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Measurement of Helical Gear Using Coordinate Measuring Machine
Hisashi TAMURA, Zong-Xian LIU and Kazumasa KAWASAKI

A method for inspecting a helical gear using a coordinate measuring machine (CMM) is
proposed. In the method, the coordinates of a large number of points on the tooth surface of the gear
are measured at random using a CMM. The method is based on the idea that the pitch error, profile
error, pressure angle error, and spiral angle error can be calculated from the measured coordinates
because the information on various errors of the gear is included in the measured coordinates. For
calculation of each error, the tooth surface is described as a function of each error item and then the
values for the items are estimated from all of the measured coordinates by the method of least
squares. The difference between the estimated value for the item and the corresponding design value
is the error of the item. From the results of experiments, it is clarified that each error of a helical
gear can be estimated using a widespread CMM instead of a specially designed measuring machine
for gears.
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Fig.1 Tooth surface of helical gear
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Fig.2 Tooth surface of number j
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Fig.3 Relationship between two coordinate systems
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Fig.4 Measuring state of tooth surface
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Fig.5 Measurement of tooth profile error
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Table 1 Dimensions of helical gear

Module m n 2.5 mm
Pressure angle @ 20 °
@ s (21° 277 497 )
Number of teeth Zo 49
Pitch circle dia. do 132.331 mm
Base circle dia. 2rs 123.154 mm
Helix angle Bo 2° 137 28”7
Be | 20° 497 107)
Shifting coefficient of profile x » 0
Tooth width 35 mm
Heat treatment Carburizing
Tooth surface finish Grinding
Direction of spiral Right hand

(8]

2V, /\/\ AL

|
©

AT LAl

0 40
Tooth number

Fig.6 Accumulative circular pitch error
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Table 2 Reproducibility of measurement

MUTWAEEEZEE L. % ORKE, BRAREK Measurement No. 1 2 3
Number of measuring points 23 22 15
Pressure angle eror A @ (sec.) 294 1232 [ 291
- T T r T 7 Tip Helix angle error A £, {sec.) 77 | 70 | 75
- Material side . At (1 m) 1.0 | 10| 08
“—;;§§/ L]
E | o ) .
R=4 o 1 Table 3 Comparison of results measured by conven-
= i i tional method and proposed method
(=5
(5] - -
o
= | 73 i pitch C P At
2 = o Fhc Accumulative pitch error 54¢um | S554m
& 66 '_‘ - - circle Eccentricity Ecf35¢4m | 15um } 174 m
= L 4 Profile error 254 m | 26 L m 09 4 m
i // T Helix angle error A Bo| 21.6 sec. | 12.6 sec.
) PR N P | Root ABs 7.7 sec. 10
-2 0 2 Pressure angle error Aas| 29.1sec. | 32.9 sec. Dm
recAd; (¢ m) A an 29.4 sec.
Fig.7 Profile error Shifting coefficient of profile x.| —— | 0.0038 I
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Table 4 Comparison of results measured by skilled workers and non-skilled worker

Skilled workers Non- skilled worker
1 2 3

At Ag At
Accumulative pitch error 55 um } 17 6.4 1t m } i 106 £ m }2 g

7 um R 8 1 m
Eccentricity Ec. |15um 1.6 £ m 36 £ m
Helix angle error A 8. | 7.7 sec. }1 0 6.8 sec. }1 . -1.2 sec }1 s

O um dum S um
Pressure angle error A @ » | 29.4 sec. 26.4 sec. -6.9 sec.
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