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Transformation of Energy:
Distinction between Heat and Temperature

and temperalura.

| understand and would be able to describe the froiationship hetween heat

Explanation of Concept(s);

Haat s & form of anergy. Whersas temperature is a measurs of heat, Temperalure ig the

average kinetlc energy of particles.

TF wa have 50ml of walsr in a beaker versus 500ml of water in a larger beakar and they are bath
at the same temperatura, the larger container has more hest energy due to ila greatsr mass.

Multiple Cheice
1. What Is a femperature a measure of?

@) The number of particles

b) Tha amount of matter in an objact

¢} The movement of paiticles

A} The relationship between the volume and mass of a liquid

Constructed Response Quastion

¥. Heatand P are often

ly used interchangeably. Describe the

difference between heat and temperature at the molecular level,

Answors
e
2. Haar (s tharmal snargy thet is iansfared
eneryy of particles; I i @ Measora of hest.

s =

from one cbjec! to another. Tomparatura is the avarage kinatc

e
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Mechanical Engineering: Linking of Mechanical Parts

{ would be able to recognize and describe the characteristics of the links in
a technical object (direct or indirect, rigid or flexible, removable or

permanent, partial or complete}

Explanation of Concepl{g)

1. A link holds twe or more parts of the same iachnlcal objact together. In mechanics, a
compenent is 8 part or fluid that performs a mechanlcal function. Linking is the
mechanical funcifon performed by any component that connects different parsof a

tachnical object.

2. Every link displays four basic charactedstics;

two parts from moving independently
of one ancther

direct indirect
two parts held together without a OR. | a linking component Is reguired to hold
linking component the two parts logether
rigld flexible
the linking component or surface of | OR |the linklng component or susface of
the linked parts are rigid the linked paris can be deformed
removahfe non-removable
the linked parts can be separated oR the linked parts cannot be separated
without damaging elther their without damaging either their surfaces
surfaces or the linking component or the linking compeonent
complate partial
the linking component prevents the R the linklng component allows the two

paris o move independently from one
another
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Practice Questions

1. State the four cf Istics of the link bet

image below.

a)

Page 144

1 the components identified in sach

Direct or indirect

Completa or Partial
Remmovable or Non-remavable
Rigid or Flgxlble

Direct or Indirect

Complete or Partial
Remavable ar Non-removable
Rigid or Flexible

Dirsct or Indirect

Complete or Partial
Remavable or Non-removable
Rigid or Flexible

Answers:

1. &) Indivect, complate, Non-ramovatis, Agid
b} Dirac, complets, rarmvabis, rigid
©] Divact, eampleta, ramaveble, right

'Working Document =

Page ?H



PoL: Tochrogizal Wordd BS el i

Mechanical Engineering: Linking of Mechanical Parts

! woutd be able ko datermine the charactaristics of links that are most
suitable in the design of a technical object

Explanation of Concept{s)

1. When objecis contain two or more parts, engineers must determine how lo connact
these par's. When designing an object which will require links in Its construction,
how the object operates will determine the cholce of link selected.

Example:

The two blades of the scizsors must be
linked in a way that allows the blades
to slide over each other, but not to
separate. In this case, a rivet was
chesen as a linking component. The
rivet provides a link which is bla,
indirect, rigld and non-removabla.

1--— ' s
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Mechanical Engineerlng: Linking of Mechanical Parts

{would be able to judge the choice of assembly solutions in a technical
object

Explanation of Concapi{s)

1. While engineers are desipning technical objects, they must judge the appropriate choice for
the materials used to Initfally construct the cbject and what 1o use to link the oompanents
together.

Example:

Assambly Solutions for A Wheaibarrow

o To allow for maximum durabllity,
: one plece of metal (s chosen for
the wheelbarow Iray. The tray is
welded to the metal brace to
allow for a Hgid and permanent
link.

* Abolt is used to link the wheel
’m with the axle bracket, This
allows for the wheel to be
removed and replaced If
necessary as well as for the
mavement of the wheel,

Practice Questions
1. Explain the cholce to assemble an upright bookshelf with nails instead of screws,

Anzwers:
1. The chaoice to use nails to assemble an varight bookshell could ba for iha folfawing reasons:
Tha bookaiall is meant to bie permanently assambiad withodf e need lo ba taken spar, nais am fasier i ves.

rTE——————
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Praclice Questions

1. A metel shelf reeds to be permanently attached to a mstal fame, YWhich finking
component should be used to secura the shelf fo the frame?
a Glue
b. Nail
€. Screw
d. Rivet

]

. Insida a hockey helmel thare Is & layer of flexble padding te protect the player's
head. It is held In place with glue. What are the ch istics of the link b
the pacding and the helmet? Explaln each characteristic.

Answars:

EA)

2. Iodiact fghua Is needed In link tha two companants)
Compiats {padding is held i place - na Beiwsen the twa
Non-removable (ghie is used - o separsla ihe iwo componenis wil damage them)
Rigi {The padding ls fexidis, but the Bk botweon he padding and the hetmat 55 rigid)
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Mechanical Engineering: Guiding Control

| understand and would be able to explain the choice of a type of guiding
contrl in a technical object (e.g. the siide guides a drawer and reduces
friction)

Explanation of Concapt{s)

1. Guiding is the mechanical function performed by any componant that controls the
motion of one or more moving paris. A guiding component ar control Is a compenent
whosa mechanical function Is 1o guide the mation of maving parts.

2. There are three main forms of gulding: translational, rotational and halical.
1. Translational guidance ensuras a straight translational metion of a moving

part.

|
Jl
2 R

window s opened.

A track at the top andd bottom of the
window frame allows the
H translational guiding when the
— d

ot ! guidance ther motion of a moving part.

The axle attached to the bicyde
frame guides the wheel in a
rotational motion.

3. Helical guidance ensures the translational motion of a moving part while it
rotates about the same axis.

Threads inside the frame of the
C-damp control the helical
guiding of the threaded shank.
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Practice Questionz
1. Which of the following Is not a type of guiding control?
a. Translational
b. Sasl
€. Helical
d. Rotaticnal

2. State the main type of guiding control for sach ftem below.

Answers:

2. a. fmlical
b. transistonal
¢. ranatational
d. rotaiioral
&. hakcal
i mimfianal

T
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Practice Questions
1. Friclion gears operate on the concept of using friction between at least two whaels.
Which of the following is false?
a. Friction gears are economical.
b. They can be used to transmit motion of paris that are closa together.
c. They &ra non-reversible.
d. The touching whesls move in opposite diractions.

