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Wha* vie will learn

! suessyou have alreacy Leer to the playground with
your friends and played on the see-saw ga ne! Have
you ever woncered how did your light friend mianage
to lift a heavier kid without a ioblem? Different types
¢ 1achines and mechanica! systems are all around us
today From a simple clock to a complex rocket, cvery
nachine uses energy to boiform a certain ook, These
devices need (0 L2 energy efficient ari this i made
possib!c with the help of levers and oth 2i simple
nachines iorder to trancfer this encrgy to different
parte of o machine and chaiige their motion we car
connect man [~vers together. In thisway we create
series of levers called “linkages”, wiiich are very
impco i tant it meachine design anc furiciiciality.

The see-civ works on the principle o) levers

This booklet of Discovering STEM: Levers & Linkages contains a corinrel ensive theoretical c2ction with building
challenges 117l interecling facts, so the ™ you lecriall about their applications in daily 'ife. Discover all the scientiiic
principles cpplicd tiirough experimentation, with step by-tep guides and thous it provoking exercises. Follow the
building instructions to Huid exciting models such as a sec-saw, a movai'e weighc scale, a whee barrov =
parking gate, a toy with moving figures, a vaitograph, Peaucelier-Lipkin 21 Hart linkages. A lot iiiore models
2re¢ available online! Finally. Lake the revision ¢z Lo test your new!y ccquired knowledg .

distory ¢f (evecirs and 'inkages

In prefistoric ages, levers were possibly the first tools
used by man for moving large objects. During the
construction of the Great P rariid of Giza (about 250U
BC) the huilclers used “casing stone~s” (cut blocks of
limestone which weighed 2.5 tors each.in order to
rmove these gigantic blocks, as ‘here weren't any
cranes around, ancient tools aiid methods were 1sec
ramps, slides, Lo, rores and of course (cvers. Tie
ancient Groek historian Herodotus mentioned that
over 100,000 peoble (slaves) worked on thic pyramid's
censtruction for a period of more than 20 y-a: .

2 rarmids in Egypt

cvers are described for the Tirst tine in around 200 "‘
BC by the ancient Creck maothematician Archimedes N’
Poppus of Alexandric mientions that Arcliimedes (287-
212 BC) s2ic the following phrase =xpressing the
mathcimatical principle that describes the functionality
o levers "Give me a place to stanic onand | wil' move
the cartn”. The catopult used in ancient tines and the
trebuchet u e in the medieval times “isc vorked on
the principle of levers. The latter was a ciece engine
tha' utilized eravity to launch proieciiies at enemies by
placiiig a large weight or the short end of the
rebuchet's lever =/ (aciinig as a counterweight) “nid
then letting i« rall.

-~ Mode/= ¢ medicyal trebuchets
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Assteam engine

Many scienfic s [iave been working o1 the
develop ment and practical usage of linages
over the lasc 200 years. During this period many
problcims, such as how to cicate a perfect!y
straight line viith riechonical means were
solved. Nev: |irkage inventions were escentiaiin
cloth mcking, power conversion and =pecu
regulotion. They were alsc tsad in many
avplications such a- riechianical computatior,
typewriting anc machining. These applications
are the precurcor of riodern machines cnd
many of theiii have now hcen digitelised and
cpiaced by electronic teciinology.

length mountg
assis. In be

att’s linkaggzmo

Ac far ac litlkages are concerned, even though they are used
in almost any machine now, they were not well uncerstood
until the 12t" century. The Industrial Revoluton (between
the 18t aid th= 19th century) provod to be the golden 22
for the development of linka es. During that time, he Swiss
mathematician Leon ard Euler (1707-1782) made the dirst
efforts for viiderctanding linkage synthiesis. Bt it wasn't
until James ot (1736-1819) a Scollisn mechanical
erigineer, started worliii ¢ o the improvement of the
Jlewconien steam enginc, that linikages gainec o oractical
importance. In his Couble-acting engine he develoyed a
parallel linkage (“\/att'5 linkage”) that v/as able to cause a
steam 2ngine piston to move 1 cn almost straight line

Mechanicc! (ypewriter

Nowaday = we use ievers and linkopes cuite often in
combirat on with other types of siiiiple machines, makin -
our lives muchi easier. Fron complex machines like cranes

and cars to the most simple of devices like scissors -nd nail-

Clippers, almost everything works on the prinicipie ol levers
and their conn«ctions! Furthermore mocern linkage design

continucs Lo advance, and ideas ‘hat used to take days for

an ergineer (o complete are now calculated by computer
within seconds |'owadays, linkages are uscd in many
macnines in a variet, of ways, changing the -peecd, force and
motion of different parts, thus ircreasing inachines’

efficicncy.

