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Shape and space

Mathematicsis primarily involved withhe identificationof patterns in the behaviour of
data and the use dhese patternan problem solving Thiswill often involve numbersbut
in many important situationsve are interested in théehaviourand propertieof shapes.
Working withshapes canincreasespatal awareness in twaoand threedimensionsand can
develop mathematical skills geometry and trigopnometry. In addition, themsay be
opportunities forapplying wider mathematicaéchniques, such agatiosfor converting
scalespr algebrafor transformngshapes In this chapter, we examine various practical
numeracyapplicationsnvolving the mathematics of shape and space

Chapel conversion

Students in construction, desigmd technology, and computing can benefit from
experiencen the use ofarchitectural computer aided desigsoftware. Various CAD
systems suitable for students are available. Here, we describe the use of ArchiCAD
(Graphisoft, 2008a, 2008b) in producingsigns for theconversion of a disused chapel
building into a family house.

Architectural CAD systenaperateby assemblinga collection osolidshapeswhich are
positionedin three-dimensional space to represent the building and its components. From
the collection of shapes, the software is able to construct plans, elevations or-three
dimensional models as required by the user. Particular components of the building, such as
a roof, wall or floor, can be made transparent so that internal details @fstructure are

visible.

Complex components of the building can be constructed from simple shapes. This involves
the application of logic operations on solid shapes.d@monstratethis process, consider

two shapes, a cylinder and a cube, which have their centres at the same point in three
dimensional space:
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Figurel18 Solid shapes
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The shapes can be combined in different ways:

1 A logical ORperation produces
a shape which includes all of th
original cylinder and cube:

1 A logical AND operation leaves Y
only the central area in which f-- ’
the cylinder and cube overlap E
with one another: !

1

Two different logical NOT
operations are possible.

9 In thefirst, we obtain all areas O
of the cube which are not also
in the cylinder. This creates a
hole through the cube:

1 Inthe second, we obtain all (( )
areas of the cylinder which are

not also in the cube. This ! !
leaves just the two ends of the N
original cylinder:

Figure119: Logic operations on the solid shapes

By a combination of these operations, complex building components caoristructed

The design of huildingbegins with the layout of the site. €hocationmay be flat and
level, but often a building will be constructed on a sloping sitee software allows a series
of spot heights to benteredfrom a topographic survey of the site. Software then
interpolates between the known points to produce a contedirsurface. The building
foundation slab can then be positioned, as in figu2®.1
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ArchiCAD

Figure120: Contoured model of the site, including the positioning of the building

Exterior and internal walls may be added to the foundation skabritering their
dimensions. The software allows the selection of a range of standard wall structures, but
customised structuresan alsde build upfrom bricks, blocks, concrete, insulation or other

materials.

ArchiCAD

Figurel21l: Layout of external walls, with details of wall structure

Standard doors and windows are provided, but again it is possible to construct custom
doors and windows using panels, glazing bars and other components (fig@je 1
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Figurel22: Creating a custom window

ArchiCAD

A particularly important feature of architectural CAD systems is that complex building
shapes can be represented, so that the creativity of the architect is not limited.

ArchiCAD

Figurel23: A nonstandard building design, developed ¢gometricaland logical operations on solid shapes

A final stage in the design may be to add furniture and fittings to the interior, to assist the
architect and their clients in visualising the completed boddi
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The exerciseve describe herénvolvesa building conversioproject, in which the layout of
a former chapel building was modified by the insertion of an internal floor and staircase,
construction of internal walls, and addition of a new kitcheression at the rear of the

property.

