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Accelerated creep test method of PMMA considering the
influence of temperature and stress
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Abstract: An accelerated creep test method for deep-sea equipment viewport window was proposed in this
paper based on the sensitivity of PMMA(Polymethyl methacrylate) to temperature and stress. A modified
creep constitutive equation based on aging theory was proposed by introducing the influence function of
temperature. The uniaxial compressive creep tests at different temperature and stress levels were carried out,
and the creep constitutive relation of PMMA was obtained by stepwise fitting method. The conversion
relationship of the creep behavior of the viewport under different temperatures and pressures was obtained by
the finite element creep analysis. The accelerated creep test method of the viewport model under the condition
of raised temperature and increased pressure was proposed, and the comparison between the test results and
the calculated results was completed. It is shown that the stress sensitivity of the uniaxial compressive creep
behavior of PMMA is related to temperature. The finite element solution of the conversion coefficient of

viewport’s creep deformation under different temperatures and pressures is different from the calculated
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value. The results of the viewport model are in good agreement with those of finite element creep analysis. In
conclusion, in a certain temperature and stress range, the creep constitutive relation of PMMA obtained in this
paper can well describe the law of uniaxial compressive creep behavior, and that of the viewport can be well
simulated by the finite element creep analysis. The calculation results show that the conversion coefficient of
viewport’s creep displacements between conditions of 25 °C & 26.6 MPa and 3 “C & 20 MPa is 12.2, and this
coefficient can provide a basis for the accelerated creep test.
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Tab.1 Quantities of creep time curve data at different stress and temperature levels

3%C 15C 25 C 40 C
20 MPa 317 316 317 317
30 MPa 377 317 317 316
40 MPa 378 378 378 317

3 BTARHMXERIUG

3 A FHEFZE
H T (20) P EESEEL L, B —F LT matlab N &4 T. B4 cftool MY ARLbERL S
Jrids, BRI,
(1) RN 53 5% A [l B R A FE AT LA A5 R S5 AL ne m LA AE, 1IC1E Ay e
m(i=12,34), Hotin = aT +b, A = B-e 9775 ;
(2) RIGSE m; W EXEm = Y m /Y i
(3) ¥ m AR, WAL SE A, n WIIEE, 124F Ay ny(21,2,3,4)5
(4) RIVARA = B-e™07 T | X Ay AT BB, C. D WAL, b C=—m/p, D=q/p~Ty;
(5) ¥ m. B, C. DRI —2, 152U SH n ALAAE nypp(i=1,2,3,4);
(6) KA n =aT +b, UG nyy, HENZE a, b EAE;
(7) ST EZS B, a. b, m, C. D BEZSAK) X RIS
(8) MIRREHER HAL & o, . T 2GR EASF B AN B LA 1
(9) RH T 5 BRI 5 1A L ROARE 2B - RS TR .
Cov(X,Y)
VVar[X] V/Var[Y]

r(X,Y) = @1

LA TR LA 2.
32 HIEHRERER
$2 3.1 15 A PR I AR e (R 2R A T LA
(1) RHAR e, = Aot IR AR RIS A T LA, 158 4y nys my(i=1,2,3,4) FIAE, L3R 2;
(2) ¥ T ALRGSE m; 15 (Em:

m= Zm/Zz —0.2383 22)
(3) ¥ m=0.2383 AR 155 —2, A (E IR 3;
(4) RIVARA = B-eT07 T, X Ay BATEEISBH B, C. D WA 4);
(5) ¥ B, C. D RWIE—, 13RI SE n WBPLGE nyp(i21,2,3,4), W3R 5;
(6) RAARN = aT +b, % ny MEBFIZH a. b HILATHILE 6;
(7) BT S S B, a. b, m, C. D W AK R BE R
£, =3.304 % 10—180_2.()658><10’2><T—442116t0.2383e% 23)

A, TORREE, B0 K ¢ I, A hs e, EAE IR (%)



