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Introduction to power transmission by shafts 2/2

This section brings together the concepts of torque, rotational speed, power, torsional
stress and strain as applied to mechanical drives.

It includes analysis of the transmission of power by a single shaft with multiple power-
output points.
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What is a shaft?

Exmmipdis of shsfs include cranbshais ahd 2
mTEnfs A shaft can be described as a rotating machine component subjected to torque

4 51O and used for the purpose of transmitting mechanical power.
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Type your answer in the box.

A | | can be described as a rotating machine component subjected to torque and used
for the purpose of transmitting mechanical power.

Do you know the answer?




Which of the following is the correct definition of a shaft?

Click the correct answer.

A rotating machine component subjected to torque and used for the purpose of
transmitting mechanical power

An oscillating machine component subjected to torque and used for the purpose of
transmitting mechanical power

An oscillating machine component subjected to force and used for the purpose of
transmitting mechanical power

A rotating machine component subjected to torque and used for the purpose of
transmitting electrical power

A stationary machine component subjected to torque and used for the purpose of
transmitting mechanical power

Do you know the answer?
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What is the correct term used to describe a rotating machine component subjected to torque and
used for the purpose of transmitting mechanical power?
Click the correct answer.
A shaft
A turnbuckle
A rotor
An engine

A lever

Do you know the answer?




Important relations used in the analysis of power-transmitting shafts

There are three important relations that we should recognise when analysing the transmission of power by
shafts:

1. The relation between the applied torque, the speed at which a shaft is rotating and the power
transmitted along the axis of the shaft from the power-input point (pulley, gear or sprocket) to the power-
output point (another pulley, gear or sprocket)

2. The formula for torsional shear stress which is due to an applied torque

3. The relation between torgue, the angle of twist and the modulus of rigidity of the material from which a
shaft is made
<
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Which of the following are the correct relations that should be recognised when analysing the
power transmission by shafts?

Check all that apply.

| The relation between the applied torque, the speed at which a shaft is rotating and
the power transmitted along the axis of the shaft

| The formula for torsional shear stress which is due to an applied torque

| The relation between the applied torque, the torsional shear stress and the power
transmitted along the axis of the shaft

| The relation between torque, the angle of twist and the modulus of rigidity of the
material

| The formula for torsional shear stress which is due to the modulus of rigidity of the
material

Do you know the answer?
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Type your answer in the box.

When analysing the power transmitted by shafts, there are three important relations that should be recognised:

1. The relation between the applied | |. the speed at which a shaft is rotating and the
power transmitted along the axis of the shaft

2. The formula for torsional shear | | which is due to an applied torque

3. The relation between torque, the angle of | ‘and the modulus of rigidity of the

material from which a shaft is made

Do you know the answer?




Formulas used in the analysis of power-transmitting shafts

Recall that this relation is:

P=Tuw

Since rotational speed of mechanical components is usually measured and described in
revolutions per minute, it is convenient to incorporate the necessary conversion factors
into this formula. Hence power can also be found from:

_ 2nNT
60

P

where N isthe rotational speed in revolutions per minute.

Applied torque, Torsional shear Torque, angle of
shaft speed and stress due to twist and the
power transmitted  applied torque | modulus of rigidity
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Formulas used in the analysis of power-transmitting shafts

The second Important relation is the formula for torsional shear stress which s due to
an applied torque:
Tr

I

Ty =

where » is the radius of the shaft and [ is its polar morment of inertia.

For a solid shaft:

4
1 andj’:“”

Tt i
2 32

For a hollow shaft with outside diameter D, and inside diameter D;:

niD? - D}
r= 2.} and] = ——
2 32
Applied torque, Torsional shear Torgue, angle of
shaft speed and stress due to twist and the

power transmitted applied torque modulus of rigidity




Formulas used in the analysis of power-transmitting shafts

The third useful relation is that between torque, the angle of twist and the modulus of
rigidity of the material from which a shaft is made:

TL
B =
G
where:
f is the angle of twist
T is the torgue
L is the shaft length
I is the polar moment of inertia
( is the material modulus of rigidity
Applied torque, Torsional shear Torque, angle of
shaft speed and stress due to twist and the

power transmitted = applied torque = modulus of rigidity
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2nNT

Match each of the symbols from the equation P = with the correct description.

