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ABSTRACT

CATIA is a universal software used in various industries, including
aerospace, construction, machinery, electronics. One of the most remarkable
features of CATIA VS5 is the diversity of workbenches in the mechanical
design section, making the designed parts distinguishable. The design
process occurs through sequential stages starting from the initial design to
the actual development of the product.

The aim of this project is to design a cellular phone with its detailed
components using CATIA. The facilities provided by this software help to
design fancy surfaces and irregularly shaped parts, and fix the possible
interferences that may occur during the assembly of these parts to avoid any
future problems. Animation simulation recording will be played to show

some detailed features.

Keywords: CATIA, design, cell phone, workbench, assembly.
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1 INTRODUCTION

The new generation of CAD (Computer Aided Design) softwares
followed the rapid progress in industry, focusing on manufactory. Lately,
highly developed and complex features were introduced to empower CAD
software, allowing it to satisfy the advanced requirements dictated by the
new industry. CATIA, Pro-engineer, Autodesk, and Inventor are the most
commonly used softwares in this field. The main concern of this project is to
use CATIA VS5 to explore and optimize the different features and functions
of the design. To achieve this task, transition between workbenches inside
the mechanical design section was assured to attain the most feasible shape.
After completing the design, the generated parts were assembled and all
possible interferences were checked to prevent clashes.

Each part of the cell phone was drawn separately using CATIA,
ensuring the display of all enclosed details. After assembling these parts, an
animation simulation was constructed to demonstrate the main mechanical

features of the designed product.
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2 PART DESIGN:

In this chapter we will focus on the design of each part of the cell-phone which consists

of 26 parts as follows:

PART DESCRIPTION OF PART DESCRIPTION OF
NUMBER PART NUMBER PART
1 Master-Part 14 Electronic Board
2 Master-Housing-FR(front) 15 Keypad
3 Masﬁe}t;?;;ging- 16 LCD Moudle(screen)
4 Master-Flip-FR(front) 17 Hinge-Cap
5 Master-Flip-RR(back) 18 Pen-Head
6 Antenna 19 Pen-A
7 Battery 1 20 Pen-B
8 Battery 2 (battery pin) 21 Pen-C
9 Battery Cover 22 Screw
10 Battery Buckle 23 Screw-Cover
11 Battery RR(back) 24 Side-keys
12 Camera Cover 25 Sim Card
13 Master Hinge 26 Sim Card Lock

Table 2-1: List of designed parts

In my project I used the concept of reverse engineering to model a cellular phone and for

this purpose I choose Motorola’s phone . I dismantled the whole mobile assembly into

components, which are shown above in table 2-1. From assembly point of view, I started

modeling from the main block which will be referred as Master-Part in succeeding part of

the report. This Master-part consists of four main sub-assemblies, and from these sub-

assemblies

individual components were extracted. From each component,

the

corresponding part of the cell phone was designed using different workbenches of

CATIA software.




Following is the description design procedure for Main-part, sub-assemblies and
components.

2.1 Master Part:

In this part, we didn’t have any constraint so we sketched a rough outer shape which will

be refined in the parts coming after.

Figure 2.1.1: Sketch of the master part

Figure 2.1.2: Pad

In the figure above we see the part being generated using pad function in Catia with two

limits which will help us later.



Figure 2.1.3: Pocketing a sketch

The above figure shows a sketch which reflects the base of flip-flop. We also can see that
we used the pad limit to define the sketch.

|
br&e

Figure 2.1.4: Cutting the master part into two parts

In the above figure a profile is drawn to split the master part. The profile then extruded to

be a surface which became the cutting element.



2.2 Master-Flip-FR:

This is one of the four major parts in the cell-phone. It is the frontal appearance of the
whole product. In the figure below, the upper part of master-flip-FR is represented with
control points to draw two splines and then to generate a surface which will be the outer
appearance of the cell-phone.

