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* Different types of 3D printing materials:
Characteristic and the application

— ABS material
— PLA material

— Conductive materials — electroplating and circuit
printing (for teaching electric circuit)
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PLA (Poly Lactic Acid)

 PLA is a bio-degradable type of plastic
that is manufactured out of plant-
based resources such as corn starch or
sugar cane.

* This is why it is called ‘the green
plastic. Be sure to throw it in a

filament recycler and you’re as green
as can be.
* |t's widely used for packaging, such as

food products
* |tisflexible and bendable
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ABS (Acrylonitrile Butadiene Styrene)

e ABS plastic is made out of oil-based
resources

* it has a much higher melting point
than PLA plastic.

e stronger and harder.

 ABSis widely used for purposes
ranging from car bumpers and
motorcycle helmets to musical
instruments, golfclubs and Lego.

e Different conditions under different
setting of infill %
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Pros and cons of PLA

® Pros

o Can be printed on a cold surface
More environmental-friendly
Shinier and smoother appearance
Smells sweet when being print =)

O O O O

No harmful fumes during printing
o Higher 3d printer speed

® Cons
o Can deform because of heat (like a cassette in a car)
o Less sturdy (than ABS)
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Pros and cons of ABS

® Pros

O Very sturdy and hard

O Suitable for machine or car parts

O Higher melting point

O Longer lifespan
® Cons

O Made out of oil, so more damaging to the environment
Deformes when not being print on a heated surface
Hot plastic fumes when printing
Therefore, you need ventilation
More difficult to print

O O O O O

Not suitable for using with food
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Other application of 3D printing for STEM education

* Printing PCB for teaching
electronics

* Print conductive materials
on a Printed Circuit Board to
draw a electronic circuit
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Other types of 3D printing - Filament-based

A long plastic filament is fed by a spool to a nozzle where the
material is liquefied and ‘drawn’ on the platform, where it
immediately hardens again.

The nozzle moves to place the material in the correct
location to build your model up layer by layer.

When a layer is drawn, the platform lowers by one layer
thickness so the printer can start with the next layer.
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Other types of 3D printing - Filament-based
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Other types of 3D printing - Powder-based
SLS = Selective Laser Sintering (ZZ¥E M G EESS

® |t is used to create 3D prints in Polyamide, Alumide, Titanium,
Rubber-like, and Wood.

® The interior of the printer is heated up to just below the melting
point of the powder of your choice.

® The printer then spreads out an incredibly fine layer of this powder.

® A laser beam heats up the areas that need to be sintered together

just above the melting point.
® And voila: the parts that were touched by the laser are now fused

together while the rest continues to remain loose powder.

Source: https://i.materialise.com/blog/3d-printing-technologies-and-materials/
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https://i.materialise.com/blog/3d-printing-technologies-and-materials/

3D Printing with Nylon SLS
(Selective Laser Sintering)

https://www.youtube.com/watch?v=165Q|-TO9SE
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Other types of 3D printing - Powder-based

SLS = Selective Laser Sintering (ZZ=FE MG ESLS)

Inkjet
Printhead 4

Leveling Roller
> Binder

Powder Supply Feeders

Powder Bed

Powder Feed Piston Build Piston
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Other types of 3D printing - Powder-based
SLS = Selective Laser Sintering (=& G ELS)
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Other types of 3D printing - Resin-based

* |t takes place in a large tank and begins with a layer of
liquid polymer spread over a platform.

* Since this piqued polymer is UV-sensitive, a UV laser
hardens the area that will become one layer of your 3D
print. The rest of the layer stays liquid.

 The platform is then lowered and the next layer is drawn
directly on top of the previous one.

* When the object is complete, it is raised out of the tank
via the supporting platform — much like a submarine rising
to the surface of the water — with the excess liquid flowing
away.

