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AB aseall e Micilaal 3 CD agenll e My 055
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Ay = 72mm sl lall Fla odp = 50mm & L
(Supplementary Problems) :4d:éla) Jilua

1. A 600mm pulley driven by a horizontal belt transmits power through
a solid steel shaft to a 250mm pinion which drives a mating gear. The
pulley weighs 1000N to provide some flywheel effect. The
arrangement of elements, the belt tensions, and the components of the
gear reaction on the pinion are as shown in Fig. (8) below.

(@) Sketch in order the following: vertical loading, vertical bending
moment, horizontal loading, horizontal bending moment, and

combined bending moment.
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(b) Determine the necessary shaft diameter using ASME stress values for

commercial shafting and shock and fatigue factors K, = 2.0 and K; =

L.5.

Ans. {Mi(max)=1050N.m, My(max)=1784N.m, d=71.2mm}
1500N

[

[
f=—250

’ﬂ

{ 1000N

f

ZOOJ

Fig. (8)

5000N

3000N

8400N

2. Power is transmitted to a shaft, supported on bearing 900mm apart, by

a belt running on a 450mm pulley which overhangs the right bearing

by 250mm. Power is transmitted form the shaft by a belt running on a

250mm pulley located midway between the bearings. The belt drives

are at right angles to each other and the belt tensions are 3 to 1 with
the total pull on the tight side of either belt being limited to 2400N.

(a) Draw the moment diagrams.

(c) Determine the necessary size of the transmission shafting (ultimate
tensile strength 670MN/m?), tensile elastic limit 1220MN/m?). Assume
Kp=1.5and K; = 1.0.

(b) Calculate the torsional deflection in degrees.

Ans. {M¢(max)=200N.m, Mp(max)=753N.m, d=40.2mm, 6=0.391°}
3. A steel shaft 2m long has applied to it a 1000N.m torque by a pulley

located at the center of the shaft. A gear at the left end of the shaft

applies 800N.m of torque to the shaft while a gear located 300mm to

the left of the right end of the shaft applies 200N.m of torque.

Calculate the angular deflection of the shaft if the shaft is 50mm in

18



diameter for a length of 1.2m form the left end of the shaft and 40mm
in diameter in the remainder of the shaft. Neglect the effect of the
keyways in the calculations.

Ans. {0.405°}

4. A horizontal piece of commercial shafting supported by two bearings
1.5m apart. A keyed gear, 20° involute and 175mm in diameter, is
located 400mm to the left of the right bearing and is driven by a gear
directly behind it. A 600mm diameter pulley is keyed to the shaft
600mm to the right of the left bearing and drives a pulley with a
horizontal belt directly behind it. The tension ratio of the beltis 3to 1
with the slack side on top. The drive transmits 45kW at 330rev/min,
Kp=K=1.5.

(a) Draw moment diagrams showing values at the change points.

(b) Calculate the necessary shaft diameter.

(c) Calculate the angular deflection in degrees.

Ans. {M¢(max)=1302N.m, My(max)=4370N.m, d=95.5mm, 6=0.0571°}

5. A solid shaft and a hollow shaft are to be of equal strength in torsion.
The hollow shaft is to be 10% larger in diameter than the solid shaft.
What will be the ratio of the weight of the hollow shaft to that of the
solid shaft? Both shafts are to be made of the same material.

Ans. {The hollow shaft will weigh 0.6 that of the solid shaft}

6. The coefficient of friction between the cam and the follower disk in
Fig. (9) below is 0.3. The torque required to turn the cam under these
conditions is supplied at the right end of the cam shaft. If the cam
shaft is made of steel quenched and tempered to an ultimate tensile
strength of 550MN/m? and a yield point of 390MN/m? what is the
required maximum diameter of the cam shaft? The shock and fatigue

factors selected for the loading condition present are K, =2.0 and
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Ki=1.5. Neglect the weight of the shaft and assume it is continuous
from bearing to bearing. It is also assumed that the maximum
effective torque occurs when the follower is at the top of its travel,
where it is shown in Fig. (10).

