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SECTION 3.3

Problem 3.8-12  The composite shaft shown in the figure is
manufactured by shrink-fitting a steel sleeve over a brass core so that
the two parts act as a single solid bar in torsion. The outer diameters
of the two parts are d, = 40 mm for the brass core and d, = 50 mm for
the steel sleeve. The shear moduli of elasticity are G, = 36 GPa for the
brass and G, = 80 GPa for the steel.

Assuming that the allowable shear stresses in the brass and steel are
7, = 48 MPa and 7, = 80 MPa, respectively, determine the maximum
permissible torque 7, that may be applied to the shaft. (Hint: Use
Eqgs. 3-44a and b to find the torques.)
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Problem 3.8-12 The composite shaft shown in the figure is
manufactured by shrink-fitting a steel sleeve over a brass core so that
the two parts act as a single solid bar in torsion. The outer diameters

of the two parts are d, = 40 mm for the brass core and d, = 50 mm for
the steel sleeve. The shear moduli of elasticity are G, = 36 GPa for the

brass and G, = 80 GPa for the steel.
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™ Steel sleeve

Brass core

Assuming that the allowable shear stresses in the brass and steel are

7, = 48 MPa and 7, = 80 MPa, respectively, determine the maximum
permissible torque T, that may be applied to the shaft. (Hint: Use

Egs. 3-44a and b to find the torques.)

Solution 3.8-12 Composite shaft shrink fit

Steel sleeve
S T~

Brass core
B
d, = 40 mm
d, = 50 mm

Gy, =36GPa G, =80GPa
Allowable stresses:

7, =48MPa  7,=80MPa

BRrAss CORE (ONLY)
Ty

Ly = %dl =251.327 X 10~° m*
Gylpg = 9047.79 N - m?

STEEL SLEEVE (ONLY)
T

Ipg = % (df — dfy = 362.265 X 107 m*

Gilps = 28,9812 N - m?

- TORQUES

Total torque: T = T + T

GBIPB
. (3-44a): Ty = T(——m“-)
Eq 2" "\ Gylp + Gslps

= 0237918 T

Gilps )
Gglpp + Gglpg
= (,762082 T

T=T,+T; (CHECK)

Eq. (3-44b): Ty = T(

ALLOWABLE TORQUE T BASED UPON BRASS CORE

Tp(dv2) 27plpp
Tp=—— Tp=—7—
IPB dl
Substitute numerical values:
T3 =0237918 T
_2(48 MPa)(251.327 X 10™° m*)
40 mm

T=2535N'm

ALLOWABLE TORQUE T BASED UPON STEEL SLEEVE
_Ts(d/2) 275 1ps
T L T4
PS 2
SUBSTITUTE NUMERICAL VALUES:
Tg=0.762082 T
_2(80 MPa)(362.265 X 10~° m*)
50 mm
T=1521N-m

STEEL SLEEVE GOVERNS T, = 1520N-m <
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