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micrometer instead of one or two, a large t of
pin in tead of no et at all, a computer in, tead of
a p ket calculator for computation, and a
hange factor (Ref. 2) that i variable instead of

constant. The pin method has, in George Grant'
words (on the cycloid versus involute c ntr ers,
Ref. 3),

... the recommendation of many well-mean-
ing teacher', and holds its position by means
of "human inertia." or th natural reluctance
of the average human mind to adopt a change,
particularly a change for th beuer,
F r a relatively harp edge between th tip land

and involute. a condition rypical of fine-pitch gen-
erated gearing (bobbed, hapcd, ground), th t th
thickness can be mea ured with an ordinar
mi r m ter, as hown in Figure I. But for a rela-
tively large tip round b tween the tip land and
inv lute, a condition typical of f rmed gearing
(molded plastic, die ca t, powder metal, stamped,
cold-drawn), the tooth thickness generally cannot
b me' ured with an ordinary mi rometer, ince
contact i near the tooth tip.

onventional wisdom hal it ating back to
Wildhaber, the originator of the span method (Ref.
5)-that contact hould be near th mid-p int of
the acti e profile, a ay [rom any tip and! r r t
relief. Yet, it i es entia! to understand that t th
thickness is not mea ured dir tly but i calculat-
ed from an equation based on perfect teeth. As a
result, there are unknown err rs in measured tooth
thickness (Refs. 6 & 7) that can nullify the appar-
ent benefit of contact ncar th mid-point of the
active profile, particularly in the fin -pitch field
wh rein profile modification is not pre alent.

Loui Martin, chairman f the GM ine-
Pitch ommittee from it inception in 194J until
1953 tated (Ref. 4):

The glaring mistake that ha . been made by
the gear industry i to try to relate fine-pitch
requirement with experience gathered from
the coarse-pitch field.

Micrometer Design
micrometer with suitable anvil can mea ure

not only the profile and bas e pitch error on fine-
Figure 2-Different span measurement on tile same gear. pitch gearing, but al 0 the tooth thickn on
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In thi article, equation for finding profile and
base pitch errors ith a micrometer are derived,
Limitation' of micrometer with di c an il are
de cribed. The design of a micrometer with uit-
able an it i. outlined.

Introduction
The pan m thod i not widely u ed in the

fine-pitch field, mainly be ause "it would be nec-
essary La make micrometers with pecial anvils"
(Ref. I). onsequenrly, the pin method is still in
widespread u e, de pite it requiring several

Nomenclature
Diameter of reference circle
Diameter of base circle
Span dimension or measurement
Basic span dimension
Number of teeth on gear
Number of spanned teeth
Diametral pitch
Circular pitch on reference circle
Basic tooth thickness on reference circle
Base pitch
Radius of reference circle
Radius of base circle
Radius to point of contact
Inside form radius
Outside form radius
Deviation from p/2
Tooth thickness on base circle
Deviation from tb
Angle subtended by tt/2
Profile angle
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f nned gearing. pecifically, it i een from
Figur 2 that the tooth thickne can be calculat-
ed from anyone of everal differ nt pan mea-
surements. Thus, the calculated t th thickne
for a perfect gear i the arne for different pan
measurern nt s. on ersely, th calculated tooth
thi knes for an imperfect gear i not the arne for
different pan mea urernent: -a yrnptorn of
en' J"" in pr fLI and/or pitch.

lso, fr m Figure 2 il i een that the base
pitch can be measured by starting ith the rna i-
mum pan mea urement and th n, while retaining
the point of c ntact on eith r outermo t t th,
reducing the pan dirnensi n in I p equal to the
ba. e pit h.

hen me uring th minimum span dimen-
ion. c nta t i near the tip. f the an il . een

in Figure 2. 0, for a micr meter with con en-
ti nal di c an il . there i little m re than point
COOlat n th teeth, n t lin c nta t. M reover,
the full face width of a pini n on a c1u ter gear
generally cannot be panned with di c anvils.

onsequently, the an it . h uld be square, not
round. nd .ince a squar anvil annot rotate, the
micrometer spindle mu t be non-r taring. as n
con cnti nal blade mi rometcrs, micrometer
with these feature', made for spanning gea of
20- 0 diametral pitch, i sh wn in Figure 3.

era ing
On general d gearing th profile error tends

to be uniform around the gear. whereas th inde
error tends to be . inu oidal (Ref'. 8 & 9). a
result, th err r in . pan measurement tend to be
inu idal around the gear. Thu .. 10 minimize the

d trimental effect of inde error. the calculated
tooth thi kn should be ba ed n the a erage of
two r mor span me urement.

