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Development of three-dimensional gear measuring instrument with line laser
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( Beijing Engineering Research Cenier of Precision Measurement Technology and Instruments ,

Beijing University of Technology, Beijing 100124, China)

Abstract: Rapidly obtaining the three-dimensional error information for all tooth surfaces of gears is the key and prerequisite for
characterizing the quality of complex tooth surfaces. In this paper, based on the principle of laser triangulation, a three-dimensional
measurement model with line laser is established for the gear, and the developed measuring instrument can be used to quickly obtain the
error information of three-dimensional tooth surface and evaluate the quality of gear. The instrument adopts the vertical structure
consisting of base, precision spindle, circular grating sensor, control system and software system, etc. The precision spindle adopts the
dense bead shaft system to achieve high-precision rotation, which ensures the high-precision positioning and rotation of measured gear.
Two high-precision line laser sensors are arranged in the circumferential direction of the precision spindle, and the positional state is
adjusted according to the parameters of measured gear. Specifically, the rotation angle of precision spindle is acquired by the circular
grating in real time, and the geometrical information of gears’ left and right flanks is collected and recorded by the collector in real time.
In conclusion the three-dimensional measurement and evaluation software for the gear has been developed, which can realize the
measurement and evaluation of gear’s tooth profile deviation, pitch deviation, topological deviation etc. , and meet the detection
requirements of grade 5 precision gear.

Keywords : gear; gear measurement; gear measurement instruments; line laser sensor; line laser measurement

B ENLRIPERE S A, 1448 A 147 TR0 o o A 0 2
RN Ve T b i A D Y B U S R T R
YA 8 0> ( gear measuring center, GMC ) i A B il
TrEe R Tl A A o B )3z B SRR A, HL i & 1ML ( coordinate measuring machine, CMM ) 2l i 4 i 20>

0 5l

i3

S H 1. 2023-11-09 Received Date; 2023-11-09
* BATH  HEK ARFLAEL A T 5 H (52175036) %8



96 O O

a5k

/G BRI T VO R B A T M
SRAGASBIER T, 15 56 16 17 = ZE AT BoRe b 38 , DA 145 1T I
A I 5/ B I Ay = (04 1A TS ARG LA S B 1
T ) LS R

VAR G I R A B &, 70 15 6 D0 i 4l 1y
D7 FHAJE A28 4 B0, v Aot = Ml ot B Tl
CT &%, 33K IUEA B 2B TR 1 = AR MR 2 50k
AIREST AR RO R — i LR O =
O IR SRR A AT, H
HIE, FEF OB V48 — 2 0y 58 £ A ik —Fh2
FEBUAT 15 580 s b 38 i 2R O A5 IR A8 18 i R E Y
B R HLRE S BN T AL SR A N S 5 42 Aok =00 S 1 D7) 48
BEQ Gleason fE H () 300GMSL £ 1 & 2§ 15 6 46 I £
G5 HIZ R G B kI Sk AT R AR A 6, 55 —Fh
R P IR R | J8 A 2RO AR 1 U7 5K
XTI 15 e AT = 4R $ 0 5, 2R 40 HEXAGON JF & T
Wi 3D LR RS,

H 2015 4, & A BN S E ARG TF B T 1 58 4
6= A0 R A AT AT R A R A R
&R G AR S OGN B, SE S GORS R I e 1Y
VR O 2 AT B O 2 4 F M 22 45 101 B 1l 1 5 9E M

1 MEEFEE

TR 1 FTRR T SO AR AR I 31T RO A% R
o O BT T — 2 IR RS @, B0 1A S A8 2 Il
e AR AR TR LA 5 8, 283 A b 2R 22 480 AR I
JCIE B A 45 Ay 17 58 14 TR , O 15 147 58 14 ThT BRI 4K
PEHEAT LU, ARG 1A IR 22

N KREE
SRWOLIL

BT ) SO AR AR I 4k 7%

Fig. 1 Generalized measurement method of polar coordinate
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Fig.2 Three-dimensional gear measurement model
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Fig.3 The working principle of instrument
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Fig.4 The structure of instrument
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Fig.5 Precision spindle structure
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Fig. 7 Block diagram of measurement and control system
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Fig. 10 Three-dimensional cloud chart of measured gear flanks
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