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Lecture - 22
Demo of 3D Part Print

Hello if you remember yesterday we stopped with this saying I have a small circuit here.
(Refer Slide Time: 00:26)

Can you zoom it in sir? I would like our students to see this as much as you can. I think that
is probably the maximum it is fine. If you remember we started here.

(Refer Slide Time: 00:45)
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Then I also tried to show you a small enclosure which I can build with it. I was feeling very

thrilled about it. Now finally that job has been find. I have the video there which I will show



you in due course and then this is not asymmetrical objects. So a lot of care has been taken
and once I put it just directly it comes out of the machine sits flush how nicely it sits. I am

thrilled at it okay I will put it this side maybe it is convenient for me.

Can you see here it is absolutely flush and more than anything else I have a provision for a
heat sink there. So this aluminum what you call part. Right now no I have not yet finish it. I
have got something which fits perfectly all right all I need to do is attach 2 more screws here
and for which also I am trying to make some arrangement and make sure that there is no short
circuiting here compare this to what we did some years back.

(Refer Slide Time: 01:44)

This is done 6 years back in a little older machine you see this here, but of course the whole
thing is there we are not very sure. And then this whole thing has a chance for it to buckle. So
we had to strengthen it using extra sheets and all the sides because the build up and all and
the size was a problem.

(Refer Slide Time: 02:05)



Right now making things like this is easy extremely easy there is no issue about it at all and if
you make a proper drawing with all the trouble we have taken and then the first firing of the
job everything sits neatly inside. This is the advantage of so called 3D printing. Now one of
my friends have asked me a question sir what next. This is as an experimental thing I wanted

to show you one more time let me tell you this is very miniature thing.

And it is going to use 2.3 mm self-tapping screws. It is a little smaller than the standard ISO
we have 2.6, 2.5 (()) (02:50) we have 1.6 and 1.5 compared to that eventually this is going to
sit here. This is a very farfetched idea from where we have started. See here we did not know
all that story I was telling you how to make it and all that it has been taken care of. Now the

technology has also improved.

And we did not even need this hard what you call metal inserts unless we wanted. In fact, if
you see this next model is probably going to have a small projection here. If T have the
projection, I just have to push it inside and it just stays there without anything and I do the
same projections can come out and then I can even assemble the heat sink and where it comes

out I make some arrangement I have a beautiful model which works.

And more than anything else I do not know if I have shown you or anything there are small
grooves here which will make sure that a wire can sit through it. So I have a beautifully made
module from off the shelf electronic. Every time we did not invent the electronics, but you
need to invent products so [ will see how it was yesterday.

(Refer Slide Time: 04:10)



This is what I had shown you.
(Refer Slide Time: 04:14)

Then this is detailing which I had shown you.
(Refer Slide Time: 04:16)



This is the box and this is how the whole thing was built up. Now I will see if video which I
took will actually show up. Bigger video has been taken with a big camera, but right now this
is small what do I call it a trial video to show how the parts are being build up. So just wait I
hope it loads. Yeah it is coming there.

(Refer Slide Time: 05:05)

That is Mr. Singh my colleague who does actually all the printing and all that I do the talking
and he does the working. Let me stop it here rather pause it here and try to explain a few
things here. First of all, this device has several stepper motors. For visible one on the top is
the steeper motor here with a belt and which has a drive which moves it in the x direction. If I

take it left to right as an X direction.

And then I have one more steeper motor here which by a very clever arrangement of a belt



which moves here will move this from the left and right. Advantage being we have avoided
loading this high speed moving device. The minimum weight is there and then let me play it.
So you can just because the amount of what you call gap which is given there is very, very

small we cannot see things that easily.

The video we have from this camera and one more camera you can see it subsequently when
we upload it. Can you see here this is as (()) (07:17) which will feed one of the materials. In
this particular machine we can have a material which can have 2 types meaning outside can
be the basic material and inside we can have a core of any these things including cavalier and

including carbon fiber and so many of those things will sit inside.

