Chapter 14

14-1
22
d=" _ 2 _3667in
P 6
Table 14-2: Y =0.331
. 12
_ mdn _ w(3.667)(1200) _ o oh e
12 12
1200 + 1152
Eq. (14-4b): Ky=———""=196
q. ( ) v 1200
T 25H 25(1
W' = _ 03025H _ 63025(15) g 5
d/2 nd/2 1200(3.667/2)
Eq. (14-7):
K,W'P  1.96(429.7)(6
o=— _ 19 O _ 7633 psi = 7.63 kpsi Ans.
FY 2(0.331)
14-2
16 .
d=— =1333in, Y =0.296
12
1.
V= w — 244.3 fi/min
Eq. (14-4b): o 120042443
a ' T 1200 0
63025H  63025(1.5
f = = A5 006 1bf
nd/2 700(1.333/2)
Eq. (14-7):
K,W'P  1.204(202.6)(12
o =— = ( 2 15485 psi = 13.2kpsi Ans.
FY 0.75(0.296)
14-3

d=mN = 1.25(18) =22.5mm, Y =0.309
V= 7(22.5)(1073)(1800)

=2.121 m/
60 °
6.1 4+2.121
Eq. (14-6b): Ky=——=1348
60H 60(0.5)(10°)
W = = =2358N
wdn ~ w(22.5)(10-3)(1800)
K, W! 1.348(235.8
Eq. (14-8): 0= ——= ( )__ 68.6 MPa  Ans.
FmY — 12(1.25)(0.309)
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14-4
d=5(15)=75mm, Y =0.290
75)(1073)(200
y = UV DEYO) 6 2654 s
60
Assume steel and apply Eq. (14-6b):
6.1 +0.7854
v = o-140.78>% =1.129
6.1
H 10°
amdn  7(75)(1073)(200)
K,W! 1.129(6366
Eq. (14-8): 0=——= (6360) _ ¢> 6 MPa Ans.
FmY  60(5)(0.290)
14-5
d=1(16) = 16 mm, Y = 0.296
16)(1073)(4
y = ZUOUODED) ) 355 s
60
Assume steel and apply Eq. (14-6b):
6.1 +0.335
=——=1.055
' 6.1
60H 60(0.15)(10°
W' = = ( )(107) =447.6 N
adn  7(16)(1073)(400)
K,W! 1.055(447.6)
Eq. (14-8): F = = = 10.6
4. (14-8) omY  150(1)(0.296) mm
From Table A-17,use F = 11 mm Auns.
14-6

d=15(17)=255mm, Y =0.303
V— 7(25.5)(1073)(400)

= 0.534 m/s
60
6.1 +0.534
Eq. (14-6b): K, = Jg—l = 1.088
60H 60(0.25)(10°
W= = 0250100 _ 465N
wdn — 7(25.5)(10~3)(400)
K,W! 1.088(468
Eq. (14-8): F=—"— = 0% 149 mm

omY  75(1.5)(0.303)
Use F = 15 mm Ans.




Chapter 14 351

14-7
24 ,
d= 5 =48in, Y =0.337
4.
y = TEBG0 _ 6 83 fumin
12
1200 + 62.83
Eq. (14-4b): K, = —0F528 o5
1200
63025H  63025(6
- - © _ 3151 1vf
nd/2 50(4.8/2)
K,W'P  1.052(3151)(5
Eq. (14-7): F=— = CBDO) _ 5 46 in
oY 20(10%)(0.337)
Use F =2.5in Ans.
14-8
16 ,
d=—2=32in, V= 0.296
3.2)(600
_ 762000 _ 55 7 fymin
12
1200 + 502.7
Eq. (14-4b): Ky=——"""" =141
q. (14-4b) v 1200 9
63 025(15)
= — " —984.8 Ibf
600(3.2/2)
K ,W'P  1.419(984.8)(5
Eq. (14-7): F=— = ( )0 _ 5381
oY 10(103)(0.296)
Use F =2.5in Ans.
14-9 Try P = 8 which givesd = 18/8 =2.251inand Y = 0.309.
2.2
y = 12290000 _ 253 4 fymin
12
1200 + 353.4
Eq. (14-4b): Ky=——""=12
q. (14-4b) v 1500 95
25(2.
o 0302525 g g
600(2.25/2)
K,W'P  1.295(233.4)(8
Eq. (14-7): F=-—"" = ( ® _ 0.783 in

oY  10(10%)(0.309)
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Using coarse integer pitches from Table 13-2, the following table is formed.

d 1% K, w! F

P

2 9.000 1413.717 2.178 58.356 0.082
3 6.000 942.478 1.785 87.535 0.152
4 4.500 706.858 1.589 116.713 0.240
6 3.000 471.239 1.393 175.069 0.473
8 2.250 353.429 1.295 233.426 0.782
10
12
16

1.800 282.743 1.236 291.782 1.167
1.500 235.619 1.196 350.139 1.627
1.125 176.715 1.147 466.852 2.773

Other considerations may dictate the selection. Good candidates are P = 8 (F = 7/8 in)
and P=10(F = 1.251in). Ans.

14-10 Try m = 2 mm which gives d = 2(18) = 36 mm and Y = 0.309.
V- 7(36)(1073)(900)

= 1.696 m/
60 >
6.1 +1.696
Eq. (14-6b): K, = Jg—l — 1278
60(1.5)(10°
— (1.5)(10°) = 884 N
7(36)(10—3)(900)
1.278(884
Eq. (14-8): = —( ) = 24.4 mm
75(2)(0.309)
Using the preferred module sizes from Table 13-2:
m d \% K, w! F
1.00 18.0 0.848 1.139 1768.388 86.917
1.25 22.5 1.060 1.174 1414.711 57.324
1.50 27.0 1.272 1.209 1178.926 40.987
2.00 36.0 1.696 1.278 884.194 24.382
3.00 54.0 2.545 1.417 589.463 12.015
4.00 72.0 3.393 1.556 442.097 7.422
5.00 90.0 4.241 1.695 353.678 5.174
6.00 108.0 5.089 1.834 294.731 3.888
8.00 144.0 6.786 2.112 221.049 2.519
10.00 180.0 8.482 2.391 176.839 1.824
12.00 216.0 10.179 2.669 147.366 1.414
16.00 288.0 13.572 3.225 110.524 0.961
20.00 360.0 16.965 3.781 88.419 0.721
25.00 450.0 21.206 4.476 70.736 0.547
32.00 576.0 27.143 5.450 55.262 0.406
40.00 720.0 33.929 6.562 44.210 0.313
50.00 900.0 42.412 7.953 35.368 0.243