Ans. {d =24.8mm}

2000N

E
] A

o 125 —ate— 150 —md

{+
-
v

Fig. (9) Fig. (10)

7. Two bearings located 900mm apart support a section of commercial
shafting. A 2000N, 750mm diameter, 20-degree involute gear is
keyed to the shaft 200mm to the right of the right bearing. A 300mm
diameter sprocket is keyed to the shaft 500mm to the right of the left
bearing. The combined weight of the sprocket and that part of the
chain weight taken by the shaft is 800N downward. Assume no
tension on the slack side of the chain. The gear receives 7kW at
210rev/min from a gear located above. Four kW is taken from the
shaft at the sprocket and the remainder is taken form the shaft through
a flexible coupling located 150mm to the left of the left bearing. Fig.
(10) above shows an end view of the arrangement as observed from
the right.

(@) Draw the bending moment diagrams showing values at the change
points.
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(b) Calculate the diameter of commercial steel shafting based upon
strength.

(c) Calculate the angular deflection in degrees of the right end of the
shaft with respect to the left end of the shaft when under load,
neglecting the effect of the keyways and stiffening effect of the pulley
and sprocket hubs.

Ans. {Mi(max)=318N.m, Mp(max)=492N.m, d=48.2mm, 6=0.378°}

8. A shaft is mounted between bearings located 9.5m apart and transmits
10,000kW at 90rev/min. The shaft weighs 66,220N, has an outside
diameter of 450mm and an inside diameter of 300mm. Determine the
stress induced in shaft and the angular deflection between bearings. Do
not neglect the weight of the shaft.

Ans. {Ss = 111IMN/m?, 6 = 2.24°}

9. Fig. (11) shows an arrangement for a motor and exciter with a pinion
on the same shaft. The pinion drives a gear with the gear directly
below the pinion. The motor develops 55kW at 200rev/min. The
exciter absorbs 5kW, the remainder going to the pinion. The motor
and exciter are assembled to the shaft by means of a force fit while
the pinion is keyed to the shaft. For this unit, what is the required
diameter of the shaft (a constant diameter of shaft will be used)? The
shaft is to be made of steel which has an ultimate strength of
520MN/m? and yield point of 330MN/m?. The pressure angle of the
gears is 20 degrees, and the stub form of tooth is to be used. Neglect
stress concentration due to force fits. Draw all moment diagrams,
showing the value at change points. Ky,=1.5 and K=1.5
Ans. {M=2626N.m, Mb(max)=7014N.m, Ss(allowable)= 93.6MN/
m?, d=84.9mm}
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Motor Rotar Exciter Rotor 9200 Pinion
I6kN 4kN

Fig. (11)
10. A line shaft, 5.4m long and 40mm in diameter, is rotating at
500rev/min and has 10kW input at one end. Six kW is taken out at a point
2.4m from the input end and the remaining 4kW is taken out at the
opposite end. Using G=80GN/m?, find the angular deflection of one end
relative to the other due to this loading.
Ans. {6=1.96°}
11. A 250mm diameter solid shaft is used to drive the propeller of a
marine vessel. It is necessary to reduce the weight of the shaft by 70%.
What would be the dimensions of the hollow shaft made of the same
material as the solid shaft?
Ans. {d,=438mm, di=416mm}
12. A shaft has a constant diameter, with the distance between bearings
equal to 800mm. Located between the bearings are two pulley which are
keyed to the shaft. One pulley, which has a diameter of 200mm and
weighs 80N is located 200mm to the right of the left bearing; the other
pulley, which has a diameter of 400mm and weights 240N is located
550mm to the right of the left bearing.
The shaft rotates at 900rev/min. The tight and slack sides of the belt are
horizontal and parallel. Eighteen kW is supplied to the 200mm pulley.
Power is transmitted from the 400mm pulley to another pulley located so
as to give a smaller bending moment in the shaft, with belt strands

horizontal as already stated.
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The belt stress is limited to a maximum of 2MN/m?. The ratio of diameter
of pulley to belt thickness is limited to a minimum of 30. A belt thickness
of 6mm will be used. The coefficient of friction for the belt and pulley
may be taken as 0.3.

The shaft is made from hot rolled steel for which the ultimate strength
may be taken as 550MN/m? and the yield point may be taken as
340MN/m?.

Conditions of loading are steady, with no shock.

Determine the necessary diameter of shaft based on strength and critical
speed. Neglect the weight of the shaft and pulleys for strength
calculations.

Ans. {Shaft diameter = 33.88mm based on strength. For this diameter the
critical speed is 2276rev/min which is safely above the operating speed.
The static deflection under the 80N pulley is 0.141mm and the deflection
under the 240N pulley is 0.181mm}
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