EE-580 Space Mechanisms

Exercise 4.1 - Solar Array

v.01

Problem Statement

The spacecraft from the picture below is submitted to a 0.5 g acceleration during a maneu-
ver.

Acceleration = 0.5g T

1.5m

d

Jia
Tubular axis M
264 x 60 mm

250 mm 6m

The solar arrays have a mass power of 45 W/kg
The energy efficiency of the solar cells is 25%

Evaluate

1. The mass of one single solar array wing (hint: take into account the average solar constant).
2. The torque that is applied to the axis during the acceleration.

3. The maximum stress on the axis.
4, Optional: the margin of safety for the fatigue strength of an aluminum tube (A7075-T6).
The maximum allowable stress for aluminum (A7075-T6) is [Pal:

[ ]- o1 = 150 « 10%}

A factor of safety (FOS) of 2 is considered.
Hint: ECSS-E-ST32C Rev.1 section 4.5.16
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Solution

Total Solar Irradiance (Solar constant) [W/m 2]:
in[-]:= Cg = 13623
Mass power [W/kg]:
in[-]:= Pp = 453
Energy efficiency:
in[-]= n=0.253
Size of the wing [m]:
in[-]:= L =63

W=1.5;

Mass of the wing [kg]:

LWCsn
In[«]:= M= S

Pn
out[«]=
68.1

Linear mass of the wing [kg/m]:

M
In[~]:= My = —
L
Out[«]=
11.35
Torque applied to the axis
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Acceleration [m/s ?]:

in[-]= a=0.5x9.81
Out[«]=

4.905

Length of the axis [m]:

1= h=0.253%



In[«]:=

In[«]:=

In[«]:=

Out[«]=

In[«]:=

Out[«]=

In[«]:=

In[«]:=
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In[«]:=

In[e]:=

Out[«]=

Outer diameter of the axis [m]:
dout = 64 < 10733
Inner diameter of the axis [m]:

din = 60« 1073;

Torques

Torque at solar array - tube interface [N-m]:

L
T1=Ma—
2

1002.09

Maximum torque [N-m]:

L
T=Ma(—+h)
2

1085.6

Maximum stress

Area moment of inertia of the axis [m *]:
7 (dout4 - d-in4)
Taxis = —_—
64
Maximum stress on the axis [Pa]:

T dou‘c

Omax =

2 Iax‘is

1.85397 x 108

Margin of Safety (MOS)
Factor of Safety (FOS):

FOS = 2;

Margin of Safety (MOS):

O.
MOS = — 1

Omax FOS
-0.595463

A margin <0 is not admissible.
Either the diameter or the material of the axis shall be changed!
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