Solutions to Chapter 10 Exercise Problems

'
Problem 10.1

Two spur gears have a diametral pitch of 6. Gear 2 has 24 teeth, and gear 3 has 48. The working
pressure angle is 20°, and both gears are standard involutes. Determine the length of the contact
line and the contact ratio.

Solution:

From Table 10.1, the addendum for both gears is given by

Similarly, the circular pitch for both gears is given by

= x_It _ i
Pc = Py =6 0.5241n

and from Eq. (10.13), the base pitch is related to the circular pitch by
Pb = P.cos =0.524c0s20° = 0.492

From Eq. (10.7), the two pitch radii are given by

P270P; ~ 2(6)
and
N3 _ 48 _
3 = 2P, = 2(6) = *

The length of the line of contact is given by Eq. (10.17) as

A= 1,,8in¢ +Ja3 + 2aL,, + 1,,°sin2¢ — 1,:8in¢ + a3+ 2as1,, + 1,,Sin2¢
= -2s8in20°+ {/0.1672 +2(0.167)(2) + 22sin220° — 4sin20°
+40.1672+2(0.167)(4) + 42sin220° = 0.825in

From Eq. (10.18), the contact ratio is

Problem 10.2

For the gear pairs given below and meshing at their correct center-to-center distance, determine
whether any interference is present and determine the contact ratio for each case. Assume that the
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addendum is 1/P4q in each case, and if any interference is present, assume the interference is
removed by cutting off the ends of the gear teeth before determining the contact ratio.

(@) 144 involute gears having 30 and 45 teeth

(b) 20° involute gears having 20 teeth and a rack
(¢c) 25° involute gears having 30 and 60 teeth

Solution:

Let gear 2 be the pinion. Then the condition of no interference in the pinion is as follows (see Fig.
10.6):

—Tp;Sing + ‘/a% + 23Ty, + Iy SIN2Q < TIp,sing (1)

From Table 10.4, we know the addendum and the pitch radii:

ax=a3= Pld
oy = ;‘IPd
and

Equation (1) can then be rewritten as:

2 2
—&sin¢ +J(L) +2LE“L +<&> sin2¢ sﬁpz-sinq)
d

2P ) *P,2p, *\2p,
Simplifying
Nising + /4 + 4 Ns + N3sin2¢ < Nosing
> (N2 + N3)sing = /4 +4N; + Nisin2¢
or

(N2 + N3)Y'sin2¢ = 4 + 4N3 + N7sin%p
Simplifying further, the condition for no interference becomes

N3 +2N,N
1+N3 s—z%sin%

(a) Substitue the values, N2=30, N3=45, and ¢ =14.5. Then

302 + 2(30)(45)
4

1+45< sin214.5°
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no interference exists. Now,

A = —tpp sin + \Jas + 2a21p; + 13, SN2 ) — p3sing + \Ja + 2a3rps + 1y sin ¢
sm¢+ —+—2- —2—sm2q) sm¢+ L +—3- E%Lsmzq)
4P P2 4p2
The contact ratio is given by:
_N2+ N3 2 N3 T CA S

\ \ 5 smq)+J P& +4Pc%sm o+ c%+ B +4P(%sm [0)
mC =—_—= T = o

Py Zeosd ==cos¢

Py

N2 N2
-NZE—Mzsmm‘/u N2 +—2sin2g +‘/1+N3+—41sin2¢

7TCOS ¢

30835 14.54 1 430+ W sin214.5 + 1+ 45+ Lsin214.5°

_ 2 4 _
B ncosl4.5 =2.02

(b) From Table 10.2, we know when ¢ =20°, Nmin=18<20, so no interference exists.

