34 3 S § =S Vol. 34 No. 3
2019 4E 6 J JOURNAL OF EXPERIMENTAL MECHANICS Jun. 2019

XEHS:1001-4888(2019)03-0388-09

SNTREFFEIEHT P110S
BN FHEELEHR

ZWR, Ea, REL AEF

. AL Tk K2 as 240, PE%E 7100725 2. P AR FHUAR TR 26, V8% 710065)

WE, WEEESMAIBPERZHALFEZ AKRFRARIFIRMER.INREEBRLET W,
B FFR, AT SHHREKAHENERN T EMEIRM R F W, K4 2L Johnson-Cook %
REGH# S EAMBERAXBAR  RHZHBMEA T EEREZTLS>HE . LB E ® A P110S
FRAP HABBETHHOENERFAIZE TR ETHOAFHEETR, EREAN.HART
P110S % # & JBALIE 775MPa, )e AR #R A 758MPa & & 2. 2% ; 3% B M R 835 MPa, 3% & )b 1. 08,
BEE500s 'HBEAER T EM G RRAAFRILHSEMNAERZH T 15.5%; 2 EF 1000s ' FHHA
BT EMe) RBARTRILHAEMAR ST 41.4% ., BEFH 500s 49 P110S & # 30 #, 5% 3%t
LR R G AL E AR, LR B AR 405005 B R & 2 1000s 69 P110S B 4 3h 3 5 B 2 5
AL KRG ETAERS, LBEBIKS. 6%, AL@id LT T % # Johnson-Cook 31 & A&
MR 0 R AR, T A S BAE R T 694 5 A TR AT 5 AT AR IE

XEE: B HF R HEEE,; PII0S£M; &K F2 4

FESES: TU5027.6 X ERARIRAD : A DOI: 10.7520/1001-4888-18-144

0 BlE

TV TE A 7 IR B i e v R 32 S AL b i SRR e S 5 R A Bl A L 5 ) R A IR T R A A Rl
SEHFLE A A5 22 R G R T B N2 A, SCEkE3] SR 25 AU LSDYNA A BRC
GI BT TR TN [ S FLAS A A BE A R JRE B L % B s 24 o i 4 B A A A ) S LA . SCBRLA R
FIBTTEE S 7 I A A — IR AR A Wk Bl B AR 45 T IR S R A B 2R 0 SRR R Y 22
A% 2 IR Fortran 36 5 4 il 7508 7, 20 B 1 5% 00 1048 A i 78 ol 280 4 R IO IR B . 3C
BRL5.6 124 Schlumberger 23w FHH: [ ZEAF & BB T30 FLIRCRIRS (A B9 B IF 1 g, I 000 5 AL BEA
HE R TF T HAASIE B g B AL J) . Schlumberger %5 40 B 28 7% H 568 FLE 1 20 B 45 52 I 7 A L
DAL A rp R R A RO B R e 55 L AR AR S AR L ELHLE 5T B T AT R A A
friE— LN

DAL SCHR 34 08 A0 A — A AT 5 T R AIE 5, A 2% I8 i A5 A LA B 149 3 2 Ja P A0 8l g~ R 1
Xt AR RS2 FT R RE I o ARk S AU B BN TR AR T 2 R B I 9 S 2B TP T R R e R A AR
SR A A 4 T R Rk ek A R B3l Jy e i S 6] AR B0 B A5 e R BB A AR AR AL fE R
A BRI A R B B A AR B S MRS . SCHRL 12 %) B S AL AR A B bR Sl A A

* WFS B HA: 2018-06-14; fEEI BHA: 2018-08-31
HEE£WMAB: HRARREES (51674199 % B
BIEE: S Q964—) B W4 i, EEAFM I TR P I 2# 5% & MBS . Email: yhdou@vip. sina. com



%3 YRR e AR AR T P110S 44 J1 A PRSI F Y 389

KAEWAT TS I T OS5, WA SO R 4 1 T1H % . SCHK[ 13148 ! Zerilli-Armstrong
(Z-A) .Johnson-Cook (J-C) \Bodner-Parton(B-P) A4 J5 # 75 — & 45 14 (938 FH % , 388 2ok 55 28007 g g
A5 ) Hee i, RTINSO 6] L IR AR BT B N sREICR R 8 — i Jr B R . SCHR(14 1ok A SHPB 224858
B2 L MR T H3 B R T R R A AR R RN AR 56 AR L N AR S R AR B I R Y AR 1 5 2R
H13 #4730 B 2 1) 2 25 b, 75 8 T Johnson-Cook #55# rf (i A1 5¢ 2 8, SCBk[15]% F
LS-DYNA #1571 4340 AR BT 2F 6061-T651 FREEFN T-200 B AT 7075-T651 FH 4L A9 A PR T
AR SRk, X J-C B RSB AT TR b, SCRR(12— 14 R AR SO 6 o J-C R
RIS B T S5 . SCHRL LS 1424 17— B0 W H A BRIC AL 7 s J-C ol HAth 20 25 A% #4570 ¢
SR BB . SCERC16— 18 R ZHEAT T ORI A R AN [ 1 A5 1 %6 5% 14 1) sh 25 Pl 52 56, BF 9% 17 o A%
B SRNRE R B A R . SCER(19] AL A INSTRON J5 fig 3 56 ML Al 43 25 X Hopkinson J& FF
(SHPB) XF PMMA i3t {4 75 55 5 1o 25 258 505 Bl P 2647 1 P50 1 46 52 56, R 9 00 28 102 28 R X PMIMA #4 6}
FPERE R . k[ 20] 43 B 3 Hopkinson JEFF X PMMA &4 78 5 56 v 28 RIE Bl N 3547 T f i 1%
G5 925 TN N A8 A PMMA bHREE 5 71 2 P R 52 00

