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Page 20

Current version
a =44.50 &+ 0.08 mm b =19.05 & 0.02 mm
¢ = 3.05 £ 0.133 mm c 22.23 £+ 0.02 mm

Corrected version
a =44.50 & 0.08 mm b
¢ = 3.05 £ 0.133mm d

19.05 £ 0.02 mm
22.23 + 0.02 mm

Current version

Thus, both clearance and interference are possible.
(D) If wpiy 1s to be 0.08 mm, then, w = Wy, + #, = 0.08 + 0.025 = 0.105 mm. Thus,

d=a—b—¢—w=44.50 —19.05 — 3.05 — 0.105 = 22.30 mm

Corrected version

Thus, both clearance and interference are possible.
(b) If wpip is to be 0.08 mm, then, W = wpyin + £, = 0.08 + 0.25 = 0.33 mm. Thus,

d=a—b—¢—w=4450—19.05 — 3.05 — 0.33 = 22.07 mm

Page 32

Current version

F = — e _l(x—438.3)2
Y oV P13 17.9

where the mean stress is 438.3 MPa and the standard deviation is 17.9 MPa. A plot
of f(x) is included in Fig. 2-5. The description of the strength S,, is then
expressed in terms of its statistical parameters and its distribution type. In this case
S = N(438.3, 17.9) MPa.

Corrected version

£ 1 o 1 (x —445.4>2
X)) = —— - —
181627 P17\ 71816

where the mean stress is 445.4 MPa and the standard deviation is 18.16 MPa. A
plot of f(x) is included in Fig. 2-5. The description of the strength S,; is then
expressed in terms of its statistical parameters and its distribution type. In this case
S = N(445.4, 18.16) MPa.
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Page 92

Current version

However, the maximum stress due to the combined bending and direct shear
stresses may be maximum at the point (76—, 32.9) that is just to the left of the applied
load, where the web joins the flange. To simplify the calculations we assume a cross
section with square corners (Fig. 3—19¢). The normal stress at section ab, with x = 3
in, is

Corrected version

However, the maximum stress due to the combined bending and direct shear
stresses may be maximum at the point (807, 32.9) that is just to the left of the applied
load, where the web joins the flange. To simplify the calculations we assume a cross
section with square corners (Fig. 3—-19¢). The normal stress at section ab, with
x = 0.08 m, is

Page 93

Current version

The principal stresses at the point can now be determined. Using Eq. (3—13), we
find that at x = 76~ mm, y = 32.9 mm,

oy +o oy — O 2
X y X y 2
o1, 02 ) + < 2 ) +txy

—52440 —524-0
= TJr :I:\/<T> +(=2.67)2 =1.12, —636 M a

For a point at x = 76~ mm, y = —32.9 mm, the principal stresses are o}, 0, = 6.30,
—1.12 MPa. Thus we see that the maximum principal stresses are £1200 psi, 21 per-
cent higher than thought by the designer.

Corrected version

The principal stresses at the point can now be determined. Using Eq. (3—13), we
find that at x = 80~ mm, y = 32.9 mm,

oy + 0 Oy — O 2
()'1,0’22 il 2 y:l: ( ol 2 _V) +T)62)'

—524+0 —524 -0
_ 2l \/<—) +(=2.67)2 =1.12, —6.36 M a

2 2

For a point at x = 80 mm, y = —32.9 mm, the principal stresses are o}, 0, = 6.36,
—1.12 MPa. Thus we see that the maximum principal stresses are +6.36 MPa,
5.1 percent higher than thought by the designer.
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Page 106

Current version

As presented in the table, K, is a decreasing monotone. This rod end is similar to the
square-ended lug depicted in Fig. A—15-12 of appendix A.

Corrected version

As presented in the table, K; is a decreasing monotone. This rod end is similar to the
square-ended lug depicted in Fig. A—13-12 of appendix A.

