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Comparative study on performance of polyimide
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Abstract; This paper mainly studies the application of high performance domestic polyimide fiber in composite
cylinders and characterized its performance gap with imported carbon fiber. Filament winding process
verification of the domestic polyimide fiber was researched and mechanical properties of domestic polyimide
fiber composite were tested. On the basis of the test data and process optimization, the strength design of the
composite cylinder was carried out. The composite cylinders were fabricated respectively by using domestic
polyimide fiber, imported T300, T700, and T800 carbon fibers. The burst pressure of the composite cylinders
was studied by hydrostatic test. Moreover, acoustic emission testing technology was introduced to monitor the
damage signals during the hydrostatic test. The results showed that domestic polyimide fiber presented good
manufacturability for filament winding process and excellent bonding with resin. The tensile strength of the
composite reached 1 708 MPa and the fiber strength ratio was up to 80% . Compared with carbon fiber
composite, the domestic polyimide fiber composite exhibits better fracture toughness. It was beneficial to
reduce the stress damage of composite cylinders under internal hydrostatic pressure. The value of PV/W to the
composite cylinder, which was fabricated by domestic polyimide fibers, was up to 32.2 km. It indicates that
the domestic polyimide fiber composite can be widely used in aviation, aerospace, medical, automotive,
nuclear industry, and other fields.
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Table 1  Mechanical properties of fibers
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Table 2 Mechanical properties of filament winding resin
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Fig.2  Micrograph of tensile section of resin casting
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Table 3  Tensile properties of NOL rings
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Fig. 6 Load/deformation curves of NOL rings in tension

23 SAMHSEnERET
SRS B A 5L A bR O B B 46
FIET, ST R R B 5L 2 b U
WCHIN R B LT A RAFIRIE R A 3 B
I, S S HUL S 4.
RS I 4 A T B B 0 9 3
HE S

h

n

B PR
2k, x o) x cos’a
- PR (4)
o, x (2 -tga)
E=VL L AN PSRt Dk N L IR N =R v S 0 P
JEREE, mm; kR R, H0.80; ol
GHLES; PONBOTHERDEESR, MPa; R MR
7, mm; o WL AERIEIRAE, MPa. 2] 44 4%
FMRIE (5) .
o = arcsin(r/R). (5)
Ko WEFAEGRGES s r AWALEAR, mm; R N
BB, mm.
L8R UG T 1) 28 28 i 34 1) 8 28 114 J7 20, MR

(3)

hy

Jig i) 58K 1 i 4 L4 58 07 5K, ik B 47 i A
S B AHER, IF PR UESS S 7 B A5 2. SRR AL
HARAE 17,30 80,100 mm I, JHEEFf1 73531 12°
21°.25° 32°. I 4HLE M 89. 8°.

x4 EEMHSHENITESH

Table 4  Calculation parameters of composite cylinders
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Table 5 Design, ply and burst pressure of composite cylinder
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Table 6 Performance parameters of composite cylinders

(8)

T =

O g =

4 YR AR F4ERIE BAHE
ik R/ MPa /MPa R¥ER/%  ZH/km
PI 2770 3500 =203 82% 32.2
T300 2912 3530 £210 82.5% 29.2
T700 4200 4900 =195 85.7% 38.7
T800 4282 5490 +230 78% 39.2

BARFHIE R B (PV/ W) 24 5 52 G A RO
PEREMUIR I S8 2 — , R K48 & A MR
BT B A BRI 2R B w5 K ] vk
A MBFOR B IR, B B s e T
2B ORL SO 8 2 R PN A 5 R R B 2T 4/ A
AR IS A WE R KA T A o o, [ I S 4
THT R ERE . gk 6 TR, PL 2R 4R A kR
SO 2 A PERE I Tk B 32,2 km, Bk O
T300 7K . i 3= 22 th F PL£F 4 5 B 5 30k 10
T300 £F4EAHY  (HRH% BN, AR SGE S T2,
LEYE SR VLD , (15 PT 212 1 5 5 4 5 5R 18
FUE LT LA K V-, DT 75 25 2 R AE R B
T300 7KV {HJEH FA S PL A 4L (458 5 AR



£28 - WK R

5

T

5526 &

#EF T700 5 T800 Bk 4T 4t HA — & iy 22, HAH
fI&F T700 55 T800 4 £¢ il 74 19 52 45 B4 RH M.
i PLAFHERL Ao BE RS4RI, n] ABE— P i 52
AR A AR R AL

SE OB UM A FE A A P 9, 108 f B
B A A ) S 1) [ B A I, OB IR (9 45 181
Ji&, NSRS 1, N s i A o o i B SR K.
KW P LT 440 58 iR A S5 BRSO 5 R 2T 2
S BRE ORI, AT LA 3k B 45 Je 14 1B 10 2 5
k.