A = —1py SinG + yfa + 2a21p, + 13, sin? ¢ +

N3
- —Elsmq) + —‘/1 N2+ —2sin2 + —1L

smq) 2P4 4 Pysing

so the contact ratio is given by:

N2 -1 Jl N N3 e
s1n(])+sin¢+ + N2 + 4smq)

mec =L= )\' = 2
Pppb 7TCOS ¢
Pdcosq)
_20 202 . 5
2 sm20+ Oo+‘/1+20+ A sinZ20° g

1tc0s20°

(c) From Table 10.2, we know when ¢ =25, Nmin=12<30, so no interference exists. Using the
equation developed above

_N2+N3 / ’_ N3 3 gin2
- T sing + P§ 4szsm 2¢+ + B + 4P(%sm [0)
I I
Pdcosq) PdCOS¢

_ A
mc—P =
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N3 N
—Msin¢+‘/l+ \p) +—42-sin2¢ +‘/1+N3+

2

7TCOS ¢

~302805in 254 11430 + 26in225" + f1+60 + X sin225

2 4

tcos25°

Problem 10.3

A 20° involute pinion having 30 teeth is meshing with a 60-tooth internal gear. The addendum of
the pinion is 1.25/Pg, and the addendum of the gear is 1/P4. Is there any interference? Determine
the contact ratio. If there is interference, assume that the interfering portion is removed by cutting

off the ends of the teeth.

Solution:

Let gear 2 be the pinion. Then the condition of no interference in the pinion is as follows (see Fig.

10.6):

—TIp;Sing + Ja% + 2a3np; + rp3zsin2¢ < Ip,Sing

From Table 10.4, we know the addendum and the pitch radii:

a2 =a3 = Pld
N2
P27 9op
and
Ip3z = 2—]?’3

Equation (1) can then be rewritten as:

) 2
—&sinqb + (L) 2L Ny <&> sin2¢ = Ez-sinq)
2Pd 2Pd

Py P, 2P; \2P4
Simplifying
-Nsing + 4 + 4 Ns + N3sin2¢ < Nosing
" (N2 + N3)sing = y/4 +4 N5 + Nisin2¢
or

(N2 + N3)Y'sin2¢) = 4 + 4N3 + N7sin2g

Simplifying further, the condition for no interference becomes

N2 +2N,N
1+N3 s—z%sinzq)
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If N2=30, N3=60, and ¢ =20, then

302 + 2(30)(60)

1460 < sin220°

and no interference exists. Now,

A = —tpy sin + \Jas + 2a21p; + 13, SN2 ) — Tp3sinQ + yJas + 2a3rps + Ly sin ¢

Ny fl2s2 12Ny N3 oo Na oo [1 N3 N3
2Pds1nq)+J P(% + P(% +4P§sm¢ 2Pdsmcl)+ P§+P012+4Pgsm¢

The contact ratio is given by:

N2 +N3.. 1252, 125N N3 . ) Ns N2,
2 N —op s1nq>+‘/ P2 + P +4P(gsm ¢+‘/ +P§+4P(§Sln¢

Py L cosd L cosd
Pq

N2 )
—sz—leian J1.252 +1.25N2 + —42~sin2q) +J1 + N3 + %3-sin2q)

tcos ¢

_30460,90 +‘/1 252 +1.25(30) + 222 304in220° + ‘/1 + 60 +8024in22(

a 2 4 _
B 7TCOS 20 1.894

Problem 10.4

What is the largest gear that will mesh with a 20° standard full-depth gear of 22 teeth with no
interference?

Solution:

From Table 10.2, when ¢ = 20°, Njip = 18 < 22. Therefore, there will be no interference with any
gear, and the largest gear is a rack.

Problem 10.5

What is the smallest gear that will mesh with a 20° standard full-depth gear of 22 teeth with no
interference?

