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Dynamic design method of gear measuring instrument and its application
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Beijing 100124, China; 2. School of Mechatronics Engineering, Henan University of Science and Technology, Luoyang 471003, China)

Abstract:In order to solve the problem that poor dynamic performance of current gear measuring instruments seriously affects the
stability, reliability and accuracy of measurement results, the researches on the dynamic design methods of gear measuring instruments
were conducted and a dynamic design method combining finite element analysis and experiment modal analysis is put forward. First of
all, the theoretical basis of dynamic analysis, the basic steps of finite element analysis and the basic principle of the experiment modal
analysis are studied. Then, taking a certain gear fast measuring instrument as example, the finite element analysis and experiment modal
analysis were carried out for the gear fast measuring instrument. Third, the measuring experiment was carried out on the gear fast
measuring instrument, in which the gears with different precision were adopted, and the tests were carried out at different speeds.
Finally, the vibration disturbance in the measurement experiments and the change of the vibration during the measurement process were
analyzed. The experiment results show that the finite element analysis method can effectively improve the dynamic performance of the
instrument in the design stage and can improve the dynamic performance index of the instrument fundamentally. The experiment modal
analysis method can accurately obtain the actual dynamic performance index of the instrument after the instrument is manufactured, can
effectively carry out the best working speed selection and further enhance the usage performance of the instrument. With the experiments,
the correctness of finite element analysis and experimental modal analysis is verified, which provides a method for improving the dynamic
precision of the gear measuring instrument and provide a viable way for reasonably using the measuring instrument.
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5 ZRoWm

5.1 MELRIEST

FERS 1 e RO RS I LA T S B A 20 1R F 20
LR HEAT RS, I e i S Sl AT A e D 200 +/min
Xf EEA BROCIE A R 25 R (LA 2) RS B i 25 70 4 2R
(L3 3) T LA, A7 FROT 23 B 45 2R A (B 52 9 4
R, 3% F2 2 i TS BRAs H A — R i, BE it
A ZE R BRI PR B — 8 o S 50 — 9 [E1 A A A2 5
M 0 2 R ) S B A 7, DRI BB A 2 A A S T A
I IR ER — B [ A AR - 24 {H 30. 84 Hz A A4
FRER — B A AR o X i3 B A5 5 808 i, ol AR
Hi I 30 Hz BFUT A R E RO, ek At 3 2 B 2 SR A 7
e



54 APV A AN RIS A i BT 915

2.0r
1.8¢
1.6f
1.4F
1.2¢
g
@ 1.0p
= o8l
0.6
0.4

0.2

0 50 100150200250300 350400450 500 550 600 650 700
M /Hz

BT s BE AR S i s b s

Fig.7 Acceleration signal spectrum analysis result

5.2 iR BEIRENEH I

N WRTER SR ARR ZE BN, R 4 PSS
~5 BT S ANREHEAT T 908, L33 200 v/min,
FEM d kAR o, o B A% SR A U A 22 A AT T IR A
CHENSp TR IE e Rt g A (1SS

PRI

P8 ik e s e v

Fig.8 Acceleration sensor installation location

E9 Fis Mgis R 1 ~5 G5 HE 200 v/ min [ —
AEARRZE DRSS A2 . IR 9 H ] LABA & (4 & 1 r
A I AR 22 i AT B S 004 W (0% 8, 1A JEEG 2 (L 1) R
AN B IR S AR F /N DT AT RASRASHIR B
FRIRMEZ R 1.8 wm , 5 U7 R URMR 22 1Y EAE L LFAH
A I B AR 22 1 20% ~30% |, U EE T HE TR 4 SR
HIPERE o FERR MR IARIR 22 LR 1Y BT I Sh RIS iR
L7 P P 08 e R et sR R B AR A 25 5 . X R B G
1) B ph I ] (14 7 3y 200 v/ min B X I 11 B
AR 3.3 He, FEEIR) 10 F545-5 0 B AL — B [ 4 45
2R 31.43 Hz AEFH3E, W 7 5 iR R i . 55— 7,
IAFE 4 AT R I VR R 28, D e i ik A AR
WS R, R R BRI A — D EE

25 /um

2% /um

0 40 80 120 160 200 240 280 320 360
HES111(°)
(a) 15456200 r/minfif (38 4435% 2 dh 2%