We are almost coming to the end. Can you see at this point? let me pause it again. There is
what you call basic (()) (08:05) and this is that vertical table which 1 showed you in the
drawing with a peculiar what you call gamma shape. So you a feed screw here underneath
next set of step motors and controllers and all are there. So this moves up and down this will

give you a Z axis the other two will give you the other axis.

And in this machine they have made it a little simple by making a display directly here. So it
is easy for us probably after I. We have almost come to the end of it there is not much more to
go. It is just a repeat [ will leave it here. Now here is where we come into the other interesting
things.

(Refer Slide Time: 09:00)
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Now if you can kindly look at my monitor here. So you see here over the years my graduate



students have been working on such projects and I will repeat it later so did not worry too

much about how you would like to see it or anything see here.

(Refer Slide Time: 09:22)

So there is something about some lamp and that lamp does all these functions and all.

(Refer Slide Time: 09:32)
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If you remember similar lamp I had showed you here. This is a very, very interesting thing.

This is the CAD model on the left side this is typically the rapid prototyping what we have

achieved. This is what I keep telling you there the beautiful surfaces you see here do not

automatically come there in contrast to what I have shown you already. I am going to talk a

little more about it because I am one of those coffee addicts of and on show me this sir.

(Refer Slide Time: 10:09)



Can you please show me this tea cup? I would like to have warm tea. So one student worked
on it and find out whether you know how to satisfy my craving for caffeine. We have
something and we have this I am sure lot of you have seen this. Now next part of the lecture
is going to be this. It is somewhat related to the product that you see here at the bottom. So

kindly show me this sir you have seen this.

Now you see carefully in this several things have gone into until it came here something else
we have gas thing and we have something else again here. You see this all the beautiful stuff
here and so on and this is sort of what do you say I call it the ultimate thing for what the
students could manage. So I will stop here I will get back to one sample how to make things.

So please keep looking at it.

See if you have to go to the internet and check what are all the guidelines for 3D printing |
will see if these things open surprise we do have what you call external access is there. I will
just type in and see how good we are.

(Refer Slide Time: 11:48)



2 ubdimz by Al

[ it g iy L W T R T Ay o bl ipakdin- lepmn B Loy do 0 g k|

Go g|£ Qi 4 g 4o il [

& Kizhacer f e Vimen i::rrn 2 0 Mcel o 30 Foming | 3
Thyabianis orb b AR S rak b -
420 wn e lDair m ek FIVeeE Ve e

L g Nl s CGkines. Maenel: Ussgn iceines - aupley
r s i NI TS £ (R,
T b 0 Mg e e b st Faie 2 g g e

So if you just go and say guidelines for 3D printing. We have various things here saying
guidelines for 3D printing and type of materials and so on and so on. I would like to come to
one of these things which we have tried to use earlier. This is made by the manufacturer. The
first status is machine we have had. You will notice that this is very authentic and even today
they are one of the leaders in (()) (12:28).

(Refer Slide Time: 12:33)
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So if you go down there is a download design guideline is there. It is almost there see. This is
what we have been using all along. Stratasys we have been one of the people which we were
familiar to work with. So I am not very sure whether it is heater assembly or anything. Then
we have this stuff about part design considerations. Fused deposition modeling design
guidelines, part design.

(Refer Slide Time: 13:15)



PART DESIGN FOR FDM

These quidelings are to be used as a starting polnt in un-
derstanding the basic aspects of part design and prep-
arafion for FOM components. When designing a part to
be buit using FOM technofbgy, buid process must be
considered. FDM s accomplished by extruding thin lay-
ers of malten thermoplasic layer by layer unti a part is
produced. Because FOM produces parts with speciic
characteristics and capabilties different from those of
other prototyping processes, the systems have become
increasingly used as a tool for producing manufactured
products.

FRALIRAFAIALL AALIAIRAFAATIALIA

The issue being here is to be used as a starting point and understanding the aspects of part
design and preparation for components. When designing a part we built using build process
must be considered. FDM is accomplished by excluding thin layers of molten thermoplastic
layers by layer until a part is produced. Because FDM produces parts with specific
characteristics and so on. So we have blah, blah and all that.

(Refer Slide Time: 13:38)

ufa'cmring hiugh-quality FOM p;ins.

