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Fig.2 Schematic diagram of braided spring elastic performance test:

(a) test fixture and loading direction; (b, c) test procedure
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Fig.4 Compression rebound curves of braided spring under different compression rates: (a) 10%, (b) 30%, (c) 50%, and (d) 70%
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Fig.5 Relationship between the compression rate and the

resiliency of the braided spring
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Fig.7 Schematic diagram of the cross section shape change of
braided spring during elastic performance test: (a) constr-

ained fixture and (b) unconstrained fixture
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Table 1 Dimensional change of braided spring under different
compression rates

Compression rate a,/mm a»/mm
0.0 12.50 12.50
0.1 14.50 11.25
0.2 15.00 10.00
0.3 16.50 8.75
0.4 17.00 7.50

Bl 7a g 3503 th T2 10 R L RO B AR TE, i
Z RN EEBh Hr SR W AR BT ) R
AT TR . & 70 Hh g SRR LA R R 4 A T
HHEgim # g 8 el A & R, 4iZh
30%I WA 3 Ok 85 N/m, ] BASg4s[ml 3, 52 25
i S R AR 30% ¥ 247 [n] 55t 20 G 1] 8 R £ i 4%
Fron, A # S k) 401 N/m, KT 7b FP A /g .
Bl 7a HH R ) £ ROA A 5 SR A AR K K K AR T )
T B ) AT R AT AT AR S

AP, AR P 2 P B S A B e L A A I, A
4% S 4% SRR TR B BLAR L vk X 1 e
WOl , 78 3 2 RS 0 B S A N R R ) D B, A M
RV T IS Sk 5 4 ) AR TR B 1 e A 1R R T 3RS B
B 1) B e
2.3 {RERTE) I E MR

e RAE 30%, TR HLUE LM IRFE 3 h
(10 800 s), & 9 A 4i 2335 /1 = Il T Ha i 3 h (I [R]
A A 2Bl . B 9 Pros, fERgiid i,
LR () B B AT R W R R YR AR A, RN RIS
THRAEMGEZE, AT, SRR I A) He 4 558 DR BF
SIS — SR AR SR ), PRAIE S 54 2B C B AH Y,
AR5, 78 P DR AR A R o AN 2 R AR i ) 3 kT
GEER S
2.4 REXRLAEE M REREZ I

W a2 BT Bl 35 mm KAE N, 7E 500,600,700
800. 900, 1000+ 1100 1200 °C %<5 N4k 30 min
HEAT MR IR S50, A5 A 74 20 5 6 HLHEAT R AE AT AR
S A G 2 RIMAE 500~700 °C 22 [A] 45 9R AR+ %
4 o, MEE 2 iR EILF) 800 TR, #&
T4 LA, W 10 Bios, & 4 2 3R T4 A0 Uk

400 Constrained
Unconstained

"2300

z

§ 200

=]

—

21 |

5 00

(=]
—

0.0 0.1 0.2 0.3
Compression rate
Kl 8 32 2 AURI TG 2 IR 14 4t 2080 35 H 407 3 0% I s 445 ] 8 i1 2
Fig.8 Compression rebound curves of braided spring under 30%
compression rate with constrained fixture and unconstr-

ained fixture



498 » M & ERS TR

849 3

120

o
(=)

Unit Load/N-m™
w N
[e) [e]

O . . . . .
0 2000 4000 6000 8000 10000
Time/s

KLO R4 3 h (¥ 47 8- 1) i 2 P
Fig.9 Load-time curve of braided spring under compression

for3 h

Bl 10 A [F i 2 34 B e i ot R ROE 3
Fig.10 Morphologies of samples after heat exposure at various
temperatures: (a) 800 C, (b) 900 C, (c¢) 1000 ‘C, and
(d) 1100 C

B Y R A D ORI G A A e R . BEE
WEETE R, A A 22 R A A D RORE BT K, 1000
C I 22 A UKL IR P 38 AR N 3~5 pme 43 I8
F 1100 CH, G&2%4)"E, ANWZENTHR, &
ZARIEAZTEHE T

XM 300 C A 1000 C (0] 4 2= AU AR
I T) G 23 90 3R AT SR M R ek, BL o3
mm/min 3BT 20% 00 4505, FEEE 5 K, X
AN [ 3l JEE (o W A 5 g R [ 9 R R AT, Gl 11 BT

100

_ /\'\
| ——

(=) o]
(=) (=)

~
=
T

\
\

800 1000 1200

Unit Load/N-m™

N
o
—

o
—

400 600

b

100 m—o—=—=—=—

80
§
g 60}
.2
Z 40
e

20+ \

0 1 1 1 1 1
400 600 800 1000 1200
Temperature/C

B gl R BRI S TR A e (0 g L[] 3
2% &
Fig.11 Relationship between the heat exposure temperature and the

peak elastic force (a), the resiliency (b) of the braided spring

e B 1la AN AL BE T 2 23 T 2 20%0 i e {1 5
JIMFT L o Bl LR T, LU O AR A AR
K, i 900 °CJimweE 5 s gk, 7E 1200 T
B 4 I U8 AER SR D) o MR, 12
600~900 ‘CZIf], A MNREMERT, XEHT&%
22 AT TR A AR BT HH G G 2L 3 R B AR B P A — N4
Fre B 1o AR T 9 233 38 A 20% I 1] 54
ML Bl O 45 [nl 0 fh 26 1 5 5 R Il s, ]
Fizs, MK TET 900 Cla, B 3wl
RGBT N, SIEEIAE 1200 CHF, LRk EFE.
AP, RS IR A N AE 800 °C LA N AR iR 5 nT
PLORFF 584000, 0 B2 v T 900 °C 5 TT46 t B3 1t
ko B, FEANA AN E RN B —E 1A
RE 7, DAORIE 3155 g 23580 35 (1) FA IR il B I8 T 800
T, M AE A3 AN P o A A O B G PR e P i o
Y LSS AE S T I 2 A A B LR — 358, R RE 5T
AREXFAA A PEYERE, MM R LA )
JLA M A7 4 B RN TAEREAT 3E— 2D 52

