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Analysis for Neck Propagation of Plastic Molding (1)
—Neck Propagation Behavior of Polybutylene Terephthalate Molding—

Nonomura, Chisato*'/Yamashita, Katsuhisa*'/Tange, Akio*'
Uetsuji, Yasutomo*?/Yokoyama, Atsushi*’/Yamada, Toshiro**

The neck formation and neck propagation behavior of plastic moldings are very complicated
and one of the most important subjects in the field of polymer processing. In this paper, we report
our results on the necking and neck propagation behavior for Polybutylene terephthalate (PBT) in
uniaxial tension tests. In addition, a numerical model for PBT molding has been developed, and
the neck propagation behavior under tensile load has been analyzed by the finite element method
(FEM). By comparing numerical results with experimental ones, it could be confirmed that neck-
ing initiates and propagates after the specimen undergoes uniform plastic deformation. The effect
of strain rate on load-displacement behavior has also been studied in uniaxial tensile tests. Fur-
thermore, a constitutive relationship at low strain rates, which can be used to estimate the actual
load-displacement behavior, could be obtained by FEM.

Key words : Neck propagation/PBT molding/Finite element method/Strain rate/

Load-displacement behavior
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P L RS LI L HEBELE LS. LAL, 0K
I BRI L R & OBIRE FERICE R L-NEICD
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PRI PET 74 VAL IEELRZMHEE LT, PBT BKF
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2. EBH &

2.1 BIiREBRH

PBT #E (RERHEE : EMC700-01) 2HWwT, ¥~
~NOVELG R ER K (ISO 3167 : 1993(E) ; 4 £ 170 mm,
W EROIE 20 mm, PTHOE S 80 mm, FATEHOIE 10
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1R,
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s OHPRTEALSE, T, BELFEIEE (230)
—EBE LTHIRRBR#1To7. ChoDEBEMAYILD
TERLIRT.

3. XRBE R

3.1 ME-ZRBEFRICONT
PBT Bl B T, ERHERLOH/ONLHE-E
MBIER (v 7 RITHK DR E L TET T 2 LR IR R

170
114
4 L 80 »
~_ i
&
B ?7
Initial distance between grips
Unit : mm

Fig.1 Dimensions of test specimen
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FIZ—EHETH v 7 EITHERYPREIHETT 5.
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20, 50 mm/min) DM E-EMEH{ERIICRT. &b,

Table1l Testing conditions

Test material Polybutylene terephthalate
(PBT)
Shape of test specimen ISO 3167:1993(E)

Initial distance between grips

(mm) 114
Temperature () 23 (Constant)
Crosshead speed V (mm/min) 1,2,5, 10, 20,50
Region I Region I
d
c
Bl b f
5 : Region 1
’ . e /
i i Elastic region
Region IV

a
Displacement

Fig.2 Generalized load-displacement diagram

3 K .
V=5 2 1 (m/min)
gz - )
'8 o
|
vV =50 20 10 (mm/min)
0
0 5 10 15 20 25

Displacement (mm)
Fig.3 Experimental result for load-displacement dia-
grams with varying crosshead speed
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Fig.4 Relation between Young's modulus and

crosshead speed
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Fig.6 Relation between displacement at points d, e, f
and crosshead speed
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Fig.7 Relation between load at points d, e, f and
crosshead speed
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Fig. 10 Relation between thickness and distance from
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Fig.11 Finite element mesh for test specimen
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Fig. 12 Uniaxial true stress-logarithmic strain curve
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5. BIEMHER

5.1 HE-ZMBEFRICOVWT

WE-EMBERIE, o, Hi, Hyy Hs, €2, &3I2KE
CHEIFT S, QIR X ) ICEIEREBREFOWE - 247 X
YRELE, 6, Hi, Hs %~ & LT, H, &2, €m
2 EAL SR HE OBIERITRER D B OB P R
B (kv Z7EITHRDPREICHETT LR I TOWE-
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Table 2 Conditions of numerical analysis

Young's modulus E (GPa) 1. 73(Constant)
Poisson's ratio v(-) 0. 38 (Constant)
Yield stress ay (MPa) 24.5(Constant)

Tangent modulus in Region 1

H; (MPa) | 83.9~64. 2(Constant)
Tangent modulus in Region 2

H, (MPa) 4.89, 19.4, 33.6
Tangent modulus in Region 3

H; (GPa) 1. 47 (Constant)

