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STEM SACE platforms and

integration of
new technologies in Schools




There are two main vehicles to incorporate STEM learning within the
~__— SACE framework :

» Scientific studies
» Integrated Learning

If the Scientific studies framework is used, there a risk of shutting
out students that are not very academic.

[ have chosen to use Integrated Learning as a vehicle for STEM
learning because :

1) As there is an externally assessed component (Project),
Students can get an ATAR score from this subject and use it to go on
studying at University level, in particular in Engineering courses.

2) Thanks to the Integrated Learning structure, my courses are
project based learning. It allows me to welcome both academic and

more hands-on students...




In fact, this mix is crucial for the success of the program.

Academic minded students help more hands-on students when it
" comes to use Mathematics, Science and ICT skills to design the

various parts of their project.

In return VET students offer their expertise to their more academic

minded friends and show them how to use machines to produce

parts for their common project.

The courses are structured in such a way that students operate as if
they were already working in an Engineering company.

Students are asked to chose their team. Typically in Naval
Engineering we have four teams per project :

» Buoyancy Systems / Hull Team

» Superstructures and Navigation Systems Team
» Propulsion Systems Team
» Control Systems Team

The need for cooperative work also develops their communication,

problem solving and negotiation skills.



=
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From an assessment point of view, Integrated Learning
at year 12 level gives students 20 SACE points for a full
year.

30 % Practical
20 % Group work
20 % Portfolio

30 % External assessment — Project

The great thing about this structure is that I can show
students high level Mathematics, Physics and
Engineering principles, through various associated
activities, but I do not have to assess their performance in
Mathematics, Physics, etc.



What they have to be able to do though, is to explain
=~ what these different techniques/principles are and how

they are used in their project.

In the end, students that want to go on studying
Engineering gain very strong STEM foundations for their
future studies and at the same time, less academic
students still can pass this subject with flying coulours.

Former students have even taken their portfolio with
them when they went for jobs or apprenticeship
interviews, allowing them to showcase their skills in a
very concrete way. The feedback from future employers
was very positive.
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Examples of STEM programs

Naval Engineering courses at
Le Fevre High School.




9 Le Fevre High School
gm “Che Mavitime School of South Austvalia




\/

STEM Integration
Project Based Learning

with a focus on Science, Mathematics and
Technology

Naval Engineering at Le Fevre High School
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Naval Engineering Program STEM Themes

» Use of Scales and scale representation ( plan)

>
>
>
>
>
>
>
>
>
>
>
>
>
>

Archimedes Principle and Displacement
Electro-chemical zinc anode steel hull protection
Density and buoyancy ( Boats / Submarines )
Notion of Relative wind

Righting Moment / Torque

Stable / Unstable designs

Propulsion Systems and Electronics
Hydrodynamics ( Winged keel )

Navigation and Angles / Trigonometry
Triangulation, GPS Technology

Radar technology / Doppler effect

Rope and Cable making / Tensile strength
Chemistry ( Epoxy / Polyester Resins)
Carbon fiber technology , efc ...




Naval Engineering Program

YEAR 11 NAVAL ENGINEERING

()] THIERRY HERMAN



Naval Engineering Program

Hero's Formula

Calculations of the surface
area of triangles

a

If s=1/2perimeter
a+b+c

Surface Area A =V s(s-a)(s-b)(s-c)

.5 LT
R & a1 oy

L
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Naval Engineering Program

Half hull machined, taken apart to paint water line levels and finally
sliced transversally to gain access to the profile of the frames

()] THIERRY HERMAN



B) Theory relating to the Centre of Effort :

Determination of CE by using Mathematics :
Then by using Hero’s formula to calculate the surface areas A1 and
A2 of Tland T2

If s= 1/2 perimeter

a+b+c

e s= >

Then,

Surface Aea A =V s(s-a)(s-b)(s-c)

() THIERRY HERMAN



Naval Engineering Program

CLR : Centre of Lateral Resistance in the water

Position of the centre
of mass of the sail

also called Centre of Effort
CE

() THIERRY HERMAN



Naval Engineering Program

CE too much ahead of CLR :

Boat shies away from the
CE |




Naval Engineering Program

CE aligned with CLR :
Boat tracks straight

under salil




Naval Engineering Program




Naval Enginee rJn Program
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Naval Englneerlng Program




Naval Engineering Program
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Naval Engmeerlng Program/
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Naval Engineering Program

YEAR 11

NAVAL ENGINEERING

1n Partnership with ASC
and F1 in Schools

L/
Welightlofs




MINI ROVER

FINISHED




MINI ROVER IN

ITS NATURAL
ELEMENT ...







BIG ROVER

BEING BUILT
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Integrated Learning
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~ Civilian'Applications
ROVs and Manned Submarines

-
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Military Applications ROVs, Drones and Manned Submarines
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Military Applications ROVs, Drones and Manned Submarines



Naval Engineering Program
=

YEAR 12 NAVAL ENGINEERING

Displaced|

Weight of water
displaced by the ship

7000 tonnes worth
of Bu oyancy
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Naval Engineering Program




Naval Engineering Program




Naval Engineering Program
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Naval Engineering Program
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Naval Engineering Program
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Naval Engineering Program




Naval Engineering Program




Naval Engineering Program

MLt R
L B ES— <




Naval Engineering Program
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Naval Engineering Program




Naval Engineering Program




Naval Engineering Program

%' ——O———H

I " “:ﬂlm LCU'%‘*} f “ "’

| ¢ 5
) ol




Naval Engineering Program




Naval Engineering Program

P

7\ 5;”»2“; Uy

> —
.-"‘ ~ A
- o “m ) laEsoe
'J "3 “ W
< = . We Bl P
o _“ > ;" —‘
> N\ BAT S N
; . i
BLUEFIN \\ RO S



/\\/

Challenges in using and integrating
new technologies in Schools

Such as Laser Cutting and 3D Printing




- Key requirements are needed :

Self evident, nonetheless, you need machines such
as Laser Cutting and 3D Printing machines.