,W Drag statements on the right to match the left.

P o The power transmitted by the shaft
5 ag 1herotational speed in revolutions per
minute
! o0 The torque
Do you know the answer?




Match each of the symbols from the equation o« = T}r with the correct description.

§ Drag statements on the right to match the left.

e oo The torsional shear stress i
: on i i =
' @8 The radius of the shaft i
J na %ﬂﬂlﬂrmmt of inertia of the i

Do you know the answer?




. e i

@ Drag statements
o the i
the right to match the left




Determine the power transmitted by the shaft

A 35 mm diameter solid shaft rotates at 1440 rpm and transmits 547.1 Nm of torque.

Determine the power transmitted by the shaft.

Power
Example :
transmitted
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Determine the power transmitted by the shaft

Power transmitted:
2nNT

B0
274403 (547,15
60
82,500 W
= 82.5 kW

p =

Power

Exampl
S Ui transmitted
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Isnlid shaft rotates at 2000 rpm and transmits 265 Nm of
torque.
Determine the power transmitted by the shaft,

(Answer in kW correct to one decimal place,)

Click and type your answer here

SUBMIT SHOW ANSWER

INSTRUCTIONS

*  No intermediate steps are required

* Ifyou choose to show steps, write one on each line.

*  Write your final answer on the last line.

* The computer will check all your work in detail when you click
"Submit®,
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A shaft rotates at 6000 rpm and transmits 400 Nm of torque.
Determine the power transmitted by the shaft.

(Answer in kW correct to one decimal place.)

H
+ |v {%I L%J E]f JET:‘E”;'I

<|v n'lclxlﬂﬂ m v Ei o

[ Cler
| Ceariine |
B uw

Click and type your answer here

INSTRUCTIONS

+ Nointermediate steps are required

= If you choose to show steps, write one on each line,
= Write your final answer on the last line.

= The computer will check all your work in detail when you click
*Submit”.

— Eact hirt will rechucs the crmdit receded for This question




A solid shaft rotates at 1200 rpm and transmits 125 Nm of | INSTRUCTIONS
torque.

= No intermediate ste ulred
Determine the power transmitted by the shaft, pran .

= If you choose to show steps, write one on each line.
*  Write your final answer on the last line.

= The computer will check all your work in detail when you click
E *Submit”’,

T P
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Click and type your answer here
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Determine the torque transmitted by the shaft

A 35 mm diameter solid shaft rotates at 1440 rpm and transmits 82.5 kW of power.

Determine the torgue transmitted by the shaft.

Torque

Example
P transmitted
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Determine the torque transmitted by the shaft

2nNT

FromP = and using 82.5 kKW = 82,500 W

60 P
Tomese
InN
_4601{82,500)
C2mii1.440)
= 547.1 Nm
Torque
Ex I
SR transmitted
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A_ shaft rotates at 900 rpm and transmits 1.5 W of power.
Determine the torque transmitted by the shaft.

{(Answer in Nm correct to one decimal place.)

t]v) 85 o)+ ] @)

<|v n'lclxlﬂﬂ m v Ei o

[ Cler
| Ceariine |
B uw

Click and type your answer here

INSTRUCTIONS

+ Nointermediate steps are required

= If you choose to show steps, write one on each line,
= Write your final answer on the last line.

= The computer will check all your work in detail when you click
*Submit”.

— Eact hirt will rechucs the crmdit receded for This question




Ashaft rotates at 6500 rpm and transmits 221 KW of power, |
Determine the torque transmitted by the shaft.

{(Answer in Nm correct to one decimal place.)