Architect's drawings were provided, with dimensions either directly specified or available by
scale measurement.
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Figure124: Architect's drawings for the chapel conversion

Using ArchiCAD softwarthe topography of the sloping site was created and the foundation
slabs of the building were added at their appropriate elevations.
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External and internal wallsere then added, selecting appropriate construction materials.
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Figurel25: Input of external and internal walls

The software allows the display of the solid model at each stage. Switching to elevation
views allows the shapes of walls to be modified, for example wtierdront wall of the
chapel rises to theidge line of the roof.
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Figurel26 Solid model after adding external and internal walls
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Roofs, windows and doors are added. Custom components were assembled according to

the details shown on the architect's drawings.
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Figurel27: Roofs, windows and doors added to the model

The final stages of the model construction were to add external and internal features
including porches, stairways, bathroom and kitchen fittings.
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Figurel28 Addition of architectural details to the bdihg
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Curves in building construction

The componentef the chapel describeth the previous section were all created from flat
surfaces, but it is not uncommon for curves to be used in building designs: for example in
domes or arches. At different periods in history, and amongst different cultures, particular
curved shapes haveskn favoured for the windows and doorwaysaafstles churchesor

other important buildings. The carpenters and masons who created these buildings used
standard geometrical techniques to lay out the curves.

Amongst the more advanced practical skills taughcarpentry students are methods for
constructing curved door and window frames of various desighsse @signs have to be
produced as a bench template for cutting the timber componemts.an example, students
can investigate the construction method foffador arch:

1 Two circles are drawn toreatethe requiredwidth for the arch

1 A square is constructed, with the distance between the circle centres as one side

1 The mid-point of the bottom edge CIbf the squareis used as a centre for
constructing the uppearcs to complete the arch.

Figurel30 Ogee arch
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Figurel31l: Geometrical construction for an ogee arch
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A useful practical application of geometry is to determine theius of an existingircular
arch, for example when renovations are carried out.

www.thisiscarpentry. com/2012/01/06/C|rculdnasedarchespart-ll

Figurel32: Technique for determining the radius of a circular arch
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1 A piece of wood is measured, andntgd-point is marked. The length of the
wood is recorded as a value called RUN. The wood is placed so that its two ends
touch the arch.

1 A square is positioned at the mmbint of the wood, and is used to measure the
perpendicular distance from the top dace of the wood to the arch. This gives a
value called RISE.

The radius of the arch can then be calculated using the formula:
1 6¢

i Qi 0
i HQQ6 icc
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This expression can be verified in the following way:
/T\
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Figurel33: Derivation of the arch radius formula
Letting: the radius of the ardber
the RUN of the piece of wood2sa.
the RISE is

By Pythagoras' theorem:

i W
But r=b+c
Rearranging: c=r-b
Substituting for ¢ gis: [ N A

Expanding the square term: i O 1 oo
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Cancelling% A O o
Hence: i —

Substituting: run = 2a, rise=b gives:

ITE i Qi 0
looQQG.c ol 0

Another interesting application of curve geometry ishkirickwork. Examples includie
construction of circular walls for towers, and serpentine boundary wadide up from
multiple curved panelsThere may be gactical requirements$o calculat quantities of
materialsfor curved brickwork, antb use geometrical techniques laying out the curves
on site.

Bricks may be Id using different bonds, depending on wher a single or double thickness
is required for the walljammett and Morton, 1991):

Stretcher bond English bond Flemish bond Stack bond

Figurel34: Brick bonds

Problems can arise if standard rectangular bricks are used for curved walls of small radius,
and specialist bricks with curved faces axilable:

Figurel35: Specialist curved bricks: stretcher (left) and header (right)
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Serpentine wallgan be a particularly attractive feature of garderi®&eames (2012)
discusses serpentine walls constructedha early 180G at the University of Virginia, USA.
Interestingly, he curved pattern was chosexs a means of saving money. The curved wall
has greater stability, so can be constructed with only a single thickness of brick, in
comparison to a straight wall which wouléquire a double thickness or the addition of
strengthening pillars at intervals along the wall.