Lever crane
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Definiticon of leve:

Aleveris arigid bar(or rod) pivoted about a 'ixed axis
called fulcrum. T-ke a look at the next pictire. The
character i« Using thc lever principle in crder to move
a heavy object, Uy placing a wooden buard under a
sriall rock. The small roci acts as the fulcrum (or
nivot), the large obiect that heis trying to mo e is the
l0ad, while the foice 12 applies to move the obicctis }
called effart. 7.~ cistance from the Tuicrum to the
pointwhere the effortis appli=c is colled effort arm
ond the distance from the Tulcrun to the load is calied
loac arm. You can s-e all thesc elements helow, oo
tiiey are appli=d on an engino constiuciion.

Archinedes is using a lever to move a boulder!

v
Force f,xertec’ RoTCe exerted Classes of levars
vy load ¢ by effoC N Wy
[here are three classes of (evers aiid each clase
depends on the position of the effort (the ‘o ce we
apply), the pocition of the fulcrum and the pocition of
L.oad~ the loacl e are suing to learn about each one in the

pages that follow.

A linkage is the corninination of two or moi« levers of

_ the same or dilferent c ass. These are conrnecicd

= together in orcder (o create a meciianism, which can be
nsec for transferring force o motion from one noint
to another.

Elements of a lever

Doublelevers

Twu levers can he joired together and make & doublc
lever. Scissors 211d nutciackers are exariples of such
levers. Thie two lever arms are conrected togcther by a A oo
joint, allowing wic arms to swivel. In ouner words, =
Jouble leveris considerd as a simple form of linkoge.

Mutcracier (double) Pliers (double)

Phy=icai .aws

Vionient
Now, that we kriow what a lever looks like lct's see how it works Wihen we apply @ orce c :
on a'cver away from the fulcrui we et a rotating ef fect which s called moment (V1) M=Fxs )
This rotat ffectis th Juct of the f F) licd on the lever and the dist
nis rotating effectis the broduct of the force (F) applicd on the lever and ‘he distance
(5) between the force and tiie fulcrum measurad i newton metres (). Formula jor moment (M

“Moment" s & syrionym for “torguc’, which is a basic concept in Phiysics and Engincering. cven though Loth terris
expres: the saine rotating effect, enjineers use the tcrins according to the porticular application. For cxample
"torquc is usually used Lo dascribe a rotationa! 1orce lile a turning screvv-diiver, while "moment’ is ofter used to
lescribe a bending force oiia beam.

’

P |
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Here is 211 exarnpie of this principle with & boy
and a girl playing on a see-saw z2nc. Tne boy
(applying force F.) is heavie than the little gir
(F,). In order to achicve baiance, he site clocer to

the center o' (12 sec-saw (fulcrum), 1t a distance

S,, while the oirl cils at the edge of see-saw, Both
the cffort and the load 21 forces applied on a
lever. Therefore, we have two moments: the
anticlockwise roiment caused by the effort and
the clockwise riiomient caused by the (cad, at a
longer distance S,.

2 . ] .
| =M j'rxs—" XS
iy 2 1 1 2 K9,

Polance of moments: the lc/t-sicle rioment
i< equal to the right-=icdc moment

Mechanical favantage (I'11.-.)

lLevers beiongin the catecory of simple
machines. The ability of a slinple machine to
outputa greator iorce than the inputic called
mechanic| advantage (M.A). Thisis calculated
by civicing the value of the loac to the value of
ne effort and is measured in nure numbers.

<

When tie lcver 5in balance (not rroving e anticlockvice
(leit-cideymomentis e al (o the (right-side) clockwize
torgue (M, = M,). Subscquently, the left product F x5, s
e0tial to theright prodict F, x S,. This forinula expresses the
basic princip 2 Of levers and is called halance i moments.

‘ Load
» Oa
\ [ ] .= I
VA Fffort
—_

Formulo for mechunical advantas e

Velocity Ratio (V.k.)

Lovers make our lives iniuchn easier by chargins the way we
work. Speciiically, leversreduce to a groar exiiit the amount
of effort we riecc to move aload or compiete a difficult tosk

1This may create the notior that we gain somethins out ui
nothing. Can this be truc? Unfortunately no', hecause as the
saying goec "no paiino gain”!

If we ol serve rmore closely we will realize that even thotish o
levei may reduce the copliad effort, at the s=me tinic it
increases the distance ne=ded tor us to app!y thie efiorc This
distance is imuch bigger than the traveing diclorice of the
load. If we corpaie the two dictances we get the velocty
ratio (V.R.). In simple wor i<, the V.. formula (seen below)
stotes thatin order t0 lift a 'oad 2 times bicger than the
effort applied. the efiort must cover a distance 2 times
bigger than the load.