Source: https://i.materialise.com/bloqa/3d-printing-technologies-and-materials/
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Other types of 3D printing - Resin-based
Meet the second high-resolution, laser-drawn resin

3D printer from Formlabs
https://www.youtube.com/watch?v=b-sicYo8isl|
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https://www.youtube.com/watch?v=b-sIcYo8isI
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Hands-on workshop 3: Using mobile devices for 3D Scanning

® How to obtain a 3D object from scanning a real object by
using smartphone software Qlone

e How to use a 3D scanner or smartphone to capture a 3D

model
* Some samples of toy cars , boat and wind turbine will be

provided for participants to try scanning these objects

) TEiERISESARNE Professional Development Training 19
|| e-Learning Development Laboratory
:f ) The University of Hong Kong




jjmlgé_ : §IJE|]QREII\‘ ::1’EI%E
TEZ& - ZappBHIRLINRE - ZKERZSIEI—5RORM TIFAR

FER G an : QLONE Mat

. . You need the QLONE mat to be able to
. o scanobjects
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Print direct or get the file

AIR PRINT GET
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AL : https://www.glone.pro/
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https://www.youtube.com/watch?time continue=1&v=TSIwD

TDvc68
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Encircle Your Target Glue Regions Distance Matters

To make a good model, you need to Make sure each segment of the object Taking images from too far won't result
move around the object. is present on at least two pictures! in good models — the target has to
Follow a circular path and stop when make up a significant portion of the
taking pictures. The green lines on the tree stump image!
indicate the glue regions — areas seen
on at least two images. Aim for a distance where you need 15—
20 imaaes to cover vour taraet with

SKIP
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Lighting Matters Be mobile Moving Targets

Spotlights, hard shadows, and uneven It is insufficient to move the target Moving targets cannot be made into
lighting generally results in incomplete object: You need to move the device models. If you intend to model living
models. itself: you need to be mobile! beings, they need to remain still.
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Suboptimal Targets

Excellent Targets

Reflective, transparent, and untextured,
homogenous objects do not make
good models.

Textured, vivid, and rough items make
excellent models.
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Qlone SCANN3D
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—RIRERE o BWE: SHERFHRBERIFIEAS o X EREGE R o UL
BE

- REE: RFRERIRRENICE
- HEEY): AZEESROC/HCHE - 08 RAGABs - BEEN

B1E4)
BrlRERE - oDIFBEERSERFRE - WEBEFHK AZBREBEE
« —HRME - BTN )
ObjectBIyE E B S - BENANNSERR  FH
- FEXsRARERIR REEEEFA S EREMBERES -
BE 48 =€ JPEG, GIF, MP4 3D Object, MTL, PNG file
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— %0 Microsoft Kinect etc.

- BEBEZHENH - ENERHEDNRFICR - (RO23:

https://all3dp.com/1/best-3d-scanner-diy-handheld-app-software/

==

KINECT

for Windows
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Examples of using 3D printer for teaching concepts and conducting
experience in physics

Open bottle cap — Turning effect of a force

An ‘anti-siege’ machine - Turning effect of a force
Balance bottle holder — Free body diagram

Ship - Centre of gravity

Right hand grip rule — EM

Ellslming’s Left hand rule & Right hand rule (FBI) —

7. DC motor— EM
8. Mirror stand — Optics
9. Wind turbine — Energy

10. Stationary satellite (Geostationary satellite) —
Gravitation

o s WwhE
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1. Open bottle cap —
Turning effect of a force

* Design several models of open bottle cap to let
students know how it helps to open the bottle cap
such as longer handler, couple (two forces of equal
magnitude and opposite directions act on the
object)
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1. Open bottle cap —

Turning effect of a force

Objective: To find out how the distance from the pivot affect the
turning effect

Time: 10 mins

Apparatus: A bottle with cap, spring balance, and different types
open bottle cap 3D printing device (short length, middle length
handler, longer length handler).

Procedure: Students need connect the spring balance and the
end of handler of the open bottle cap device. Apply a
perpendicular force to the handler and record a spring balance
reading.

_ Short length Middle length Long length

Length of the handler (cm)
Spring balance reading (N)

fos| TEARSTEERRERE Professional Development Training 40
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2. An ‘anti-siege’ machine —
Turning effect of a force
e Using ‘anti-siege’ machine to let students know how

the turning effect of force making the ‘anti-siege’
machine working.

s\
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2. An ‘anti-siege’ machine —
Turning effect of a force

* Objective: Students need to design an ‘anti-siege’ machine
that can throw the object to longer distance

* Time: 40 mins

* Apparatus: Different 3D printing parts of an ‘anti-siege’
machine, and rubber acts as an object.