=
+ | E-I I%JDI_ Jﬁ ID]=1| —
B udw

<|v ngxma m v a #.

Click and type your answer here

SUBMIT SHOW ANSWER

INSTRUCTIONS

« No intermediate steps are required

= If you choose to show steps, write one on each line.

= Write your final answer on the last line.

= The computer will check all your work in detail when you click
*Submit”.

— Eact hirt will rechucs the crmdit receded for This question



Ashaft rotates at 4000 rpm and transmits 92 kW of power. | INSTRUCTIONS

Determine the torque transmitted by the shaft. «  Nointermediate steps are required

= If you choose to show steps, write one on each line,
{(Answer in Nm correct to one decimal place.) «  Write your final answer on the last line.
E = The computer will check all your work in detail when you click
*Submit”.

] 2] 4] o2lv) &) @

< v ngx]ﬂﬂ m v a &l

— Esci et will rechucs the cradit received for fHis quesion
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Click and type your answer here ‘
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Determine the stress in the shaft

A 35 mm diameter solid shaft rotates at 1440 rpm and transmits 82.5 kW of power.

Determine the stress in the shaft.

Shaft polar
Example Toldim moment of Stress in shaft
transmitted ] .
inertia




Determine the stress in the shaft

2aNT

From: P = and using 82.5 kW = 82,500 W

~ GOP

" 2nN

_ (60 182,5007

Co2m {1,440

= 547.1 Nm

= 547,100 N mm

Shaft polar
Torque .
Example : moment of Stress in shaft
transmitted ] .
inertia
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Determine the stress in the shaft

Fora 35 mm diameter shaft, r = 17.5 mm and:

_ X354
32
147.3 X 10> mm *

Shaft polar
moment of Stress in shaft
inertia

Torque

Ex |
ampe transmitted
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Determine the stress in the shaft

Stress in shaft:

_ 547,100 N.mm X 17.5 mm
1473 % 10* mm*
= 65 MPa

Shaft polar
moment of Stress in shaft
inertia

Torque

Ex |
ampe transmitted
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A 84 mm diameter solid shaft rotates at 3000 rpm and

transmits 482 Nm of torque. Type your answer in the box.

The polar moment of inertia of the shaft is | | mim* (eorrect to the nearest whole
Determine the stress in the shaft. number).

Do you know the answer?




A 64 mm diameter solid shaft rotates at 3000 rpm and
transmits 482 Nm of torque.

Determine the stress in the shaft.

| R Bt v okt et ol vt of e aaf e
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= The compater Wi check all er work in Sl when wou cick
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Type your answer in the box.

The polar moment of inertia of the shaft is | | mim * (correct to the nearest whole
number).

Do you know the answer?




A 27 mm diameter solid shaft rotates at 1200 rpm and
transmits 125 Nm of torque.

Determine the stress in the shaft.

K W i vt of
| 174 xon, Eriatstn fon otrem In the cie,

|mwnm“nmmuum
]

|l E ] ol e
| %u.'zr:a_szﬁe|=u=:'g?:=:a- S—
o=
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= Ko brismreedizin sace. a0 roqubsed

= you chaces L siee shisa, wiiba o on seech e

& Virtke your final angsser on thes kas? Bre.

= The compater Wi check all er work in Sl when wou cick
“Fubrnit’,
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Emwlng that the polar moment of inertia of the shaft is
1,647,099 mm 4, calculate the stress in the shaft.

{Answer in MPa correct to two decimal places.)

.
2] o) e o))

_|
< |v] @ |gxoe mn‘lvl O

D.m

Click and type your answer here

SUBMIT SHOW ANSWER

INSTRUCTIONS

« No intermediate steps are required
= If you choose to show steps, write one on each line.
»  Write your final answer on the last line.

» The computer will check all your work in detail when you click
"Submit®.
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Emwlng that the polar moment of inertia of the shaft is
52,174 mm*, calculate the stress in the shaft.

(Answer in MPa correct to one decimal place.)

