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Mechanical Properties of PE-HD Materials Based on DIC System
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Abstract : The effects of loading rate and gasoline soak time on the tensile properties of high-density polyethylene ( PE-HD )

materials were studied by digital image correlation (DIC) method. Experimental results show that the yield stress increases with

the loading rate , but with the increase of loading rate, the influence of the loading rate on the yield stress decreases gradually. The

clongation at break decreases with theincrease of loading.rate, the yield strain have no dependence on the loading rate, the elastic

modulus of the material under different loading rates are calculated. The yield stress and elastic modulus of the PE-HD treated by

gasoline decrease rapidly with immersion time.and then become stable, the strength of the material reduces to a stable value.

Keywords : digital image correlation ; high density polyethylene ; loading rate ; gasoline

I 2 B B, BEARVA A HER, 1 4 e TR #E
VISR o 2 B2 PR RE O 2 oA AR A5 il
SR AT T o MIAGIMFE PR HAEE X 4 4>
AT . B SR O (PE-HD)
R TR U R E i R B TR A
5, Tt ol T ol , AR SRR s ) I I 3
RESDERMFE AR BT . SR A s PR YA
ZENMAR ) PE-HD & HUBH B & AH X e, Herh e
BRI R 2 2 —{# J2 X PE-HD Y Jy 24P RE DL K
el FH 2 A v T o PR BB Y s B = TR AR AL
kb B K BRI REAE ¥ 2534 T . [E PE-HD & FM s
BARAN A e 5 1] 5 ZEUA 55 B SR AR SR A I g
RUPEAT T #4805 7. M. L. Reis % 7 2 A. Dasari %
B9 1 I B RN AR 5N PE-HD 12247 0 BRI 5
oy 3% R 45 O3 557 Sherwood-Frost 152 % X} PE-HD
(1) 72247 AT T 5 SR X LE A 5T AR & X
PE-HD 5 IS, >k FH UL 2 AE e P gs
ML 732, SR A i) 2 S0 40 FIAR R i 4 1

AR XN AR TR, BAL S
D7 R ERE SR 2 K, A W R s,
SEA BT USRI SE3: (DIC) N A8 MR AT RS F 5
TN R AN IR L R X PE-HD 15 4 F M4 khr
fPERESZ I, X SE IR A5 R T .

1 EIERS

1.1 BM#

PE-HD #z ¥t: i {4 B Ik & R ~F &% ASTM
D638-10 & BS EN ISO 527 : 2012 ¥ 3fhn T, 3%
A RIS B o
1.2 MEEEXE

TR il FE 7 BE A RHATRAL : RGM—-6100 74
TR B KA AT A PR F] 5

DIC {88 B - VH 238l K2 o

*NSFC M _F 2015 101 H (11572020 ), Jb 5t At 2 it R KR 735
sl

RN U B PS4 )2

Wi H 391 2016-12-19


杨超


42 TR

2017 4F, 45 45 45 46 3 1)

1.3 DIC &R Z5H AR4%

DIC $7 A M S — il Fir v 4 )6 27 00 e A R
S0, AR HE i, BicHE R AR AT L B A BRI,
DU B v, 3 A R SO A Rz ) R RHIE A
BT PR, ZEE W M R R A AR v B AR Y
KRR A, PR A% 4 i iy A2 X A (A 5]
45 ) ©ASBEI L 2B i S LI 225K, ok
DIC MRHE AR REAR A Hb i R ASTE T 4 7 28 I [+
1.4 XA A&

TERCF BB T, B TR B AR B/
B3 o A PR 2 T P R RGOR S e, PR
1) G R TH LA RE S 7R 2 AR TR A B I BRERL K B
1A (BRENLECER ), 255 b K ity S dorid i AT
TE RS R T REATL T 8 1 MG i A5 O, 78
RSN BB NHEER /N R 3 MR
PR R AT B b A OB B e KA

—i
% 2T

B HRERRE
1.5 ¥k

(1) PrAfsLs

B 1 BEEARE . BT ARSI A S R (2
25°C) Fitfr. RIS R B 8 R ot A7
P szl U RIS AT - AR SR
153 R A G2 R Y A 1 a2 IR 9 a7 ) 3K
4, B R R 937 YK .

