
Introduction to power transmission by shafts 112 

GIVE FEEOBACII CONTINUE > 



Introduction to power transmission by shafts 

This section brings togetherthe concepts oftorque, rotational speed. power, torsional 
stress and st rain as applied to mechanica l drives. 

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

CIVE FEEDBACK 

2/2 



w~at 111 w ft? 

A shaft can be descrtbed as a rotaung machine component subjected to torque 
and used for the purpose of transmlrtJng mechamcal power. 

GIVE FEEDBACK 



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? 

I KNOW IT THINK SO UNSURE NO IDEA 



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 machme 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 
transmittmg mechanical power 

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

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

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



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? 

I KNOW IT THINK SO UNSURE NO IDEA 



r 

Important relations used in the analysis of power-transmitting shafts 

There are t hree important relations that we should recognise when analysing the t ransmission 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 

I 

< 

3. The relation between torque, the angle of twist and the modulus of rigidity of the material from which a 
shaft is made 

GIVE FEEDBACK .... 
'"' 



Which of the following are the correct relations that should be recognised when analysing the 
power transmission by shafts? 

Check •II tbat apply. 

0 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 

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

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

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

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



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 '-:--,,----~--=-----_j'' 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 f rom which a shaft is made 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 
' 



GIVE FEEDBACK 

Formulas used in the analysis of power-transmitting shafts 

Recall that this relation is: 

P = Tcv 

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: 

p = 2rrNT 
60 

where N is the rotational speed in revolutions per minute. 

Applied torque, 
shaft speed and 

power transmitted 

Torsional shear Torque, angle of 

stress due to twist and the 

applied torque I modulus of rigidity 



GIVE FEEDBACK 

Formulas used in the analysis of power-transmitting shafts 

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

'f'r 
C1ts = -

1
-

where r is the radius of the shaft and J is its polar moment of inertia. 

For a solid shaft 
D 

r = -
2 

and] 
nD 4 

- --
32 

For a hollow shaft with outside diameter D • and Inside diameter D 1: 

D r = -
2 

andJ = 
7t (D! - D1 :• 

32 

Applied torque. Torsional shear 

shaft speed and stress due to 

power transmitted applied torque 

Torque, angle of 

twist and the 

modulus of rigidity 



GIVE FEEDBACK 

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: 

where: 
(j is the angle of twist 

r is the torque 

L is the shaft length 

J is the polar moment of inertia 

G is the material modulus of rigidity 

e = TL 
JG 

Applied torque, Torsional shear Torque, angle of 

shaft speed and stress due to twist and the 
power transmitted applied torque modulus of rigidity 



Match each of the symbols from the equation P = 
2rr NT with the correct description. 

60 

p 

N 

T 

I KNOW IT 

i' Drag statements on the right to match the left 

IMI The power transmitted by the shaft 

The rotational speed in revolutions per •••.. 
minute , .... 

IMI The torque 
..... 
iiH~ 

Do you know the answer? 

IHINK SO UNSURE NO IDEA 



Match each of the symbols from the equation at s = T r with the correct description. 
J 

T 

r 

I 

I KNOW IT 

j Drag statements on tbe right to match tbe left. 

IKI 

IKI 

IKI 

IKI 

The torsional shear stress 

The torque 

The radius of the shaft 

The polar moment of inertia of the 
shaft 

Do you know the answer? 

THINK SO UNSUR[ NO IDEA 



Match each of the symbols from the equation a = TL with the correct description. 
JG 

e 

T 

I 

L 

G 

j Drag statements on the right to match the left. 

IKI 

IKI 

IKI 

IKI 

The angle of twist 

The torque 

The polar moment of inertia of the 
shaft 

The shaft length 

IKI The material modulus of rigidity 

Do you know the answer? 

lq 
: .. , ... 