Page 159

Current version

Compare Egs. (a) and (b) with Egs. (4-3) and (4-5). In Example 4-8, the bending strain
energy for a cantilever having a concentrated end load was found. According to
Castigliano’s theorem, the deflection at the end of the beam due to bending is

Corrected version

Compare Eqgs. (a) and (b) with Egs. (4-3) and (4-5). In Example 4-9, the bending strain
energy for a cantilever having a concentrated end load was found. According to
Castigliano’s theorem, the deflection at the end of the beam due to bending is

Page 197

Current version

4-62

The steel beam A BC D shown is supported at C as shown and supported at B and D by steel bolts
each having a diameter of 8 mm. The lengths of BE and DF are 50 and 62 mm, respectively.
The beam has a second area moment of 20.8 x 10~ m®*. Prior to loading, the nuts are just in
contact with the horizontal beam. A force of 2 kN is then applied at point A. Using procedure 2
of Sec. 4-10, determine the stresses in the bolts and the deflections of points A, B, and D. For
steel, let E = 207 GPa.

Corrected version

4-62

The steel beam ABC D is supported at C as shown and supported at B and D by steel shoulder
bolts each having a diameter of 8 mm. The lengths of BE and DF are 50 and 62 mm,
respectively. The beam has a second area moment of 20.8 x 10~ m*. Prior to loading, the nuts
are just in contact with the horizontal beam. A force of 2 kN is then applied at point A. Using
procedure 2 of Sec. 4-10, determine the stresses in the bolts and the deflections of points A, B,
and D. For steel, let E = 207 GPa.
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Page 209

Current version

The rationale can be expressed as follows. The worst-case scenario is that of an
idealized non-strain-strengthening material shown in Fig. 5-6. The stress-strain curve
rises linearly to the yield strength S, then proceeds at constant stress, which is equal to
Sy. Consider a filleted rectangular bar as depicted in Fig. A-15-5, where the cross-
section area of the small shank is 1 in’. If the material is ductile, with a yield point of
280 MPa, and the theoretical stress-concentration factor (SCF) K, is 2,

Corrected version

The rationale can be expressed as follows. The worst-case scenario is that of an
idealized non—strain-strengthening material shown in Fig. 5-6. The stress-strain curve
rises linearly to the yield strength Sy, then proceeds at constant stress, which is equal
to §,. Consider a filleted rectangular bar as depicted in Fig. A—13-5, where the cross-
section area of the small shank is 643 mm?. If the material is ductile, with a yield point
of 280 MPa, and the theoretical stress-concentration factor (SCF) K, is 2,

Page 276
Current version

(Sphor = 0(2.10°)" = £ S,

Corrected version

(S = 012+ 109" = S,

Page 338

Current version

ASME-elliptic (0a/Se)> + (O /Su)* = 1/n° (6-47)

Corrected version

ASME-elliptic (04/Se)* 4 (0 /S,)? = 1/n? (6-47)
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Page 404

Current version

_ F _ 4F 8-8
o== Py (8-8)
Corrected version

F 4F 8-8
o ==——— = — — —i

A wd? (6-8)
Page 423

Current version

T Fid, ( tanA + fsecua F; f.d. (b)
2 | — ftanAseco 2
Corrected version
T — Fid, ( tanl+ fseca F; f.d, (b)
2 1— ftanXsecu 2
Page 466

Current version

——

T‘w ~—

Corrected version

——

¢ d
v
T»\?c«

A= 0.707h(2b + d)

A= 0.707hb + d|
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Page 470

Current version

2~ A= 1.414hd

Corrected version
— A
T T I

> 1~

1.414hb

Page 726

Current version

P, is the transverse diameteral pitch

Corrected version

P, is the transverse diametral pitch

Page 831

Current version

; 3 3
ro= 0 i % Ty —1;
¢ To 2 2 2 3
pa/ v dr 3 r2-r 3r2—r;
ri
Corrected version
To
2
redr
Pa /,“ r3— ”1'3 2 2 ”3 — ri3
Fe = ™ = 5 3 = - 5 3
Pa/ v dr 3 r2—r; 3r2—r;
i
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Page 861

Current version
Figure 17-1

Flatbelt geometry. (a] Open
belt. (b) Crossed belt.