Solution:

Let gear 2 be the pinion. Then the condition of no interference in the pinion is as follows (see Fig.
10.6):
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—1pySing +fa3 + 2a38y; + I SiN2¢ < Tp,Sing (1)

From Table 10.4, we know the addendum and the pitch radii:

a2 =a3= Pld
N
Ippy = ﬁ)ﬁ
and
N
Ip3 = 2Pd

Equation (1) can then be rewritten as:

2 2
ELsinq) +J(L) +2LE-°L +<E3“> sin2¢ s%}sinq&
d

2P Py P, 2P, "\ 2P,
Simplifying

-Nssing + v4 + 4Ns + N3sin2¢ < Nsing
> (N2 + N3)sing = /4 +4N; + Nisin2¢
or

(N2 + N3)sin2¢ = 4 + 4N3 + N3sin2
Simplifying further, the condition for no interference becomes

N3 +2N,N
1+N3=< —%sm%

Substitue the values, N2=22, N3=45, and ¢ =20°. Then

N2 + 2N(22
1+22< —2+4—2()sin220°
or
Ny = 13.64
SO
Nomin =14

Therefore, the smallest gear has 14 teeth.

'
Problem 10.6

Assume a gear has a diametral pitch of 6. Determine the addendum, dedendum, and clearance if the
pressure angle is 20° full depth, 25° full depth, 20° stub teeth.

Solution:
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From Table 10.1, when ¢ =20°, and we have full depth,

125 125
b= p= == 0.208

c=023 025 _0 0417

When ¢ =20, stub depth

Problem 10.7

Assume two meshing gears have a diametral pitch of 6 and a 20° pressure angle. The gear has 38
teeth, and the pinion has 24. Determine the design center distance. Now assume that the center
distance is increased by 0.01 in. Determine the pressure angle for the new center distance.

Solution:

From Table 10.4, the center distance is given by:

No +N3 _24+38
=5.167
2Py (2)(6)

C=I'p2 +I'p3=

The new center distance is:
Cn=C+e=5.167+0.01=5.177

The pressure angle for the new center distance is:
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24 o

1p>COS c0s20

Om = COS_I(fni;) = cos—l(cm N> ) = cos-! §2;§6) o
N2+ N3 O 2733

=20.312°

'
Problem 10.8

Assume a standard full-depth rack has a diametral pitch of 2. Determine the smallest gear that will
mesh with the rack without interference if the pressure angle is (a) 20°, (b) 25°.

Solution:

Use formular (10.25),

2
N= sin2¢

(a) When =20°

2 _
> To0” 17.10

sO Nmin=18.

(b) When =25°

—2 ___
2 s =11.20

SO Nmin=12.

— . __________________________________________________]
Problem 10.9

Assume two meshing gears have a diametral pitch of 8 and a 25° pressure angle. The gear has 60
teeth, and the pinion has 30 Determine the design center distance. Now assume that the center
distance is increased by 0.012 in. Determine the pressure angle for the new center distance.
Solution:

From Table 10.4, the center distance is given by:

N2 +N3 — 30+60 =5 625
2Pq @@

C=rp2 +rp3=

The new center distance is:
Cn=C+e=5.625+0.012 =5.637

The pressure angle for the new center distance is:
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30 .
17C0S cos25
Om = COS‘I(_Z‘rb ) =cos| ~ __No e e
T2 "N2+ N (5.637)72"—
2 30 +60

=25.26°

'
Problem 10.10

Two standard gears have a diametral pitch of 2 and a pressure angle of 144°. The tooth numbers

are 14 and 16. Determine whether interference occurs. If it does, compute the amount that the
addendum(s) must be shortened to remove the interference, and the new contact ratio.

Solution:

Let gear 2 be the pinion. Then the condition of no interference in the pinion is as follows (see Fig.
10.6):

—TIp;Sing + Ja% + 2a3np; + rp3zsin2¢ < Ip,Sing

From Table 10.4, we know the addendum and the pitch radii:

S
a2 =a3 = Pd
_No
P27 9op
and
N3
P37 2Py

The interference equation can then be rewritten as:

—%sinqb + J(Pld)2 +2 %d% + (%{T)zsinw < %sinqﬁ
Simplifying

-Nssing + v4 + 4Ns + N3sin2¢ < Nsing
> (N2 + N3)sing = /4 +4N; + Nisin2¢
or

(N2 + N3)Y'sin2¢ = 4 + 4N3 + N7sin2p

Simplifying further, the condition for no interference becomes

Substitute the values, N2=14, N3=16, and ¢ =14.5. Since

-417 -



142 +2(14)(16)
4

1+16< sin214.5°

Interference exists.