Zi L RTIR , HOATE XA REIR A R Sh 2 T 2R BRI oT B D A A VS BRI A R Bl S A A
RS BA e} 7 2 R 14 5 i L 22 W 4 Rk st 2 A R O R 1) o ST R SE P PR L B2 R T SRR A A I R g
VRN . O T i A 8 R R EOR Bl 2R R B R IR0 B 4 R I L 3845 A H Johnson-Cook )
AN BT S S 4, 5 Bl 2 TR A 2 4 R B O oRS BE L AR SC DLl T F P110S 45 4 S BF 5% X4F
G BURE 0 T b A AT B o R B A S 55 L R g R A R IO 2 A A0 A5 B Rk R A
FHT B A7 8 728 28 5 76 6] — MR 4 - BURE L Iin T @5mm X hsmm B9 520 BAE R 15 A4S, R R0 3h 4%
1 i AR BRI 15 21 BOT- B L A5 BN [R] 0 AR S8R 1 g g R AR it 26, 43 A i AR R P110S 45 A
JoE AR i 3 B v B LR B BB W E 45 A1 Johnson-Cook 3l 25 7 My A5 580 (i S Bk 280, 40 T 3 4R A
FHF &b Y 5 B & A v SR A 4l

1 P110S E#f M F1 Rz 35 # Ze SE 36 43 4

M T RE S HEA RS R BRI 2 BT, %t A A B9 ROST A B R o A RBLAR A R AR JE
i, EFR GB/T228—2002.GB/P7314 — 1987 AyAn i, i [A] K B 75 35 2 2 (D)
L, =11.3 VS, (D
Af, Ly AR K B smm; S, R SRR R AR AL mm?
WAL R e TR A R 4 A, 0 S A 8 R, AUk 19, 05 <09, 19mm® &5 Ly
LS T 150mm, IR i I 538 20 45 10mm, i 468 K BE 170mm.,

i S T =

1 P110S & b4l [ 47 1 52 5638 1
Fig.1 The axial tensile test piece of P110S tubing
P 1 S ARG AL b R ATAORL R B R SE 8 S 1 4R e S A A L 3l e PR S SR SR R R
W25 AT T 4 ZUAR TR S, B 4 2H S 9 RS Y 4 0 SRk VPR E T R SR IR Y 3906 A AR L W 4 AL
Paan e 1 Frow . 4 e 22 i 4 44 (R N Sy AR Hh 2 & 2 FniE 3 fra . Al LLE H L P110S & M i AR BR
775MPa, HARFRAE 758MPa i i 2. 2% 38 FEE ML R 0, = 835MPa, i H 6,/0.=835/775=1. 08, % JE 4N



390 ;oK (2019 4F) 45 34 3

MBS SR @ Bk E LR T 1. 25,8 PLIIOS B M I B AR FELPR TR RM ETR S
“Hﬁ%ﬁ”c
F 1 PL10S % A il 1y v A 52 50350 03 B4

Tab.1 The partial data of P110S tubing axial tensile experimentation

K ds 2 B A fa] /s i fuf /kN %/ mm A /mm B )] /MPa

2238 106. 03 139. 25 13. 65 2.20 795. 41
2239 106. 09 139. 26 13. 65 2.20 795.43
2240 106. 13 139. 27 13. 66 2.21 795. 54
2241 106. 17 139. 40 13.67 2.22 796. 27
2242 106. 23 139. 42 13. 68 2.23 796. 36
2243 106. 27 139.42 13. 68 2.23 796. 36
2244 106. 31 139. 40 13. 69 2.24 796. 27
2245 106. 37 139. 40 13. 69 2.24 796. 23
2246 106. 41 139. 40 13. 69 2.24 796. 23
2247 106. 45 139. 55 13.70 2.25 797.11
2248 106. 51 139. 66 13.71 2.26 797.75
2249 106. 55 139. 66 13.72 2.27 797. 74
2250 106. 61 139.55 13.73 2.28 797.12
2251 106. 65 139.55 13.73 2.28 797.09
2252 106. 69 139. 55 13.73 2.28 797. 10
2253 106. 73 139. 67 13.74 2.29 797.79
2254 106. 79 139.78 13.75 2.30 798. 44
2255 106. 83 139. 80 13.76 2.31 798. 54
2256 106. 88 139. 81 13.76 2.31 798. 59
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Fig. 2 The deformation curve of load and extending in P110S tubing axial tension
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Fig.3 The stress-strain curve of P110S tubing axial tension
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Fig.4 The test piece of high strain rate dynamic load impact experimentation in P110S tubing
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Fig.5 The schematic diagram of Hopkinon compression bar test installation
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Tab.2 The partial test date of P110S tubing in high strain rate dynamic load impact

