B E R E I8 8% 1
JOURNAL OF NETSHAP FORMING EENGINEERING 20164£01 H

A AE T Zd =R DB REE

e, ERKE', BREE, KTk, EAKR, TK'
(1 EBMIR2: MR 5 TR B, M 450001 2. FGE BT R Tl 2 A 4548 o M I K
LG, LT K 116023)

WE. EHARTRETEEASTRE RS FSRA T2 Hh, LESTESR LEF S W

AEEG A B S0, FEH)FFEARB IR P LA TR ENEGHAR RERZOEHELER, A

do— BRI R A m T A AT R AGE . LI BOES R AL A AR F 6 B ) B AT R A AP E R R S 0h 52
G B e HEAE I I . TR TR ik L6 R IRk R Bk 4B Ik AR B R R FIRAT I

7!1 A= 3K ] R A ] S R B A T 45 RUG AR e, E AR MGG BT A Y . BAAAEIA AR A

W AR W ECF IR 53 RARR S 00RO A, = B AR R S b B A, R

%Eﬂm%mfa‘m'r A R g B A, R AL AR B ) R TR A — E ey B R R A AR 69 R A

B s R A2 —

*ﬁgﬁl: ES AR A S BN E; HALAE

DOI: 10.3969/.issn.1674-6457.2016.01.003

HFE SRS TQ320.66 XEAARIZAD: A XEMRS: 1674-6457(2016)01-0014-07

Introduction to Stresses During Injection Molding Process
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ABSTRACT: Stresses induced by injection molding process have significant effects on processing quality and
products final performance, especially on the properties of biomedical-and optical—injection molded parts with higher
prices. Controlling and minimizing the negative processing—induced stresses values is one of the research hot spots,
which is important for scientific theory and injection—processing. Nowadays residual stresses values of injection—molded
parts, instead of the processing—induced stresses, are obtained by experiments or numerical simulation. The current
methods for stress measurement include birefringence measurement, layer—removal method, hole—drilling method,
ultrasonic technology and chemical probe technique. However, the above mentioned methods can only be conducted
after the parts are manufactured. There are rare research job for online stress measurement during injection molding
processing. The simulated residual stresses results of injection—molded parts are the linear combination of flow—induced
stresses and ther—mal—induced stresses based on different mathematical, physical model of filling and cooling stage,
respectively. But the prediction results, regardless the ejection induced mechanical stresses, are restrictive validation for
processing—induced stresses. Stresses real-time measurement during injection molding processing is a kind of emerging
technology and a new fields which will attach more and more attention.
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results of injection molding™

At BRI 10 T A AR R A

1) TEBERAU T T, HGE— B R, A R
S5 T S G 28 R R B R N B A I )RR R
s Hh B S EPE S AR TR
TUELE Y R TR 2R 6 R SR i

VERCHE . W TR R A T RTTAR
DX, BB AN ST RERANE T 53 B 19 DA
SRS BTl

2) SN IBE AR AN T 77 T DA (0
) IR BRI AT IR E T . AT
SRR IR T 35 , oAb 7 i AT 78 B oL K S
e

3) CES R AR P AN AL BRSO
WFFERIEE S, FAL THRR B Bl I 5 s
LA A R S AR A N, IR SRR (BT
S DEHIN I A H, ek A B o
BEE G OWIE A A AR T B, AR D55 1 4y B
RSCHEFE— 2Rk, AR 07k s RIS 5
T, TSR R AR 583

S 3L -

[1] ISAYEV A L Orientation Development in the Injection
Molding of Amorphous Polymers[J].
and Science, 1983,23(51):271—284.

[2] ISAYEV A I,CROUTHAMEL D L. Residual Stress Develop—

ment in the Injection Molding of Polymers|J]. Polymer—plas—
tics Technology and Engineering, 1984,22(2) : 177—232.

[3] BAAIJENS F P T. Calculation of Residual Stresses in Injec—
tion Molded Products[J]. Rheology Acta, 1991,30(1) : 84—
299.

[4] CHANG R Y,CHIOU SY. A Unified K-BKZ Model for Re—

Polymer Engineering

sidual Stress Analysis of Injection Molded Three—dimension—
al Thin Shapes[J]. Polymer Engineering and Science, 1995,
35(22):1733—1747.

[S] KIM H,PARK S J,CHUNG S T, et al. Numerical Modeling of
Injection/compression Molding for Center Gated Disk. Part
1: Injection Molding with Viscoelastic Compressible Fluid
Model[J]. Polymer Engineering and Science, 1999,39(10) :
1930—1942.