The conditions of no interference here should be:

U = —Tp3 SINQ + \fa3 +2a3lp3 +1;;8in% ¢ < 1y sin¢ (1)
V =—Ip Sin¢ + ‘/az +2a,1p, + I, sin ¢ < p3sing 2)

From Table 10.4, we know the addendum and the pitch radii:

N, _ 14 _
'm —2Pd—2(2)—3.5
and
_Ni_ 16 _
3= 2P, = 20) = 4

Substituting values into a modified form of Egs. (1) and (2) gives,

a3 +2a3(4) + 42sin214.5°< (3.4 + 4)2sin214.5"= a3, = 0.304

a3 +2a2(3.5) +3.525in214.5°< (3.4 + 4)2sin214.5°= ay,, = 0.374
so the addendums must be shortened by:

Aay =ap —ap;, =0.5-0.374=0.126

Aaz=a3-a3;, =0.5-0.304 =0.196
The contact line becomes:

A =u+Vv=(1p, +1p3)sin¢ = (3.5 + 4)sin14.5=1.878

The contact ratio is:

Problem 10.11

Two standard gears have 18 and 32 teeth, respectively. The diametral pitch is 10, and the pinion
rotates at 1000 rpm. Determine the following: (a) center distance, (b) pitch diameters, (c) circular
pitch, (d) pitch line velocity, (e) angular velocity of the gear.

Solution:
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(a) From Table 10.4, we know the center distance:

_No+N3 18432
C= 2Py _(2)(1())_2'5

(b) The pitch diameters:
Ny 18
dp, = P 1 =1.8
and
_Ns 32
dps = P, =10 " 3.2
(c) The circular pitch:

(d) The pitch line velocity:
Vp= @2 I = wz-%& - (1000)(?—0)(12&# 94.25in /s
(e) The angular velocity of the gear:

N2 A8
w3 = 02 No 1000 % 562.5 rpm

'
Problem 10.12

Two standard gears have a diametral pitch of 10 and a velocity ratio of 2.5. The center distance is
3.5 in. Determine the number of teeth on each gear.

Solution:

From Table 10.4, we know the velocity ratio and the center distance:

R= {LZ =2.5= Ipz = 2.5rp2
P!

C =1Ipy +Ip3 = 3.5
SO
Ipo =1, Ip3 =25

From Table 10.4, the number of teeth on each gear is:

N2 = 2Pury, = (2)(10)(1) = 20
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and
N3 = 2Parp; = (2)(10)(2.5) =50

'
Problem 10.13

Is it possible to specify arbitrary values for the velocity ratio, center distance, and diametral pitch in
a problem such as that given in Problem 10.12? Explain.

Solution:
If we specify arbitrary values, we always can get solutions from the equations in Problem 10.12,

but it is possible to get a gear with too few teeth. Then interference will occur between the two
gears.

_____________________________________________|
Problem 10.14

Two standard meshing gears are to have 9 and 36 teeth, respectively. They are to be cut with a 20°
full-depth cutter with a diametral pitch of 3. (a) Determine the amount that the addendum of the
gear is to be shortened to eliminate interference. (b) If the addendum of the pinion is increased the
same amount, determine the new contact ratio.