760 AR 127 529 5 5 1

ERACH R TS BEAA A, WO RS RS ESSMYIEE . AREH TN ART
17 MPa. i BETE 3 °C~40 °C U 1B A i A HL3E 3 Bl R A8 47 Ry A A, % T 12 73 /N T 17 MPa (45 [,
12 T BE BRI A R S I T e O 10, G EARFF A R MG . H i T8 SRR, i
I AEAR N, T AR SCIN RN 3 7K S B XoF 5 725 11 5 i ] 3 DL 220 g

(8) MR E 1 A A8 o, ¢) T, #eUA X0 EAF RIAR R A PLA(E, LKL 3 iR L

(9) K21 G FHRIGE 5 A A R B =0.9895 MAALIE +=0.9791,

3eciti s [1scitwrdr] [25 cCtii] [+ Cikgord]

| Q)
- o/

=
o .

@

-«

@ o ||
£=Bo*Tme 0
(sH<H]

B Cov(X, Y)
D A _)I,Zl

2 HTF cftool YA HLA TR
Fig.2 Stepwise fitting process based on cftool of MATLAB

x2 FRMEER x3 TR=ZMEER
Tab.2 Fitting results of Step 1 Tab.3 Fitting results of Step 3
TR Ay ny; m; 5 TR Ay, ny; m I
276.15K | 0.0008732 1.509 0.2110  0.9850 276.15K | 0.0008199 1.506 0.2383  0.9826
288.15K | 0.0004496 1.726  0.2301  0.9881 288.15K | 0.0004402 1.726  0.2383  0.9880
298.15K | 0.0002533 1914 0.2334  0.9905 298.15K | 0.0002518 1912 0.2383  0.9905
313.15K | 5.6550E-05 2.427 0.2788  0.9908 313.15K | 6.3300E-05 2.424  0.2383  0.9880

x5 YRAMGER
Tab.5 Fitting results of Step 5

R B C D My M r
®4 SROMGER 276.15K|3.304E~18 1.8900E4 2.9390E2 1.503 0.2383 0.9826
Tab.4 Fitting results of Step 4 288.15K|3.304E~18 1.8900E4 2.9390E2 1.741 0.2383 0.9880
BA5% B c D # 298.15K|3.304E~18 1.8900E4 2.9390E2 1.923 0.2383 0.9905
BIAME 3.304E-18 1.8900E4 2.9390E2 0.9910  313.15K|3.304E-18 1.8900E4 2.9390E2 2.272 0.2383 0.9880

3.3 WA HZ&XfLE F o6 TRAMEHER
K 3 AR R G 45 R 2 i i i A th 005 Tab.6 Fitting results of Step 6
5 IEAE R XS et 2k, Kb 2L g &b & BAZH a b P

Mgk, nTLIER, SIG ik i 50800 —2L, WA 2.0658E—2 —42116 0.9971




5 5 1 R PS5 BRI TR MR AR AT BB B s s - 761

BB, M RTA I EU(23) 18 3 °C~40 °C YN, RERIF st IR TR AT LI Bt [ 4 b 2247 A

() 2 A o
0.5 — 0.6 —
[ R ARAKY Jy R N _
C £C:Ba“r‘ht”’er; L sc:Bo"T*”t’"effF 40 MPa
0.4F 40 MPa L
© I < 04
%Qa _________ = A
f; : = 30 MPa ;‘{ == 30 MPa
& 02 goz
_________ 20 MPa :
== oritungs | W e 20 MPa
0.1 3 °Citge (il - 3 °CIRH
- ——-3°CHIAE o A
0 1 1 1 L 1 1 1 1 1 1 1 1 1 1 O 1 1 1 1 l_|__|_3| Cx}u‘ﬁ{éf 1 1
0 10 20 30 0 10 20 30
AR ) /h BEARHF ] /h
(a)3°C (276.15K) (b) 15°C (288.15K)
0.8 1.4 —
AR A E A A DT R 3 CIBefE
I SC=Bnﬂ—btmeﬁ e 121 £C=B(7“T”’t"’eﬁ - - = =3°CH{IEMH
06l .- 40 MPa N
< r 3 °CIRIR{H =
JE( - - - =3°CHIEME E\{
3 30 MP: 2
& |8
8 ®
20 MPa
0 1 1 1 1 L 1 1 1 1 L 1 1 1 1
0 10 20 30
BEASHF ) /h UGAR S ) /h
(c)25°C (298.15K) (d) 40°C (313.15K)

