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Analysis for Neck Propagation of Plastic Molding (2)
—Necking Behavior of Poly (butylene telephthalate) under Uniaxial Drawing—

Yamashita, Katsuhisa*'/Tange, Akio*!/Nonomura, Chisato*'/Nakai, Asami*?/Yamada, Toshiro**

The load displacement and deformation behavior along with the accompanying changes in sur-

. face temperature during neck formation and propagation under tensile loading were investigated

for poly (butylenes terephthalate (PBT). A numerical model for PBT molding was developed and

the neck deformation behavior under tensile loadings was analyzed by the finite element method
(FEM). Numerical results were compared with experimental ones.

The experimental results showed that neck formation did not occur immediately after the yield,
but instead a homogeneous plastic deformation throughout the test piece proceeded the neck for-
mation and propagation. It was observed that an increase in temperature did not occur before the
start of the neck formation. The load - displacement behavior obtained by numerical models could
well describe the experimental results when an elastic-plastic model under stable temperature
conditions was adopted to describe the necking behavior of the PBT sample. Furthermore, the de-
pendency of strain rate on the neck formation was shown to be affected by the instability of plas-

ticity from the numerical results.

Key words : Necking behavior/Poly (butylene terephthalate) /Tensile loadings/

Finite element method
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2.1 SI3RERK

ARFZEICfEH L7 PBT IR CGREMEE  EMC 700-
01) 1%, AhA 228C, I REBIEE25C THY, 20
g2 HVCE R GRERME 1 1S800) 2k,
BIEEREBE 2R S0l X05BRBOLHEE2FEL
2R, FIERREBR X, BT HOE X 80 mm, 1§ 10 mm,
EX4mmD ¥ v X))V A5k KB (ISO 3167 : 1993
(E)) #fRL7.

2.2 FEREDOAE

RED OREN REEE X, FYMRRGHREST TH 3102
B (NEC=Z%H) #HVT, H1ERTLICEFII4

Tablel Conditions of injection molding

TOSHIBA IS80G-2 A

Injection machine

Melt temperature () 230
Mold temperature () 23

Injection pressure (MPa) 9.5
Packing pressure (MPa) 10.0
Injection time (s) 8.0
Cooling time (s) 16.0
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3. RBER

3.1 HBRFOFXEEENZEL

Fx v 7 BOEMICNTARNE, LU, KEREE
OEBEO—FIE LT, V=10mm/min D FR% K 2 TR
3. FORER, FRIGRBEHRESHIB T 2RAMEZ R
3. RERBAIED D a B E TOMEL, IS ITHWEHIEML,
AL bETITORER, DTPICRITAETHIHES

'Load ing direction

Infrared
thermometer
Specimen
. Capturin
Grip system

Fig.1 Apparatus for thermometry in tensile test

Table2 Test conditions

PBT
Shape of test specimen 1SO 3167 : 1993 (E)
Initial distance between grips (mm) 114
Temperature (T) 23 (Constant)
Crosshead speed V (mm/min) | 1, 2, 5, 10, 20, 50

Test material

a b |~ —~
\’\ £
2 C 140,
C =
= / A%\ 5
g 1 f— / X X 20 ©
-1 d o
A B =
N s

0 0

0 5 10 15 20

Displacement (mm)

Fig.2 Experimental results for load-displacement dia-
gram and temperature-displacement diagram
at V=10 mm/min
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Fig.3 Changes of temperature near necking point in
tensile loading direction. (V =10 mm/min)
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Fig.4 Changes of temperature near necking point in
transverse direction. (V =10 mm/min)
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Fig.5 Experimental results for load-displacement dia-
grams with varying crosshead speed
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Fig.6 Relationship between displacement
and temperature

DEMDEIMT 5 EPHRIN. Ay F UV 7HRET
LEME, RAHCTEREEOHMNCE %> TP TS
BEPHEREINS. T, v 2RITBOFEIR, FIEHE
BERREVCHEICRIT A EDMHRSIN. K6 1245
REREICBITBRBT ORERE L EVNEORRTRT.
KRB ORELERZ, STOLGETHEMET T 2EMT
BIEL, AvF it doTRET LI EPHESH
7o, REEFROBRKAEIX, ETORGETERY ¥V TEBEO%E
PLThHY, AvFrrLoMEEIHR SN $72, 2y
IRIZE TR, £ TOLRNTE v F ¥ VEBORE ERE
Baxhhhol. B7I12V=1, 10, 100 mm 2B 5% v
FUUBE () DEERECEBRKEZRT. wTFho
REFICBOTH Ry 7 BOPLSRKREICR Y, fu
WERNBRLBEMMPVBBRINS, T, RSICREBRAE
HORE LR EFIREE L OMBRERT, BEOLAIX
FIRHEICE Do THWINT A Z AR S,

4. HREFEICL ZEIMER

4.1 BIRFHE

® =7k

BEHOFIERRD ORBERE, O v F VTR ETO
L, ZEACERERLIBESNEI L0 s, BIER
FrCBWTEREL 2 IKE L - Bl 215 - 7. Mg
Bix, TEOMNETEFHESZREL, LTIORTHERK

BREZMT $16% 5105 2004



21.8 26.2
S ~ 27.5

22.3 34.0 T
23.0 40.5 |
)i
23.6 47.0 W
24.3 53.5
24.9 60.0
V="1mm/min V= 10mm/min V=20mm/min
(D = 18. 2mm) (D = 14. 5mm) (D = 12. 8mm)
T — Unit : deg
10mm
Fig.7 Contour line diagrams of temperature at
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Fig.8 Relationship between increasing in
temperature and crosshead speed
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o, Yield stress
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5 ¥ o
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A

Fig.9 Uniaxial true stress - logarithmic strain curve

Table 3 Conditions of numerical analysis

Young's modulus E (GPa) 2.2
Poisson's ratio W =) 0.38
Yield stress o, (MPa) CASE-1 44.0
CASE-2 49.0
CASE-3 53.0
True stress at Point C o (MPa) 83.0
Strain hardening index n (=) 0.38
Plastic strain
at the beginning of Region3 & (=) 1.1
Yield criteria von Mises
Hardening rule Isotropic hardening

Fig.10 Finite element mesh for test specimen
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Fig.11 Contour line diagrams of equivalent plastic
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Fig.12 Numerical results for load-displacement
diagrams
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Fig.13 Numerical results for plastic strain-
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Fig.14 Contour line diagrams of equivalent plastic
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