Other design considerations may dictate the size selection. For the present design,

m — D mm (F — 25 mm) i 9 000
1Tl — 4 1111171 \l —_— L llllll/ o a sUU
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14-11
22 60
dp = — =3.667in, dg =— =101in
6 6
. 12
y = TOLODNA00) _ 4155 fymin
12
Eq. (14-4b): K, = 1200+ 1152 _ 1.96
A 'S0
63 025(15
ge _63025(13) = 429.7 Ibf
1200(3.667/2)
Table 14-8: C, = 2100,/psi [Note: using Eq. (14-13) can result in wide variation in
C) due to wide variation in cast iron properties]
3.667 sin 20° 10sin 20°
Eq. (14-12): r = % —0.627in, = % — 1.710in
Eq. (14-14) C KW (1 + AT
. (14-14): oc=— — |-+ —
1 ¢ PlFcosp \ri  n
1.96(429.7) (1 1 \1"7?
= —2100 ( ) +
2cos20° \0.627  1.710
= —65.6(10°) psi = —65.6 kpsi  Ans.
e d 16 1.333i d 48 41
= — = ]. 1n, = — =41n
T2 ‘T2
1.333)(700
y = T30 _ 5443 ymin
12
Eq. (14-4b): K, = 1200 + 2445 _ 1.204
q- 1100 " 00 0
63 025(1.5
! (.5) = 202.6 Ibf

= 700(1.333/2)
Table 14-8:  C, =21004/psi (see note in Prob. 14-11 solution)

1.333 5in20° , 4 8in20° ,
Eq. (14-12): r; = — =0.2281n, r = = 0.684 in
Eq. (14-14):
1.202(202.6) [ 1 1 172 5
= —2100 = —100(10
oc [ F cos 20° <0.228 i 0.684>] (10

2100 \2[1.202(202.6 1 1
F = ( ) + — 0.668 in
100(103) c0s 20° 0.228 ' 0.684

Use FF =0.751in Ans.
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14-13 24 , 48 ,
dp = 5 =4.81in, dg = 5 =9.61in
4.8)(50
y = T@DOD o) <3 fymin
12
600 + 62.83
. (14-4a): =——=1.105
Eq. (14-4a) v 00
L % =5252H
50(4.8/2)
Table 14-8: C, = 19604/psi (see note in Prob. 14-11 solution)
4.8 sin 20° . .
Eq. (14-12): r = B — =0.821in, 7 =2r; =1.6421in
1.105(525.2H 1 1 \1"?
Eq. (14-14):  —100(10%) = —1960 ( - ) -
2.5c0s20 0.821  1.642
H=57Thp Ans.
14-14
dp =4(20) =80 mm, dg =4(32) =128 mm
80)(10~3)(1000
y = ZEOUY AN 159 s
60
Ea. (14-64): _3.05+4.189 373
Q- (14-6a): Ky = ——5——=2.
60(10)(10°
P = (10)(19°) = 2387N
7(80)(10~3)(1000)
Table 14-8: C, = 163vV/MPa (see note in Prob. 14-11 solution)
80 sin 20° 128 sin 20°
Eq. (14-12): =02 1368 mm, r = % —21.89 mm
Eq. (14-14 163 2.373(2387) ! + ! v 617 MPa A
. _ : or = — = — a ns.
q- (1414 oc 50c0s20° \13.68 ' 21.89
14-15 The pinion controls the design.
Bending Yp =0.303, Ys =0.359
17 30
dp=—=14171in, dg = — =2.500in
12 12
d 1.417)(525
y = Zden _ mAADO2) o) ¢ fiymin
12 12
1200 + 194.8
Eq. (14-4b): K, = =200 6
1200
Eq. (6-8): S, =0.5(76) = 38 kpsi

Eq. (6-19):

k, = 2.770(76)~ 925 =0.857
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225  2.25

|=——=——=0.1875in
Py 12
3Yp  3(0.303) )
Eq. (14-3): = = = 0.0379
q- (14-3) TP T 212 n
Eq. (), p. 717: t = /4(0.1875)(0.0379) = 0.1686 in
Eq. (6-25): d, = 0.808,/0.875(0.1686) = 0.310 in
Eq. (6-20): kp = —— = 0.996
q. (6-20) b ( 030 )
ke =kq =k =1, ky =166 (seeEx.14-2)
0.300
ry = 7 = 0.025in (see Ex. 14-2)
.02
r_r 0.025 —0.148

d~ 't 01686

Approximate D/d = oo with D/d = 3; from Fig. A-15-6, K; = 1.68.

From Fig. 6-20, with S,, = 76 kpsi and r = 0.025 in, g = 0.62. From Eq. (6-32)
Ky =140.62(1.68 — 1) =1.42

Miscellaneous-Effects Factor:

1
kf =kpiksr =1.65 <—) = 1.247

1.323
Eq. (7-17): Se = 0.857(0.996)(1)(1)(1)(1.247)(38 000)
= 40450 psi
40770 .
Oall = —2.25 = 18120 psi
¢ FYpoa . 0.875(0.303)(18 120)
- K,P; 1.162(12)
= 345 1bf
345(194.8
= # =2.04hp Ans.
Wear 33000

vi =1 =0.292, E; = E, =30(10%) psi

1

Eq. (14-13); C, = — 2285,/psi
9 (14-13) P 1—0.2922 pol
o (2
30(109)
d 1.417
Eq. (14-12): o= 7‘” sing = sin20° = 0.242 in
dc . 2.500 .
rp = —sing = sin20° = 0.428
2 2
11 1 -
—+—= + = 6.469 in

00490 04729
\V Py e . T4L0

1 L)
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From Eq. (6-68),
(SC)IOS = 04HB —10 kpSl
= [0.4(149) — 10](10°) = 49 600 psi
(Sc)ier  —49600

OC.all = — = = —33067 psi
CHTTT T s P
—33067\* [0.875 cos 20°
Eq. (14-14): i — (230677 0875cos 2001 ) i
2285 1.162(6.469)
22.6(194.8
= 22.6(154.5) =0.133hp Ans.
33000
Rating power (pinion controls):
H; =2.04 hp
H, =0.133 hp

Hyp = (min2.04,0.133) = 0.133 hp Ans.