Solution:

The condition of of no interference is as follows:
2 2 . .
a3 +2a;1p3 +15; sinZ ¢ < (1p, + Ip3 ) sinZ ¢

From Table 10.4, we know the pitch radii:

Ny 9
P2 =2h T RE T
and
_Ni_ 36

Substitute values for the pitch radii and ¢ =20 into the condition of no interference,

a3 +2a3(6) + 62sin220°< (1.5 + 6)sin20°=> a3, = 0.194

so the gear should be shortened by
Aaz=a3 -a3, =0.333-0.194 =0.139

The pinion is increased by the same amount, so
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Aax =0.139
and
ay, =a2+Aa2=0.333+0.139=0.472

The length of the line of contact is:

A=Uu+V=rpsing+ (—rp2 Sing + \fa3 + 2astp; + 17,8120 ) = V2 +2251p +15,8in% ¢

= J0.4722 + 2(0.472)(1.5) + 1.5%sin?20° = 1.379
From Eq. (10.18), the contact ratio is

A A 1.379
me=+-= = =14
PRy Leosp Zcos20®
Py 3

[
Problem 10.15

Two standard meshing gears are to have 13 and 20 teeth, respectively. They are to be cut with a 20°
full-depth cutter with a diametral pitch of 2. To reduce interference, the center distance is increased
by 0.1 in. Determine the following:

a) Whether the interference is completely eliminated
b) The pitch diameters of both gears

¢) The new pressure angle

d) The new contact ratio

Solution

The condition of no interference is as follows:

—Ip3sing + Ja% + 2a3tp; + rp3zsin2¢ < 1p,Sing

The new center distance is:

Mo+ Ny e 13420 01835

Cm=C e = "= 200

and the new pitch radii are:

—Cp—2__g835.13___399

Tpm2 N, + N3 13+20
and
C N3 _g135._20 _
s = Cm 75 s = 835 T34 50 = 306

The pressure angle for the new center distance is:
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13 °
) I,,COS 2
¢m=COS‘1( = )=cos-1(-m—¢) =cos—1(52)!2}cos 0 ) =21.83°

Ihm2 Ipm2 329

and the addendums are:

(a) Substituting the relevant values into the condition of no interference, we have

U = —Tpy3Sindm + ‘/a% + 2a3Tpm3 +Tpm32Sin2Pm
= =5.068in21.83° + {/0.52 +2(0.5)(5.06) + 5.06? sin?21.83° = 1.093
< Tpmo SiNPm = 3.29sin21.83° =1.223

So, the interference is completely eliminated.
(b) The pitch diameters of both gears:
dpmz =21pmy =(2)(3.29) =6.58
and
dpm3 = 21pm3 = (2)(5.06) =10.12
(c) The new pressure angle is

om =21.83°

(d) The new contact ratio:

V = —TpmoSindm + /a3 +222%pm) +Tpmo “Sin2¢m
=-3.29%in21.83° + J0.52 + 2(0.5)(3.29) + 3.292sin221.83° =1.021

The length of the line of contact is:
A=u+v=1.093+1.021=2.114

The contact ratio is:

2114 _
dpy ~ (Zrpcos) — 235)cos =1.432

N2 N2 13

mc=Fb

'
Problem 10.16

Assume that you have a 13-tooth pinion and a 50-tooth gear. What is the smallest (nonstandard)
pressure angle that can be used if interference is to be avoided? What is the smallest pressure angle
that can be used if only standard pressure angles can be considered?

Solution:
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The condition of no interference is as follows:

—1pySing +fa + 2a38y; + I SiN2¢ < Tp,Sing

or
a3 +2a3lp; +rp23 sinZ ¢ < (1p; + Ip3 > sinZ ¢
or
2
sing = , a3 +2a30; I+N; ﬁlJr_l%()m_Uy: 0.373
I, +2rp2rp3 d_z_ _2_1 12 T
so (p=21.88°.

Therefore Qmin =21.88°.

If only standard pressure angles can be considered, ¢min =25°

Problem 10.17

A standard, full-depth spur gear has a pressure angle of 25° and an outside diameter of 225 mm. If
the gear has 48 teeth, find the module and circular pitch.

Solution:
From Table 10.4, the outside diameter is:

do=dp +2a=N-m+2m=(N+2)m
or

225=(48+2)m = m = 4.5mm
Therefore the module is m = 4.5mm.