(a) The integrated error curve of gear No. 1 at 200 r/min

0 40 80 120 160 200 240 280 320 360
HEA1/(°)
(b) 25 ¥ 5200 r/minfi ()48 4435 75 il 28
(b) The integrated error curve of gear No. 2 at 200 r/min

0 40 80 120 160 200 240 280 320 360
HA11(°)
(c) 35 UiH200 r/minif (1) #4452t 25 il 28
(c) The integrated error curve of gear No. 3 at 200 r/min

0 40 80 120 160 200 240 280 320 360
S A11(°)
(d) 45556200 r/minf ()48 445 25 ih 28

(d) The integrated error curve of gear No. 4 at 200 r/min

0 40 80 120 160 200 240 280 320 360
He /()
(e) 57 U200 r/min R R A4 5 25 il 2

(e) The integrated error curve of gear No. 5 at 200 r/min

F9 1~5 %% 7E 200 r/min IR AR 22 M 4%

Fig.9 The integrated error curves of gear

No. 1 ~5 at 200 r/min



916 & I £ ¥

38 %

5.3 HEMFI

FE 4Bt O ) B 25 SR s B R A T S

1 UG5, 5% 8k 60 170 1200 r/min, 3K BT

HITR SR FEAR S — 8 MG S —FE , R0 10 145 5 e
ZEAN—FF TR R 22 1 I 25 SR A 10 I o

400

-410 M’WM"’I{WW "

iﬁﬁww\ﬁ“ W* i

£ 10 MW& M “ 1
j§-450 M;

W‘y,w
AR
u‘hr ‘Mm,ﬂpm

l
460} A, M\ ‘H\ ‘ H‘\W
-470} w
480}

—490t
0

5‘0 100 150 200 5 < 0 350
LI
(a) 15 [ #4260 r/min I FRIHE AR 22 il 2k

(a) Integrated error curve of gear No. 1 at 60 r/min

Zsso] M*

0 50100 150 200 250 300 350
Hesnl©)
(b) 15 (P HEAE1 70 r/min N IR 22 Il 2k

(b) Integrated error curve of gear No. 1 at 170 r/min

1SR A AEAN R e T 10 e R iR 22 il 2%

Integrated error curves of gear No. 1 at

&l 10
Fig. 10
different speeds

M 10 Aal DL A 5 7E 170 o/ min i, 05 48
R 2 il 2R R 22 (B Bl R fe /N, AR A F e P38, AT
DA AR N ES RIS 2R o itk — 2L i AN [l e it T
IRASACAT B, W I 40 B AR 22 0 FET 224k, i LIRS
RARGRZE R R 2, I 1L R