14-16 See Prob. 14-15 solution for equation numbers.
Pinion controls: Yp = 0.322, Y = 0.447

Bending dp =20/3 =6.667 in, dg = 33.333in
V =ndpn/12 = 7(6.667)(870)/12 = 1519 ft/min
K, = (1200 4 1519)/1200 = 2.266
S) = 0.5(113) = 56.5 kpsi
ko, = 2.70(113)7%26° = 0.771
| =225/P; =2.25/3=0.75in
x = 3(0.322)/[2(3)] = 0.161 in

t = /4(0.75)(0.161) = 0.695 in

d, = 0.808,/2.5(0.695) = 1.065 in

ky = (1.065/0.30) %197 = 0.873
ke =kg =ke =1
rs = 0.300/3 = 0.100 in
r r 0.100
o= Tf = Ggog = 0144
From Table A-15-6, K, = 1.75; Fig. 6-20, g = 0.85; Eq. (6-32), Ky = 1.64
kpr = 1/1.597, ky = kpikpr = 1.66/1.597 = 1.039
S, = 0.771(0.873)(1)(1)(1)(1.039)(56 500) = 39 500 psi
oal = Se/n = 39500/1.5 = 26 330 psi
_ FYpou _ 2.5(0.322)(26330)

= 3118 Ibf
K, Py 2.266(3)

Wl
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Wear
Eq. (14-13): C, = 2285/psi
Eq. (14-12); ri = (6.667/2) sin20° = 1.140 in
ra = (33.333/2) sin 20° = 5.700 in
Eq. (6-68): Sc = [0.4(262) — 101(10%) = 94 800 psi

oc.an = —Sc//na = —94800/v1.5 = =77 404 psi

W — (O’C,M])Z Fcos¢ 1
o Cp K, 1/ri+1/r,

[ —T77404\* (2.5c0s20° 1
—\ 2300 2.266 1/1.140 + 1/5.700
= 1115 Ibf

W'V 1115(1519)
© 33000 33000

For 10% cycles (revolutions of the pinion), the power based on wear is 51.3 hp.

=513hp Ans.

Rating power—pinion controls
H; =144 hp
H, =513hp
Hipeq = min(144, 51.3) = 51.3 hp Ans.

14-17

Given: ¢ = 20°, n = 1145 rev/min, m = 6 mm, FF =75 mm, Np = 16 milled teeth,
Ng = 30T, S,; =900 MPa, Hg = 260, ny; = 3, Yp = 0.296, and Y5 = 0.359.

Pinion bending
dp =mNp = 6(16) = 96 mm
dg = 6(30) = 180 mm
mdpn  w(96)(1145)(1073)(12)

12 (12)(60)
6.1 +5.76
Eq. (14-6b): K, = :71 =1.944

S, = 0.5(900) = 450 MPa
a =445 b= -0.265
ko, = 4.51(900) 2% = 0.744
[ =2.25m = 2.25(6) = 13.5 mm
x =3Ym/2 = 3(0.296)6/2 = 2.664 mm

t =+4lx = \/4(13.5)(2.664) = 12.0 mm
de = 0.808/75(12.0) = 24.23 mm
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24.23 —0.107
kp = [ —— = 0.884
7.62

ke =kg=ke=1
rr = 0.300m = 0.300(6) = 1.8 mm
From Fig. A-15-6 forr/d =ry/t =1.8/12 = 0.15, K; = 1.68.
Figure 6-20, g = 0.86; Eq. (6-32),
Ky =1+40.86(1.68 —1) =1.58
ki = 1.66 (Gerber failure criterion)
kpp =1/Ky =1/1.537 = 0.651
kf = kpikgr = 1.66(0.651) = 1.08
Se = 0.744(0.884)(1)(1)(1)(1.08)(450) = 319.6 MPa

19.
Ol = % = —3 9.6 = 245.8 MPa
ng 1.3
FYmog — 75(0.296)(6)(245.8
Eq. (14-8): W' = I’:G u_ 71X 1)9(41( ) _ 16840N
’U .
Tn 16 840(96/2)(1145
H=—1__ O/ _ g6 oxw  ns.
9.55 9.55(10%

Wear: Pinion and gear
Eq. (14-12): r1 = (96/2)sin20° = 16.42 mm
r, = (180/2) sin20° = 30.78 mm

Eq. (14-13), with E = 207(10%) MPa and v = 0.292, gives

1
C, = — 190v/MP
P [2n(1 ~0.2922)/(207 x 103)] :

Eq. (6-68): Sc = 6.89[0.4(260) — 10] = 647.7 MPa
Sc 647.7
al = ——= = ——=— = —568 MP
0C,all NG 75 N
2
F 1
Eq. (14-14): w! = (UC,au> cos ¢
Cr Ky 1/ri+1/r

(568?75 cos 20° 1
11 1944 )\ 1/16.42 + 1/30.78

= 3433N
w'd 3433(96
T = 2”: 2( ) 164784 N mm = 1648 N - m
T 164.8(1145
po= 2t _1OAID) g5 7w = 19.8kW  Ans.
9.55 9.55
Thus wear controls the cearset power ratino: — 10 R kW Ang
HHUSS Sa-CONHO+S cgealsetpoweTadng 7 OV LS




V =ndpn/12 = 7w (2.833)(1120) /12 = 830.7 ft/min

Based on yielding in bending, the power is 67.6 hp.

Eq. (14-4b): K, = (1200 4 830.7)/1200 = 1.692
S, 90000
Ot = =% = —— = 45000 psi
ng
Table 14-2: Yp = 0303, Yg=0.410
FYpoy  2(0.303)(45000)
Eq. (14-7): W= - — 2686 Ibf
a- (14-7) K, P, 1.692(6)
W'V 2686(830.7
33000 33000

(a) Pinion fatigue

Bending

Eq. (2-17):
Eq. (6-8):
Eq. (6-19):

Table 13-1:

Eq. (14-3):

Eq. (b), p. 717:

Eq. (6-25):

Eq. (6-20):

Sut = 0.5Hp = 0.5(232) = 116 kpsi

S! =0.5S,, = 0.5(116) = 58 kpsi

a=270, b=-0265k,=270116)"%% =0.766

_ 1 N 125 225 225
Py Py Py 6

3Yp _ 3(0.303)
2P; 2(6)

) =0.3751in

X = = 0.0758

t = /4lx = /4(0.375)(0.0758) = 0.337 in
d, = 0.808v Ft = 0.808,/2(0.337) = 0.663 in

0.663 —0.107
kp = 2 —0.919
b ( 0.30 )
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14-18 Preliminaries: Np =17, Ng =51
N 17 )
dp=—=—=12.8331n
P, 6
51 )
dg = 3 = 8.500 in

ke =kq =k, =1. Assess two components contributing to ky. First, based upon
one-way bending and the Gerber failure criterion, ky; = 1.66 (see Ex. 14-2). Second,
due to stress-concentration,