GIVE FEEDBACK 

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 

Example 
Power 

transmitted 



Power transmitted: 

GIVE FEEDBACK 

Determine the power transmitted by the shaft 

(> ~ 2rr 1\TT 
60 

= _,_(2=-rr::cl..::.( 1::.:,44~,0'-') (-'-54.::7..:.:.1:.!.} 
60 

= 82,500W 

= 82.5kW 

Example 
Power 

transmitted 



A solid shaft rotates at 2000 rprn and transrnlts 265 Nm of 
torque. 
Determine the power transmitted by the shaft. 

(Answer in kW correct to one decimal place.) 

i 

+ .•J ~l·fl_o rr ~.::J 
Clear line 

<, •J ~ox lO u ~.:J- ~· Undo 

Click and type your answer here 

CHALLENGE SlJGMIT SHOW ANSWE!l 

• 

• 
• 
• 

( 

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 w111 check all your work In detail when you click 
'Submit'. 

Eod>_ ... _.,.,__,.,.,.,_ 



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.) 

il 

+ > J ~ I I! J OJ .Jf5 fOl:_:j 
~.:.1 7l 0 x 10 0 ~_:j 0 +' • 

C/lclc and type your answer here 

Clear line 

Undo 

CHALLENGE 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 wJII check all your work In detail when you click 
•submit". 

Hmt ~-·-... ..--... --



A solid shaft rotates at 1200 rprn and transrnlts 125 Nm of 
torque. 
Determine the power transmitted by the shaft. 

(Answer to the nearest wan.) 

i 

~~_j~ ~J ·~J~~ Clear line 

!O), ·J < H ~~j J~ • Undo 

Click and type your answer here 

CHALLENGE 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 tine . 
The computer will check ell your work In detail when you click 
"Submit". 

Hmt 
__ ... _1110 __ "" __ 



GIVE FEEDBACK 

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 torque transmitted by the shaft. 

Example 
Torque 

transmitted 



GIVE FEEDBACK 

Determine the torque transmitted by the shaft 

From P = 
2
:: and using 82.5 kW = 82,500 W: 

T = 6QP 
2nN 

Example 

= _,;6'='0""") :..:(872 '750"'0"'") 
(211) (1 ,440) 

= 547.1 Nm 

Torque 

transmitted 



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.) 

il 

+ : • J ~ I I! J ~ .P ~.:J 
Clear lme 

~.:.1 7l 0 X 10 '1 ~..:J 0 +' • Undo 

C/lclc and type your answer here 

CHALLENGE SUBMIT SHOW ANSWER 

• 
• 
• 

• 

( 

INSTRUCTIONS 

No Intermediate steps are required 
tf 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". 

Hmt ~-·-... ..--... --



A shaft 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.) 

il 

+ > J ~ I I! J OJ .Jf5 fOl:_:j 
~.:.1 7l 0 x 10 0 ~_:j 0 +' • 

C/lclc and type your answer here 

Clear line 

Undo 

CHALLENGE 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 wJII check all your work In detail when you click 
•submit". 

Hmt ~-·-... ..--... --



A shaft rotates at 4000 rpm and transmits 92 kW of power. 
Determine the torque transmitted by the shaft. 

(Answer in Nm correct to one decimal place.) 

il 

+ : • J ~ I I! J ~ .P ~.:J 
Clear line 

~.:.1 7l 0 X 10 '1 ~..:J 0 +' • Undo 

C/lclc and type your answer here 

CHALLENGE 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 wJII check all your work In detail when you click 
'Submit". 

Hmt ~-·-... ..--... --



GIVE FEEDBACK 

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. 

