Prod. .o Set

The STEN & Robotics Produino education zcially designec! ~ondary schoo! i of
35 12+ but is id¢ \uer students of and even vc nools and hob Sliicers.
With innovs imental activit 's the core subjectc of STEM and n s into advancec
programm ‘U textual coding. Besides its mairi © er, it embeds ar snal Arduine
pro¢ or that enables projects. The < “5in a conve (C storage tub
s alarge numi! _NGINO® stru technical parts ugii-level of robotic devices
ich as the unic duino controller. It 1125 2 DC motors Vo motor, a tou 5, 21R
sensors, @ color sensor, an ul 2nsor and a gy! accelerometn . Besides the
pros Jle screen, it co iy has a bui! yreadboard fol I your own circuitry.
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@’ Vovable weic nt sLale

First-class lever

| bet all of you have been to the doctor for 2 ¢ =reral chieck-up!
Do you remembeci getiing on a weird cevice with movable
beams arid sonie strange numbers veritter on them? What do
you think is that uevice and how does it work exact!y” Vou ar l
abourt to find out by cairying out the following experiment

st-class lever?

1. Look at your Engino®movalie weight scale” and fili-in the

Materials Needed: boxes with these words: load, effort, fulcrum

- Fngino® STEM ana 2ok oucs PRODUINC
- Beans pehtile: or any other sma!! imaterials,

Procedure:
1. Build thie movaple weight scale model

2. Cuniplete exercises © and 2.

3. Try to bal=nce the nodel with the help of
the moveble pait (Lhe part that contaiiis a
whec!)and count the distornice from the
fulcrum in squares, starting frum the unit
piece near the “ulcrum

4. Now, we will need some small materials to 2. Which one of the three elements (load, fulcrum, effort) of the
put as weights on the scalepan (weighing lever 2hove is placed betwe=n tlie other two? Wiiat class of
nan). These could be pebhies beans, erasers lever is this?

ol even other ©ri7ino parts that are iclucad
inyour se.. Put 3 or 4 of these mateiials o1
the scale ard observe what n=ppens.

2. You will prohab!y see that the balance i- 5. How does a halance heam scale worl?

lost and the =cale is [caning on the scalepar's

side. Pcotore the balance again by aciusting

the nmovah!c weight. e G N LT AWV

5. Place some more rnaterials on the loading

base until it's TUlly loacded and try to balance oo Y an % /BEMSEUISILIEIEISIEIEL > @ &
the beam ag2in. is it possible? Wiy does this
happen’ Answer questior 5 according to

your experimentations. 4. n the following imagc< you can see some exomples of first-
class levers. Tale a ook at the picture: and show with arrows
7. Complet: ~xercise 4. where the l0ad (e effort and the fulcrun are applied.

Claw hammer 5cCissors Pliers

Engii.u “‘movable v 2icht scao2” model




<

N

&\

\ g




nove tfie wheel
to balance the scale!




@‘ Parking gate

Third-class lever

Parkiiig gates are cverywherel They are conveniently positioned
in airports, busiricss buildings, big supcrinarkats and lots of
other place: in order to control who =nters or exits the parking
lot. But Fiow o thiey work? What class of lever are thie aind how
can vwe modify them?

I. Complete the following table according to vour obseivations
Viattials Needed: 11 step 3 of the ex e riment. Use the worc < easiest, easy,
- Fngino® STEM ana R0t uucs PRODUING medium, b2 for the Force (effort) vou apnlied to open the
gate anc shortesg, short, meciuin, long for the distance
(height) that the gate has coveied, [or each positior (1-4).