_ Effo r'r: ,_ I__ta nece

v.R.

L = Load's distarice

Formula for velocity ratio

> |
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First-cla<s lever

Force exerted
by \;luiul’t

This s the most common and simple type of ever, in Force
which the suppor point lics between the two em’;
The fulcriin is placeu in the middle, while the input

effortis on une arin and the outnut loau on the other

%Jr

s ) “ifort
You can see all these elcrhenis in the next figure. Th b
mechanical advantage of the lever depends o1 both Load~" ..,.o'
tne distance of the load to the fulcrum anc the clicit : ‘ , ~Eﬂ0ﬂ arm
to the fulcrum on e other side (lod crm and effort ‘ \o% e Fulcrum
arm) The closer the load is tc tie fulcrum, or the ' {b
'Onger we apply our effort irom the fulcrum, the mo 2
mechanical advanta; e is g, =2 . g_\,‘*“
In the following inages you can sce come examples of
first-clasc levers, Take a look 20 the pictures and try to
identify wi ort at appli . .
ideritifzwhere the load, efi «d tulcrum are = pplied N iugram of first-clacs lever
i cach case.
>
>
- N
\ \ ""“‘-\ “‘_'L{J -~
Clow hammer scissors (doub!-) \ - Y 4 ~liers (doub!=) df

\ o : instructions can
p ACha”enf be found online

Movable we s it scale: you can creatc your own fairly accuraie scale with your Engiro modell First, balance
the beam without any weight. This is (/e starting point (zero) and it should be about 7 squarcs irom the fulcrim.
Then, you will need a small object that vou kinow its exact vieight e.g. 100gr. Place it on the loading base ~1id counit
the squcres you need o balance the beam e.g. two rore squares after your starting point. Attach o piece of paper
on vour scale and maie o mearkcat the point of v our refoience weight

Starting noint (zeiro)
Then create ¢ ruler by dividing your piece o paper in
equal = poces, marking each ezt according to your
Orevious neasurement. In our exainple, the first
square from the starting position would be 1001, the
second 200gr, the tihird S00gr and so on Yo can then
divide the<c in <maller distances for more Zccuracy.

Measurement

7O use it simply place an nknown weight and balance
the scale with the moving pait. The indication on the
ruler will be tr = weight of the object.

Bui le weight scale nd jollow the
proc ¢ above on how 2qsure the weight
bjects!

-~ Engino® “movible we ght scale” model
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~ instructions can
€T cratens

Letter scale: | tic/ sLaleis a weicht nieasuring device used 1o weizhing relatively light objects. This type of

>

scaleis deoigiied to be very accurate. as it is capable of measuring the slightest change i1 the weight of an ob =ct.

For that reason, the lettcr ccale i< used mainly in noct
oifices for measuring the veeignt of envelopc: small
packages or othier objacts

Errors in accuracy scales: somictimes mechanical

2ccuracy scales show errors wher measuring we ghis.

This is caused mainly by the riction between the

cilierent parts, which pieventit fror haloncing

correct!y. Frrors can also be caused by the [ollowing:

- _the air of the item is measured.as well;

« teriperature causes expansion of contractior,
ciror in reference weight;

« misallignniernt over time;

« vibrotions and seismic disturbances. Lotter scale
You can c1 own Engino let ollowing
the b uctions found onlirie. Use your scale to
eigh dijjerent light obje 2 you create a mer
er. Place some li 5 on the scale
trace the up! ent of the other
pencil on a (. J paper. You should end up with an ar

‘ shoy irt of circle).

urk the starting | re the scale is baluncing
without any weight. Pluce a small item wn weight
ony 1d mark the positi 2 arc. Then
cre cr by dividing ual distances

18 to the known v

Engino® “letter scale” roduel

- tions can
@I' -hallenge

Lever crane: alev : cranc s a lifting device that is used mainly in poits for long shoring or in construclion sites
for moving larcc and heovy objects. Cran s have 1 large weight on onc <ice, called counterweight, that helps th
crane to balace. Othicrwise it wou!d tip ovel because of the veight difference.

ngino lever cron ind try carryin
with it in orde rength. As you ca
serve, the crane can cairy various objec ing the
principle of . The fulcrum is p! vo pulleys
and 1/ wrapped arotir c at the end of
The effort is app he other end of the
le (in this case we use our nand). For lor s« S,
you should ¢ arts creating a bi
counterwe

Enginc “lever crane” model

>
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