2. If gear A ls tuming Clockwise and is transmitting its motion throughout this friction
gear system, what direction will gear D be tuming in?

A B [+ D

a. Clockwlse

b. It be luming the same direction like wheel A

c. |t will be turning the same direction like wheel C
4, Counter clockwise

Answers:
1c
4
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Mechanlcal Engineering: Motion Transmission Systems

{ understand the construction and characteristics of friction gears
(wheels} as a molion transmission system.

Explanation of Concept{s)
1. Characleristics of Friction Gear Systams;
* Wheels that do NOT have testh.

= Wheels mave because of the friction between them due to direct contact,

= Used to transmit rotalional motion between two of more parts that are close
together.

* Wheel direction is opposite depanding on the placing of wheals {See image)

+ Easler to put together, costs less to make.

= Disadvantage is that the gears can slip.

* (an reverse mation.

n

. Constructlon of Friciion Gear Systems:
* Larger the diameter of tha gaar the slower the rotation.
* Material used to make the gear needs to be high friction llke rubber,
* Can boe positicned along parallel, perpendicular or other rotational axes
depending on the need.

3. Symbols for Friction Gears

Frictlon Gears {slde by side)
¥
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Mechanical Engineering: Motion Transmission Systems

I understand the construction and characteristics of belf and pulley as &
mofion transmission system

Explanation of Conceptis)
1. Characteristics of Beit and Pulley Systems

Atieast 2 wheels are connecied together by a belt.

* Whesls are toothless and therefore called pulleys.

* Ara used to ransmit rotatlonal motion betwssn parts that are farther apart.

* When more than two pullays are used, only the pulley that touches the sama sida
of the belt will turn in the same direction. (Sea image)

Can revarse motion.

2. Construction of Belt and Pullay Systems
* In oeder for the pulley system o work the pulley must contain a groove that
allows the belt to st smoothly and securely in it.
* The belt must also skick to or adhere to the pulley to avoid slipping.
* The larger the putley, the slowsr it tums.

3. Symbal for Belt and Pulley Systems
I

]
OMcE
Practice Questions
1. Belt and pulley systems use a bell to connect at least two pulleys together. Which of
the following is false?
A, Bell and pulley systems are used to transmit motlon between parts that
are farther apart.
b. The smaller the pulley the slower it tums.
¢. Only the pulleys that touch the same side of the belt wif tum in the same
diraction.
d. The motlon can be reversed.
A small hillslde vilage has discovered a fresh water spring and wishes to pump the
water up fo the surface, Into & bottling plant. A local engineer has developed a
simple pump. As the molor spins, a puliey belt rotates a pulley wheel. A connecting
rod then pushes a plunger downwards. Water rises through holes in the plunger and
as the plunger rises water is lifted to the water spout, wherp it pours out, This cycle
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of avents continues until the motor is turmed off. Answer the following questions
based on the dlagram below.
a. Asthe motor and pufley wheel spin, how fast will the pulley whee! spin in
relatlon to the firat wheel?
b. Explain why the belt and pulley system Is an advantagacus choice to this
simple solution for a water pump.

Arswars:

18

2 . Tha puliay whesi wit 50 slowsr in ralation o the mator drfvar: puliey whoed. Tha larger Ihe puisy the siower If
sping,

b. Thera are several componsnis in s inverifion that naad fo wark logether. Tha moter and connecting rod ere
two key paris to s assembly, 0s suck they rsed to e connacted 10 cish oher and the bast solution is & balt
and pufley systam bacause the motor end connecting rod are companents thel ara farthar apart ffom oach othar.
O pllay wit be attached fo m-m.qndmeuumhm.mnnemgm With tha help of v bek, the malion of
the mator is saslly imnafemad o the pulay aftached o the matian of the
M::wmmhlommrmmmummmgm-mm

e e e e n —— ax—m

w” —=
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2. For the following image, what diraction will the largest gear turn if the first gear on
the left is turning in a counter clockwise direction?

s i
A

a. Clockwise
b. Counter Clockwise

o
mn
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Mechanical Enginesring: Motion Transmission Systems

! understand the construction and characteristics of gear assembly (gear
trains) as a motion ransmission system

Explanatlon or CDnnept(s)

. Ch of Gear A ly S
At least two gears that meet and fit perfectly into one ancther.
* Slippage betwaen gears prevented by interlocking Gear teeth
Usad to ransmit motion between parls that are close together.
Can reverse motion.

.

2. Construction of Gear Assembly Systems

»  Fartha two or more gears io work logether, the teeth of each gear nead to be the
same size, shaps, directlon (straight or helical) and must be equally spaced out.
The pesltioning of the gears can vary: Parallel (Straight Gears are used) ,
perpendicular (Bevel Gears are used). (See Image},
The more teeth there are on a gear, the slower the rolation speed and vice versa.
+ The smaller the dlameter of the gear, tha faster the rotatlon and vica versa.

3. Symbal for Gear Assembly Systems

H)
Practice Questions

1. Gear traing are used to transmit motion between ohjects that are close together.
Which of tha following stalemants is false?
a. The teath of efther gear can be of differant shapes in the same system.
b. The testh guarantes much less slipping between the parts,
¢. The more teeth there ara in a gear the slowsr It turns.
d. The less teeth there are In a gear the faster it lums.

W L T—— —— -

=
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Mechanical Engineering: Motion Transmission Systems

| understand the consfruction and characteristics of sprocket wheels and
chain as a mation transmission system

Explanation of Concept{s)
1. Characteristics of Sprocket Wheels and Ghain Syslems

* The taeth on the sprockets muat be Identical as ONE chaln must fit on sl
sprockets in the system.
The links In the chain are designed o fit securely on the teeth of the sprockets.
This system requires lubrication such as grease or oil on a regular basis to avoid
wear and tear,
The larger the spmocket the siower it tums and vice versa.

2. Gonstruction of Sprocket Wheels and Chain Systems

* The Ieeth on the sprockets must ba identical as ONE chain must fit on all
sprockets in the system.
The finks In the chain are designed 1o fit secursly cn the leeth of the sprockats,
This system requires lubrication such as grease o oll on a regular basis to avold
wear and tear.
The larger the sprocket the slower it uma and vice versa.

