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Determining tooth thickness of various gear types — Part ll|

How to calculate the nominal values of over-pin
or ball measurement of teeth for various types
of gearing.

I n order to determine the tooth size of a gear after taking into
account the backlash allowance, you first must determine what
the nominal tooth thickness should be. There are three methods
for determining this value: chordal tooth thickness measurement,
span measurement, and over-pin or ball

measurement. For this article, we will dis- 4,
cuss measurement over rollers, which is
more commonly known as over-pin or ball
measurement.

The over-pin measurement, M, is made
over the outside of two pins that are insert-
ed in diametrically opposite tooth spaces for
even tooth number gears and as close as pos-
sible for odd tooth number gears. See Figure
1a for details.

In measuring a standard spur gear, the
size of the pin must meet the condition that
its surface should have a tangent point at
the standard pitch circle. When measuring
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Figure 1a: Over-pin (ball) measurement.

lating the between-pin measurement, M, are in Table 7.

The Table 8 lists ideal pin diameters for standard and profile
shifted internal gears under the conditions of module m = 1 and
pressure angle o.=20°, which makes the pin tangent to the reference
circle d + 2xm.]

Another gear type to consider is the helical gear. The ideal pin
that makes contact at the d + 2x,m,, reference circle of a helical gear
can be obtained from the same above equations but with the teeth
number z substituted by the equivalent (virtual) teeth number z,.

Figure 1b: Over-pins measurement of spur gear (far right).
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determined, the over-pin measurement M 1 |Pin dsamwrter dy |womEl
can be calculated from Table 2. 2 | Evvolwie fimction o inve | —b— - +imva+ litang

In Table 3 the calculated values for pin . dy =11

. . 3 | Presooe angle af pin center -] Find from imrolute fimction table inveg = 00268107
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If you are measuring a straight tooth s e

rack, the pin is ideally tangent with the
tooth flank at the pitch line. The equations
in Table 4 can, thus, be derived. In the case
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Table 2: Equations for over-pins measurement of spur gears.

of a helical rack with module m and pressure angle o, in Table 4, can
be substituted by normal module m,, , and normal pressure angle o,

, resulting in Table 5.

As shown in Figure 3, measuring an internal gear needs a proper
pin that has its tangent point at d + 2xm circle. The equations are in
Table 6 for obtaining the ideal pin diameter. The equations for calcu-
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Table 9 presents equations for deriving over-pin diameters. Table 10
presents equations for calculating over-pin measurements for helical
gears in the normal system.

Tables 11 and 12 present equations for calculating the pin mea-
surements for helical gears in the transverse (perpendicular to axis)
system.
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Figure 2: Over-pins measurement for a rack using a pin
or a ball.

Figure 3: Between pin dimension of internal
gears.

m=1., a=20"

e Proflio shift coofficlent x
= = 0.4 =02 0 0.2 04 0.6 08 1.0
10 1.6347 1.7886 18270 22587 2.5079 30248 3.5315
20 1.6231 1.6599 1.7244 1.8149 1.9306 20718 22380 24320
20 1.8418 1.6649 17057 1.7632 1.8369 1.9267 20324 2.1542
40 1.6500 1.6669 1.6967 1.7389 1.7930 1.8589 1.9365 20257
50 1.6547 1.6680 1.6915 1.7247 1.7675 1.8196 1.8810 18515
G0 1.6577 1.6687 1.6881 1.7155 1.7500 1.7840 18448 19032
70 1.6508 1.6692 1.6857 1.7090 1.7391 L7750 1.8193 1.8691
80 1.6613 1.6685 1.6859 17042 17304 1.7625 1.2003 1.8438
90 1.6625 1.6698 1.6825 1.7005 1.7237 1.7521 1.7857 18242
100 1.6635 1.6700 1.6814 1.6875 1.7184 1.7430 1.7740 1.8087
110 1.6542 1.6701 1.6805 1.6951 1.7140 1.7372 1.7645 1.7960
120 1.6540 1.6703 1.6797 16031 L7104 1.7316 1.7567 1.7855
130 1.6654 1.6704 16791 16214 1.7074 L7269 L7500 1.7766
140 1.6659 1.6705 1.6785 1.6200 1.7048 1.7229 1.7443 1.7690
150 1.6663 1.6706 1.6781 1.6887 1.7025 1.7184 1.7304 1.7625
160 1.5858 1.6706 1.6777 1.6876 1.7006 1.7164 1.7351 1.7567
170 1.6669 1.6707 1.6773 1.6867 1.6938 1.7137 1.7314 1.7517
180 1.6672 1.6707 16770 1.6858 16973 1L.7114 1.7280 1.7472
190 1.6674 1.6708 1.6767 1.6851 1.6959 1.7083 1.7250 1.7432
200 1.6676 1.6708 1.6764 1.684 1.6947 1.7074 1.7223 1.7304
Tahle 3: The size of pin which has the tangent point at d = 2xm circle for spur gears.
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Table 4: Equations for over-pins measurement of straight racks.
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Figure 4: Three wire method of a worm.