Procedure: —_— - KN

I
1. Build the nar*ing - ate model, but ¢~ 1 ot Position Force | bistance of the gate
add step £ 5" yoi iry opening the arking 1 (1 NE
gate. Hlow muchi force did you tise’ =/ &a N N\_J |
| 4
2. Now add step © (o the instructions. Try D T AN S Y 1t A NAZ
to open the gatc again, [eeling the amount of 3 |
effort you apply this time. Is it the saine a= B _! ‘
before? T/~ riodel now contains two levers! [0 M PANYY | ==~ AP\ _I
<[\ M\
What classes of levers are they éi . FEEEErteg,,
P— ‘ l F"q: - L
< & Y« |
3. Take a look ¢+ the 2<-=ibly of ster 1 whic! #ﬁb P JnL | :
- - y I~ L
we have juct adaed and note (12t e pulley 7 o *» .a ‘E
is 0/ned af Lhe center of the rod. Miove that 1 2 3 4 3
puliev i positions 1, 2, = and 4 (1s you can e < e
<ce n the picture on the rignt) and try to ¢ '
+o each ti al a -
open the goe cachtime. Canyoufeel (e - ygnze e posiion ofthe P
nce - erto ou ap ! . r 1 ” H
7S\ P >-amount o reyeu apply pulley in these four places Safer” porking gate model
In which position do you need less force?
Cornplclc the table in »xercisc 1 and ansv.cr 2 What do you ob=crve in Lie table above? Vhat i< your
exercise 2. conclusion =Lout the (ziationship betweer force and distance?

4. Now, iet's improve our parking zate cveii s PR g
more! | you look closer, vou vill notice that
tha rod we apply the force orniis protruding
iromone sidc. S0, we nced to move the rod s s s ® g
to reach the same length as the rod above.
This wov the gate will be soi= aiid we can still
open It

3. Find the two types of levers ori your last model and draw
them with simple sketc!iec in the boxes below. Write the typc of
lever 2ind show each elemernt with arrows.

. The solution for thic is simple! Just rmove ( Upper lever 3 f_ Lower lever
the protruding rod five squares o ‘he aft
anc ink botli rods with tha linkage =5 you
can see in the picture on the right.

6. By making (hic simple arrangement you
have managed to change the lever's class for
each rod. Before the change, the above rod 4. 1ow can we change - ciass of a lever?

Wwe s 2 lirst-class lever @na the lower rod was 2

second-class lever. What Class of lever are corrrrrorroomoossr s ot T e e
these roc'c now? Corniplete exercises 5 ano 4.

\Thisis o ..............-class lever This-s 0.t -class lever ,










@’ Leperiment2’ romy

Study ot diiferent cases

Have you ever se-in = car being towed? If yes it must liave been a
dreadful expericiice for the owner | ar suie!l But irom that,
probably you noticed a ramp car lifting the car and taking it away:.
How does thic device manage (o lift heavy cars or obiccis so
easily? Perform the next cxperiment and find out!

Case 1 N
Vat-rials Needed: "‘ \R\ [ Number of beams
- Fngino” STEM and 20t oiics PRODUING .? | [ (R
. } ! v
e
. b \Y
>rocedure:

1. Buiid the mode! of the experimenta'
ramp (igno = case 2 und case 3 steps in page
11). Place your ramp on a high deck, leaving
enough space for the rope to move.

2.In case 1, me-sure the iength of youir raimp
by countirig the number of Engino laige zrey
rods on the top oi the inclined sicle. Write
vour resultin the space niroviced Then, put
one wheel on the hook and cuserve whether
(ne experimental “vesscl” noves up the l
ramp. If not, coniicct another wheal on the S0 Number of wheels
first onic with the help of an crange nuiiey, to P o P ————-"
increase the weight. Repeat the same pas
procadure until the “vessel” starts moving 1ip Case 3 o 7\% ﬁ Number of rods
© ¥

the ramp. Write down the minimur 1 unmber s

of whee's you necd. ‘A b b N :
r \ 7 X

3./ncase 2,add at the end of tlie ramp the r\ %
paits shown in page 11 (case 2). Now yot - s
ramp is longci, but not as steep. Lile before, "
measure the nuripber of Engino beanis and

the minimuin number of viicals needed for
tha “vessel” to start moving o the ramp.

i. e
By
4.Incase: acdorce '/‘?{?

Number of viheels _
Q -

. At which case di he least w eithelvessel
e e\ AT 1. A0 fich case du?:i\)//vohu use the least weight to mak ves
p-ti ! y?
“~i1p the parts shown O\ PF ramp

inp=ge11 (case ).
[low your ramp is even
longer anc s an even
gentler slope. Repeat
the came procedure
4= - afure and write you, 2. Multiply the rumber of wheels used to mcke the vessel move
results inth> 2ppropriate with the number of beams used (shoving the length of the
places. plane) for cach case. What do you chserves

§

Engino® “ov erimental ramp” mod:!










