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Multipurpose optimization for grating shaft of double grating

spectrometer
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Abstract: Grating shaft of a double grating spectrometer is an important part which is used to fix and
drive gratings, deformation and vibration of which both have effects on final measurement result.
According to operating principle and working condition of the double grating spectrometer, centroid
adjustment, light weight, avoid resonance and the decrease of the random vibration were chosen to be
main goals in the optimization. First, three —dimension model of concave gratings, grating shaft and its
fixture were built in UG. Then, they were imported into ANSYS Workbench, modal analysis and random
vibration analysis were done. Finally, multipurpose optimization was done according to the result in last

step. After the multipurpose optimization, centroid of the rotating parts was adjusted to the rotating axis.
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Its mass reduced from 0.606 30 kg to 0.539 43 kg. Its second natural frequency increased from 184.83 Hz
to 187.77 Hz, and the maximal random vibration deformation on Z axis of concave gratings reduced from
33.394 pm to 27.147 pm. Centroid adjustment of structure could be realized directly by common finite
element analysis software, the author achieved this goal when building three —dimensional models, and
guaranteed that centroid of the rotating parts moved only on their rotating axis in optimization, so that
centroid adjustment and light weight can be realized at the same time, which can be widely used in many
other projects.

Key words: grating shaft; centroid adjustment; light weight; modal analysis;

random vibration analysis
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( Fig.2 Revised model of grating shaft
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Tab.1 Mass parameters of revolution part
Parameters Volume/mm?* Mass/kg X—coordinate Y—coordinate Z—coordinate
Value 61 419.416 0.411 281 290 103.609 287 023 0.000 000 021 0.314 141 304
) X zZ .
, y : 2)
0, z 0 , , .
0 ’ ) )
0, . , 8mm,
( . ,
b o Z °
8, (Do
(o _h
-9 I — G
(2ax2bxh)x10"x7 850 | 8= = s V1024’ ~131 669.239ab
0.411 281 290x0.314 141 304 (1) dab
. h 2a, 2b ; h (3)
2). a b
7 3 s 8 mm 18 mm,
h=8+ \/1 024a b —131 669.239ab (2)
B dab , 2 o
(2) ) ) , X
2 ( )

Tab.2 Mass parameters of revolution part(digged)

2)

(3)

Parameters Volume/mm?® Mass/kg X—coordinate Y—coordinate Z—coordinate

Value 54 646.288 059 897 0.358 112 232 103.402 807 340 0.000 000 024 0.000 000 000
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Tab.3 Natural frequency of original model

Order 1 2 3 4 5 6

Frequency/Hz 6.4836 184.83 193.36 1504.3 2422.3 3693.3

’
Unit: mm

Time: 6.483 6
2016-3-169:57

A:Model (AMSYS)
Total deformation
Type:Total deformation
Frequency: 6.483 6 Hz

182.938 Max

3

Fig.3 First vibration mode

184.83 Hz,
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Tab.4 Load condition of random vibration

1]

Frequency/Hz [10,250] [250,800] [800,200 0]
Magnitude 6 dB/oct 0.14 g*/Hz -9 dB/oct
5
Tab.5 Load condition of sinusoidal vibration
Frequency/Hz [4,10] [10,17] [17,75] [75,100]
Magnitude 22 mm 54¢ 14 ¢ 84¢g
’
12 s 30,
99.737%
s 3
6 o
6

Tab.6 Maximum deformation in three axis

directions of original model

Maximum deformation of =~ Maximum deformation of

Directi
trection random vibration/pm harmonic response/pm
X—axis 1.2266 0.113 4
Y-axis 8.4396 0.976 3
Z—axis 33.394 2.3217
50 pm ,
6 s X Y
Z
5
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5.2
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42 mm,
2 mm,
h
(3) ,
h
14 mm .
5.3

Maximum F(x) = (Fi(x), Fy(x), Fy(x))

5.3.1 Minimum

5.3.2 Maximum

5.3.3 Minimum

5.3.4

Maximum

Z

) Fl(x)
) S5, F,(x)
24 mm, , 184.83Hz,
1, Z
a b , Fy(x) s
b 3) 33.394 pm,
o 50 pm ,
0~ 10, ,
/ F (x) \
F(x)=5x|1-—1""" |+
, a b ( 0.606 30 )
[175,19], mm, ‘ FZ('X) -1 | 10 ’1_ F3(‘x) | 5
| teras ! [*10%(1-35'501 | ®)
() .
(4) ) ' :
Fi(x) °
’ 6
F,(x) ANSYS Workbench “ "
, (Goal Driven Optimization),
5 o ) a b
o , 8 mm  18mm,
Z Fy(x) a b [7.5,10]
[17.5,19], : 6)
Z F(x), ,
. F(x) o
(Number of Initial Sample) 10000,
’ ° ’ F(x)
Minimum Fi(x), , o ,a b
F,(x) Minimum 9.9904mm  17.538mm,
Fi(x) o 7 o
7

Tab.7 Comparison of each model in three optimization goals and objective function values

Natural frequency of Maximum random vibration deformation of Objective function

Mass Fi(x)/ke second order F,(x)/Hz concave gratings in Z—axis F;(x)/jm value F(x)
Original model 0.606 30 184.83 33.394 0.000 0
8x18 rectangular hole model 0.560 49 186.89 29.169 1.654 1
Optimized model 0.539 43 187.77 27.147 2.438 1
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o ’

9.9904mm  17.538 mm,

19.981 mm, 35.076 mm 12.127 mm

. 0.606 30 kg
0.539 43 kg, 11.03%,

184.43 Hz 187.77 Hz ,

o

33.394 um

27.147 pm, ;
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