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.l- EXAMPLE 3-1

Figure 3—1a shows a simplified rendition of a gear reducer where the input and output shafts AB and CD
are rotating at constant speeds @; and @, respectively. The input and output torques (torsional moments) are
T; = 27116.36 N - mm and 7, respectively. The shafts are supported in the housing by bearings at A, B, C,
and D. The pitch radii of gears G, and G, are r| = 19.05 mm and r, = 38.10 mm, respectively. Draw the
free-body diagrams of each member and determine the net reaction forces and moments at all points.

Solution
First, we will list all simplifying assumptions.

1 Gears G, and G, are simple spur gears with a standard pressure angle ¢ = 20° (see Section 13-5).
2 The bearings are self-aligning and the shafts can be considered to be simply supported.

3 The weight of each member is negligible.

4 Friction is negligible.

5 The mounting bolts at E, F, H, and I are the same size.

The separate free-body diagrams of the members are shown in Figures 3—15—d. Note that Newton’s third law,
called the law of action and reaction, is used extensively where each member mates. The force transmitted
between the spur gears is not tangential but at the pressure angle ¢. Thus, N = F tan ¢.
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Table 3-2 Formulas for Maximum Transverse Shear Stress from VQ/Ib

Beam Shape Formula Beam Shape Formula
v 1% v 2V
— Tﬂﬂ:I T = —— = Tm-,-::I Tmax —
2A A
—| —
Rectangular Hollow, thin-walled round
e _V 4v TR 4
[ Tave A Topax = = web B Tmax ~
3A % Aweb
‘ 5—' Structural I beam (thin-walled)
Circular

Dr. Nikoobin, Semnan University 62



" N

3 0‘ o “ & B A IR 2 ‘ “
B AP LNk e HE e Lér"*" &'y

Dr. Nikoobin, Semnan University




3 0‘ o “ S o e 0 IR 2 ‘ " Qo e 00 . .o
B ALl Nl NE LQ"*‘"’ &'y oM 9 9 J*L"“

L
4 >! T

A TL
1 (Ke) il
eré,,olo/’,a:':’)‘/ 6
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[ = length
G = modulus of rigidity

J = polar second moment of area
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0.208 0.231] 0.239 0.246 0.258 0.267 0.282 0.299 0.307
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Mg = /zoo: + Boos = g24¢{ p-m

MC:\/HOQOZ'PL‘QOO} = b6H+ MM

Thus the maximum bending moment is 8246 N - cm and the maximum bending stress at pulley B is

Md/f2 _32M  32(8246) x 10000

re——— : = 24890 x 10" Pa = 248.9 MPa
zd*/64  nd 7(1.5%)

The maximum torsional shear stress occurs between B and C and 1s

Td/f2 167 16(1600) x 10000

r=——=—= 3 = 2414 x 10" Pa = 24.14 MPa
nd*/32  nd (1.5
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Thus the maximum bending moment is 8246 N - cm and the maximum bending stress at pulley B is

_ Md/2  32M  32(8246) x 10000
T ad 64 x| x(l5)

— 24890 x 10* Pa = 248.9 MPa

The maximum torsional shear stress occurs between B and C and is

_ Td/2 16T _ 16(1600) X 10000
FT YR AP 2(L5)

0 - 0 ¥ 5 2 T T 149 + I/ 249 )2 2
152 7 — J( Z ) t - 7 ( 7 )‘-f z‘l‘

6, =251 MpPa

= 2414 x 10* Pa = 24.14 MPa

4.5 + 26.Y =
6,=-773% MPa
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Table A—15 Charts of Theoretical Stress-Concentration Factors K#

Figure A-15-1 30
Bar in tension or simple ﬁ-l'
compression with a transverse 28 ) {l |
hole. oy = F/A, where P i R > F
A= (w — d)t and ¢ 1s the
thickness. 26
K]

24

2.2

20 _

0 0.1 0.2 0.3 04 0.3 0.6 0.7 0.8

di'w

Dr. Nikoobin, Semnan University 86



W-v Jls G 35 pod w9 9 el
| mm rad - mm
T g;f‘ AN d=lt, ¥
I - - t = 2wim

ol =ttm 5

F 10 000 .
=139MPa  df/w = 4/40 = 0.1, is K, = 2.7

(w—d)t (40 — 4)2

F

Omax = K;op = 2.7(139) = 375.3 MPa
o =g min o4

F OF0_15625MPa d/w = 8/40 = 0.2, then K, = 2.5

(w—d)t (40 — 8)2

_E_
G =~ =

Omax = Kop = 2.5 % (156.25) = 390.625 MPa
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Figure A-15-5 3.0
Rectangular filleted bar in
. . . Did = 1.50

tension or simple compression. 16
oy, = F/A, where A = dr and
t is the thickness.

22
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1.8

1.4

1.0 —

0 0.05 0.10 0.15 0.20 0.25 0.30

rid

From Table A-15-5, D/d = 40/34 = 1.18, and r/d = 1/34 = 0.029. Then K, = 2.3.

op=—=———=14TMPa 0, =K,0,= 23 x (147) = 338.2 MPa
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