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Gear t-s@iumsgears

Syste8inpl e gears

Over to you:

f Hang a 100g mass (1N weight) from the | oop o

This lieaydblweare going to |ift.

T Attach a force meter to the | oop oenf ftohret s mal
1T Slide the force meter upwards iIinatheteladty un
spe.ed

fIn the table in the Student Handout, record
T Next repeat the | ift but thi doitstmaneme amoavedh
| oddnd how far the f{doirsctea nmceet emno vn@pdv ebsy, ef f or t
T Record these measurements in the table.

T Repeat this procedure for |l oads of 200g (2N)
T Complete the table by calculating the mechan
efficiency for each value of | oad.

So what:

T Why is the efficiency |l ess than 100%”?

M1 Calcul ate the gear ratio for this arrangemen
M Compare your value of wvelocity ratio with th
Comment on the comparison.

T Write your answers in the spaces provided in
Chall enge!

Repeat the experiment using a system |ike sy
Comment on your findings in the Student Hand
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SystemBelel gear s

g
i g ]
Load Effort §

Over to you:

f Hang a 100g mass (1N weight) as the | oad fro
| arger gear .

T Add more and more seobofihedigemassatst aohédheto th

until the |l oad starts to rise at a steady sp
f1n the table in the Student Handout, record
T Next repeat the | ift but thi doitstmanee amoavedh
| oddnd, correspondi ngl y(dbéihsotwa nfcaer niohved® .de fbfyo retf f
T Record these measurements in the table.

T Repeat this procedure for | oads of 200g (2N)

=

Compl ete the table by calculating the mechan
efficiency for each value of | oad.

M Calculate the gear ratio for the system.

Chall enge!

Now repeat the experiment but with the | oad
effort applied to the |l arger one.
Describe your findings in the Student Handou
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Systenioz m gears

-
B % €& & &€ ¢ © &6 © & & oW

Once again, to make it easier to take measure
set of weights.

The |l oad is hung from the worm wheel and the
bel ow.

The diagram also shows how the | oad is connec
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Systemwo2 m gears

Over to you:

M Hang a 100g mass (1N weight) as the | oad fro

T Add more and more sebofinetigenassenstitlo the | oad
steady speed.
f1n the table in the Student Handout, record

T Next repeat the experiment but this time tak
the velocity ratio of the system. Record the

T Repeat this procedure for | oads of 200g (2N)
T Complete the table by calculating the mechan
efficiency for each value of | oad.

So what:

T The worm wheel has 50 teet h.
T The worm itself i s & tnabrittsi st ar t device with
9 Calcul ate the overall gear ratio for this ar

Student Handout .

Chall enge!

Comment on your findings in the Student Hand
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Converting rotary to
I n many systems, the dr ekl de
a rotating electric mot !IQA re
output is movement in a Ny H \%
The escalator, shown op 'é% e
of such a system. = =

)
Conversion from rotary e — b
achieved in a number of /~"—"= 0
rack and pinion system. - &8
Set up the rack and pinion system shown bel ow
The effort is applied to the pinion gear, mak
i.e. moves it in a linear direction.
The diagram on the next page shows the arrang
Once again, to make it easier to take measure
set of weights.
The effort is applied directly to the pinion
moves horizontally, lifting the | oad.
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Converting rotary to
: oo ook : }. Pinion gear
3 N et — @
4 B .),f:: '1.|_| - _? - _._,.: -