Students willing to learn how to use new software.

A team of teachers willing to upgrade their skills and
work together




THIERRY HERMAN

MATHEMATICS
PHYSICS

SCIENCE

CHEMISTRY

NAVAL ENGINEERING

DESIGNER SOFTWARE
( CORELDRAW )

LASER CUTTING
MANUFACTURING

D

NAVAL ENGINEERING = INTEGARTED LEARNING
STAGE 1 AND 2

STEM ENG
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THIERRY HERMAN

MATHEMATICS
PHYSICS

SCIENCE

CHEMISTRY

NAVAL ENGINEERING

DESIGNER SOFTWARE
( CORELDRAW )

LASER CUTTING
MANUFACTURING

.

=

NAVAL ENGINEERING - INTEGARTED LEARNING
STAGE 1 AND 2

STEM ENG
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THIERRY HERMAN EDDIE GRZESKOWIACK

MATHEMATICS DESIGN TECH
PHYSICS

SCIENCE DESIGNER SOFTWARE
CHEMISTRY ( CORELDRAW

NAVAL ENGINEERING INVENTOR )

DESIGNER SOFTWARE LASER CUTTING
( CORELDRAW ) 3D PRINTING

LASER CUTTING
MANUFACTURING

-

N N

NAVAL ENGINEERING = INTEGARTED LEARNING
STAGE 1 AND 2

STEM ENGI
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THIERRY HERMAN EDDIE GRZESKOWIACK

MATHEMATICS DESIGN TECH
PHYSICS

SCIENCE DESIGNER SOFTWARE
CHEMISTRY ( CORELDRAW

NAVAL ENGINEERING INVENTOR )

DESIGNER SOFTWARE LASER CUTTING
( CORELDRAW ) 3D PRINTING

LASER CUTTING
MANUFACTURING

-
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NAVAL ENGINEERING = INTEGARTED LEARNING
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STEM ENGI
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MATHEMATICS
PHYSICS

SCIENCE

CHEMISTRY

NAVAL ENGINEERING

DESIGNER SOFTWARE
( CORELDRAW )

LASER CUTTING
MANUFACTURING

.

N

EDDIE GRZESKOWIACK

DESIGN TECH

DESIGNER SOFTWARE
( CORELDRAW
INVENTOR )

LASER CUTTING
3D PRINTING

CHRIS CHRISAKIS

VET ENGINEERING

DRAFTING SKILLS
CAD

PRACTICAL ENGINEERING

MACHINING

NAVAL ENGINEERING - INTEGARTED LEARNING

STAGE 1 AND 2

STEM ENGI
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NAVAL ENGINEERING
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EDDIE GRZESKOWIACK
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MATHEMATICS
PHYSICS

SCIENCE

CHEMISTRY

NAVAL ENGINEERING

DESIGNER SOFTWARE
( CORELDRAW )

LASER CUTTING
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EDDIE GRZESKOWIACK

DESIGN TECH

DESIGNER SOFTWARE
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LASER CUTTING
3D PRINTING
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CHRIS CHRISAKIS

VET ENGINEERING

DRAFTING SKILLS
CAD

PRACTICAL ENGINEERING

MACHINING

NAVAL ENGINEERING = INTEGARTED LEARNING
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STEM ENGI
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What do we get from this process?

STUDENTS OUTCOMES




TN VDN
| Safe use of a number of
g B traditional tools
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Development of drafting,
3D vision and Scaling skills




Aft

Development of Electronics
and diagrams reading skills

-

Inboard of Pressure Hull

T

Receiver

Servo

-

\

Receiver

Motor Speed
Controller

~  Forward

5 | _
|
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S d Valve o d Valve j




| . Development of Team work
% % 2N and Practical Tech skills

4
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Development of Practical and
Artistic skills through the use
of Technology
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' | Team Spirit Development




Drafting skills development
and 3 D Printing
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Use of traditional Tech skills
to manufacture metal parts |

p—







Use of traditional Tech skills

to draft and make a model to
understand the properties of
CV Joints

() THIERRY HERMAN




Use of 3D Printing to
manufacture complex parts [N




Having a STEM Mind Set

Involvement with Relevant
Industries




R

~ Consider working / teaming up with
local industries:

What are their products and expertise, do they use machines
such as Laser Cutting, 3D Printing or other CNC machines ?

Can you organise relevant industry visits for students ?

Maybe consider taking part in programs such as the
Advanced Tech Program to increase your Industry awareness
and take advantage of Industry placement programs for
Teachers in Universities and Manufacturing Industries.




—

Personal example : Placement at AWD/ASC

[ did a half year one day a week industry placement at the Air
Wiarfare Destroyer Systems Centre at Osborne.

Benefits : This placement gave me access to Navy personal as
well as Engineers to gain insight into the different aspects of
this projects, not only from an Engineering point of view but
also from a Scholarly point of view which allowed me to
match various aspects of the AWD project with our school
Curriculum.