The coordinates of these control points are:

Point Number | Number in CATIA | x-axis | y-axis | z-axis
1 30 -50 0 -7
2 11 4828 | -8.75 -7
3 12 -42.62 | -17.81 -7
4 13 -36.72 | -22.51 -7
5 14 -19.51 | -28.02 -7
6 15 -11.41 | -28.89 -7
7 16 4.17 | -29.13 -7
8 17 12.51 | -28.7 -7
9 18 19.32 | -28.02 -7
10 19 26.89 | -26.35 -7
11 20 39.21 | -12.44 -7
12 21 40 0 -7

Table2-2 coordinates of control points of splinel



Point Number | Number in CATIA | x-axis | y-axis | z-axis
1 21 40 0 -7
2 45 37.23 0 -8.42
3 44 35.72 0 -8.74
4 46 33.26 0 -9.18
5 34 31.72 0 -9.47
6 47 30.35 0 -9.65
7 49 27.74 0 -9.98
8 35 22.57 0 -10.52
9 36 6.74 0 -11.5
10 29 -4.97 0 -11.62
11 22 22 0 -11.62
12 32 -24.14 0 -11.62
13 31 -44.28 0 -9.86
14 10 -50 0 -7

Table 2-3 coordinates of control points of spline
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Figure 2.2.1: Shows the Master-Flip-FR with the control points of the first spline
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Figure 2.2.2: Shows the second spline with control points



Figure 2.2.3: Surface generated between the 2 splines, then mirrored.

1
% Profiid
L

Figure 2.2.4: Cutting through the part

In the above figure, it is clearly shown how we cut the part using the surface generated by

the two splines as cutting element.



Swept Surface Definition Il |
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Figure 2.2.5: Generating the outer screen profile

The above figure displays how the surface was generated using sweeping function. This

surface will be the contour around the outer-screen.

£
Pocket Definition i S|

—Firsk Lirnit

Type: IDimension LI

Depth: | 3.2mm E
Lirik:: INU selection

—ProfilefSurface ——————

Selection: |Sketch.1? Iz-,l
[ Thick
Reverse S_ide ]

[ Mirrored extent

Reverse Direction I

More>>|
@ ok | @ cancel | preview ||
-

Figure 2.2.6: Generating the inside pocket

In the figure above we generated the pocket in which all the inside details will be drawn

such as the thread holes and the pocketed edge.



r— Firsk Limnit:
Type: |U|:| bo next j
Lirnit [rc selection |

Offset: IM E

—Profilefsurface ————————————

Selection: [Skekch.z0 @I
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Reverse Side |
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Reverse Direckion l
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\

Figure 2.2.7: Pocketing a hole for the outer screen.

Pocket Definition
—Firsk Lirnit
Type: IDimension LI
Crepth: I 0.7rmm =

Lirnik: IND seleckion

—ProfilefSurface ———————————————

Selection: [Sketch.s1 If_-"‘.'-,l
[ Thick
Reverse Side I
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More == I
q [
@ oK l - Cancell Preview l
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Figure 2.2.8: Pocketing the edge

In the above figure we pocketed the offset so that the other part can perfectly fit with it.
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Figure 2.2.10: Different sketches showing the inner pllane of the master-flip-FR



2.3 Master-Flip-RR:

This part is the second major part. It is complementary to the previous one, fitting

perfectly with it; together, forming the moving part of the cell-phone.

Edge Fillet Definition
Radius: [m

Object(s) ko fillet:  EREEEgE

Propagation: ITangency LI

[ Trim ribbons

More > = I
@ oK ] &8 Cancel ] Preview ]

-
Figure 2.3.2: Edge fillet of the flip-RR

Shell Definition

Default inside thickness: I 1.6mm

Default outside thickness: |Dmm

Faces ko remove: EdgeFillet. 1'Face. 9 @l
Other thickness faces: |Mo selection @l
@ oK I ¥ Cancel l

-
Figure 2.3.3: Displaying the shell definition of the flip-RR
The above figures depict the splitting of the master flip to obtain the flip-RR. An edge

fillet of 2.3mm for all the sides were added to trim sharp edges. Then shell definition was
used resulting in an inside thickness of 1.6mm.
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Pocket Definition
— Firsk Lirnik
Twpe: ILIp [{=0 g T=05 o ;I
Lirnik: IND seleckion
OFfset: | omm
— Profilefsurface
Selection: [Sketch. 12 E_-'ﬁ".-,
[ Thick.
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O Mirrored extent
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- ok l w Cancel l Presvie l
——

Figure 2.3.4: Pocketing the inner screen sketch

Figure 2.3.5: Drawing a spline for screen contour

I
Figure 2.3.6: Drawing different sketches inside the flip-RR

13



Figure 2.3.7: Drawing an ellipse for the head set.