() T700

9 SMHREEN

Fig.9 Explosion modes of composite cylinders

3 &% #

R E = S a8 PLAF AT S 1.8
SOk, BT XA T T 2 G AR OB R BT,
a3y R S PL 27 4k 3 11 T300,T700 L) Az TS8O0
TREF L9 2% i 5 G MBSO, 277K e AR i
BERXT LUBFSY , L5800 T

1) PI2F 458 F] T4 S8 i 1. 20, NOL 1A il
KRR, PL A4 SRS & &%, - H 5k
1 T300 ,T700 5 T800 & A A1 KHAH LL , ZEF7 i 72
rh R A G Y W 240 PR, LR R R R ] A
80% , F] I T3 & M RO Y 4 58 i 7.

2) 7RSI A 25 3R, PL SR b 2 &
WEARMSAE K2 N ad B v, 75 & S M5 5
B 2/ F T300 . T700 L4 K T800 T4 i £ i U (1)
SO, W HAE 7 7 3 R TP RE 7T 43 K 74 £ 4 B i
D E AR BRI RS R RS E AR
AP RE.

3) RH PLEFYEGSE R ) 2 A ARV O 2%
FEAE R BT A3 32. 2 km, fF T300 BREF4E<H,
55 T700 F1 T800 Bk F 4 <ffiAH Lb BA —E 2205,

5% ik

[1]

[7]

DONG J, FANG Y, GAN F, et al. Enhanced
mechanical properties of polyimide composite fibers
containing amino functionalized carbon nanotubes [ J].
Composites Science & Technology, 2016, 135; 137
- 145.

DOI:10. 1016/j. compscitech. 2016.09. 021

YI X, GAO Y, ZHANG M, et al. Tensile modulus
enhancement and mechanism of polyimide fibers by
post-thermal treatment induced microvoid evolution
[J]. European Polymer Journal, 2017, 91,232 -241.
DOI;10. 1016/]. eurpolymj. 2017. 03. 063

TR, REIE, 2%, %, T - 1000 % 2F 4E/ 25
SRS S MRHERERT S [T ] MRR 5 T
2., 2005, 13(5) ;540 —543.

WANG Xiaojie, LANG Guozheng, LI Fuan, etal.
Study on the property of T — 1000 carbon fiber/epoxy
[J].
Technology, 2005, 13(5) :540 —543.

BOORL PR, B NG DS AT 4RI g
U] P/ 258, 2014(8) .77 -
82.

HE Li, YIN Shubang, YANG Jie, et al. Study on wet
process formula for aramid I fibers [ J]. Fiber
Reinforced Plastics/Composites, 2014 (8) .77 —82.
DOI:10.3969/j. issn. 1003 —0999.2014. 08. 015

NIU H, QI S, HAN E, et al. Fabrication of high-

performance copolyimide fibers from 3, 3', 4, 4" -

resin composite Materials  Science and

biphenyltetracarboxylic dianhydride, p-phenylenediamine
and 2 - (4 - aminophenyl ) — 6 — amino — 4 (3H) -
quinazolinone[ J]. Materials Letters, 2012, 89(10) .
63 - 65.

DOI:10. 1016/]. matlet. 2012. 08. 088

CHANG J, GE Q, ZHANG M, et al. Effect of pre-
imidization on the and properties of
polyimide fibers[ J]. Rsc Advances, 2015, 5(85):
69555 - 69566.

DOI:10. 1039/ ¢5ral0943d

RGO, BRaPA: 5K e . TR e 21 4 S HL AR )
REAPRIIF ST UERE [T ] P [ 3 4%, 2016,35 (10) 59
-65.

ZHU Xiaoguang, CHEN Esheng, ZHANG Meiyun.

structures

The research progress of polyimide fiber and its paper
base material [ J]. China Pulp & Paper, 2016, 35
(10) :59 - 65.

DOI: 10. 11980/j. issn. 0254 - 508X. 2016. 10. 013
WAnE, UK, RS, R LT 4 1 BT
Je[J]. worTaddi, 2017(3) :19 -27.

CHANG Jingjing, NIU Hongging, WU Dezhen.



5 6 1]

AR A TR e £ 4 5 i 2T A58 52 5 SRR RE XS LIS -29 .

(9]

[10]

(11]

(12]

[13]

Research progress of polyimide fibers [ J]. Chinese
Polymer Bulletin , 2017(3) ;19 - 27.

