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Study on surface qual ity of automotive plastic parts in

injection molding

Atsusuhi Mizutani

Surface quality is an important issue for plastic automotive parts. Weld lines are one of
several types of surface defects, but it is known that weld lines can be improved by
controlling the confluence angles of the flow of resin in the die. Additionally, surface
grooves that occur at confluence points during molding become smoother after the
application of primer in the painting process. However, even after the painting process,
there are quality defects that appear in the vicinity of weld lines that look like scratches,
and urgent efforts are being made to find the causes of occurrence, and technologies to
control them. In order to improve the visual surface quality of bumpers and other external
components, when light hits the raised resin confluence areas after the painting process,
shadowing causes them to look like defective scratches. In this paper, in order to improve
the visual quality of parts after painting, we investigated the surface profile using
automotive composite PP material. The ridges which affects the appearance quality are
generated in two places, right under the weld line of the confluence part of the resin and
in the position separated from the weld line. As a result of our investigations we found
the first ridges under weld line that are classified as ridges look like slight, connected
scratches, and that the elongation and orientation of rubber and talc contained in the
composite material affects the raised areas and their size. Moreover, it was found that the
connected bumps seen after painting were related to the elongation of the rubber. We then
found that increasing the die temperature suppressed rubber elongation and thus
prevented the occurrence of ridges. In addition, we also considered practical, material-
based control methods that can be implemented instead of increasing die temperature, and
were able to confirm that the ridges can be controlled by changing from a polypropylene-
based rubber to an ethylene-based rubber. In addition, we found the second ridges in the
position separated from the weld line is related to the length of subduction and was
affected by the orientation of talc at the tip of the subduction, and the ridges could be

suppressed by changing the confluence gradually.
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RL, Table 2-2{ZPP, T LEZ VI DFENENDEE LR AE R

Table 2-1 Physical characteristics of rubber

Rubber Rubber A Rubber B
Tensile strength (MPa) 5.7 19.6
Tension elongation (%) 1100 750
Durometer hardness
Shore A 66 85
Shore D 17 31

Table 2-2 Mixing ratio of PP, rubber and talc

No. PP (wt %) Rubber (wt %) Talc (wt %)
1 100 - -
2 80 20 -
3 80 - 20
4 60 20 20
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Fig. 2-2 Shape of test piece with 2 gates in the opposite direction
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Fig. 2-3 Shape of large test piece with 3 gates
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EEM1E0H0.1s32<, 313 Gate 20D B Z A7 % 51 501,0.253< L.
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Table 2-3 Conditions of injection molding and painting

Process Conditions

Injection Resin temperature (°C) 210

molding Die temperature (°C) 30, 80, 100, 120
Primer 5

Thickness(um) Base 15

Painting Clear 30

Temperature (°C) 80

Baking
Time (min) 20
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(a) Large injection molding machine 27 (b) Small injection molding machine ®

Fig. 2-4 Injection machines
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Fig. 2-30/MUO R LR & FIV T, Fig. 2-5IOR LT &RIEE T, a7 l2 Ah
FAEELL, Table 2-4\RULT=3FEFEDa—T 47 % Hi L. L7=. Fig. 2-6{Z3—7 4
7 LT ANA @27 Table 2-4D R MQESMOIE, EA20um FEEE DRI
RLROET Iy 7 A% B OFRE TR E AT TRER L TR 3R (2 [ E 351\
MO —T 4 TV E VT, 293 —T 407 22 (300pum, 700um) % & L7,

F2, FMEOIFIKRHE I/ — L T AR O I b AT %) T U=,

Table 2-4 Conditions of coating

Coating condition number @ @ ©) @
With or without coating | Without With
Coating material — Ceramic | Ceramic |Chromium
Coating thickness (um) — 300 700 2
Process — Spraying | Spraying | Plating
baking baking
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Area of insert core

Gate 2
(a) Cavity (b) Core

Fig. 2-5 Experimental die

Coating

Fig. 2-6 Insert core with coating
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Fig. 2-7 Scanning laser scanning microscope
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Fig. 2-8 Image binarization of rubber orientation
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Fig. 2-9 Capillary rheometer )
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(a) Under flow in the die (b) After fill