[6] LEEY B,KWON T H. Modeling and Numerical Simulation
of Residual Siresses and Birefringence in Injection Molded
Center—gated  Disks[J].
Technology,2001,111(3):214—218.

[7] WIMBERGER R F. The Assessment of Orientation, Stress

Journal of Materials Processing

and Density Distribution in Injection Molded Amorphous
Polymers by Optical Techniques[]J]. Progress in Polymer
Science,2002,20(4) :369—401.

(8]  BARERIE, HHACT , XU K. RA W S LB Ui sh AR A 1 g
HORE S TLIL. J1°72740, 2005,37(3) :272—279.
CHEN Jing-bo, SHEN Chang—yu, LIU Chun—tai. Numerical
Analysis of Flow—induced Residual Stresses in Injection

Molding for Polymer{J]. Acta Mechanica Sinica,2005,37(3) :



%8% F1# PRV IFEE VR R T 2 AR R G N IR A
272—279. TR D). AL AT Jb st b T K%, 2014,

[9] CHOI D S,INN YT. Prediction of Shrinkage and Warpage in
Consideration of Residual Stress in Integrated Simulation of
Injection Molding[J]. Composite Structures, 1999, 47 (4) .
655—665.

[10] Z=TA, JBCoE , BTN, TEEAF AR R B ) U T

[J]. Fb T24% ,2000,51(3) : 308—312.
LI Hai-mei, GU Yuan—xian, SHEN Chang—yu. Numerical
Calculation of Thermal Residual Stress of Injection Molded
Parts[J]. Journal of Chemical Industry and Engineer—
ing,2000,51(3):308—312.

[11] CHEN X, LAN Y C, LI D Q. Analysis of Thermal Residual
Stress in Plastic Injection Molding[J]. Journal of Materials
Processing Technology, 2000, 101(3) :275—280.

[12] KABANEMI K K, CROCHET M J. Thermoviscoelastic Cal-
culation of Residual Stresses and Residual Shapes of Injec—
tion Molded Parts[]J]. Internal Polymer Processing, 2002, 7
(1) :60—70.

[13] KAMAL M R,LAIFOOK R A,HERNANDEZ A J R. Residu—
al Thermal Stresses in Injection Moldings of Thermoplastics:
a Theoretical and Experimental Study[J]. Polymer Engineer—
ing and Science, 2002 ,42(5):1098—1114.

(14] = 748, ATl T 28 60 it 0 T B 5 i D 3% 0 B

(] AL T2, 2007,58(6) : 1575—1580.
GAO Yue-hua, WANG Xi-cheng. Warpage Optimization
and Influence Factor Analysis of Injection Molding[J]. Jour—
nal of Chemical Industry and Engineering(China) , 2007, 58
(6):1575—1580.

[15] & H 4. JE T Kriging AU A P AT 12 B AR T
SRR A R FI[D]. K% : RGP T R, 2009.

GAO Yue—hua. Optimization Methods Based on Kriging Sur—
rogate Model and Their Application in Injection Molding[D].
Dalian: Dalian University of Technology,2009.

[16] XUSCHH , FHT, 240E, 55, JE T Kriging {CHIRAL 1 FE 931
BRARL LA HTIL SRE Tk, 2015,41(1) :53—57.
LIU Wen—juan, WANG Xin—yu, LI Zheng, et al. Residual
Stress Optimization of Injection— Molded Parts Based on
Kriging Surrogate Model[J]. China Plastics Industry,2015,41
(1):53—57.

[17] ISAYEV A L. Injection and Compression Molding Fundamen—
tals[M]. New York: Marcel Dekker Inc, 1987.

[18] JANSEN K M B, ORIJ J J] W. Comparison of Residual Stress
Predictions and Measurements Using Excimer Laser Layer
Removal[J]. Polymer Engineering and Science, 1999, 39
(10):2030—2041.

[19] ZOETELIEF W F,DOUVEN L F D,INGEN H A J. Residual
Thermal Stresses in Injection Molded Products[J]. Polymer
Engineering and Science, 1996, 36(14):1886—1896.

[20] JH i f. 5L TR 7 B AR B SR 5 AR 3 T A T

—

—_

—_

—_

TANG Sheng—de. The Research of Measuring Method of
Polymer Sheet Surfact Internal Stress Based on Ultrasonic
Technology[D]. Beijing: Beijing University of Chemical Tech—
nology,2014.