Example 
Torque 

transmitted 

L 

Shaft polar 

moment of 

inertia 

L 

Stress in shaft 



From: P = 2 :.ONT and using 82.5 kW = 82,500 W: 

r 

Example 

l 

GIVE FEEDBACK 

Determine the stress in the shaft 

T = 60P 
211N 

= _,( 6"'0"'i ::..::( 8:::2·:;,50~0.,_) 
:211)(1,440; 

= 547.1 Nm 
= 547,100Nmm 

Torque 

transmitted 

Shaft polar 

moment of 

inertia 

Stress in shaft 

L 



Determine the stress in the shaft 

For a 35 mm diameter shaft, r = 17.5 mm and: 

r 

l 

GIVE FEEDBACK 

j = 7i X 354 
32 

= 147.3 X l Ol mm• 

T 
Torque 

Example 
_Lnsmitted 

Shaft polar 

moment of 

inertia 

Stress in shaft 



·Stress in shaft: 

r 

l 

GIVE FEEDBACK 

T 

Determine the stress in the shaft 

Tr o,, = T 

= -":;-"4'-7 'c:l .:.OO:....:..N:..:·..::== -X--=.17:.; . .:.5..::mm=:. 
147.3 x 10 ~ nun' 

= 65MPa 

Torque 
Example 

_Lnsmitted 

L 

Shaft polar 

moment of 

inertia 

Stress in shaft 



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

Detennine the stress in the shaft. 

SMAU. i!!..!ii!ti Wli:E 

.l 
>I< 

Type your answer in the box. 

The pola( momenL of fn&rtla Of the Shaft is '--------'mm " (oorrect to the nearest whole 
number). 

D<l you know tbe answer? 

I KNOW IT HO IDEA 



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

Determine the stress in the shaft. 