Outcome : Through our collaboration, I produced a number

of STEM units of work where Naval Engineering topics where
used as springboards to cover Maths, Physics, Chemistry and
Technology points across Year 8 to Year 12.
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built at Techport, Adelaide
South Australia

- AWD ALLIANCE /DECD
STEM Program —
Science Technology-Engineering Mathematics

LE FEVRE HIGH ScHOOL - THE MARITIME SCHOOL OF SOUTH AUSTRALIA


http://www.ausawd.com/
http://www.lefevrehs.sa.edu.au/index.php?page=1

DESTROYER

ALLIANCE / DECD
STEM PROGRAM —
SCIENCE TECHNOLOGY ENGINEERING MATHEMATICS

Author / Developer : Thierry Herman Mathematics and Maritime Science Teacher - Le Fevre High School
The Maritime School of South Australia

AWD Personnel - Contributors / Advisors :

Alliance CoA

Michael Clements — Platform Systems Activation CAPT Shane Casboult — Trails and Acceptance ( Engineering)
Nigel Agars — ILS ( Integrated Logistics Support ) Principal CAPT James Nash — Ballistics

Mark Eglinton — Project Manager - transportation Roger Duffield — Construction Design Acceptance ( Engineering )
Matt Sinnett — Jones — Sonar LEUT Peter Shirley — Top side Lead Engineer — Radar

Paul Shinks — Sonar Lee Rigano — FMS ( Foreign Military Sales ) Manager

Tom Robinson — Ship Production Terry Foster - Staff Officer - Projects

David Gonzales- Propulsion Tracey Guest — Administration Coordinator

Ronnie Watt - Sonar Terri George - Business Support Officer (HR)

Nick Fletcher — ISS Lead system engineer

Craig Schwartz - Sonar

Ruben Spyker — Technical Director

Mike Lorenzo - Training

Anna Jackson — AWD Communications Manager



http://www.ausawd.com/
http://www.lefevrehs.sa.edu.au/index.php?page=1
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) AIR WARFARE DESTROYER
\ ALLIANCE
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HULL

PROPULSION
SYSTEMS

Hull volume
calculations

Why does it
Float ?

Hull protection
Electrochem.

Welding
Techniques

M
[ S
S ot ’::‘4

How Fast does
it turn ?

Propeller
Geometry

Which metal for
which use ?

RADAR

Quadratics
COMMUNICATIONS

Applications

What is a focal Microwaves
point ? Energy Transfer

Parabolic

Building a
Parabolic BBQ

BALLISTICS
/ RAS

Total Surface Area Propellant Machining

Replenishment At Sea

of Propellant Trajectories

Combustion

Tolerances




D AIR WARFARE DESTROYER

ALLIANCE

ACARA / SACE / VET Reference ACMMG 198
= . -
.
Develop the formulas for volumes-of rectangulari-‘cmd%'“
triangular prisms and prisms in general. Use
formulas to solve problemsiinvolving volume N
(ACMMG198)

investigating the relationship between volumes.of rectangular
and triangular prisms




DESTROYER

Description of Unit :

This unit is related to the geometry of ship hulls and in particular to the
calculation of the volume of prismatic solids.

This unit will enable students to calculate the immersed volume of simplified
ship hulls and therefore, the displacement of a ship.

A ship hull can be modelled and broken down into three parts :

Front (Prow ): Triangular prism,
Mid-ship : Rectangular prism
Rear ( Stern): Trapezoidal Prism

Each of these volumes are calculated separately and added together to find the
overall volume.




D AIR WARFARE DESTROYER

ALLIANCE

e — aw

— —
P — - =

- .
S| B3 <R G
e

‘-

UNIT :
( To access Hyperlinks, left click on them)

Prior knowledge : See ® Prrismatic Volumes

Calculator for calculating the surface of a Triangle

Calculator for calculating the surface of a Trapezium

Calculations for the volume of prisms ( Video )

o
@ Calculator for calculating the surface of a Rectangle
[
®

Example :

STUDENT RESOURCE : Worksheet on the calculation of the immersed volume of AWD hull



http://www.mathsisfun.com/geometry/prisms.html
http://www.mathsisfun.com/area-calculation-tool.html
http://www.mathsisfun.com/area-calculation-tool.html
http://www.mathsisfun.com/area-calculation-tool.html
http://www.khanacademy.org/math/geometry/basic-geometry/volume_tutorial/v/solid-geometry-volume
http://www.khanacademy.org/math/geometry/basic-geometry/volume_tutorial/v/solid-geometry-volume
../PDF AWD TH/SOL Hull Volume.pdf

—-—
 ———

—

D AIR WARFARE DESTROYER

\ ALLIANCE

RELATED TOPICS : ( HULL )

PHYSICS tab : Archimedes Principle ( Why does it float ? )

CHEMISTRY tab : Hull Protection and Electrochemistry

VET tab : Welding techniques

AWD Alliance Resources : AWD Home Page



http://www.ausawd.com/

DESTROYER

EXTENSION / POSSIBLE RESEARCH TOPICS

You might want to investigate :

Platonic Solids

Who developed the first understanding of how to calculate volumes ?

Check out the volume in cubic metres of the Great Pyramid. How was it calculated ?

What is Calculus and how is it related to the calculation of volumes ?
(even if you are in year 8, you can get the basic facts about calculus and understand
its application regarding the calculation of volumes without going into too many

details ).