3. Symbol for Sprocket Wheels and Chaln Systams

SOmos
Practice Questions

1. Chain and sprocket systems are used 1o link gears that are separated by distance.
Which of the following statements is false?
a. The chain must {it directly into the gear testh in ordar for the sysiem to
work.
b. The system raquires lubrication In erder to maintain is sfficlency.
€. The larger the sprocket the slower it tuma.
d. The smaller the sprocket the slower & tums.

-———
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2. If gear Als uming counter clockwiss, x -
indicate the corract combination of answers | =
that Indlcate the direction all the nther grars L]
are rotating,

Gear A Gear B Geor C Gear D
TRy ™y | . 2.
Bl | & | | oy
RS '
M| | M o

3. When going up a steep hifl an a bicycle, why should the smallest
driver gear be selected?

Answara:

o

20

3. The chak shauid be on (he amallest possible tiva gaar, This: arnatior gear wil raquire legs fomus fo he moiated:
This wil aow tha biiver to pedal mor but would (ake loa: foroe/sifor to go up the Al
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a. Why do you think a wheel and worm sysiem was chosen for this part?
b. i the snow blower user decides to tum the chute manually, the motion
transmission system coutd be damagad. Explain why.

Answers:

1A

2 & Aworm gaar was chosar for this system becauss the part isel, the shule, doas nof require that much range of
molian nor doas it nsed (a tom with gras! spaod, Ax a resot, the diver of e smow blawer can ham a crank Hat is
eitachad io tha warm componanl 10 dowly direct tha chuta i the dradlion desind,
b i wil browk hecaude @ wieel and worm gear aystem is 5o stong bath in lorqua and taeth inferwoven strenglh
that itis nal designed 1o reveras the motion. As 2 result, ey forus i the oppasila direction could result iz
dapiage.

= by E—
Working Document Page 162

Pal_Technaloghal Word B4 1. |
.

- ———FT

Mechanical Enginearing: Motion Transmisslon Systems

{ understand the construction and characteristics of wheel and worm gear
as a molion transmission system

Explanation of Concept{s)
1. Characteristics of Wheel and Wom Gear Systems
* Made from a single worm (screw) that rotates. This motion is transmitied to one
or more wheel gears.
* The worm can tum continuously.
*  Movement is very slow however.
+ Motion CANNOT be reversed.

2. Construction of Wheel and Worm Gear Systems
* The groove on the worm (screw component) must fit the wheel gear teeth so that
they fit logether and motion is possible.

* The drive companent ig ahvays the wom and this is what makes this system
non-revarsible.

3. Symbal for Whael and Worm Gear Systems

Practice Questions.
1. Worm and wheel gear systems are used tn greally reduce the speed of systams.
Which of the following statement is true?
a. The motfon cannot ba reversed and if it Is forced it could break the
system.
b. The teath do nol have to match up because the pleces ganeralty look
different from each other.
¢ The worm hes limitad %rning capabilities. It eventually stops,
d. The movement is very fast in thls system.

2. The Image balow shows the motion transmission system that Is used to diract the
chute of a snow blower.
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Mechanical Engineerlng: Motion Transmission Systems

{ am familiar with the symbols for the above five (5) systems

Explanation of Concept{s)
1. Symbols for Motion Transmisslon Systems

Friction Gaars o

Bett and Pulley

Gear Traln

Chain and Sprocket

i

1
Wheel and Worm Gear @';
r ;
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Practice Questiona.

1. Look at the motion transmission systems betow and identify the anes whose
rotational motions are corectly illustrated.

2. Among the metlon transmissian systems below, identify those whosa rotational
motions are correctly illustrated.

I3

Answars:
1. Bond C
2 BandD
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Practice Questions
1. Explain why a worm and worm gear system s used to turn a snow blower chute
rather than friction gears.

Answers:
1. Worm gear systams sliow for a siow méation which s what /8 necessary for iim chuta of a snow blowar. n
sdcivon, bacause the snow can shoot oul the opening at a high force & /8 imperative that B strong molians
syutam that is fbfa be usad for (hix job. Friction geers can shp, they are mvarvibla
thersfore Br8 nof tha syzlam for this job,

— r =
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Mechanical Engineering: Motlon Transmission Systems

I would be able to explain the choice of a motion transmission system in a
technical object

e.g., Using a gear assembly rather than friction gears to get beiter engine
forque and avoid slipping

Explanation of Concept{s)

1. Several mation transmission systema hava been craated in arder to complete
differant tasks. In some situations, a comblnation of these transmission systems is
used together. In the englneering process, one must consider which transmission
systems are necessary and more advantageous than others when making a
tachnological object. Being able to identify and explain these advantages involves
the understanding of each of these systems. {For an explanation of these
systems refer back to friction gears, belt and pulley, gear trains, chain and
sprocket and worm end wornt gear sysitems).

3
%
s

Example:

A person riding thae bicycls Is regularly putting preasure on the pedals which drive
the chain and sprocket. Engineers have chosen a chain and sprocket system
because of this constant force. The fact that the teeth of the gears fit parfectly into
the chaln Is what help the chain stay on the sprockets and allow the rider to simply
uss the bike. If a belt and pulley system was used, sillpping would occur and even
the sirength of the rubber beit wouk! not survive the constant force from the driver.

'Wurking Daocument Page 1‘6?
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Mechanical Engineering: Motion Transformation Systems

I understand the construction and characteristics of screw gear system
as a motion transformation system

Explanation of Concept(g)
1. Cheracleristics and Canstructlon of Screw Gear Systems
= Ascrew gear, also known as a worm gea, |s a gear consisling of a spirally
threaded shaft and a wheel with marginal teeth that mesh Ino it.
= There are two types of screw gear systems that can transform motion from
rotational — translatienal.

Type 1:

«  The screw is the driver that tranaforms rotational motion into ir nal motion.
Tha nut, attacher to the screw, must connact in a way that does not allow it to
rotate Independently from the screw.

Type 2:
* Thenut ia the driver that fransforms rofational motion Into translationat mofior.
The nut must be fixed in a way that only allows for rotation.