Ruler ©

iE : i
Once again, to make it easier to take measure
set of weights.
The effort is applied directly to the pinion
moves horizontally, lifting the | oad.
Over to you:
f Hang a 200g mass to provide a horizontal for
T Add more and more seobofifhedigenassenstilo tihe rack
at a steady speed.
fIn the table in the Student Handout, record
M Repeat this procedure for | oads of 300g (3N)
T Complete the table by calculating the mechan
So what:
1 The gear ratio for this system is 1:1, sugge
findings might differ from this.
T Comment on this difference in the Student Ha
Chall enge!
Design an experiment to measure the velocity
you need to make? How you would take them? W
you include to i mprove the accuracy of your
Descri be your method in the Student Handout.
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The screw jack
Cross engineering, er gs o
A t h ,
systems in which a drive o ra
| ower a | oad.
The picture shows-tdree csau
jack. This one is a manu t he
user turng htrleeadsedr svhaft,
car to rise in the air
We have seen that bevel and worm gear systems
rotation. The addition of a threaded shaft ca
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I n the system shown on the |l eft in the diagr al
shaft rotates. The bevel gears turn this into
result, the | oad rises.
The system on the right achieves the same res.
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The screw jack

SystemBelel gear jack

Over to you:

T Assemble the bevel gear jack shown in the di
1T Screw the threaded rod into the top of the b
T Pl acS UNBRG t2FR LXFGS 2y G2L) 2F (GKS GKNBI RSH
9 Ti ghttheen firstontotat hebhdedi ngdt he screw provi de

CautiAonach the screw jack as | ow as possi bl
risk of injury from falling weights.
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The | oad plates have a mass of 58g and 34g¢g
T Place a |l oad of 200g (2N) on the | oad pl ate
T Add sl otted ma®Owmaemsgemn, thhet il the | oad rises
T Record the | oad and effort in the Student Ha
T Al | owe ftfloemmnger to fall to the bench.
Measure the distance it falls and the corres
T Record these distances Iin the Student Handou

T Repeat the same procedure f dr flooragdest otfo 3aNd,d 4i
weights of the | oad plate(s)).

T Record all measurements in the table in the
M1 Calcul ate experimental values of mechanical
the system.

Copyright 2023 Matrix Technology Solutions Li mi tpe&g]_e3



Wor ks heet A $Fundamentol
MECHANICS"@

The screw jack

Systeio2 m gear |jack

Over to you:

T Assemble the worm gear | ack.
Screw the threaded rod into the top of the b

1
T Pl acS UNBRG t2FR LXFGS 2y G2L) 2F (GKS GKNBI RSH
9 Ti ghttheen firstontotat hebhdedi ngdt he screw provi de
T Add weights and then the second | oad plate.
Caut:iAgain attach the screw jack as |l ow as p
to minimise the risk of injury from fa
; © 000 ¢l
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The procedure is the same as before:

T Place a |l oad of 720g (7.2N) on the | oad plat
wei ght of the |l oad pl ate).
T Add sl otted ma®wmaemsgemn, thhret il the | oad rises
T Al |l ow ftfeloemnger to fall to the bench.
Measure the distance it falls and the corres
M1 Record all measurements in the Student Hando

T Then repeat the same procedure for |l oads of
the second plate) and 14.12N (7.2N on the fi
T Complete the table in the Student Handout by
chanical advantage, velocity ratio and effic
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The screw jack

Here i s some data about components in the t
Wi nding dr ums
di ameter = 26mm
Threaded rod:
di ameter = 8mm
pitch = 2mm
no.G&o#r t=s 4
Bevel gears:
number of teeth on | arger gear = 40
number of teeth on smaller gear = 10

Worm gear s:
gear ratio = 50 / 4 = 12.5

SystemBel el gear jack

Chall enge!

Calcul ate the theoretical value of velocity
Given that the gear ratio for the bevel gear
of efficiency for the bevel gear screw jack.

Systeioz m gear | ack

Chall enge!

Cal cul ate the theoretical val ue of mechani ca

Given that the velocity ratio for the system
of efficiency for the worm gear screw jack.

Record all your calculations in the Student

Copyright 2023 Matrix Technology Solutions Li mi thag]_es
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I n an internal combustia haf
converts-amdilerih&dcknovement

into rotary moti on.

This investigation exami of
crank system.

Il n this experiment, a crank is added to the r.
turns, the rack moves horizontally, rotating
The effort required to rotate the wheel chang:
at that wvariation.