D AIR WARFARE DESTROYER

ALLIANCE



http://en.wikipedia.org/wiki/Archimedean_solids
http://en.wikipedia.org/wiki/Archimedes
https://en.wikipedia.org/wiki/Archimedean_solid
https://en.wikipedia.org/wiki/Archimedes

Further considerations

Having a STEM Mind Set

By using
an “augmented reality” like
set of eyes




STEM MINDSET

A DIFFERENT WAY
T0O LOOK
AT THE WORLD




'4— CHROME REFLECTIVE SURFACE

TECH / ENGINEERING :

How IS THIS SURFACE OBTAINED 7
INDUSTRIAL PROCESSES

SCIENCE :

REFLECTION LAW IN OPTICS

MATHS :

ANGLES AND TRIGONOMETRY

POSSIBLE STUDENTS RESEARCH TOPICS :

WHY DO POLISHED METALS REFLECT LIGHT ?
WAVE/PARTICLE THEORY OF LIGHT

NANO SURFACES

MIRRORS AND REFLECTING SURFACES
SATELLITE DISH AND RADAR TECHNOLOGY

ETC ...

(B) THIERRY HERMAN



TRANSPARENT PLASTIC

TECH / ENGINEERING :

How IS THIS PART MADE ?
INDUSTRIAL PROCESSES

SCIENCE :

REFRACTION LAWS IN OPTICS

MATHS :

USE OF REFRACTION FORMULA AND SINUS

POSSIBLE STUDENTS RESEARCH TOPICS :

WHY ARE SOME MATERIALS TRANSPARENT AND NOT OTHERS ?
LENS TECHNOLOGY

POLARISING LENSES

OpPTIC FILTERS

ELECTROMAGNETIC SPECTRUM

REDEFINE TRANSPARENT - X RAYS > APPLICATIONS IN CHECKING

THE QUALITY OF WELDS
OPTIC FIBERS TECHNOLOGY

ETC LN

() THIERRY "HERMAN



MOLDED PLASTIC PARTS

TECH / ENGINEERING :

How Is THIS PART MADE 7?7

INDUSTRIAL PROCESSES / INJECTION MOLDS

VARIOUS PLASTICS: THERMOSET, THERMO-SOFTENING PLASTICS
RUBBERS, SILICONE, ETC ...

SCIENGE :

POLYMER PROPERTIES

MATHS :

CALCULATIONS OF PRESSURES AND USE OF CONVERSION
CALCULATIONS ( PSI, PASCALS, KG/CM2, ATMOSPHERES, ETC ... )

POSSIBLE STUDENTS RESEARCH TOPICS :

WHAT ARE POLYMERS ?

DIFFERENT POLYMER STRUCTURES 7

WHY ARE SOME PLASTICS HARD AND SOME SUPPLE 7
TYRE TECHNOLOGY / VULCANISATION

(B)] THIERRY HERMAN




INK

TECH / ENGINEERING :

How IS THIS INK MADE ?
INDUSTRIAL PROCESSES
PIGMENTS INDUSTRIES

SCIENCE :

INK coMPOSITION

CoLOuUuR THEORY

CHROMATIC WHEEL
CHROMATOGRAPHIGC ANALYSIS OF INKS
ETC ...

MATHS :
CONCENTRATION CALCULATIONS
RATIOS

RATE OF DISPLAGCEMENT OF PIGMENTS IN CHROMATOGRAPHY

POSSIBLE STUDENTS RESEARCH TOPICS :

WHAT WERE THE FIRST INKS USED BY HUMANS 7
ANTI THEFT UV INKS
How DOES AN INKJET PRINTER WORK ?

(B) THIERRY HERMAN



BALL POINT

TECH / ENGINEERING :

How IS THIS TINY SPHERE MADE ?

INDUSTRIAL PROCESSES

METALLURGY OF STEEL AND ALLOYS

CLEARANCE BETWEEN BALL AND BODY - MATCHING INK VISCOSITY
MANUFACTURING TOLERANCE

SCIENCE :

STRUCGCTURE OF STEEL

WHAT ARE ALLOYS ?

ETC ...

MATHS :

CALCULATIONS OF VOLUME OF SPHERES
TOLERANCE AND CLEARANCE CALCULATIONS

UNITS - CONVERSION TABLES

POSSIBLE STUDENTS RESEARCH TOPICS :

WHAT ARE ALLOYS AND WHEN WAS THE FIRST ONE PRODUCED ?

STEEL METALLURGY IN AUSTRALIA

CuBic CENTRE FACE AND CuBIiCc CENTRE CRYSTALLINE
STRUCTURE OF STEEL

(B) THIERRY HERMAN




SPRING

TECH / ENGINEERING :

How ARE SPRINGS MANUFACTURED?

INDUSTRIAL PROCESSES - SHOCK ABSORBERS TECHNOLOGY
METALLURGY OF STEEL AND ALLOYS

How TO EVALUATE THE TEMPERATURE OF STEEL BY ITS CcOLOUR 7

SCIENCE :

Hooks' Law

DIFFERENT TYPES OF SPRINGS ( COMPRESSION, EXTENSION )
ETC ...

MATHS :

CALCULATIONS USING HOOKS' LAW ( F = K X )

LINEAR RELATIONSHIPS

DETERMINATION OF THE STIFFNESS COEFFICIENT K OF THE SPRING

POSSIBLE STUDENTS RESEARCH TOPICS :

WHAT MAKES A METAL PART SPRINGY 7
METALLURGY OF STEEL

DAMASCUS STEEL AND JAPANESE SWORD-SMITHS
QMUENGCHING AND TEMPERING

ETC ...

(B) THIERRY HERMAN



STEM Projects examples not directly
related to Naval Engineering.