0 5 10 15 20 25 30 35 40 45 50
A Hz

BI1L 1 S0 50 F AR 25 (W i 4s il 2k
Fig. 11

The amplitude-frequency curve of the

integrated error of gear No. 1

HRAER S~ H8 , BT DASRAS 76 B (5% 22 I i 72 vp

RE AT B T A S, I (3) fom . oz, 1z,

3 RN S 1) S BSORI D %6 1 7 3805 e R AT 114 2 3k

Si Sy BN WA 500 TR 15 S TR B A S, oo
Wik =2,3, - N KRR m Big o

he g
f2 :6% z;
fo=f = fu = ah (3)
fo = W,
fu = M,
fu = ks

X (3) AT RASR A5 8 R 5 22 wh Al B 30 A A 2
43, NF 6 B

F6 EEKIREFEMSE

Table 6 Frequency components of gear integrated error

- ] % 3 5 ) e
47 60 /min 175 /min 47200 1/min

N 1 2.91 3.3

5 0.11 0.31 0.35

/. 3 8.75 10

S 6,9,12 17.5,26.25,35 20,30

Sir 2,34 5.82,8.75,11.64 6.6,10,13.2

For 0.22,0.33 0.62,0.93 0.7,1.05

26 PRSI N ST ATE I 1L 7 i) B A
PR ZZMRAA £ b T DL B0 T 0 A R, A iR 2 D o AR
g8, Fe kAo SR A AN IR Sl SR IR, B AE 60 Al
200 r/min B, FEMGHT R R VB A 244530 Ha I 1o,
E 55 PRSHAGEI ASC P — By [T A7 A3 A< SE AR W) 45, g I A
Kl 2R GE ks e A= 3% . INIET 9 AT AE7E 200 +/min
AT LA BG4 5 vh A B S5 %) e S 0 A8 4, 3 5 AL
ST DAEACH s H B2 A R W IR, X T
RGN 55 6% 118 S0t 1A e, WA 2 W 4 gl 149 2 F 46, i
AR A5 U B 52 T 2 T 22, LS UK AT 3 0 7 )
B2 o AR 1T AT LUFE 3, 72 200 v/min 1,30 Hz
AR MR B A R T 20 Ha 20 i BIE, H S AE T 71X
AR 2B T WA 3 Y e A ] A A ) X R
M LT AT LB S 1 B 3] B A % 8 % 7E 30 Hz
Al R A A I A 7 A, B80T X i G Y i A A
175 r/min B},



FPPENE S5 D RE I AL A Sl 2 BT ik B R ] 917

7

=)
i
<l

ARG I 5 FER 3 A 0 AL ) i DXl mT DA v A
MZE R BN SHG B, AR LG Bh A B Rt T —Fh B
WA

SR AT R 25 40 R 15 90 0 B W R
FASE G0 T B, AR A5 1 B8 A 0 bR A D A 7y [ A A
S, AT T T 56 D 0 30 25 A A, S 1
(0 35 A P BT 15 40 074 6 — B0 50 T 7 14
7o

JE X L A3 B AN TR R 22 1) 14 FE AR DU 45 R R B
TEN B30 1) 2 B 000 i i 5% i s ) 45 SR A A R R 25
g3, Tl 28 50 i e > 00 T4, PR I 7 14 ?iﬁ(
PRI T ok A 06 2050 2% BERS T BIL 1% 30 25 Rk, 42 e L3
SR

F ST 43 BT 6 7 3%, R4S 14 e PR A N A A
175 v/ min A6 I I HAR BB AR, 600 45 R 32 4k 3h i) TP
N S R LA £ T8 TR T — 2 ) 567
TR
B3
[ 1] AR, T8y, 05,4 Mm@ ImaEr]. o

ks T FE,2015,23(10) : 2827-2834.
SHI ZH Y, YU B, YE Y,

et al. Development of

hourglass hob measuring machine [ J].
Engineering, 2015, 23(10) . 2827-2834.

A0 BEORE, IR T, R T, 2. TR AT A v i 5 ) A
A L0 ). A A K & 4k, 2013, 34 (12):
2715-2721.

SHI ZH Y, LU X N, CHEN CH H, et al. Development

Optics Precision

(2]

of single-flank rolling tester for face gears[ J]. Chinese

Journal of Scientific Instrument, 2013, 34 (12 ).
2715-2721.

AT, MR 25 ST AR /MBS 5 B4 T 1 500 A
MBI ], dea Dol R 2g 2 4k, 2011, 37 (4) : 481-
486.

SHI ZH Y, QU H F, ZHANG W N. Design of single-

(3]

Journal of

37 (4):

flank rolling tester for fine-pitch gears [ J].
Beijing University of Technology, 2011,
481-486.

AR, i, AR S, A BT U 5 22 4E R
AT A FE LI L [T ] AR 10 3R 2 4, 2009,
30(2) :303-307.

SHI ZH Y, TANG J, WEI H L,

(4]

et al. Gear in-line

(5]

[6]

(7]

[8]

(9]

[10]

(1]

(12]

[13]

measuring machine based on double-flank gear rolling test
with multi-degrees of freedom [ J]. Chinese Journal of
Scientific Instrument, 2009, 30(2) :303-307.

A0 HEOE X A0, ¥ 0 2 0 AT 1 7 kDA T A
BT, BUCEHRE,2005(10) :88-89.

SHI ZH Y, ZHAO SH ZH, TANG ]J. New vehicle gear
in-line fast detection principle [ J]. Modern Components,
2005(10) :88-89.

TANG J, SHI Z Y, FANG Z. Novel measurement
principle of profile deviations evaluated through double-
flank rolling test with rack probe [ C].
SPIE, 2013 .8759.

WANG K, LIU B, GUAN X,
double-flank rolling measure system [ J].
Technology & Machine Tool, 2011, 12(6) ;96-98.