0.300  0.300
ry = = = 0.050in (see Ex. 14-2)
’ Pd 6
. r ry 0.05
Fio A-15-6: - = - — — (0.148
° d t 0.338
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Estimate D/d = oo by setting D/d = 3, K; = 1.68. From Fig. 6-20, ¢ = 0.86, and
Eq. (6-32)
Ky =1+0.86(1.68 —1) =1.58

1 1
kfr = — = — = 0.633
K; 158

ki = kpiksy = 1.66(0.633) = 1.051
Se = 0.766(0.919)(1)(1)(1)(1.051)(58) = 42.9 kpsi

S, 42.9
ou = — = —— =21.5 kpsi
ng 2
FY 2(0.303)(21 500
wt = FYpour _ ( )( ) _ 1283 Ibf
Ky Py 1.692(6)
wty 1283(830.7)
H = = =323hp Ans.
33000 33000
(b) Pinion fatigue
Wear
From Table A-5 for steel: v =0292, E =30(10% psi

Eq. (14-13) or Table 14-8:

1
Cr= {2n [(1 — 0.2922)/30(10)]

1/2
} = 2285,/psi

In preparation for Eq. (14-14):

d 2.833
Eq. (14-12): o= 7’3 sing = sin20° = 0.485 in
d 8.500
ry = 7G sing = sin20° = 1.454 in
L D X 1T
— J— — = . m
r r 0.485 1.454
Eq. (6-68): (Sc) 108 = 0.4Hp — 10 kpsi

In terms of gear notation
oc = [0.4(232) — 10]10° = 82 800 psi

We will introduce the design factor of ny; = 2 and because it is a contact stress apply if
to the load W’ by dividing by v/2.

o¢ 82800

OCal = ——— = = —58 548 psi
C,all ﬁ «/Q p
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(0

Solve Eq. (14-14) for W"

—58548\%[ 2co0s20°
W’:( ) [ cos ]:2651bf

2285 ) | 1.692(2.750)
265(830.7)

= 200D 6 6Thp  Ans.

"= 733000 boanm

For 10® cycles (turns of pinion), the allowable power is 6.67 hp.

Gear fatigue due to bending and wear

Bending
3Yg  3(0.4103) .
Eq. (14-3): = = = 0.1026
q-(14-3) YT 2R T 26 .
Eq. (b), p. 717 t = \/4(0.375)(0.1026) = 0.392 in
Eq. (6-25): d, = 0.808,/2(0.392) = 0.715 in
0715\ ~0107
Eq. (6-20): kp = —— =00911
q. (6-20) b ( 030 )
ke=ks=k.=1
rorp o 0.050
Lo P 0128
d t 0.392

Approximate D/d = oo by setting D/d = 3 for Fig. A-15-6; K; = 1.80. Use K =
1.80.

1
kfy = 180 = 0.556, ky =1.66(0.556) =0.923

S. = 0.766(0.911)(1)(1)(1)(0.923)(58) = 37.36 kpsi
S, 37.36

Oa1 = — = —— = 18.68 kpsi
ng 2
FYgou  2(0.4103)(18 680
wi = Yoo _ 202109US0) _ 5y
K, — Py 1.692(6)
1510(830.7)
= 2 _380hp  Ans.
A= 7733000 poam

The gear is thus stronger than the pinion in bending.

Wear Since the material of the pinion and the gear are the same, and the contact
stresses are the same, the allowable power transmission of both is the same. Thus,
H,; = 6.67 hp for 108 revolutions of each. As yet, we have no way to establish S¢ for]
10%/3 revolutions.




362

Solutions Manual e Instructor’s Solution Manual to Accompany Mechanical Engineering Design

(d) Pinion bending: H; =32.3 hp
Pinion wear: H, = 6.67 hp

Gear bending: H; = 38.0 hp
Gear wear: Hjy = 6.67 hp

Power rating of the gear set is thus
Hiyeqg = min(32.3, 6.67, 38.0, 6.67) = 6.67 hp  Ans.

14-19 dp =16/6 =2.667in, dg =48/6 =8 in

V— 7(2.667)(300)

B = 209.4 ft/min
33000(5
W= 33000(3) = 787.8 Ibf
209.4

Assuming uniform loading, K, = 1. From Eq. (14-28),
Q, =6, B=02512-6)*°=0.8255
A =50+ 56(1 —0.8255) = 59.77
Eq. (14-27):

0.8255
59.77 4 +/209.4
K, = = 1.196

59.77

From Table 14-2,
Np =16T, Yp =0.296

NG = 48T, Y = 0.4056
From Eq. (), Sec. 14-10 with F = 2 in

0.0535
2+/0.296
7) = 1.088

(Ky)p = 1.192< 3

(Ks)g =1.192

0.0535
2+/0.4056
< = 1.097

From Eq. (14-30) with Cy,,c = 1

Cpp= ——— —0.0375 + 0.0125(2) = 0.0625
"I = 10(2.667) + 2)

Com=1, Cpus=0.093 (Fig. 14-11), C.=1
K, =14 1[0.0625(1) 4+ 0.093(1)] = 1.156
Assuming constant thickness of the gears - Kp =1

mg = Ng/Np = 48/16 = 3

With N (pinion) = 10® cycles and N (gear) = 10%/3, Fig. 14-14 provides the relations:

(Yn)p = 1.3558(10%) 700178 = 0.977
(Yn)g = 1.3558(10%/3) %0178 — 00.996
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Fig. 14-6: Jp =027, Jg =038
From Table 14-10 for R = 0.9, Kp = 0.85
Kr=Cr=1
Eq. (14-23) with my =1 [ = - 200;111200 (3 i 1) —0.1205
Table 14-8: C, = 2300,/psi
Strength: Grade 1 steel with Hpp = Hpg = 200
Fig. 14-2: (S)p = (S)g = 77.3(200) + 12 800 = 28 260 psi
Fig. 14-5: (Se)p = (Se)g = 322(200) + 29 100 = 93 500 psi
Fig. 14-15: (Zn)p = 1.4488(10%) 7092 = 0.948

(Zn)g = 1.4488(108/3)7%023 = 0.973
Fig. 14-12: HBP/HBGzl CHZI

Pinion tooth bending
Eq. (14-15):

KmKB

P
w»:W&mmg

— 787.8(1)(1.196)(1.088) (g) [%]

0.27
=13167psi Ans.
Factor of safety from Eq. (14-41)

S,YN/(KTKR)] _28260(0.977)/[(1)(0.85)]
B 13167

=247 Ans.