As noted in Figure 4, worms can be
measured using the three-wire method. The
tooth profile of type III worms, which are
the most popular, are cut by standard cutters
with a pressure angle o, = 20°. This results
in the normal pressure angle of the worm
being a bit smaller than 20°. Equation 1
shows how to calculate the normal pressure
angle of a type Ill worm in the AGMA system.

90 r .
=0y =~ — —————— sin’ y
=1 FaCOS™ )y —r
Where r: Worm reference radius

to: Cutter radius
z;: Number of threads
y: Lead angle of worm

The exact equation for measuring type III
worms using the three-wire method is not
only difficult to comprehend but also hard
to calculate precisely. As such, there are two
approximate calculation methods that you
can use:

a) Regard the tooth profile of the worm
as a straight tooth profile of a rack and apply
its equations. Using this system, the three-
wire method of a worm can be calculated as
detailed in Table 13.

These equations presume the worm lead
angle to be very small and can be neglected.
Of course, as the lead angle gets larger, the
equations’ error gets correspondingly larger.
Ifthe lead angle is considered as a factor, the
proper equations are detailed in Table 14.

Tahle 5: Equations for
over-pins measurement
of helical racks.

Table 6: Equations for
calculating pin diameter
for internal gears.
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b) Consider a worm to be a helical gear. S — 550 —_— ETTT
This means applying the equations for cal- 1 | i ally diazmener d, |
culating over pins measurement of a helical 5 P inve |[E+iva)- — fﬂ:s —+ Ixtana )
gear to the case of three wire method for a S - - d = ':1+ ;lu .
. T P ceacer Frod from mvoluse fancacn oble rp = 0.005945
worm. Because the tooth profile of Type III — s it O aenye
. . . mmcosa _ g = 1695
worm is not an involute curve, this method Eveameth oo =d, M = 375851
yields an approximation. However, the accu- M M s SMEBE L S0°_
racy is quite adequate in practice. ) s g :
Tables 15 and 16 contain equations based HOTE: Fok aicatans e baal i St Thao choons B4 stammutracsied acmalipes s
on the axial system. Tables 17 and 18 are wei awi  Table 7: Equations
ot Sl Coaichen -
based on the normal system. ' o[ SN B T u; codl 2 [ x — = - for between pin
Tables 17 and 18 show the calculations . - - measurement of internal
of a worm in the normal module system o ; Visos | tevms | 159 | 1oaer | 1ores | 170ms | tases gears (above)
. 20 | n4ss7 | 15604 | 14284 | 1873 | L7047 | 17ise | L70s4 | Leew .
Basica]]y, the normal module system and 3| 15309 15042 16418 16751 16038 L7004 1.6956 L6TT1
. 40 | 1.5e40 | 18123 L6489 | 16745 1.6805 16041 1.4803 L6744
the axial module system have the same form 50 | vse4s | rezss | vessz | nemeo | ressx | 1esoo | 1esse | vem:
of equations. Only the notations of module Table 8: The size of
make them different. 60 | nsess | 1esiz | veser | 18737 | nesse | Lesvo | reesz | pems in that is tangent at
. 70 | 1soas | 1368 | veses | 16734 | Lezx | 1smee | Lems | LeT2 p ang
Due to ﬂlle tOOt.h form Of bevel gearing, 80 | 1s162 | 1e410 | neeoo | 1672 | 1emi0 | 16833 | 1m0z | 167 reference circle d +
whether it is straight or spiral tooth, this 00 | ue2az | lessd | L6l | 1673 | 16800 | LGB0 | Le7R2 | L6717 2xm for internal gears
. . 1 7 12 72 2 7 7
measurement over pins method is not pos- 00| vemo | e | Les LeTae | Leml | Ledlo | 1emes | L6TS (left).
sible and cannot be used. 10 | vase | 1seez | vess | 167 | 1e78s | Lemd | 14778 | LIS
Using these tables and formulas, you will 120 | re34s | 18510 | 1eme | 1727 | 1670 | Lemd | 18T | LeTM4
] 130 | vreamn | 16525 | 1eesd | 1727 | 1e7is | 1e7es | 1s7ee | LeTi4
be able to determine the proper over-rollers 140 | 1g3es | 16530 | neess | 16726 | 1e7m | 1673 | 16764 | LeTs Table 9: Equations for
measurement for your spur gear, helical 150 | reate | 18530 | 14653 | 16725 | 14747 | 14TI | 14761 | 14713 calculating pin diameter
gear, internal ring gear, gear rack, or worm. 160 | vows | resm | voost | 2o | woes | 1ems | 1oose | Lo for helllcal gears in Ithe
From these calculated values and the actual a0 | vssst | vesto | vessr | vera | venm | e | vemss | ovems normal system. (below)
measured values, you can determine the 180 | 186 | 18578 | veess | 16724 | Lemse | 1678 | 16753 | L6TI3
h thinni h all 190 | resrp | 1685 | 1esss | 171 | 1e7sr | 167es | 1471 | LeTIs
tooth thinning or backlash allowance cut 200 | wesso | 1eser | reese | 1e73s | re7ss | renes | renee | ven