Year 8
The STEM in Medieval Siege Engines




STEM / YEAR 8
TREBUCHETS

O
ADVANCED
TECHNOLOGY
PROJECT

HISTORY, ETHNOLOGY,
MATHEMATICS
PHYSICS AND BALLISTICS



— CONTENT
&)

1) HISTORICAL BACKGROUND

2) PHYSICS OF TREBUCHETS

2.1) TRANSFER OF ENERGY
2.2) EFFICIENCY

3) OUR TREBUCHETS

3.1) PUTTING IT TOGETHER
3.2) TESTING

4) USING THE DATA-MATHS OF TREBUCHETS

4.1) DATA AND GRAPHS
4.2) USING THE GRAPH TO GET YOUR TARGET

() THIERRY HERMAN



1) HISTORICAL BACKGROUND :

ENTERS THE TREBUCHET. THE NAME DERIVES
FROM THE FRENCH WORD STILL IN USE TODAY
“ TREBUCHER “ MEANING : TO STUMBLE.
THIS IS BECAUSE THE ORIGINAL TREBUCHETS USED TO
ROCK BACK AND FORTH AS A DRUNK PERSON
STUMBLING ON AN OBSTACLE IN THEIR PATH.

= e AR
b &
S

e

alamy stock photo e

THEY STORE POTENTIAL ENERGY OF
GRAVITATION WHICH IS NOT DEPENDENT ON
THE HUMIDITY IN THE AIR, IS VERY RELIABLE
AND CAN STORE TREMENDOUS AMOUNTS OF
ENERGY RELEASED WHEN THE PROJECTILE IS
FIRED.

() THIERRY HERMAN
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2) PHYSICS OF TREBUCHETS
2.1) TRANSFER OF ENERGY

AS THE COUNTER WEIGHT
FALLS, IT LOSES POTENTIAL
ENERGY OF GRAVITATION
WHICH IS SIMULTANEOUSLY
TRANSFERRED TO THE SLING
AND PAYLOAD IN THE FORM
OF KINETIC ENERGY OF
MOTION.

THE PAYLOAD ACCELERATES
FASTER AND FASTER UNTIL
THE SLING IS RELEASED AT
THE TOP OF THE TRAJECTORY
AND ALLOWS THE PAYLOAD
TO FLY AWAY.

() THIERRY HERMAN



ATP - STEM LFHS TREBUCHET
PROJECT INITIATIVE Trebuchet Building and Set



http://www.lefevrehs.sa.edu.au/index.php?page=1

= Year 8 (and Year 12 )
The STEM in Medieval Siege Engines

(B)] THIERRY HERMAN



Year 8
Trebuchet in action




Year 8
Trebuchet in
action

First Name

Last Name

IBMYP Year 3 Science
Trebuchet Activity

To gain Maximum points, you have to perform to these International Baccalaureate Standards :

Criterion B : INQUIRING and DESIGN

The students :

|. describe a problem or question 1o be tested by a scientfic investigation

il outline and explain a testable hypothesis using correct scientific reasoning.

iil. describe how 1o manpulate the variables, and describe how sufficient, relevant data will be collected.
iv. design a logical, complete and safe method in which he or she selects appropriate Materials and

Equipment.

Criterion C : PROCESSING and EVALUATING

The students ;

i. correctly collect, organize, transform and present data in numerical and/ or visual forms.
Il. accurately interpret data and describe results using correct scientific reasoning.

. discuss the validity of 3 hypothesis based on the outcome of a scientific investigation,

iv. discuss the validity of the method based on the cutcome of a scientific investigation

v, describe mprovemenis

A trebuchet is a medieval siege weapon. It consists of a counterweight arm and

throwing arm with a “slin?
For stability it needs a solid base and a secure pivot (where the arm moves).The
throwing arm and the sling act together to provide the mechanics to throw a projectile,

Countar Wei
i o Current knot in grove

Knots along the Sling
Projectie - Pay Load

() THIERRY HERMAN



— STEM LFHS TREBUCHET PROJECT INITIAT

Trebuchet Data Exploitation - Range vs Length of Sling
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http://www.lefevrehs.sa.edu.au/index.php?page=1

3) USING THE DATA-MATHS OF TREBUCHETS

3.2) USING THE GRAPH TO GET YOUR TARGET

Y
S ,‘

—&—Length of Sling - in

mm

—{li— Corresponding Range -

ON THE DAY OF THE COMPETITION, YOU WILL BE
GIVEN A DISTANCE TO THE TARGET ( CASTLE ).
USE YOUR GRAPH TO FIND THE BEST LENGTH FOR
THE SLING, TO HIT THE CASTLE AND WIN THE
COMPETITION.
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Year 10
Rocket Science




Water Rocket Project




Water Rocket in action




Water Rocket flight analysis

Results

Table 1. Trial 1: Total flight times (sec.) recorded by each group and the average flight
time (xSD), for each air pressures (psi), using a 2 litre bottle with a water volume of
900ml.

Air
pressure

6.05 5.72 5.2 5.2
4.5 4.6 45 445

4.5 4.21 3.98
3.83 3.86 3.86 3.8

33 34 34 327

Figure 1. The relationship between air pressure (psi)and total flight duration
(sec.), when water volume |s set at 900ml, using a 2 litre bottle (Trial 1). Trend
line based on average times (red triangles).
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R?=0.9404
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Water Rocket flight analysis

Table 2. Trial 2: Total flight times (sec.) recorded by each group and the average flight time
(£SD), for different water volumes (ml), using a 2 litre bottle with air pressure set at 50psi.

Water G1 (€5 G3 G4 G5 G6 Average SD n Min Max Range
volume (ml) (sec.)

1100

700

500
300

Figure 3. The relationship between water volume (ml) and total flight duration
(sec.), with air pressure set at 50 psi, using a 2 litre bottle (Trial 2, outliers
removed). Trend line based on average times {blue triangles) after outliers
removed.