Figurel36 Serpentine wall

Laying outa serpentine wall requires the accurate positioning of the centres of the
successive curves, on eithgde of the median linéA simple and practical technique used
by builders at the University of Virginia was to lay out right angled triangles along the
median line of the wall, using lengths of 3, 4 and 5 feet:

5ft 5ft

3ft
medianline

4 ft 4 ft 4 ft 4 ft

5 ft 3ft 51t

Figure137: Geometrical construction for the serpentine wall
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Thearcsfor the wall line can now be laid out by means afteng of length 5 feet, using the

points P and Q as centres. The procedure can be repeated along the median line of the wall
to produce the necessary number airvedbays

median line

—_———

Figurel38: Laying out the line of the serpentine wall

It can be shown by trigonometry that each curve of the wall makes an angle of

approximately 53with the median line. Since thenglesof approach are equal, the wall
will appear as a continuous smooth curve.

For the general case, Hammett and Morton (1991) provide formulae linking the radius
depth D, pitchL, centre line length, thickness, and angle of curvature:

D = Depth of wall

| = Centre
% i e Neutral axis of w?l_! sl line length of
> e 7 the wall

: o

I >
~. e o
r e AR \
1t = Thickness
of wall

R = Radius to centre line of wall

Pitch = L

Figure139: Parameters for a serpentingall
[ T n w aiy °
| =4 R, where is measured in radians

D=2R(gcos )+t
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It isuseful for construction students to develop spreadsheets which allow the easy
calculation ofthe parametersneededduring the planning and laying out of curved
brickwork.For a serpentine wall:

1 The wall thickness would be decided by the construction method and brick bond
1 The depth of the wall and the pitch of the curve would be known from the site plan.

The radius of arve can then be calculated. It is important that a correct radius is used, to
ensure that the curve sections othe wallblend smoothly without any angular
discontinuity.

Industrialarchaeologyite recording

In various course may be necessary tmake accurate surveys of

] areas of landfor example measuring the shape and slope profile of a

Uﬁ: constructionsite, or measuring the cross profile of a river channel in a
geography projectln this section, we examirngirveyingechniques

F using simple sweying equipment

:ﬂﬁ Alevel can be used to measure changes in height. This instrument

] allows the surveyor to identify a point on a graduated staff at the
same elevation as the axis of the viewing telescope.

[l
%N

Il:
E
]
3

Figure140: Survey level andraduated staff

The survey begins by selecting a solid reference point which can be used as a datum, to
which all height measurements can fdated. The datum might, for example, be the top of
a brick wall or large boulder.
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The level is set up on itgpod. The graduated staff is positioned with its base on the datum
point, and a height reading is made.

2.35

datum point

A series of further points can then be surveyed. In each case, the megglihgon the staff
is recorded.

1.45

1.85
1.60 =

A

At some stage, it may become necessary to move the level to a new location. When this is
done,aheight measurement takeshould be taken for the previously recorded survey

point. This will allow aalculation of the relative heights of the sight lines for the different
positions of the level. Further points can then be surveyed

2.20
3.45
E
~
F

Figurel4l: Sequence of measurements during a survey by levell
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It is importantto record survey results systematically so that no errors are made in
processing the data. A tabular format has been developed for recording levelling data
(University of ManchesteR016) as shown in figure4R. Readings for the example survey
are show:

Back Inter- Fore Rise Fall Reduced | Distance | Remarks
sight mediate | sight level

2.35 6.3 | datum
2.50 8.4 | point A

2.15 7.9 | point B

1.60 9.2 | point C

1.85 8.3 | point D

2.20 1.45 6.9 | point E
3.45 10.4| point F

Figurel42: Field data for the levelling survey

At each location of the level, the first reading taken is calledbidiek sight The last reading
taken before the level is moved to its next location is calledftihe sight Any additional
readings taken while the level is in a particular location are recordectersnediate
readings

Each row in the table refers to a particular survey point. The height of point E was
measured twice, with the level in different locatioakng the transect line. Both fore sight
and back sight heights are therefore recorded.

The distances between successive survey points along the transect line are measured by
tape and recorded in thdistancecolumn.