* Procedure: Students need to use the concept of ‘Principle of
moment” and Projectile to construct an ‘anti-siege’ machine
that can throw the object to target.
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Projectile motion

*Equation of the horizontal range

. - 2vpsind
v A Iime of flight, t = ——
' g
22
V,=V, : . vgsin“o
" Maximum height reached, H = 2+——
V,=0 2g
S SRS . vZsin2e
. Horizontal range, —
, N 9
Vu (f b4 o% H \\
v, “
A" —
E \ ux—uln]q
> X
vﬁx
< = >
Vyi=Voy
%\
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3. Balance bottle holder —
Free body diagram

* By using the Balance bottle holder, we can ask
student how it works and how to find out the free
body diagram (whole system, balance holder itself &
bottle itself)

(52 stABS7EERRERE Professional Development I raining 44
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3. Balance bottle holder —
Free body diagram

* Objective: Students need to know why the bottle holder can
hold the bottle by using free-body diagram

* Time: 20 mins
e Apparatus: A 3D printing bottle holder and a wine bottle.

* Procedure: Before put the wine bottle into the bottle
holder, student need to use free-body diagram to show why
the bottle holder cannot stand firm by itself. After that they
need to use free-body diagram to show why the bottle
holder can hold the wine bottle and stand firm.
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4. Ship - Centre of gravity

* Use the printed boat/ship to
demonstrate the effect of base
area and height affect

* the centre of gravity
* Moment
* Pivot point

IS ssARS7SURRENE Professional Development Training
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Case study: Sinking of the Sewol

* Discuss the case of sinking of the Korean cruise liner %5z
(Sewol) in Apr 2014.

® It was investigated that the cruise sunk because of its high
centre of gravity.

® Bone fragments, personal belongings found from salvaged
Sewol-ho ferry

® https://www.youtube.com/watch?v=F0g-JCZNnsU
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https://www.youtube.com/watch?v=F0g-JCZNnsU

Z BT SewolBIILR
Case study: Sinking of the Sewol

* When the ship made a sharp turn, a large elevation
angle was resulted

* The displacement of the centre of gravity to the pivot
point created a large moment that turn the boat
beyond the critical angle.

Timeline
09:00 (local time) | 09:30 09:45 10:00

JURCE: SOUTH KOREA COAST GUARD & SOUTH KOREA MEDIA STRAITS TIMES GRAPHIC ADAPTED FROM AFP
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Floatation and Archimedes’ principle

* Printing of different shape of boats and explore the
how the shape could affect the water displacement
volume and the centre of gravity of the boat...etc.

e How Much
- Water Is Needed to Float a Ship?

A ship floating in the ocean is a familiar sight. But is all that
water really necessary? Can an ocean vessel float in the
amount of water that a swimming pool contains, for instance?

Y

———— e
| ——
L — e
e — ——

\ ‘ y/

(c)
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Floatation and Archimedes’ principle

e |llustrated the factors that prevent boat sinking or

toggling (base area, moment and centre of gravity)

Professional Development Training
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Problem of a ship with high centre of gravity

* A 3D printed model of a high centre-of-gravity ship
and a low one will be used to illustrate the underlying
physics:

* Newton 15t law (Inertia) moment, centre of gravity
and condition of toggling...etc.

Lo EEARETERRRARE Professional Development Training 51
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4. Ship - Centre of gravity

* Objective: Student need to investigate why the ship has
higher CG will sink easily

e Time: 20 mins

e Apparatus: Two different 3D printing models of ship, mass
and water tank

* Procedure: Students try to add the loads onto the ships
(one has lower CG and the other has high CG) until one of
them sink.
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Activity 1: Centre of Gravity — | sussestea
ctivity
the balancing birds

Step 1. Explain the activity to students
Step 2: Split students into groups of 2
Step 3: Distribute balancing birds to all groups randomly

Step 4: Allow students to experiment to find out where the center of
mass is/what position to place the bird that will allow it to spin without
falling off a point of contact

(ie: a finger)

Step 5: Students will test their particular 3D printed balancing bird to
see whether or not it is able to spin without falling off its axis of rotation

Step 6: Discuss the concept of center of gravity with the students,
weighing in on evidence from the spinning bird experiment.