3 & it

1) T et ik 20 28 R dab A0 AR R S 5 g 230 5



%2 3]

fE 3RS TR B AL g SR S R0 AT

- 499 -

TE 462 /N T 50%, AR T 800 CF v LLIR¥F5E
HE

2) LT g SR Bl S e 4 20 0 I 5 ) B
WG, AR 30% R EE 3 h, WA R AR D) Bk

3) MBI E R T 800 CI, g SR 5 |5 R
B N R R T A 2 AL .

4) it L s A M A5 2B TC IR TR 2 T R % S
BRI REERN A AN, HLYRELE S EA T
WAL TE .

225 3k

[1] Zhang Lijing(5K Wi ##), Liu Dongsheng(X] % 7}), Yu Cungui(-J-
1E57) et al. Aero Weaponry(Fii 2= 56 33)[J], 2010(2): 13

[2] Hu Jidong(i#]14k %), Zuo Xiaobiao(Z£ /)M %), Feng Zhihai({1 &
?@). Spacecraft Recovery & Remote Sensing(ﬂﬁ)ii’ﬂ”l'%l@
JB)[J], 2011, 32(3): 88

[3] Guo Pengfei(ZM &), Yu Jiaqi(T-n3t), Zhao Liangyu(#* R
). Winged Missiles Journal( & i ‘T #)[J], 2012(11): 17

[4] Huang Wei(3% 1), Xia Zhixun(E %' W)). National Defense
Science & Technology(IH Bii B #0)[J], 2011(3): 17

References

[5] Fan Xuqi(75¢4%). Pneumatic Heating and Thermal Protection
System("< 2 N5 B P AR S0)[M]. Beijing: Science Press,
2004: 36

[6] Bolender M A, Doman D B. Journal of Spacecraft & Rockets
[J1, 2007, 44(2): 374

[7] Tang Guiming(f 5t #). Acta Aerodynamica Sinica(='3.8) 71
2223817, 1989, 7(1): 88

[8] Chen Yufeng([ £ U%), Hong Changqing(#t##), Hu Cheng-
long(# 8 J8) et al. Advanced Ceramic(IAR A Mg &)[I],
2017, 38(5): 311

[9] Xin Jiangiang(¥={@5%), Chen Jingmao([%: 5 %), Dong Yong-
peng(# k) et al. Tactical Missile Technology(fiA T #L 4
AR) [1], 2017(1): 47
[10] Li Qingbin, Pan Zhihua. Bulletin of the Chinese Ceramic
Society[J], 2011, 30(5): 1089

[11] Yang Zhen(# #), Qing Ning( 7*). New Chemical
MaterialsCGHT AL T4 K[I], 2011, 39(5): 21

[12] Peng Xudong(%JH 4<), Wang Yuming(-I- K #), Huang Xing
(3 ) et al. Hydraulics Pneumatics & Seals( &< 8)) 5 %
E[I], 2009, 29(4): 4

[13] Dunlap P H, Steinetz B M, Curry D M et al. Journal of
Spacecraft & Rockets[J], 2003, 40(4): 570

[14] Demange J, Bott R, Dunlap P. [7th International Space
Planes and Hypersonic Systems and Technologies Conference
[C], San Francisco: AIAA, 2011: 17 879

[15] Zhou Yongjun(Jd7k %), Wang Ruidan(EHi)}). Journal of
Shenyang Aerospace University(PtFH I 2 Lk 2% B 2#4R)[J],
2006, 23(1): 35

[16] Zhao Shuangqun(&X X ), Dong Jianxin(# & #1), Zhang
Maicang(7k % %) et al. Rare Metal Materials and Engineering
(Wi & Jm kLS TRE)[I], 2005, 34(2): 208

[17] Zhao Shuangqun(i& X(#¥), Zhang Maicang(7k % 4), Dong
Jianxin(# i 87) et al. Rare Metal Materials and Engineering
F & B RS TR, 2003, 32(12): 991

[18] Shui Li(ZK ®N). Rare Metal Materials and Engineering(Fi
S JEA RS T R[], 2018, 47(4): 1054

[19] Taylor S, Dunlap P, Demange J et al. 40th Joint Propulsion Con-
ference and Exhibit[C]. Fort Lauderdale: AIAA, 2004: 14 679

[20] Song Jieguang(“RAS6), Liu Yonghua(Xl 53 #£), Chen Linyan(Pf

M) et al. Material Review(F1k}S:41%)[J], 2010, 24(15): 378

Elastic Properties of Braided Spring Used in Thermal Barrier Seals

Xue Yunjia, Jia tao, Wang Ruitong, Xing Haimin, Liu Jiachen
(Tianjin University, Tianjin 300350, China)

Abstract: The effects of the compression, assembly and heat exposure temperature on the elastic properties of the braided spring used as
the elastic support of thermal barrier seals were investigated, and the reason for elastic failure of the braided spring at high temperature was
also discussed. The results show that the oxidation of alloy is the main reason for reduced resiliency of braided spring at high temperature,
and the resiliency of braided spring is more than 95% when the compression is less than 50% below 800 °C, indicating that the as-prepared
braided spring may have broad application prospects in aerospace thermal barrier.
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