3 WA SR E L2

Fig.3 Comparison between the fitting values and the test values

4 UREEMFEFRTIHE

4.1 ME=EFEE
TE PN FR AR 55 A8 AR O RFFE A 36A I, HE—2DARGENRIRLEE . e 0 WSS 1 435 ke s A o) 4 5 56
o HICE XS IBAREMEA R 3 CORFKIEE) F 20 MPa( TAEVRERAVIEAK R A7), X B2 a7 5514

425 °C. 26.6 MPa, MR#EAFYSC R (23) Al 14T 2 B TR TR, 25 C. 26.6 MPa Bif (14 1% A48 i 5
KLZHM24T 3 °C. 20 MPa B4 17.7 £%.

AR AR 2% T A R T 6 RTS8 (] 4) R B =X sr AH R 9 BROTACRY, 43 51l g7
A BROCA Y, FA AR — g 2 far 251440 3 °CL 20 MPa, #5781 — 2y 25 °C, 26.6 MPa,

HE G TE LSS Il FRE5 4, nTAE ANSY'S H ST 6T FR i (1] 4-d) LIgi /i 3. SR A
plane182 HIT, WK R TN 5 mm; FEXRER T 1 32 e 34940 e 28 ng s Xk T2 (%) ot v i o 361 2 v B8 249
B SR TARGE169 Fl CONTA172 HLIt 43 i d 7 1 B 35 5 74 0 | 9 DA 5 30 TR e oo s 8 Ak i
316 AN, 1 [CEL S 200 GPa, WA R it A HLBEES, FORHE M | 1G24 77 B2 DL & ANSYS
B BN 7 iR, Horbog ERAS f: ph AU R 45 0 AR 0 (0 4 SR T 2R B BE S AR B, ARG Ay i TR
A, 4R ANSYS N E 1) TBOPT=6 A4 77 I i, nlRr I B A R (23) )5 H%t (24) BEA 7%
PRI BH C~Cy, BH C, VEBE M BE; )5 BB K ASTE B 1 bR i

g.=Co S e |(C+ 1) (24)



762 MRS 5529 555 5 1

228"

—0.45

218

=4
o
—
—_
(=)}

185+0.1

{ |

153

jis | 90

0.2

3
i

ST i
150
(b) w RS (c) B TERSFH (d) WEHT Sl s
TR BRoT A
4 AT AR Y Je a0 T2
Fig.4 Viewport model and test equipment
=71 MEFETHMETERHEXEAN
Tab.7 Main inputs of the creep analysis of viewport models
] B ANSYSS U E X
M5 RE/C BICHELE/MPa AR AN AR c C c U5 1 ] /h
1 2 3
LT — 3 3201 £.(1,0) =8.2807x 107%0"*" - *2% 1 9733E—6  1.4931 —0.7617 8760
BAR— 25 2839 £.(1,0) = 24155 X 10701970 (0285 5 7560E-7  1.9476 —0.7617 720

