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The diagram shows the drive mechanism for a bicycle. When the pedal crank is 3
horizontal, a vertical downward force of 446 N just rotates the rear wheel
against a resistance of 72 N.
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Calculate the efficiency of the drive mechanism.

Let T=Tension (n clain at o6
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DEMeentre =444 v 109-Tx 49,
ST = I529./N,
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The diagram, drawn to scale, shows a handle with a force of 100 N applied.
Componewts 566 N

Cable 150 | 100N
\ 0 soN.
E { E
Pin Demp = T 20 ¢ Soxrs-seiriso
. 7= (292 =782
What is the tension 7 in the cable? 20
z
P 612N
B) 650N
() 687N

D) 750N
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The diagram shows a pulley system.

A 400 N effort is needed to lift the 120 kg load.
V2 o€ Rlock awal Tackle
= Vo of ropes = & .

What is the efficiency of the pulley system?

(A) 300%
®) 100%

@ 5%

D) 33%
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The diagram shows a bicycle drive mechanism.
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What is the velocity ratio of the mechanism?

-0 _ 34o
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The diagram shows three pulleys %, Yand

If pulley X rotates at 150 rpm clockwise, what will be the speed and direction of rotation
of pulley 27

(&) 150 rpm clockwise

(B) 300 rpm clockwise

(C) 75 pm anticlockwise

(D) 150 pm anticlockwise
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= 2200 mpm

C= 1100 rapm

Lrey of pulley X = 1100mu

T will e e avbite of

P"“‘j N 00w also = 4 rev.

T insicle of pullesy Y will move Lof 12570
= 628 mm.

M'j Z Wil move 628nm = [ rev
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Ths is @ VR (velocity rakio) problem. Here 15
one method of soluny it
W of dvives X = 3¢ = &
RPN -1 o 75 pm
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A compound lever system is shown.

What is the velocity ratio of this lever system?
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B.

C.
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Using examples, explain why gears are used in the design of vehicles.

*  Gears are necessary in internal combustion engines because the engines do not generate.
significant torque at low RPM.

« Gears are necessary to change drive direction in differentials and idler gears to reverse
direction

= Also used produce a linear direction from a rotary ( e.g rack and pinion steering)

+ Electric motors in vehicles do not require gearboxes as they produce full torque at zero rpm.

>
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Moments
Calculate the moment of the forces about point A
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Abrake pedal has a force of 900 N applied to it. Find the tension in the cable 8.

Cos20%s L2
o
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What is the magnitude 2nd sense of the force tending to open the whistle valve.
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Aforce of 10 N applied to the heavy throttle control has it on the point of moving. Determine the
magnitude and sense of the tension in the cable.
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Order of Levers

State the order of lever, created by the position of effort, load and fulcrum, beside each of the
following. lllustrate the force system using a sketch.
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Muscle, slbow and hand of an arm

Rock, lever and fulerum
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Mechanical Advantage, Velocity Ratioand Efficiency

(i) Calculate the force which must be applied to the handle in order to hold the wheelbarrow
up In a stationary position. Load -é5Ky.

1.28 e

LE/L N

F ssky

L= tSlkg
. CsoN.

B2ZME= ~¢Sox5+ Exi-25
s 200N

Force: 2to0n/
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(ii) What is the mechanical advantage of the system?
L= (SoN
£ = Rown

Ma= =

]

Mechanical advantage: 2-¥
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() Muscle stresses are an important consideration in the field of bio-engineering. For the
diagram shown, calculate the tension in each arm’s biceps (upper arm muscles) when a
bar-bell with a total mass of 53 kg is held as shown.

Barbell ~ $3%0 = T4,
2 arms sSo 2¢s per arm .
Take Aoments about elbow -

+tYEMEe z+2¢5g300 ~ Fr5o

F 2~ 79%co
5o
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Force in arm’s biceps: Is7o N
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(i) Calculate the mechanical advantage of the system.
L=z 2es N MA = Z‘é

. €5 (sF0n . 2¢s

ma = 2 's70

Mechanical advantage:
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Whatis the mechanical advantage of the block and tackle shown?

Nember of ropes skﬁf,ppfh'\j He (oad

Mechanical advantage: .
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Assuming the system is frictionless find the effort required to balance the pulley system shown.
The moveable pulley = 2.5 kg mass.