2, Symbol for Screw Gear Systems
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Practice Quastions
1. Which of the examples below is a Type 1 scraw gear system?
a. A jack for lifiing cars.
b. Awrench
¢. Gears of a clock
d. Plktons of a car

2. State the driver component for type 1 and type 2 screw gear systerns.

Answers:

1A

2. Type 1: The atrew
Tvpa 2: The od
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Mechanical Engineering: Motion Transformation Systems

! understand the construction and characteristics of connecting rods as a
motion transformation system

Explanation of Conceptis)
1. Char fistles and G lon of Connecting Rod Systems
* A connecting rod acts as a link for transmitting motion from the crank Lo the slide.
Together with the crank, they form a simple rnechanism that convaris
transiational metion into rotational motion. Connecting rods aliow for revarsibility,
able to convert i motion into translati moetlon,

2. Symbol for Connecting Rod Systermns

—

¥ - .
——
Crank—— .ﬁ;—‘- Slida

Practics Questions Rod
1. Which of the following is a true statement about connecting rods?
a, Acennecting red is attached 1o only ane moving machanism.
b. A connecting rod can aliow for reversibillty In a systam
. A connecting rod Is always needed to tranaform rotatlonal to translational
motion,
¢. A connecting rod can funclion without being attached to the system.

2. Explain the pumpose of the tonnecting rod in a motion transformation system.

Answers:

T8

2 Tha pivpage of the connecting rod is [o atiach ona end 10 a Mochanism thal rofetes fexarmple & ek} 1o enother
mecharizm thal movas jo a kneer motion (exampls a piaton}

S pyp— ira—
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Mechanlcal Engineering: Motion Transformation Systems

1 understand the construction and characteristics of cams as a motion
transformation system

Explanation of Concapt{s)
1. Characteristics and Construction of Cam Systems
* Acamis a rotating machanism used especially In transforming rotational motlon
to trans{atlonal motian,
= Acamand follower Is formad by the direct contact of two mechanisms. The
driver parl is callad the carn and the part that is driven through the: direct contact
of their surfaces is celled the folfower. The shape of the contacting surfaces of
the cam and follower determines the movement of the mechanism.

2. Symboal for Cam Systems.

Practice Questions

1. Acam and follower system tranaforms the rotational motion of a cam Into the
reciprocating transiational motion of a fellower. Which cam below would not alkw for
both cleckwisa and counter-clockwise motion?

@ € 0

WOrs:
10
g e——— o - = = ¢ b R L
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Mechanlcal Engineering: Motion Transformation Systems

I understand the construction and tharacteristics of shides as a motion
transformation system

Explanation of Concept{s)
1. Ch istics and Gor ion of Slide Systems
*+ Slides can gllow for the iransformation of linear motion to rotaticnal motion and
vice-versa.

2. Symbel for Slide Systems

Crank and Slide Lever and Slide
-

]

Practlce Questions
1. Which statement is false about slides?
a. Slides allow for different types of translational motion.
b. Shdas are an example of a connecting rod.
c. Slides never allow for reversibility of motion.
d. Slides connect two machanisms 1o transfarm mation from ona to another.

2. Slides can often ba seen on the side of old locomotives. Explaln the &
purpose for the slide on the locomoftive.

Answers:
1
2. Tha shda on ths 's whaals afos th of freer mation o ralafianal motian of the whas!
#ong the track.
e TR T —— - —]
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Mechanical Engineering: Motion Transformatlen Systems

I understand the construction and characteristics of cranks as a motion
fransformafion system

Explanation of Concept{s)
1. Gl istics and G of Crank Systems.

* Cranks are similar 1o a simple cam. They convert rotational motion inte
transiational motion (up and down metion) or vice verse. The diffierence batween
cranks and cams s that cranks only ever work in a rotational motion and only
have one diive action per revolution,

The crank shaft bath supports the crank and rotates it.

Practice Questions
1. Which of the following Is not an example of a mechanism that uses a crank to
transform mnotion?
a. A wishing well
b. Internal combustion engine
€. Awrench
d. A winch

2. Exglain the difference hetween a crank and a cain.

Mwmrsc 3

1

2. The diference balween tranks snd cams is that cranks oply ever work jn a rolatisnel motion and orly have one
drive gciion per ravolulion.

b e g - - -
Worklng Documant Page 172

Pal. Technolgical*Workd B 311, I

Mechanical Engineering: Motion Transformation Systams

understand the construction and characteristics of rack-and-pinion drive
as & motfion transformation system

Explanation of Concept{s}
1. Charactaristics and Construction of Rack-and-Pinion Drive Systems

* Rack and pinion Is a type of mechanism that is comprised of a pair of gears
which convert rotational motion into translational motion. A circular gear called
“the pinion” engages teath on a linear "gear” bar called "the rack”.
A rack and pinion system Is reversible.
Rotational motion applied to the plnion cawses the rack 1o move, thereby
transforming the rotatlonal motion of the pinion inte the translational motion of the
rack. Tha linear motion of the rack can cause the pinfon 1o rotate, trangforming
finear motlen Into rotatienal mofion.

2. Symbol for Rack-and-Finion Drive Systems
A

Practice Questions

1. If the pinion in the diagram below rotates in a clockwlse direction, in which dirsction
does the rack move?

Answars;
1. Totheish
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Mechanical Engineering: Motion Transformation Systems

{ understand the construction and characteristics of rotating slider crank
mechanisms a5 a motion transformatfion system

Explanatian of Concaptis)
1. Characleristics and Conatruction of Rotating $lider Crank Mechanism Systems
* Slider-crank mechanlsms involve both rotational and translatienal motion. For
most of these mechanlsms, a crank rotales at consiant speed in arder to
repestadly move an object in a linear motion to perform seme task. This device Is
a simple way to convert rotational motion to translatlonal motion and has the
ability to be reversible.
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Mechanlcal Engineering: Motlon Transformation Systems

1 am familiar with the symbols for the above seven (7) systems

Explanation of Concept{s}
1. Symbols for Mation Transformation Systams
" TRANSFORBATION OF MOTION: Hack and piies

Meachankal aclian that chanpes the nutura of mallon
i (rotatian b trenskalion. franadolion ko mtstion)

CCrankand siide T T T T T e and rack
I

Cam and foller

k Serew and nut Screw and nut
H =

e

i Screw and nul f E Crank and skde
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Mechanical Engineering: Motion Transformatlon Systems

{ would be able to explain the choice of 8 motion transformation system in
a technical object

e.g., Most car jacks use & screw gear system rather than a rack-and-pinion
systemn, because the force of the arm on the small crank provides mare
force and becauss, given that it is nonreversible, the sysfem is safer

Explanation of Concept{s)
1. When observing the mation tr watlon system of a objact
must judge the appropriate choice for the use and construction of the systams used.