G1
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G4
G5
+ G6
A Average
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Water Rocket flight analysis
_——

Maximum altitude

In this experiment we used total flight time as an indicator of altitude, based on the idea that if the rocket was launched vertically the
maximum height attained should correlate closely to the total flight time.

The approximate altitude attained can be estimated using Littlewood’s Law.

J.E. Littlewood was a mathematician who worked with the British army in WW1, in Ballistics. He developed a formula to approximate
the altitude attained by projectiles. The water rocket is similar to a projectile because it looses most of its water soon after take-off.

Approximation of peak height (m) using Littlewood’s Law

_9 .

happrox =

Where h = approximate height (m) g = gravity force (9.81 m/s?) t = total flight time (sec)

appox —

Ignoring air friction and using the average flight time for 900 mL at 50 psi :

Max Height = 1/8 gt2 = 1/8 x 9.81 x ( 5.42 )2 =36.02 m




Water Rocket further enquiries

Extensions, variations and cross curriculum integration:

e Convert all flight times to approximate altitudes and draw up additional graph.

e Convert water volume to % capacity and draw up additional graph.

e Use data in maths classes — discuss fitting of trend lines, variation, SD, outliers influence
on fitting trend lines.

e Tech & engineering — design of rockets. Various simulation programs online — can
change elements of the design of the rocket and simulate flight.

e Use duel timers or two stopwatches to measure ascent and total flight time.

e Test Littlewood’s Law — use an altitude tracker and geometry to measure the altitude of
the rocket during the practical. Compare the two methods. Which is easier for students
to perform? Do they give similar estimates? Design and construction of an altitude
tracker:
https://spaceflightsystems.grc.nasa.gov/education/rocket/TRCRocket/altitude tracking
2.html

() T.HERMAN & J.MEKENZIE


https://spaceflightsystems.grc.nasa.gov/education/rocket/TRCRocket/altitude_tracking2.html

Water Rocket further enquiries

e Use food colouring in the water — may make it easier to see the pattern and timing of
the water expulsion. Could time point of full water expulsion. Compare for different
pressures and water volumes.

e Change density of liquid used.

e Change nozzle size — different bottle.

e Change mass or length of rocket.

e Measure initial velocity — use upright measuring stick, camera on a tripod and slow
motion in QuickTime media player to estimate initial velocity.

Useful web links:
Lots of additional information on the web — best site NASA
Water rockets

https://spaceflightsystems.grc.nasa.gov/education/rocket/BottleRocket/index.htm

Other rocket projects for education

https://spaceflightsystems.grc.nasa.gov/education/rocket/TRCRocket/Intro.html

() T.HERMAN & J.MEKENZIE
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Year 11 General Mathematics STEM Event
Simpson’s Rule in 3D
and displacement of Hulls
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Year 11 General
Mathematics

STEM Event
Simpson’s Rule in
3D

and displacement
of Hulls
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Year 11 Aerodynamics Unit
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Mathematics :
Gliding Ratio
( AFinesse )

Mathematics actloity :

Definition : The gliding Ratio ( Finesse ) of an aircraft is equal to the horizontal distance
covered divided by the altitude lost while traveling this distance.

Unit : No unit.

Example : If a glider covers a distance of 6.75 m while dropping from a height of 1.68 m,
its finesse * F " ( or Gliding Ratio GR ) Is equalto 10.15/1.68 =

1.68m
haight h

distance D

Y11

[ ]
Ae rO d y I l a I I I 1 C S Exercise 1 : a) On the previous example, calculate the angle of depression
corresponding to this finesse of 6.04
Unit

b) If another glider is used but this time covers a distance of 12,87 m, calculate the
finesse of this second type of glider.

@& T. HERMAN
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Physies activity : | Phpsics : Moment
| (also called Torque )

Definition : The moment of a force with respect to a pivot point is equal to the magnitude
of this force ( In Newton ) multiplied by the right angle distance between the
pivot point and the direction of the force ( in meters ).

The unit is Nm. You may have heard it about Torque wrenches or about the
Torque of an engine. Typically four wheel drives have higher torque than
normal car and therefore can tow bigger loads.

Example ;: Aforce of 3 N which direction is 1.5 meters away from a pivot point
generates a torque of 4.5 Nm

Y 11 Aerodynamics

d=15m 4

) \
Un lt point of applicalion_/

of the force

Property : Let two forces generate a glebal torque on an object around a pivot point,
If the object does not rotate, it means that the respective torques generated by
these two forces are equal. In the case of an aircraft flying level, it does not
mean that the object is not moving, it simply means that it is not rotating
around its Centre of Gravity.

This is called DYNAMIC EQUILIBRIUM.

Here, things are simpler than in the previous general example, because we assume that
the aircraft has to fiy level ( horizontal ) and because the weights of the front and the
back part of the glider are vertical , we can easily have access to d1 and d2.