Spp = [

o

Gear tooth bending

(6)[(1.156)(1)] .

(0)g = 787.8(1)(1.196)(1.097) | = || ——=——| = 9433 psi Ans.
2 0.38

(Sp)G = 28260(0.996)/[(1)(0.85)] _ 351 Ans.

9433

Pinion tooth wear

) K, Cf 1/2
Eq. (14-16): (o0)p =C, | W K, Ky Ky——

dpF I ),
— 2300 | 787.8(1)(1.196)(1.088) | 120 Ly
a [ SO, )<2.667(2)><0.12()5>]
=98760 psi Ans.
Eq. (14-42):
(SH)P:[SCZN/(KTKR)] :{93500(0.948)/[(1)(0.85)]}:1'06 .
e » 98760
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Gear tooth wear

(K 1'7? 1.097\ /2 _
(GC)G = (K )P (UC)P = m (98 760) =99170 ps1 Ans.

~93500(0.973)(1)/[(1)(0.85)]
(Sw)G = 99170 =108 Ans

The hardness of the pinion and the gear should be increased.

14-20 dp = 2.5(20) =50 mm, dg = 2.5(36) =90 mm

10731
y = Tdenp _ 7GOA0THA0) oo
60 60

60(120) B
7(50)(10—3)(100) 458.4N

W' =
Eq. (14-28): K,=1, Q,=6, B=0.25(12—-6)*3=0.8255
A =50+ 56(1 — 0.8255) = 59.77

59.77 + /200(0.2618) 1*%*
o7 — 1.099

Eq. (14-27): K, = |:

Table 14-2: Yp=0.322, Yqg=0.3775
Similar to Eq. (a) of Sec. 14-10 but for SI units:

1
Ki= o= 0.8433(mFv/Y )" %%
b

(Ky)p = 0.8433[2.5(18)v/0.322]"%® = 1.003 use 1
(Ky)g = 0.8433[2.5(18)v/0.3775 " > 1 use 1

Cme =1, F=18/254=0.709in, C,f = 101?0) —0.025 = 0.011
Com =1, Cua =0.247 +0.0167(0.709) — 0.765(10~4)(0.709%) = 0.259
C.=1
Ky =14 1[0.011(1) +0.259(1)] = 1.27
Eq. (14-40): Kp=1, mg=Ng/Np=236/20=1.8
Fig. 14-14: (Yy)p = 1.3558(10%)70-0178 — (0,977
(Yn)g = 1.3558(108/1.8)700178 — 0.987
Fig. 14-6: (Y))p =033, (Yy)g =038
Eq. (14-38): Y7 = 0.658 — 0.0759 In(1 — 0.95) = 0.885

SeC. 14-15 YQ = ZR = 1
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Eq. (14-23) withmpy = 1:

cos 20° sin 20° 1.8
Z; = 7 =0.103

2 1.8 +
Table 14-8: Zr = 1914/MPa
Strength Grade 1 steel, given Hpp = Hpg = 200
Fig. 14-2: (orp)p = (oFp)G = 0.533(200) + 88.3 = 194.9 MPa
Fig. 14-5: (oup)p = (oHp)G = 2.22(200) 4+ 200 = 644 MPa
Fig. 14-15: (Zy)p = 1.4488(10%)79023 = 0.948
(Zy)G = 1.4488(10%/1.8)7%:023 = 0.961
Fig. 14-12: Hpp/Hpg =1 . Zw=1

Pinion tooth bending

1 KygkK
(o)p=(W’K0Kva— 2 B)
bm[ YJ P
458.4(1)(1.099)(1) | —— [[ 127DV _ 4308 mpa 4
= . . = . a ns.
182.5) || 033
orp Yy 1949 0.977
Eq. (14-41): (Sp)p = — — 499 Ans.
q- (14-41): (Sp)e (0 Y9Y2>P 43.08[1(0.885)] "

Gear tooth bending

1 1.27(1)
Eq. (14-15):  (0)g = 458.4(1)(1.099)(1) [ ][ } —37.42MPa Ans.

18(2.5) || 0.38
1949 [ 0.987
SF)G = —5.81 Ans.
(3r)c 37.42[1(0.885)} "
Pinion tooth wear
Ky Zg
Eq. (14-16): (00)p = | Zg, | WK, KoK, 2R
dwlb ZI P
191_[458.4(1)(1.099)(1) | 2 ! 501.8 MPa A
= . . = . a ns.
50(18) || 0.103
OHP ZNZW 644 0948(1)
. (14-42): (Su)p = - — 137 Ans.
Eq. (14-42): (Su)p ( o YoYz )P 501.8 [1(0.885)] "

Gear tooth wear
(KS)G
0.)G =
(0e)a [(Ks)p
644 |:O.961(1)

501.8 [ 1(0.885)

12 1\ 1/2
:| (oo)p = (I) (501.8) = 501.8 MPa Ans.

(Sw)c = ] =1.39 Ans.
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14-21

P, = P, cosy = 6co0s30° = 5.196 teeth/in

d 10 3o079m 4 48(3 079) = 9.238 i
= — = 3. m = — . = Y. m
P =519 T
07
y = TCOCO) _ 11 ¢ fymin
12
33000(5) 50.77 + 2418\
P 22 6823 1bf, K, = | — : —1.210
241.8 59.77

From Prob. 14-19:
Yp =0.296, Yg = 0.4056
(Ky)p =1.088, (Ky)g=1.097, Kp=1
mg =3, (Yny)p=0977, (Yn)g =0.996, Kr=0.85
(S)p=(S)g=28260psi, Cyp=1, (So)p=(S)¢ =93500 psi
(Zy)p =0.948, (Zn)g =0.973, C, =2300./psi
The pressure angle is:

tan 20°
cos 30°

Eq. (13-19): ¢, =tan™! ( ) =22.80°

3.079

(rp)p = c0s22.8°=1.4191in, (rp)g = 3(rp)p =4.258 in

a=1/P,=1/6=0.167 in

Eq. (14-25):
1/2 2 1/2
3.079 2 9.238
7 = [(T + 0.167) — 1.4192} + [(T + 0.167) — 4.2582}
. 2
B (3 079 N 9 38) in 2 80
2 2

= 0.9479 + 2.1852 — 2.3865 = 0.7466 Conditions O.K. for use

PN = Dn COS$y = %cos 20° = 0.4920 in

0.492
Eq. (14-21): my = 2N _ — 0.6937
0.95Z ~ 0.95(0.7466)
in22.8°c0s22.8°7 (3
Eq. (14-23): [ = |22 © — 0.193
2(0.6937) 3+ 1

Fig. 14-7: T, =045, J, =0.54
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Fig. 14-8: Corrections are 0.94 and 0.98
Jp =0.45(0.94) =0.423, Jg = 0.54(0.98) = 0.529

Cne =1, —0.0375 4 0.0125(2) = 0.0525

Cpp= ———
P = 10(3.079)
Com=1, Cpa=0093, C,=1

K, =14 (1)[0.0525(1) + 0.093(1)] = 1.146

Pinion tooth bending

(0)p = 682.3(1)(1.21)(1.088) (5-196> [1.146(1)

= 6323 psi  Ans.
2 0.423

_28260(0.977)/[1(0.85)]
(Sp)p = 6323 =5.14 Ans.