The data can then be processed to daténe the actual heights of the survey pointd/e
will assume that the datum point is at a height of 100m above sea l@Vya.back sight on
the datum point gave a staff reading of 2.35m.

Back Inter- Fore Rise Fall Reduced | Distance | Remarks
sight mediate | sight level

2.35 100.00 6.3 | datum
2.50 0.15 99.85 8.4 | point A

2.15 0.35 100.20 7.9 | point B

1.60 0.55 100.75 9.2 | point C

1.85 0.25 100.50 8.3 | point D

2.20 1.45 0.40 100.90 6.9 | point E
3.45 1.25 99.65 10.4| point F

Figurel43: Calculation of the elevations of survey points
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The first survey point A gave a height reading of 2.50m. There is a difference in elevation of
0.15m compared to theack sight reading on th@atum point. A larger reading on the
measuring staff re@sents a lower ground level, so this figure is recorded irfaleolumn

of the table Applying a fall of 0.15m to the datum height gives a new elevation of 99.85m,
which is recorded in theeduced levelkcolumn for point A.

Point B was surveyed nexthe staff reading was 2.15m, compared to a reading of 2.50m
for the previous point AThis represents a difference in elevation of 0.35m, but this time
the ground has risen between survey points. The result is recorded nistheolumn, and
applied tothe previous elevation of point A to obtain the new reduced level value of
100.20m.

The calculation proceeds in the same way up to point E, where the location of the level was
changed. We start a new sequence of calculations at poirittfe staff readingf 3.45m at

F iscompaedwith the back sight reading on point E of 2.20showinga fall of 1.25m This
differencecan be subtracted from the reduced level at point E to obtain the new elevation

at point F.

Once all elevations have been calculated,@ugd profile can be plotted using the
horizontal distances measured between the survey points.

The levelling technique described above is suitable for obtaining the ground profile along a
singletransect line: for example, across a beach and sand durtersys a coastal
geomorphology study. Often, however, an accurate plan or map of a land area also needs
to be produced. For this, the techniquetaingulationis suitable.

The area to be mapped is marked out as a series of large triangles usingyrpobgs, as in
the beach survey illustrated in figurd3. A side of one triangle is taken abase line and
its compass bearing is measured. This will allow the final map to be correctly oriented.

Distances are measured between the survey pointgabg, keeping the tape at the same
height above the ground at each point. The height of each survey point relative to a datum
is found by levellingusing the method described earlier in this section

Where changes of height occur between survey poithis,horizontal disance is calculated
by Pythagoras' theorem:

measured slope distance M

difference in heights
of survey points H

A

v

@1 Qe R OHE OB O

Figurel44 Determining horizontal distances between survey points
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Figurel45: Triangulation method for mapping a beach

The angles of the triangles can now be calculated, to assist in plotting a scale plan or map of
the survey area. If the lengths of the three sides of a triangle are known, the angles can be
found by applying the cosine rule. Labelling the sides of ihagte as, b andc, and the

oppositeanglesA, BandC

C
b a
A B
c
then:
O O ® cCOwAidd
® O ® cOAdiso
@ O O CcOAI0

Figurel46: Use of the cosine rule to find the angles of a triangle with known lengths of sides



Chapter 7: Shape and spac&57

It is convenient to set up a spreadsheet so that angles can be calculated directly from the
measured slope distances and elevations of the survey points.