r—Firsk Limik
Tvpe: IDimensian j
Depth: I 14.75mm E

Lirnik: IND selection

—Profilefsurface —————————

Selection: ISketch.34 @I
[ Thick
Reverse Side I

[ Mirrared exkent

Rewverse Direction I

fMare == I

& oK I - Cancell Presigw I

Figure 2.3.8: Pocketing a hole in which the hinge will be later inserted

In the above figures, different sketches were drawn to improve the appearance and
include all the details inside the part. As a first step, the pocketing of the sketch for the
inner screen was completed. Then a curve was drawn on the outer face; later, it was
pocketed to create space for the screen cover. Some structures were designed to reinforce
the part adjacent to the thread hole. An ellipse was sketched to design the head set. A
hole in which a hinge will be inserted was pocketed. It will be later attached to the other
part constituting the core of the flipflop.
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Pad Definition

— Firsk Limik

Twpe: IDimensiDn

Length:  [ESEmNN [

Lirnit: Jrio selection

— PraofilefSurface
selection: [Sketch.35 I:_-'?-,
[ Thick.

Reverse Side l
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More = = I

l L) Cancell Preview l

P
Figure 2.3.9: Padding the edge

In the above figure we padded the offset edge which will perfectly fit with the other part.
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2.4 Master-housing-FR:

This part is the third major one, it is the frontal appearance of the housing part. Sketches
of pads and pockets present inside it will be also used to represent other future parts to

assure perfect assembly.

Edge Fillet DreFfinitiomn

Fadius: 2. Sror]

Obhjecki=) to Fillek:

Propagation : [Targency

[ Trim ribbons
Mlore == == I

f=174 | w=& cancel | Prewviews |

Figure 2.4.1: Master-housing-FR

Shell Definition
Drefaulk inside Ehickness: rm

Default outside thickness: IUI'I'II'I'I

Faces ko remove: EdgeFillsk. 3\Face. 14

Tther thickness Faces: |N0 selection @I

- Ok l a Cancel

Figure 2.4.2: Shell of master-housing-FR
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Pocket Definition il e |

— Firsk Lirnik
Tvpe: Il_lp ko nexk vI
Lirnik : Jro selection

OfFsek: I M E

— ProfilefSurface
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[ Thick

Reverse Side | |

] Mirrored extent
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l - Cancel l

Frewviey l

Pocket Definition
|
— Firskt Limikt
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Figure 2.4.4: Pocketing holes for one key.
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Pocket Definition i |

—Firsk Limnik
Twpe: ILIp ko next j
Lirriik: IMo selection
OFfset: | Omm =
—Prafilejsurface
Selection: |Sketch. 25 [#
(] Thick

Reverse Side |
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Figure ..5: Pocketing for the side keys

Pad Definition 2| x|
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F(iigure 2.4.6: Padding the offset for the Figure2.4.7: Padding different sketches
edges
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Figure 2.4.8 Pocketing holes for antenna and adapter

In the figures above, we can see the birth of master-housing-FR. Edge fillet of 2.5mm is
made to assure smooth round corner. A shell function of 1.3mm inner thickness was
built. Sketching holes were added as ellipses and circles for the front and side keys. In the
figure 2.4.6 we offset the edge and padded the offset edge which will perfectly fit with
the other part . In figure 2.4.7 we draw different sketches for various thread holes, some
are designated to fit with the keypad, and others to attach housing-FR to RR. Also a

microphone hub and some structures are added to fit perfectly with the board.
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2.5 Master-housing-RR:

This is the fourth and the last major part of the cell-phone. It is the rear part of the
housing. By designing it, the outer appearance will be completed. Sketches of pads and
pockets present inside it will be also used to represent other future parts to assure perfect

assembly.

Radius:

Edgel=) to fillet: =Ry

Propagation: ITangency

[ Trim ribbons

Points: |5 elements

Wariakion: ICubic

More > = I

[~ Ta - Cancel l Preview I

Shell Definition
Default inside thickness: | R
Default outsids thickness: | Omm
Faces ko remowe: dosFillet. 2V Face.S @'
5 |

Ckher thickness Faces: o selection

- oK 8 cancel |
—

Figure 2.5.2: Shelling of the master-housing-RR
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@

Figure 2.5.5: Master-housing-RR after many iterations
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Figure 2.5.6: Pocketing different holes

Figure 2.5.7: Padding different sketches

=

w w
gy M

@
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Figure 2.5.8: Offset of the edge.