Lz 47.5+2.5 kg. . e
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A pulley system is shown below.

LoAD

() Determine the velocity ratio for this system.

(i) Experiments on the pulley system shown above resulted in the following table of load

EFFORT

Assume 100%0 e @licient
So MA=VR.
MA = Nurker of ropes

s pet? -
Then vALIST I f00%

Velocity ratio:

3

versus effort.
Load (N) 0 | 2 50 75 | 100 | 125
Effort (N) 5 13 22 30 38 47
“Plot these results on the axes given below.
Iy
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s
w
3
z B
I
E
® 1
0 —
s
I3 2 W (o 7 0 w5
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(i)

(i)

Determine the mechanical advantage of the system when the load is 60 N.

At boN Ioag.olpdis 25N
P
S MA

Ig min

N

s

&
Mechanical advantage: 2.4

Determine the efficiency of the system when the load is 75 N.

When loac (s 75a/ effort s 30N

MA= A .
S Effrency

N YNy

s
°

5.

Efficiency: £3Y %
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A wheel and axle lifting machine requires an effort of 50 N to raise a load of 180 N. If the wheel
and axle diameters are 375 mm and 75 mm respectively, calculate the machine efficiency.
L
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A lifting machine has a velocity ratio of 20. An effort of 90 N lifts a load of 1 500 N.
[0}

Determine the mechanical advantage of the machine.

15700 Al R
F = Po = (Seo
€= ron kT
M~ = /L.67
Mechanical advantage: r€.¢7
(i) Determine the efficiency of the machine. /a/ . 7
VR=2zo . Ve
MA= 16.67. = (C-67
>

Efficiency:
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Calculate the mechanical advantage of the
wheel and axle shown.

The diameter of the wheel is 450 mm and that
of the axle 75 mm.

ZMc = S-Fe2
s 22s SSEhe 2 4soonsrs £anes
£ - 18752
= 3is L= soom .
v 3 = 83N
Soo - A
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< Zge
33
= 6
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The actual effort that must be applied before the bucket will move upwards if the
efficiency of the machine is 80%.
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The screw jack has a pitch (the distance between two consecutive threads) of S mm and is
operated by a bar of effective length of 350 mm. This bar will turn the head on the top end of the
threaded section of the jack.

() Determine the VR of the jack.

Hint: For one revolution of the effort on the thread, the load will move through a distance
equal to the pitch.

ance @ €Pont Moves
Distance load moves.
2199
<
= 439-¢

ve=

Velocity Roto 439 p.

(i) Determine the MA of the jack.
E

ﬂsfﬁwc /00”/7 eff/c/;wf(
So MA= VR

= 439.2

Mechanical advantage: __ 437/
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The screw jack shown below has a lever arm of 750 mm and a screw thread with a pitch of 6 mm.
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Determine the velocity ratio of the screw jack.
. BE
VR = 5T

Td

Piteh

T xifeo
P

= 754

Velocity ratio: _7 35" 4
(i) The screw jack has an efficiency of 70%.

Determine the force that would need to be applied to the handle at point A to justfe a
foad of mass 2000 kg. v .
“ oo MA= =
1:7% 7= T/; G
LRokN %0 - MA Se g. 2o
ye = es Tw Tasy Senre
Ma = £4278
7 oo 3N
= 549.7¢

Force: 36N
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Make an orthogonal drawing of the Tap Washer
Assembly showing a top view and a front view
when viéwed on the direction of the arrow.
Add main dimensions.  Seale 4114
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TAP WASHER ASSEMBLY
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Make an assembled, sectioned .
. orthogena! drawing when viewed in
| . the direction of the arrow. Use a
scale of 2: 1. A centre line-for the
: axle has been provided. Add main W"EE
‘ dimensions.
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Scale 2.4
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Make an orthogonal drawing ofthé Bracket Bearing showing an assembled sectioned Front View
and a left side view when viewed in the direction of the arrow. Add main dimensions. N
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Tn a simple gear train system, the driving gear A has 30 teeth and the driven gear B has
50 teeth. The gear train efficiency is 85%.

A B

‘What i the mechanical advantage of the system?
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