Example:

The steerirg calumn connected to the pinion allows the
rotation of the steering wheel to transmit motion to the i
wheels via the rack. E

Practice Questions
1. ¥eu are asked to construct a mechanism that can allow for an object to transfamm
motion from translational to rotational. Which of the following systems could be
used?
a, Rack and pinion system
b. Screw gear system
c. Friction gears
d. Cam and followar system

< What is the purposs of the spring in this cam system? 3

Answers:
1A
2 The spring ensures the constant pressae of the foRaWEr on e surfaca of the cam.
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Practice Questions
1. For which o the following systams will the Gear 2 tum more quickly than the Gear

o ¢

2. Howis it possible to increase the speed of rotation in a worm gear system?

Amtvears:
1A

2. Tha bagt Wiy fo inrease the spend i @ worm and whas! fransmission system ks to have § gear that Is smalorin
clameler anciar & gear thal kas fewar tocth. A smalier diameter nafuratiy akes ie8g tvia to moeke ona Al rolation
ard fow ieth mewns s lime lmving 6ach footh rest wih this respactive part on e worrn componant,
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Mechanical Engineering: Speed Changes

| understend how systems can be ussd fo allow for speed changes in the
design of technical abjacts

Explanation of Concept{s)
1. Cause of Spead Charges
* Speed Change occurs in a motion transmission system when the driver does not
tum at the same speed as the driven comp of comp For 1
when the diameter of the gears in a friction gear system are different,

Remamber;

* Driver (Driving) Component: The componant that recelves the force needed for

the system to start werking and in most cases continue to work.

Driven Component: This compenent recsives the motion from the driver

compenent and tranafers it to another part,

LR fiate C It is found b 1 the driver and drivan component.
“Note that not all systems have this.

nN

. Factors that affect Spesd Changes
* The change of speed In motion transmission systems depends on:
o Gear diametar
o MNumber of tasth

Example:
To increase the speed in a friction gear system, motien is transmitted from one gear

1o ancther gear of smaller diameter. The driver gaar wilk turn more slowly than the
driven gear.
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Electrical Engineering: Power Supply

1 understand and can use the definition of power supply as "the abillty to
generate electrical current’

Explanation of Concept{s)
1. Power supply is the abllity o ganerata electrical cursent, such as a battery.

Practice Quastions
1. A circuit has many components. Which of the foflowing componenis ganerates
slectrical current?
a. Power supply
b. Ammeter
c. Voltmater
d. Switch

2. Thera are two types of electric drills. One has a baftery whila the other has to be
plugged Into an slectrical cutlet. Explain how a battery and an elactrical outlet can be
classified as power supplies in a circult,

Answers:
1A
2. The battery and alactical oullet both provide cwrent st afow the slairons ta Raw firough a il

e - m—
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Electrical Engineering; Power Supply

i would be able fo understand snd determine the source of current in
tachnical objects with an electrical circuit (e.g. ehemical battery, soiar ceff,
alternalor, thermacoupls, piezoelectric)

Explanation of Concept{s)
1. Sources of Enargy:

Chemical battery: Chemical reactions inside the battery transfonm chemical
energy into efectrical energy.

Piezoslactric: Mechanical energy from vibrating crystals is trangformed into
electrical energy. Piezoelsctric crystals are found in clocks, timers, lighters, ulira
sound devices and speakers.

Soiar cells: When sunflght hits the solar cells an imbalance of slactrons is
produced causing an electrlc current. Therefore solar snergy is transformed
alectrical energy.

Alternator: The mechanical energy of a rotating electromagnet is transformed into
elactrical enargy.

Themocouple: Thermal energy is transformed into electrical energy. A

ther ple is a sensor. Examples include digital food thermometers, fridge
thermometer, gas sloves and heaters.

Practice Questions
1. Abattery is 8 power source used in everyday objects. Which of the following objects
doas not use a chemical battery as a powar suppfy?
a. Flashlight
b. Portable speakers
©. Toaster
d. Laptop

2, A piezoslectric quartz watch uses the vibratlen of crystals to keep track of time.
Which type of energy transformation occurs In this system?
a. Chemical energy Into electrical energy
b. Sclar energy into electrlcal snergy
€. Magnatic enargy lnlo slectrical energy
d. Mechanlcal enargy Inte electrical energy

v - . -
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Electrical Engineering: Conduction, Insulation and Protection

! understand and can use the definition of conduction as the ‘ability to
conduct eleciricity’

Explanation of Concept(s}
1. Conduction is the ability to conduct electricity. It allows the currentielactions to flow
through a materlal, such as a metal.

Practice Questions
1. Conduction plays an important part in an electrieal circult, Which of the following
does NOT describe conduction?
a. The flow of current through a swiich
b. The flow of current through a wire
<. The flow of electrons through a wire
d. The ability to prevent the current from flowing

2. The pracedure for a Iab an electricity states that the wires connecting the switch
must touch the metal part and not the plastic part of the switch. Why is it Important to
connect the wire to the switch correctiy?

Answars:
1o

2. Conduction Is the abiity 1o aifow the curant ta flow. The current can fow trowgh 1is whe and ihe metal because
they ara conduiors, bul wif nof be able to faw through the plastic part of the snich bacavge plasht s an
insutatar,
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3. Paul's calculator screen is dull whan he sits in his llving room where thera is littls
light. When he walks into a welHit room, the screen becomes brighter. What is the
source of currant In hia caicuiator?

Answors!

ic

20

3. Solar cof

e = TR TR —— TET S N e
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Electrical Engineering: Conduction, Insulation and Protection

! would be able fo distinguish batween electrical conductors and insulators
in & technical object

Explanation of Concept{s)
1. Conductors vs. Insulators
* Conductors: Substances that allow current to flow through tham. Examples of
goed conductors are melals and electralytic solutions.
* Insulators: Substances that do not allow curent to pass through them. Examples
of good insulators are wood, plastics, paper, rubber, glass and ceramies.