Source: https://www.thingiverse.com/thing:1710099
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https://www.thingiverse.com/thing:1710099

Activity 2: Centre of Gravity — [Sugggﬁted]
) Activity
other objects

https://www.thingiverse.com/thing:332676

Thingiverse DASHBOARD EXPLORE EDUCATION CREATE Q, Physics Project SIGN IN /7 JOIN

physics project

by tlacy, published May 15, 2014

o S +
& Thingiview & DOWNLOAD ALL FILES

L]

[-_.‘i?\

Thing Apps Enabled
[

Vs

T EEARRTEERRRME Professional Development Training 54

I e-Learning Development Laboratory
4’)‘\ ” ‘ The University of Hong Kong



https://www.thingiverse.com/thing:332676

Make your Motor Boat

https://www.thingiverse.com/thing:320485

g Motor Boat RC small (experimental)
by wersy, published May 23, 2014
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https://www.thingiverse.com/thing:320485

5. Right hand grip rule — EM

* Sometimes, students may not really understand the
right hand grip rule. We would like to design a

model to let them learnt easily.
e Students sometime mix up the use of right hand

grip rule for solenoid and for straight wire

Thumb

(Current) _
Fingers | & ¥
13 N
(Magnetic \ P ; E

ydad
o

http://www.excelatphysics.com/magnetic-
effect-of-a-current.html
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http://www.excelatphysics.com/magnetic-effect-of-a-current.html

5. Right hand grip rule — EM

* Objective: Students need to find out the relationship
between Current () and Magnetic field (B) when the current
passing through the wire / solenoid by seeing the compass
signs.

e Time: 20 mins

* Apparatus: Five different 3D printing models (Right hand,
Thumb (represent for current), Four fingers (represent for
Magnetic field), Thumb (represent for Magnetic field), Four
fingers (represent for current)), solenoid, batteries, wires,
small compass and magnetic (with label north and south
pole).
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5. Right hand grip rule — EM

* Procedure: Put several small compass round the wire and
then apply a current passing through it. By observate the
needle direction and they need to use the 3D printing
models to connect them together to show the relationship
between Magnetic field (B) and Current (l).
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6. Fleming’s Left hand rule & Right hand
rule (FBI) — EM

 Sometimes, students may not really understand
and not well use their fingers on the Fleming’s Left
hand rule & Right hand rule (FBI) . We would like to
designh a model to let them learnt easily.

* They sometimes move their fingers incorrectly.
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6. Fleming’s Left hand rule & Right hand
rule (FBI) — EM

* Objective: Students need to find out the relationship
between Force (F), Magnetic field (B) and Current (I) when
the current put into the magnetic with current pass through
the wire.

e Time: 20 mins

e Apparatus: Four different 3D printing models (a stand, Force
(F) arrow, Magnetic field (B) arrow and Current (I) arrow),
copper wires, batteries, wires and magnetic (with label
north and south pole).
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6. Fleming’s Left hand rule & Right hand

rule (FBI) — EM

* Procedures: Put the wire in the middle of the magnetic and

then connect it with the batteries. The wire will be move
upwards as the figure shown. Student need to use the 3D
printing models to connect them together to show the
relationship between Force (F), Magnetic field (B) and
Current (l).

(1) wire moves upwards

to a high
current power
supply or
battery
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/. DC motor — EM

* The working mechanism of DC motor is also so
abstract. We would like to ask student to make a DC
motor by themselves and using the Fleming’s Left
hand rule 3D model to familiar in depth. Moreover,
they need to balance the weight of the wire and
no. of turn to make the DC motor turning faster.
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/. DC motor— EM

* Objective:
* To build up a DC motor.
* To apply Fleming’s Left hand rule in DC motor so that
students could understand the turning effect in different
situations.

* To find out how no. of turns of coil affects the turning
speed
* Time: 35 mins
e Apparatus: DC motor kit, 3D Fleming’s Left hand rule model
(example 6)
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/. DC motor— EM

* Procedures:
1. Students are requested to build their own DC motor with
guidance of teachers.

