DESIGN OF MACHINERY SOLUTION MANUAL 9-2-1

S PROBLEM 9-2

Statement: A 40-tooth gear has AGMA standard full-depth involute teeth with diametral pitch of 10, Calculate
the pitch diameter, circular pitch, addendum, dedendum, tooth thickness, and clearance,

Given: Tooth number N:=40 Diametral pitch pg:= 10in '

Solution: See Mathcad file P0902,
1. Calculate the pitch diameter using equation 9.4c and the circular pitch using equation 9.4d.

Pitch diameter d d = 4.0000 in
Pd
Circular pitch LA Pe=03142in
Pd

2. Use the equations in Table 9-1 to calculate the addendum, dedendum, tooth thickness and clearance.

Addendum as= L a = 0.1000 in
Pd

Dedendum . b = 0.1250 in
Pd

Tooth thickness 105 t = 0.1571 in

Clearance L. ¢ = 00250 in
Pd

Mote: The circular tooth thickness is exactly half of the circular pitch, so the equation used above is more
accurate than the one in Table 9-1. Also, all gear dimensions should be displayed to four decimal places since
manufacturing tolerances for gear teeth profiles are usually expressed in ten-thousandths of an inch..
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&S PROBLEM 9.5

Statement: A spur gearset must have pitch diameters of 4.5 and 12 in. What is the largest standard tooth size,
in terms of diametral pitch, that can be used without having any interference or undercutting and
what are the number of teeth on each gear that result from using this diametral pitch? Assume that
bath gears are cut with a hob.

a. Fora 20-deg pressure angle
b. For a25-deg pressure angle

Given: Pitch diameters: dj:=4.5in dy=12in

Solution: See Table 9-4 and Mathcad file PO905.
I. To avoid undercutting, use the minimum tooth numbers given in Table 9-4b.

a. Pressure angle of 20 deg.

Netin -
Nppin := 21 Pdmin = R Pdmin = 4.667 in

From Table 9-2, the smallest standard diametral pitch (largest tooth size) that can be used is 5. But, since the
pinion pitch diameter is not an integer, using 5 would result in a noninteger number of teeth. Therefore, we must

" ; . =1 A
guhothemlarger{wm}pmh(smnlhrmmhm]ufpd:ﬁﬂ . The resulting tooth numbers are:

1

Nj= pgd; Ny =27 Nz:= pgd> Nr=T2

b. Pressure angle of 25 deg

Ninin —1
Nigin := 14 Pdmin :‘T; Pdinin= 3111 in

From Table 9-2, the smallest standard diametral pitch (largest tooth size) that canbe used is 4. pg:= 4in I,

The resulting tooth numbers are:

Ni=pady Mi=18 Npw=pgd;  Nz=48
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JZ5 PROBLEM 9-8

Statement: Design a simple, spur gear train for a ratio of -7:1 and a diametral pitch of 8. Specify pitch
diameters and numbers of teeth. Calculate the contact ratio.

Given: Gear ratio mg=1 Diametral pikch  pagi= Sin |

Assumptions: The pinion is not cut by a hob and can, therefore, have fewer than 21 teeth for a 20-deg pressure
angle (see Table 9-4b).

Design Choice: Pressure angle §:= 20.deg

Soiution: See Mathcad file P0908.

1. From inspection of Table 9-5a, we sce that 17 teeth is the least number that the pinion can have for a gear ratio
of 7. therefore, let the number of teeth on the pinion be
Np:=17 and Ng:=mg-Np Ng=119
2. Using equation 9.4¢, calculate the pitch diameters of the pinion and gear.

il dy = 2.1250 dg N dy = 14.8750
= — i | in - — = 4. in
g Pd 5 Pd L

3. Calculate the contact ratio using equations 9.2 and 9.6b and those from Table 9-1.

rpi=05dy,  rp=10625in rgi=05dg  rg=74375in
pog ap = 0.1250 in it ag = 0.1250 in
Y AT =

Center distance Ci=rp+rg C = 8.5000 in

Z= J(rp + )’ - (rpreosl®))” + (rg + ag)” - (rgeast@))’ - C:sinly)

PdZ

P cos(8)

mp = 1.693
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&S PROBLEM 9-11

Statement: Design a compound, spur gear train for a ratio of 50:1 and diametral pitch of 8. Specify pitch
diameters and numbers of teeth. Sketch the train to scale.

Given: Gear ratio mg:= 50 Diametral pitch pgi= 8in |

Solution: See Mathcad file PO911.

l. Since the ratio is positive, we want to have an even number of stages or an odd number with an idler. Let the
number of stages be

1

Possible number of stages j=2,3.4  Ideal, theoretical stage ratios  #(j) 1= mg’
2 7.071
ten  j=|3 ) = | 3.684
4 2,659

2. Two stages would result in a stage ratio less than 10 and about 7, so we will use two stages. The average ratio
for iwo stages is about 50:7. Using a pressure angle of 20 deg, let the stage ratios be

Stage | ratio rf;:% Stage 2 ratio ro=T
and let the driver gears have tooth numbers of (note that N> must be a multiple of 7)
Tooth number index i=213.5

Hzll!2| N4:=-I3

then the driven gears will have tooth numbers of

Ny=r|N, Hj =r»N,
NE = 150 N =126
NI
The pitch diameters are: d.i=—
' pd
Tooth numbers
2 2.6250 2 21
3 d; | 18.7500 il 150
I= — I = N.=
4 in 2.2500 4 E 18
5 15.7500 5 126
NN
Checking the overall gear ratio: = 50.000

NyN,
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