SMAll LARCE 

>I< 

~~~-.• - ... _........,._iJ/~ (j ""'lf*"-• 
I IM~tUI·.~""".,..~~~~N~ 

.-.--'*,.._-.,.,~ ....... pkaool.j 

Iii 

.!J.:J .~ ·4 '£1:J§J ~.:J 
~.:li.'::;<'""'I~.:J D o Jl 
.::] 

' < 

",...,.,.._.,_,.,_~ ........ ,.1 ... 
\'Mieyw-~-Qil~bltlro$. 

""'--·,.,-.,-~,..,-Jw>-·t......,~oWUi< ........ 



Type your answer in the box. 

The polar moment of inertia of the shaft is L_ ______ ___J mm 4 (correct to the nearest whole 
number). 

iii 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



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

Determine the stress in the shaft. 

SMAll LARCE 

>I< 

~=~~=====:-;,~~--~~-· '.-.--'*,..._"' __ ~ 
Iii 

.!J.:J .~ ·4 '£1:J§J ~.:J 
~.:li.'::;<'""'I~.:J Do Jl 
.::] 

' < 

",...,.,.._.,_,.,_~ ........ ,.1 ... 
\'Mieyw-~-Qil~bltlro$. 

""'--·,.,-.,-~ ,..,-Jw>-·t......,~oWUi< ........ 



Knowing that the polar moment of Inertia of the shaft Is 
1,647,099 rom •, calculate the stress in the shaft. 

(Answer In MPa cOfrect to two decimal places.) 

Iii 

+ H ~ 1 1! ~.:J ro ~~ 
< IT J ~ 0 x lOt mnj.:J O•J 0 II 

Clear line 

Undo 

~ 

Click and type your answer here 

CHALLENGE 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 wOfk in detail when you click 
·submit". 

Hint teen,.... ... _ ... __ ....... ~ 



Knowing that the polar moment of Inertia of the shaft Is 
52,174 mm •, calculate the stress In the shaft. 

(Answer In MPa cOfrect to one decimal place.) 

Iii 

+ H ~ 1 1! ~.:J ro ~~ 
< IT J ~ 0 x lOt mnj.:J O•J 0 II 

Clear line 

Undo 

~ 

Click and type your answer here 

CHALLENGE 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". 

Hint teen,.... ... _ ... __ ....... ~ 



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 Ml'a, and the shaft is 600 mm long, what is the angle of twist? 

Example 

GIVE FEEDBACK 

Torque 

transmitted 

L 

Shaft polar 

moment of 

inertia 

t 

Angle of twist 



From: P = 2 :.ONT and using 82.5 kW = 82,500 W: 

r 

Example 

l 

GIVE FEEDBACK 

Calculate the angle of twist of the shaft 

T = 60P 
211N 

= _,( 6"'0"'i ::..::( 8:::2·:;,50~0.,_) 
:211)(1,440; 

= 547.1 Nm 
= 547,100Nmm 

Torque 

transmitted 

Shaft polar 

moment of 

inertia 

Angle of twist 

t 



Calculate the angle of twist of the shaft 

For a 35 mm diameter shaft, r = 17.5 mm, and: 

r 

l 

GIVE FEEDBACK 

j = 7i X 354 
32 

= 147.3 X l Ol mm• 

T 
Torque 

Example 
_Lnsmitted 

Shaft polar 

moment of 
inertia 

Angle of twist 



Calculate the angle of twist of the shaft 

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

! Conversion to degrees yields 9 = 1.6°. 

r 

l 

GIVE FEEDBACK 

TL 
e= JG 

= --~5~47~,~10~0~N~.n='="~'X~60~0~nu=l~l --
147.3 X !03 rom• X 80,000 MJ?a 

= 0.02786 rad 

T 
Torque 

Example 
_Lnsmitted 

L 

Shaft polar 

moment of 
inertia 

Angle of twist 



Type your answer in the box. 

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

,_Thcce=-a=n"'g"'"le:....::.of:...:t:..cwccist:.:...::is:..J...._-..,.---:--_----: __ -:--_, radians (correct to four decimal places), which is equivalent to 
'= _______ _, degrees (correct to two decimal places). 

Iii 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



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. 

,_Thcce=-a=n"'g"'"le:....::.of:...:t:..cwccist:.:...::is:..J...._-..,.---:--_----: __ -:--_, radians (correct to four decimal places), which is equivalent to 
'= _______ _, degrees (correct to two decimal places). 

Iii 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Type your answer in the box. 

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

,_Thcce=-a=n'-"g"'-le:....::.of:...:t:..cwccist:.:...::is:..J...._-..,.---:--_----: __ -:--_, radians (correct to four decimal places), which is equivalent to 
'= _______ _, degrees (correct to two decimal places). 

Iii 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Shaft with multiple power-output points 

It is not uncommon 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. 

Th is means that different portions of the shaft, while all rotating at the same speed as a 

whole, t ransmit different amounts of mechanical power and experience different 

magnitudes of torque. 

GIVE FEEOBACII 



Type your answer in the box. 

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

L----,----,-------'' ,_ _______ _. or spaced along the length of 
the shaft. 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



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? 

I KNOW IT THINK SO UNSURE NO IDEA 



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 al l 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? 

I KNOW IT THINK SO UNSURE NO IDEA 



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 f low of power through different portions of the shaft 

and the f low of water inside pipes with several take-off taps. The principle is the same for 

both: what flows in must flow out. 

Once the f low of power has been analysed, torque 
which is related to corresponding amounts of power in 
