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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;

random vibration analysis

0 35

K B e S 2 ot B i Y SRR BE IR, JLRE A
A B AT R AR o B O A 0 K P A O 0
AT R AR BT RE B, O S B [l
WAL T B SR RO PEAG o DRI T P A A T A
H— HLEC T K RO 1 SO0 R ORE BE R B T o O
Il Tl T % B v RS A B G 1 SR 0 RS B AT
FH W, AR Ok [ A B E AR A O Al e il
Wb A AL Bt O AT T AR

KOG ASE M il 5 [ 7 A0 31K 3l i B 3
B IEDEM SR, TR R B S
R Bl B3 AT REXS XL 1 13 e 28 114 5 1 ek 2
WA . HAT, fhEE R0 A B R A AT 23 7
R B 28, TN [ R o i 5% B R RAIE L T
PRI i v A A P, O e A 4 5 98 2 {6 [ 5 9 2
F9 SO ¥ 7 [0 e il 2 B3 5 28 R A BROG 3 i A
PR e AL B, R4S LR T O R TS 20 A Al
A A TR R B R, LIS AR KU
1% 2 Mg i AR FE

R 2 I A B O T B AR RE g3 i) R (] A S )
F14 JBE A O OB AR ) T AR R AR T,
Z (8] A7 AR B B2 e g R T R R L A
BIR I 70 r 1 3% TG i 4 5% B AN A R TR0 O R
SR A TR i S B PR AR AR i 5B Bl . A Br
b P Z 1B 5 Z, A RE (] Bk MK 5 O AT D
ANJCA e il e AR B R R R SR, AT
TR M O T8 ASC % IR o A R L O Y
PR PR AT B = E A B Y, I ORI A A £
Pt B b, [l 5% 90 20 1 B0 HUAfE L o] 5% b 1 A%
gy, M A i S2 BE T bk PR AL AL i Ak B 5 % R

il

light weight;

modal analysis;

AT Z ST

1 L4k B iRt

XROEHEE AL TAR BN ET 1 fras, JERMA
SEPRSEIE AGTERAX, A5 — e M S A 2 A AT
Ja 48 S B v AR A 6 D 1 I 3 ) B SE B O L AE
55 P MU E M AL & AR A AT IS, DA I e 4k
O

BT B A AR D B

Fig.1 Operational principle of spectrometer
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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
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Tab.2 Mass parameters of revolution part(digged)

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
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Tab.4 Load condition of random vibration

Frequency/Hz [10,250] [250,800] [800,200 0]

Magnitude 6 dB/oct 0.14 g*/Hz -9 dB/oct
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Tab.5 Load condition of sinusoidal vibration

Frequency/Hz [4,10] [10,17] [17,75] [75,100]

Magnitude 22 mm 54¢ 14 ¢ 84¢g

Order 1 2 3 4 5 6

Frequency/Hz 6.483 6 184.83 193.36 1504.3 2422.3 3693.3
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Fig.3 First vibration mode
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Tab.6 Maximum deformation in three axis

directions of original model

Maximum deformation of =~ Maximum deformation of

Direction random vibration/pum harmonic response/pwm
X—axis 1.226 6 0.113 4
Y—axis 8.4396 0.976 3
Z—axis 33.394 2.3217
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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)/kg second order F,(x)/Hz concave gratings in Z—axis F;(x)/pm 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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