SHRINKAGE

Stratasys Direct Manufacturing automatically adds shrink
rates to the part when processed, so shrink factors do
not have to be designed in. Default values can also be
adjusted to fit specific geometries when large production
runs of similar part designs are needed.

WARP

Since FOM systems add small amoungs of moften ma-
ferial in a heated environment, warp 1s not a common
problem. However, to avoid potential warping (deforma-
tion of vertical walls) when building thin-walled sections
of @ model, designers might select to add ribs to the
wals (similar to what would be done with standard injec-
tion molding processes).

And one of the blah, blah finally we have here saying FDM system add small amount of
molten materials in a heated environment, warp is not a common problem. However, to avoid
potential warping of a vertical walls when building thin walled sections designers must select
to add ribs and so on. So next page gives you lot of stuff about holes.

(Refer Slide Time: 14:06)



HOLES

Holes (those in bosses as wel] on an FOM part are
qenerally fractionally undersized. When tight toler-
ances are required, holes will be driled or reamed to
ensure the diameter is accurate.

COLUMNS AND PINS

Minimum pin or column size is a function of part orien-
fation, tip size, and length. The Stratasys Direct Manu-
facturing Project Engineering team can expand a col-
umn or pin to a minimum size based on the selected
slice thickness. Custom groups can also be used to
create smaller features down o 0.019 in. (0.48 mm).

WALL THICKNESS

Minimum wall thickness for FOM parts varies depend-
ina upon the slice thickness that wil be used to build

extents of minimum-thickness, vertical walls without
stpport features lke ribs or a support material tower,|

Stratasys Direct Manufacturing encourages he use
of the recommended minimum wal thickness (oelow),
which will eiminate brittleness.

GENERAL RECOMMENDATION
SLICE THICKNESS MNIMUM WALL
IN. ) .
0007019 0028071
0010029 00400102
0013039 0052013

THREADS

When designing built-in threads, avoid sharp edges

PN BT RSO SOV R | TP Y CYECRR L S O

An FDM parts are generally fractionally undersize. When tight tolerance are required, holes

will be drilled or reamed to ensure the diameter is accurate. You have seen this here most

important thing here is up to a point you get accurate features beyond that we need to make

things by finishing them. The second operation is a must or in case any other way is over.

Then we have stuff about this slice thickness and wall thickness and you have seen this about

threads.
(Refer Slide Time: 14:53)
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umn orbin tb a mini'mum si'ze based on the selected
slice thickness. Custom groups can also be used to
create smaller features down to 0.019 in. (0.48 mm).

WALL THICKNESS

Minimum wall thickness for FDM parts varies depend-
ing upon the slice thickness that will be used to build
the part.

SINGLE CONTOUR WIDTH
SLICE THICKNESS MINIMUM WALL
IN. (MM) IN. (M)
0007019 0014(036)
0010023 0020 050)
0013039 0.026 (066)

These wall thickness figures (above) are a single con-

trr width Natar hiildine midtinla lavare whila eina

0007018 0028 071)

0010(029 0040 (1.2

0013(033 0052(1.32)
THREADS

When designing buit-in threads, avoid sharp edges
and include a radius on the root. Sharp edges can
be stress concentrators in plastic parts. Creating an
ACME thread design with rounded roots and crests
has been found to work well when using FDM. Also,
use a “dog point” head of at least 1/32 in. (0.8 mm).
This dog point design makes starting the thread much
gasier. Small threads produced from the FDM process
are not recommended and not possible for hole§ or
posts smaller than a 1/16 in. (1.6 mm) diameter. An
gasy alternative Is to use a tap or die to thread holes
or posts.

Dog Point Thread

q

And you see the last thing here. An easier alternative is to use tap or die to thread holes or

posts. So in case you have a thread thing carefully if you can match the what you call the (())

(15:08) diameter the manufacturer himself says kindly tap the holes. There is a must for it.

(Refer Slide Time: 15:27)
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Poor

Good

2 STRATASYSDIRECT.COM | 866-311-1017

L A4
Poor

UNDERCUTS

Because FDM is an additive process, undercuts for
design features such as O-ring grooves are easily han-
dled without causing manufacturing issues.

