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Abstract: Aiming at the 110 m fully-steerable radio telescope(which is called QTT for short ) to be built
in the future, in order to improve the main reflector precision, the traditional structural concepts were
analyzed based on the best fit paraboloid. It is the uneven deformation of the reflector that results in the
lower precision. It is mainly due to the following three aspects: the concentrated loads exist on the main
reflecting surface, the back frame supporting system is unreasonable and the back frame structure has a
poor performance. Based on this, the catching points of the secondary reflector supporting legs were
changed, the space truss structure combining cones and quadrangular pyramids were adopted as the back
frame structure design, and a kind of polar symmetry umbrella structure was proposed as the supporting
system for the back frame structure. Finally the introduced scheme for the fully-steerable radio telescope
significantly improved the main reflector precision, its maximal RMS was reduced to 0.306 mm.
Compared with the fully-steerable radio telescope GBT which has the largest diameter in the world, the

reflective surface area of QTT increases 10%, the surface precision improves 12.6% and the total weight
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decreases 40%. The QTT performance reaches the international advanced level.
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Fig.1 All moveable telescope structure model
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Tab.1 Simulating elements in finite element analysis

Componets Simulating element
Back frame structure Pipe 16
Core tube, wheel gear Shell 63
Pitching mechanism, azimuth rin
tching mec aacstua,t(:lr uth bearing, Beam 4
Drive rod Link 8
Balance weight Mass 21
Reflector panel Shell 181

x2 BB
Tab.2 Material properties

Properties Steel Aluminium
Elasticity modulus E/N-m™ 2.06x10" 0.7x10"
Poisson ratio A 0.30 0.33
Density/kg - m™ 7 850 2700
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Fig.6 Traditional supporting design of secondary reflector
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Fig.7 Front view of new design
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Fig.8 Partial enlargement of new supporting design
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Fig.9 Upper chord deformation of secondary reflector supporting

design
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Tab.3 Comparison of different secondary reflector

supporting design

Deformation homogeneity

S ti h RMS/
VPPOILig schetie of upper chord for 90° i
Traditional scheme Little uniform 0.826
New scheme Relatively uniform 0.490

3.2 BREMIAFTR

RAMAIL A P S B 35 10 7 45 4 18 SRR o, e
LAY B 3 T 2RGSO FTF N 00 73 A A2
TR R, Xt # ZREE G -5 O A AL A 1) i 42 7 S8
PP B R, O 1 4R v SO TR B2, N R
LT IREEA AR X 2] B AR 5 00° I, 07 200K 15
IREE e S FLA SR A BT O T P L Bl R A B 4
Sl AL G T BB Al R B, AR AR
B LI 1 — M 550 OV IV 810 #3 h 15°) B8 b0 il i

B T AR AR T, A 10 B

Kl 10 41 2045

Fig.10 Traditional back frame structure
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Fig.14 Upper chord deformation of back frame structure supporting

design
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Tab.4 Comparison of different supporting designs

for back frame structure

S ti h
Upporting schieme Deformation homogeneity of

for back fi RMS/
or back frame upper chord for 90° mm
structure
Traditional scheme Little uniform 1.05
New scheme Relatively uniform 0.49
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Fig.15 Ensemble of back frame structure using truss system
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Fig.16 Ensemble of back frame structure using pyramid system
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Tab.5 Comparison of two kinds of back frame

proposals
Comparison index Truss Grid
Back frame structure weight/t 1038 826
Balance weight/t 656 616
Maximum RMS of reflector/mm 0.49 0.306
Maximum displacement of 90°pitching
120 108
angle/mm
Maxi ispl f 45°pitchi
aximum displacement of 45°pitching 135 120
angle/mm
Maxi ispl f 5°pitchi
aximum displacement of 5°pitching 150 198

angle/mm
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Tab.6 Comparison among famous radio telescopes

in the world

Radio telescope Diameter/m RMS/mm  Weight/t
GBT in USA 110x100 0.35 7300
Bonn in Germany 100 0.50 3200
Lovell in UK 76 1.00 3200
Shanghai 65 65 0.73 2 640
QTT in China 110 0.31 4322
4 & it
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