Fig. 2-10 Locations of observation by SEM
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Fig. 2-11 Cross section and elongation ratio of

rubber at D and @
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Fig. 2-12 Cross section and elongation ratio of

rubber at @) and @
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Fig. 2-15 Cross-sectional observation of the skin layer at the confluence
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Fig. 2-17 Observation area with and without ridges
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Fig. 2-18 Cross section observation at the areas with and without ridges
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Fig. 2-21 Dimensions of ridges after painting
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Fig. 2-22 Comparison of ridges on materials difference
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Fig. 2-23 Mechanism of the ridges
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Fig. 2-24 Relationship between ridges height and die temperature with cross section
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Fig. 2-25 Cross section and elongation ratio of different rubber
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Fig. 2-27 Measurement of shear stress and shear rate at 210°C
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Fig. 2-28 Camparison of surface quality depending on coating condition
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Fig. 2-29 Observation of surfacr by laser micro scope
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Fig. 2-30 Measurement of surface by laser micro scope
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Fig. 2-31 Roughness of the coating surface
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Fig. 2-32 Calculation heat transfer coefficient
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Fig. 2-33 Thermal conductivity by coating
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Fig. 2-34 Obsevation of filler orientation at skin layer by SEM
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Fig. 3-2 Shape of test pieces on counter flow
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Fig. 3-3 Shape of test pieces on parallel flow
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A!

i
A i
zL>x T

(a) Plan view of test pieces

Ridges
‘ = ’z;ﬁ
Y X

Sy

- -

1
_-’ I’ Confluence interface

“ r i

Gatel delay 0.5 <—0s

(b) Shape of cross section at A-A’ indicated in (a)

Fig. 3-4 Relation of ridges position and Gate 1 opening timing
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PErL IR IX, Fig. 2-5IOR LI EBRL —F —BEMEE (AU ARt Al
COLS4100) & AV, MR E O W m# g%, v h73/n /— A (LEICAtH EM
UC7) THFECIHILI=12, A4 oy F o ZIC L8 E N (0s /T A~a—R) Z4T

VY, EAE - PAMEISEM ( H AE 7S EEL ISM-6340F) 2 UV CELER L 7-.

3.3 EERFERMOEE

331 FEERFTENEICL DRI BT DN ORRET

AL OO SIS AR 2RV IA T 2010, FEBREFEE (L18) 2 FlWVW T HEER %
T EBREMDOEATE~DOEfFIT % Table 3-212/~7. I LRI ILFig.3-212 7R
L722.5mmD ¥ —DIRIE TH LSO E Az, lIBIZBT 5707 7 —MIRIRC
PR L7z, E LR 73, B0, BRI, SR, ST, fREE ) EIRE

RFf &Lz,
Table 3-2 Allocation table of design of experiments

Control factor Unit Level 1 Level 2 Level 3

A Die temperature °C 30 60 -
B Resin temperature °C 190 210 230
C Thickness mm 1.5 2.5 35
D Injection time s 0.55 1.10 1.65
E  Holding pressure % 12 15 18
F Holding time S 5 10 15
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ENKEL, WENFEOVNEEERN/NSLTeDl BN bhoTc. ZOMDE2TED A
XU OMEEIZEB L - IR X, MoK LR TR IR L TUORNIENR

Hinot-.

N
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o
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S
o

Signal-to-noise ratio, S/N ratio

-38.0

ol|o
M| W0

ﬁ%ﬂ\vr/mm
2155123

D1e temp. Resm temp. Thickness Injection | Holding | Holding Noise Noise
time pressure time

(°C) 0 (mm) () (o) (s)

] o
— —

190
210
230

LN | 1 1 1 1 1
i

U')‘OOLD
—| —

0. 55
1.10
1.65

Fig. 3-5 Result of signal-to-noise (SN) ratio
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Fig. 3-2 QDR E HWT, RIELS, 2.5, 3.5mmEZE S, 77— MOS
— 2K BB A 7 H01250.5sD [ TS, VAR RS L&D
1R FHAIL 7245 A Fig. 3-612R 7. BUE3.SmmiZBW T, EVIALR SEEE E S