.
2] o) e o))

_|
< |v] @ |gxoe mn‘lvl O

D.m

Click and type your answer here

SUBMIT SHOW ANSWER

INSTRUCTIONS

« No intermediate steps are required
= If you choose to show steps, write one on each line.
»  Write your final answer on the last line.

» The computer will check all your work in detail when you click
"Submit®.

[ —



Calculate the angle of twist of the shaft

A 35 mm diameter solid shaft rotates at 1440 rpm and transmits 82.5 kW of power.

If the material of the shaft is steel, with modulus of rigidity G = 80,000 MPa, and the shaft is 600 mm long, what is the angle of twist?

Shaft polar
Example Toldim moment of Angle of twist
transmitted ] .
inertia
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Calculate the angle of twist of the shaft

2aNT

From: P = and using 82.5 kW = 82,500 W

~ GOP

" 2nN

_ (60 182,5007

Co2m {1,440

= 547.1 Nm

= 547,100 N mm

Shaft polar
Torque .
Example : moment of Angle of twist
transmitted ] .
inertia
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Calculate the angle of twist of the shaft

Fora 35 mm diameter shaft, r = 17.5 mm, and:

_ X354
32
147.3 X 10> mm *

Shaft polar
moment of Angle of twist
inertia

Torque

Ex |
ampe transmitted
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Calculate the angle of twist of the shaft

The angle of twist is found by substitution into the appropriate formula:

Conversion to degrees yields 0 = 1.6°,

GIVE FEEDEACK

_ L
G
547,100 N. mm X 600 mm
147.3 % 103 mm * X 80,000 MPa
0.02786 rad

Shaft polar

Torque
- moment of

Exampl
ampe transmitted

Angle of twist
inertia




Type your answer in the box.

A shaft with a polar moment of inertia of 1.6 x 10°mm * transmits 482 N.m of torque. The material of the shaft is
steel, with modulus of rigidity G = 80,000 MPa, and the shaft is 650 mm long.

The angle of twist is | | radians (correct to four decimal places), which is equivalent to
| | degrees (correct to two decimal places).

Do you know the answer?




Type your answer in the box.

A shaft with a polar moment of inertia of 73,000 mm * transmits 326 N m of torque. The material of the shaft is
steel, with modulus of rigidity G = 80,000 MPa, and the shaft is 1,150 mm long.

The angle of twist is | | radians (correct to four decimal places), which is equivalent to
| | degrees (correct to two decimal places).

Do you know the answer?




Type your answer in the box.

A shaft with a polar moment of inertia of 150,000 mm * transmits 125 N m of torque. The material of the shaft is
steel, with modulus of rigidity G = 80,000 MPa, and the shaft is 750 mm long.

The angle of twist is | | radians (correct to four decimal places), which is equivalent to
| | degrees (correct to two decimal places).

Do you know the answer?




Shaft with multiple power-output points

It is not uncommaon for a single shaft to have more than one power-output point through
several gears, pulleys or sprockets spaced along the length of the shaft.

This means that different portions of the shaft, while all rotating at the same speed as a
whole, transmit different amounts of mechanical power and experience different

magnitudes of torque.
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Type your answer in the box.

It is not uncommon for a single shaft to have more than one power-output point through several

or|

'spaced along the length of

the shaft.

Do you know the answer?




Type your answer in the box.

The use of multiple power-output points on one shaft means that different portions of the shaft, while all
rotating at the same speed as a whole, transmit different amounts of mechanical | |
and experience different magnitudes of | !

Do you know the answer?




Which of the following statements is true for a single shaft with multiple output points?

Click the correct answer.

Different portions of the shaft transmit different amounts of mechanical power and
experience different magnitudes of torque

All portions of the shaft transmit equal amounts of mechanical power and experience
equal magnitudes of torque

Different portions of the shaft transmit different amounts of mechanical power but
they all experience equal magnitudes of torque

All portions of the shaft transmit equal amounts of mechanical power but they
experience different magnitudes of torque

Do you know the answer?