500s ' 500s ' 1000s ' 1000s ' 1000s '

[ Jj/MPa  WiAE R J)/MPa  JAE | Jj/MPa WAE | RS /MPa WA | /MPa JNAE

84.762 0.082 106. 036 0. 188 219. 307 0.190 92.977 0.196 102. 469 0.075
82.975 0. 082 107. 459 0.188 218.871 0.190 92.375 0.196 102. 836 0.075
82.245 0. 082 106. 451 0.188 217.580 0.190 92.070 0.196 100. 896 0.075
79.950 0. 082 104. 795 0.188 218. 634 0.190 91.713 0.196 101. 193 0.075
79.338 0.082 105. 449 0. 188 215. 687 0.190 89.909 0.196 100. 612 0.075
78.025 0.082 103. 936 0. 188 212.663 0. 190 91.801 0.196 99. 915 0.075
77.705 0. 082 101. 449 0.188 214. 089 0.190 91. 295 0.196 101. 908 0.075
78.027 0. 082 102. 646 0.188 209. 467 0.190 90. 029 0.196 100. 558 0.075
74.312 0. 082 99. 264 0.188 208. 646 0.190 90.573 0.196 100. 285 0.075
73.212 0.082 98. 581 0.188 204. 989 0.190 87.918 0.196 103. 336 0.075
71.672 0.082 99.922 0.188 204.992 0.190 86.229 0.196 103. 508 0.075
72.250 0. 082 93.319 0.188 212.682 0.190 86. 231 0.196 106. 328 0.075
77.068 0. 082 99.541 0.188 210.122 0.190 84.541 0.196 100. 778 0.075

69. 362 0. 082 91. 885 0. 187 212. 688 0.190 91. 306 0.196 92.239 0.075

63.583 0.082 86. 143 0.187 210.128 0. 190 91.307 0.196 102. 489 0.075

UnTE 6 JIr 7 o ARG KON 2 22 M AN [R) N A8 RN A4 1 A7 0 AR i 2 mT LA L AR R 500 B EE
P25 T 28 AS B 45 P110S 45 4 1 i IR BR o, “F {2 895MPa. H i 25 SCIfEL 775MPa 2 5 T
15. 5% s B EM R o, 5 990MPa, BFF A ICMAE IR = T 18. 600, WAL R 1000s ' SHEAE AT, =5 M £k
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Tab.3 The values of P110S tubing Johnson-Cook model parameter
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Fig. 6 The stress and strain curves of P110S

tubing in different strain rates

HESH A/MPa B/MPa n C m T./K T,./K
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Tab.4 The dynamic load coefficient table of typic steel in different operating mode
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Experimental study on mechanical properties of
P110S tubing under high strain rate loading

LI Ming-fei', XU Fei’, DOU Yi-hua', LIU Yu-xue'
(1. Northwestern Polytechnical University, School of Mechanical Engineering, Xi'an 710072, China;
2. Xi'an Shiyou University, Xi'an 710065, China)

Abstract: During production and service, tubing often suffers from dynamic loading effects such as
perforating impact and fluid induced vibration, causing accidents such as plastic bending and fracture
of the tubing strings. In order to quantify the dynamic load factor and the increase amplitude of pipe
yield limit under dynamic loads, obtain the key parameters of the dynamic constitutive model of
materials represented by the Johnson-cook, and improve the strength and safety analysis accuracy of
the strings under dynamic load, this work performs axial tensile tests under static load and mechanical
tests under high strain rate impact by taking the commonly used P110S pipe in oil field as an example.
The results show that the yield limit of P110S pipe under static load is 775MPa, which is 2. 2% higher
than the nominal value of 758 MPa; the strength limit is 835MPa and the strong-flex ratio is 1. 08.

1

Under the dynamic load with a strain rate of 500s™", the yield limit of the pipe is increased by 15.5%
compared with the static measured values. Under that of 1000s ', the yield limit of the pipe is 41.4 %
higher than the static measured values. The dynamic load of P110S pipe with a strain rate of 50087 is
attributed to the fluid induced pipe vibration, and its strength is reduced by 4.5%. The dynamic load
1

test of P110S pipe with a strain rate of 1000s™' corresponds to the vibration of the pipe string due to
perforation, and the intensity is reduced by 8. 6%. The key parameters of the Johnson-cook dynamic
constitutive model of pipe are determined by experiments, which could provide experimental evidence
for the accurate finite element simulation analysis under dynamic load.

Keywords: dynamic properties; high strain rate; P110S pipe; dynamic load factor