Corrected version
Figure 17-1

Flatbelt geometry. (a] Open
belt. (b) Crossed belt.

o D-d

V4 Z (D +ay

C

(b)

1 D-d
2C

D-d
2

0,=m—2sin"

= sin”!
0p =1+ 2sin

L=V4C*~(D—d)* + (DO, +db,)

L=VN4C*~ (D +d)’ +3 (D +d)0

L=V\4C*~(D+d)* +3 (D +d)o
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Page 865

Current version

Figure 17-7

Forces and forques on a
pulley.

Corrected version

Figure 17-7

Forces and forques on a
pulley.

page 8 of 17

Fi=F,+F.+AF =F,+F.+T/D (f)
Fh=F+F.—AF =F,+F.—T/D (g)
where F; = initial tension

F, = hoop tension due to centrifugal force
AF’ = tension due to the transmitted torque T

D = diameter of the pulley

The difference between F; and F, is related to the pulley torque. Subtracting Eq. (g)
from Eq. (f) gives
2T T
F 1 — FZ = 3 = D_/2
(h)
Adding Eqs. (f) and (g) gives

F,+ F, =2F; +2F,

F\=F;+F.+AF'

D :F1+FC+%
T
AN
Fy=F,+F,—AF'
:E+ﬂ—%
Fil=F,+F.+AF =F,+F.+T/d (f)

where F; = initial tension
F, = hoop tension due to centrifugal force
AF’" = tension due to the transmitted torque T

d = diameter of the pulley

The difference between F; and F, is related to the pulley torque. Subtracting Eq. (g)
from Eq. (f) gives

F F_2T
1 2= 5

(h)
Adding Eqs. (f) and (g) gives

F,+ F, =2F; +2F,

F\=F;+F.+AF'

T

d =F+F.+%
T

Fy=F,+F.~AF'

=F+F,- L

d



Page 866

Current version

F, (Fi+F)2—F. F+F—-2F (F—F)+(F—-F)
T/D~  (Fi— F))2 Fi— F, (Fi— F) — (P, — F)

_ (P —F)/(F,—F)+1 _exp(f¢) +1
(Fi—F)/(F,—F)— 1 exp(f¢)—1

from which

T exp(f¢) +1

== 17~
D exp(f¢) —1 (17-9)
Corrected version
F_W+R)2-F F+B-2F (F-F)+h-F)
T/d (Fi—F)/2  F-FE  (FI—F)—(Fh-F)
_ (Fi—F)/(F,—F)+1 exp(f¢)+1
(Fi —F)/(F,—F)—1 exp(f¢) — 1
from which
T exp(fo)+1
= T 17-9
4 exp(f) —1 17=9)
Current version
T exp(f¢p) — 1
1 + +D + F; + xp(f) F1

n Fi[exp(f¢) + 11+ F;[exp(f¢) — 1]

=F,
exp(fo) +1

Fo—F 4 F2SXPUP) (17-10)

exp(fe) + 1

Corrected version

T exp(f¢) — 1
FF=F+F+—=F ; e
1 + +d +F+Fexp(f¢)+l
n Filexp(f¢) + 11+ Fi[exp(f¢) — 1]

= FC
exp(fo) + 1

Fo—F 4 F2SXPUP) (17-10)

exp(f) + 1
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Page 866

Current version

T Lexp(fe) — 1
F2—Ft+Fc D—Fc+Fz ECXp(f¢)+]
—Fy Filexp(f¢) + 11 — Filexp(f¢) — 1]

‘ exp(f¢) + 1

T exp(fe) + 1

Corrected version

T exp(f¢) — 1
Fo=F+F.—-—=F.+F —-F—"—
= Fid e = R e T
—Fy Filexp(f¢) + 11 — Filexp(f¢) — 1]
‘ exp(f¢) + 1
F—F+F— > (17-11)
T exp(f) + 1
Page 867

Current version

Equation (17-7) is called the belting equation, but Egs. (17-9), (17-10), and (17-11)
reveal how belting works. We plot Egs. (17-10) and (17-11) as shown in Fig. 17-8
against F; as abscissa. The initial tension needs to be sufficient so that the difference
between the F; and F, curve is 27 /D. With no torque transmitted, the least possible
belt tension is F; = F>» = F,.