A B C D E F G H J
1
triangle  survey point
2 corner name elevation (m) angle (degrees)
3 A point 9 23.67 100.3
4 B point 11 31.48 50.0 C
5 C point 12 28.23 29.7
6 angle total: 180.0
7 b a
triangle change in height  horizontal distance
8 side distance (m) {m} {m})
9 a 19.56 -3.26 19.29
10 b 15.22 4.56 14.52 A C B
11 [ 9.86 7.82 6.01
12
Formulae:
A B C D E
1
triangle  survey point
2 corner name elevation {m)}  angle (degrees)
3 A point 9 23.67 =ACOS({(C10*C10)+HC11*C11)-(C9*C9))/(2*C10*C11))*180/PI()
4 B point 11 31.49 =ACOS(({Co*C9)+(C11*C11)-(C10*C10))/(2*Co*C11))*180/PI()
5 C point 12 28.23 =ACOS(((Co*C9)+(C10*C10)-(C11*C11))/(2*Co*C10))*180/PI()
6 angle total: =SUM(E3:E5)
7
triangle change in
8 side distance (m) height (m) horizontal distance (m)
9 a 19.56 =D5-D4 =SQRT(C9*C9-D9*DY)
10 b 15.22 =D5-D3 =SQRT(C10*C10-D10*D10)
11 c 9.86 =D4-D3 =SQRT(C11*C11-D11*D11)
12

Figurel47. Spreadsheet for processing triangulation data

As an example of the use of surveying, we describe two projects carried out by members of
an industrial archaeology course. In the first, a survey was carried out to record details of
an old windng drum on a gravity worked incline at the Dinorwig slate quarry, Llanberis. The
drum house chosen for the project, at the head of the C5 incline, is now in a derelict
condition, but much of the machinery remains in place and can be measured and
photographed.

Old photographsGarrington, 19943how the drum house and inclinewards the end of

the period when it was in use (figure 84 The building contains a large wooden drum on
which steel cable was wound. Trucks of slates could be attached to ohef ¢ine cable,
then lowered down the inclinby releasing the brake on the drum. At the same time, the
other end of the cable would be wound back onto the drum, hauling empty trucks up the
incline in the process.
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- s | L
Figurel48: Winding drum, ; ,%:-.;;vﬂ_:,:
Dinorwig quarry .,;,«;“

An initial survey of the site was carried out by levelling and triangulation, so that plans and
elevations could be drawn (figuré@). Detail of the machinery was measured in situ, with
additional dimensions dhined from a series of photographs taken from different positions,

as in figure 18. Where the designs of missing elements of the building or machinery could
be determined, these were added to the drawings.

RN

Figure149:
Winding drum and
brake mehanism
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Figurel50 Plan and elevation of the C5 winding drum, Dinorwig quarry
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The second industrial archaeology project involved the mapping of tunnels and a unique
underground waterwheel at th&strad Einiotead mine near Machynlleth in mid/ales.

This small mine opened 1877 and operated for only about 20 years (Bick, 197@gdut
equippedwith some of the most modern mining technology of the time.

The group carried out surveying of the adit tunnel and chambers on th& gel. A plan
was produced by a combinatiaf triangulation and the measurement of compass bearings
(figure 153).

Figurel51 Adit tunnel
leading to the underground
waterwheel

Figurel52 Flooded shaft

with pump tube and remains
of headframe for hauling up
ore from the lower workings.

The water wheel is in the
chamber in thalistance.
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Figurel53: Plan of workings on the N@.level, Ystrad Einion mine

The main featuref interest in the mine is the well preserved underground water wheel, 16
feet in diameter (figure 84). The wheel provided motive power for the twin functions of
pumping water from the lower levels, and raising buckets of lead @ater was carried to
the wheel through a wooden trough from a higher level of the mine. Drainage water and
water discharged from the wheel flowed oat the mine through the adit tunnel.

The water wheel was measured in situ using a tape and a graduated surveying staff, making
sketches to indicate the positions of the recorded dimensions. A number of photographs
were taken of the machinery from different directions. Some components hadrbe
disassembled or were missing, baembers of the groupvere able to usehteir knowledje

of mechanical engineering to deduce how the mechanisms operated

The water wheel turned in an antiockwise direction when viewed from the frofithe
wheel itself isconstructed fromcast iron segmentsonnected to the central axle by timber
spokes. fie segment platebold the timber bucket®f the wheel The whole structure is
supported on a sturdy wooden trestle.
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Figurel54 Underground
water wheel, Ystrad Einion
mine.