Gear tooth bending

(0)6 = 682.3(1)(1.21)(1.097) (5'196) [1146(1)

= 5097 psi  Ans.
> 0.529] 5097 psi  Ans

_28260(0.996)/[1(0.85)]
(Sp)g = 007 =6.50 Ans.

Pinion tooth wear

1.146 1 172 .
(6.)p = 2300 {682.3(1)(1.21)(1.088) [3 078(2)} <0 193)} = 67700 psi Ans.

93 500(0.948) /[(1)(0.85)] B
(Sp)p = 7700 = 1.54 Ans.

Gear tooth wear

(o = | 27 1/2(67700)—67980 i A

9)G = | {088 = psi  Ans.
93500(0.973) /[(1)(0.85)]

S = —1.57 Ans.

(Sm)6 67980 s

14-22

Given: Np = 17T, Ng =51T, R =0.99 at 108 cycles, Hp = 232 through-hardening
Grade 1, core and case, both gears.

Table 14-2: Yp =10.303, Y5 =0.4103
Fig. 14-6: Jp=0.292, J5 = 0.396

dp=Np/P =17/6 =2.8331in,d; =51/6 =8.51in
Pinion bending

From Fig. 14-2:

0.99(S) 107 = 77.3Hg + 12800

= 77.3(232) + 12800 = 30734 psi
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Fig. 14-14: Yy = 1.6831(10%) %% = 0.928
V =mdpn/12 = 7(2.833)(1120/12) = 830.7 ft/min
Kr=Kr=1, Sp=2Syp=+2
30734(0.928)

=~ = 14261 psi
Oall 2(H(1) psi1

0,=5, B=02512-5)"*=09148
A =504 56(1 —0.9148) = 54.77

0.9148
54.77 + v/ 830.7
54.77

0.0535
24/0.
koo (200 e o e
Ky = Cmf =1+ Cmc(Cprpm + CinaCe)
Cine =1
C,r = F 0.0375 + 0.0125F
PP= 04 '
2
=~ —0.0375 4 0.0125(2
10(2.833) + 2)
= 0.0581
Com =1
Ca = 0.127 + 0.0158(2) — 0.093(10~*)(2%) = 0.1586
C, =1
K, =1+ 1[0.0581(1) 4+ 0.1586(1)] = 1.2167
Kg=1
Eq. (14-15): W' = FJpo
K,K,K,P;K,Kp
2(0.292)(14 261
= ( A ) = 775 Ibf

1(1.472)(1)(6)(1.2167)(1)
W'V 775(830.7)

33000 33000 P
Pinion wear
Fig. 14-15: Zn = 2.466N 005 = 2 466(10%) 790 = 0.879
Mg =51/17=3

in20°cos20° / 3
_ sm-U cos — 1205, Cy=1
2 341
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Fig. 14-5: 099(S) 107 = 322Hp + 29100
— 322(232) 429100 = 103 804 psi
103 804(0.879
Oc,all = ( ) = 64519 pSi
V2(1)(1)
2
Fdpl

Eq. (14-16): Wi = <ac’a“) P

Cr ) KoKoK,KnCy

_(64519\ [ 2(2.833)(0.1205)
B ( 2300 ) [1(1.472)(1)(1.2167)(1)]
= 300 Ibf

W'V 300(830.7)
T 33000 33000

=7.55hp

The pinion controls therefore Hyyeq = 7.55 hp  Ans.

14-23
| =225/P _
7 = 2P,
2. 25 3Y 3.674
t =dlx = Y
t \/ 2Pd) Py v

d d

—0.107
1.5487,/ FV/Y/Py s ( 7 ﬁ) —0.0535

0.30 Py

3.674 FJY
d, = 0.808vVFt = 0.808\/F ( S ) VY =1.5487 ;F

kp =

0.0535
1 FVY
K,=—=1.192 VY Ans.
kp, P,

14-24 Yp = 0.331, Y = 0.422, Jp = 0.345, J6 = 0.410, K, = 1.25. The service conditions
are adequately described by K,,. Set Sp = Sy = 1.

dp =22/4 =5.5001n
dc = 60/4 = 15.000 in

_ m(5.5)(1145)
o 12

— 1649 ft/min
Pinion bending
0.09(S1) 107 = 77.3Hp + 12800 = 77.3(250) + 12800 = 32 125 psi
Yy = 1.6831[3(10%)]7%%3% = 0.832
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32125(0.832)
1(1)(1)
B =0.25(12 — 6)*>/* = 0.8255
A =50+ 56(1 — 0.8255) = 59.77
0.8255
K, = (5 9'775;“_7‘;@> = 1.534
Ki=1, Cn=1

Eq. (14-17): (oa)p = = 26728 psi

F
Cme = — —0.0375 4+ 0.0125F

10d
= 325 — 0.0375 + 0.0125(3.25) = 0.0622
10(5.5)
Cpa = 0.127 4+ 0.0158(3.25) — 0.093(107%)(3.25%) = 0.178
C.=1

Ky = Cpy =14 (1)[0.0622(1) + 0.178(1)] = 1.240
Kp=1 Kr=1
26728(3.25)(0.345)

Eq. (14-15); Wi = — 3151 Ibf
1.25(1.534)(1)(4)(1.240)
3151(1649
= SO e s
33000

Gear bending By similar reasoning, Wi = 3861 Ibf and H, = 192.9 hp
Pinion wear

mg = 60/22 = 2.727
cos 20° sin 20° 2.727
I = =0.1176
2 142727
0.99(Se) 107 = 322(250) 4 29 100 = 109 600 psi
(Zn)p = 2.466[3(10%)]7%9% = 0.727
(Zn)g = 2.466[3(10%)/2.72717%%° = 0.769
109 600(0.727)

(Gc,a) = = 79679 psi
e 1(1)(1) P
wi — ( Geat ? Fdpl
37\ Cy ) KoKyKKnCy
7 2 25(5.5)(0.
_ (79679 3.25(5.5)(0.1176) 1061 bt
2300 1.25(1.534)(1)(1.24)(1)
1061(1649

33000
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Gear wear

Similarly, W, = 11821bf, Hy=59.0 hp
Rating
Hrated = min(Hla H2a H35 H4)

= min(157.5, 192.9, 53,59) =53 hp Ans.