STE Tie one end of the siring in the
top ho'e and bring it dovun the ramp.

.~ B:Passitaround the vessel's pulley
and bring it back o the twp.
STEP C: Lay the string over the ‘wo top
pul'eys and bring it down on the cther
<ide to tic on the hangirg ook

Brin: tiia string down

" {rom the top and pass it
over the two oran e pullevs

ind back to the top.

T el g

Pass the string

through the hool<’s
hole and tie a kot
to secure. k




@’ 0il drill

Relatior ol force and spoer

The use of a cran'c a< ¢ hardle, even though I fias nany
applications, it oes not take advantase of the iuli potential of
the mecharism. However, the oil drilling machine (pumpjach)
uses crainks notas handles, but s parts of the entire ciilling

rmechanism. How? Let’s biild the next model and (ind out!

Matcrials Needed:
- Fngino® STEM ana 2ok oucs PRODUING
- Ruler

Procedure:
1. Build the cil drili model.

2. i this model, there arc two cranks: the
input and the outpu'. [dentify them and write
their name=s in the picture at the bottom

3. For case i, the middle axlc is inserted in
the first hole of both thc outprit and the
supporting cranks (see nuinber 1 in the
picture below). Turr the input crank "caling
the force applied and observing (he speed of
the piston pump. Then, with the help of a
ruler tneasure the maximun: distance which
the piston pumn is moviiig along the vertical
axis (simu'ated by the extendable rod).

4. For case 2, insert (he middie axle in the
second hole o' the cranks (indicated wi'h
number 2) and fuin the input cran’c. Repeat
the <arna observations (specd, force and
cistance). Note that the extendable rod is not
ully inserted in now, so rmeasure the
naximum fravel dictaiice accordingly

5. For case 3, remove the middle axle and
insertitin the third hole of the cranks
(nhidicated with nuiiiher 3) and follow the
same procedure 2 before. Again, be careful!
when taking vour measurement, by placing
your ruler 2t the appropriate point.

i. Complete the following table with your measturemeiits and

comnpare the force and speed for each ca-c.

Hapdles | PistON's | diff LI | Piston's Pump Specd)
| andcie e A —
Cosel 7| pump T
| -Position distance I‘ asy [Medium|Difficult] “low | Miedium| Fast
-1 e
1. |~ |
L
| |_v i S A \[y? |
I 7 | ‘
| 2 i ‘ |
I | |
/4 ) A
& I | ' |
| 3. |".§’§ . | |
|
—_ I S l I — I | - |
2. Look / at the “Handle's column and

Ris 1ip distance” ¢
s about the relationchiip between the
fiandle and the o the piston pumr

3. Now, wri /i your conclus!
bet: 1 the difficulty in t
of the piston puir

s about the relatic
crank (“FORCE™

vrite down your

ition of the

piston pump

Engino® “oil drill” 110c/]









@’ Sciew press

MVeacharcal advantage ¢f <_iews

The extraction of o'ive oil is a procedure occtirring sinice antiquity.
Our ancestors irigenioucly designed olive presses, that were
manually o erated and consisted of a huge vwooden screw that
moved e hig nlate, which then prassea the olives insicle o barrel.
The came principle is epplied even today in modein presses.

Materials Needed: 1. ou complete the > beiow with the innut and
B - |a®s eede sutput forces of screw press mode the space
- Fngino® STEM ana 2of sucs PRODUINC orovided, v Jpes of motions

-Aruler.

rrocedure:
1. Build th= pressmodel. - mEles. (Y TR
2. | sit with your moc2l ana identify the
type of motions t SSEIESE~ \ )7 N\ Y AN T
D2 SCCmpIEEeier 2. Complete the gaps below according (o your measurenm aris ir
SREEIN, L Mo e cace 1 (step 4 of the expe‘rimt nt). Ther calculate the {
/ ' mechanical advantage (VAL of the screw press model by
ately removed fre ‘ ..dSS. Then making use of the fo mula below.

