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Verification of failure behavior of a specific type of inlet and outlet fittings containing short glass fibers by
process-structure coupling
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Abstract : To address the issue the issue that short glass fiber (SGF) reinforced composite injection molded parts still exhibit
carly failure even when the traditional structural analysis meets the strength requirements, a specific type of PA66 GF25 inlet and
outlet connector was focused on , and a process-structure coupled analysis model based on Moldflow, Digimat and Ansys was estab-
lished to investigate the failure behavior of injection-molded parts with SGF reinforced material. Moldflow was used to simulate the
injection molding filling process to obtain the fiber orientation distribution and the location of the weld line. Digimat was used to
map the fiber orientation tensor and the weld line, and a structural model accounting for anisotropy and strength reduction at the
weld line was established in Ansys. Tsai-Hill failure criterion was adopted to predict structural fracture failure, and the simulation
results were validated through tooling loading tests. The simulation results show that when using dual-gate configuration, a distinct

weld line region forms in the center of the joint, where the continuity of fiber orientation near the weld line is poor and local stress
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concentration is significant. Traditional isotropic structural analysis predicted a structural ultimate load of 2 352.1 N, whereas the
process-structure coupled analysis which accounted for fiber orientation and the influence of the weld line predicted a failure load of
1 184.1 N. This value is relatively close to the jig test result of 1 079.0 N, with an error of approximately 9.7%. Furthermore, the fail-
ure regions are all located near the weld line. After adjusting the gate system from a dual-gate configuration to a single-gate configu-
ration, the position of the weld line shifted, and the alignment of the primary fiber orientation with the load direction was improved.
The analysis predicted that the structural ultimate load-bearing capacity increased to 2 320.9 N, with an error of only 4.4% compared
to the jig test result of 2 427.1 N. The results indicate that the single-gate configuration for this injection-molded joint can effectively
improve the overall load-bearing capacity of the structure. Furthermore, fiber orientation and the weld line have a significant impact
on the local strength of injection-molded parts with SGF reinforced material. Process-structure coupled analysis, which accounts for
strength reductions due to fiber orientation and the weld line, can accurately reflect the actual failure locations and load-bearing
capacity of injection-molded parts with SGF reinforced material.

Keywords : process-structure coupling analysis ; short glass fiber reinforced composite ; fracture failure ; weld line ; fiber
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Tab.1 Physical properties table for PA66/GF25

Item Values

Modulus of elasticity/MPa 10 400
Fracture strength/MPa 145
Fracture strain/% 2.60
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Tab.2 Dual-gate fixture test data

Sample number Fracture force/N  Bending strength/MPa  Bending strain/%  Fracture bending stress/MPa Fracture bending strain/%
1 1017.3 610.38 222 610.38 222
2 11375 682.5 2.48 682.5 2.48
3 1070.18 642.11 2.27 642.11 227
4 1 083.65 650.19 2.30 650.19 2.30
5 1 086.53 651.92 2.34 651.92 2.34
Average 1 079.03 647.42 2.32 647.42 2.32
Standard deviation 42.97 25.78 0.098 6 25.78 0.098 6
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Tab.3 Parameters optimized through reverse calibration of
Digimat-MX
Parameters Optimized values
Hardening modulus/MPa 50.926
Hardening exponent 298.02
Linear hardening modulus/MPa 17.5
Aspect ratio 27.41
4] b BRI e 2
) M5 MR Tl LR Axial tensile strain/% 2.236 2
Fig. 5 Dual-gate fixture test and results Inplane tensile strain/% 28677
[°] Transverse tensile strain/% 73739
0.9959 l 135.0
0.8303 101.7 ‘ 160 F
l 0.664 7 | LS S W= N 140 -
0.499 0 35.01 ORI 1201 ]
I 03334 P ‘ 0
: : L & 100 -
(a) Fiber orientation tensor (b) Distribution of weld lines = %0
El6  WUbe FELI S B 4s g - ——~ Experimental
. . i o 60 /o FEA
Fig. 6 Moldflow analysis results for dual-gate E “ / Digimat-MF
N 5 O \ S = 3 / o
St X BB 58 Vb S ) A y o,

S N N > 20 - o
5 T 3 0 R, Fe T2 e 1 L
)7 1R PR A BB , FLi TR 070005 0010 0015 0020 0028

Tue strain
s 2R Yan/i: i :ti i 1[5
IS P AEI T4 1 T TS 7 D M
NS b -
(2)1% 7H' E*E&éﬂ *@ y{%j- ° Fig. 7 Reverse calibration of material card in Digimat-MX

FI ] Digimat-MX FEHXT 00,451 90° =~ 7 [i1]