The analogy between transmission of power by shafts and water-flowing pipes

It is best to approach the problem of multiple outputs from a single shaft from the point
of view of energy conservation.

We can use the analogy between the flow of power through different portions of the shaft
and the flow of water inside pipes with several take-off taps. The principle is the same for
both: what flows in must flow out.

Once the flow of power has been analysed, torque
which is related to corresponding amounts of power in
different portions of the shaft can easily be
determined.
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When approaching the problem of multiple outputs from a single shaft, which principle should be
utilised?
Click the correct answer.
Conservation of energy
Conservation of matter
Conservation of momentum

Environmental conservation

Do you know the answer?




Type your answer in the box.

It is best to approach the problem of multiple outputs from a single shaft from the point of view of energy
conservation.

The principle is that what flows | 'must flow | |

Do you know the answer?

| KNOW IT THINK S0 m NO IDEA




What is the basic principle of the analogy between the flow of power through different portions of a
shaft and the flow of water inside pipes with several take-off taps?
Click the correct answer.
What flows in must flow out
Water flows downbhill
What flows in must be greater than what flows out
What flows in must be less than what flows out

Pressure determines output

Do you know the answer?




Identify power transmitted through different parts of a shaft

A line shaft ABCD rotates at 960 rpm and has 120 kW of power input through Pulley B, with three power-output pulleys as follows:

Pulley A: 45 kW
Pulley C: 25 kW
Pulley D: 50 kW

Determine the power in each portion of the shaft.

Example Figure Solution

GIVE FEEDEACK




Identify power transmitted through different parts of a shaft

45 kW

kW 50

Example Figure Solution

GIVE FEEDEACK




Identify power transmitted through different parts of a shaft

Note that the amount of power carried by each portion of the shaft is cumulative if viewed in the reverse direction, i.e. from the extreme output

ends towards the input point.

Therefore power carried by portion BC is the amount equal to the sum of the power outputs at C and D, while portion CD only needs to carry

the amount of power leaving through Pulley D.

Therefore:
Pap = 45 kW
Py = 75 KW
Pen = 50kW
Example Figure Solution

GIVE FEEDEACK




Type your answer in the box.

A shaft has four pulleys attached to it. From left to right the pulleys are A, B, C and D:

» Pulley A outputs 10 kW from the shaft
* Pulley B outputs 30 kW from the shaft
* Pulley C outputs 60 kW from the shaft

Assuming 100% efficiency, the input from Pulley D is | | kW,

The power transmitted by the shaft between Pulley A and Pulley B is | | kW,

The power transmitted by the shaft between Pulley B and Pulley C is | | kW,

The power transmitted by the shaft between Pulley C and Pulley D is | | KW.
Do you know the answer?




Type your answer in the box.

A shaft has four pulleys attached to it. From left to right the pulleys are A, B, C and D:

» Pulley A inputs 65 kW to the shaft
* Pulley B outputs 30 kW from the shaft
* Pulley C outputs 20 kW from the shaft

Assuming 100% efficiency, the output from Pulley D is | KW

The power transmitted by the shaft between Pulley A and Pulley B is | | kW,

The power transmitted by the shaft between Pulley B and Pulley C is | | kW,

The power transmitted by the shaft between Pulley C and Pulley D is | | KW.
Do you know the answer?




Type your answer in the box.

A shaft has four gears attached to it. From left to right the gears are A, B, C and D:

* Gear A outputs 150 W from the shaft
= Gear B outputs 250 W from the shaft
*» Gear C inputs 700 W to the shaft

Assuming 100% efficiency, the output from Gear D is | W,

The power transmitted by the shaft between Gear A and Gear B is | W,

The power transmitted by the shaft between Gear B and Gear C is | W,

The power transmitted by the shaft between Gear C and Gear D is | W
Do you know the answer?