TR EEBIL TEY, BVIAARSH/NES<4mm TIEFEER &S558 ~66umiZxf L T,
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JE3.5mm® R X42um, HRE2.5mm @ FEI20um, B 1.5mm O RE T 4um EHRE 23 /)8
EpBLHBERESH/NSLARD, RIE2.5SmmEHUES. Smm Tl 0 2 AR SEEVIA
HESDFIL TS, HRIE1Imm T, HRJE2.5mm, /3. 5mmiZxL T, #/v
7 DOMJZITTE~DELA B/ NS, IEVIAHRSHREL > ThEEESIZHE
WAL 720 T2 2 505, Fiz, Fig. 3-TICHIRISKT T DFEE D @S0 R4
WTIEHMELTZRE R 2. RIS T D E O S SO LRI, IBVIAZRSIZHG]

L TCWAZ LR TET-.
Y Height of ridges

70 ° ) : ) Thickness |

60 o Lengthjof subduction 1
g 50 * Thickness (mm) K
= . oe AlS
&b 40 % —e e25 H
- ® ® 35
o 30 A ()
2 *e
=
& 2() $
s ¢ .

10 Al

Ad
0 * A’..Ox ..
0 5 10 15 20

Length of subduction on confluence (mm)

Fig. 3-6 Relation between length of subduction and height of ridges

-90 -



Ratio of plate thickness to height ridges

0.025 Y Height of ridges|-
. - Thickness
$4 .
0.02 % [ Length jof subduction B
@
[
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oo o2
* o .
0.01 *° 9 ®35 |
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*
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Length of subduction on confluence (mm)

Fig. 3-7 Ratio of height of ridges to the plate thickness height of ridges
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Fig.3-2 &UEQDRIE MR E AWT, 7 —MOBKRA A 7 %7 — I3 LT,
0s ([RIRFBR ) £0.5sBAESH TR, BIEDOEVIAL D RS LR &S 2 FHIL
2. Fig3-8I AT s O W Bl 2249, ()L — M DBIIZ A7 % [ I B ik
L7eGET, BIAAEESD4mm T, 8 OMEEIX20pm, (b)1E7 — 0.5 B fES
HIRMET, BVIAAZESH3.5mm, FERIT2umER1/10872 5 TNDI LD N7,
[FICHRJE TRIIE D7 — N DIEAFAIL TIZES T, IBVIABEIDEDY, EiE
AT DTN DD 0T TR, BVIAL L ORIZIR DD IA R S4mm Tl
ROAmMmIZX}L T, EVIAAEZA33.5mm TIXRO. Imm&/ NS0, MR ST ~D %
V7 DER A EDNELARY, BTG OIUHERE O — i HE & B TR FE R Gk D 2 v 7 DR 7
DNV DS NS TpoTe B 2 BID.

Confluence interface Ridges 20pm

= o

Length ofjsubduction 4mm

(a) Gate 1 opening timing0.1s

Confluence interface Rid%es 2um

Length of subduction 13.5mm _

LS >1

(b) Gate 1 opening timing 0.5s

Fig. 3-8 Cross-sectional observation of the confluence

-9) -



334 RIARIEDIA &S DX VT ORI 42

234 TRLIEEINS, BIEHLEROZ T G2\ T, = AOHELHSCH Rkl
INSNZEZEND, a7 BITHDEVIAL DI L DR EOMERIT, a7 EoX
VI DL E Z T HEB 2 T2, ZZT, ZVTOEAIZOWT, SEM%E VW CRE
HCBIER LT, Fig. 3-9ICHI N2 /R T . IA R &% L UE | CRHIR O Fi Bl 7 A1,
WOIABDIEEDLT AL HATAEL, BVIABDKEDDLTA L ZBTA L EL, ENEN,
#E (A1, Bl), ZELHREHLOFR (A2, B2), ZLTC, HUEH L (A3, B3) ZHIE
L7z, BB A 1E, BE2.5mm T, IVIAZEE730.5, 4, 13.7mmD3FEFHABILELT-.

