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Tooth profile error measurement of face gear based on general

coordinate measuring machine
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Abstract: By considering the truth of the existence of machining errors of face gear, an iter-
ative method was applied to make measurement coordinate system as close as possible to design
coordinate system. The optimization model of the relationship between measurement coordinate
system and design coordinat system was constrained according to the machining errors. This opti-
mization model was accurately solved based on the above two steps. Furthermore, a mathemati-
cal model between the theoretical measurement point and the practical measurement point was es-
tablished to compensate the related measurement errors caused by machining errors. Finally, the
actual measurement experiment was carried out. The results showed that the error between the

measurement coordinate system and the design coordinate system of this method was reduced by
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more than 89% compared with the traditional method, the maximum measurement deviation

was reduced by more than 54% , presenting more real and reliable measurement results.

Key words: face gear; coordinate measuring machine; tooth profile error;

measurement coordinate system; compensating measurement error
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Fig.1 Spatial meshing of face gear pair
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Fig.2 Schematic diagram of face gear tooth surface mesh



5 4

WA A5 P = A R AL Y T A A U T R 2 T 859

1.3 WELBIRRKE
LS BN T 1A A N B AR i LR 38 R SR A
T 00 DX J5 0 A% ) BRI A B o O UG R T 1A 4

51 ZOR L9 s AF A — — X B & &, LA T
b BTN A AR P ], S T S 2 Z e
B 0 BLIE 5 S T ZOR B ME— 52 550 18P, AV

WA O VT ZOR AN 3 7S, 15 I DX 3l o 4% PRIZ —— R L0 5 2 N e B K & o
V4
K ri rma

o

2y R
z, D'

™ A

Z] P *
z, Be—W7 |

, o @

Fl3 fop I X35 O T

Fig.3 Projection plane of the area to be measured
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Fig.6 Roughly establish the measurement coordinate system
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Fig.7 Iteratively establish the measurement coordinate system
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B ULHL S5 HR & ((24) ) B CH SERGE
FRORFEAAS 450 1 45

4) B Ja o TR R AR SOy VA R A AL,
BT R a0 45 A R R QUIN-
DOS X iZ V7 #4758 3 I &, R4 25 R an &l 13
(d) 7R 8 9% 45 A N K 50 A SC 7 16 02 5 4 40

AN 13(b) iR o

=N
4G



%5 4 4 P4 < 3 T I T = A 0 A AL A 1L R 04 T 158 22 T 865

]

109 38 3.0 37 29 19 53 94 124
113 56 35 25 08 0 29 50 57
95 57 21 -05 0 20 1.8 -04 -0.1
82 40 -12 -21 -1.7 08 -2.6 -3.7 -33
-17.6 -0.8 49 6.2 -8.6 -85 -6.5 -63 —6.3

01 -47 42 -28 -34 -47 -16 18 39
31 0 -06 -09 -23 -34 -09 05 05
39 29 09 =09 0 18 12 -1.6 -23
51 39 04 06 14 36 0 -19 -22
-189 2.0 -02 -0.5 -2.5 =25 0.8 -1.2 -2.1

(b) TELIHAL A i) - 25 21

59 -15 2.6 2.1 -3.1 -45 -13 25 5.0
79 22 03 -04 22 34 -04 16 23
81 48 18 04 0 19 02 -03 -02
87 58 13 08 18 46 13 01 03
-152 32 03 -02 -20 -09 09 12 13

(R

62 18 14 05 -16 -12 1.7 25 26
65 34 -04 07 09 -09 41 3.0 27
52 35 04 -03 0 47 38 12 14
66 38 06 -0.1 09 39 21 20 0.1
-16.7 22 15 -1.8 -1.0 -1.5 04 -04 1.0

(d) PGB A Ol S 5

14 4T 2904 45258 (A pm)

Fig.14 Tooth surface 2 measurement result (unit:pm)

4.3 XWHERHW

N 5L T = AR A I AL AN [0 A T 9 AR AR Y
3 2 A T I e 2 SR 5 0k R v AR Y 4 Rk
P, 415 3R 136 2 R i e B L A 4 -

1) = A bRl 45 5 5 4 58 0 5 o g5 51 0t
JNF A5 22 T 1 B R N g 26 1

2) = ARARI 25 B 5 A e D b 25 R 9 X
5 A 1A A O 2 7 7 F

3) = AR BRI A A L K B A v & OR
P14 &t X 15 258 7 i

4) 3L 7 ST I AR bR R 5 U AR T

Hh I AR R 2R 2 T B R 2

Xt IO g, =2 18] 9 i R 2 22 2 A FRLAS wBY J=
THT B RN ] 7 96 B I B 25 2R Z [ W) 5 Pk . 963k
1R 2 R, AR SO VA AR B T BT ik M 23R
AR TT 1% T 45 3 D fe /s o DR A f) 0 i
22 JZ TR IR T A SCHE A0 5% 25 4227 vk RE A A
ok /)N 0 22

A X Al 22 - 75 RS2 e B SR AN [ D7 9 G 0 6 24
RZM B BAYSRE. R 1R 2AH, A
5 1 T AT 45 2R U AR I v 45 R 2 TE] A A
X i 22 ~F- D5 F1 /N T 0 249 SRR AL D vk AR L5 i



366 it = 1 H % W

#
g

x1 ZH£RNENSERNERONELE RO (EE1)
Table 1 Comparison of measurement results between the coordinate measuring machine and gear measuring center

(tooth surface 1)
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