Calculate the torque that can be transmitted by a shaft within specificed parameters of size and allowable stress

A line shaft ABCD rotates at 960 rpm and has 120 kW of power input through Pulley B, with three power-output pulleys as follows:
Pulley A: 45 kW
Pulley C: 25 kW
Pulley D: 50 kW

Determine the torque in each portion of the shaft.

Distribution of Distribution of

Exam Fi
AN Ml power torque
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Calculate the torque that can be transmitted by a shaft within specificed parameters of size and allowable stress

Distribution of = Distribution of
power torque

Example Figure

GIVE FEEDEACK




Calculate the torque that can be transmitted by a shaft within specificed parameters of size and allowable stress

Mote that the amount of power carried by each portion of the shaft is cumulative if viewed in the reverse direction, i.e. from the extreme output
ends towards the input point.

Therefore power carried by portion BC is the amount equal to the sum of the power outputs at C and D, while portion CD only needs to carry
the amount of power leaving through pulley Dr.

Therefore:
Pagp = 45 KkKW
Py = 75 KW
Pen = 50 kW

Distribution of Distribution of

Exampl Fi
i Ml power torque
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Calculate the torque that can be transmitted by a shaft within specificed parameters of size and allowable stress

The corresponding torgue values can now be calculated using:

Transposition gives:

Hence:

GIVE FEEDEACK

2aNT
&l

_ 60P
T 2nN

e
Tap = S5 a0 = 448 Nm

27 X 960
60 = 75,000
27 X 960
60 * 50,000

Tep = ———————— =497 Nm
21 X 960

Tgr_' - =746 Nm

Distribution of

Ex | Fi
ample igure power

Distribution of
torque




Type your answer in the box.

A shaft rotating at 1500 rpm has four pulleys attached to it. From left to right the pulleys are A, B, C and D:

Pulley A inputs 65 kW to the shaft

Pulley B outputs 30 kW from the shaft
Pulley C outputs 20 kW from the shaft
Pulley D outputs 15 kW from the shaft

The torque transmitted by the shaft between Pulley A and Pulley B is " Nm (correct to
one decimal place).

The torque transmitted by the shaft between Pulley 8 and Pulley Cis | | Nm (correct to
one decimal place).

The torque transmitted by the shaft between Pulley C and Pulley D is | | Nm (correct to
one decimal place).

B

Do you know the answer?




Type your answer in the box.

A shaft rotating at 1915 rpm has four pulleys attached to it. From left to right the pulleys are A, B, C and D:

Pulley A outputs 10 kW from the shaft
Pulley B outputs 30 kW from the shaft
Pulley C outputs 60 kW from the shaft
Pulley D inputs 100 kW to the shaft

The torque transmitted by the shaft between Pulley A and Pulley B is " Nm (correct to
one decimal place).

The torque transmitted by the shaft between Pulley 8 and Pulley Cis | | Nm (correct to
one decimal place).

The torque transmitted by the shaft between Pulley C and Pulley D is | | Nm (correct to
one decimal place).

B

Do you know the answer?




Type your answer in the box.

A shaft rotating at 852 rpm has four gears attached to it. From left to right the gears are A, B, C and D:

* Gear A outputs 150 W from the shaft
* Gear B outputs 250 W from the shaft
* Gear C inputs 700 W to the shaft

* Gear D outputs 300 W from the shaft

The torque transmitted by the shaft between Gear A and Gear B is | Nm (correct to
two decimal places).
The torque transmitted by the shaft between Gear B and Gear Cis ' Nm (correct to
two decimal places).
The torque transmitted by the shaft between Gear C and Gear D is | Nm (correct to
two decimal places).

Do you know the answer?




Torque distribution diagrams 1/2

The torque values in a multiple output shaft can be represented in the form of a torque
distribution diagram, similar to shear force diagrams for beams.

