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Compression failure life prediction and verification of polymethacrylimide foam

MENG Haoyu , CHEN Bo, SONG Jiang, SUN Chaoming* , YAN Chenglei, AN Xin , ZHANG Tao
(Beijing Composite Materials CO., LTD., Beijing 102101, China)

Abstract: Polymethacrylate imide (PMI) foam is widely used in aerospace field because of its superior perform-
ance. This paper mainly studies the functional characteristics of PMI foam in the field of cartridge adapter, and
mainly studies its compression creep characteristics at room temperature. According to the working conditions and
creep characteristics of polymer materials, the "time strengthening” model was adopted to design experiments, and
the PMI foam with densities of 0.075 g/cm® and 0.110 g/cm® were respectively tested for 180 days under normal tem-
perature compression creep. By analyzing and fitting the experimental data, the compression creep life of two PMI
foam with different densities at room temperature and 1 250 N was predicted. The compression creep failure life of
PMI foam with density of 0.075 g/cm? is about 11 years. The density of 0.110 g/cm® PMI foam is about 53 years, and
the reliability of the model is verified and analyzed.

Keywords: PMI foam; compression creep; creep model; constantload; life
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1—Bolt; 2—Side panel; 3—Lower platen; 4—Bottom plate;
5—O0n board; 6—Upper platen; 7—Custom spring;
8—Foam sample; 9—Measuring hole
(S IEs ey =AES|
Fig.1 Schematic diagram of loading tooling
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% £ M 0.075 g/cm® Fil 0.110 g/cm® 1) PMI 17K
(WL B E 28 B MR R A BR A |]) s P A
A I VR R AE R ST 3% 8 50 mmx50 mmx40 mm, 33
R 45 25 F

SEHGEIK AL B PRI TR A [ Y S5 5 B
B, BN IEIR 30°C(IHE ML), mih 937.5 N,
1250 N, 15625N, 1875N, fH#E M F A
5 HE

G UL . BN 0.075 g/cm® Al 0.110 g/cm®
PMI {7k 53 S 1 A F1 B %R . % 4 0.075 g/cm®
PMI YLK, #ff 9375N F, & — M ilFEH A-1-1
TR, B oA A 12 FKR; HAF1250N F,
B A-2-1 %R, B A A2-2 £OR
HoAh R LS HE, TR 1.

2.3 LT

FR A 2.1 525655 43 56 i iU RE 1 i 28, (A< 52 56
S A 0 5935 1 5P A% B E A 350 N/mm)

P In# 58 B T2 K aalRe il A e TR EAR (DHG-
9003, Ll —fERAERA RAR) b, B M
TR N 30°C, YR AR 120 min J5 38 o
AL R = B IR AT IO S R S IR — S I
[F1] [ o8 2 A AR vy ) 5 58 A o

x1 RPEERBEILA (PMI) E@XES
Table1 Number of polymethacrylimide (PMI) foams

Specimen number Density/(g-cm™) Load/N
A-1 0.075 937.5
A-2 0.075 1250.0
A-3 0.075 1562.5
A-4 0.075 1875.0
B-1 0.110 937.5
B-2 0.110 1 250.0
B-3 0.110 1562.5
B-4 0.110 1875.0

3 XWERKDWT
3.1 LIWHER

T LW Ml 2 e PMIT UK B 0% AR 1 0, il ad
T A AR T 1 AR A B Ak Ay U A 0 AR
L Hi—Hy ®)

40
e Hy ARG Z 10T R 5 b AR 2z E )
s HOMn#ad fE AR 22 05 i R, 40
FER i RE 1Y UG = B 40 mm.

[F) B P T S 00 A i A oK, R HU A B T
B R AR SE A O SR T2 2 K 3 b bR b e
2, 15 3% BN 0.075 g/cm® 1 0.110 g/cm® PMI
WK R IE AR M4, & 2 filEl 3 s

M A 2 I B 3R, PRFR PMI I IR 76 % iR K
W2 FE 4 T A7 25 AR TR A U A8 B, 7 32 3800 30

RK2 FEHFTEMET 0.075 g/cm® PMI ik iE 25 & 235
Table 2 Creep strain of 0.075 g/cm® PMI foams under different loads and time