Groove Ridges

Ridges \\‘

Center

A<——B
Length of subduction

Fig. 3-9 Observation point by SEM

-903 .



Fig. 3-10(ZH0IA 5 & E0.5mmDZ /L7 DL A EIER 5 7R, IBEIALNICEDHAT
AL DRIBIZHDHAITIEIY VT A b HERE CEARIE T ANTEL A, A2 TIRFE 717
F N3 U CHRIAS FEIZARDIZER ML, A3 CIFARE S ANIZEL AL TD. DA D
KDODBTA L TIX, REOBITIIZ A2 IHEN S FIZELAIL TV 53, B2EB3TIE
R ST AN A L CTND.,

Weld-line

A3 B3

Fig. 3-10 Observation of talc orientaion on length of subduction 0.5mm
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KU, Fig. 3-11IHEVIAA R S4mmOBL #2357~ 7. IBVIARDIEEDAT AL D
FBIZHHAITILREEICY 2 VR TA VR TE DM, AT, A3IET
U RZELEIL TWA. IEDIAR DRI DBT A TlX, Bl, B2IXZ V713 KET AT

BL L CUWD 23, B3IARE S AL ML Tua,

Fig. 3-11 Observation of talc orientation on length of subduction 4mm
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B4 I\Z, Fig. 3-12128 b B WIBEDIA A K X13.5mmO B [ 234 7797, A 208
WBEDATAL DRIFAITIZY 2V RTA UNTHER TERV. AT K T7 1M, A3
VIR G AUZEEA L TS, VAR DB EDLBT A T, IVIAA K S4mmE [Fl R
(2, B1, B2IF/AKEHG MIUZELAIL TWS23, BIEIRE A AICEE AL Td,

B3

Fig. 3-12 Observation of talc orientaion on length of subduction 13.7mm
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UL EOBIEERERAFig. 3-1312F LD 7. BVIABLRINRKRELRLELImEH O XN
IIB3DIRIE D LA 3 D HARIE S5 R DRI L7 D . A [BIOD RLTE & O HRIEA32.5mm
T, BIEFLG B I HRIE G AISKI0.6mm O G FH I Zd> D4 /L7 O FL [A] D3P | 252
BIHLEZLND.

1 O}JJTI Length of subduction 1 0}.11’1‘1
Rl

Length of subduction Length of subduction
0.5mm 4.0mm 13.5mm

Bl

B2

B3

Fig. 3-13 Comparison of talc orientation on each length of subduction
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3.3.5 BRIV IA LS H DX L7 OFL )£ AT

Fig. 3-14(a) DSEM#I 220, (bl LH122.2.65TH TH W =2ME LIz Zv# v o D &
ZRIHL, 2V 7 OFCIE A EZFA L=, Fig.3-14(c)IZAC I FEHEZ R UT-. Bl i
MR ST KT Z0° , 0~10° , 10~20° £10° F:\ZEEH Sy A AV CEE M ok

ez E LT

-90°
(b) Binarization (c) Orientation angle

Fig. 3-14 Orientaion angle of talc after bibarization
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Fig. 3-151ZIA R RS ETNLBING, 2V D FiRIEZ T, IFVIAL DR EDA
FTAAZBNWT, REAUE B T5L, IBVIAHRIDREBRDIILIEDST, K
FIANZE ML TEY, Fig. 3-110DA1TY /LR TA L OVIENBEREIN2h o - B[R &
BROND. —J, IBVIAH DK DV EIRDTA BT, (QIFVIAARSH30.5mmlT Xt
LT, (b)DEAT RXdmm#A i3 2&, FJgERE Lo O T, B
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FIGO DT AL AEEDIAH DDV DT AL BIZEBWT, £E, RIEF L, KEL
WEH DO OENL T, IFIERCA VT OELANRREIZ > TNDI LD T,
UL EDZEND, BVIABRSIPREWVEEDIAZ O el D2 v 7 DL E) )7 iz
BlmL, BIE T ~DORLAB D72 07280, —MERD X7 DRLR ERLRDT-0, 1
HIRFOBE 7 M DIHERIZZEN D 72720, B b 3585 2 b5,
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Frequency distribution (%)

Frequency distribution (%)