The previous figures show how master-housing-RR is designed. First, as usual, a fillet for
the sharp edges was made, then a shell was created. In figure 2.5.3 a sketch for the
location of the battery was pocketed. In figure 2.5.4 sketches were padded to prepare the
part for future assembly. Details were also added to place the sim-card, the battery pins,
and the sim-card lock.

In figure 2.5.7 padding was applied to different sketches of clamps: 2 pairs of clamps
facing each other will be later used to attach the pen to the body, and another pair is
destined to attach the battery buckle.

In figure 2.5.8 we pocketed the offset so that the other part can perfectly fit with it
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2.6 Antenna:

The figures below show the antenna used to catch network. The antenna was designed
with a spherical ball, having a hole inside for chain attachment. It is made of aluminum

because of its light weight.

Figure 2.6.1: Sketch of the antenna

In the figure above, the cross section of the antenna is represented. The solid part will be
generated by the shaft option.

Figure 2.6.2: Antenna as a solid part
The figure above shows the antenna as a solid part with all the modifications added to the
sketch .
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2]
Prafile E_,;?,l

Center curve IW @l
C — Profile control
IKeep angle LI

Selection: |Mo selection
[ Mowve profile to path
[1 Merge slot's ends [ Thick Profile

— Thir Slak
Thickness1: I L
Thicknessz: I arira

[ meutral Fiber ] Merge Ends

¥ Cancel I Presvic I

Figure 2.6.3: Threaded part of antenna
This figure shows the threaded lower part done by using a helix and a small trapezoidal

sketch (sketch5).

2.7 Battery 1:
It is one of the easiest parts to design. It consists mainly of drawing a rectangle based on

standard dimensions, then padding it.

I

Figure 2.7.1 Side view of the battery
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2.8 Battery 2 (battery pin):

The design shows two identical pins for the positive and the negative poles. The figure

below represents the sketch of the battery pin which will be extruded using pad function.

Figure 2.8.1:sketch of the battery pin
2.9 Battery Cover:

This is also an outer part which will be attached to the master-housing-RR. Profile and
guiding curves were extracted from the master-housing-RR. A surface was generated

using them.

Figure 2.9.1: Extracted curves to generate the battery cover

Figure 2.9.2: Curves attached to each other
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wept surface Definition el |

Profile bype: I? ‘%1 |é|f’|

Subtype: IWith reference surface j

Profile: Join.2

Guide curve: [Split.2

Surface: |Default (mean plane)

angle: IUdBQ E = l
Angular sectar:  Prewious “1 l4 [ I

[ Projection of the guide curve as spine

—Optional elements

Spine: |Default {Split. 2)

Relimiter 1: [Mo selection

Relimiter 2: [No selection

Smooth sweeping

[ angular correction: IU-5C|BG E
[ Deviation from guide(s): IU-UUII‘HI‘H E

Twisted areas management

A Remove cutkers on Preview

Positioning parameters

[ pasition profile  Showe Earameters == I

[ iw & Cancel ] Preview l
Figure 2.9.3: Generating a surface using extracted curves

The above figure clearly displays how we have generated each side of surface separately;
otherwise a cusp would have resulted. To fill the space between the two surfaces we

generated a surface using the fill function.

2.10 Battery Buckle:

This part is used to attach the battery cover to the master-housing-RR.

Figure 2.10.1: Sketch of the upper-part ~ Figure 2.10.2: Showing the lower part
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Figure 2.10.3:Showing the whole model ~ Figure 2.10.4: Battery buckle place

In this part, padding and pocketing were used to make iterations.

In figure 2.10.4 we see where the battery buckle will fit on the master-housing-RR.

2.11 Battery RR:

This part together with the battery cover will make a sandwich around the battery itself. It

is extracted from the master-housing-RR.

Join Definition

| Remove Mode |

Parameters Federation I Sub-Elements To Remove |

[ check tangency 'S Check connexity ' Check manifold
[ Simplify the result

[ 1gnore erronecus elements

Merging distance ID.DDlmm E
[ Angular Threshold ID.Sdeg E

& OK l - Cancell Preview l

Figure 2.11.1: Showing extracted curves
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W

mRtsEEMt e
Tvpe: IDimension b I
Depth: ID.BSmm E
Lirnik:: |N0 selection

—ProfilefSurface ——————————

Selection: |Skekch.1 IQI,I
[ Thick

Reverse Side ]

[ mirrored esxtent

Rewverse Direction l

Mare > = ]

@ ok l @ Cancell Previgw l

Figure 2.11.2: Pocketing a sketch

In the above figure, the dimension of the pocketed sketch is almost equal to that of the
battery.

