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Design and mechanical experiment analysis of support structure for
X-ray focusing telescope
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(1. Key Laboratory of Advanced Micro—Structured Materials, Ministry of Education, Tongji University, Shanghai 200092, China;
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Abstract: The design of the support frame structure of grazing incidence X-ray telescope is one of the
key technologies in the development of telescope. The low energy focusing telescope of XTP satellite was
planned, which adopted the X —ray focusing telescope based on the ultrathin glass. According to the
rigorous optical and mechanical performance requirements for telescope prototypes, a hexagon barrel type
telescope support structure was designed after structure selection and optimization. The modal analysis and
frequency response analysis of the support structure were carried out by using the finite element software,
and the results were compared with the mechanical experimental results. The results show that the support
structure has a large structural rigidity, and the structure of the telescope will not be destroyed when it is

launched, which can meet the requirements of mechanical properties. The support frame has the
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advantages of simple structure, high assembling precision and good manufacturability as well. It

provides a reference for telescope development.

Key words: grazing incidence X-ray telescope;

0 5] §

U 20 4FK, EPR AR RS T 20 X LR
SCPAL, QAR R K SR e e R Y R
BHE4E® NuSTAR L5545 | SR H Wolter—T &l o}
[ 4t 30T B Wolter—T # 45t A S B8 5% , 45 5 M8 1 i 55
BB 2R MBS R, LM T AN PR
TR AR XS 2 R SO ] o BRI v ) X R e AR
S mIREIN (e XTP) T , B0 BT | rp7 AL 5 5
e Sty RARDEA T A I RIS 11 R TR
PeI i BN AE X LR s, Hbrs Bl M
GY IR BERAPE ORGSR

J T AR B 3 1 i 22 TR 4 O AL Wolter—1 7Y
R HN RO A A, i A A IR A
B[] B SR S N 2 T L, PR PR R A
AR I BT AR A SRR A L B A B ]
B 2% — 20 S50 i — B8 B IR B T < =R T T g
¥, SCHUE L 2 R E R R, TN
S P AR AT A Y, B8 R ARG ET R 3
WG )R AR 300 um'°,

R 7 0 il 2 B A 1 P — 1) SR IR R 0 2
JIRGAE, B EEE  0 Fh ao WRA  EE  )  E 2
FAIAH A 42 | S 43 485 h 3 2o WA 42 6 [T 38 /. XTP LA
TR A 2 for 2 %A b, P54 500 il B A Y
IO 4 ek B A B S R R R e AR AR,
5 M) B LA I 2 P R TR] B B 7 i R JHL S P AE A
RS T2 o B K2R AZ AR B R B PR 8
ot A RS S AR I ) 2 R G P B A S
BT LIE L R R N AR NI,
W R B Bl A HR A RN AR AT, DN R I A% 32 22 28
TEBE B B A BN U B B T TR T
PR RS A 5.5 m WIS, 76 TR RS
12 B R AN T Sk S e A O, G B R Y
HARGER T E MR T IR (A BR AR BLAh , TAERHER
JEE () AR AR 3 RS A AR ARTE | o | b B G 4 1 O el
MRS, T 30K AR A S B B 1 A S e FR I 2%

structure design;

mechanical analysis;  vibration test

A BER Y R R e ERE . BRI BRI Y
LB R B A X SR R i
il ) SRR R 22—

SCrR X E Y XTP TR i B R X S B
PH A 2 A AR L IR 5 2K, Sl e B pe Ak, etk T
— PRSI AR S LA, A BR TR
MSC NASTRAN i # faf 25 #4) 1 1745 45 50 A1 LA K it
SR R A3 AT , LA SR B Anr 25 4 R B, I R4 T AH R )
SR I B A L ) S5 A RS T, S R R I S A
FA I E v, T 2 T BRI R 1Y) 1 2R R FLZ ST A 4R
SERTRT I RO R, B R T,

1 ZiEE R HIERE

1.1 ZEEMHRIEE

KIOBN2E RGN IS5, A R A X
MRV RE V0 5 S AT A 2S00 b LU
ZREER B R £, 40 EO-1 TR b i fili s st AR 4
Hubble 2 it4% NuSTAR #it i SPOT5 A& [
OYHERMALAE, X A TR A SN
JE R A0 A AR i A S BRI B R S
R R A BT T 3 MR B A T R,
MK 1R,

] 1(a) AT 4 X B O 4 S HE A5 R | 18T (b) Y UK
Hi7 240 X B 7 5 S A 5 ) Sy T P S B S A AT 4
KSHEMNEL S5 RIn i A =%
TR BRI AL Y SCPEMT LRGSR A8 Aor 45 A T X A
R BB S HEEE, DAY
G B B AL BT, 255 R N A
[ FIB AR | 52 M 38 Vo S 5 v 1) 28 4k L RG22
LB S HE S5 255 T 95 1E NuSTAR T A BT
AR HE 2 R A T A 3 B R AR AL
e TR I 5 5 & E el WU T
1% 38 AT RN , FUOR FMT 2R S5 8, BT 3%,
R 5 G X ) S PERGE  BUALEE e 3%, Haz o
SENTHTAR AN ARG B2 oKk i, e BC i B B A
HEHESR TR UEA TR, SRR A AN TESRAE I A 5

0418002-2



GRS & k]

5 4 3

www.irla.cn

% AT %

il 458 R, DA T X 5 A T A 1, 2 A PR 22

Upper frame

X \'&Cmmecting bolt
I M{nternal bearing tube

Truss

Lower frame

W

(a) M2 B B8 SO 4 454

(a) Trussed support structure for telescope

yUpper frame

’ Mandrel

Connecting ring

Truss

Lower frame

(b) XU 22 3 R 52 S A 4 A
(b) Double—stub truss support structure for telescope

S5

Upper frame

Mandrel

Connecting ring

(¢) ZHIUAR BRI 5 45
(c) Polygonal barrel support structure for telescope
1 B g S R A R et

Fig.1 Support structure design of telescope prototype
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Nickel—

Ti—-6Al-2Sn— Aluminum alloy

Material AZr—9Mo chromium—iron 7075-T6
alloy 903
Density 4.54 8.25 2.81
Young's 114 147 72
modulus
Poisson’s ratio 0.32 0.226 0.33
Yield strength 860 1100 503
Therrr.lal. 71 _ 130
conductivity
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Tab.3 Mechanical vibration test result

Sinusoidal vibration

. Maximum
First order
frequency/Hz Acceleration Magnificati— stress
response(g) on /MPa
X direction 452.9 35.44 6.23
Y direction 639.1 33.44 6.688 3.052
Z direction 630.5 133.82 22.3
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