
Mechonico Eng neerng Design

EXAMPI.E I4-4

Solution

, i

A l7-tooth 20' prcssure angle spur pinion rotates at 1l800 rcv/min and transmits 4 hD l0
a 52{ooth disk gear. The diameh.al pirch is l0 reeth/in, rhe face width 1.5 in. ill'fie
quality standard is No.6. The gear.s are straddle-rnounted with bearings immedi4ly
adiacent. The pinion is a grade I steel with a hardness of 240 Brinell tooth surface and
through-hardened core. The gear is steel, through-hardened also, grade I material, with
a Brinell hardness of 200, tooth surface and core. poisson's ratio is 0.30. -/p = 0.30,
/c:0.,10. and Young's modulus is 30(106) psi. The loading is snooih bec:ruse of
rnotor and load. Assume a pinion life of lOt cycles and a reliability of 0.90, ancl use
f,\ '  : I 3558N-0'0lrs. Zr,, : 1..1488N 001r. The tooth profi le is uncrowned. This is a
comnelcial enclosed gear unit.
(a) Find the factol of safety of the gears in bending.
t D, FinJ lhe faeror of safery o[ the gears in u ear.
(c) By exanining the factoff of safety, identify the threat to each gear and to the mesh.

There wil l be many rerms to obtain so use Figs. 14-17 and l4-tg as guides to what is
needed.
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Assumtng unifonn loading, K, : l. To evaluare K!, fi.om Eq. (14_28) with a quality
number O,, : 6,

B :  0 .25( t2 -  6)2/3:0.8255

A : 50 + 56(1 - 0.8255) : 59.ij

Then from Eg. I 14-27 | rhe dynamic facror is
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To determine the si4e factor, K., the Lewis form factor is needed. From Table l4_2,
with Np : l7 teeth, Yp:0.303. Interpolation for the gear with N6 : 52 teeth yields
Ic : 0.412. Thus from Eq. (a) of Sec. 1,1-10, wirh F : 1.5 in,
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The !9ad distribution faqtor r(,,, is derendned from Eq. ( 14-30), where fiye rerms arc
needed. They are, where F : L5 in when needed:
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Uncrowned, Eq. (14-30): C,,,.: I,
Eq.  ( f  4-32) :  Ct , r  :  t .s /U0(1.7) l  0 .0375 +0.0125(1.5)  :0 .0695
Bearings immediately adjacent, Eq. (14-33): C,,,,, : I
Commercial enclosed gear units (Fig. l4-l l): C., :0.15
Eq.  (  14-35 ) :  C" :  1

Thus,

K.  = |  *  C^, (C r tc  t , , ,  +  C, , , , ,C. t :  I  +  ( l ) [0 .06950)  + 0.15(  l ) ]  =  1.22

Assuming constant thickness gears, the rimthickness factol Ka : 1. The speed ratio is
nt6 = N6f N p : 52 / I7 : 3.059. The load cycle factors given in the problem statement,
withN(pinion): 108 cycles and N(gear): l0E/,rc: 108 /3.059 cycles. are

beNinqstre$lh ([ , ,)p :  1.355s11s8)-00178 - 0.977
cAct ; (qc lor  ( r1y)6 :  1 .355911g8/3.059)-00178 = 0.996

From Table 1,1.10, with a reliabil i ty of0.9, K6 = 0.85. From Fig. l4-18, the tempera-
ture and surface condition lactors are 1{1 : I and Cy = l. From Eq. (14-23), with
,?1r = | for sDur gears,
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From Table 14-8, Cr, : 2300v54i.
Next, we need the terms for the AGMA endurance strength equations. Fron.r

Table l4-3, for grade I steel with 116 p : 24O and H sc : 200, we use Fig. 1.1-2, which
grves

Eendtng qrenElt G) p :17.3(240) + 12 800 = 31 350 psi

(Sr)c : 77,3(200) + 12 800 : 28 260 Psi

Similarly, from Table lf6, we use Fig. 1,1 5, which gives

ca dacl tlrchnlh (s.) r : 322(240) + 29 100 : 106 400 psi

(s")6 : 322(200) + 29 100 = 93 500 psi

From Fig. 14 15,

Cohtd<( ,trzhgt\ Qu)e :1 4488(108) 00:r - 0 948

cgcte (aclof Qric: t 4488(108/3 059)-00?3 :0 973

For the hardness ratio factor Ca, the hardness ratio is I1s p /.F1ac : 240 /200 = L2. Then,
from Sec. 14-12.
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Thus. from Eq. (I4-36).

C n : | * 0.00249(3.059 - l) : 1.005
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(a) Pinion tooth bending. Substituting the appropriate telms for the pinion into
Eq. ( 14-15) gives

ote :  (w'x.x,  r ,+{_P) 
,= 

t64.8(r )r  377(r.043) *T#
: 6417 psi

Substituting the appropriate tenns for the pinion into Eq. (l,l-.11) gives

/ J r y ^ / ( K 1 K ^ ) \  3 l  3 5 0 { 0 . 9 7 7 ) / L l ( 0 . 8 5 } l
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Gear tooth bending. Substituting the appropriate terms for the gear into Eq. (14 15)
gives

{ o } , , :  t 64 .8 ( l ) l . 3 zz r  r os : r f  f f  
- 4u54ps i

Substituting the appropriate terms for the gear into Eq. (14-41) gives
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(D) Pini,on tooth wear. Substituting the appropriate terms for the pinion into Eq. ( l4-16)
gives
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Substituting the appropriate terms for the pinion into Eq. ( l,t-42) gives

-  f  S . . z \ / t K r K R t l  1 0 6 4 0 0 1 0 . q 4 8 r / l  l { 0 . 8 5 , 1
t r ! , D = r  |  -  - : 1 . 6 9
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Gear tooth wear. The only term in Eq. (14-16) that changes for the getu is K,. Thus,

f  ' K , 1 o  l '  
-  

, l o s r \ r 7
," ," : 

L*;l 
," ," : ( i ; ; ;,) 70160:70660 psi

Substituting the appropriate terms for the gear into Eq. (14-42) with Ca : 1.005 gives

Answer (Ss )c :
e3 500(0.973) 1.005/t l (0.8s)l

70 660

(c) For the pinion, we compare (Sr)p with (SHli, or 5.?3 with 1.692 :2.86, so the
threat in the pinion is from wear. For the gear, we compare (Sr)c with (Sa rl. or 6.96
with I .52'� : 2.31, so the threat in the gear is also from wear.

There are pqrspectives to be gained fronr Ex. l4-1. First, the pinion is overly strong
in bending compared to wear. The performance in wear can be improved by surface
hardening techniques, such as flame or induction hardenilg. nitriding, or carburizing


