The exam is open book, open notes and home work solutions.
You can also bring a 2-page formula sheet.

There are 2 problems (multiple parts).

-- Lots of partial credit will be given for demonstrating understanding of
concepts.

-- Remember to draw free body diagrams

If you have permission to take the exam in a separate room, please come
to Barus and Holley 633 at 8:30 AM.
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Sample Problem 3.4

36 in.

Two solid steel shafts are connected by
gears. Knowing that for each shaft G =
11.2 x 10° psi and that the allowable
shearing stress is 8 ksi, determine (a) the
largest torque T, that may be applied to
the end of shaft AB, (b) the corresponding

angle through which end A of shaft AB
rotates.
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SOLUTION:

Apply a static equilibrium analysis on the
two shafts to find a relationship between
Tpand T,.

Apply a kinematic analysis to relate the
angular rotations of the gears.

Find the maximum allowable torque on each
shaft — choose the smallest.

Find the corresponding angle of twist for

each shaft and the net angular rotation of
end A.



Sample Problem 3.4

SOLUTION:
Apply a static equilibrium analysis on the
two shafts to find a relationship between

T,and T,.
b 0 Torque exerted by the gear B

Torque exerted by shaft CD \= ——

Torque exerted by shaft BC Tap =T(.( .
T‘k» \ V r
F 'I‘,\B - 'r() c=0.5i1n. / \
C
( Torque
Teo / exerted
B / by the
— () QTE wall
re = 2.45 in. rg = 0.875 in. Torque exerted by gear C

S Mp =0=F(0.875in.)-T,
S Mc =0=F(2.45in.)-Tcp
Tep =2.8T
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Sample Problem 3.4

SOLUTION:

Apply a static equilibrium analysis on the

two shafts to find a relationship between ~ APPly @ kinematic analysis to relate the

TpandT,. angular rotations of the gears.
C
F
re = 2.45 in. rg = 0.875in.

S Mp =0=F(0.875in.)- T

0 _VL¢ _ 2.451n. 5
S M¢ = 0= F(2.45in.)-Tep B s "¢ T 0.875in. C
Trp = 2.8T, bp = 2.8¢¢

3-16



Sample Problem 3.4

Find the T, for the maximum allowable Find the corresponding angle of twist for each shaft
torque on each shaft — choose the and the net angular rotation of end A.

smallest.
}‘\T\B:Tu

c=0.3751n.

T.,L  2.8(5611b-in)(24in.)

/ Peip = J.,G = %(O.Sin-)4(11'2 X 106psi)

S T 5¢ 8000 psi = JTTO(0.37§in.) ~0.514rad =2.95°
J 48 7(0.375 in. 0, =280, =2.8(2.95°) =8.26°
T, = 6631b-in. ( .-
_ T, L 5611b- in.)(24in.
Tmax = TJCZ;C 8000psi = zf(T(;)gOi'j l)f:) P =G " 1(0.375in)" (1.2 x 10°psi)
2N ’ =0.387rad =2.22°
1y = 5611b-1n. Tp =5611b-1n

317 Oy = 0y + P =8.26°+2.22° ¢4 =10.48°




Normal Stresses

/\ T Elements with faces parallel and perpendicular to the
T —= Timax / shaft axis are subjected to shear stresses only.
‘ a f Normal stresses, shearing stresses or a
- combination of both may be found for other

orientations.

D E Consider an element at 45° to the shaft axis,
T A [Tw\\u F = 2(rmaXA0 )cos 45° = TmaXAO\/E
h 4 : F tpdov?

Tllll\'\'f'! ’ Tml\" () * 0450 Z AO\/E Tmax

Element a is in pure shear.

/\ /\ X Element c is subjected to a tensile stress on two

T ‘ 1 E : { faces and compressive stress on the other two.
a

Note that all stresses for elements a and ¢ have the
T Ie Oygo— + LC same magnitude




Torsional Failure Modes

T'/\ = /-\ Ductile materials generally fail in shear.
‘ 4 1 Brittle materials are weaker in tension

than shear.

When subjected to torsion, a ductile
specimen breaks along a plane of
maximum shear, i.e., a plane
perpendicular to the shaft axis.

When subjected to torsion, a brittle
specimen breaks along planes
perpendicular to the direction in which
tension is a maximum, i.e., along
surfaces at 45° to the shaft axis.
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