Practice Questions
1. Insulators are used In electronic toys, What material could a manufacturer use o
insulate a part of a loy?

|. Plastic

ii. Ceramic
lli. Metsl

iv. Cardboard
¥. Glass

& i ii,iv
b |,
C.
d

L i, v
L LI v, v
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2. You are asked fo build a cireuit that will lighl up one light bulb with a swilch. You
have no wires avallable. The only materials in the classroom are listed betow,

Chalk

Carboard
Woeden spoon

Meta] knlfe
Plastic fork

Nall

Ceramic coaster

Paperclip

Which of the above matcrials eould be used 1o complete the circuit? Explain your
answer.

3. An ammetar is used to maasure the currant Intensity; a vol the
potential ditference in a clrcuit. Why do the knobs on an ammeter and a volmater
have plastic casings over the metal components?

Answers:

i C

2. Tha maferials that cauld be user lo mpiace the broken wire ane the melal knfe, nad e papsiclip. They are e
mad ot of metel and am good conductors. They aff witl aflow the curait o fow fiough them.

3. Tha plasiic casing sovars e metal companen! bacsige it is an insulator, it doss nal allow tha curresl lo fow
through &. Tharefore, when you fouch tha knobs the current wit sol transfsr to you ard you wil not gel an slecric
shock.
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Electrical Engineering: Conduction, Insulation and Protection

1 understand and would be abla to anslyze the factors that affect electrical
conductivily (section, length, nature, temperature of conducfor)

Explanation of Concepts)
1. Factors that Aftect Electrical Conductivity:
* The conduciivily of a substance (how well It conducts) depends on the type of
material, length, diameler and the temperature of the conductor.

The conduclivily of a conducting wire can be increased by:

Increasing the diameter of the wire

* Decreasing the temperature of the wire

* Decreasing the length of the wira

+ Changing the lype of material {copper Is one of the best and most affordable
materjalg)

Practice Questions
1. The eonductivity of a wire in an efectrical toy needs o be decreased. What shoutd
the electrical engineers do the wire?
i. Increase the length
ii. Increase the diameter
lii, Decreass the length
iv. Decrease the diameter

a il

b. i lv

c li, 1

d. i, iv
= S A ==
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Electrical Engineering: Conduction, Insulation and Protectlon

! can dascribe the role of a protective device in a circuit (fuse, breaker)

Explanatton of Cohcept{s)
1. Rale of Fuses and Braakers

* Fuses and broakers are used o protect eisctrical circuits. A high current intensity
can result In a power surge which can damage slactrical devices in a clrouit
and/or cause a flre. The protective components will then automatically cut off the
flow of electrons (cumrent) whan there |s too much of It passing through.

2. Fuses vs. Breakers

* Fuses: Contain a thin wire that melts and breaks tha clrcuit when there is too
much current. The fuse needs to be replaced to restors the clrcult.

* Breakers: Contain a thin metal strip. When too much current pasaes through the
breaker the metal becomes hot and bends. The metal is no longer in contact with
the clrcuit and the cument cannot pass through the breaker. Breakers can be
used multipla times. By resetting the switch on a breaker the metal etrip Is
returned to its origlral position and the current Is restorad.

Practice Quastions
1. Fuses and breakers are used in all buildings. What is the function of a fuse and
breaker?
a. Centrol the flaw of the cumrent
b. Pravent the cutrent from flowing
c. Automatlcally cut tha cument
d. Allow the current to flow in a circuit

2. Holly just bought a very old house. Her electriclan inspacts the house and tells her
that the electrical circult in the kitchen Is unsafe. identify and describe a component
that the slectrician might ingert into the circuit to make it safer,

Answars:

¢

2 The ol hould i fumes or breakers b e will stop tha faw of the surrent whan (Kere /s oo
musch, If the alectrician doss notingtal @ fuse or @ breaker the wims wif botome very hol and can ceuss § fim.
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2. Which of the following copper wires in the table below has the best conductivity?
Explain your answer.

Propertles of diffarent wires
Wire Length Dlameter Temperature
A 10m 2 mm 2550
8 10m 3 mm 09C
[+ 20m 2mm 07C
D 20m 3mm 5°C
Answars:
1.8
2. Wie 8 would hisve e highest conductily. i has ihe siorfest fengls, widss! dismeler and th ivast
af of which inoroaeo
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Electrical Engineering: Control

{ inderstand and can use the definition of control as the ‘ability to
control the travel of electrical current’

PoL: Tachnokdgical Warld G.cll b

Electrical Engineering: Control

Explanation of Concepl{s)
1. Explanation of Control:
A control is also known as a switch. When a switch is closed, currant can flow
through the circuit. When the swilch is open, the curent's pathway Is broken and
cannot flow through the clrcuit.

Practite Questions
1. Contrels play ar important rofe In eladtrical enginesring. Which of the following
statement DOES NOT cerrectly describe a contra!?
a. A contral is another word for switch
b. A control regulates the sfectrical current in 2 circuit
¢, A control can be open or closad
d. A control regulates the speed of electrens in a circult

2. A switch is a component of a circuit. Why is a switch is ¢lassified as a control?

Anwars:

1D

2 Aconural i the abiity fo control the travel of sfectricel curent. i Is afsa caled @ sifch, Wian 8 swich is clasad
current can flow throagh tha chcal, Whan Ba Switch is opan the current's pathway ia brokan and cannof fiow
trough the chrcat,

L= - —
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2. Your grandfather has vary had arthritis and has trouble using a thumb and index
finger 1o fum on his light bacause his light switches are all levers. His doctor
ds he ch his light switches to flip flap or push buttons. Explain why
theses switches would make it easler for your grandfather to turn on and off his
lights.

Avawers:

1A

2 Levar swliches require a person lo uae wa fingers fofum an 8 ighl, The grandfomer woukd fave o hoid on o ihe
Jovar awitch for & longar tima than a fip flop becauss 8 isvar has 40 rotafe in an arc molion fo fum olf and on,
Whet yau push on push buiton swich the melal comes i confact with the wirsa of the ciouf. A fip flop switch
you wsa red fo push and the fop ard ballem side Fock up or dosn. Turming & Mp flop drd.a push bulton only
requiras ons fingar.
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{ would be abls to describe different types of switches (lever, pushbution,
fiip-flop, magnetic controf)

Explanation of Concepi{s)
1. Types of Switches:

* A lever switch is an electrical switch controlled by a mechanically moving arm
through a smalf arc.

* A push button switch completes an electric circuit when pressed. Push button
swilches can be found in computer keyboards {power butten), doorbells, and
calculators.

