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Study on processing scheme and precision measurement method

of payload adapter with irregular shape
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2. Capital Aerospace Machinery Corporation Limited, Beijing 100076, China)

Abstract: The structure of the payload adapter was becoming more and more complex to meet the needs
of the new spacecraft. In order to offset the large deviation of the center of mass of a reentry spacecraft
and realize the self-leveling of separation design, a payload adapter with irregular shape was designed
according to the structural characteristics of a reentry spacecraft. Based on the analysis of the
characteristics of riveting technology and additive manufacturing technology, two different process schemes
of riveting and additive manufacturing were compared and analyzed. According to the actual
manufacturing precision measurement needs of the payload adapter with irregular shape, laser tracking
measurement technology was selected as the precision measurement method. Through the application case
analysis of axis measurement after the installation of a certain type of upper-stage engine nozzle, it can
be seen that the measurement and data processing method based on laser tracker and least square method
could be applied to the payload adapter with irregular shape. And the obtained accuracy data could be
used as the basis for the separation of spring selection in the subsequent separation design.
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Tab.1 Mass characteristics of a spacecraft

Horizontal center of

mass/mm Note

Product Weight/kg

Y V4

980 52 0 Theoretical value
Spacecraft

+1.5% +10 +5 Deviation value

[N 2 et T Pl b T BEIR ok il A T o
R T —E Ry, LB R 4 518 s Bl
MR E A,

{a) 3D graph

-
T
= [
1) i i
[
|

?
31,5517

21560

(b} 2D graph

1520 7 3 G # RIS 14

Fig.1 Theoretical diagram of a payload adapter with irregular shape
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Fig.2 Schematic diagram of 3D printing design model to product process
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Tab.2 Comparison of process schemes

Projects

Riveting

Additive manufacturing

Mode

Machining process

Constraint
Thickness
Digitized degree
Precision
Tools
Process cycle
Requirements
Energy consumption

Noise level

Mechanical, no heat exchange, connected
metal & nonmetal
Manufacturing fixture assembly, positioning
drilling, riveting
Limited by space & shape
Steel<6mm, AI<11 mm
Low
Average
Special assembly frame
Long
Hydraulic, pneumatic
Low

High

Similar to welding or casting, heat exchange
formed by melting metal & nonmetal

Forming directly

Almost no limited
Almost no limited
High
High
Without tools
Short
Laser, protective gas: Ar, N,
High

Low
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Fig.3 Measurement schematic diagram of laser tracker
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The 2nd laser tracker

I I The 1st laser tracker
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Fig.4 Schematic diagram of measurement layout of laser tracker
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Tab.3 Measurement data of precision of a certain

type of upper-stage scaled engine

Measuring states Points X/mm Y/mm Z/mm
P, -0.105  20.295  63.370

P, 16.000  11.954  62.750

P, 20.445  -0.994  60.510

Circle of the lower P, 14.254  -14.515 61.340
end of engine nozzle P; -1.428 -20.368 60.630
P -18.451 -8.790  60.540

P, -20.528 -0.102  61.830

Py -14.496 14.161  61.420

Py -0.330  35.570 9.830

P, 20.161  29.270 10.540

Py’ 35.448 -0.216 7.930

Circle of the upper P/ 23.038 —-27.289  10.640
end of engine nozzle Py’ -2.789 -35.750  8.730
Py’ -29.708 -20.708  7.660

P, -36.270  1.649 9.350

Py -0.469  35.584 10.470
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Fig.5 Fitting circle of upper and lower end faces of nozzle
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