Figure 2.11.3: Holes for the battery pins to fit in
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2.12 Camera Cover :

This part is the cover for the camera lens. It will be attached to the master-flip-FR.

The sketch below is extracted from the master-flip-FR.

Pocket Definition

—First Lirnit —Second Limit

Type: IDimensinn j Type: IDimensinn

Depth: I 1o E Depkh: I 0. Zrm

Lirmik: |Mo selection Lirnit:: |Mo selection

— ProfilefSurface — Direction

Selection: |Curve. 4 [/ Mormal o profile

[ Thick Reference:|Mo selection
Reverse Side | — Thin Pocket

] Mirrared extent Thickness1 I L
Reverse Direction | Thicknessz: Inmm

celess I [IMeutral Fiber [] Merge Ends

Figure2.12.2: Padding a hole for the lens



2.13 Master hinge:

This part will connect the master-flip to the master-housing. The squared end of the

master hinge will fit in the master-housing, while the rest will fit in the master-flip. This

part should be rotatable, but in our design, it is just for demonstration.

Figure 2.13.1 Sketch of the middle body Figure 2.13.2 Sketch of one end

Figure 2.13.3 Master hinge
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2.14 Electronic-board:

The electronic board is the core of the cell-phone, while the other parts are designed only

for appearance. In our design we have included the basic electronic parts.

Figure 2.14.1: Sketch of the electronic-board

The above sketch is made in harmony with the master-housing-FR and master-housing-
RR. It will fit between them. The semi-circles and different orientations were designed to

facilitate the fittings.

32



battery
attach
S
i
| : . I

Figure 2.14.2 Labeling electronic board

The figure above displays the labels of some parts: microphone, battery attach, sim-card
base, DSP(Digital Signal Processor),adapter jack, and side-key. Also, other parts were

left unlabeled, like the micro-processor , the memory, the capacitors and the diodes.
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Figure 2.14.3 Different sketches Figure 2.14.4 frontal view with bottoms

In the above two figures we see the different sketches using various pads and pockets.
Everything is perfectly fitted into position. Also in the frontal view we see the bottom

which will be attached to the keypad. No materials were applied to this part because each

portion is made of specific material.
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2.15 Keypad:

This part is made of soft rubber. Most of the sketches are copied from master-housing-

FR. As a result, the new padded sketches will fit perfectly in the holes of the master-

housing-FR.

Figure 2.15.1:Sketches of the keys

In the figure above, the sketches were copied from master-housing-FR. They will be

padded to create the keys.

Figure 2.15.2: Sketches which will be pocketed
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Figure 2.15.3: Front view of the keypad

Figure 2.15.4: Rear view of the keypad

In the above figures we can see how sketches are drawn to be pocketed to assure the
perfect contact with the master housing-FR. In the second figure we see the front view of
the keypad. Different colors were used to represent the bottoms in the large pad.

In figure 2.15.4 Small circular pads were drawn on each bottom to insure perfect contact

with the board.
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2.16 LCD Moudle(screen):

This part has two screens, the bigger one is the main screen, it will be attached to master-
flip-RR. The smaller one will be placed on the outermost side, where the camera is

located underneath.

3

™

Figure 2.16.1:Sketch of the board of the LCD screen

In the above figure we see the sketch with all the curves to fit into position when
assembled

Figure 2.16.2: Sketching different electronic parts on the board
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Figure 2.16.3: Sketching the small screen and the camera

The small screen is 19x16mm. The camera is presented as a circular pad with the pin hole

representing the lens that will be covered by the lens cover to assure protection.

Figure 2.16.4:Sketching the inner screen

Here we can see the size of the inner screen which is 38x52 mm but the actual screen
displayed is the most inner one which is 30x40mm.

38



2.17 Hinge Cap:

This part is used as a top cover of the master-housing-FR for aesthetical reasons. It is
made of aluminum, because of its light weight. Its appearance harmonizes with that of the
antenna.

Figure 2.17.1: Hinge Cap

One hinge cap is found on each side of the master-housing-FR. Each was made up of two
circles with different diameters.

2.18 Pen-head:

This part is made of plastic it has the shape a pen head but of course it doesn’t have ink
inside.