14
Good

Further if you go down. FDM is an additive process undercuts or design features or o-ring
grooves are easily handled without causing manufacturing issues. I agree and I do not agree
also. So in this part he has given stuff about how to reduce stress concentration, how to make
it and all that and I kept on telling you about it saying draft is unnecessary an FDM part. And
single FDM parts has large you can leave all that.

(Refer Slide Time: 16:00)

SIZE AND ORIENTATION

Stratasys Direct Manufacturing can make single FOM
parts as large as 36 in. x 24 in. x 36 in. (X; Y, and Z)
(914 mm % 610 mm x 914 mm). Designers should note
that extruded plastic has its strongest strength in the
tensile mode along the x-y plane. Since the layers are
held together by “hot flow" across the strands (one
strand s cooling while the other is laid upon it), the
lowest strength is in the Z-direction for both tensile
and shear modes.

The Z-dimension brings another consideration 1o the
FDM process. Overhanging non-supported fiatures,
such as the top of a closed box, require a foundation
of support material o be built, which increases build
time and material usage. Because of this, buld arien-
tation is usually determined by the part processor. For
example, half of a box-shaped casing will be built with
the main exterior facing down, so that no internal sup-

ture.

+ Cut overhanging features from the top of the
part (inits build orientation) and build separately.

+ Preserve fragile features that may be damaged
in post processing.

+ Section fragile features from the part and buld
them separately. (Once fragile features are re-
moved they can be bullt in an orientation that
produces a stronger part. There are a number
of bonding methods to reattach features and
join sectioned parts.)

LIVING HINGE

Living hinges made from FOM materials can be used
for a small number of cycles. If additional cycles are
required consider using a different hinge design.

Overhanging non supported features such as top of closed box require foundation of support
material to be built which includes build time and material usage. So how you orient the
product on the table is very, very critical.

(Refer Slide Time: 16:22)



wall thickness to maintain consistent thickness.

Fillets

mum Z clearance of the slice thickness. The X/Y clear-
ance is at least the default extrusion width based on
a suggested minimum wall thickness. The minimum
clearance needed for mating parts, when not produc-
ing the components fully assembled, is equal to the

E @.‘ﬁﬁ- tolerance of the FDM machine itseff.
Rath
j u i‘ SECTIONING PARTS b
Parts may be sectioned (prior to manufacturing) in
x ¢ CAD, commercial rapid prototyping software applica-
tions, or by the Stratasys Direct Manufacturing team.
Poor Good Sectioning can be used to:
DRAFT ANGLE * Build parts that are too big for the build cham-
ber (cut parts into sections).
Draft is unnecessary in FOM parts. " )
¢ Eliminate excessive amounts of support struc-
SIZE AND ORIENTATION ture.

* Cut overhanging features from the top of the

Stratasys Direct Manufacturing can make single FOM
part (in its build orientation) and build separately.

pﬁans as Iargﬁhas 36 im% in.n X 36 in. (X:Y,‘a‘nd .Z)
So a little bit of data or what you call thing is there saying parts may be sectioned prior to
manufacturing in CAD, commercial rapid prototyping software or by this direct
manufacturing so on. Parts that are too big for the build chamber into smaller parts. Eliminate
excessive amount of support structures. Cut overhanging features on the top of the part.

Preserve of fragile feature that maybe damaged in processing.

Section fragile features from the part and build them separately. Then we have living hinge
for a critical thing I have explained to you there for a prototype process. For a small number
of cycles, you can bend the materials. In additions cycles are required consider using
differing hinge design.

(Refer Slide Time: 17:15)

So we have here a nice what you call you have seen this I do not know what it is, but you will



see here something very, very interesting to do is you see this mounting holes and also you
see something here on top probably that takes a strap. I do not know if it is a connector or
whether a wire is coming here or what it is. You see that lot of detailing it is slightly different
from equivalent injection moulded part.

(Refer Slide Time: 17:52)

FASTENING HARDWARE

When using fastening harcware, Stratasys Direct
Manufacturing suggests designers use a cap screw or
aflanged cap sorew. The flat surface elmines mu-
tilrectional stresses from cracking the part. Washers
can also be used o spreadt the load over the largest
possible surface area, Lock nuts, embedded nuts, or
metal inserts are all stronger fastening options than
adcing threads to the FOM plastic.