Frequency distribution (%)
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Fig. 3-15 Orientation of talc depending on deferent length of subduction
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3.3 23 DFig. 3-7C/RLIEIDICHEVIAS RS EFERIZITHBE N HDL LR TE
7. I, BRREI 2L —ar A HWT, IVIALEIO TRIRGEEZ T 7.
Fig. 3-2 O T/RUIEARE2.5SmmD I SR E V2. BItEOFEMAf#T 375

72 IZFig. 3-161T T IONHRE T ax 16J8 i EIL Tz Aoy 2 E T LV ELT-.

Runner

Gate 1
16 Layer

Gate 2

Fig.3-16 Shape of simulation model

a2l —va i Autodesk Moldflow Insight 2018 (MoldFlow#E#Y) 2 V7=, kLB
KON, AR AW O =2 — b fEIR S mE A BT O I =2 — h o PR E
H4 2% W, IRELIE N OBEEL TOMEIO#EERET D20 Fro ()X

{27 L7z2-domain Tait pvT &7 /L& f# FHL7=10.

v(T,p) = vo(T) [1 —Cln (1 + %)] + v (T,p) *e+*°" (1)

V(T,p) : FTEDIREBLOENTEBT DA
vo: T—VIENINEBaDGE O R E

T :IRE(K)

‘p : JE7i(Pa)

-C : EH(0.0894)
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IR OIRE, B AMHEE, B UNEEOE HEFEMEE, Fito@)=THHC Cross -
WLF ¥5EE5 Vet L=,

n :$ ...... (2)

()
‘n : BHEREEE(Pas)
‘no B AWK (Pas)
y AW (1/s)
T AW I DR E (L~ DEERE L T ORFSIES 7111 (N/mm?)
o BT AT AT TRIET D, @ ARHEIZ BT D& RAIFEK
ZUC, i dn e 3 X OGRS MR AR O VR AR BB & B IR B DR FE 22 b D 25 8)
DORAFRIT, 221 T LIZPP, #/L7 LT AA% VT, Table 2-2 No.4DHELE T

IRG LT BIOPVT (77 - (55 - 1R EE) dh#R A Fig.3-174 v vz,

1.22
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Fig. 3-17 Curves of PVT on mixed material of PP, rubber and talc
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PRal—rar EERIEEO T AW IE S, Table 3-1£[RIUSMET,
JRIRE210°C, @R E30°C, 7 — M DBAZ (I 7 1 Table 3-31R$ & T1To
7. RO EEMH@IT, 7 —MOBZ AL T %7 — 122X L T, 0.1s£0.5sE L, F
IO IR DDA A TE BRI/ DU T O IA BTN D IR E LT, Fiz,
FMQ@LEM@IL, 7 —M ORI AT 5 = AT L CO.1sEBS LR, SO
0.28%% 127 —MZEBAUTZ &M C, FMFEDIF0.15s% 127 —MERAUT- &L, Zh

(28D, BIECHIIE OWVIAL IR T FRAELL, BVIARTEIREWTIT/2D LD
IR ELTZ. UL RIS, BIEAIREOEIARTGIRD, QL& ME@IZUTF
W, FHEQLEMOIIWTIIRERDINTRE L.

Table 3-3 Condition of the open timing of Gate 1 to Gate 2

No Timing of opening and closing of Gatel
@D Open
Close 591 1.0
Gatel Time (s)
@ Open
Closeg o105 10
Gatel Time (s)
©) Open
Close5.102 T.0
Gatel Time (s)
@ Open
Clos§G 1015 T.0

Gatel Time (s)
% (0 time 1s the open timing of Gate2
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2L —ar DFVIAHFESIZENELC TN,

No Experiment result Simulation result

interface

Fig. 3-18 Comparison of simulation and experiment on length of subduction
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Fig. 3-19 Accuracy of experiments and analyses on the length of subduction
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Fig. 3-20 Gate position of bumper and instrument panel'?
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Fig. 3-21 Result of experiment for the effect of shape of slop at confluence
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Fig. 3-22 Comparison of observation on at cofluence section
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Fig. 3-23 Relation of thickness and height of ridges
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