() THIERRY HERMAN



Y 11 Aerodynamics Unit

— | ==
LFRS

(E) THIERRY HERMAN



Y 11 Aerodynamics Unit

Launch Height = 1.8 m

Distance covered = 17.0 m

Finesse or Gliding Ratio :

D/h=170/1.8 =94

ie a 1in 9.4 gliding ratio,

or expressed differently, for
every foot of altitude lost,
the glider is capable of

. RE i ; N covering a horizontal

> / - distance of 9.4 feet.
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Year 12 Woomera Project
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FROM WOOMERAS TO AWD RAS AND
HARPOON MISSILES WEAPON SYSTEMS
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1 HISTORICAL BACKGROUND

1.1 AUSTRALIA
1.2 EUROPE
1.3 NORTH AND SOUTH AMERICA

2 THE PHYSICS OF WOOMERAS

2.1 VIDEO FOOTAGE
2.2 SIMPLIFIED CIRCULAR THEORY
3.3 REFINED RAIL THEORY

3 BALLISTICS APPLIED TO WOOMERAS AND SPEARS

3.1 APPLIED PHYSICS AND MATHEMATICS

3.2 MODERN APPLICATION IN THE

ROYAL AUSTRALIAN NAVY : REPLENISHMENT AT SEA
AND HARPOON MISSILES SYSTEMS

4 MAKING WOOMERAS WITH STUDENTS

4.1 ELEMENTS OF DESIGNS

4.2 SOFTWARE

4.3 CNC LASER CUTTER

4.4 IMPORTANCE OF THE PROJECTILE SPINE
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1 HISTORICAL BACKGROUND
1.1 AUSTRALIA

A 30,000 year old
Heritage

| c— "

The people of New Guinea and Australian Aborigines also use
spear-throwers. In the mid Holocene, Australians developed
spear-throwers, known as woomeras.

S TR e L o~ Po e Y Mg~
SR g e N R o b e

Rk e
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1 HISTORICAL BACKGROUND
1.2 EUROPE

The spearthrower is believed to have been
in use by Humankind since the Upper
Paleolithic (around 30,000 years ago).

(] THIERRY HERMAN 2016



1 HISTORICAL BACKGROUND
1.3 NORTH AND SOUTH AMERICAN ATLATLS
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2 THE PHYSICS OF WOOMERAS

2.2 SIMPLIFIED CIRCULAR THEORY
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2 THE PHYSICS OF WOOMERAS

3.3 REFINED RAIL THEORY
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3 BALLISTICS APPLIED TO WOOMERAS AND SPEARS
3.1 APPLIED PHYSICS AND MATHEMATICS
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3 BALLISTICS APPLIED TO WOOMERAS AND SPEARS

3.1 APPLIED PHYSICS AND MATHEMATICS
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3 BALLISTICS APPLIED TO WOOMERAS AND SPEARS
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3 BALLISTICS APPLIED TO WOOMERAS AND SPEARS
3.1 APPLIED PHYSICS AND MATHEMATICS
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3 BALLISTICS APPLIED TO WOOMERAS AND SPEARS
3.1 APPLIED PHYSICS AND MATHEMATICS

Vi=Di/2At

(inm/s)

At=0.0083s

Ai=AV /2At
=(V -V )I2At

(mrmé)
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3 BALLISTICS APPLIED

TO

WOOMERAS

3.1 APPLIED PHYSICS AND MATHEMATICS

AND SPEARS

H I

|

WOOMERA DATA and GRAPHS

t
{in Seconds )

At=(1/120fps)

Vi=Dif2At
{inm/s)

Ai=AV/2At=(Via-Via)/2At

{(in m/s”)

Ai=AV/2At=(Via-Via)/2At
{in Gswith 1G=9.81m/s” )

AD A2

0.00833

0.008333333

ALAZ

0.01667

0.008333333

A2 A4

0.02500

0.008333333

A3 AS

0.03333

0.0083333353

AL AB

0.04167

0.008333333

A5 AT

0.05000

0.008333333

ABAB

0.05833

0.008333333

AT AS

0.06667

0.008333333

AB ALD

0.07500

0.0083333353

A ALL

0.08333

0.008333333

ALDALZ

0.09167

0.008333333

Al2AL3

0.10000

0.008333333

0 o

135?91113

¥,

t

mt

Seconds)

mvi=Dif 2Dt

mys}

1

mt
Seconds)

Hai=DV/2D0t={Vil-
Wi-l)/ 2Dt in
Gswith 1G=981m/s2 |

oWt
Seconds)

mVi=Di/20t
mfs}

2i=DV/2D0t=[Vil-
Vi) 2Dt [in
Gswith 16 kg Bacaes )
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3 BALLISTICS APPLIED TO WOOMERAS AND SPEARS
3.1 APPLIED PHYSICS AND MATHEMATICS

. . st .
Vi=Di/2 At 1" Inflection 2" Inflection
Point

~ ( Maximum Accelerationy—
Ve 532.8 mJs2
Q. \U5431G6s= 6x9Gs )

(Inm/s) Point

ai:AViIZAt
:(Vi+1 _Vi-l )/ZAt

(in mis )
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3 BALLISTICS APPLIED TO WOOMERAS AND SPEARS

3.1 APPLIED PHYSICS AND MATHEMATICS

Maximum Speed Maximum Acceleration

30.06 m/s 5328 mis
108.22 km/h 5431 Gs =6 X 9 Gs

Average Acceleration
2
281.27 mis
28.67 Gs =3.2x9Gs




3 BALLISTICS APPLIED TO WOOMERAS AND SPEARS

3.2 MODERN APPLICATION IN THE
ROYAL AUSTRALIAN NAVY : REPLENISHMENT AT SEA
AND HARPOON MISSILES SYSTEMS
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3 BALLISTICS APPLIED TO WOOMERAS AND SPEARS

3.2 MODERN APPLICATION

IN THE

ROYAL AUSTRALIAN NAVY

REPLENISHMENT AT SEA

AND HARPOON

MISSILES SYSTEMS

« Motion is accelerated

= Acceleration is constant, and

downward

. a=g=981m2

= The horizontal (x) component of

velocity is constant

+ The horizontal and vertical

motions are independent of each
other, but they have a common
time

(] THIERRY HERMAN 2016



3 BALLISTICS APPLIED TO WOOMERAS AND SPEARS

3.2 MODERN APPLICATION IN THE
ROYAL AUSTRALIAN NAVY : REPLENISHMENT AT SEA
AND HARPOON MISSILES SYSTEMS

Initial position: x =0,y =10

Initial velocity: Vi =v; [0]