2 your ruler - of string from
your Engino pa i1 urder to mal o
measur nts and calculate nical ©
a Jf the screw pre: L, Intwo 5

T Tttt
4. Fores-a 7 the string and p- screw’s th gth = s mr ength = ............ mm
tightly -ach thread fror uof
» the other. Hol _nds,
i wie string on - rler and measure ), - Screw’s thread R RNg g = M/ )
screw’s thre: hin mm (see pi scraw’
in exercise ~ ineasure the»
screl gain in mm (as i ¢ 3. Complete the formula a11d the gaps below according to youi
nicturc) aiid complets e w3 neasurementsin case 2 (step 5 of the experimicrit). Then
calculate the mechanical acdvantage (M.A.) of the ccicw press
5. Case 2 is ricky. First, we r ‘nodel by making 1se oi the last formiiia.
find out the iicirence of the =crew,
whic'/ - the ratio of screw s ! I length NN\ e - crew's thgegaelaally
ncase 1) tothe ! Jf crests. number of cresis

_stis one com of the teeth.
‘hen we need to i~ _ure the pitch ir ), M.A.= circumference Y
which is tf stance between ! of pitch
ad :tn. The ratio ©f | 0 the

arence is the m .| ~dvantage 4. 2oth answers should be the same if your measurernents

e screw. Cor|ate exercise 3 (usi were taken care ully, because in exerrise 7 the VA of the screw
given forr the conclusion i press is calculated i full scale, whereas in cxeicise 3 is
exercic: calculated by isolating a single thread. Vvrite in the space

provided what the above riechanical advantage practically
means in reference 10 the distances trave!lcc and force applied.










@’ C=ale Bridge«

Coble-stavead and suspei<icn bridge

Truss and arch bridecs are limited in short dictances tnaking
them useless w'icn coniiecting the shores of very wide rivers.
However n odern tochnology allows huge spziis by using cables.

One exainple ui cable bridge s the Rio-Antirio brid ¢ i1 Creece l

extending for 2.5 Km!

Marcrials Needed:
- ngino® STEM ana 2ok uucs PRODUINC

Procedure:
1. Build the calic-stzyed bridge up to crep
12 (before adding the strings). Push down the

decx 1o test ite rigidity.

2. Complete the bricge by adding the strines
asinthelast step in page 27. You can use
one strinz per sice, starting from the grey
part of the pillar, passing it cround the
orange pulleys and finishing on the other
arey part of the opposite pillar. Test the
bridge now anc cornieie exercise 7.

2 n exercise 2, draw the forces acling on the
bridge and the strings. Do vou notice how the
strings transfer the foicc irom the centre of
the bricze ©0 the villars? However teie is 4
problein with this model, as the string: pull
the pillars ‘nwards. Try to think of a way
around this.

4. Dismanile the cable-stayed bridge and
follovs the inctructions to build a inodci of a
suspeiision bridge Thei answer exercises 3
and 4.

The Golden Gate Brid e 1 San Francisco is
an examp!= o] a suspension bridge.

1. Push down the deck o' the Lridge and test it rigidity. Once
you connect the <upporting strings and have thein tightened,
push down e decl again. How strong is the bridge now a5
compared to the previous step and wiy?

2. Draw the forces acting on the
bridge and the Strinigs in the
right figure. Then write below

your soluuon, so that the pillars
stop moving inwards

3. Draw the forces acting on the suspcnsion bridgse mode! in the
image uelow. Write 2 similarities between the tvo types of cable
bridges: cable-staved and cuspension.

4. What are the = major advantages o thic cable oridges as
comparcd Lo truss and arches?













@‘ Folding platforin

Screw and put mechanizm

Cleaiiing window: of (e 21d floor can be a v« y dari cious job!
Indeed, any job i3t requires working i fieight i considered as
dangero! s such herd jobs can be achicved ¢ (Ut easier and safer
by using ‘oldirig piatforms. Thoi hest feature is thet (hey can l
casily lift up people, foid cnd unfold with low effoi !

Materials Needed 1. Write the correct name in cuchi box, either =cirew or nut.
i :

- Fngino® STEM ana 2ok oucs PRODUING
- Empty shoe box.
- Aruler.

