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Reference: #13.7/Shigley - 3rd Edition

The speed-reducer shaft shown below is designed to support a pulley
and a worm gear. Assume the shaft is made of plain carbon steel, with
an ultimate strength of 113 ksi and a yield strength of 86 ksi. The
surface finish is ground. The shaft rotates at 60 rpm and is to have a life
of 10 hours with a reliability of 99%.
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| 3640 Ib -in }
R, KJ torque ' 1;12

(b) Shaft loads

Oy = 113
Cyp = 86
N = 10-60-60 (10hr)(60 min/hr)(60 rev/min)(1

cycle/rev)
N¢=3610* cycles
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2:=11+2+16+3

B:=R2+5

11 =6

12=27

13=32 S

Matrix operations will be used to solve for the reactions from the
following set of equilibrium equations:

(DR, + (1)R, + (O)R, = (335 + 618)
()R, + (0)R, + (1)R, = 3200
(O)R, + (13)R, + (O)R, = (I, x 335) + (, x 618)
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(335 + 618)
V= 3200

(335:11) + (618:12)
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From the Bending Moment Diagram, it is shown that the point of
maximum moment occurs at the application of the 618 Ib. load.
However, the critical region is the RHS shoulder, which is acted upon by
a significantly large moment and has the largest change in diameter
feature.
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M = (368.75-11) + (368.75 - 335)-18
M =282:10° moment at RHS shoulder (in.-Ibs.)
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O xq =2.017- 10* alternating stress component in the x direction (psi)

Oya = 0 alternating stress component in the y direction (psi)

T = 3640 torque (in.-Ibs.)
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Txym = 1302:10* mean shear stress component (psi)
Txya = 0 alternating shear stress component (psi)

The von Mises components are:

2 2 2

O =18 o "xm"’ym* Sym * 3'1xym

© yy =2.278 10* mean stress (psi)
2 2 2

G377 /%xa OxaCya*Oya * 3"[xya

G, =2017- 10* alternating stress (psi)

Sult

Seu = 2

S ey =56.5 uncorrected endurance limit (ksi)

= 0.0625 radius at neck

D = 1.8125 center diameter of shaft

=0.056

=1611

alg &ln



[image: image7.jpg]k, =089 Surface Finish Factor (Norton, pg. 378-Figure 6.26)

kp = 0.869-d %7

kyp =0.859 Size Factor (Norton, pg. 376-equation 6.7b)
ko =0814
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Recall the S,=13.525 ksi @ 10 cycles, and S=33.742 ksi @ 10°

cycles.
N¢=3,4.6
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