into the gear.

Mo Itiam Symibol Formula Exampla
. Femrbar of weth of an N -
ABOUT THE AUTHOR " | equvatent spar pear = | cos'F b, =1
o, = 2F
i ) 2 | Spacewids bakf angle . -117 = Ve, - w : =2
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4 | Frevsre angle 2t pin cester ., | tana+p. ', = 2480647
° " o, = 0507078
W, = 19020
£ |ldeal pin dinsveter 'y IJM, 005 @ LNV, * 1,
WOTE: The m=== of s3gleq 1), 2ad P, asw sndinsg
Table 10: Equations for [ Ttom Symbal Formda Exarnoks
calculating over-pins 1| Pin frall) dumener d, | Seesom
measurement for helical p . P
gears in the normal 2 | taveize d e iy S 08 By T i z dr =2
system. 3 | Pressure angle ar pio cemer ] Fimd from mmvoinoe funcnon mbie ﬂ. = 0.646896°
inve = 0052890
EwaTwd -Sffo.g g = 3085
4 [ Meavoement over pi (ball} L7 M = 14 5696
S, C0 s 20"
OMTeth  —ZErttcon S+,

MOTE | Tha ddeal pin dumaser of Toblas 5. 0 i appromimacs vadus. iy sasered i tha sovs ] disssevar of .