The circular pitch is:

Pc = m = n(4.5) =14.15mm
ProblemlO.IS—
The pinion of a pair of spur gears has 16 teeth and a pressure angle of 20°. The velocity ratio is to
be 3:2, and the module is 6.5 mm. Determine the initial center distance. If the center distance is
increased by 3 mm, find the resulting pressure angle.

Solution:

From Table 10.4, the velocity ratio is given by:

-473 -



=_wz__ﬁa=§=>N3

3N, =
w3_N2 2N2_

\S] (99}

(16) = 24

The center distance is given by:

C=N2;N3m=16'5246.5=130mm

Therefore, the initial center distance is 130mm.
The new center distance is:
Cn=C+e=130+3=133

The pressure angle for the new center distance is:

16 o
Tpy COSQ —(6.5)c0s20
Om = cos—l(&z‘) = cos—l( ) = cos~! =23.29°

N,
Cm (133)

I
pm2 N2 + N3

16 +24

. __________________________________________________|
Problem 10.19

Two standard, full-depth spur gears are to have 10 teeth and 35 teeth, respectively. The cutter has a
20° pressure angle with a module of 10 mm. Determine the amount by which the addendum of the
gear must be reduced to avoid interference. Then determine the length of the new path of contact
and the contact ratio.

Solution:

The condition of of no interference is as follows:

—Ip:Sing + Ja% + 2230y, + Iy SIN2¢ < TIp,sing
or
a3 +2askp; + rp23 sinZ ¢ < (1p; + 1p3 > sinZ

From Table 10.4, we know the pitch radii:

0, = Nam _ 10)10) _ 5

2 2
and
s = N%m _ (35)2(10) _175

plug the pitch radii and ¢ =20° into the condition of no interference and simplifying,

a3 +2a3(175) +17525in220°< (50 + 175)2sin2 20"=> a3, = 6.56
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Az =M= 10
so the gear should be shortened by
Aa3 =d3 —dzy, = 10-6.56 =3.44

The length of the new path of contact is:

Am = U+ V= Iy;sing + (—rp3sin¢ + \Ja3 +2a31p; + 13 °sin20 )

= a3 + 2430y + 13 sin2p = 02+ 2(10)(30) +50%sin220°_ = 37.32

From Eq. (10.18), the new contact ratio is

A A 37.32
=—0 11 = =
Mem P, mmcos¢ m(10)cos20° 1.264

'
Problem 10.20

A standard, full-depth spur gear tooth has been cut with a 20° hob and has a diametral pitch of 6.
The tooth thickness at a radius of 2.1 inis 0.1860 in. Determine the thickness of the gear tooth at
the base circle.

Solution:

From Table 10.4, we have the following relationships:

(= 2_715(1 (1)
cosp = _rwr&sci) (2)
t= Zr[%% +invd— ian] 3)
p
_— @)
From Egs. (1), (3), and (4),
L
2P . . TT . .
t =2r Tﬁ—j +invp—invp| = 2:[— +invp —invf o)
S 2N
2P4
Combining Egs. (2) and (4),
N
—cos¢
2% " N _ 2rRscosp
cosP = =5, cosp = N = cosh (6)
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Now combining Egs. (6) and (5),

t= 2:{% +invp — invﬁ] =2r erPd#sB +1invp - invP 7
cosp
or
TCosp . .

t=2r [4rP B +invd —1nVB]

or
cosPp . . :
2r[4rPd cosp +invg—invB|-t=0 &)

Equation (8) is nonlinear in {3; however, it can be solved easily using a nonlinear equation solver.
The answer is f = 26.498588°. Once f3 is known, we can solve for N from Eq. (6). Then,

_ 2rRacosP _ 2(2.1)(6)cos(26.498588") —4
cos¢ cos(20°)

The base circle radius is given by

I = [, COS P = 2—1;Idcosq> 0 28 05(20%) = 1.879385

From Eq. (7), the thickness of the gear at the base circle is

tp = Zm[m +inve —1nVBb]

The value of [ at the base circle is zero. Therefore, the tooth thickness at the base circle is

th = 21b[—+ nve —inVBb] 21. 879385)[ +inv(20°)-0|=0.31713 in.