The winding drum for raising
ore is seen on the left, and
was powered by the large
gear wheel.

A crank attached to the
water wheel was linked by
chain to the pump rods in
the mine shaft.

The wheel carried out its pumping function by means of a rotating crank attached to the

main axle. The crank provided a reciprocating motion for a chain, which passed over pulleys

to an angle bob above the mine shaft. This converted the motion intoteaidifting force

to operate pump rods in the shaft.

The water wheel has a winding drum for hauling buckets of ore up the shaft. The drum was
powered by reduction gearing from the water wheel. A mechanism allowed the drive to the
drum to be started ad stopped by moving the drum shaft sideways to engage or disengage
metal lugs on a clutch plate. A metal band brake was fitted around the edge of the winding

drum.

U

Figurel55 Arrangement of the pumping and haulage shaft
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1 metre

Figurel56; Underground water wheel at'strad Einion mine
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Engine rotation

An important application of numerady in the production of computer aided designs for
machinery, often with the addition of animation to illustrate the motion of the machine
components.In the final sections of this chapterawill examinesome of the
mathematical techniques faepresentng objectsin computer programs and faralculating
movement.

In two dimensions, a point can lbecatedby its horizontal >coordinate and its verticaly
coordinate Geanetrical shapes can be specified by a combination efrctinates, for
example: thecentre position and radius for a circle, or the corner positions of a triangle or
rectangle. As an example of avo dimensional graphicapplication we will consider how

an animation of a diesel engine could be produged computer program.

irlet valve
open both valves closed
air
air sucked ar being
into the compressed
cylinder
INDUCTON COMPRESSIO
fuel outlet valve
open
—»
exhaust
explosion of
the fuelfair burned gases
mezture pushed out
of the cylinder
POWER EXHAUST

Figurel57: Operating cycle for a diesel engine
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The operating cycle for a diesel engine is illustrated in figbi® The piston in the cylinder
is linked to the rotatingrank shafby theconnecting rod An input valve allows air to enter
the cylinder at the start of the cycle. The air is compreskeal is injectedand the mixture
ignites Expanding gasses drive the piston downwards during the power stroke, then the
exhaust valve opexnto allow the burned gases to escapihe cycle is then repeated.

To develop a twalimensional animatiomf the engine, the fixed dimensions of the linkage
must first bespecified Themovementof the pistonwill depend onthe radius of rotation of
the connecting rodbearing B, and the length of the connecting rod AB.

Figurel58. Geometryof the diesel engine motion

Ananimationcan be produced bglisplayinghe piston and connecting rofbr afraction of
a secondht each successiangleas the crankshaft rotatesThe piston and connecting rod
will then be redrawn in the next position.

The rotation anglewill be measured inlegrees clockwise from thaositivex-axis The
coordinatesof moving partan thenbe calculatedising geometryand trigonometry.

The vertical centre line of the engim®and the horizontal centre line of the flywheey
form the origin for the coordinate system, as shown in figur8.15

Taking radius of crank rotation gsand the length of the connecting rod kaghen for any
rotation angle we can calculateposandyposfor the crank bearing:

onféioniAl O

ORéinniOEl
The distance of the centre of the piston above the axis of the crank shaft, shown as CA in
figure 158, can be calculated:

nNQ EREXN wnéi a wnei
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Figurel59
Coordinate system for
the diesel engine model

The final requirement for the simulation is to show the input and exhaust valves opening
and closing at the correct points in tle@gine cycle The full engine cycle involves two
rotations of the crank shaft, making a total angle of Z2The inlet vale is open for rotation
angles between ©and 90, reopening at the end of theycleat angles between 66Gnd

72C°. The exhaustutlet valve is open at angles between 4%Mhd 600.

