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Application research of general quality characteristics in

the development process of laser vibrometer
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(Changcheng Institute of Metrology & Measurement, Beijing 100095, China)

Abstract: In order to improve the performance of the laser vibrometer LV-400 (Laser Vibrometer, LV) and solve the
problem of laser vibrometer being difficult to adapt to harsh operating environments, general quality characteristics were
applied to the development of laser vibrometer LV-400. By screening and sorting out the general quality characteristic
standards, the core clauses of six characteristics were used to complete reliability identification, temperature, humidity,
random vibration, function impact and other tests, and targeted instrument design improvements were made. By adopting a
series of corrective measures such as mechanical structure improvement, sealing, gluing, and applying three proof paint,
the impact of high temperature, high humidity, and vibration environments on the performance of optical instruments has
been effectively overcame. By applying professional knowledge related to the six characteristics, the environmental adapt-
ability of optical devices has been improved, and the range of use of the laser vibrometer LV-400 has been expanded. This
type of laser vibrometer can still maintain stable performance in relatively harsh operating environments. The organic com-
bination of general quality characteristics with the development task of laser vibrometer LV-400 has improved the quality
and development efficiency of laser vibrator, reduced the burden on researchers, and has important reference significance.
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Fig.1  Physical image of optical head and controller
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Fig.2  Optical schematic diagram
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Fig.3 Thermal simulation deformation diagram of guide rail
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Fig.4 Thermal simulation deformation diagram of

splitting prism
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Fig.5 Simulation deformation diagram of random vibration
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Fig.6  Physical picture of reliability qualification test
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Fig.7 Physical picture of temperature test
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Fig.9  Structure diagram of prism fine tuning
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Fig.17 Physical picture of safety test

£ 8 AWK R
Tab.8 Safety test results

B2 B ISR HERE HESR
A fIREE 7381 MQ =100 MQ 4
I L 3R I 3.233 mA <10 mA v
TP e, 0.536 mA <3.5mA E

23.6 EAWMLEL

2B U DNl 7 ol o s T WL N L= 3 Ve o e
W HOLMPRIL LV -400 7 & 4 4R 2R .
24 MKETEAR

MR TAE NS W & . Dk 22
K M BT b . IR S A L DU K
51PN A ELS S
2.4.1  MRHER T

PO AR AL LV-400 17430 38 P 152 1A 48 I
Mo BRI . AR R
M IIREZS Tt . IR Rl i it . s
il . e BT AT AR R T
242 MEAHBEER

U7 PR 2 N o SV LU B W - NI
BI85 NN B W o8 3 R -l D U R i



iR

Bit5H*E - 105 -

FoR . BB B (Unit Under Test, UUT) 5 Zh358
I 15 45 3 25 P SR A AL N I (Built-In Test,
BIT) 2R 4
2.4.3 MM R

R 41 84 6 I 4R A LV—-400 83 35 3 S
] WU B i

OA IRV, PR ) e 5

Q#ATLRA LW, 38 m iR %

®#kAT A S B I

@FEAT AR RS 534 5

Q#FATHL T I REES B TR T D) Be 4355
2.4.4 MRS

RO AR I LV-400 #E47 D RE R 43, 4
1l D RE ) 43 2, SR AR A e 8T =X K B e 5 A
(Failure Mode and Effects Analysis, FMEA )25 58 2
KEES RO B, Mk A U i L T B Mg
ZHOE B BIT R & %, e & #LN, #ad
BIT, A LIAAE Ty e AR DG, fe s 4 il )
REI AT 55 0 35
24.5 KRR 5 TR

I 3 I 2 A A e B A I K L T
P G ) 5 N e o g 1 25 IR 1 4
W9 iR,

A9 MR MIXIELER
Tab. 9  Testability test results
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Tab.10  Maintainability test results
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Tab.11  Supportability test results

