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The following excerpt Is from the Revised Manual of Gear
Design, Section III" covering helical and spira!1gears. This
section on helical gear mathemat,ics shows tile detailed sclu-
tions to many general helical gearing problems. In each
case, a definite example has been worked out to illustrate
the solution. All equations are arranged in their most effec-
tive form for use 011 a computer or calculating: machine.
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Given the proportions of a pair ot helical gears in the plane of rotation, to determine the contact ratio:

When, R, Pitch Radius of First Gear

Ro1 - Outside Radius of First Gear

Rb1 es Base Radius of First Gear

rjJ - Pressure Angle at R, and R2
p Circular Pitch

C Center Distance

mp == Contact Ratio

R2 - 'Pitch Radius of Second Gear

R02 Outside Ra.diusof Second Gear

Rb2 - Base Radius of Second Gear

Then,
Rb2 == R2 COS rjJ

Example: R, = 1,000.

rjJ == 20.°

R2 == 2.250

C = 3.250'

Ro, == 1.125 Ro2 = 2.375

p = .3927 SIN rjJ = .3420'2

Rb, = 1.0'00 x .93969 == .93969 Rb2 == 2.250. x .93969 == 2.11.430.

~ (1.125)2 - (.93969)2 + ~ (2,375)2 - (2.11430)2 - 3.250 x .34202
mp == .3927 x .93969 = 1.59
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H'elical Gear Mathematics ..•
(Continued from page 40)

Given the arc toothlhickness and pressure angle In the plane of rotation of an internal helical gear,
to determine iits tooth thickness at any other radius:

'Given t:he arc tooth thickness and pressurel angle in plane of rotation of matingi internal helical gear and pinion at given radii. to determine
the center distanoe at which they will mesh tightly:

When,

Then,

IExample:

When,

Then,

IExample:

Given Radius

'2 - IRadius Where Tooth Thickness is to be Determined

CPl = Pressure Angle at rl

cP2 = Pressure Angle at '.2
Tl = Arc Tooth Thickness at '2

T2 .. Arc Tooth Thickness at '2

If, COS tPl
COS tP2 :=

'1 :: 5.000 T, "" .2618 '2 .. 5.100

cos ¢I "" .93969 INV ¢1 = .014904

5.000 x .93969
COS ¢2 '" .. .921126

5.100

tP2 = .22.8890 INV cP.2 ... 022702

[
. .2618 ]

T2 = (2 x 5.100) 1_2 x- 5.000 - .01!4904· + .022702 = .34657

rl Given Radius ot Pinion N2 = Number of Teeth in Gear

CPl .. Pressure Angle at r and' '2

CP2 Pressure Angle at Meshing POSition

C1 Center Distance for¢l

C2 = Center Distance for tP2

r.2 - Given Radius ·of Internal Gear

Tl - Arc Tooth Thickness at rl

T2 = Arc Tooth Thickness at r2

N, - Number of Teeth in Pinion

C1 COS tPl
C2" COS tP.2

rl '" 1.500

r2 :: 5.000

COS tP,= .93969

INV CPt = .014904

N1 .. 18

N2 "" ,SO

T1 = .2.618

T2 ;: .2500

2'11'(1.500) - 18(.2618 + .2500)
IINV tP.2 = (2 x 1.500) (60- 1'8) + .014904 .... 016589

tP2 =20.702" CO-S tP2 == .93543

C, :: 5.000 - 1.500 '" 3.500
3.500 .x .93969

C2 "" .93543 '" 3.5159
(Continued 011 page 44)1
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Given the tooth proportlonsor a helical pinion and Fellows cutter for an internal gear ,drivs and the center distance, to d'eterrninelhe
shaping dasa for the intemal helical gear: I

I

H'ellcall Gear lM'athematIcs ...
(Continued from page 42)

When, C, "" Cent,sr Distance of Oper.ation ,Ri .. Inside Radius of Internal, Gear

4>,= Pressure Angle of Cutter In Plane of 'Rotation

Rb1• IBase' Radius of P,inion

A1", Pitch Radius of Pinion Where Pressure Angle is 41,

T, Arc Tooth Thickness at RI

Ra1 .. Outside IRadius of Pinion

Rr2 .. Aoot Radius of Internal Gear

A3 ... Pilch Radius of Cutter Where Pressure' Angle is 41,

C3 - Center IOlstance for Cutting

~. Base Radius of Cutter

T3 .. Arc ":ooth Thickness at !R3

Rrl = Root Radius of Pinion tP3 = Generating Pressure Angle in Plane of Rotation

412 - Pressure Angle of Operation in Plane of Rotation Ro3 - Outside Radius of Cutter

F!,tl2 = Base Radius of Internal Gear p .. Circular PItch at ,R3

IR2 "" Pitch Radius of Internal Gear Where Pressure Angle is !p, C.. CI'earance

T2 '" .Arc Tooth Thickness at IR2

Then,

COS 4>2 '" C1
INota: C, must be greater than (Rb2 - Rb,)

Ri: C1' TRrt "" C

P -(12 ... T3)
INV ~3" 2 (A2 _ R~ ... INV 4>1

Rb2 - Rb3

Ca = COS ~3

IRs" 1.750

Ar1 := .3930

Rot : .6180C= .0250. Roa =, 1.875

A.b2 ... 2.1875 x .93969 .. 2.05557 R~ .. '.75 X .93969' ::: 1.64446

INV tP2 ... 014904

T2 "" .3927 - .2000 - 2 (2.1875 - .4375) (.014904 - ..014904) ... 1927

Ri .. 1.750 + .393 .... 025 ... 2.1680
.3927 - (.11927 ... .19635)

INV tP3 .. 2 (2.1875 _ 1.750) + .014904 ... 01i9075,

2.05557 - 1..'64446
C3 .. = .4423.92945 Flr2 ;:; .4423 + 1.875 ... 2.3173

Therefore Ro1 being gr'eater than maximum, it must be reduced to .542
{Continued on, pa.ge 48)

!Flr2 ... c, ...A03 Maximum R01 = Rr2 - C1 - C

IExample:
a lOP

7-35 Teeth

~1 ... 200 Rl : .4375 R2 = 2.1875

C1 =1.750 T, '" .2000 P ... 39.27

la, ::: .119635

RbI '" .4375)( .93969 .. .41111

2.05557 - .411' 11
COS '!P2 '" ;:; .93969

1.750

IP3 =21.'6500 COS IPa "" .92945

Maximum Flo1 '" 2.3173 - 1.750 - .025 == .5423
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HelicaJlGear Ma~hematlcs . , ,.
(Continued firom page 44)

II
I Given tM propornonsot a .helical gear and rack, to determine the contact rane between a helical gear andrack:

When, R ,= ,Pitch Radius of Gear

fie = Outside Radius ,of Gear

lAb = Base Radius of Gear

P '" Circular Pitch of ,Rack in Plane of Rotation

q, .. Pressure Angle of Rack in Plane of Rotation

a =, Add8'ndum of Rack

mp .. , Contact Aatio

Then, a + SIN .q,. ( ~IAo2 - Ab2 + A SIN q, )
m,P ". p SIN q, COS q,

Example: R = 2.2.50 Ro ". .2.37.5 Rb .. 2.11430 p ....,.3927 a. "" .125

SIN q, "" .34202 COS q, "" .93969' q, = .200

.125 -I- .34202 (~(2.37S)2 - (2..11430)2- 2.250 x .34202 ,
1.84.3927 x .34202 x .93969

48 Gear Techno'logy