Tahle 11: Equations for P, Hom Symbcl Forrmuda Exampie
calculating pin diameter || Pummber ofteett of an i -
for helical gears in the equivalent spu geas | cos's e
transverse system. T, 2 v i S
2 | Spacewsdth half amgle fe | we—inv - = o= 36
=i = £ = 330332530
roran g: = 16.87300°
Pressuze angle ot the poind piz . o —X=n ) Xy = =02
3 i tamgent 1o 1ooth surface b o { Iy :;;1::_,? ,| = = §2.20800
e = 0.014001
ay = 1826390
4 | Presquze amgle a1 pean center - tan &%= i - = .34411
v eem 0014258
L] - il
5 |ideal pan diameter d% | zemycos feosag (inv e+ i) d’ M
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ha, Bom Symibel Fornida Exarmple
1 | P (ball) dismetes s See NOTE 1
_ | s T 2xitan a:
2 [fowluse ¥ wve mzcos foosey 22 Ve o dy = 45
3 | Prevmse ample 12 pn cener -] Find from invobste functics nble imve= 0027564
s eosa, ¢ = 43458
Evenieed = M= 115802
4 |Meanwement over pin (hall) M "
0dd teeth M‘-tm“%*d‘,
cokp H
HOTE. Thw iebal pia amnener of Tabde 11, of 15 appronmare vale b appiboed 51 e Sooal diamenes ol pin 89 basn.
Mo hem Symibod Fommiia Exampis
) . Ams - =2 & = 2A°
i | ideal pin diameter % |Teosa: - - 13_@15“\, =31
i
7 1 = .
2 | Threee wire méasamement M i, -%‘ = iz LI - ml‘l d: =
A o= 353173
[ o] Iam Symibod Fomuia Exampie
1 | Heal pm diameter d% —m"—z :{“m m‘: i 0 : ﬂ].
T = 3.691384°
irBeelods) [0 1
' luama P Si0 ag | P
2 | Thres wire measusement M ¢ (4. cas a “;ﬂ, {:‘ = 13
——'ﬁ?'— M = 353344
M. hem Symibod Fonmuia Example
" Number of teeth of an H nty, -
equivalent s geas | Teod (90°-p) g =
] o = |
2 | Spacewidih half angle e +_T-1|11.-n. d =3
- T = 36013867
5 | Presseeangie st e pouwt pu s a E“_,Ii:\.cnsug} " = 3747.14%1
e % oot sarface ¥ Y L = = 0014485
o - daouss
4 |Presmze mgle ot pin center o |tanat+ ! - 4
mmgle ¥ pm ] L nVey = 0014060
dy = 13382
5 |1deal pun dixmeter dp | JvmeCOE P COS ae (INV Pr + Av)
HOTE: The sxih of anpies A, aad @ ane adogs,
Mo Inesm Symibol Formmuia Example
1| Pim (hall) Eamrter T
. dy =33
- - imar - T
b VP | eicospeoses 2z, v o avm ?f:gggsfg
3 | Pressue angle at pin center ¢ | Find from imnvolute fimction table myg = g;:;?;w
¢ = 3029590
: Syl COE O M = 353345
4 | Thoee wire mvearuressent Af taycol p +dy
HOTE 1. Tha vadue of beal pan duusmeser from Tabile 15, of I Ipproximane viiue, 15 10 be miad b5 the Mrus pan dumenes.,
HOTEL e = e (SRR
Mo Eom Symbol Formula Exampis
i Wumber of teeth of . r
sgaivalest spur gear ] eos (00° =) my o= 13
a = M
2 | Spacewidth half sngle me |- invas - ;?
= 38742887
3 hmuﬂahpmpnu e | cos |':5c95ﬂ!] En = 3341 702
finges vurfice L Cw ge o= — 0014420
ay = "
4 | Pressure smgle a2 pin cemter v | tamaias g = 0349550
wy gy = 00149687
5 | Bdeal pim dissneter dy | Zemacos an oy gyt o) dy = 41785
AT The s of sneles m sl o wre rebieme
[ Eom Symbcd Formula Exampia
1 | Pm (tall} diametes dy  |SeerorEL
2 | Evolute funstion x I K
rolute ] mv g - =L v ' - T
Mmacosd By inva, = 3900314
3 | Presaoe sgile at pin center ¢ | Find fom invobste function table invp = ?;:;E;ﬁﬁ
- g = 19.8MT
PR || e — M _".Il“.IEL...dP M = 426807

MOTE 1 Tha vabas of ideal pia desatar from Table 17, or i spproasmase valon, i to'be med o e actml pin Sameser, 4,

NOTEL & = ma* l:%:'"_l-

Table 12: Equations for
calculating over-pins
measurement for helical
gears in the transverse
system.

Table 13: Equations for
three wire method of
worm measurement.

Table 14: Equations for
three wire method of
worm measurement.

Tahle 15: Equations for
calculating pin diameter
for worms in the axial
system.

Tahle 16: Equations
for three wire method
for worms in the axial
system.

Table 17: Equations for
calculating pin diameter
for worms in the normal
system.

Tahle 18: Equations for
three wire method for
worms in the normal
system.
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