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Effects of temperature and pressure to fiber orientation and color intensity

of plastic part by using Taguchi method
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Abstract

Plastic injection parts with fiber reinforce always use for applications of high-strength
injection parts and sometimes for replacement of metal parts. However, part surface problems were
concerned due to limitations of material property, fiber orientation in plastic parts, and improper
injection conditions. This research aimed to study the process parameters that affected fiber
orientation and color intensity of plastic parts. Taguchi method was applied for the design of
experiment (DOE) to analyze the results of average fiber length and color intensity for the injection
part. The main parameters which were melt temperature, mold temperature, and injection pressure
were investigated as injection condition settings in DOE. Plastic flow analysis software was used for
the investigation of average fiber length and colorimeter equipment was used for color intensity
indicating. From the results, the parameters that affected highly to average fiber length and color
intensity were injection pressure and mold temperature respectively. The average fiber length and
color intensity results after improvement with the Taguchi method were 75.62%and 23.12

respectively.
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JEAU gauniiviaeumial (°C) QaUUTUITNA (°C) ANUAUAA (Mpa)
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2 270 80 100
3 280 90 110
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Injection Velocity (%)

L

Injection Pressure (MPa)
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.00 oo b
1828 6784 020 s2.78 4423 ares 3015 28 15.08 T84 000 TE 38 &T.84 8030 EaT

4523 res 30.18 2281 15.08 TEs 0.00

Ram Position (mm) Fam Position (mm)

(n) (@)

2NN 3 F9819N15HIAIAIULEIIUNNTENN 80 % () LazANUAUTA 100 MPa (V)

N1531809n156589R v dulLESuLSe (Fiber orientation)
TunsiwszinisiseasvenduleasuwsineluFununatainmeluswnsunauiimesiy Azl
Handun15As189 Fiber orientation nelulusunsy Moldex3D (Peter H. Foss, 2014) Lilauaninazuwuy

NSI3ERILAEAIUS TiNeItsRanansluannisi (2)
A=A L AUP(C,, C,))+ AR (@) )

Tngaun1s7 (2) duagiluaun1silauiannnissuees 3 wenseiude Jeffery Hydrodynamics
(HD), improved anisotropic rotary diffusion (iIARD) tag Retardant Principal Rate (RPR) lagi#i iARD Uy
wnuiseAIfLUsasiife A“R uay D, uwnuiteduusz@ndandusiug (Correlation Coefficient) Buq

fauanduannisi (3) wag ();
AMED = 512(D,)=2tr(D,)A—=5D, - A=54-D,+104,: D, | (3)

D2
D,=C,(I-Cy 1) @)
|27l

A AMRP gzysynaulfedmnsifives Cuwazr C,, lnedir y AeArnnuduideu (Shear rate)
A D, A9 Anisotropic rotary diffusion tensor %ﬂ%"ﬁuagjﬁuﬁ’] 2tr ¥3A9A1 The square of the rate of the

deformation tensor A1 D e The rate of deformation tensor A1 A A The second-order orientation

order #1 A4, Aa The fourth-order orientation tensor wagAn I Ag Identity matrix
LﬁaD:%(LTJrL) fio Symmetric part of the velocity-gradient tensor L lme?l L fAe The
velocity gradient tensor wagAanals HD2H: I1p2. p2 A8 norm of tensor D* dwisudn RPR wuay
2

a =2 1 <3 o a a . .
23UNYRINISMUANUS O NEUlULESULSIMaDANS laTaInanain (The slow-down of fiber rotation

along the flow) Fsa3uneldainaunisit (5);
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ARPR Z—R'AIOK 'RT (5)
153}
A% =ah i, j,k=1,2,3 (6)

= 1

dlo AR faen Similarity transformation of linear algebra, A" uaz R Aedn Diagonal tay
Rotational matrix A1 R” oA Transpose 184 R uazA1 T A9A1 Transpose operator of a matrix A1
Afl.OK fio The material derivative of a particular diagonal tensor wagAn Superscript ADNATINYOS The
intrinsic orientation kinetics (/OK ) A1 R = [el, e, e3]ﬁaﬂ'ﬁ The rotation matrixitag A, (21 A2 2,3)
FoAanwaziane (Eigenvalues) 909 A4

A1 C,, C,, %oz a fAoAmsiwesvasufisenseninadulewasuwss (Fiber-fiber interaction)
wazgnimualif 0<C, <0.1, 0<C, <1, 0<a <1

MsasavseuAIA MUt uveEULTUY

A15A5deUAIAINAENE (Color intensity) axldiadasfiofi3andn Colorimeter B%e CHN spec
(Model: CS-10, Sensor: Photodiode array, Color space: CIELAB, Illumination system: 8°/diffused
ilLumination)Iuﬂ’liﬁ'ﬂﬁ’lﬂ’s’mL‘ﬁ'uﬁﬁuﬁlzé}’mam’mu’]mg’]u International Commission on Illumination
(Souad et al,, 2019) 1384 Colorimeter ﬁiﬂﬂumii’mﬂ'wﬁugﬂLLamﬂumWﬁ 4 (n) Inedidreveanisin (L)
Tug29 0-100 TngAn 0 agvnefsdmuase 100 avuuneiednn lunstaaduasshnsTaisumisuy
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UNIAIVYIYENEAR 10000 t1Tun15992980U TUNITNTIVEOUILNINITATIVEDUNARUIANIDLAY 2 UL