2. Students need to address the main structure of DC motor.
3. Students are asked to use 3D Fleming’s Left hand
rule model to find the Force when the coil in
perpendicular and vertical position. Therefore, they
may appreciate the design of DC motor e.g.
accumulator. (Teachers at this point are suggested to
show a practical DC motor to students to address
their differences)
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/. DC motor— EM

4. To compare the turning speed a coils with different no.
of turns. Then, ask students to explain the results.
(Further Q: how we could measure the turning speed of
the coil quantitatively ? One of the methods may use a
cotton rope adhere on the axis)
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/. DC motor— EM

Length of rope (m) | Time taken (s) | Turning speed

(ms)
no. of turns of coil (N=10)

no. of turns of coil (N=30)

https://www.thingiverse.com/thing:1613211
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8. Mirror stand — Optics

* We found that it is not easy to stand a mirror
perpendicularly for optics experiments. We would
like to design a sample tools to help students on

doing these type experiments.
* This example just illustrate how 3D printer may

help you to handle your experiment nicely.

67
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9. Wind turbine — Energy (Design of wind
turbines and propellers) (For Elective)

* Explore how the number of blade, tilt angle and
surface area affect the efficiency of the wind turbine.
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B0 B BB i A 0 T AR EL
Quantitative Model of Wind turbine

 The following table shows the definition of various
variables used in this model:

E = Kinetic Energy (J) p = Density (kg/m3)

m = Mass (kg) A = Swept Area (m2)

v =Wind Speed (m/s)  Cp = Power Coefficient
P = Power (W) r = Radius (m)

X = distance (m) t = time (s)

dm/dt =Mass flow rate (kg/s)
dE/dt = Energy Flow Rate (J/s)

i3 -7-+5§§§E$%
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B s EAN E=RE
Quantitative Model of Wind turbine

 Under constant acceleration, the kinetic energy of an
object having mass m and velocity v iIs equal to the
work done W in displacing that object from rest to a
distance s under a force F , I.e

E = Force x Distance = Fs

« According to Newton’s 2" Law, we have: F = ma

 Hence, E = mass x acceleration x distance = mas
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B s EAN E=RE
Quantitative Model of Wind turbine

» Using the third equation of motion: v2=u?+ 2as
eweget: a=(v?-u?)/2s

« Since the initial velocity of the object is zero, 1.e. u=0
, We get:

a =v2/2s

i §>§k+ﬁ¥+§§§%$ﬁ
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B0 B BB i A 0 T AR EL
Quantitative Model of Wind turbine

* Substituting It in equation (1), we get that the
Kinetic energy of a mass in motions Is:

E=% mv?...(2)

* The power In the wind Is given by the rate of
change of energy:

P=dE/dt =% v> dm/dt




B s EHRAHNTE S1EE
Quantitative Model of Wind turbine

* As mass flow rate iIs given by:
dm/ dt= pA dx/dt
dx/dt

Cross section area A

fff EExm R sERRESS Professional Development Training
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B ] ERANES =
Quantitative Model of Wind turbine

» and the rate of change of distance is given by:
dx/ dt =v
* We get: dm/dt = pAv

* Hence, from equation, the power can be
defined as:

P="1 pAv
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Test the performance of the 3D printed wind turbine

 Measure the wind speed and calculate the theoretical
wind power

* Measure the current and voltage of the load circuit
* Find out the efficiency of power conversion =P, ./P;.

DC Load
Voltmeter
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Compare the performance dlfference types of wind
turbine

y

Vertical-axis Horizontal-axis
turbine turbine
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10. Stationary satellite (Geostationary
satellite) — Gravitation

e Geostationary satellite is an artificial satellite that always
remains at the same spot when viewed from the Earth.

* It is very difficult to let students know why the geostationary
satellite orbit directly over the equator. We would like to
design two 3D models with force directions to explain this
concept.

Earth’s centre

satellite
IMPOSSIBLE

satellite
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Online resources for other teaching tools

Example 1: Electric Flux
L ERE

Summary

Electric Field and Flux lab demo.