42TEER

PRI T 235 S S B E UL i o S T o R A28 1) o 228 (L RIME R T P01 A5 A il il (6 %, 1R A5
A 30 ] g T o P8 A8 o) 07 A8 058 e TR T 0 3 05 P ) (L RS 18 i, 1 Ih T 28 o) LA 1 76 AR TR
TEEE 7T U A B 0 A v s A 7 A4 s (1) by 288 R ) (o7 B8 34 i —Bof (AT 28, [P A (25 C.,
26.6 MPa i) I AR th A Uit B b A 17.7 A5 X R 3°C ., 20 MPa SEUi s 2k (161 5. & 6) .
IR AT: (1) R ABE I8N — A28 o) 0 A0 17 AR 1k il 2R W B ()b P A 17.7 F545 21009 3 °C. 20 MPa S8 3504% 1] i A2
Joj AR 1 E 28 SRR — (3 °C, 20 MPa) B 311545 2 A0 48 ) i A8 1o AR 348 il 26 T A v (2) (R A%
T By ) 57 B 34 el £ VT A TR AP 17,7 R5ASEIA 3 °C. 20 MPa 25 5 [ {37 B 88 0 il £ 5 A7 —
AT 20 Ak ) R 3 i 2R T, S R Rk nl A P 2 I 2 R AT R 2 12.2, TR
P& 2 3 BB AT B A B A

~4.00E-03 [
E YR bR 7. 745 —
~3.508-03 L1 (B 17,7475 . -
2 00r—03 | £
sy ~300E-03 E
~2.50E-03 35];“]
S R
jé;( 2.00E-03 | 5
= -1508-03 5 s
H B = e WEE -3 °C, 20 MPa (12.2£)
* —1.00E-03 ] ——AMIL-3°C, 20 MPa = — — — F{E-3 °C, 20 MPa (17.74%)
—5.00E—04 —— fFRI6-25 °C, 26.6 MPa —0.1 { RT3 °C, 20 MPa
' [ — — ~ Fill{i-3 °C, 20 MPa (17.76) e AHIE-25°C, 26.6 MPa
0.00E+00 P S S S R S S S 0% PR S S S S S S S S
0 5000 10 000 15 000 0 5000 10 000 15 000
EEASI ] /h AR ]/
PR 5 A i) o A b s ] il 2% & 6 il {0 B s At 1] il £&

Fig.5 Radial strain increment-time curve Fig.6 Axial displacement increment-time curve



55 5 1 R S 25 BRI TSN A BB B s s - 763

MM ISR s (1) WLt o T T A28 1) IO A8 HE B AT ) A2 T G AL I, 2 P AL i A v
(8910 KPR AASE /AN, ] AL B s 240 5 7 PR AR A O R S EA T A 55 (2) TR P i 39 a5 8 el )
PRI RAL AR BRI, o T 0 B A R N TR LRI 1004, 25719 KUBY R 17K BT ANTR], A
A5 A 2L 72 X it R R B A TS [A), SO ARSI A A T SRS O T B

5 W ERE A N iR i 10 iE

J BB RARIAE 3°C, 20 MPa RARJE 1 4F(365 ) B K IR BE J1, IE 50 UFIE AR A A8 56 R Y
HEAf I, A8 SCLL TR T e A 0 s 08 20 8 T 08 8¢ o A 1) 25 A3, NI S 25°C I R T
26.6 MPa. Jili e 5 R EGEEUA Y 56 22 A A7 17,7 AT FROCEI A AT 12,2 F A% /IME, itk
THAAS 32 AR IR I ] R AT 29.9 K.

I AE R AAR SRR Tt IR I S R T, WG HIRERING Fr 7 22 DL 7, W O 50 s 3t J T A
AR R G NRZ K INE (B 8), 7. MASEHE S UCAM Bl i R 5 R4 .

°

AT I

7=0 mm

Pl 7 o IR b A B 8 WAL ETHIY ) fa

Fig.7 Arrangement of strain gauges on the viewport Fig.8 Viewport model being lifted out of the pressure vessel

5.1 X545 R

T s g I ] AR LI 9, IR O ol 30 %, A iBR I H s Of i AU R =K i T s S i A7 A
Fe FHF8E T R UL, Je S AR 4 i I T 1) 05 ORI o A, B ORI A i T 2
INBCF-E35h 26.6 MPa.

