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Calibration of Tooth Profile Measurement and Uncertainty Analysis Based on Ball Artifact Method
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ABSTRACT

Tooth profile measurements were calibrated using a
double ball artifact that is traceable to a national standard
of length. From the calibrated results, an evaluation
technology that quantifies the uncertainty of tooth profile
measurement in a 1-to-1 correspondence with a tooth
profile of arbitrary specifications was established. In this
evaluation technology, the work of calibrating the
measuring machine has been minimized, and
measurement simulations have been made feasible by
modeling the statistical properties, as well as algebraic
calculation from the model during tooth profile
measurement, enabling the reliability of tooth profile
measurement to be statistically evaluated. As a result,
during tooth profile inspections on the manufacturing
floor, practical inspection accuracy is now guaranteed.
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Table 1 Specification of DBA
Name Material Thermal expansion coefficient [/K] Size [mm]
Base plate Clearceram-Z 0.8 x 10~ » 130
Steel ball Bearing steel 11.6 x 1078 Sp25.4
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Fig. 1 Schematic of produced DBA
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Fig. 3 Picture of DBA alignment on gear measuring
machine
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Table 2 Setting condition for DBA measurement parameters

Parameter Set value Estimated value Unit
Module 7.7639 — mm
Number of teeth 12 — —
Radius of base circle 43.7741 — mm
o, 16.63802 16.63799 deg

e, 0 0.4 pm

Af [um]

&, [um]

Profile deviation [um]

20

—40 + — Measurement result 4
== = Theoretical curve

-60 I I I I I
0 5 10 15 20 25 30

Rolling angle [deg]

Fig. 4 Example of calibration measurement results
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Y-axis position [mm]

Fig. 5 Estimation result of Y-axis positioning error
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Fig. 6 Estimation result of tooth profile deviation
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Table 3 Sources of DBA uncertainty

Uncertainty sources Symbol Standard uncertainty Type of distribution Type
Length between two master spheres C 0.13 pm Normal B
Radius of master sphere re 60 nm Normal B
Thermal coefficient of DBA Opga 0.1 x 107/K Rectangular B
Temperature of DBA during measurement tosa 1K Rectangular A
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(a) Form deviation of master ball
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Fig. 7 Form deviation and autocorrelation of master ball on DBA
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Fig. 8 Uncertainty of DBA estimated from calibration certification of NMIJ (National Metrology Institute of Japan)

0 1490



Honda R&D Technical

Review Vol.19 No.2 (October 2007)

gooooogobooobooobomobmooooooo

gboboboboooboooooooooboooboon
goooooooooooooobobobobbbobbooo
gbobooooooobobobobobobooboooo
ooooooooovem

gbobobobooobooooboooooobooobooon
gboboboooooooboboboboboboooboooo
gbobooooooobobobobobobooboooo
gboboooooooboboboboboboooooo
gbobooooooobobobobooboobooobooon
gobobooooooobooboboboboboooooo
god

gboob DBAODOOODOODODOOOOOODOD
gbobobobBAODOOOOODOODODOMDOOOO
oooboooooooooooooboduw, 000000
O0u,0Fg.9000000000D00DOO00OOODOO
gooboogoosumiOdnodn u gboobonO DBA

M (Ave)

00000 u, 0y, 0000000000000000

gooooboooooooboboooooooooooooog
oooooooodomomoooooooodu, 0Fig.
9o0o000On oos5uMmk=10O0OO0D0COOO0O

— 2 2
ucom - \[ uM(Ave) + uDBA

3.gboboooooboooobobobooooo
ooooooooooobOooo0d0u, 00000Fig.
e000d0o0O0oOoOooOooooof 000000000
gbobobobooboobooboobooobobobobo
oO0o0oO0oO0o0ooOoO00oDoOo0ooDoogd Fg.10 ODDOO
gooobobooooooooobobooobboomommog
gboooooogooo
Oo0omBAODOOOOOOODOODOOOOOD f,00
gooooo
oomoof,00000000000000000000
gboooooogo
gbmoooboooooboooobobobobobon

god

000000000 u, Oy, 000000000000 ooo
0.08
_ == Uppa
= 006 wenen Uyavg |
1 U -
=
> - - -‘—— I
c N v
£ Il il
§ 004 N 1 I
9 i AR R M -] ‘ " |\ I“l,, ,i‘ «f
S r ‘ ’ p " =n ! l“ '
002 1 1 1 1 1
0 5 10 15 20 25 30

Rolling angle [deg]
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