ZRUEHE , R, B8 SCHT, 45, SR AR A T ARG
HEFEE R W T, 2007(4) : 12—16.

LI Hai-mei, SHEN Chang-yu, XU Wen-li, et al. Residual
Stresses Photoelastic Measurements and Numerical Simula—
tion of Injection Molded Parts[J]. Plastics Industry, 2007 (4) :
12—16.

KIM N H,ISAYEV A 1. Birefringence and Interface Distribu—
tion in Sequential Co—injection Molding of Amorphous Poly—
mers: Simulation and Experiment[C]. SPE ANTEC Technical
Paper, 2008,54:1494—1498.

CHANG Y R, YANG W H, HSU C H, et al. Integrated Nu—
merical Simulations of Birefringence Prediction in Injection
Molded Parts[C]. SPE ANTEC Technical Paper, 2008, 54:
1499—1503.

LAl H E, WANG P J. Experimental Verifications of CAE
Predictions on Birefringence of Injection Molded Lenses[C].
SPE ANTEC Technical Paper,2008,54:421—425.

T2, U, 22—, 55 1R SO S PC il i 2
PERERIEE )], AL T2742,2010,61 (6) : 1555—1559.
WANG Xin, LI Hai-mei, PENG Yi-yan, et al. Effects of An—
nealing on Mechanical Properties of Injection Mold Polycar—
bonate Parts[J]. Journal of Chemical Industry and Engineer—
ing,2010,61(6) : 1555—1559.

[26] xikBA, REAR, AR R, BURHE S R Al A v A [

R REBLAR()]). h A 2003,7(2) :96—99.

JIN Zhi-ming, ZHU Fu-hua, GAO Fu-rong. Solid-bed
Break—up in Injection Moulding[J]. China Plastics, 2003, 7
(2):96—99.

AP AR R R, T R BB A R A T AAL
FECIOI. P EEE,2003,7(4) :88—92.

JIN Zhi-ming, ZHU Fu-hua, GAO Fu-rong. Visualization
Study of the Plastication during Injection Molding ( T )[J].
China Plastics,2003,7(4) : 88—92.

xS EhHE IR, e hE o VA R P e e Y T A S
KBFIE[). PR, 2005,9(9) : 73—76.

JIN Zhi-ming, MA Yan-e, GAO Fu-rong. Experimental
Study of Melting Behavior for Injection Molding by a
Reciporcating Screw[J]. China Plastics,2005,9(9) : 73—76.

[29] ZIFF, TR 0 R R A T SRR - B

IS UMCC R4, 2009,45(2) :294—300.
JIANG Kai-yu, YOKOI H. Experiment Study on Filling Im—
balance Phenomenon of Melt Front during Injection Molding
Process[J]. Journal of Mechanical Engineering, 2009,45(2) :
294—300.