Time/h A-1 A-2 A-3 A-4
0 0 0 0 0

168 0.000450 0.000630 0.000985 0.001260

336 0.000845 0.001160 0.001770 0.002330

720 0.001170 0.001580 0.002470 0.002900
1440 0.001480 0.002040 0.003060 0.003670
2160 0.001690 0.002310 0.003460 0.004170
2880 0.001840 0.002510 0.003860 0.004670
3600 0.001980 0.002650 0.004240 0.005060
4320 0.002120 0.002800 0.004450 0.005480

%3 AEHFTREET 0.110 g/cm’® PMI % E2 7 25

Table 3 Creep strain of 0.110 g/cm® PMI foams under different loads and time

Time/h B-1 B-2 B-3 B-4
0 0 0 0 0

168 0.000310 0.000462 0.000602 0.000833

336 0.000523 0.000710 0.000919 0.001273

720 0.000751 0.000908 0.001393 0.001747
1440 0.001046 0.001191 0.001586 0.002079
2160 0.001118 0.001302 0.001747 0.002357
2880 0.001282 0.001402 0.001989 0.002669
3600 0.001420 0.001518 0.002190 0.002893
4320 0.001565 0.001616 0.002290 0.003094
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Fig.2 Creep curves of 0.075 g/cm® PMI foams under different loads
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Fig.3 Creep curves of 0.110 g/cm® PMI foams under different loads
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T0.97, Yk T (4) MBI T A A
LA RO, UL B SR Ak BEALE A
ARSI, BEME S PMI VK 15 J6 T 45 0% A8 Hr 1 o
3.2.2 0.110 g/cm® PMI {3 7 f5 i 45 3% A5 A5 70

] 3.2.1 AR S 30 s,k 5K (4) X B Al g

TS, HERAERE LS8, ks
5 R

&5 M, A R R FRAEHE S T 097,
Tt AR AR (3 D e R mT SR MR A, R i it LS
T OO0 ARG AR AT Ry, AT DA A R 4T S
LA A BB .

3.3 PMIEAABHET TERIETER TN K&
BIIHIE
3.3.1 PMI ¥d 7R A [R] 25 oy 5 3 U5 728 547 T 000

PMI IV 76 52 5 5 72 o i T 5 43 1 41 Rk i A8
Rk, VERITEE A3 A 2 Bl AL RHIE AR W AR /N .
TEVEAT A WO Y, T R gk ks E AT R E, H
PMI 76 VA 76 R XoF 46 1sF i) Py 7 065 A 1o A8 45 /0N, T
V087 1 I 00 28407 4 M) B 28405 o

S o 3
oc=00—-ALE 9)
Kby o HIERIN HT5 oo MIEIRIMERN F1; AL R
IR AR AS R s E RN i AR

it 2 (9) 4 Gl XF % B A 0.075 g/em® I
0.110 g/cm® PMI i1 3 75 AS [] 48 far T 1) 360 4% 28 fr 2
s, #E—SAREEN S, RS RIEE
M7 R,

B 1.2 a1, 1gA 5 lgo MM, 4o 34,
HoP RIS A RFE 6, KT7THE LN S, @
w3 (7), 1520 PRE E PMI IR AE A A 2057 1 Fr
Xt I 1 1gA-1go eI A ik, anl&l 6 i .

& 6 31, SHA 58N o xR ER T

% 0.075 g/cm® PMI #i 7K :

IgA = —3.4478 + 1.434111g0" (10)
2 0.110 g/cm® PMI 37K -
1gA = =3.6067 + 1.651831g0" (11)

(1) 0.075 g/cm® PMI i1 I # L 171 2% & 46 0% A8 73
iy Tt

BB BRI AT, A0 1250 N, XA () R H
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0.5 ¢ - Equation X7 0.6 + Equation y=ax”
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Q Q
= i 2 20t i
@] Model Allometric Q Model Allometric
Equation y=ax" Equation y=ax"
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Fig. 4 Fitting curves of 0.075 g/cm® PMI foams at different time and loads
Fz 4 0.075g/cm’® PMI AR R TGRS
Table 4 Fitting model parameters of 0.075 g/cm® PMI foams under different loads
Model parameters
Sample
A A, R
A-1 8.74x107° 0.38308 0.97667
A-2 1.32x10™* 0.36915 0.98022
A-3 1.82x10™ 0.38437 0.99314
A-4 2.36x10™ 0.37541 0.98273
— 0.3780025
£=0.0001319741 H1 (11) 45 H IR 7 X 9 A1%°=0.00007872,,
P 246 4 E R BHE I A gy = 1% ARA DT R AP0 =0.3712775