Velocity components:
x direction : v, = v, cos 6

y direction : vy, = v; sin 6

(€] THIERRY HERMAN 2016



3 BALLISTICS APPLIED TO WOOMERAS AND SPEARS

3.2 MODERN APPLICATION IN THE
ROYAL AUSTRALIAN NAVY : REPLENISHMENT AT SEA
AND HARPOON MISSILES SYSTEMS

Equations of motion:

X Y

Uniform motion Accelerated motion

5
ACCELERATION | a,=0 a, =g=-9.81 ms?

VELOCITY v, =V; cos 6 v,=v;sinf +gt

DISPLACEMENT | X=V;tcosf y=v.tsinf +% gt?

(€] THIERRY HERMAN 2016



3 BALLISTICS APPLIED TO

WOOMERAS

3.2 MODERN APPLICATION IN THE
: REPLENISHMENT AT SEA

ROYAL AUSTRALIAN NAVY

AND HARPOON MISSILES SYSTEMS

Initial Conditbns :

Dxatance between frng point ( sending &

ACINITES

QUESTION 1: Flghttime
By usin gthe

function o the initlal velocity V|

initial v el
( Reme mber tat dler nspn

l\ =wtsinf+¥ag (:“]

AND SPEARS

7
QLESTIONZ: Range

verde ntfromth

|’ x=v, tcosl 1
Q- SRS

After a time A t, » again ( Touchdown )

Therefore :

0=V Atsin@ + %
Solve for At

0=V, sin@ + %

with g 981 m/s

.

After a time At, 3
Therefore:

X cos

\

Ax = v; A\t cos 6

1

and, according t o Question 1 :
2 v sin
At =
()
2v,2sin @ cos @

g

2 sin(2 @)

2sin @ cosf = sin 26)

I'herefore

K
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3 BALLISTICS APPLIED TO WOOMERAS AND SPEARS

3.2 MODERN APPLICATION IN THE
ROYAL AUSTRALIAN NAVY : REPLENISHMENT AT SEA
AND HARPOON MISSILES SYSTEMS

Initial Conditions :

Vi =30.06 m/s

0

0 =31.6

2v;sinf

At =

(-9)

with g =-9.81 m/s

(€] THIERRY HERMAN 2016



3 BALLISTICS APPLIED TO WOOMERAS AND SPEARS

3.2 MODERN APPLICATION IN THE
ROYAL AUSTRALIAN NAVY : REPLENISHMENT AT SEA
AND HARPOON MISSILES SYSTEMS

2 x30.06 sin 31.6
At =
0.81

At = 3.21 sec

Flight Time = 3.21 sec

(€] THIERRY HERMAN 2016



3 BALLISTICS APPLIED TO WOOMERAS AND SPEARS

3.2 MODERN APPLICATION IN THE
ROYAL AUSTRALIAN NAVY : REPLENISHMENT AT SEA
AND HARPOON MISSILES SYSTEMS

~(30.069sin (2 x31.6
- 9.81

Range= AX

AX = 8221 m

Theoretical Range = 82.21 m which tallies with the
ground observations of 70 to 80 m, taking into account
air friction.
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4 MAKING WOOMERAS WITH STUDENTS

i '!‘, f/f /f/ l !f 2!“ ‘2\

4.1 ELEMENTS OF DESIGN
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4 MAKING WOOMERAS WITH STUDENTS

4.2 SOFTWARE
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Corel Draw or Inventor

THIERRY HERMAN 201 6



4 MAKING WOOMERAS WITH STUDENTS
4.3 CNC LASER CUTTER
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STEM 1n SACE

F Key Points and Summary

STEM Project Based Learning allows students to :

» Become aware that in the Real World, Mathematics, Science, Technology and
Engineering are always interconnected.
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STEM in SACE
Key Points and Summary

STEM Project Based Learning allows students to :

>

Become aware that in the Real World, Mathematics, Science, Technology and
Engineering are always interconnected.

Gain confidence in trying new things and in particular using their current
knowledge to solve their project R & D challenges.

It also encourages students TO SEEK NEW KNOWLEDGE on a needs to do and
relevant basis, in order to make their project a success.

Finally, STEM Project Based Learning allows students to make mistakes, to go
back to their “drawing boards” , improve on their design by using any tools at their
disposal, intellectual and physical, and finally experience a great feeling of pride
when they successfully finish their project.

See our Education Minister Susan Close interviewing STEM Naval Engineering Le

Fevre students about their experience as STEM Learners. This interview will soon
be uploaded to the DECD website.
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SUMMARY

There is no doubt that, without neglecting the Arts and
Humanities, the future of Education, anywhere in the world will be
centred on STEM skills - for a very simple reason : most of the jobs
that our current students will occupy will have one way or another
some STEM components.




STEM in SACE
Key Points and Summary

SUMMARY

There is no doubt that, without neglecting the Arts and
Humanities, the future of Education, anywhere in the world will be
centred on STEM skills - for a very simple reason : most of the jobs
that our current students will occupy will have one way or another
some STEM components.

It is therefore our duty to prepare them, and try to equip them to the
best of our capabilities to successfully negotiate the challenges they
will face in their professional life.
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And remember, like Rock and Roll in the 50s

STEM is here to stay ©

THE BEAUTIFUL
THING ABOUT
LEARNING IS THAT
NO ONE CAN TAKEIT

AWAY FROM YOU.
“ -B.B.KING

)
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