* Aflip-flop switch {rocker gwitch) is an on/off switch that rocks {back and forth)
when pressed. One slde of the awltch is raised whila the other slde is lowered. A
flip-flop switch can be found on a power bar,

A magneti¢ switch has two places of metal that are separated by a gap. When
the swilch is near a magnetic field, the two pieces of metal coma in eontact with
each other to close the tircuit and allow the current to pass through it. A
magnetic swilch can ba found home alarms on doors and windows.

Practice Questions
1. Inwhich of the situations below i3 current flowing through the circuit?

i. The magretlc swiich i closed in the presence of a maghelic field
i.. The magnetic swiich is opan In the presencs of a magnetic fleld
#i The flip-flep switch Is closed in a dreuit.

iv. The filp-flop swilch is open in a dircuit.

a. f,ji

b Iv

& i, i

d. i, iv
L — —
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Electrical Engineering: Transformation of Energy

I would be able to identify and explain the transformation of energy in
different components of a clrouit

©.g., Butbs fransform eloctrical energy into light and heat

Explanation of Concept{s)
1. Electrical energy can e transformed Into light energy, sound energy, mechanical
energy or tharmal energy.

F : Batteries 1 chi | energy inte electrical energy.

Practice Questions
1. Abattery transforms chemical energy into elecirical enargy. Which of the following
components of a circuit transforms energy?

l. LED light
ii. swltch
iit, batlery

Iv. wires

2 A doorbell for the hearing impaired produces 3 sound and tums on a light. Explain
the type of energy transformations that occur in this systern.

Answarg:

18

2. A doorbai tmnsfars olectivel energy inlo sound ensry. The fight of the doorelf wif tanafer slecirical energy fo
Sght onecgy.

B~ e b - *
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Electrical Engineering: Transformatlon of Energy

{ would be sbie to describe the energy transformstions that take place in
elactrical or electronic appliances

e.g., In a ceil phone, electricity Is transformed into light for the display and
vibrations for the sound

Explanation of Concept{s)
1. Energy Transfermatiots in Electrical/Elactronic Devices
« Electronlcs and slectrical appliances fransform electrical energy into other
forms of energy depending on the davica used in the system.

Electrical Energy can be transformed Into:
* Light {luminous) Energy

* Saund Energy

* Mechanical (movement) Energy

* Themnal {heat) Energy.

Practica Questions

1. Electrical energy in a fan is transformed into:
a. Sound energy
b. Mechanical energy
c. Thermal energy

d. Light energy

_ ]
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Materials: Constraints

| can understand and define a constraint as ‘an external force
(shearing, compression, deflection, forsion and tension) that is
exerted on material and that has a tendency to deform them’

e.g., A diving board is subject to deflection

e.g., The fop of a beam is subject to compression

Explanation of Concept{s)
1. Explanation of Constrainta:
« Tha parts of a technologlcal cbject may be subjected to one or more external
forcas.
* These forces can deform the parts.

2. Types of Constraints and Thair Symbols:

Type of Deacription Symbol Examples
Constralnt

Forces that tend Crushing a can.
Compression |to crush it = <= Squeezing a wet sponge.

Forces that tend Copper being stretched
Tension 1o stretch it. <—r—I» |Intowire.

Tug of war.

Forces that tend Hands wringing a towel,

Torsfor 1o twist it. Earthquake twisting a
/ bridge.

Farces that tend Fish bending a fishing rod.

Deflection to bend it. Clothes pushing down on
g g a clothesline.

Forces that tend Scissors cutting paper,

Shearing to cut. :prA:'
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2. Identify the transformations that occur In each of the appliances listed below as
electrical energy is transformed Into other forms of energy.

Appllanca | Useful ene u e of apphiance] | Other form{s) of enargy
TV, Light, sound Thermal

Toaster

Flashlight

Blendar

Hairdryer

Radic

Anawers:

1.8

2
|Appitines [ Uswfuf enarqy (ruspose of spofjsnce) | Otiver of en

TV Lighr, saurnd Thermal

Toastar Thermal, Mechanice! Light

Flashight Lighi Tharmat

Blancar Machapical Sound, Thermel

Hairdryar Tlremnal, Mechanical Sowrd

Radip Saund, Light Themel
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Practice Questions

1. The following image is an example of what type of Constraint?
ﬂ
2. The following image is an example of what type of constraint?

- e

i

a. Compression
b. Tarslon

c. Deflaction
d. Tenslon

a. Compression
b. Torsion

t. Deflection
d. Tenslon

3. When building a tall structure like a skyscraper, enginaers have 1o take into

cor fon the many that the building will ba aubjected to. What
constraints do you think a skyscraper would have to endure?

Answers:
1c
28
3 A tel bufiding vndergoos deffection. The kighar e Sulkding the mara & ootk fo deal with wind 5o the materiaia
UsedwbuﬁdﬂiiMﬂMgnﬂﬁdloMséﬂnlmaNﬁmmmhwklhnﬂ!lhmm

Compression. The waight of i the malarialg ustd i conatruction subjecs the enfin babding i a rogufar dagrae
of camprassion,
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Materials: Characteristlcs of Mechanical Properties Materials: Other Propertles

{ understand and can define certain machanlcal properties of materials:

I tand and define certal ies of materials
duclility, hardness, elasticity, fragility, malleability, resilience and stiffness unders i can ain properties of matari

Explanation of Concept{s)
1. Explanaticn of A i

-5 Prop
* There are several types of materlals, all with their own advantages and Other Properties
disadvantages. There i no material that s perfact, As a result, il is an engineers Resistance to Corrosion | Abllity to resist the effects of cormosive substances,
responsibility to select the appropriate materlal(s) when building a technological WMW
object, Tha mechanical properties of a material describe how it reacts when m z
subjected te orie or more constraints and this is what needs to be teken intp

consideration when buliding an object. Practice Questions {refers to previous 2 statemants)
* Example: A sponge will retumn to fts original shape after it has undergone torsion, 1. What mechanical properties were desired when choosing malerials for a hard-hat?