N I P
RGHH RREE KUERE e
s

s EHME>95% AFEE = 90%
JER BRI = = L Na
BOMERS o S oge w900 TR

WrEYE > 97%  WrETE = 90%
{REEGT A VLB > 95%  VLBCHE = 90% 54

FREE >925% FTEE =90%
RY IR A SRR 96%  SEIFE = 90% A

2.6.6 AREEMEZE S
2o b PR B A M AR, A5 IR BEPE 4SS
BOCI PR LV-400 i B ARFEE EK

3 it

TEWO G AL LV-400 Ry WG REFE TIPS
PO T AR B0 R 55 T4, 2, 258 R
£33 A0S LR L R AN TR RS i
Xt A B TR AT S A R L R R IR, R AU
AT BEHL IR/, A R R 5 A% X RO I R AX
BRI, 3058 (IS, AR HE A% 45 1 #R 58
TRIRRER KRS E HOPERE . SCHH BT R B 7S PE T
VRSO I RHIF L R T B2, flRHIE A 5



iR

Bit5HZ*E - 107 -

TERFE) S AT 55 EAYNG O T RERS PRI | A &4 i
PEAVE TARE AT, 42 S ARSI B RCR A
DR i R A 4 T B e A 2 AT
R AE T, Al DAL J7 1T 9t 2 22 3 o4
PERA S TAE . OMRERIBHES N, FiEL. Jfik
PSVER R E ;. @2 BRI P BA AT LA T3 1 5t
R A O e . R )y
., I A B A R, A B L AT
R R AT figp R ik 86 [, O PR A BAS S
BRS04 e AN E s @R AL AR 1 42 B BOT
HAR HLFLSE 09 38 B R AR OC AR s ST it id
MBRRER N, TR ZRHIE BT T S AR O
RV, I REA 7S PEAR SRR DR S PR ]

Sk

[1] P EZE R, Pk REK: GIB
9001C-2017[S]. Jb5T: & %% % 22 b5 th iR A2 1778
2017.
Equipment Development Department of the Central Mili-
tary Commission. Quality management systems require-
ments: GJB 9001C-2017 [S]. Beijing: General Equip-
ment Department Military Standard Publishing and Distri-
bution Department, 2017. (in Chinese)

[2] PEEZEAE RS 2. B R — &b
FIARIE - 180 9000-2015[S]. Jbat: [ Frife i ikt
2015.

China National Standardization Administration. Quality

management systems fundamentals and terminology :
ISO 9000-2015[S]. Beijing: Standards Press of China,
2015. (in Chinese)

[31 N R 25 8 e A AR . 2 A o HH ot e M AT

GJB 451B-2021[S]. Jbal: B4 &M %hn LA ATHE
2021.
The General Equipment Department of People’s Liberation
Army of China. Equipment general quality characteristics
terminology: GJB 451B-2021 [S]. Beijing: General
Equipment Department Military Standard Publishing and
Distribution Department, 2021. (in Chinese)

[4] BHRFH . BWOCWR AR ST by & A D0 X A

[J]. I SMHRHAR , 2011, 38(6): 11-13, 15.
ZHAO J C. Development overview and role of laser vibra-
tion measurement in vibration metrology [J]. Metrology &
Measurement Technique, 2011, 38(6): 11-13, 15. (in
Chinese)

[5] S2Lit, A, TA. 2222 TR UH TR HE D OC
HEHORIYBTFE L], 224, 2018, 39(3): 368-372.
HU H B, YANG L F, YU M. Study on key technologies
of vibration calibration using homodyne interferometer
[J]. Acta Metrologica Sinica, 2018, 39(3) : 368-372.
(in Chinese)

(6] M7, k)1, W R . SRR R ILA G
AL ], A, 2021, 41(2): 39-42
YANG J, ZHANG L, LI X L. Several primary problems
in the development of dynamic metrology[J]. Metrology &
Measurement Technology, 2021, 41(2): 39-42. (in Chi-
nese)