TRV L PR S5« 5 ML A n 28 2R 000l Ry
0.06,0.6,6,60,300 mm /min, 43 %L H 3
EE, DLRBREAR I S50 (AR A S g 45 1

2LV S R UM R 4% 6 mm / min,
BRI ] A 0 1,3,5 d & 1,2,3 J8, A
] B BE X 4 N RE , URREAH B S 500 -S4 {EAE
SR

(2) In#Znn i ER R .

& 2 J& DIC Ml R G R B KL xR 5 2 4
FHMLAL Sk , LED HEBASEUE AN (38
AYBTERA ) AR, S5 2 i B AR R i RST ok
1 R P A AL 1) A B 25 R AR L it 2 T 1

P2, [l B CRAUEREARBL A i 5l SR TRk £ 2 (0]
IR 25 7E 5° Z P, SR G R A\ A e ik MY S AR AL
ATHRAE , AT AR AT TR =5 B ARPLIN bS50
d%%&iﬁ, Tl AT

A%

B2 DIC &4

(3) i K A

DIC RGP &R X H e AR, 8
T H TR 1 A S i R i) R R T A T = 4
A, A AR DGR X AR i 5 RS R R 7 XY
JRPEAEFEAT DERE , 388 3 8 DX O s AR AR AR X 2
UG DX 0 R AR BRI S AR SRR - DX 1Y
(L%, SR 5 2t AH AR R 7~ X O i 2 T B 8 ) 28
Pk B XSRS, — A R XA S T —
MRN8 A S T X R (R kAT
A BT LA BENZ AR T e 58 X 16 7%
Gy 3 IR RAS S ke 1 2 i e
R EUR T XA 7 5, & 3 R I bR 4 S
W TR i AR P W A 8 B s R R A,
[i] DI 2 BRI 4 . [ 3 S WIS 2145
EE5 2N

BIAIRAS

R e

TF i B

HAY
3 BRI

2 FERE5ITR
2.1 RREAMEFEILT, RE A ik £ PE-HD
FLAP M AL 69 e
Wk DIC 2GR T A 2] TR ik s
N B4 PE-HD AR st i /NP K B 1)

SEREAT 25, LR 1.
%1 PE-HD WyfifsditiEs MPa
- JnzsE R / (mm - min ')
i 0.06 0.6 6 60 300
H— 792.8  863.1 1050.8 12554 2334.9
W 7947 8389 1211.5 12184 2139.3
H= 770.7 8795 1249.1 14134 22122
S H4ME 786.1 8605 1170.5 12958 2228.8
E +10.9  +16.6 +859  +84.5 +80.7

MR 1 BEEAR W, SR s A il i 2%


杨超


i, %5 FLT DIC R5iH) HDPE JI2EPERERFSY 43

HAR AR MG A
R 2 JERAGHYA Rl 28 AT it AR A2 ) B
BH, w3% 2 T LR JE RS L350 W R 972
o, BTN 28030 it A 1 A8 A B B2
F2 FREMBEZRTERETHEE %

I /
(mm - min™)
Jet IR AR 0.079 0.079 0.078 0.078 0.078

4 JE 3k — iR hZk . & 5 A E NS
NS - REAE LR

1400

1200 ‘,

_ 1000 l\,

£ 800 :‘_»:“_‘:’_‘:‘_T‘_‘ff’;’__,_:»" :

600

400 |

200 | i

0.06 0.6 6 60 300

00 50 100 150 200 250 300

{i%% / mm
——0.06 mm / min; -- —0.6 mm / min; ----—6mm / min;
--= —60 mm / min; —== —300 mm / min
4 2 — prR ML
35-
N AT
€ 25k T
= 7 N . W
~ 20 ;7 -
R i
SR
10
5
0 . . . |
0.00 0.05 0.10 0.15 0.20
——0.06 mm / min; -- —0.6 mm / min; ----—6 mm / min;