In particular. for e en I th nurnbe ,the cal-
culated t th thickn i b d on the a erage of
two diametrical I opposit span m a urernents,
Odd t th number' 23 and '1' at I' can be treated
as an even tooth number with ut in urring a ng-
nificant error. F r ;; 21. 15 and 9, the calculat-
ed t th thickne s i based on the a erage of three
span mea: urcments 120" apart.

It i important to remember that if the a erag
f r van u et. of teeth around the gear are ig-
nificantly different (a ondition typical of formed
gearing). then a eraging is not applicable (Ref.
10 II).

F r ;; 19, 17, 13 and II. the alculated t th
thi kn . s i: based on the a -erage of the maxi-
mum and minimum pan m asurernent • pro id-
ed that they are within I O"! of being diametri-

Figure 4-Spa/l measurement of tooth thickness.
cally oppo ite. or ;; 7 and 5. the cal ulated
t th thickness i. ba. ed n the average f all
. even and five span measurements, re pe ti el •
provided that th variati n around the g [If is
inu aida!'

It i pertinent to n te that the pin method is n t
appli abl to profile mea urement on f rm d
gearing, in e the profil err r can be quite dif-
fer nt on diametri ally ppo ite teeth.

B ic com try
From Figure 4, it i en that the. pan dimen-

sion aero II teeth is M ;; (II - l)Pb + tb•

where

and

that

rom Figure 5, it i een that the
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the basic tooth thickne , namely, where M is the pan measurement and M
b

i the
basic pan dimen ion. namely, that for tll ;;;;0 in

tithe deviation from +, 0 that Equation I.
It is important to remember that the profile

error i the variation in 1i1/2 from roj to rif' not a
particular value from quation 4.

where d = d/cos¢. For example, given that N = 44, ¢ = 200
, I;;;;

Then, ub tinning for tb• the pan dimension 0, '01 = 0.575, 'if = 0.525, and a diametral pitch
become that i mi takenly 40.2P in tead of 4OP. Find the
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Figure 5-De~ialion from basic tooth thickne s,
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Figure 6-Profile error obtained from
urements.

Table I
402P 40P

M fc M& '0 M/2
n Eq.1 Eq.3 Eq. 1 Eq.3 Eq.4
7 0.49266 0.5702 0.49513 0.5731 ~.00123
6 0.41923 0.5553 0.42132 0.5581 ~.00105
5 0.34579 0.5425 0.34752 0.5453 ~.OOO86
4 0.27236 0.5320 0.27372 0.5346 -0.00068
3 0.19892 0.5238 0.19991 0.5264 -0.00050

where-P-i
2

p 1td
-=- and
2 2N'

It
'tb ;;;; inve1> + ---- +

2N

tll

d

M;;;; db [( n - +) ~+ inv<!> ] + tJ.t co <1>. (1)

An examination of igure 4 how that

M=2j,/-r/ .

Equating thi equation to Equation I and olving
f r n, the number of teeth to span i

n = ~ [ ( ~ Y- I - inve1> -1-] + 2' 2

To find the range f f1, Equation 2 is olved for
'c;;;; rof and rc;;;; 'if' where rof i the outside form
radiu (minimum outside radiu Ie chamfer r tip
round), and rif is the in ide form radiu (lowe t

point at which the mating gear can make c ntact),
In Equation 2 the n for ra = rol is rounded

down, and the n for ra = rif i rounded up both t
the neare t integer.

The radiu to the point of contact i ,as een in
Figure 4,

r =a (3

A mentioned earlier, the calculated tooth
thickne for an imperfect gear is not the arne for
all span measurements. Specifically given a pan
measurement (M), the lit is calculated from
Equation 1. However, as seen in Figure 5, the tll/2
i a circular arc on the reference circle. not a nor-
mal to the involute at radiu ra (Eq, 3). Even 0,

in Equati n 1 the tllcoS¢ = tllb where tJ.r/2 i
normal to all pint. on the involute' that i , in

igure 5 the arc !J.tl2 and t/2 ubtend equal
angle, namely,

where from Figure 5 the rcoS¢ = rb, so that
tcos¢ ;;;;litb . Thus, the equation for tll/2 i

ply
im-

(4)
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profile error relati e to the 40P. From Equation
2, for 40P the n = 7.1 and 2.8 for 'of and 'if'
re pectively. See Table I for t!J/2.

The 'c for 40P i plotted against t!JJ2 in
Figure 6, which hows a profile error of 0.00079
between 'of and 'if' The exact profile error, as
determined from enlarged layouts (Ref. 12), is
0.00076. Thus, for thi idealized example, the
error in the pan method i OO3,orסס.0 only 4%.
The rea on for the discrepancy is that in practice
the rc i known for the perfect gear (40P), not for
the imperfect gear (40.2P). 0
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