The cords attaching the | oad and the force me:
in orange. The smaller diagram shows part of

F
orce meter_y. | lgl-siot

-

0 000000 o 00D
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Over to you:

T Set up the system shown on the previous page
1 Rotate thé csghhmkn ton Stcradreci heutmank wheel

T Adjust the position of the force meter in th
T Hang a 400g (4N) |l oad on the pinion gear, as

pinion gear rotates in an anticlockwise dire
1T 0n the force meter, read the value of 0%ffort
T SIlide the force meter upwards in theoslamt un

angl eaonfd 1IMai ntains that position.

T Read the effort needed to keep the crank at
T Measure the resulting horizontal displ acemen
T Record all measurements in the table in the
TIncrease the cranKumnigd elndedn ssutremsy @mfndl @ ecor d
required and resulting horizontal displ aceme

So what:

1T As the angl e Atplpe oayxchtsmmdipfdy posi tion, makin
to measure the effort required.

T Eventual |l handhendi ght t he crank reaches its m
falls. The force meter must then be | owered
to maintain these angl es.

Copyright 2023 Matrix Technology Solutions Li mi tpe&g]_e?
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So what

T Using geometry, it can be shown that the eff
with crank angle as shown in the following g

Theoretical effort / crank angle curve

5154 *&¥ 5195
4.9

4772 205
5 4455

Theoretical Effort (M)

o 10 20 30 40 =0 B0 70 80 50 100 110 120 130 140 150 180 1T0 18D
Crank Angle (*)

TUse your results to plot a graph of effort n
guide to the shape expected.

9 Similarly, it can be shown that the horizont
crank angle as shown in the following graph.

Theoretical displacement / crank angle curve

W OB 3D

Cramk Angla [°)
T Use your results to plot a graph of horizont
this curve as a guide to the shape expected.

Chall enge!

What factors affect the mechanical advantage
Comment on your findings in the Student Hand
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Wor ks heet 6 %Fundamentoll
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Exploring cams

Over to you:

T Set up the system shown on the previous page
Hang a 200g (2N) |l oad on the pinion gear, as
Rotate th% eadamwnoo®d the scale on the cam.

Note the initial position, shown on the scal

Il ncrease the cam aipgltd, ilBedas episn@ft H® resul t|
di splacement from the initial position each
T Record all measurements in the table in the

T Pl ot a graph of displacement against cam ang

il
f
il
il

So what:

T Now replace the tangent car“ﬂﬁyi_‘ snail ¢

1 Repeat the same exper.i menteﬁf5”f>“‘ re, up t
a cam angle of 360 = § 6

T Plot a graph of displ aceme rﬁ%,};; <) S ' ~cam ang
(For this cam shape, the gr\;L r’ “d be I|in

T Finally, do the same thi
again up to a cam angl e
(This time, the graph sh
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Drive systems usually tranecfar g~
a chain drive or a belt i?
Chain drives handl e high -

at higher temperatures b K
l ubrication.

Belt drives rely on fric‘;
and pulleys and so resul ‘
than chain drives. They
from slip whereas chain wesl

SystemBelt drive

I n this experiment, a belt
bet ween two sets of weights.
joints to create a flexible
upper part of the system.
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Over to you:

T Set up the system shown on the previous page
The diagrams below identify adjustments that

T The fl at surface of the belt should be wrapp

k (

4.5mm is the best dils
from the edge of the

- Qo

t anc
pl as

»

4 |

Rest on this surface

T Hang a |l oad of 2N (200g mass) from the | arge
T Add more and more seoboféihatigenassenstitlo the | oad
speed.

T1n the table in the Student Handout, record

T Repeat this procedure for | oads of 3N (300g)
T Compl ete the table by calculating the mechan

T Next, reverse the system so that it has a ge
T Repeat the above, for | oads of 1.0N, 1.2N, 1
M Calcul ate the mechanical advantage in each c
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