Overview and Background

Electric Flux

We have a physics lab where students use a loop over lines of electric flux, and record the number of
lines as a function of normal vector angle of the loop area. Plotting these, they discover the flux Phi =
A B cos(theta). Previously we used sticks in styrofoam and a pipecleaner loop. | thought I'd try to
make something a bit nicer. This is about 10x10x13, and takes about 180 m of filament for the rmain
thing. | suggest printing the 'loop” using a different color for contrast.

Lesson Plan and Activity

See Tutorials in Introductory Physics by McDermott et al {(Dept Physics, U Washington), p. 77
“Electric Field and Flux"

https://www.thingiverse.com/thing:2278336
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Example 2: BER7
~5l 2 : Electromagnetic Wave

How | Designed This

Used Rhinoceros 3D in conjunction with Grasshopper plugin to build the sine curve.

¥ 013075

oman '
| Stwps | 50000

)
[omain] 171250 b

https://www.thingiverse.com/thing:1105344

The electromagnetic waves that compose electromagnetic radiation can be imagined as a
self-propagating transverse oscillating wave of electric and magnetic fields. This diagram
shows a plane linearly polarized EMR wave propagating from left to right. The electric field
is in a vertical plane and the magnetic field in a horizontal plane. The electric and magnetic
fields in EMR waves are always in phase and at 90 degrees to each other.

Source: https://en.wikipedia.org/wiki/Electromagnetic_radiation
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https://www.thingiverse.com/thing:1105344
https://en.wikipedia.org/wiki/Electromagnetic_radiation
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Example 3: ¥3EHTHI4))E H X ZRAMAIEE ST 2R

R~ 3 Physics Diffraction Slide Holder and Laser Pen Holder

https://www.thingiverse.com/thing:2376585

Summary

This is a slide stand and a laser pen holder to allow students and teachers to conduct/demonstrate
the double slit experiment with different wavelength laser lights.

The slide holder doubles as a storage holder for your slides.

The laser pen holder suits a common laser pen sold online in sets of 3 different wavelengths.

This was originally designed to help a student conduct their extended experimental investigation.

Print Settings

Printer Brand:
SeeMeCNC

Printer:
Rostock MAX v2

Rafts:
Doesn't Matter

Supports:
Doesn't Matter

How | Designed This

Designed using OpenSCAD
Designed using OpenSCAD using caliper measurements.
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https://www.thingiverse.com/thing:2376585

Example 4: Tornado in a Bottle

RBI 4 KIS PR EE TS [,

https://www.thingiverse.com/thing:130922
« Other applications for learning 3D#] ENRY E 1 2 E2 &

- For fun, competition & event 1244 tEBEFNEH
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https://www.thingiverse.com/thing:130922

== _ &1 4245 Conclusion

® Capture 3D objects using Mobile devices (i.e. Qlone)

® Physics experiments / Tools
— Open bottle cap — Turning effect of a force

— An ‘anti-siege’ machine - Turning effect of a force

— Balance bottle holder — Free body diagram

— Ship - Centre of gravity

— Right hand grip rule — EM

— Fleming’s Left hand rule & Right hand rule (FBI) — EM
— DC motor-EM

— Mirror stand — Optics

— Wind turbine — Energy

— Stationary satellite (Geostationary satellite) — Gravitation




Join our “3D Printing for Physics” community
(Whatsapp Group)

DEEMAI3D Printing &E&fl

NEEMINESFHEIEE)
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—
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FAQ

1. How to select a buyer of technological
equipment?
1. Reputation
2. Efficiency of support
3. Maintenance fee

2. Any channel to print your 3D objects?
1. Makerbot

2. Hong Kong Productivity Council 3D Printing services
for schools

3. Services provider found on Taobao.com
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2. Recommended 3D Printer
2. Ultimaker 3
3. UP
4. Zmorphy

3. Recommended 3D Scanning
2. HP Sprout
3. Apple Structure Sensor
4. Sony XZ
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* Please fill in the EDB Course Evaluation Form and
submit it by the end of the class.
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HKU Training Evaluation & Follow-up



https://goo.gl/forms/O7qiudh0IZWqFrdI2

BitErHBENNEREREEO
Facebook %E
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