FUNUNARNAILAAIIUNIND 4 (V)

[mm]
May oy 0.340

0.299
0.258
0.218
0177
0.136
0,085

0.054

Min 0.034

A 5 Nan1531809A1 Filling average fiber range

NANTINTIY

1. wamsAaTinisteeitveadulelstunseanisnigd

nan1svaasan1sssiiveadiloaiuussanlusunsunoufinmesingltitoulunsmaassieis
yyBgnuansaglunisnsd 2 wavesAnadensSesivediuoiiiffignnlsunsueefiumesduldsuan
nannaesd 9 lnefld 7234 % Geuansfedneusniadsvesduloiaiuussiunnieluguelaed
Houlumsdndsil Qaumilviaeuvia 280 °C aumIluun 90 °C uagANuAUAA 100 MPa fiegeHansdnaes
maBesaediuosnnlusnsunesiunosdugnuanseglunnil 7 uasfimmnuernniiaeil 0.34 uu.

Ss1dau S/N w83 Average fiber range fA15¥wing 35.03-37.19 Tnefiduadeves S/N 7 35.95

M19199 2 N1FBONLUUNITNARBINILTININTUALHAYDY Average fiber range

PEUNNIVADULUAIVDA QIR ANURUdawaain  Average fiber
un wanamn (°C) Wil (°C) (Mpa) range (%) N
1 260 (1) 70 (1) 90 (1) 58.73 35.38
2 260 (1) 80 (2) 100 (2) 71.56 37.10
3 260 (1) 90 (3) 110 (3) 59.13 35.44
4 270(2) 70 (1) 100 (2) 70.21 36.93
5 270 (2) 80 (2) 110 (3) 68.98 36.77
6 270(2) 90 (3) 90 (1) 56.40 35.03
7 280 (3) 70 (1) 110 (3) 66.30 36.43
8 280 (3) 80 (2) 90 (1) 62.70 35.95
9 280 (3) 90 (3) 100 (2) 72.34 37.19

Average 3595
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a

M15199 3 N1FPONLUUNITNARBIMILTTNINTULALHARIUTLVDIF

PUNLIADUNAIVBY QIR ANGUdaNaNaRn  AANduYed

un waamn (°C) WHTALN (°C) (Mpa) (L*) N
1 260 (1) 70 (1) 90 (1) 26.31 -28.40
2 260 (1) 80 (2) 100 (2) 25.42 -28.10
3 260 (1) 90 (3) 110 (3) 25.31 -28.06
4 270(2) 70 (1) 100 (2) 24.83 -27.89
5 270 (2) 80 (2) 110 (3) 25.12 -28.00
6 270 (2) 90 (3) 90 (1) 23.77 -27.52
7 280 (3) 70 (1) 110 (3) 27.46 -28.77
8 280 (3) 80 (2) 90 (1) 26.38 -28.42
9 280 (3) 90 (3) 100 (2) 24.14 -27.65

Average  -28.09

a
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'
a A o [

MNNTIATIEANANNNIDVBIINT L I nUAR1SEAUU T8 TILUNNLENE 1S UAT Average fiber range A1y

Y
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ymInnaeunLgNFesiaEdB Analysis of variance (ANOVA) lunisvasesiiinuaseduadeiusesay
95 (& = 0.05) Hau83 ANOVA d§UAN Average fiber range wazA1Amtuvesdgnuanseglunised 6
way 7 audidu Tnerainudesiu (R wes Average fiber range agjﬁ 96.13 % Tusauzdisauidosiuves
mmﬁ’fuﬁagjﬁ 97.83 % dwsudadeiidiasionn Average fiber range agnsiiaddey (P-value < 0.05) Ao

N o [

Aanusudn luvasioauvgluifuiiduladefidmasennuduvesduuiniuanueddfidudfy

<

AN 7 Fununarainannaassdanuteuluvemnind

A15797 6 ANOVA 20961 Average fiber range

Source DF Adj SS Adj MS F-Value P-Value
PrUNNIVABIYAY 2 23.69 11.845 2.08 0.325
QoI TN 2 39.39 19.697 3.46 0.224
ANUAUAA 2 219.91 109.957 19.29 0.049
Error 2 11.40 5.701
Total 8 294.40
$=0.3404 R-sq=96.13 % R-sq(adj) = 84.51 %

A15199 7 ANOVA 989A1ANULUUUDIEUURITUIY

Source DF Adj SS Adj MS F-Value P-Value
PN NADLIARY 2 3.3393 1.6696 14.41 0.065
gaun i 2 5.0508 2.5254 21.79 0.044
AUAUAR 2 2.0644 1.0322 8.91 0.101
Error 2 0.2318 0.1159
Total 8 10.6862
$=0.3404 R-sq = 97.83% R-sq(ad)) = 91.33%
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