0.990 6 0.990 6
FRURE 5 LA B0 S 7735 i 28 AT 390 ™ os | 8ﬂ
3o 5 U P SR A 275 PAG6 Rk B B Ak S M I o7 ol
GF 1438 AH (O OW 7 2 M R (WL 36 3), HE T A R AL T o 0
Mori-Tanaka 34 51 fL B2 (1) 22 ROE A RL-R F (an & 7 e | 1
FTR)e S RALEE 117 %8t SR AEAE IR B IX B o ool

TERRER b AR BE 498 32 4800.352, ARAEIZAL
YL E S T B R ERE ) 55165 BES 78
Digimat-MS B H Hel Moldflow 13 38 347 i 5%
(1 AR R ) o e 5 SO L AR R, i A AR
O3 PR ARG B LSS 28 Ansys 19 =5 B 7S RS 14
RO L CAnTET 8 1519 BiroR), W Ot T 220 S0 AR B AR 5
A B i e v SRR
(3) £ 1) S PR A A SR A

(a) Mapping result (b) Moldflow input
518  Digimat-MS XU F 72 B et

Fig. 8 Fiber orientation mapping via Digimat-MS for dual-gate scheme

1E Ansys H1 5 AW S B9 RORHE P #5175 T
RIS T 00— By LA SR , >R FH Tsai-Hill v )]
IR AL, Tsai-Hill 1 N3E T4 ] Ak} B
B, H S 80 & i B, B fe 5 5 6 w4 ki
JRAEN] 2z —1, h Hill 2 40 T DA ) R I hnAY



R T Co-GEFTR A T B S ST K DSk A RS T R IR 129

180 X, =0
160 Y = { 7 (5)

N 140 XC’ (%S <0

<5 120

" \___.g P 100 7 = X032 0 (6)

g, e 80 Xe,033,<0

: fw g “"v'\ 60

40
20
1.677

19  Digimat-MS XU 2L it
Fig.9 Weld line mapping via Digimat-MS for dual-gate scheme
FIA IR 1 S BHAEN] , ) 3220 FH 4% 1] S P 1
S JEACRE M Tsai 4 H 0 H TG 48 2, Tsai-
Hill #E ) 2R3, Hrp, X, Y, Z 3Rk
K@) 2K (6).
ol o3 oy Th T, T,

e e
R D G CRD ¢

1 1 1 1 1 1
00l st o | T 0u0s|l T sty

F =

X v r X v r
1 1 1
_0-220-33( _)(2+Y2+Z2) (3)
X3 >0
x =10 gy (4)
Xes 0, <0

KB ZK(6) T : FRRBCRE , F<1 Rkl
Wb FZARES P> 1 R B E LR 0, .00 05
Gy BRI 535 57y 7 5 7oy 23 N BT DN ) 436
XY Z 550 Rt 3207 1) A B 5 X Sk AR
i 5 XA B R 450 5 s X R SR BT )R

(4) IS TC LRI o

H1 & 4 PN B A RSN, ek 20 2
IR AR 32 i s R TR e . Hod,0.8 mm
A% 55 0.4 mm RS X (57 BV T A9 52 fe 71 2%
LR 0.90% (U3 4) , Fe K F 0 1R 220K 0.87%,
BIE WS, A 450 A 45 R B LA IR B RS T e
PEZR . %85 0.4 mm PR FAOCRCR 30K, BEA DT
FCHHE A B A, 107 0.8 mm AR FE R IE T A
JE )[R s ELA B R TSRO TR e 24 LR
JH 0.8 mm 254 WA FEA T

R4 MIETRMEWIE

Tab.4 Mesh independence verification

Mesh size/mm

Number of cells

Maximum principal stress/MPa

Displacement reaction forces/N

Error relative to the 0.4 mm mesh

1.0 396 800 89.74
0.8 681 320 92.60
0.4 3076223 93.41

11493 3.81%
1184.1 0.90%
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Tab.5 Single-gate fixture test data

Sample number Fracture force/N  Bending strength/MPa  Bending strain/%  Fracture bending stress/MPa Fracture bending strain/%

1 2530.77 1518.46 2.92 1518.46 2.92

2 2 533.65 1520.19 3.04 1520.19 3.04

3 2337.49 1402.50 2.77 1402.50 2.77

4 2336.54 1401.92 2.79 1401.92 2.79

5 2397.11 1438.27 2.83 1438.27 2.83
Average 2427.11 1456.27 2.87 1456.27 2.87
Standard deviation 99.03 59.42 0.11 59.42 0.11
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Tab. 6 Simulation and experimental comparison of single gate and double gates designs

Co-simulation of single gate design

Traditional structural simulation of
dual gates design

Ttem Co-simulation of dual gates design
Simulation values/N 1184.1
Experimental ultimate load value/N 1079.0
Error values/% 9.7
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