The figure below shows the distribution of torque in a shaft with the following torque
values:

60 X 45,000 _

Tiog=—— =448 Nm
2 % 960
® 75
Ty = SOXTE000 _ o
27X 960
¥ &
Ten =w=49;}[m
2 % 960
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Torque distribution diagrams 2/2

quu' Q ‘ ‘ ] ‘ T a

746 N.m

Torque distribution diagram



What information is provided by a torque distribution diagram?

Click the correct answer.
The torque values for a shaft with multiple outputs
The outputs for a shaft with multiple torques
The outputs for a shaft with a single torque input

The torque values for a given force distribution

Do you know the answer?




Type your answer in the box.

The torque values in a multiple output shaft can be represented in the form of a |
| 'diagram, similar to shear force diagrams for beams.

Do you know the answer?




What is the correct name given to the graphical representation of the torque values for a shaft
with multiple outputs?

Click the correct answer.
Torque distribution diagram
Shear force diagram
Bending moment diagram
Torque output distribution

Shear force distribution

Do you know the answer?




Calculating the required diameter of a solid shaft when torque and allowable stress are given

A useful design-oriented formula for solid shafts can be obtained by combining the equation for torsional
shear stress with the equation for the polar moment of inertia of a solid shaft.

where:

. D is the required diameter
‘/ 16 T
D=3

=13 T is the torque

0: s IS the torsional shear stress

GIVE FEEDBACK



Calculating required diameter

Complete the crossword for the

equation D = 3 164 ;
MO

‘ I 1) D refers to the

2) T refers to the
3) o; . refers to the

. Done M Hint J Challenge



Match each of the symbols from the equation D = 3{ ;iT with the correct description.
ts

W Drag statements on the right to match the left.

D ea  The required shaft diameter

T =3  The torque in the shaft

Ot s ea  The torsional shear stress in the shaft
Do you know the answer?




Which of the following is the correct equation for calculation of the required diameter of a solid
shaft given the torque?

Click the correct answer.

B s 16T
Tt s
p. [16T
MOt s
D — 3- T!ﬂ'ls
16T
D = T[Ul-‘s
16T

Do you know the answer?

TN BT T

I KNOW IT




Calculate the shaft diameter required to transmit specified torque and power without exceeding allowable stress or angle of twist

It has been decided to make a stepped shaft to suit the conditions specified in the figure and listed below:

60X 450

Tag=—"" =448 Nm

27 % 960

¥ 75

Tee = 60X750 _ 746 Nm

21 X 960
Tw = M = 497 Nm

20 % 960

If the allowable stress is 40 MPa, calculate the required diameters.
Derivati f
Example Figure RHERVELS Solution

equation
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Calculate the shaft diameter required to transmit specified torque and power without exceeding allowable stress or angle of twist

A B C D

- b - -
_._1_ = = = = e == =1 i :}_

448 N.m
Torque O : m— O
497 N.m
746 N.m
Example Figure DE"W“?“ il Solution
equation
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Calculate the shaft diameter required to transmit specified torque and power without exceeding allowable stress or angle of twist

Start with the equation;
s, Tr
L5 }.
4
andsubstitute r = Zandj = X2 1.
2 32
Erg i
T
_ Thx32
2XnD4
_ 18T
 aD3
Now make the unknown diameter the subject of the expression:
D = 316 T
MmO s
Derivation of
Example Figure i Solution
equation
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Calculate the shaft diameter required to transmit specified torque and power without exceeding allowable stress or angle of twist

Substitute numerical values and solve:

D = ]15x44mmm
x40

38.5 mm

Similarly:

Dpe = 456 mm and Dgp = 39.8 mm.

Derivati f
Example Figure il ':m & Solution
equation

GIVE FEEDEACK




It has been decided to make a stepped shaft to suit the

conditions listed below:

* Tap = 413,800 Nmm
e TBC = ZZZ,BOONID]II

e Tep = 95,500 Nmm

The allowable stress is 50 MPa.

Caloulate the required diameter for section AB of the shaft.

(Answer in millimetres correct to one decimal place.)