Equivalent plastic strain at the
beginning of Region 2 €p2(—)

Equivalent plastic strain at the
beginning of Region 3 €pa(~)

Yield criteria

Hardening rule

0.162, 0.170, 0.178

1.00, 1.10, 1.20
von Mises
Isotropic hardening

3
. %
- -
g1
- £, =0162 0.170 0.178
0
0 5 10 15 20 25

Displacement (mm)

Fig. 13 Numerical result for load-displacement dia-
grams with varying &: (H:=19.4 MPa, €ps=
1.10)
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Fig.14 Numerical result for load-displacement dia-
grams with varying H; (€,2=0. 170, £,3=1. 10)
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Fig.15 Numerical result for load-displacement dia-
grams with varying €, (H:=19.4 MPa, &=
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Fig.16 Comparison of load-displacement diagrams
between experimental and numerical results
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6. & =

PBT B 81 2 sl i BB O KERH R ISO W
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Fig.17 Numerical result for deformation diagrams
with varying displacement

Table3 Comparison of width and thickness between
experimental and numerical results

Experiment | FEM
Width (mm) 6.37 6.30
Necked region | Thickness Center 1.67 1.95
(mm)| Edge 2.29 2.21
| Width (mm) 9.65 9.65

Unnecked region =
Thickness (mm) 3.87 3.86

328

12 28) OBEEEIC ST 4. MEEBICB VT,

DFAOELAEL, H2oWmELR120EIRTEDOH
1213, RER OWMBIMEZIC X 2 AR T 5. &
RBEOFME—ZMERICBILEEI~T (K238 3,
BIEH—a BT AR (K123H) OFE 1 IHIEY
5. 2%, BRIREHBEOR2DHEEIT (b—c S EIKX
12041 O/ EEHSIC, K2oE®RI (c-d 5H) &
12 DB 1 OBRELTICENENIFIDT H. i,

AL E O T AROBRHIERTE & 7 5 KREFRHEBR T, HIEH
—AHOTABROEFRBEEZERTREL T 5 (g
) ct&, &hoy—2BNEE»#iicoh, RABRH
ORISR LT &, AWSHEEETIZENTTL
L7:0ThH5b. FOH, EEBREFE 120 H: DfEIZ %
e, AvFUIBEETELDOSEEWIZL, 2D
FEMMOBIE (d-e B FR120M8EE2 I RT 5.

Ho2odEhbe HIZBIIAWEORI R, 12 @D €53
Off GEB2OKER) \HEHFT 5. 72, H2I2BIT5
HERVOBX (de HH) 1, 120D H OEICHIET
L. FOM, M2 0 ef HEICBIT DT MR EEMI
HKERH HRERIC BT ARA M OWRES (K11 0 B JEfk

(a) Numerical result for deformation diagram

(b) Photograph of necked PBT molding

Fig.18 Comparison of deformation behavior at

necked region between experimental and nu-
merical results
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BOWT—EDRELMT TOERZIToTWAED, V =50
mm/min D&, F v Z7HICBTHREZES LR
LTWA I EARBEINTWS, ZhiE, &y 7 Homk
ERDOETIZL o TRETLRBLRBOFRIZLE D
DEEZZOND, OFARBEFTFICBOEEICE, B
ERAZL DRB L7248 » 7 IR BB LTL v,
WEABESRAEL LR A0 v 7 HOBELRESITEA
ERBLNZWH, DT ABENHECEEICE, BEERIC
FORBUIAy 7 HPHMET BENCH - 2 BHER
BL, BAESHBEY LES20% Y 7 ROIRE LA
BRI AEEZONS., Lo T, EBHEENLE
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LN E—EMBERO O RAEERERICOWTERT
AN, BUERICL A2 RARNTERTEXZHBNTIE
MEZVH, BALPCEEREROMETRIGEELERORS
NBGEIIIRERGFE T ERATE LR RS,

EERFERNS, OTAEEOWEIMNCLY, Yo rE B
KIBTNZDWTIL, bFriiEmofn (K4, 5 28R) 5
RonakERELIZ 2. —FF, OFAEEDOHMIC
L0, Ay XU IOHBTLIENE 2128 F54dH
DENE) 122V Tk, Ao (K63 MRS
5. SHEFIFICB WL, WD L) RREIZL 2R
HETEDLEEZONSL), WHHEE Wiy o7
TLARROFEI) 2BV TiE, BRIC K Z2AMEET 2 854
LIENTELEWEEZOND,

CHXHIT, PBTREMROEBRNZHRIT LI LIIS
W, Rv 7 ESOMBERIC L 2RI BRI 572
%, BREE LD BBl E Y (BRI L
T, BYOFHREE L 25) Balik, ASORLAER
B Z Z R L TR W Z B 72 Bl @it o &4
EAREINSG, LHL, BRERIC L 2 REOBRIE
MTELRVWOTABEOHEBRICBWTIE, BEKERICX
SO ENEERTHILPATRELRD.