-—300 mm / min
IR N i = 3 S o B R il B2

H 1 5 AT 2R o 28k 3 % ek I 2 ) AR e e 28y
HATWE B2, BEE N A 34, AL B4 T Al
A A AR WA R ARITIXAARALIF AR TG
BIR A B, 5 T 48038 3 1) AN DT DR 48038 3 0 T
7T RSN AE AN WS N AL 6. I 6 nT AR Y,
TNz R AE 0 ~ 50 mm / min 2 8] i AR 77 #9251k
i FE AR, 3 30 BT 3o 2 3 X 1] pAY 3 S5 0] A
) JE IS 3 5 WA R, 2 W% PE-HD J2 3 A< AH
KREL, X 5 5 7 TR R S A AL S A
Ko HIELS R, B WSR3 T 2838 % 1)
SRR N o NG AL/ AR WA
BRSPS I PEREAR AT, U] PE-HD 7 fIE A7
MBI OL T BATEF A e . i) — AR it 2
455 T AR IO A B A R mT A — 2 B8, AN [
AR A AR AL L AR TR, B B AN 22 5 A

—-——60 mm / min; ---

32-
30
28
26
24
22
20
18}
16

JERRE ST / MPa

0 56 160 150 260 250 360

JingEE / (mm - min-!)

Bl6 AR F AR i

HACRE A RILR
2.2 AMROEIELERSH

7 A2 1R it (1) PE-HD AR R g
— AR, INZREE R A 6 mm / min, = AR 43
Ak 1,3,5,7,14,21 do lad MR 25 AL B R
(AN 1 — 07 7R fh £ 6T BE R 2R A YR R IR i Y
i A& PE-HD AFRG IR N 7 b6 5 12 1L ) 3
I BAAE , (E R 25 V2 Y S ] F S T St 8 i 6 e £
N VR S A | R SRS T A R L A GiBU D O VAT
FERL AR AT OA, S0 UE AR ) 2 Be R 224k
&l 8 75 1 PE-HD A7 { s A5 e i 122 0 i ] A2 Ak
() HRER o

30 -

I 11/ MPa

0

000 005 010 015 020 025
R AR

— — R -- R4 -3 d;
- —RES d; - —RIET d; - R4 d --—IREE21 d

[# 7 Z3RIMENLE PE-HD (R 1) — Az 2
1300 -
1200
1100 -
1000 -
900 F
800 |
700 |
600 |

500 ! ‘ ‘ ‘ ‘
0 5 10 15 20 25
VIR E] / d
[#1 8 PE-HD (7 il A53 i i 6 o ] frg 22 Akt £k

43U I 1] /N T 7 d IE, 2 AR Ak AR g
KT 7 d iR fta 7122, i B a0, am X
PE-HD {4 1) o7 A 55U A5 8 (%) 52 i 7 17 499 2% L )
FU, Bl B A G R R o 25 BT, 2y
L5 A RE Y S AR A 7 BA S REAIR , X 1 B 2 A A R

Pl / MPa



杨超


44 TR

2017 4F, 45 45 45 46 3 1)

TEFMHR WG A — B R AL, = IR A

FABO T R A TR R R

3 Hig

T DIC ARG RN SERAR AT LIE T, RE

TIMAL S PE-HD $CRE % S IR 07 3 B 48038 2 )

ST TS AL X et 2 ) 4 5 M i o 3k 4

RIS AN T L Dl 5 BT ZRAFR 3R i 28k R A9 8 o

T8/ 5 Jei R 8 5 A s A< A I B G 2R 3l

IR T AN HGHE AT R R AR SRR

LIRS PE-HD B Jii IR B ) A A A6

T PN BRI 1) S R B RS AR Ak T AR, 1

W52 BN PE-HD #oELRA FALTEH, (A2 15

AR BN T A 38 T ARG, L3k 38— B R I 2

T

2 % X #f

[1] ZEiE3e, dKIESC, JEAEA A5 | B RE IR AR YL PR RE S i [H 2%
SHT 31, B S R T, 2012(1):16-18.

Li Qingling, Zhang Xiaowen, Pei Xinjie, et al. Factors affecting
tensile property of HDPE[J]. Refining and Chemical Industry,
2012(1):16-18.

[2] AEML, BRI HDPE / AR A AR MERERTIS (J]. TAEIERIY
F,2008(5):22-25.

Xiong Cheng, Qi Rongrong. Study on‘properties of high density
polyethylene / wood flour composites[J]. Engineering Plastics
Application,2008(5):22-25.