+

) ) +) £ = s | S

()

—

)¢

Clear line

<) 2w B R

Ciick and type your answer here

INSTRUCTIONS

*  Nointermediate steps are required

= If you choose to show steps, write one on each line.

*  Write your final answer on the last line.

*  The computer will check all your work in detall when you click "Submit”,

Hint Ezen M il FRcucs i el Fecataad Fof FES LGSR



It has been decided to make a stepped shaft to suit the

conditions listed below: Calculate the required diameter for section BG of the shaft. INSTRUCTIONS
* Mo intermediate steps are required
(Answer in millimetres comect to one decimal place.) «  If you choose to show steps, write one on each line.
* Tig = 413,800 Nmm «  Write your final answer on the last line.
+) -] -] +] %J 02| ﬁ]ﬂ + The computer will check all your work In detall when you click *Submit",

“ EON NI W TROUGE v GO FOoRhe T TS GUESTON

* Tpc = 222,800 N mm .
O] <v| x)mjx) T) <)@ vnso

* Tep = 95,500 Nmm

The allowable stress is 50 MPa.

)l ( Click and type your answer here



It has been decided to make a stepped shaft to suit the

conditions listed below: Calculate the required diameter for section CD of the shaft. INSTRUCTIONS
* No intermediate steps are required
(Answer in millimetres comrect to one decimal place.) »  If you choose 1o show steps, write one on each line.
* Taig = 413,800 Nmm +  Write your final answer on the last line.
+| -] -] +| 5| ) A" + The computer will check all your work in detail when you click *Submit’,
. TBC = 222,300Nmm “ Eseh himt will radune the o recsiied for tis cuestion
e Tep = 95,500 Nmm @)v] <|v]  |moiv| T) ¢ @ undo
The allowable stress is 50 MPa.
)I( Click and type your answer here
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It has been decided to make a stepped shaft to suit the

conditions listed below: Calculate the required diameter for section AB of the shaft INSTRUCTIONS
*  No intermediate steps are required

{Answer in millimetres correct to one decimal place.) = If you choose to show steps, write one on each line.
* Taip = 49,700 Nmm = «  Write your final answer on the last line.
. T 199.500 N mm +| -] -] +| 'E.*J D’|:J - The computer will check all your work in detail when you dlick *Submit",

BC = ’ Cﬁaarlna
O Hint Esoh it il rechase the ored? recehed for tis queston

¢ Tep = 498,700 Nmm SEEVEIVEARL Ul p—

5«

The allowable stress is 55 MPa.

iz

SMALL LARGE >|( Ciick and type your answer here 4



It has been decided to make a stepped shaft to suit the

conditions listed below: Caleulste the required diameter for section BC of the shaft. INSTRUCTIONS
*  No intermediate steps are required

T 49,700 Nmm i cadnoinleikvas P} +  If you choose to show steps, write one on esch line.
i = & «  Wite your final answer on the last line.

'.'!‘AB 199,500 N mm 2 ‘J J"‘J uJ E"J_J = . Ma:;mwmmmmmmw:mmmw.
® Ipc = >

v D] mm Ecoh Hirl =il reduce the emd® recolued for this guestion
e Tcp = 498,700Nmm f—lt MIEIVIES M =
g«

The allowable stress is 55 MPa.
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It has been decided to make a stepped shaft to suit the

conditions listed below: Caloulete We requised Semetet for seolion CD of the shafl INSTRUCTIONS
*  No intermediate steps are required
(Answer in millimetres correct to one decimal place.) o s oGS o Siow sk woike i ek asan ik
¢ Tap = 49,700 Nmm S * Write your final answer on the last line.
T 199.500 N wil —] ¢ I "'| —J U‘I J The computer will check all your work in detail when you click *Submit,
* = : mm
BC "ﬁ:]“:hl—j ]J nlmni_J_ “ E4an HIT w11 TBIUNE LT CRER FOSENDS 6 TIVE GUESTN
* Tep = 498,700 Nmm =
=1 hd

The allowable stress is 55 MPa.
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