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A Study on Structural Safety Evaluation of Jet Vane under
very High Temperature and Dynamic Pressure

Sunghan Park* - Sangyeon Lee** - Jongkyoo Park** - Wonhoon Kim* - Soonil Moon*

ABSTRACT

To evaluate structural safety factor of the jet vane for the thrust deflection system under the
dynamic pressure and very high temperature(2700C) of the combustion gas flow, the high temperature
tension tests of refractory metals and 3-D nonlinear numerical simulations are performed. Through the
analysis of high temperature structural behavior for jet vane, the structural safety of jet vane is
evaluated, and numerical results are compared with static ground tests of jet vanes. It has been found
that most of structural and thermal loading is concentrated on the vane shaft which worked as safe
under 1400C. From the comparison of static ground tests and numerical results, the evaluation
criterion using the vane load and shaft displacement is more useful to estimate the structural safety

than uslng the equlvalent stress.
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Fig. 2 Structural Test for Jet Vane Assembly
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Fig. 3 Modeling and Boundary Conditions for
Jet Vane Assembly

ddg 271A EA¢ d¥d UEd @A
€ £7] ¥8< Updated Lagrangian H<T
< AHESHTh S gl AE #d A

Aotk 48 24RT FYEr) 9le Ao
a2 20 A ol &4E SHIAF DA
o] A3 W\gele AV glod AFsEY A
goll AMEE 4 glo] MY e =n A
2 W dusHE T3l FY dFol 43}
A AGEHE 249 HFo| YAdte 84E =
715 "lAEHA 3t &8 FulE SvstA sk
o oole 1 9 &AR HES oA FHA
£ FH3] 9 T8 AAQe] dlA Ao A
FAHAE H A F e FHS HTAH
o 57t FAFAFoE HEA 5T
el 29 ol 45% Al HEHEE g
=3

32 g8 B a2 sy

9l EHolE ¢k 2700Ce ALi7t2r7E 1A
FUs|HA FHEE I FAAZRA HLH
olop 3tk dF AAZAL WA FE, A4
Zr 2 AEZpe whet AEke AMgA Rz
“film” & FAAste ALsPot. Aol A1e=



Hod HN3& 2005. 9. 202 Y& W= NE #i2lel 7= AXY FHotof cist A+ 21

2L A2ANIF /M S5 dFAARAY A 2 gE Fxo wWIE Ugd Helth

Ao AP 25°F F Lo TZMY] ZFEe 2% Aoz g4vd] el
daf oM 2xol me} Wates wg, €4 th7h, 1400CoA A F43] AeHEE TZMLS 1

TAS 9 495 E AMSAT. REEC] HEY oldel LxoA gt AdTtxe FRIF

o olg EAHE NI AHIstd HEJYoh DEAT & o] &7t F9 A8 4
[7]. MARC dlXE HEo|M9 dXLE Eq 1 3 WGET, o] % oA Fd Fx
2 ZAEH F9 e dx" dAUERE F7F 28E Aoz o FEHA

AL HAEARANAY 2x33tE FAE 4+ ¢l A”se &L £P37F oHE Ao #
a}
A

r° rfo

548 =TT A =E €5HEE 24 Figure 5% 1400ColA TZM9 JSH-RE &
3hsic Axolsl WIE Ae /WL HEH wds
< Axstgc.
¢=H; (T,~ T, M
i | |

90N, g, t 9598ln, T, & B3 P T e —
ste Wl exol®, T, & HEHE WA <™ o
2ot s Sl

AN Fj LEEEE 99 ghoz A z A
g3t} 4o FRHM ALY FUT HAE 5"
dg dgoz ne TEHHL FHSAG. 1L ” N
7z ) AHEE AREDL Bad 2doH 5 m =
4 7hE7stE nesg AsH- MY A K w w0 | mo w0
=259 = ;5-]%_3}_93\1:]_ Ao o) &eo Temperature(°C)

2Ert Lo R FUlEAAN A F43 A ,
Ao MY ~FAS FHG = glo] AEH Fig. 4 Effect of Temperature on the Tensile Strength of

Ao Falo] EVFFIATE mEba wkEAH<I M
AR ATFZE T3 FHAS FHEA
o}. .
A1 I
Z4pl ol 38 ~ 8
4, Ao}t & Al Né’ \\\

41 23 A=Y § / | —— TzMforging (1400°C)_

GREe) AMSo) #AF L£E7h AAHE $°
EHAR olldA FIHo e 1 ik / \
A5 AUt 2y znedAe wIse \
AZo] &olatA 7] W FedAH ZAHS T ose  ous  oar0  oors 0020 0025 0030

HYET HY9 HE n2d HE3= H7s Strain(yz)

(normalizing) <& B39 $H-HIE M=
& FHIGHB]. Fig. 4& AE Higle 7z Fig. 5 Typical True Stress— Strain Curves for TZM at
29 AAeE = Aol TZMe L5 me Temperature of 1400C



22

3
it
El

2ye - 229 B2 EZ K|

42 FEARY T2

Figure 6& eolx Wl 53 FAFAH
ANel % Wl g FRAFARY Tz
Na%e vzt Jed Folth FEAUAY

oA 271¥9 04mmE FFS ZHIA F9
Aoz gadn. FERAFEAe A AT

g A7 Y FERHNAAS INstn 9
o ATE ASE ANFIE AFHEL A8
Azl SN AF 2o FAde] duldoez aA H
ASEd oe & Wdel AR wa A4
A7 W Edo] HEAE AN A 6y
of wet BYE o7t PGy MEoD B
wg.