[31 skl HDPE ARIMAT & HIR IR B & R D1 (9], Sk 2%
2009(6):21-23.

Zhang Chao. Present situation and development direction of special
resin for automobile fuel tank[J]. Plastic Packaging,2009(6):21-23.

(4] HRMSHE, THEE 2, RLBT I, sk AR W B BE IR IR I RIT S B
107, ¥R 2011, 04:98-100.

Shao Pengcheng, Wang Yanyu, Li Bo, et al. Research and
application of high-density polyethylene[J]. Plastic Manufacturing,
2011(4):98-100.

[51 Z=0A, XUBT, T2 %, 45 PRI AR 12 i AR MO UERF 7Y
[C] /R G TR Sl KA PRI TR 2,
2015:18-21.

Li Juan, Liu Yuewei, Wang Changsheng, et al. Study and vaildation
on lightweight of automotive fuel thanks[C] // Proceedings of

7 T 7= B

[6]

(7]

(8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

the annual meeting of China Automotive Engineering Society.
Changchun:Society of Automotive Engineering of China,2015:18—
21.
Reis J M L, Pacheco L J, da Costa Mattos H S. Influence of the
temperature and strain rate on the tensile behavior of post-consumer
recycled high-density polyethylene[J]. Polymer Testing,2013,
32:1576-1581.
Reis ] M L, Pacheco L J, da Costa Mattos H S. Temperature and
variable strain rate sensitivity in recycled HDPE[J]. Polymer
Testing,2014,39:30-35.
Dasari A, Misra R D K. On the strain rate sensitivity of high
density polyethylene and polypropylenes[J]. Materials Science and
Engineering:A,2003,358:356-371.
R VT, B, S e LI L AL AP S PR RE SR
FIERBESE [J]. T EEBAL, 2016(4):88-92.
Ma Saier, Xu Jinsheng, Tong Xin, et al. Research on uniaxially
tensile mechanical properties and constitutive mdoel of high density
polyethylene[J]. China Plastic,2016(4):88-92.
Wkl , e, d/INE . BT R AT DG iR A I AR g 2 PR
R [J]-H 1A 2013(14):86-87.
Chen Pan, Wang Yanxiao , Huang Xiaofen. Application of digital
image correlation method in measuring mechanical properties of
materials[J]. Electronic World,2013(14):86-87.
WS TR AN | TR SR DR AR RS T Ik ) = 25
TEMGHIFTTE 1], 598 71°7,2007(6):556-567.
Pan Bing, Xie Huimin, Li Yanjie. Three-dimensional digital
image correlation method for shape and deformation measurement
of an object surface[J]. Journal of Experimental Mechanics,
2007(6):556-567.
Ayoub G, Zairi F, Nait-Abdelaziz M, et al. Modelling large
deformation behaviour under loading—unloading of semicrystalline
polymers:Application to a high density polyethylene[J].
International Journal of Plasticity,2010,26:329-347.
Ognedal A S, Clausen A H, Polanco-Loria M, et al. Experimental
and numerical study on the behaviour of PVC and HDPE in biaxial
tension[J]. Mechanics of Materials,2012,54:18-31.
Tan Yiqiu , Zhang Lei, Guo Meng, et al. Investigation of the
deformation properties of asphalt mixtures with DIC technique[J].
Construction and Building Materials,2012,37:581-590.
Malesa M, Kujawin ska M, Malowany K, et al. Application
of multi-camera DIC system for measurements of industrial

structures[J]. Procedia Engineering,2015, 114:453-460.

AT A AN T b RS AR AT 44 SCIa) S R AR ) SO e B M 9 o A 9 R 9% 0 AR FURR I 7 T R R
B ) Sy rp RS A AR WS =BT BT (IUARAE AR RT ) F2o0, 2t et oy (L AR A8 B g i, A PO — 5 8 A
P4k www.epal973.com, A TR ZHEALATHUG A AN SAERIFILLRGA 55 o 351 KA AHCA TIBA Rk, Bk f s
ANELEA NIRRT, BT 1525 AR TIER B G A S Rl 1A NGB S SR RIRCR]

(TREA R &)


杨超




