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Abstract : The visible and shortwave infrared hyperspectral imager ( AHSI) onboard the Gaofen-5 satellite represents a core payload
within China’s high-resolution Earth observation program. Unlike conventional off-axis three-mirror cameras primarily used for visible or
multispectral imaging, hyperspectral imagers require a specialized architecture comprising a telescope, spectrometer, and detector array.
The AHSI features an extended 3-meter optical path integrating three off-axis systems and 22 off-axis optical components, presenting
significant challenges in terms of structural complexity, alignment precision, and environmental robustness within constrained space. To
address these challenges, this study presents the design and implementation of a novel integrated structural configuration using advanced
composite materials. A systematic methodology encompassing material selection, structural design, simulation analysis, and experimental
validation is established. The opto-mechanical framework utilizes a high-volume fraction (55% ) SiCp/Al composite as the primary
structural material, offering superior stiffness-to-weight performance. The design unifies the off-axis three-mirror telescope, Offner
spectrometer, and detector assemblies into a compact and rigid composite structure, optimizing mechanical stability and mass efficiency.
The framework is fabricated using an ultrasonic-assisted gradient brazing process to ensure precise bonding and structural integrity.
Structural strength and stiffness are confirmed through finite element modeling and mechanical testing. On-orbit imaging results show
strong agreement with ground-based calibration data, verifying the design’s environmental adaptability and long-term stability. As the
first hyperspectral imaging instrument worldwide to achieve simultaneous wide swath coverage and broad spectral range, AHSI

demonstrates the viability of advanced composite-based structural solutions for complex spaceborne optical systems. It delivers critical
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technical support for strategic national applications, including land resource management and environmental monitoring.

Keywords : Gaofen-5 satellite; hyperspectral imager; structural design; high-volume fraction SiCp/Al composite; modal analysis;

mechanical testing
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Fig. 1 Optical path diagram of the Gaofen-5
hyperspectral imager ( AHSI)
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Table 1 Technical specifications of Gaofen-5

hyperspectral imager ( AHSI)

P e ZFx BRI
1 LEIRER =5 705 km
2 Wi 9 60 km
3 23 [H] 3 B 30 m
4 . VNIR:5 nm@0.40~1.0 pm
SWIR:10 nm@1.0~2.5 um
5 GG 0.4~2.5 pm
6 b=y mEE 250 mm
7 F 2.83
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Fig. 2 Quickbird-2 satellite (USA)
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Fig. 3 Domestic and international frame-type

main support structures
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Table 2 Material properties of typical camera components

WL p/ o LU B MFH N/ PR R o/ AR EN
PR AT (grem™) E/GPa (E/p) (Wem™-K) (107° K) (AMa)
Al 2.78 70 25.2 120.0 22.70 5.3
TC4 4.44 114 25.7 6.8 9.20 0.7
15% AR5 SiCp/Al 2.84 97 34.2 140.0 17.00 8.2
55% ity SiCp/Al 2.94 213 72. 4 235.0 8.00 29.4
4]32 8.10 141 17.4 13.9 0.65 21. 4

WAL TE (SiC) SR & | Lb W BE A% 5, A R T 4
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Fig.5 Microstructural characteristics of high-volume

fraction SiCp/Al composite
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Fig. 6  Structural design model of AHSI opto-mechanical

assembly
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(a) Schematic diagram of the opto-mechanical
frame structure design model

(b) REESE 2
(b) Physical drawing after welding
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Fig.7 Design model schematic diagram and post-welding

physical diagram of opto-mechanical frame structure
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Fig. 8 Design model of AHSI mechanism assembly
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Fig. 10 On-orbit installation diagram of hyperspectral

imager main assembly
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Table 3 First four modal orders of AHSI main assembly
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Fig. 11  Mode shapes of the first four modal orders

for AHSI main assembly
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Table 4 Maximum equivalent stress in acceleration

analysis (MPa)
WAL AL el R e
TR v wm om0 g

X 52.8 51.4 45.9 35.1 30.3 52.8
Y] 89.2 81.6 89.2 48.2 19.6 19. 4
Z n] 42.1 32.8 42.1 31.0 24.7 21. 4
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Fig. 12 Y-axis acceleration-induced atress

distribution on main assembly
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Fig. 13 Physical prototype of AHSI main assembly
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Fig. 14 Mechanical testing setup for AHSI main assembly
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Fig. 15 Superimposed diagram of acceptance-level

response at vibration test measurement points
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Table 5 Main assembly pre-vibration and post-vibration

first- order frequency results (Hz)
PeFhorm W ATR P IR R R R e
X [ 106. 66 105. 20 1.46
Y [A] 85. 51 86. 10 0.59
Z I 120.78 121. 62 0.84

A EEAHML R S A8 A PAT A B, AHALIE B0 40 1F 5,
QTS5 DL 5 12 50 /T 5 JEAT AL 4 M s 3k,
AR WL 6 Frn  FPLERS MTF W45 1A e — 2L,
Tl LK
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Table 6 Static MTF test results before/after mechanical

testing
P/ M -1 0 +1
/o iR JIREIE ONE DR %N DR
450 0.51 0.52 0.49 0.52 0.49 0.52
650 0.55 0.57 0.54 0.59 0.54 0.55
850 0.54 0.57 0.54 0.53 0.53 0.55
950 0.52 0. 56 0.50 0.54 0.50 0.52

1150 0.49 0.53 0.53 0.57 0.52 0.51

1550 0.49 0.51 0. 56 0.58 0.50 0.53

1950 0.54 0.58 0.53 0.57 0.50 0.51

2 350 0.50 0. 54 0.53 0.55 0.53 0. 54
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Fig. 16  On-orbit dynamic MTF knife-edge test scenario
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Fig. 17 Comparison results of on-orbit and ground SNR tests

for hyperspectral imager
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Table 7 Domestic and international hyperspectral imager performance specifications
EPS T BRA Hh ER g EgE
AR LA R EnMAP!! PRISMA['® GF-5/AHSI 1SS/HISUIH ! 18S/EMIT!?) Tanager!>!]
U B/ km 652 615 705 400 400 404
I 38/ km 30 30 60 30 72 18
23] 43 PER/m 30 30 30 30 60 30
JEIEIE L/ wm 0.42~2.45 0.40~2.50 0.40~2. 50 0.40~2. 50 0.41~2.45 0.40~2.50
. 6.5( VNIR) b 2.5(VNIR) 10( VNIR) i’ 65
10(SWIR) 10(SWIR) 12.5(SWIR)
BB BIER 240 239 330/660 185 ~285 420
G354 325 500 600 375 600 600
TG E biS E/nm 1.17 2.8 0.45 0. 625
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(a) Application of hyperspectral technology in
space-based point-source methane detection

(b) W LA T R
(b) Application of hyperspectral technology
in mineral detection
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Fig. 18  Application of hyperspectral camera in space-based

point source methane and mineral detection
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