(7] T, i, XEAR, & AR E K ki
BB ST )]. THESER, 2011, 32(2): 1-8.
YU M, HE W, LIU A D, et al. Research and establish-
ment of a national metrological benchmark device for ultra-
low frequency vibration [J]. Acta Metrologica Sinica,
2011, 32(2): 1-8. (in Chinese)

[8] EMEMk, EWAF . BOCHHOLZ 8 1y I o 5250 R GE
A EESHTL ], THEAEA], 2013, 34(1): 31-35.
WANG H L, WANG Y C. Analysis of uncertainty of
double beam laser doppler velocity measurement system
[J]. Acta Metrologica Sinica, 2013, 34(1): 31-35. (in
Chinese)

[9] #if, WH, 7, 5. LT FPCA R/ ET W

AR TE V0 A # AR (7], 3 2, 2022, 43(3) -
399-404.
KE W, FENG X J, YANG P, etal. Technology of arctan-
gent demodulation of laser heterodyne interferometer
based on FPGA [J]. Acta Metrologica Sinica, 2022, 43
(3): 399-404. (in Chinese)

[10] &7, 5K Ty . AR i x4 B A 5  Joe K i FH ()]

A, 2016, 36(6): 1-3, 61.
RU N, ZHANG L. The latest development and application
of non - contact measurement technology [J]. Metrology &
Measurement Technology, 2016, 36 (6) : 1-3, 61. (in
Chinese)

[L1] Mo, SR IIA . e AN ek Jon o 2 A e 2 8 T 5
[J]. FHHEA, 2021, 41(2): 172-177
SUN H L, ZHANG D Z. Research on the calibrating de-
vice for high precision and low impact acceleration [J].
Metrology & Measurement Technology, 2021, 41 (2) :
172-177. (in Chinese)

[12] Ak, skpi%. SRR OGRS B o (], 3



108 -

Bt 5%

2024 45 44 K % 43

[13]

[14]

[15]

HR, 2015, 35(3): 39-42.

XU J, ZHANG B Y. Research of vibration measurement
experiment by laser in high temperature [J]. Metrology &
Measurement Technology, 2015, 35(3): 39-42. (in Chi-
nese)

E B RE R R Tl 25 5125 . n] S MR 37 FTA]
PEBIT : GIB 813-2005[S]. Jbnt: [ B Tk it
2005.

National Defense Science & Technology and Industry Com-
mittee. Establishment of reliability model and reliability
prediction: GJB 813-2005 [S]. Beijing: National De-
fense Industry Press, 2005. (in Chinese)

SHEEDNEN 13 9 SE -3 4 B R P S E T S R B
Wt GIB/7299C-2006[S]. dbat: G & #4hr i i
KATHB, 2006.

The General Equipment Department of People’s Libera-
tion Army of China. Reliability prediction handbook for
electronic equipment: GJB/Z 299C-2006[S]. Beijing:
General Equipment Department Military Standard Pub-
lishing and Distribution Department, 2006. (in Chinese )
SHIEEPNES 5 EocE 3 S I B S 8- U R
f: GIB 3947A-2009[S]. Jbat: B2 &M 445 I AUA
198, 2009.

The General Equipment Department of People’s Libera-

tion Army of China. General specification for military

[16]

electronic test equipment: GJB 3947A-2009 [S]. Bei-
jing: General Equipment Department Military Standard
Publishing and Distribution Department, 2009. (in Chi-
nese)

N R A B A A A A A T
R: GIB900A-2012[S]. dbnt: BAEA MR IR AT
#5, 2012.

The General Equipment Department of People’s Libera-
tion Army of China. General requirements for materiel
safety program: GJB 900A-2012 [S]. Beijing: General
Equipment Department Military Standard Publishing and

Distribution Department, 2012. (in Chinese)

(ALgp#t: ME2R, Hk)

- E—1EE: Muk(1975—), B, T
U, FEEREST T I R A
FEIMPRE AR F AT K o