TEXT

Minmum suggested text size on the top or bottom
build plane of a FOM model is 16 point bolcface. Mini-
mum suggested text size on vertical wals is 10 point
bold. In most casas the supports generated to sup-
port text on a vertical wall can be elminated to save
fime and material

FINSHING & SECONDARY OPERATIONS

Since the FOM process uses engineering-grade ther-
moplastics, the parts produced are capable of with-
standing a number of post-manufaciuring processes,
inclidine machinina anarations sich as driline and

BOSSES AND RIBS

Many times the design of FOM parts can be solid
rather than using a hollowed oLt design supported by

When using a fastening hardware use a cap screw or a flanged cap screw. The flat surface
eliminates multidirectional stresses from cracking the parts. Washers can also be used to
spread the load. So this is a must. So you make your thing as best you can do and they have
given here saying you know in the final job around 16 point something which you can build.

(Refer Slide Time: 18:28)

tidirectional stresses from cracking the part, Washers
can also be used to spread the load over the largest
possible surface area. Lock nuits, embedded nuts, or
metal inserts are all stronger fastening options than
adding threads to the FDM plastic.

BOSSES AND RIBS

Many times the cesign of FOM parts can be sold
rather than using a hollowed out design supported by
hosses and ribs. This can reduce build time and use
less support material. It is not necessary to reduce
wall thickness of a boss, rib, or gusset in FDM parts.
Generally bosses can be the same size as the part
thickness or up t0 0,02 in. (0.5 mm| less. It is also im-
portant to use qussets or ribs to support the bosses in
FDM parts. This willincrease the amount of stress the
feature can withstand.

bold. In most cases the supports generated to sup-
port text on a vertical wall can be eliminated to save
time and material

FINISHING & SECONDARY OPERATIONS

Since the FOM process uses engineering-grade ther-
moplastics, the parts produced are capable of with-
standing a number of post-manufacturing pracesses,
including machining operations such as driling and
tapping, sawing, turning, and milling. (Note that heat
I$ easily built up in plastic parts, o removing the ma-
terial slowly and using coolant keeps the part from
distorting.) Other post processing operations may in-
Clude smoothing, burnishing, sealing, joining, bond-
ing, and plating.

Many times the design of an FDM parts can be solid rather than using your hollowed out

design supported by bosses and ribs. This can reduce build time and useless support material.



It is not necessary to reduce wall thickness of a boss, rib or gusset in FDM parts why they
have done it because unlike in the injection moulded process here there is nothing wrong in

having varying cross-sections.

And you see the second point. FDM process uses engineering grade thermoplastic. The parts
produced are capable of withstanding a number of post-manufacturing process including
machining, drilling and tapping, sawing, turning and milling. Heat is easily built up in plastic
so remove the material slowly and use usual stuff (()) (19:19). Now I will quit this particular

thing and go back to other considerations. I will say this is what I have shown you.

Now other people also know for example design consideration, stuff they are equally valid
why I am showing you this is | have experience only one machine one type of jobs, but here
obviously there are people who have been working on it and this is probably a book like thing
is available. This is a picture I showed you earlier.

(Refer Slide Time: 20:56)
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See we have a lot of guidelines given here saying what to do with supported walls. So we

have stereo lithography, selective laser sintering and fused deposition and fused modeling and
all that lot of stuff about what is the minimum thickness that you can have has been given
here supported overhang. Can you see here [ will try to enlarge it as much I can. See here the

movement.

There is an angled wall it ends up with this red colored thing is the support which is build

automatically into the machine. This machine will give you these building things about it.



Then you have embassed and engraving details that is how deep something can be or it is
there so they have given 0.5 mm then there are bridges saying. If you have a hallow span a
technology can print without the need for support how much as you keep building you can
build something across and you see here.