gy A4 AGALNEA LS B
A e FEFAEe Wekd gomz A7
g A8 AE Wds FEAGEHE AR @

aANBeE 233 zolrt e Hde Zg&
e sl=e 2o AYIUEE =AY

amz Fgsolorath HakA AE wWoel T

ZAAASE Hosr] FAA g F4H
AFstEE F&aforgdtt.
25000 L L s ' L
—o— numerical(fixture)
i tal
20000 —o— iﬁ?::rrir;? gaoim load) | ,6560//
e
— ,oﬁj _go—o P
2 5w /?"Zpﬁﬂjnﬂ
8 & Spy}?g : ’
@ & ) :
§ 10000 09
Vs
.)/0
5000
/
[

0.0 0.2 04 06 08 1.0 12 14 16

CP disptacement{mm)

18 20

Fig. 6 Comparison of Structural Test Results and
Numerical Results for Vane Load-Shaft
Displacement at CP

43 €= &3 2 4 3y
Figure 7& A4 A4 Al@5d 333 2=
I g8l4 AAE "z Aol ALAZF 6.5

o

Py

AN LE HRghe ANBFHst wma
ARshe AP wolm Atk T LA
65 clstel At Wal Eeo R wavete
o g Z2HLexo ANeiwyl FHAARHT
493 %A dehdd Ho ARG FREA B
"oz 1 FEAME £U5] At WY
7 25°¢ ey AAE we FEAHY o
Agos A,

Zo] "yl AE HQY
o] 87 AHTol HEHA LAY ¥ 3
42 Frid £ ok A B 105%9A4
FZIAAA e} AAALAE AHE HuEY
& 5 9 271A] #9rIE 22 AE HU9Y
B7rst At

—TL AddAFE vl

1800 4
1600 1 —#=Numerical i ) é

1400

1200

1000

800

Temperature("C)

600

400

200

time(sec)

Comparison of Measured and Numerical
Temperature during Burning Time

Agste %o 2=
Von Mises 57158
A7) At AHE
F33ke] 285
A % W
9l
e

Aoz Yetytt

o f X W g

)=
\__

P -

Zo] 155IN
EXR gA49
=71 11784

ol -{ﬂl



Ho# HN3S 2005. 9. 212 s0U8 W

rr

HE di2lel 7= 2tdY Fotol digt AT 23

I3

9 30 4 } o
£

4 .

€

2 ,s —=- numerical

2

3 W

2 \

£ L.

o 20

[ =4

£ \\\

w

2 '\.

2 15

> e N

g ‘.‘.\.

® e oy

5 10 Rl
£ L]
2

=

2

T os

T
0 250 500 750 1000 1250 1500 1750 2000 2250
Applied load on vane(N)

Fig. 8 Ratios between High Temperature Yield
Strength and Equivalent Stress in Root of
Shaft (Burning Time of 10.5 Second)

Figure 9= HZTZ 15°01 A g FAHA A9
% A9 HQA sFo O FRANEZHE U
el elrh. HFZ 15°, ¥l EFe] 1551N
W AFAE A7 F9 ¥ 0.2mmE F2)
AT} A9 dAFHTE AE WA AA B
4L HWQl, &, WER % 2379 2FAH
2 F49 Fig 99 4 Aze AE A
o] HA B Jehie FHe vagAo] A
ZHEE W9 0.23mm ool A AE HAL 3}
Zol AA Sk WMt AA FristeE
AE Wl Y 8F 2UE UEE 5 glo
W FRAcZE A Hoh wEA AE
HRlel HA Ao vidPAel AFEHEs HY
of W&sle dFol AE HIAe FE WIS
dogle 3F(yield load)o2 Aostgtt. o
Bt 1S A% A AL 15° F u
&Fo] 155IN 9 o A= Hido] AFET 4 3l
= Bl 162INoJR g FXAAAFE 1.052
YERst ).

27He] HririEom Ad 21 T
Axet AZANEZAFHE Table 19 BlaL3}t
ERR QAT B2 15°004 & #9850 o
FZAAAFE 1.058 1L FERE9 S}

[e]

h 54

PN

oo ok oA

g uld 93 FxAAAS 117 Bk ZA e
gorn AAAEEAAE F wtgIdn AE W
Ao A$ Fo| AW Wle] VYA me

=9 (side force)o] HIHEZ AE H|A9 Fx
HRAAFE F HA-ST JIEY 1052 #Hs
© Zl°] g3dttn e
aetA AE HAR 2& ¥ AY FXY
AE &9 8720 S wEI] e 29
A AA FEE vl e F Y-85 Vel
2 FRIFAFE Frlste Aol 5488 H
771 R Y f&3tva gddE
2250 s
2000 ———
3 ot
§ 1500 _-"1621N —n—humericdl
s T
ol
¥ . ~ |

0.0 0.2 04 0.6 08 1.0 1.2 1.4

CP displacement(mm)

Fig. 9 Numerical Resuits on Vane Load-Shaft
Displacement at CP (Buming Time of 105
Second)

Table 1. Comparison of Safety Factors for Vane
Deflection Angle of 15 Degree (Buming Time
of 10.5 Second)

vane deflection angle (deg) 15

applied load on vane(N) 1561

ground tests shaft deformed

equivalent stress
o 1.17
criterion

applied load vs CP

displacement criterion 105
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