2N 2(24)

— . _______________________________________________|
Problem 10.21

A pair of standard, full-depth spur gears has been cut with a 25° hob. The pinion has 31 teeth and
the gear 60 teeth. The diametral pitch is 4. Find the velocity ratio, the pitch circle radii, the outside
diameters, the center distance, and the contact ratio.

Solution:

From Table 10.4, the velocity ratio is given by:

_w N3 _60_
R o "N 31 1.935

The pitch radii:
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N 31
= =——=3875
P2 =2R T 2@

and

The outside diameters are:
doy =dp, +2a2 = 2(3.875)+2(0.25) = 8.25
do3 =dp; +2a3 =2(7.5)+ 2(0.25) =15.5
The center distance is:
C=1p,+13=3.875+7.5=11.375

The length of the line of contact is given by Eq. (10.17) as

A =-1psing + ‘/a% +2a21y + Iy sin2¢ —fp3sing + ‘/a% + 24303 +Ip3sin2

= -3.875%in25° + 0.252 + 2(0.25)(3.873) +3.87525in225°
—7.581n25° + 0.25% + 2(0.25)(7.5) + 7.5%sin?25° = 1.079

From Eq. (10.18), the contact ratio is

A A 1.079
me == = =1.516
‘B Fﬁcosd) %cos25°

[
Problem 10.22

A pair of standard, full-depth spur gears has been cut with a 25° hob. The pinion has 14 teeth and
the gear 51 teeth. The diametral pitch is 5. Find the velocity ratio, the pitch circle radii, the outside
diameters, the center distance, and the contact ratio.

Solution:

From Table 10.4, the velocity ratio is given by:

_w N _51_
R=-2-xn-ip—3643

The pitch radii:

N A_14

"= TG T
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and

The outside diameters are:
dop =dpy +2a2=2(1.4)+2(0.2)=3.2
dosz =dp; +2a3=2(5.1)+2(0.2)=10.6
The center distance is:
C=mpr+13=14+51=65

The length of the line of contact is given by Eq. (10.17) as

A = —Tposing +ya3 + 221, + py’sin2d —Ipssing + /a3 + 2a3tp3 + 3 sind

= —1.4sin25°+ J0.22 + 2(0.2)(1.4) + 1.425in2257 - 5.1 sin25°
+ J022+ 205D +5.Bsin225° = 0.821

From Eq. (10.18), the contact ratio is

A A 0.821
Mme=5-= = =1.442
Pb I I 25°
B cos 5 c0s25
[
Problem 10.23

A pair of standard, full-depth spur gears has been cut with a 20° hob. The pinion has 27 teeth and
the gear 65 teeth. The diametral pitch is 2. Find the velocity ratio, the pitch circle radii, the outside
diameters, the center distance, and the contact ratio.

Solution:

From Table 10.4, the velocity ratio is given by:

_ o N3 _65_
R=- 2= =57 = 2407

The pitch radii:

No __27__675

LT N0)16)
and

N3 __65 _
3= 35 = B3 16.25
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The outside diameters are:
doy =dp, +2a2 = 2(6.75) +2(0.5) =14.5
do3 =dp; +2a3 =2(16.25)+ 2(0.5) =33.5
The center distance is:
C=1pr+1p3=6.75+16.25=23

The length of the line of contact is given by Eq. (10.17) as

A =—rpsing + ‘/a% + 20y +1py2sin2p — fpssing +J a3 + 24313 + Ip3“sin 20

= —6.75sin20° + f0.52 + 2(0.3)(6.75) + 6.752sin220°
—-16.25sin20° + 4/0.5%2 +2(0.5)(16.25) + 16.25%sin220° = 2.529

From Eq. (10.18), the contact ratio is

A A 2.529
Mme =+ = = =1.713
‘P I cos  Lcos20°

Py 2
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