The transmitted power is given by

Corrected version

Equation (17-7) is called the belting equation, but Eqs. (17-9), (17-10), and (17-11)
reveal how belting works. We plot Egs. (17-10) and (17-11) as shown in Fig. 17-8
against F; as abscissa. The initial tension needs to be sufficient so that the difference
between the F and F, curve is 27/d. With no torque transmitted, the least possible belt
tension is F} = F, = F,.

The transmitted power is given by
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Page 867

Current version
Figure 17-8

Plot of initial fension F, against
belt tension F, or F,, showing
the infercept F., the equations
of the curves, and where

2T/D'is to be found.

Corrected version
Figure 17-8

Plot of initial tension F, against
belt fension F, or F,, showing
the infercept F., the equations
of the curves, and where

2T/d is to be found.

Belt tension F; or F,

Belt tension F; or F,

Fa

Fa

Fi=F.+

c

exp(fo) + 1

2F; exp(f)

Fy=F4— 2
27T S+ 1

I~

=

c

"X 1

Initial tension F;

2F; exp(f)

Fom P4
27T ey + 1

Initial tension F;

Page 868

Current version

4  From torque 7 find the necessary (Fy), — F» = 2T /D

Corrected version

4 From torque 7 find the necessary (Fy), — F, =2T/d
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Page 872

Current version

where d = dip, m
L = center-to-center distance, m
w = weight per foot of the belt, N/m

F; = initial tension, N
In Ex. 17-1 the dip corresponding to a 1240-N initial tension is

_(24)254
T 8(1240)

= 0.0032 m = 3.2 mm

Corrected version
L*w

dip =
ip SF

where  dip = dip, m
L = center-to-center distance, m
w = weight per unit volume of the belt, N/m?

F; = initial tension, N

In Ex. 17-1 the dip corresponding to a 1240-N initial tension is

(2454
T 8(1240)

= 0.0032 m = 3.2 mm

Current version

Figure 17-11

(c) Catenary-induced fension.

Corrected version

Figure 17-11

(c) Catenary-induced fension.
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Page 874

Current version

J L*w 4.8%(37.6)0.25 0.011 "
= = = U. m = mm
8F; 8(2420)

Corrected version

L*w 4.8%(37.6)0.25
dip = - =0.01lm=11
Y=g, 8(2420) m=hmm

Page 880
Current version

H, = K1 K>Hyp (17-17)

where H, = allowable power, per belt, Table 17-12

Corrected version
H, = K1 K>Hyp (17-17)

where H, = allowable power, per belt

Page 908

Current version
(c) Estimate the rated (allowable) power that would appear in Table 17-20 for a 20 000-h life.

Corrected version

(c) Estimate the allowable horsepower for a 20 000-h life.
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Page 914

Current version
Figure 18-1

A compound reverted
gear frain.

Corrected version
Figure 18-1

A compound reverted
gear frain.

Page 922

Current version

0o [2B1AIDA2)
o, = _— = si
12(2)(0.1315) P

1.21

o = (2431)(1.18) (g) <ﬁ) = 25400 psi

Choose a Grade 1 steel, through-hardened to 250 Hp. From Fig. 14-2, p. 727 ,
S; = 32000 psi and from Fig. 14-5, p. 730, S. = 110 000 psi.

Corrected version

2431(1.18)(1.21
0o = 2300 | 2BLALIOA2D = g0 o
2.67(2)(0.1315)

6 1.21 .
o = (2431)(1.18) <§> <m> = 25400 psi

Choose Grade 2 carburized and hardened, the same as gear 4.
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Page 923

Current version

Gear 3 Wear and Bending

J =041 Yy =09 Zy =09

(1. 1.1
o. = 2300 (539.7)(1.37).19) = 44 340 psi
12(1.5)(0.1315)

(6)(1.19) .
—539.7(1.37) 2 ") _ 8584
? 13 504n) pst

Try Grade 1 steel, through-hardened to 200 Hg. From Fig. 14-2, p. 727,
S; = 28 000 psi and from Fig. 14-5, p. 730, S. = 90 000 psi.