H =94 001.289h, Z k11 4FE, %5 F, fE=0E 1 250N
AT ST, BN 0.075 g/cm® PMI 7K R R
G T AR I B R A TN 24 11 4F

(2) 0.110 g/cm® PMI 4 I # i T 28 R 40 0% 48 75
iy L
[\l F, BEERAETT 1 250N, W/ o #0.5MPa,

R ZE R IR AT 1 250 N Ry EAR 7 FRan T .
£ =0.00007872°3712775

[ AP AR s P 4 2 3 1 o
=464 174.
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= S
£ £
£ 08 | £ 08t
o o
Q Q
= =
O Model Allometric @) Model Allometric
04 t Equation y=ax” 04 t Equation y=ax”
a 4.2022x10 *+7.898x10 a 9.61301%10 "+1.33665%10°
b 0.43127+0.02392 b 0.33823+0.0179
Reduced chi-sqr 2.45226x107° Reduced chi-sqr 2.16489x107°
> 0.98916 R 0.98886
OF = Adjusted R* 0.98735 OF o Adjusted R 0.987
0 1 000 2 000 3000 4000 5000 0 1 000 2 000 3000 4000 5000
Time/h Time/h
() a B3 (d v B4
25 Fitting curve 3, | — Fitting curve
2.0
P T 24t
S S
ERER E
g g
& @ 1.6 |
g 10 | g
G Model Allometric G Model Allometric
Equation y=ax" 08 | Equation y=ax"
a T.1782x10 *+2.3622<10°° : a T.1582x10 "+1.9410%10
0.5 r b 0.3556120.02575 b 0362001641
Reduced chi-sqr 8.41055x107° Reduced chi-sqr 6.00106x107°
g 0.97981 > 0.99185
ol a Adjusted K 0.97645 0+t w Adjusted K 0.99049
0 1 000 2 000 3000 4000 5000 0 1 000 2 000 3000 4000 5000
Time/h Time/h
5 0.110 g/cm® PMI YL IR LEAS R i I0) B T 48l & it 2k
Fig.5 Fitting curves of 0.110 g/cm® PMI foams at different time and loads
%5 0.110 g/cm’ PMI IR A E 21 TG EESH
Table 5 Fitting model parameters of 0.110 g/cm® PMI foams under different loads
Model parameters
Sample
A A, R
B-1 4.20x107° 0.43127 0.98916
B-2 9.61x107° 0.33823 0.98860
B-3 1.18x10™ 0.35561 0.97981
B-4 1.52x107 0.36000 0.99185
%6 0.075g/cm’ PMI il K 7 B 2T T RO R 2T
Table 6 Residual load of 0.075 g/cm® PMI foams under different loads
Sample Initial load/N Average creep/mm Residual load/N Residual stress/MPa
A-1 937.5 0.002120 936.864 0.374746
A-2 1250.0 0.002800 1249.160 0.499664
A-3 1562.5 0.004450 1561.165 0.624466
A-4 1875.0 0.005480 1 873.356 0.749342
gibpr, ERMMMEHFRE T, BEHR BFLEKR, WIRARIEE 20k B R

0.075 g/cm® (1 PMI i 7K Hs 4 bk 7% 77 il 22 2t Jt

N—

KT

R 0110 g/em®, 5Y H A F 2k PMI IR N

U Ji FLTHT A [T AR S5 4, 3 46 £ THT 23 38 e 2K 4 W
B I, WIRES R L S 1 FER R
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£ 7 0.110g/cm’ PMLEAERRERE FTHFIKET
Table 7 Residual load of 0.110 g/cm® PMI foams under different loads
Sample Initial load/N Average creep/mm Residual load/N Residual stress/MPa
B-1 937.5 0.062608 936.952 0.374781
B-2 1250.0 0.064634 1249.434 0.499774
B-3 1562.5 0.091596 1 561.699 0.624680
B-4 1875.0 0.123757 1873.917 0.749567
a6 | (@ m lgd-lgo sl (b) m lgd-lgo
' Fitting curve ' Fitting curve
-3.7 -3.9
[}
—3.8 4.0
3 3
-39 —4.1
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Fig. 6 1gA-lgo linear fitting curves of two densities of PMI foams under different loads
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