Electrical Conducti
Thermal Conductivil

2. Types of Mechanical Properties

Mechanical Proparty Definition
Hardness Abillty to resist indentation {nicks) or abrasion
(scratches).
Elasticity Ability to retum 1o thelr original shapes after
undergoing a constraint.
Regilisnce Ability to reslst shocks without breaking.
Ductility Ablllty to be stralched wilhout breaking.
Malleablity Ability to be flattanad or bent without breaking.
Stiffness Abllity to retain thelr shapes when subjected to various
constraints.
Answers:
7. The purposs of a hafmet is (0 profoct the waanr from any dangers. The mech3nical proparties invalved in the
choica of material ane.
v Hardnass: 7o svoid og much aa possible any scraiches or dents.
' Rasitence: in cass of shocks or Impacd, the hakmel neads to sfey ntact without freaking (0 protaef the
wean
Stiffnass: The halmal naads ta Aokt & thape wheo i ix confronied wih smeny consirsints agam ta
profect tha wasmsr.
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Materials: Other Properties

1 would he abie to understand and explain the choice of a material based
on ifs properties

e.g., The malieability of aluminum makes i usefuf for making thin-wallad
containers

Explanation of Concept{s)

1. Matevials used In construction of technical objects have different properties.
When choesing a material for an object, the forces or constrainis the object will be
subjectad to will help determine which materlal is most sultabls.

Examples:

* Siealis selected for the construciion of manhole covers because it is malleable,
hard and resistant.

+ Gopper ig sel d for tha of electrical cables. In additicn to being
conductive, it is highly ductile, allowing it to be drawn into long wires and cables.

*  Glass is salected for tha cover of fire alarms. The fragility of the glass allows It to
be broken easlly so the fire alamm can be accessed.

Practice Questions
1. John wants to bulld a go-cart in order to enter a raca taking place this summer. What
meterial(s} should he use for each of the parts listed balow? Explain your anawer,

a. Wheels
b. Body Frame
¢. Seats
Answers:
1. a The wheels shaukd ba mads of ni:ber in the plestice calegory. The material nesds o b Strong axoug: o resist
2. Why would a homeowner chocse & cerarmic floor in the kitchen and bathroam rather Frigtion dua f driving ef fast speads. i also needs fa be ably i0.gvip the asphalt and provids as smocth e rids &5
than a wooden floox? pogsibia. f must aiso be sasly changesble in cazw of damaga or Atwdant. Plastic provides these cplions bast

b. The bady frame ghould be mada of akiminu due to s madeabilly and igtiweight proparies. This witf afto
the ga-cert to go faslar becaues R is ighiwaight and the melferbilty afows tha buider 16 bend the structume
apcording (0 their vision for the final product.

& The galt should be made of composias becauss the covering of tha seal showd be made with wiyf or soma
2ot of plastic bt ushion i for comfort diving and going over bumpa in the road.
AMatal is uspd als0 bz make the xhape of Hie sal 20 8 compasie /& necossary envompassing ai these materials.

2 Caramf; floors in the kilchen and bathrooms e ideal bacause thaso rooms daul with watsr. Wood would rat ¥ it
was mxposed & water avar a knger porfod of tme wih ic does o sbsorh water, can be aasiy cleaned
¥ mxposed to wafer and can fest 8 &g fime.

= T - ¥ —"
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Materials: Modification of Propaerties

f would be able describe different treatments fo prevent degradation of
materials

e.g., metal painting, antirust trealmenis, painting

Explanation of Concept{s)
1. Explanation of Reasons for Degradation Prevention:

* Wood and Modified Wood, Ceramics, Metals and Alloys, Plastics and
Composites make up the categories of materials. However, over fime they can
degrade. As a result, several techniques and treatments have been designed to
help pravent degradation and allow the malerial last longer.

2. Tachniques Used to Pravent Degradations:
*  Woaod and Modified Wood:
o Varnish
o Palnt
o Treatment with a special protective coating like an alkaline solution that
contains copper {Turns the wood blulsh).
ing it o high t

o
» Ceramica:
o Heating
o Coating them in enamel & protective coating
o Avoiding exposing them to acids, basaes and thermal shock
o Note: Ceramics are generally very durable. They are even found in
archeoleglcal digs.
#  Moetals and Alloys:
o Goeating the metal with treatments.
¢ Moetallic Coatings: zinc, chrome, gold, silver, nickel. aluminum, lsad
o Other Coatings: paint, enamel, grease, resin
o Exposing ta high heat to make the material harder llke stesl
= Plastics:
o Protecting the plastic with waterproof coatings
o Adding antioxidants like carbon to prevent oxidation
o Adding pigments that absorb UV rays

o
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Graphical Language: Explodad View

{ can interpret an exploded view drawing of & technical obfect

Explanation of concept:

Undarsianding how an objert s menufaciured is important when it comas to the actual building
process. Therefore, properly it ing an drawing (labeled explodad view) is
criticall

Ba sura to raad the lagend (list of labelad componants) ia which all informalion about itsme.
used to buile the shject is included.

eg, Exploded view of a C-Clamp.
The legend indicates the name and quantity of each numbered pari. In this example, there is
onfy one of each part.

Exploded View of a C-clamp
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Exploded View Assembly, Steven Cambs, Flickr,
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= Composites:
o Two main problems with compositas that isad to degradation are
uefutmation and loss of adherence petween the matertals,
o To pravent degradation agaln depends on the materials used in making
the composite and applying the protection to the material.

Practice Questions
1. You are thinklng of building of a deck In your backyard. You ook at a neighbor's
deck and sea that it |s discolored and rotten in certain places.
a. How can you explain the state of your nelghbor's deck?
b. How could you prevent your deck from looking lika your neighbor's?

Answers:
T. & The naighbor's deck is ascolorad and rollon due o the fact thet the wood was rof traated againet posxibie
degradalion. Ax 3 /RS, rolfing occwrad.
. Wood haends fo ba sesiad with vamish cr a wealir iraatiasl o prolong tha #e spar of the wood aspacially f it
wilf ba exposed fo harsk climate condtons and Mary forms of precipRation.
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Graphical Language: Standards and Representations

I can Identify and use force and motion symbols.

Motion and Force Symbols
i Motion ~ i Force
Motion |s characterized by the change in !Fome refers to the capacly to act or
the posilion of a body relative to another, ' produce an effect or any action that
swhich is celled an inerfial or non-imerlis! | changes a body's state of rest or molion.
foferance systom. H
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« Recilinear ranslation in lwo Force that tends Lo SQUEEZE the
rectians €—2> | bodios or PUSH them.

-1 /“ Forca thal tends 1o TWIST bodees.
1 Force that tands 1o SPLIT bodies,
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