Procedure:

1. Ruild the foluing platform rhoc el _° ) . 3
\ gp 2 Vhat types of motiori =11 you dentify on your micdel? Viiite

thelr name next to each arrow,
2. The model use = <-revs and nut ’

mechanism. Identify these 2 main elernents
of that mechianic i1 exercise 1.

2. Pla for a while with v our model, so that
you understand o it works and how the
platform is rais=d. Do cxcicise 2.

4. Firstly, fully fold the platform. Use some
form of weight, like for example an empty
<h0c box, and load it on vour platform.
Measure how many times you turn the crank 3. Fill in the boxes with your measurcments
(crank’s revolutions) until the platform is fully -
raised and opened. Write your results in CRAN .=VOLUTIONS | j

exercise 3.

platfcrmi has raiced. Also how much the nut

. NUT STANCE
move: 2nu complete the rest of exercise 3.

PLATFORM’E GHT |
5. Use a ruler to rneusure the height that the _—)

“. Multiply the crank's rcvoiutions times the nul's distance.

o. Make the =~ poicpriate calculations as
What do vou nbserve?

explained i exarcize 4 and write vour
conc'u-ions.

7. Complete exercisc 5. O ITEL____AR: 7 S | ——













@’ Crune bridee

Relation of force and spcedt
If you ever traveled
Landwasser ral',wy bri f“ge. It was bui't

material: to

Swiss Alps, maybe /ou cainic across the
USing a very impressive
machine back in 1902, In order to transfer thie niecessary

fie top of the bricze, an innovative craiic wes

asseinbled, which operated with pulleys. How dic it work?

Matcrials Needed:
- Fngino® STEM ana 2ok oucs PRODUING
- Smal! hag with sand or beans.

rrocedure:
1. Build the crane oridge mode!.

2. Use o tables to support the bridge, so
that a gap is creat~c. allowing the hook to he
lowered a< far s the “liing goes. Fill 1 sinall
bag with sand or heans and hang it from Lhe
hoo' This wiil be used < loadl.

2. Puttheload on the hook and wind up the
string until it becones tignt. Once the crane
starts nullin 3 the weight, begin rieacuring

the full rotadons of the crark unti! the weight

is litteu completely. Fiil-in the table on the
ghicfor case 1. Remeinier the amount o

force you 2ppiied and the lifting spe-d, so

you cornpare it with the other © cases.

4. Acsemnble the crark of the positions
showing in case: 2, 2 aud 4 (see table) The
numbers in the piclure below indicate the
posit on that the driver pulley need's t0 be
assemuled for each case.
pulleys in such aw=y that thie rubber band is
tight enough 1o transfer the rotation. Note
that the follower puiiey is always on the axie
appropriate

which winds up the string
umber for

each case i j

5 Compsre cach case by marking the
appiupriate boxes for forca and lifting spees
Then complete crercises 2 and 3.

Place the ariver
pulley in the

Ty 1o assemble the

I. Complete the followinz table with your meastremerits and
cbservations. Write, in the Tirst row, the nuiiber of crank
revolutions for each Case until the weighit is completely lifted.
Put a2 checkmarkin the appropriate cell of the table regarcing
the difficuity 'n turning the craic 214 the speed by wiiich the
load i lifted.

Case 4

Large

FOLLOWER ﬂ
! ULLEY Ly

DRIVER
[ PULLEY

bo— -

URIVER PULLEY'S
REVO! U0

[

q

Easy

l.___

Medium

FO! CE

(difficulty it rotat

Difficult (

Most difficult |

_——— e —— —— —

Fastest |

Fast L

Mediim

| Slow I— {
| S S S — ——————————

2. Look at the “FURCE" row and the “L!- 111G SPEED" row of (h
table and writa your conclusion: regarding to the relationship
betveen the force applied and the liiting speed of the load

|
|

LIFTING
SPEED

3. Remove the lorge pulley, the crank and the rubler band from
the mode! Assemble the crank on the top axle of the small
pulley (see icon) su that you can directly turn the axle to wind

o the string. Do you fea! any difference? How many revolutions
are needed?