T AR 58 S AR DR ZE R BOR [T ). i AL
,1979(1) ; 4-29.

HUANG T N. New technology of gear integrated error

Proceedings of
et al. Design of a gear

Manufacturing

dynamic measurement[ J]. Machinery SiChuan, 1979(1) .
4-29.
A1 B, Bl 22 AR D AR A BOR 100 4F—[a]JBst
SRERI]. P ETARY, 2003, 5(9): 13-17.
SHI ZH Y, FEI Y T, XIE H K. Gear measurement
technology in 100 year-retrospect and prospect [ J ].
Engineering Sciences, 2003, 5(9) : 13-17.

A0 R, ST AR PR AR /BRI Fe D - IR 5
I]. b Tl K224, 2008 ,34(2) 1 113-119.
SHI ZH Y, ZHANG W N, LIN J CH. Present status and
trends of measurement technology of fine-pitch gears[ J].
Journal of Beijing University of Technology, 2008,
34(2).113-119.
Vol A BRI 0 LT s 22 A DN ik R 1 B A Ry
PELI ], dEA Tl K524, 2012,38 (11) :1633-1637.
TANG J, SHI ZH Y. Dynamic characteristics of double-
flank gear rolling test with many degrees of freedom|[ ] ].
Journal of Beijing University of Technology, 2012,
38(11):1633-1637.
e O QED SR & = W o T R PRI RN i
S3HrT]. Mz 85 T#,2000(3) :25-28.
YUN J P, ZHANG W X. Dynamic performance analysis
of digital gear double meshing apparatus[ J]. Journal of
Geomatics ,2000(3) :25-28.
TR IRAR SR R IR AR B A I LA
ZIRRGEB R BZS AT [T ] FUM LR 4, 2012,
48(6): 116-123.
DING F , ZHANG N, HAN X. Modeling and modal



918 % # X

x ¥ 38 %

analysis of multi-body truck system fitted with

hydraulically interconnected suspension [ J ]. Journal of

Mechanical Engineering, 2012,48(6) ; 116-123.

[14] SLOCUM A H. Precision machine design[ M ]. United
States, Society of Manufacturing Engineers, 1992.

[15] Beocd. M TR R R (M. dbat: &S 2F iR
#1,2009.
CHIRS E. Precision engineering: An evolutionary

view [ M]. Beijing: Higher Education Press, 2009.
EEE T
EFHEAE 2009 AF TR VD2 Be gt 1o
17,2012 4 FAL R BRHLR ARG
A, BRI Ty R 2 1 L WF 58 AR, 2T
FEIT 16 A B IR B AR S AR
E-mail ;: shuzanhui2006@ 163. com
Shu Zanhui received his B. Sc. degree in
2009 from Changsha University, and received his M. Sc. degree
in 2012 from Beijing Information Science and Technology
University. Now, he is a doctoral student in Beijing University of
His main research direction is

Technology. precision

measurement technology and instrument.

AR, 1984 £ T HNE Tk KF ARG
oA, 1988 AF T Bk PUAILAR 7 e ARAHA 122
i,2001 455 JE Tolk K27 3RAHE -2 6,
PR AC R Al R 1 2 5 A AT
FH RIS HART , RS ] A i

‘\/h AR B AT o

E-mail; shizhaoyao@ bjut. edu. cn

Shi Zhaoyao received his B. Sc. degree from Hefei University
of Technology in 1984, M. Sc. degree from Shanxi Institute of
Mechanical Engineering in 1988, and Ph. D. degree from Hefei
University of Technology in 2001. Now, he is a professor and
Ph. D. supervisor in Beijing University of Technology, and a
“Yangtze River Scholar” special professor awarded by the
Ministry of Education; and his main research direction is
precision measurement technology and instrument.

ER—,1999 AT LEBe RS+
244037, 2005 AF T {0 g BhH R 24 AR A A 2
AL, BT BB A PRI AL R ol K
LR A, BT ) ks o AR
PANEL S
E-mail; wxy2.0@ 163. com
Wang Xiaoyi received his B. Sc.

degree from Luoyang
Institute of Technology in 1999, and M. Sc. degree from Henan
University of Science and Technology in 2005. Now, he is a
lecturer in Henan University of Science and Technology and a
doctoral student in Beijing University of Technology. His main
research direction is precision measurement technology and

Instrument.