different portions of the shaft can easily be 
determined. 

GIVE FEEOBACII 



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? 

I KNOW IT THINii SO UN SURf NO IDEA 



Type your answer in the box. 

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

The principle is that what flows"---------' must f low"---------' 

Do you know the answer? 

I KNOW IT THINK SO UNSURE 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 f lows in must f low out 

Water flows downhill 

What flows in must be greater than what flows out 

What f lows in must be less than what flows out 

Pressure determines output 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Identify power transmitted through different parts of a shaft 

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

I Determine the power in each portion of the shaft. 

Example 

GIVE FEEDBACK 

Pulley A: 45 kW 

Pulley C: 25 kW 

Pulley D: 50 kW 

r 

Figure Solution 

_L 



GIVE FEEDBACK 

Identify power transmitted through different parts of a shaft 

45kW 

Example Figure 

50 
kW 

Solution 

-



Identify power transmitted through different parts of a shaft 

r 
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: 

r 
Example 

1 

GIVE FEEDBACK 

PA8 = 45kW 
PBc = 75kW 
PCJ> = 50kW 

Figure Solution 



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 t ransmitted by the shaft between Pulley A and Pulley B is ,_ _______ _, kW. 

The power t ransmitted by the shaft between Pulley Band Pulley cis '---------' kW. 

The power t ransmitted by the shaft between Pulley C and Pulley D is ,_ _______ _, kW. 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



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 Dis L-----------' kW. 

The power t ransmitted by the shaft between Pulley A and Pulley B is '------------' kW. 

The power t ransmitted by the shaft between Pulley Band Pulley cis '-----------' kW. 

The power t ransmitted by the shaft between Pulley C and Pulley D is '------------' kW. 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Type your answer in the box. 

A shaft has four gears attached to it. From left to right the gears are A, 8, C and D: 

• Gear A outputs 150 W from the shaft 

• Gear 8 outputs 250 W from the shaft 
• Gear C inputs 700 W to the shaft 

Assuming 100% efficiency, the output from Gear D is L-----------' W. 

The power t ransmitted by the shaft between Gear A and Gear 8 is L-----------'W. 

The power t ransmitted by the shaft between Gear 8 and Gear C is '--------------' W. 

The power t ransmitted by the shaft between Gear C and Gear Dis '---------' W. 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



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 8, with three power-output pulleys as follows: 

I Determine the torque in each portion of the shaft. 

Example 

GIVE FEEDBACK 

Pulley A: 45 kW 

Pulley C: 25 kW 

Pulley D: 50 kW 

r 

Figure 
Distribution of 

power 

l 

r 

Distribution of 

torque 

l 



GIVE FEEDBACK 

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

45 kW 

45 
kW 

Example Figure 

kW 

50 
kW 

-

Distribution of Distribution of 

power torque 

l 



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

r 
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: 

GIVE FEEDBACK 

r T 

PA8 = 45kW 
PBc = 75 kW 
PCJ> = 50kW 

Example Figure 
Distribution of Distribution of 

power torque 

l _L 



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

The corresponding torque values can now be calculated using: 

Transposition gives: 

Hence: 

r 

l 

GIVE FEEDBACK 

T 

Example 

p = 2nNT 
60 

T = 60P 
2nN 

TAll = 60 X 45,000 = 448 Nm 
2n X 960 

Tsc = 60 x 75,000 = 746 Nm 
211 X 960 

Teo = 60 x 50,000 = 497 Nm 
2rr x 960 

r 

Figure 
Distribution of 

_L 
power 

l 

Distribution of 

torque 



Type your answer in the box. 

A shaft rotating at 1500 rpm has four pulleys attached to it. From left t o r ight 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 ~--------_j Nm (correct to 
one decimal place). 

The torque transmitted by the shaft between Pulley Band Pulley Cis ·-------­
one decimal place). 

The torque transmitted by the shaft between Pulley C and Pulley D is L_ _ _____ _ 

one decimal place). 

Iii 

Do you know the answer? 

I KNOW IT THINK SO UNSURE 

Nm (correct to 

Nm (correct to 

NO IDEA 



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 ~--------_j Nm (correct to 
one decimal place). 

The torque transmitted by the shaft between Pulley Band Pulley Cis ·-------­
one decimal place). 

The torque transmitted by the shaft between Pulley C and Pulley D is L_ _ _____ _ 

one decimal place). 

Do you know the answer? 

I KNOW IT THINK SO 

Nm (correct to 

Nm (correct to 

NO IDEA 



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 0: 

• 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 0 outputs 300 W from the shaft 

The torque transmitted by the shaft between Gear A and Gear B is ________ _ 
two decimal places). 

Nm (correct to 

The torque ttansmined by the shaft between Gear Band Gear Cis _______ _ 