~90000(0.9)
CT 44340

=1.83

g 28 000(0.9) o4
o 8584

In summary, the resulting gear specifications are:

All gears, P = 6 teeth/in

Gear 2, Grade 1 flame-hardened, S, = 170 000 psi and S; = 45 000 psi
dy = 2.67 in, face width = 1.5 in

Gear 3, Grade 1 through-hardened to 200 Hg, S, = 90 000 psi and S; = 28 000 psi
d3 = 12.0 in, face width = 1.5 in

Gear 4, Grade 2 carburized and hardened, S, = 225 000 psi and S; = 65 000 psi
ds = 2.67 in, face width = 2.0 in

Gear 5, Grade 1 through-hardened to 250 Hg, S, = 110 000 psi and S; = 31 000 psi
ds = 12.0 in, face width = 2.0 in

Corrected version

Gear 3 Wear and Bending

J =041 Yn =09 Zy =09

T)(1.37)(1.1
o0 = 2300 | O DUSNAIN o) 106 i
2.67(1.5)(0.1315)

6)(1.19
o= 539.7(1.37)M = 8584 psi
1.5(0.41)

Try Grade 1 steel, through-hardened to 300 Hg. From Fig. 14-2, p. 727,
S; = 36 000 psi and from Fig. 14-5, p. 730, S. = 126 000 psi.

126 000(0.9)
"= 794000

=121

g 36 000(0.9) 377
o 8584

In summary, the resulting gear specifications are:

All gears, P = 6 teeth/in

Gear 2, Grade 1 flame-hardened, S, = 170 000 psi and S; = 45 000 psi
dy = 2.67 in, face width = 1.5 in

Gear 3, Grade 1 through-hardened to 300 Hg, S, = 126 000 psi and S; = 36 000 psi
ds = 12.0 in, face width = 1.5 in

Gear 4, Grade 2 carburized and hardened, S, = 225 000 psi and S; = 65 000 psi
ds = 2.67 in, face width = 2.0 in

Gear 5, Grade 2 carburized and hardened, S,.= 225 000 psi and S, = 65 000 psi
ds = 12.0 in, face width = 2.0 in
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Page 940
Current version

Sie1 F ki —ky 0 u
{f2=1+f2<2} ={Fz} ={—k1 (k1 + k) —kz}{uz} (19-5)
3 F; 0 — k> k> u3

Corrected version

Sie1 F ki — ki 0 U
{ fo1 + faa } :{ F } = |~k (ky + ko) — ko { us } (19-5)
f F3 0 — k> ka u3

Page 941

Current version
With u; = 0, F, = 4500 N and the assumption that u3 = € = 0.05 mm, Eq. (19.5)

becomes
Fi 17802 — 17.802 0 0
= 4500 ] = 103=—17(802 40.066 — 22.264} = Us } (1)

F;3 0 —22.264 22.264) L 0.05

Corrected version
With u; = 0, F, = 4500 N and the assumption that u3 = € = 0.05 mm, Eq. (19-5)

becomes
Fi 17802 — 17.802 0 0
{ 4500 } =10° |:—17(802 40.066 — 22.264 i“ Us } (1)

F3 0 —22.264 22.264 110.05
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Page 995

Current version

Fa? (+a)
c=———(U+a
Ye = 73T

Corrected version

2

=T 0 1)
Y A

Page 1036

Current version

6-12 Yield: n, = 1.18. Fatigue: (a) ny = 1.06,
(b)ng =131, (c) ny = 1.32

Corrected version

6-12 Yield: n, = 1.67. Fatigue: (a) ny = 1.06,
(b)yny =131, (c)ny =1.32

Page 1037

Current version
9-8 F =49.2 kN

Corrected version
9-8 F =49.7kN
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Shigley’s Mechanical Engineering Design
November 2009

Page 505
Current version

can be employed to obtain the torsional yield strength (S, = 0.577S,). This approach
results in the range

0.358, < Sy <0.52 S, (10-15)

for steels.

Corrected version

can be employed to obtain the torsional yield strength (S, = 0.577S,). This approach
results in the range

0.358, < Sy <0.52 S, (10-15)

for steels.