(Refer Slide Time: 22:14)
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If you see these things here. You see this hole in between there is no support similarly here no
support here, no support here happily it is able to build then minimum diameter can
successfully print all almost at a time it is about around 2 mm. Secondly recommended
clearance between two moving or connecting parts saying if you give around 0.5 mm it will

be able to build this thing. Escape holes to allow for the removal of build material.

So they have given stuff this size of the feature then the pin diameter features how well
typically around 3 millimeter is the pin which can stand by itself. There is also related to
height also about it. So it is not correct for us to make thin tall pins here. Next you have
dimensional accuracy or tolerance. A given feature can increase by around 0.5 millimeter. So
you need to compensate for this and make sure eventually these are the design rules which we

require to follow.

So in case if you have any doubt so I just need to look up on the net and I am sure you will be
able to.
(Refer Slide Time: 24:18)
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@ 3DHUBS  3Dprinting  CNC  Injection Molding  How it works Login Start Manufacturing

1 Basic Manufacturing Principles >

2 Quick Tips Before You Start v Learn how to avoid low quality prints or unnecessarily large 30D files by exporting

your STL file in the correct resolution.
3D Printing STL files: A step-by-step

quide
Table of contents
How to reduce the cost of 3D Printing
Introduction
3D Printing geometry restrietions 4]

Step 1. Understand the STL resolution
How does part crientation affect a 3D

Print?
Step 2. Choose the right exporting parameters

The impact of ayer height ona 30 Print
Step 3. Export STL files from your CAD software

Key design congiderations for 3D
Frinting Rules of Thumb

Invariably we need to generate what is called a STL file. This stereo lithography file is the
one that learn how to avoid low quality prints or unnecessary large files by exporting in the
correct resolution most important seems to be that saying.

(Refer Slide Time: 24:45)
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First of all, standard triangle language is a standard file type of 3D printing. It uses series of
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triangles to represent 3D. All modern CAD software allow you to export that native thing to
these triangles which I have shown yesterday if you make a square hole the file is likely to be
smaller. 3D model is then converted into machine language through a process called slicing

the article we will teach you and so on.

So I suggest you go to the same 3D hubs knowledge base and finding out how these things

work. I think you should read it yourself. My reading it on the screen will now help. 1 will



spend more time and you can check and choose the exporting parameters.

(Refer Slide Time: 25:56)
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Chord height

So usually the stuff about the recommended value for the thing is 120 out of the layer. So it

should be here has given one micron and I will say even it should not be less than 10 microns.

This will result in file which will deal accuracy for most 3D printing exporting in a smaller

tolerance will not have any effect on the quality. So there is no problem.

(Refer Slide Time: 26:21)

NN & fnion:

T o R O]

(} Search
1 Dasi: Manudacturing Principles 3
2 Luick Tips Delore Yoo Slar R

A0 RPN ATE = e & wrap-vabeg Quilen

Hs; luzzw b e 50 30 Printirg

AU Prircing pecenelry restickone

Hewr dzes part aviznkztion 3%ax1 2 30 Fint?
Thz impaztor eyarbeight or a 30 24ank

i clactgn erebdaiatiang b 31 Friving

H

3 Manufackaring Pragesses Bxpained

2 Pt Prossalng & Falshing b

@ JHUNS 20 porting CHE Ajzckizr Melding Hava it warks Lzgin w

S — o

w| i

Asiiial i of el aight

avt anguliar talarancs lirm=s the angle pobaren the romrals o e triangles. [he

w, Sore soilvure alsy

defaalt seitivg iso'ten 15 deg mrare a5 3 value

seman £ a1, Liliase & baher saftag [ necessary o sch e svoathar audfeces, te

default v ue of 18 degrees (ar 0) = rezommenzed.

Then it comes to angular tolerance but in the normal.
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So exporting STL file from this thing often so he has given several of them including
solidworks, save as then 3DS MAX.
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Then he has given Autodesks and then so many other thing including inventer then Onshape.
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Then PTC then rhino. What I have been using is a what you call license for lecturer’s stereo

lithography file that is why I keep using the word stereo lithography file instead of the

standard triangle that list what they have done. So I use this file then you have a sketch up I

do not know if it is still valid. So right now you are likely to find solid works then some other

related thing and then.