Note differing capacities. Can these be equalized?

14-25

From Prob. 14-24:

W =31511bf, W, = 3861 Ibf,
Wi = 1061 Ibf, W, = 1182 Ibf
_ 33000K,H  33000(1.25)(40)

w! = 1000 1bf
\% 1649
Pinion bending: The factor of safety, based on load and stress, is
wi 3151
Sp)p=——=-"—"—=3.15
(PP = 1000 = 1000
Gear bending based on load and stress
(SF)G = WZ’ _3861 _ 386
2977000 ~ 1000
Pinion wear
w! 1061
based on load: ny=——=——=1.06
1000 1000
based on stress: (Sg)p =+/1.06 =1.03
Gear wear
w! 1182
based on load: =2 —_—_~—1.18
asec on fod "= 1000 ~ 1000
based on stress: (Sg)g =~1.18 =1.09

Factors of safety are used to assess the relative threat of loss of function 3.15, 3.86, 1.06,
1.18 where the threat is from pinion wear. By comparison, the AGMA safety factors

Spp, Sk, (Sw)p, (SH)G
are

3.15,3.86, 1.03,1.09 or 3.15,3.86, 1.06'/2 1.18!/2

and the threat is again from pinion wear. Depending on the magnitude of the numbers,
using Sr and Sy as defined by AGMA, does not necessarily lead to the same conclusion
concerning threat. Therefore be cautious.
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14-26  Solution summary from Prob. 14-24: n = 1145 rev/min, K, = 1.25, Grade 1 materials,
Np =22T, NG =60T, mg =2.727, Yp=0.331, Y5=0422, Jp=0.345,
Jg = 0410, P;=4T/in, F=325in, Q,=6, (No)p=23(10°), R =0.99
Pinion Hp: 250 core, 390 case
Gear Hg: 250 core, 390 case
K, =1240, Kr=1, Kp=1, dp=5500in, dg = 15.000 in,

V =1649 ft/min, K, =1.534, (K,)p =(Ks)¢g =1, (Yny)p =0.832,
(Yn)g =0.859, Krp=1
Bending
(oan)p = 26728 psi (S;)p = 32125 psi
(oan)G = 27546 psi (S1)g = 32125 psi
W! = 3151 Ibf, H; =157.5hp
W3 = 3861 Ibf, H; =1929 hp
Wear
¢ =20°, I =0.1176, (Zy)p =0.727,
(Zn)g =0.769, Cp = 2300,/psi
(Se)p = Se = 322(390) 4 29 100 = 154 680 psi
154 680(0.727
(ocan)p = ( ) _ 112450 psi
1(DH(D)
154 680(0.769
(oca)G = ( ) = 118950 psi
L(D)(D)
112450\ 2113(1649
Wi = (1061) = 2113 1bf, H; = 2113(1649) = 105.6 hp
79679 33000
118950 2 2354(1649)
F = 1182) =23541bf, Hy= ————F——— =117.6h
4 (109 600(0.769)) (1182) * = 733000 P
Rated power
Hipeq = min(157.5,192.9, 105.6, 117.6) = 105.6 hp  Ans.
Prob. 14-24
Hipeqg = min(157.5, 192.9, 53.0, 59.0) = 53 hp
The rated power approximately doubled.

14-27 The gear and the pinion are 9310 grade 1, carburized and case-hardened to obtain Brinell

285 core and Brinell 580-600 case.
Table 14-3:
0.99(St) 107 = 55000 psi
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Modification of S; by (Yn)p = 0.832 produces

(oan) p = 45657 psi,
Similarly for (Yn)c = 0.859
(ou)g = 47161 psi, and

W{ = 4569 Ibf, H; =228 hp
W3 = 5668 Ibf, H, =283 hp
From Table 14-8, C, = 2300@. Also, from Table 14-6:
0.99(S¢) 107 = 180000 psi

Modification of S by (Yx) produces
(oc.an)p = 130525 psi
(0c,an)c = 138069 psi

and
W3t =24891bf, H;=1243hp

Wi =27671bf, H, = 138.2hp
Rating

Hiyeq = min(228, 283, 124, 138) = 124 hp  Ans.

14-28

Grade 2 9310 carburized and case-hardened to 285 core and 580 case in Prob. 14-27.

Summary:
Table 14-3: 0.99(S1) 17 = 65000 psi

(oa) p = 53959 psi
(oan)g = 55736 psi
and it follows that
W{ =5399.51bf, H; =270hp
W5 = 6699 Ibf, H; =335hp
From Table 14-8, C), = 2300\/;Tsi. Also, from Table 14-6:
S, = 225000 psi
(0c.an)p = 181285 psi
(0c.an)g = 191762 psi
Consequently,
Wi = 4801 1bf, H; =240hp
W, =53371bf, H,; =267 hp
Rating
Hipeq = min(270, 335, 240, 267) = 240 hp. Ans.
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14-29 n = 1145rev/min, K, =1.25, Np =22T, Ng = 60T, mg = 2.727, dp = 2.75 in,
dg =7.5in, Yp =0.331, Y;=0422, Jp=0.335 Jsg=0.405, P =8T/in,
F =1.625in, Hp =250, case and core, both gears. C,, =1, F/dp = 0.0591,
Cr=0.0419, Cpn=1, Cpa=0.152, C,=1, K, = 1.1942, Kr=1,
Kg=1, Kg=1, V =824ft/min, (¥Yy)p =0.8318, (Yn)g =0.859, Kg=1,
I =0.11758
0.99(S) 107 = 32 125 psi

(oan) p = 26 668 psi

(oan)G = 27546 psi
and it follows that

W{ =879.31bf, H; =21.97hp
W5 = 1098 Ibf, H, =27.4hp
For wear
W§ =304 1bf, H; =7.59hp
W, =3401bf, Hy = 8.50 hp
Rating
Hiateq = min(21.97,27.4,7.59, 8.50) = 7.59 hp