T A L AR L I 10, 28 i i P R 25 TR S RS 6, WL 1 S R X T2 Rt
s AR IR, B 9 bR A I PR AR ) DL By 72 AR 4, L/ T 6813 Ak S R0 733 e FS 5 A T )
L, 5 U 7 S5 30/ D i T 11 0 1A -5 7 A TR 7 4t 5, 30k 2 P AR 9 1 3 8 22 S B50RY, E R IR
SRR R RE

{565 1 71/ MPa

40

1 K Hd

P9 SRR TRl i Pl 10 S5 MRS T Y
Fig.9 Pressure history of creep test Fig.10 Viewport model after test



764 P IPIE

5529 B4 5 1Y)

52 5SRMTERIIEE

3 4 B 6 5 3 I A5 R R R A AT BROTAS TR i 4 2R, il xk e £, anf&l 11 sl 12

FIR

F AT 260, AR 4% i 1 AR 1 A R DT T
5K A B A — 2GR AR PR 2B B
BRI R ) T SR, ML
B A — 22, IR Ky AR SO Y
LA e A7 05 AR BTy 24 /N, BR IAR B Y
A UG A A S 7 A B T 3R A AR 5 — B B
X R T A AR R WA A — e iR 2, R
FHIZ T AR AR 56 2 AT 28 A BR T /0 Hlés ) e
SR, HAZR 25 ] fe bl ) 9 341 A
B,

A 11, W12 FRARICIHHEMES

—15000

X KK AKEEREKE PV 220 3.0.0.3.5-3.2

—10 000

N 7AE /e

-5 000 F -o- }:0, ﬁ%rﬁlﬂj/ﬁ-ﬁﬂ@ﬁg

I —— =0, Jii [o] B 7E -1 1
o =0, A8 [0 B AE-THEAE
= =0, JEA AR E

iy a]/h
B 1T PREGRY B, WA i He T P oCs () R AR X H il 2K

Fig.11 Comparison of the strain curves at the center of the high

pressure surface of the viewport during the pressure

holding stage

TN A [ PR I 2 R 22 G0 o xR 22 B I ] A9 34 D038 i A7 LT 3, (H Rt 15%;
BR 0 I 2 g T 3086 5y S0 0 27.2 MPa, 8 T A BRI g, S BOZ I 2058 700 s 5915 22 O A
PGP, HAx ik 2048 35 o H B AR B T S Y R 22 45 D4 1, RITHEA5 3] (4 28 o ik T 592 ) 72

N AR /e

it
~10 000
W
=
B -5000F
= I
- o =30, 121 N AE R {E
r —a— =30, {21 N AE T (E
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 200 400 600 800

i [E]/h
(a) &N As

15000
~10000 [
~5000 |
: -~ o- =30, JFIRE- A
L —a— =30, J& [ B AS- TR
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 200 400 600 800

i [6] /b
(b) JE M A

P12 PRERRT B, WLEEE & T =30 s 080 L I 28

Fig.12 Comparison of the strain curves at 7=30 points of the high pressure surface of the viewport

during the pressure holding stage

* 8 ARTHEESKBERESRITE

Tab.8 Errors between finite element calculation and test

ZEY i a - MR R alll f o R 1%
i Zi/h 5 Zi /h =0mm, RN =30 mm, RHMNAE  =0mm, [N =30 mm, &N
1E-08 0.00 -2.91% —3.28% 2.72% -0.07%
72 71.68 4.73% 3.07% 7.26% 4.08%
96 94.68 3.97% 2.52% 6.47% 3.27%
120 114.68 4.35% 2.98% 6.99% 3.68%
240 238.68 7.94% 6.66% 10.54% 6.79%
480 477.36 10.13% 9.09% 12.08% 8.59%
600 599.97 11.15% 10.04% 13.28% 9.33%
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