‘ oE R B TR 2016401 1
[30] %M, midE o, MADDOCK {3 BB VE REIF T[T, YK, [39] AT K. P AR AR R A I A5 S5 R AL ST 4 R i
2005,34(5) : 77—80. RRAELAT I b 0 A SERR BT FE[D]. SRR - U1 R, 2006.
JIN Zhi-ming, GAO Fu-rong. Performance of Maddock In— HE Bo-bing. Characterizing of Polymer Morphologies &
jection Screw[J]. Plastics, 2005,34(5) : 77—380. In—situ Monitoring of Injection Molding Process Using Ultra—
[31] 440, B AR 2. T B TR Y AT BEMFER). $88 Tl , sonic Techniques[D]. Chengdu : Sichuan University ,2006.
2007,35(6) :23—25. [40] BRUCKMOSER K,RESCH K,KISSLINGER T. Measurement
JIN Zhi-ming, GAO Fu-rong. Study of Performance of Novel of Interdiffusion in Polymeric Materials by Applying Raman
Injection Screw[J]. China Plastics Industry, 2007, 35 (6) : Spectroscopy[J]. Polymer Testing,2015,46(1):122—133.
23—25. [41] ZHAO Peng, PENG Yi-yan, YANG W M, et al. Crystalliza—
[32] B4 T SRHIN TS ASEOR A S i 5T Sk . v T A% tion Measurements Via Ultrasonic Velocity: Study of Poly
Bl#,2011,13(10) : 58—68. (lactic acid) Parts[J]. Journal of Polymer Science Part
QU Jin-ping. The Latest Progress in Research of Plastics B-Polymer Physics,2015,53(10) : 700—708.
Processing Technology[J]. Engineering Science, 2011, 13 [42] BOUT, i 2R P A TR ORISR OB
(10):58—68. REAELAGIN[T]. L b BHEOR S22 4R (AR , 2010,
[33] 224k 5 R iod i nT AT 5 B BRI 1A D]. JE - b 38(7):29—30.
AL T R7,2008. ZHAO Peng, FU Jian-zhong, LI Yang, et al. On-line Detec—
LI Wei. Visualization Research on Injection Molding Process tion of Plastic Injection Molding Process by Ultrasonic Tech—
and Analysis of Injection Molding Defects[D]. Beijing: Bei— nology[J]. Journal of Huazhong University of Science and
jing University of Chemical Technology,2008. Technology ( Natural Science Edition),2010,38(7):29—30.
[34] FE . R A O R R A 78 B AL s AT A ) Tl AR Ak S 56 [43] LEE H Y, PENG Yi-yan, SHKEL Y M. Strain—dielectric
WFFE[D]. G : SRR T K=, 2010. Response of Dielecirics as Foundation for Electrostriction
TIAN Jing—na. Visualization Experiment Study on the Melt' s Stresses[J]. Journal of Applied Physics, 2005, 98 (7) : 74—
Filling Behavior in Thin—-wall Injection Molding[D]. Dalian: 104.
Dalian University of Technology,2010. [44] PENG Yi-yan,SHKEL Y M,KIM G H. Stress Dielectric Re—
[35] Bk, BT, e f o, VR B O AR A AR SRR B 1 Bl A A sponse in Liquid Polymers[J]. Journal of Rheology, 2005, 49
22 A HO TR, 46T A Bk &AL, 2002,29(2) « (1):297—311.
43—46. [45] PENG Yi-yan, LI Hai-mei, TURNG L S. Development of Di—
CHEN Xi, QIAN Ji—xin, GAO Fu-rong. Modeling of electrostrictive Sensors for On—line Shear Stress Measure—
Meli—flow—length during Injection Filling Stage Based on Dy— ment during the Injection Molding Process[C]// SPE ANTEC,
namic Neural Network Soft-sensor[J]. Control and Instru— 2009.
ments In Chemical Industry, 2002,29(2) :43—46. [46] PENG Yi-yan, LI Hai-mei, TURNG L S. Development of a
[36] BRES, o , AR BT, 2k 00 & i T YR O R R A Ty Rheo-dielectric Sensor for Online Shear Stress Measurement
RS B AR R Dy gk 2 )], P = R, 2002, 6 during the Injection Molding Process[J]. Polymer Engi—
(4):53—56. neering and Science, 2010,50(1) : 61—68.
CHEN Xi, GAO Fu-rong, QIAN Ji—xin. Research on Quality [47] PENG Yi-yan, TURNG L S, CUI Z X, et al. Viscoelastic
Model of Packing Stage: Relationships between Part Quality Properties of Blood Studied through Piezo-resistance Mea—
and Cavity Pressure[J]. China Plastics,2002,6(4) : 53—56. surements|[J]. Biorheology,2011,48(3—4):161—172.
[37] 4B R, mAm o, TR R () I AR R 2 A [48] PENG Yi-yan, TURNG L S, LI Hai-mei, et al. A Study of the
WFEE). WP 8k, 2003,7(3) : 88—91. Relationship between the Rheo-Dielectric Effect and the
JIN Zhi-ming, ZHU Fu-hua, GAO Fu-rong. Study on Melt Elasticity of Viscoelastic Materials[]J]. Journal of Rheology,
Temperature Homogeneity in Injection Molding[J]. China 2011,55(2):301—311.
Plastics, 2003,7(3) : 88—91. [49] PENG Yi-yan, ELLINGHAM T, JIN N, et al. Stress—dielec—
[38] XA, TARA, Whit , 5. kT 1 B i [a] 81t 72 48 11 tric Relationships in Nutella[J]. Journal of Food Engineering,

B TELE M I K o e AR [D]. A Bk, 2010, 36 (3) «
366—374.

ZHAO Chun-hui, WANG Fu-li, YAO Yuan, et al
Phase—based Statistical Modeling, Online Monitoring and
Quality Prediction for Batch Processes[J]. Acta Automatica

Sinica,2010,36(3):366—374.

[50]

2015,154(6) :25—29.

VL e EREVE SR SR AR N I FE LA AT Y D). KB -
FRIN A2, 2013.

JIANG Residual
Measurement of Injection Molded Thin Parts[D]. Zhengzhou:

Research  on Stresses

Yu-long.

Zhengzhou University,2013.