two decimal places). 

Nm (correct to 

The torque transmitted by the shaft between Gear C and Gear o is t_ ______ _ 

two decimal places). 
Nm (correct to 

Iii 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



To111ue distribution diagrams 

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: 

TAB= 
60 X 45,000 

= 448Nm 
2n X 960 

TBc = 
60 X 75,000 

21t X 960 
= 746Nm 

Tcv = 
60 X 50,000 

21t X 960 
= 497Nm 

112 

GIVE FEEOBACII CONTINUE > 



Ton)ue distribution diagrams 

A B 

448N.m 

Torque () 

746N.m 

Torque distribut ion diagram 

CIVE FEEDBACK 

c 

2/2 

D 

0 



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? 

I KNOW IT THINK SO UNSURE NO IDEA 



Type your answer in the box. 

The torque va lues in a multiple output shaft can be represented in the form of a ,_ _______ _, 
L_ _______ _. diagram, similar to shear force diagrams for beams. 

Do you know the answer? 

I KNOW IT THINK SO UNSURE I NO IDEA 
' 

' 



What is the correct name given to the graphical representation of the t orque 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? 

I KNOW IT THINK SO UNSURE NO IDEA 



( 

Calculating the required diameter of a solid shaft wben 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 = 3 16T 
D is the required diameter 

• 1CC1ts T is the torque 

C1t s is the torsional shear stress 

( 

GIVE FEEDBACK IIUI 
K» 



Calculating required diameter ~ 1 

-2 Complete the crossword for the 

. D 16T equation = 3 • 

1tO'ts 
3 

1) D refers to the -~ 

2) T refers to the ------·· 

3) Ot s refers to the __ __,. 

1 

ChaJienge 



Match each of the symbols from the equation D = 3/lir' with the correct description. vna;-; 

i' Drag statements on the right to match the left 

D 1M3 The required shaft diameter !ijjE 

T 1M3 The torque in the shaft iiiH 

CJts 1M3 The torsional shear stress in the shaft ;iiH 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



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

D=3~ vncr;; 

D = {1§r yncr;; 

D = vrrats 
i6T 

D = ~ y16T 

I KNOW IT 

Click the correct answer. 

Do you know the answer? 

THINK SO UNSURE NO IDEA 



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

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

TAB= 
6() X 450 

21t X 960 
= 44-SNm 

Tac = 
60 X 750 

21t X 960 
= 746Nm 

Tcv = 
60 X 500 

2n x 960 
= 497 Nm 

If the allowable stress is 40 MPa, calculate the required diameters. 

r 

Example Figure 
Derivation of 

equation 

L 

GIVE FEEDBACK 

r 

Solution 

L 



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

A B 

Torque o 

Example Figure 

GIVE FEEDBACK 

c 

746 N.m 

Derivation of 

equation 

L 

0 

0 

Solution 



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

Start with the equation: 
Tr 

O ts = - , -

and substitute r = ~ and} 

Tr o, , =-,-
= 

TD X32 

2XnD 4 

16T 
= nD > 

nD • 
= --

32 

Now make the unknown diameter the subject of the expression: 

GIVE FEEDBACK 

r T 

D=J/ 16T 
' 1l0t s 

Example Figure 
Derivation of 

equation 

l _L 
Solution 



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

r 
Substitute numerical values and solve: 

Similarly: 

r 

l 

GIVE FEEDBACK 

DAJI = 3 16 X 448,000 
n x 40 

= 38.5 nun 

Dsc = 45.6mm and DCD = 39.8 mm. 

T 
r 

Example 
Derivation of 

Figure 
equation 

_L 
L 

Solution 



It has been decided to make a stepped shaft to suit the 
conditions listed below: 

• TAB = 413,800 N mm 

• T Be = 222)800 N mm 

• TCD = 95,500Nmm 

The allowable stress is 50 MPa. 

Iii 

SMALL LARG£ 
>I< 

Calculate tfle required diameter for section AB of tfle shaft 

(Answer in millimelres correct to one decimal place.) 

~-=.J_j~lJ~~ ·J 
~~..£J~~~~~~D Undo 

Click and type yovr answer here 

< 

INSTRUCTIONS 

• No lnterrnedl!ite steps are required 
• If you cboose to show liteps, write one on each line. 
• Write your final answer on the lut nne. 
• The computer will c:tleck all yoW" worl< ln detai l wtlen you cllcl< 'SUbmit'. 



It has been decided to make a stepped shaft to suit t he 
conditions listed below: 

• TAB ::::: 413,800Nmm 

• T BC ::::: 222,800 N rom 

• T CD = 95,500 N rom 

The allowable stress is 50 MPa. 

il 
SMALL LAR G:£ 

CaJculate the required diameter for section BC of the shaft. 

(Answer In mllllmetres COO'ec:t to ofle dec:lmal place.) 

~-=.) _j _::j JJ .:!j ~.:J 
~.:J~.:J~~~~~~~ Undo 

C/idc and t;ype yourans~r here 

< 

INSTRUCTIONS 

• No lntermedlote ste11$ere required 
• lf you choose to show steps, write one on eacflllne. 
• Wrire )'OUr fin11l answer on the last llne. 
• The computer wtll otleck all yow wor111n cletell wtlen )IOU c:llck "Submtt'. 



It has been decided to make a stepped shaft to suit the 
conditions listed below: 

• TAB = 413,800Nmm 

• T BC = 222,800 N mm 

• Teo = 95,500Nmm 

The allowable stress is 50 MPa. 

liiJ 

SMALL LARQE 
>I< 

Calculste ltle required cllameter for section CD of the shafL 

(Mswer In m ffllmetres correct to one decimal place.) 

~~_j_:j1J~~~ 
~~~,.J~~j~~fl Undo 