So we have lot of this stuff about

you have seen this how this thing can be made. What is

FDM, what does it work and all that. I suggest before I start explaining you read it. So both

we have generically it is called fused deposition. Fused philament fabrication is a stuff which

we have. FDM is mostly used 3D printing and hence the word printing has come.
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You see here at the bottom you have support material something supports at the bottom and



then top that thing starts printing the actual objects. So we have here some of them have two
types of material, some of them do not have two types of material instead it is (()) (28:31)
material. A small thin this thing is printed which you will eventually be broken. So I suggest

you know please read this thing.

So here you have seen this I will see if I can enlarge this and show you which I keep on what
you call keep on mentioning again you see here at the bottom. You have the support material
and on the top we have the part, but then if you look at the spacing here that is where they
have given the thing about what is bridge depending on the type of material and depending on
the type of feature size (()) (29:23).

So I think I will leave it you to read the stuff about 3D printing which is given here. So other
options are also given which allow me to go back. Now similarly other people who maintain
this have given huge amount of data on how to maintain these things. So what to do with
surface normal and holes and open it just duplicate surfaces, hollowing parts.

(Refer Slide Time: 30:27)

Step 2:

1. Snlicd Ol =c1s

A part goneorated in 30 CAD sefware must b made inte 2 solid waterght' oot in
ordar to be orintable.

e/l abjacts drawn In CAD softwase contaln & valume. 1212 Importart for a 30

Ernrer To fBroan e an ol ecrs

wniluamieir nrder iagply material e el places, Single suelared objecls

contain no ol and coneat be
printed. [herzfare, 2nsuse any =qgle-surfaced abjects arz gven 3 spacficd

thlckniess.

Bottom few references are given saying what could be a duplicated edge.
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Sioild Dhjescl Sinegle Surfaced Object

This is solid object this is surface object. So you have to be very, very careful on how do you
play with these objects.
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Then what is a normal direction. This is an inverted normal. You see here there may be a
problem about how these things build and you have seen this here if you see carefully.
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Unfilled Halag Uncannected Eages

Some problem has happened here. There is an unfilled hole if you remember yesterday when
I was trying to fill at the corner this thing happened. Then there are you need to make sure
that these opening and all are completely covered that there is no error. Most of the time the
current 3D printing software helps you identify these things automatically and this happens to
me often because of the various types of trying to build things.
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You see here I ended up with a visible duplicate surface. So I do the easy way out. I select
what [ want export it to different file and try to manipulate the file on the outside. So we have
here saying sizes of the details.
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See here lot of thing has been build inside in spite of this steps and all that. They are trying to
make it by making this particular thing why it looks so small it is not a real lampost this is

made for a model railway. So you have that 9 mm then you have (()) (32:19) then you have

standard model trains. So somebody has spent a lot of thing and probably printed it at home.
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correctly will print as separate objects.

Step 8:

7. Hollowing Parts

To reduce waste and save on cost, large volumes of data can be hollowed.

And you see here if you see 2 objects here for example this is probably part of an
architectural model. So when you build a house you need to make an architectural model, it is
not easy for us to print all the features and I would rather use a combination of (()) (32:44)
and these other things for railing inside all that we can do. In this case this is a railing with

glass panels.

So left is what the model has been made because it looks interesting and probably it is traced



from an available thing, but the reality is these such thing cannot hang on in the air. So
instead as in real life you need to have these connectors which will ensure that the objects
stay in place they cannot be in the air.
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Step 8:

7. Hollowing Parts

To reduce waste and save on cost, large volumes of data can be hollowed.

To reduce waste and save on cost large volume of parts can be made hollow. So this also
probably was part of the exercise then how to build things and all that and now we have stuff
about one way of producing large prints that exceed a 3D printer build envelope is to split the
data into 3 sections. Print them and join the sections together post printing. If you see this is

the house.

This house has been made into it is a left part, right part and the middle part have been cut
here. So that is one here you have left and you have right and typically something which is
about what you call 150 mm, 150 mm high is easy to print remaining is how much depended.
So here you use see somebody has given a nice round up of how these things work. I think I

will stop this lecture here. I will continue with the sample next.