@‘ \Wlieelbarrow

Second-clzss lever

Have you ever heard o 2 wheelbarrow race? I i @ £aine in which
teams of two p'ayers race each other Orie mernLer of the team
plays the role of the driver and hold: on to Lhe other member’s
ankles who ruves upside dow it with his hands! The (2o that l
reaches the finishing line first wins.

g wheel-ba

I. Look at the picture below of & boy using a wheelbariow and

Mater % " . p
atcrials Needed fill-in the boxes witii these words: load. e fort, fulcrum.

- Engino STEM & Rchotics iviini.
- Beans. rocls o any other small ma ericls

Procedure:
i. Build the wheciba row model.

2. You have just built yourself a usefu!

carving device! Use your model a bit to carry

your erasers, sha ocners and pencils that /A
you have lving “round on your desk. Car you L

identify vihere th= effort, the load and the _ ) ﬁ
fulerum aic acting on your wheelbarrow?

Complete exercises 1 211d 2.

2. Which one of the three cleinents (load, fulcrum, effort) of the
3. Now, load th~ wi el row with the lever above i< placed between the cffier two?
materia's (hat you have gathe e [or this
e pcriment (rocks, beans etc), but riiake sure
that they do not fall cut of it. You can place - ey o\ PR
thern all inside a smal! nylon bag first, if vou

like. Then try to nove your loaded rmodel,
feeling the effort that you apply. 3. How can we improve a wheelbarrow dcvice, so that we can

carry morc load with less ciiort (write three possible

4. Y01 cain make your model even better 211! nodifications)?

carry much more load it you make some

small arrancements with the rest of vour

Engino parts. Can you think of any? Wrrit@ —  «rremsrrmrssmmmes s e
them i cxercise 3, keenirg i mind that you
arz dealing with a l=ver whichi works on the

principle of Mo enis. . Next you can sce soriie examples of sccond-class levers. Tal«e
a look at the pictures and show with arrows where the load, the
. Vvt hea nnli | ine
5.Cc.1 1 lete exercise 4. effort and the fulcrum are applied in cach case.

Nutcracker

ngino “wieelbarrow” moc el NE




r——
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Axle as o nulley

Since ancient time:, wells vere used for fetching watci. This work
was done by siring a bucket inside th o well and bringing it up to
the surface using a simple elevation systern. Here, we are not

going to 1ise our cngino well for setting water, but for

eperimenting!

Marcrials Needed:
- Fngino® STEM & koho'ics PRO.

Procedure:

1. Build the well model. When you tie the
rope o the hook and around the axle inzke
suie that you leave enouch length i rope
(fromi tioor to tab'c) to | ft the “bucket”.

2. Place your model hetween two decks or

chairs, aliowirg the “bucket” to clovate freely.

Pl5y ¢ bit with your mocdel in order to
understand how the mecharism works, by
wurning the whel.

3. Next, lower the “bucket” as much as
possible and turn the wheel until it reaches
the top of the well. Count thie wurns you
needed for this tcsk and complete the fight
table, for case 1. in order to make your
counting easier, mark a point on the wheel
with a percil or pen, countiiig cvery time it
completes a full circle. VWhile you turn the
wheel, feel thic 2ifort you need to !t Liie
“buck-t

4. For case 2, untie ‘hc rope from the axle
and remove the two pieccs shown below the
table. This way the ax/e will become thiirner.
Tie the rope Lack to its place and repeat the
nrocedure as before, completing Lie rest of
the taple, for number of turnis and effort.

Engino “well” model

1. Complete the following tab!c according to vour obseivations
from the experimernit In the “turns” colurn vrite the number
of turns and i the “cffort” column write the words easy o
difficult, comparing the amount of effort you applied.

Case Type of axle Turns Effort

Thick axle

Thin cxle ;
b )
) et ‘5.’

| a(’

N

:
| |

- il — S

X2 Qw Remove these pieces 'rom the axle for case 2
o

2. What conclusion can be extracted rrom your observations
above regarding the relationship between number of turns,
effort and thickness of the ax/e?

2.join the pictures with ihe Correct sentences. Fachi picture
should be connecicd with two sentences, one on the left and
one on the right.

Easy ° S — . Vieaium
-ffort ' X = speed
Hard ] ) Slow
Effort i speed
Medium < ¢ rast
Effort speed