Clld< and type your answer here 

( 

INSTRUCTIONS 

• No Intermediate steps ere required 
• If you choose to show steps, wrtte one on each line. 
• Write )'OUr final answer on the last line. 
• The computer will check sll )'Qur worllln detlai l wtlen )'QU dick "Submit'. 



It has been decided to make a stepped shaft to suit the 
conditions listed below: 

• T A.B = 49,700 N mm 

• T BC = 199,500 N m.m 

• TeD= 498,700Nmm 

The allowable stress is 55 MPa. 

Iii 
SMAU LARGE 

Cal curate the required diameter for section A8 of ltle shaft 

(Answ« In mllllmetres correct to one declmal place.) 

_!j__j_j~JJ~~ 
~ •J ~ "J .£J .,J ~ ~ ~ D 
~~ 

Click and~ yovr answer here 

Undo 

INSTRUCTIONS 

• ~ lntennedlate ste1lS are required 
• If yoo choose to show steps, vmte one on eacll Bne. 
• Write your final answer on the lest line. 

• The COI1'\P'Irter win cheok all your wort in delsll when you dick "Submit'. 

< 



It has been decided to make a stepped shaft to suit the 
conditions listed below: 

• TAB= 49,700Nmm 

• TBc = 199,500Nmm 

• Teo = 498,700Nmm 

The allowable stress is 55 MPa. 

il 

SMALL LARGE 

Calculate tf1e required diameter for section 8C of the shaft INSTRUCTlONS 

(Answer in milllmetres correct to one d~irm1l place.) 
l'(o intennediate steps are required 

• If you choose to show steps, .-nite one on each llne. 

• Wtite your final answer on the last ltne. 
• The computer wm ch~k. all your wri( in detail when you d io.k. •submit'. 

Undo 

Cllok end type your answer here ( 

CHALlENGE 



It has been decided to make a stepped shaft to suit the 
conditions listed below: 

• TAB = 49,700Nmm 

• TBc = 199,500Nmm 

• TCD = 498,700Nmm 

The allowable stress is 55 MPa. 

li 
SMALL LARGE 

>I< 

Calculate the required lliameter for section CD of the shllft. 

(Answer In mijllmetres correct to one dedrnal place.) 

2.]--=-.J_j~_ij~ ~J 
~ TJ~ YJ~ TJ~~YJa 

~~ 

C1fcl( and type your answer he.re 

Unllo 

INSTRUCTIONS 

No intennedJate steps are required 
• If .)'00 choose tD aho~1 steps, write one on each line. 

• Write ~rflnal answer on tile last line. 
• The com:puter wfJI cheek a~ your work in detail vlhen yo:u click 'StJbmlt' . 

< 




