howta Add 2] What's New

[-0.003988473 R sed | [Hpotw) -

@ & )| « MATLAB RFIE- M >>
-0.002850851

[0 Name « -0.002037862
EH aun02.mat ~0.005656463
-0.00544047¢
-0.004645869
-0.011744523
-0.008068861
-0.007038167
-0.032164319
-0.031442831
-0.014100631
-0.075902416
-0.045798363
-0.047638726

Bl

Name + Value
U <151 double>
a <151 doublex
tmd <15 doublex
tmt <15 doublex

< 1L 3

Command History EN=
“U=[-U. 0039597

-0.002850851

-0.002037962
-0.005656463
005440474
~-~0.004645869
~-0.011744523

-0.0080628861

o

-0.007038167
-0.032164919
-0.031442931

~-0,014100631

~~0.075902416
~—0.045798363

6

Details e -0.047693726

Continue entering statement OVR

Y
a v CY

o 1A 44
AU UAATNUNNITUNE (a)

File Edit Debug Parallel Deskiop Window Help

IS % MR o @ B | @ | Curent Folder| CUsers\UnnC\Documents\ MATLAE = ]
 Shortcuts (2] Howta Add ) What's New

Current Folder * 0 2 X || CommendWindow 02 x| Workspace nOoa ox
@ @ )l « MATLAB R ﬁ'l >> a=[325 1 E A E R sed | [potE ~
[ Name ~ :Z: I Name ~ Value
EH aun02.mat I 325 2] <151 double>
475 I s <154 double>
625 tnd <151 double>
I 225 tot <154 double>
475 I
I 625
325 I
I 475
625
325 I
I 475
625 I
IJis 1z « m b
— =l
[T ——
475
625
325
475
~625
=325
475
625
325
475
~625
~325
475 o
Details -~ 625 ay

rt| Continue entering statement
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Y= o 9 [y

OUNY (tmt)

)
-
=~
=
®
=)
-
)
=
=
=)
2
£
®
2

)
£

File Edit View Graphics Debug Parallel Desktop Window Help

IS % BRE9 o @ B | @ | Curent Folder| CUsers\UnnG\Documents\ MATLAE = ]

Shortcuts (2] How to Add (2] What's New
dow o2 x| g%
" |

Current Folder * O & X CommandWin,

& & )« MATLAB -0 avl >> tme=[220 B R sed | [ plotr.. ~
[l Name ~ izg I Name « Value
8 sun02.mat I 230 [ <154 double>
230 I = <1541 double>
230 HH tmd <15 doubles
I 240 et | <154 double>
240 I
I 240
230 I
I 230
230 I
230
I 230
230 I
IJis | <« .
y — = Command History “pg oA x
T tmE=[30 =
30
60
20
1
clc
E-%-- 5/10/2554 4:52 W. —-%
load aun0Ol.mat
tme
tmd
clear
~load aun02.mat
~tmd
tme L
Details ~ o g

Continue entering statement

o

;4
MUUANQUNY L ﬁ@gﬁu (tmd)

File Edit Debug Perallel Deskiop Window Help
S| % MR 9 o @ B | @ | curent Folder| CUsers\UnnC\Documents\ MATLAE = ]
 Shortcuts (2] Howta Add 2] What's New

Curent Foder woex m Workspace »oex
>3 tme=[30 B E R sed | [ plotr.. ~

& % ()| « MATLAB MPE- M

Name + Value
a <1541 double>
B <1541 double>

tmd <15 doubles

tmt <154 double>

[l Name « 30
EH aun02.mat 30

o
&
—-— e o o o -

< I r

1=

Command History -0 a x
0. 00205798

-0.005656463
-0.005440474
-0.004645869
-0.011744523

~~0.008068861

~~0.007038167
-0.032164919
-0.031442931
-0.014100631
-0.075902416
~~0.045798363
~-0.047699726

lclc

Details &3

clc

LA

Continue entering statement

OVR
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H 1] g
4. Youaums ¢ tlammualugledFunyuny omar U nazamaulszansnla

a 4
i]'Iﬂﬂ'Ii'Jlﬂi'lgﬂﬂ'liﬂﬂﬂﬂfli]'lﬂiﬂillﬂiﬂ MATLAB

4 TR 750 (£20005) T —| .. .0 jo

File Edit Debug Parallel Deskiop Window Help

IS % B9 o @ 2| @ | Curent Folder| CUsers\UnnG\Documents\ MATLAE = ]

. Shortcuts (2] Howto Add (2] What's New

Current Folder

& & )« MATLAB -l ol @ >> load aun02.mat
[1 Name =

EH aun02.mat tg =

-20

Warning: Rank deficient, rank = 8, tol =
> In aun04 at 13
— e

a=

0.0321
-0.1621
-0.0028

0.0006

0.0000

0.0000
-0.0001
-0.0001

-0.0037
-0.0030
-0.0022
-0.0067
-0.0052
-0.0038
-0.0111
-0.00%0
-0.0068
-0.0339
-0.0258
-0.0179
LT |

= = e e

Details

>> aun04 ([tmt tmd a tmt.<tmd tmd.*a tmt.*a tmt.”2 tmd."~2],tmt,ctmd, a, s)

1.455%e-003,

“O e x
- E A E B s | ploty) ~
Name + Value

o <154 double>

a <151 double>
==H <15 double>
HH tmd <1541 double>
FH tmt <154 double>

< 1L 3

Command History EN=

=0, 005440574

-0.004645369
-0.011744523
-0.008068861
-0.007038167
~-0.032164919
~-0.031442931
-0.014100631

L) -0.075902416

-0.045728363
-0.047628726
-lele

-cle

<0

-load aun02.mat

<\ '

¥ v Y Y A
Wi@ﬂﬂ‘ljulﬂﬂ1ﬂ’3'mﬂﬂ'lﬂlﬂaf]u

B MATLAR 790 (R0 —

OVR

T = — |

File Edit Debug Parallel Deskiop Window Help

(1 % B9 ¢ § ol 2| @ | Curent Folder CaUsers\UnnO\Documents\MATLAB  ~ |

© Shertcuts (2] Howto Add (2] What's New

Current Folder “ 0 & X Command Window

~ 02 x

| Workspace ~ 02 x

> In aunus at 13
@ & |« MATLAB hT-1K - M B Figure 1

o ol

B | Stack | [ plotity ~

[ Mame =

File Edit View Insett Tools Desktop Window Help

Value

FH aun02.mat o

NEES| k| ARTDEL-

208 a0

<15d double>
<15d double>

0.0321
-0.1621

<154 double>

-0.0026 0
0.0008
0.0000
0.0000

-0.0001

-0.0001

<154 double>
<154 double>

max_percent_error =

I 26.7813 I

ey, - - —

Details

©--0.047692726
i-lclc
~-clc

-load 2un02.mat

<0

QVR
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