INDUCTION INDUCTION
_) “—
EZOMPRES SIOI\{
A ¥ POWER
Y »
EXHAUST
d 'Y
| | 4
l | | | |
| | | | I
TJ_ 180° 360° 540° 720°
- -~
-> *»
Q° 90° 450° 600° 660°
inlet valve  inlet valve outlet valve outlet valve inlet valve
open closes opens closes opens

Figure160: Valve positions during the diesel engine cycle

A computemprogramcan then be written tayeneratethe animation, as shown in the

flowchart below.
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1 start

L

No.

angle =0

angle>7207? Yes

draw the fixed parts of the engine

calculate the position of the
connecting rod bearing
(xpos, ypos)

Yy

calculate the vertical position of the
piston in the cylinder

!

draw the connecting rod and piston

!

inlet and outlet valves are closed

rotation
angle < 90
or > 6607

‘|"f-:-s—¢

inlet valve open

angle=angle +1

rotation
angle > 450

and > 6007

exhaust valve open

No

leg I

draw the inlet and exhaust
valves in their correct positions

Yes

continue?

No

Figurel61 Flowchart for the diesel engine animation
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Figurel62

Representation of the diesel engine
during the exhaust stroke, with the
outlet valve open

Deltic railway locomotivdieselengine

As a convenient alternative to writirgcomputer program,a computer aided design
application with animation facilities can be ustedillustrate the motion of machinerylIn
the next sectionywe presenta project by an engineering studewhich usesSolidworksCAD
software toproduceathree-dimensionalmodel of a Deltic diesel engine.

The Deltic engine design is unique in haygngups ofthree doubleacting cylinders
arranged in a trianglar pattern.

Figurel63

Triangular arrangement of the
double-acting cylinders of the
Deltic diesekngine

During the power stroke, the two pisns within a cylinder are driven apart, causing rotation
of the two crank shafts to which they are connected. This in turn causes compression,
induction or exhaust strokes in the other two cylinderspofver stroke occurs in each of

the three cylinders in sequence.
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Thefollowing is an extract from thetudent's account of his design work

The first thing | designed was the

cylinder. Each cylinder bank is split into
two separate cylinder blocks mated witt
a gasket in between them. This is mainl
a maintenance friendly design to make |
easier and cheaper to replace cylinders

| decided a thmeter of 90mm would be
sufficient for the model as it would be
large enough to work theoretically if the
engine was builtThere is a water jacket
around the cylinders for cooling
purposes.
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Once | had the crankshafts designed I placed them into the assembly using centre mounts to
givethe spacing needefbr clearance®f the connecting rods. When the crankshafts were
mounted, | placed the piston at the desired position. | then measured from the piston to the
crank to get the length for the connecting rod.

920

Q Whenthe length was determined started work on

130

@25

designinghe connecting rodl made two circles at

the correct distace and the right sizes for the crank

and gudgeon pin (holds the piston to the connecting
rod). | then drew the rest of the connecting rod but |
cut the crank side in half in order to pla¢en the

the gudgeon pin is pressed through the piston and
connecting rod.

Now that the main moving components were designed
| could assemble it into a functional model in the CAD /
software. | first placed all the moving components into Mgy, 4 4}

‘“—ﬂiq
the model and mated therto the surfaces that they y |
needed to be in contact with.

Once all the components were in place | put the engin
Ay GAYS YR LINB@SYiSR |y
gearing system to transfer the power to a single outpu
I made two support plates to holdRITO shaft in the
centre and support the crank shafts on both sides.

ON} Y1 aKIFid ¢KS LIA&G2Y AARS
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Figurel64: The completed enginanimation

This project provides a good example of the integration of numeracy into vocational course
activities. A range of skillewve been demonstrated within the wider definition of
numeracy:

M

Problem solving, in deducing the correct sequence of motion of the engine
components

Mathematical techniques, in calculating appr@te dimensions and movement

paths for components

Application of techneamathematical literacy in the use of computer aided design
software.

Use of relevant vocational knowledge. The student was able to apply his
understanding of the operation of a simple diesel engine to develop the designs for
a more caonplex system.

Communication. Using effective animation techniques to help explain the design to
others.