DOI: 10. 14028/j. enki. 1003 -3726.2017. 03. 003
EHE, KIBERT, BRYESR, 4. mERBRA 4R R G
BREEES (F M T 2ot [ ], Fhk R T
2., 2017, 47(2) :56 -59.

WANG Yang ,LIU Hongxin, CHEN Weiqiang, et al.
Optimization of forming process of high modulus carbon
fiber reinforced composite thin-wall cylindrical tube
[J]. Aerospace Materials & Technology, 2017, 47
(2):56 -59.

DOI: 10.12044/j. issn. 1007 -2330.2017.02.013
TIGEAR, SRR, XM I, S5 A A s 48 il Y
JENFERIHLAR L] s 2440, 2014, 35(3) 868
-8717.

HE Xiaodong, SHI Yaoyao, ZHAO Pengbing. Control
technology of composite tape winding pressure [ J].
Acta Aeronautica ET Astronautica Sinica, 2014, 35
(3):868 —8717.

DOI; 10.7527/S1000 - 6893.2013. 0417

EoOowk, U, XIEE, A RrERE PBO LR 4N
BRI T 2 S B 5 [T]. s =4k, 2004,
25(2):192 - 196.

WANG Bin, QIU Zheming, LIU Aihua, et al. Study
of manufacture processing of  high-
PBO fiber composite [ J ]. Acta
Aeronauticaet ET Astronautica Sinica, 2004, 25(2):
192 - 196.

DOI; 10.3321/j. issn;1000 - 6893.2004. 02. 023
BRI I S5 AR R R SO BT 9 LA )
[J]. TR T Z, 2001, 31(5) 55 -57.

CHEN Ruxun.

parameter

performance

Some problems with natural gas
composite cylinder design [ J]. Aerospace Materials &
Technology, 2001, 31(5) .55 -57.

DOI.; 10.3969/]. issn. 1007 —2330.2001.05.013
MR 27 4E5 SE5e VR 5 B~ 22 BORI 5 i 4 %
LT, B EAR, 2009, 32(6) :677 —679.
CHEN

Ruxun. Stress equilibrium factor and the

AR5 A
M A, AR, 2SO, JREEE 2T 4 5 ik 4T A 58 52 5 “ORPEREXS LUATFE[T]. BPR B2 5 T.22,2018,26(6) :23 -
29. DOI: 10. 11951/j. issn. 1005 —0299. 20150101

[14]

[15]

[16]

[17]

cylinder wound angle of the filament-wound case [ J].
Journal of Solid Rocket Technology, 2009, 32(6) :677
-679.

DOI; 10.3969/j. issn. 1006 —2793.2009. 06. 019

£ K, HEE, RR,E FREEE SRR
A R SR ARSI ], MR A& oA, 2014
(3):59 -63.

WANG Fei, ZHOU Jianping, TU Jun, et al. Acoustic
emission testing of filament-wound composite gas
cylinders [ J ]. Aerospace Manufacturing Technology,
2014(3) ;59 - 63.

DOI: 10.3969/j. issn. 1001 —4837.2014. 11. 004
X, & W, TRIE, . EEMEAURS &
SeR I b F s ()] T A R T2, 2011,
41(2).120 - 123.

LIU Zhejun, GE Li, WANG Junfeng.
emission testing of composite pressure vessels [ J].
Aerospace Materials & Technology, 2011, 41(2) :120
-123.

DOI; 10.3969/j. issn. 1007 —2330.2011. 02. 031
FHW, SRR, i, 4. F-12 2148/RE14 &
BMEHE NSRBI T2 (1], FRids T
2., 2003, 33(4) :39 -42.

WANG Baiya, ZHAN Kangzhu, LEI Haifeng, et al.
Study of manufacturing process for F' - 12 fiber/RE 14

Acoustic

composite pressure vessels [ J]. Aerospace Materials
& Technology, 2003, 33(4) .39 —42.

DOI; 10.3969/]. issn. 1007 —2330. 2003. 04. 009
AR, 2RI, WAL —Fh TR R A - Bk
UG PRV ORRFERTTE [T ] TR,
2014, 35(11) :1318 - 1325.

LI Yufeng, LI Lingli, PAN Zongyou. Characteristic
study on titanium-liner/carbon-fiber  overwrapped
vessels on the satellite[ J]. Journal of Astronautics,

2014, 35(11) ;1318 —1325.
DOI; 10.3873/j. issn. 1000 —1328.2014. 11. 014

(HiE KRE)

Lin Song,Niu Hongging, Li Wenbin. Comparative study on performance of polyimide fiber and carbon fiber composite cylinders
[J]. Materials Science and Technology,2018,26(6) :23 —29. DOI;10. 11951/j. issn. 1005 —0299. 20150101