In Prob. 14-24, Hyyeq = 53 hp

Thus

7.59 1 1
—— =0.1432 = ——, not— Ans.
53.0 6.98 8

The transmitted load rating is
W .q = min(879.3, 1098, 304, 340) = 304 Ibf

I

In Prob. 14-24
w!  =1061 Ibf

rated —

Thus

304 1 1
—— =0.2865=——, not-, Ans.
1061 3.49 4

14-30 Sp =Sy =1, P;=4, Jp=0345 J;=0410, K,=1.25

Bending
Table 14-4: ¢ 90(S,) 107 = 13 000 psi
13000(1) )
Wp = a)e = —2 — 13000
(ca)p = (oa)G o ps1
FJ 13 000(3.25)(0.345
Wi = oan £ Jp _ (3.25)( ) _ 1533 Ibf
K,K,K;P;K,,Kp 1.25(1.534)(1)(4)(1.24)(1)
1533(1649)
H=————-=766h
1= 733000 P

W, = W!Jg/Jp = 1533(0.410)/0.345 = 1822 Ibf
H> = H\Jg/Jp = 76.6(0.410)/0.345 = 91.0 hp
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Wear
Table 14-8: Cp = 1960,/psi
Table 14-7: 0.99(Sc) 107 = 75000 psi = (0¢,an) p = (0¢,a)G

Wi — (oc,a) P : Fdpl
3 Cp KoKvaKme

. (75 000)2 3.25(5.5)(0.1176)
1960 ) 1.25(1.534)(1)(1.24)(1)

= = 1295 Ibf
W, = Wj = 1295 Ibf
_1295(1649)

—H.— — 64.7h
4= 33000 P
Rating

Hiyeqg = min(76.7,94.4,64.7, 64.7) = 64.7hp Ans.
Notice that the balance between bending and wear power is improved due to CI’s more

favorable S../S; ratio. Also note that the life is 107 pinion revolutions which is (1/300) of
3(10°). Longer life goals require power derating.

14-31 From Table A-24a, E,, = 11.8(10%)
For ¢ = 14.5° and Hg = 156

1.4(81) .
Sc = : = 51693 psi
2sin 14.5°/[11.8(109)]

For ¢ = 20°

1.4(112) .
Sc = : = 52008 psi
2sin20%/[11.8(109)]

Sc = 0.32(156) = 49.9 kpsi

14-32 Programs will vary.

14-33
(Yn)p =0977, (¥Yn)G =0.996

(S p = (Sr)g = 82.3(250) + 12150 = 32725 psi

32725(0.977) .
=——— =137615
(oan) P 10.85) psi
37615(1.5)(0.423
Wi = (1.)(0.423) — 1558 Ibf
1(1.404)(1.043)(8.66)(1.208)(1)
1558(925
oy = 93802 s

33000
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32725(0.996)

== 77 38346 psi
(oa)G 1(0.85) pst
38 346(1.5)(0.5346
I = (-5)C ) = 2007 Ibf
1(1.404)(1.043)(8.66)(1.208)(1)
2007(925
33000
(Zn)p = 0948, (Zy)g = 0.973
Table 14-6: 0.99(Sc)]07 = 150000 pSi
0.948(1) ,
(Uc’a]]OW)P = 150000 [W] = 167 294 pSl
167294\ % [ 1.963(1.5)(0.195
Wi = U-5)( )| = 2074 1bf
2300 1(1.404)(1.043)
2074(925
= 20O ey
33000
0.973 .
(Oc.allow)G = —0.948(167 294) = 171706 psi
171706\ % [ 1.963(1.5)(0.195
I = -5) )| = 2167 Ibf
2300 1(1.404)(1.052)
2167(925
= 21670925 = 60.7 hp
33000

Hipeq = min(43.7, 56.3, 58.1,60.7) = 43.7hp Ans.

Pinion bending controlling

14-34
(Yn)p = 1.6831(10%) 700323 = 0.928

(Yn)g = 1.6831(108/3.059) 70923 = 0.962

Table 14-3: S; = 55000 psi
55000(0.928) .
= ~ =60047
(oan) p 10.85) psi
60047(1.5)(0.423
Wlt = (1.5)( ) = 2487 1bf
1(1.404)(1.043)(8.66)(1.208)(1)
2487(925)
H =" _697h
1= 33000 007 hP
0.962
A = —(60047) = 62247 psi
(oan)G 0.928( ) pst
62247 (0.5346
Wzt = (2487) = 3258 Ibf
60047 \ 0.423
3258
H, = — (69.7) =91.3 hp

2487
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Table 14-6: S, = 180000 psi
(Zn)p = 2.466(10%) 70956 — 0.8790
(Zn)G = 2.466(10°/3.059) 70056 — 0.9358
180 000(0.8790)

A p = — 186 141 psi
(0c,an) P 10.83) psi
186 141\2 [ 1.963(1.5)(0.195
- (1.5) ) — 2568 Ibf
2300 1(1.404)(1.043)
2568(925
33000
0.9358
)G = 186 141) = 198 169 psi
(0c.a)G 0.8790( ) pst
198169\ % /1.043
r_ 2568) = 2886 Ibf
Wi <186141> (1.052)( )
2886(925)
=" _809h
4= 33000 o0ohp

Hiyeg = min(69.7, 91.3, 72, 80.9) = 69.7hp Ans.

Pinion bending controlling

14-35

(Yn)p =0.928, (¥Yn)g =0.962 (See Prob. 14-34)

Table 14-3: S; = 65000 psi
65 000(0.928) )
=——— =70965
(oan) p 10.85) psi

70965(1.5)(0.423)

W = = 2939 Ibf
1(1.404)(1.043)(8.66)(1.208)
2939(925)

= ————=2824h
T 733000 P
65 000(0.962) )
(O'all)G = 1(0—85) = 73565 ps1
73565 (0.5346

W) = (2939) = 3850 Ibf
70965 \ 0.423
3850

H; (82.4) = 108 hp

~ 2039
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Table 14-6: S, = 225000 psi
(Zy)p = 0.8790, (Zn)G = 0.9358
225 000(0.879) .
— = 232676
(oc,a) P 1(0.85) pst
232676\ [ 1.963(1.5)(0.195
= (1.5) ) — 4013 Ibf
2300 1(1.404)(1.043)
4013(925
) = 40130925) _ 112.5 hp
33000
0.9358
)G = ————(232676) = 247711 psi
(0c.an)G 0.8790( ) psi
247711\? /1.043
Wi = 4013) = 4509 Ibf
4 (232676) (1.052>( )
4509(925
H, = 409025) _ 126 hp
33000

Hipea = min(82.4, 108, 112.5, 126) = 82.4hp Ans.

The bending of the pinion is the controlling factor.