6.4 EXIFHIBERNCEZZBEICOVT

AvF U TRAPy IEITRRE LD L L) L RERS
BICBWT, v 7 uERETEZIRE UBERR % B
LTWARBMTOEEZIFT TR, K%, PBTHIFO
miEED ZR LRI OREPLETHL L B3,
Hall 5%, PBT M RTERBIZB L IZT 0T AROZEIC
DWTHLKEBELTBY, OFAN0.0Ta RO
SEA0.99, O3 AH0.086 T a B 5 45510, 45,
U3 ARDY0.142 Ta BEE B OSRNT0.04 124 5 LHE L
Twh, OFARENTFICBVWERTH AV =1 mm/
min DEFHFICBWT, PBTRIERP A v F V72 BIT
OTHREF0.2ULETH B0, 1TEAE B ERRICE
BLTWwWAEEZLNS, Zhid, Tashiro 5P DA
HBHITYURIIERENL, I unES b EERE L
TWBEWI)HBELERBIC—ETE. LirL, O FAE
EhHE DL, 2vF U 2RITOTABEINEL R
D, ITLAEFRREHICIRBLTWS L IZRS 2w
B, TOEHIT, RWMTEYL 20T AREEEREER,
BRFEORBIC L 23R (REASTE), HREELER
ZEE L OBEBRICOVWTEAEELZELBRINTVWS, Xo
T, MRS BRI E O LBEREZRT S LPS
BOWFRETH .

T/, AMTHHRE L2 PBT BEMIE, FHERICE S
THREL TSRS, AF Y - a7RBIIHALHIIHEELT
W3 EZZ 575, Hobbs 513, PBT BB 20412
EMBEOREIZL T, AF VEOEALINENT S LR
HELTWAD, ZOXAFVEBOERL, HiibiEd, H3n
HHICEETBLIZTEEZONTVS, RBICBITSH
BTk, AF> - a7z LBl cEnt
LCTWwaA, 2y r2@miEeedid k) RREREHIICO
WT, X7 UBBlED»SOBMEETICL T, EREHD
BB ELETHI LI, LENLTHICEERED S
LEZOND,
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ZOXIHIC, KaHE, BEETED T, AROREK
Ttk 2 O3 Aol BEARARE % 2R L 7o & BRI LSRR A8
5T EPRELGHBROBRFTRETH 5.

7. ¥ Bl

PBT KM DFIRABRKN 2RI, 2y F 7R Ay
JEIEBRZ LD o B EOWNE -EUEHR X v 715
XREOBE RO BRBHOBZ 21772, 72, B
REZEIC L AMMEEN L DO ETERL, EBRERED
W AT o 7288, RITORTHmE B
@ PBT EEMIZ, BRESICEA Y F U 7IIRELET,

RPN~ ICHEBERAEITT 5 2 L BB S .

FOH, AvFUVITIBIURy 7 ERIEBEAPRIL L

LHERTEX .
® PBTHEEAOBRIZBITIAWME-ZEMNERIIBITA

O T ABREREEZIRABRICEVHOHIL .
® PBT B 2RI, T ABEIHI BV

BV, ElloRNE -Z2VER2BHIT AT LD

B ZHEBIT I VEBLZERTE L,

RET O, EIFEICBIT L ERERO T &N HUE
AT, O AEEREN % EREICEER T 2B oMET,
WWERIC L B RM % FICERL-BRIOKRE, 256
W, KRR, BRE LKA L ok FEICKRET T A
CENSHOMIEBEEL L TR

AW RO IRAR T FER T 5124740, BHEZHWAE
SR OMEEER, REHBRRICBILHBE L LT 5.
KHIFEDFEF 2 W SN HERRICEH T 5.
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