Figure 2.18.1:Pen-head
In the figure we see different sketches drawn to make the shape similar to a real pen .Also

the hole on each side to make it fit into position.
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2.19 Pen A :

Figure 2.19.1: Pen A

2.20Pen B :

Figure 2.20.1: Pen B

221 PenC:

Figure 2.21.1 Pen C

The above three parts Pen A, Pen B, Pen C, are cylindrical pads which will fit together to

form the arm of the pen.
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2.22 Screw:

The screw is used to attach different parts together such as master housing-FR and RR
together. It also has a diameter and length to aligned with the diameter and length of the
hole.

=
I

Figure 2.22.1: Screw
2.23 Screw Cover:

It’s a rubber cap on top of the screw in the master-flip-FR and RR

e

Figure 2.23.1: Screw Cover
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2.24 Side keys:

Figure 2.24.1: side view of the side keys

Figure 2.24.2: top view of the side keys

In the figures above we can see the side keys with different views. The figure 2.24.1
shows us different height and the cutting angle so the bottoms will have the same

orientation as the out side body.

2.25 Sim Card:

That’s usually not included in the cell-phone. But we draw it for simulation purposes.

Figure 2.25.1: Sim-card
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2.26 Sim Card Lock:

It is used to lock the sim-card in its place on the base connected to the electronic board.
As we see the figure below its like a smiley face where the mouth is for grabbing with

our finger, where the eyes will be the guides in the slots.Also the nose will be the fixing
element into position. It was drawn using the sketch below and then making some pads

and pockets.

Figure 2.26.2: sim-card lock
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3 ASSEMBLY DESIGN

In this chapter we are going to discuss assembly design of different parts together. In our
project we assembled four different products. In each product there are certain steps to be
conducted to assure perfect assembly. At the end we will have a final assembly which is
the product of the four products. The main reason we do the assembly on two steps is that
we will have a sub-product before having the final product. So any interference or clash
will be solved in the sub-product before introducing it to the final product.

Here is a brief definition of the of the assembly symbols used:

Fix Component %E
Coincidence icon: €
Contact icon: @
Offset icon: $®

3.1 Productl :
Is composed of twelve parts assembled together these parts are:

In the above figure we see different parts.To assemble these parts together there are some
constraints to follow in the assembly workbench . We had the Master-housing-RR as the
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1Fartl.1.1)
= o B

el.1,Fartl.1.1)

e1.1,Partl. 1.1
t1.1.1)

Figure 3.1.2: showing different constraints

To the left are the constraints used
in the assembly they are about 32
constraints to assure perfect
assembly. We used different kinds
of assembly functions. We cant
talk about each precisely because

it will be a time consuming.
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— Definition
Depth:|al levels ;ISeIectiDn: |1 product

Twpe: |30 ;IFixed prnduct:IN-:u selection
—acroll Explode
0.13

1| >
- @ CK l & Apply l ¥ Cancel l
Figure 3.1.3:Showing different parts with the explode

Explode

De=Finikion

Cepth: [ Al lewvels - |selection: 1 produce
Twvpe: [30 ~ |Fixed product: [Fo selection

Scroll Explode

e =< >~‘~>Ii

@ ok | @ apply | S cancel |
—

Figure 3.1.4: Showing all the parts with the explode

The above figures are showing different angles of view and different levels of the
explode option. The first one is showing us the key-pad, antenna, electronic board,
master-hinge, and simcard. While in the second one the previous mentioned parts are

shown next to master-housing-FR and RR.
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3.2 Product 2:
Is composed of five parts as shown in the figure below as the screw cover is repeated

twice. Assembled together using four constraints. The first constraint is the fix. Here we

fixed master-flip-FR and we assembled the other parts on it using the offset constraint.

N T

flcamera-—cover

Explaode

Definition
Depth: | Al lewvels | Selection: |1 produck
Twpe: |3

Scroll Explode
Fﬁl << I =]

- oK l - Aapply l ) Cancell
e S ==

Figure 3.2.2: showing parts with explode

Fixed product: [Mo selection
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3.3 Product3 :
Its composed of 4 parts as shown in the figure below, the battery pin is repeated twice.

Assembled together using seven constraints.

)

)R attery pin

Figure 3.3.1 showing product list and constraints

Explode el e |

— Definition

Depth: | all levels
Twpe: |SD
— Scrall Explode

Selection: |1 product

4|«

Fixed product: [Mo selection

il L[ >
3 L] l ‘_0 apply l = Cancell

e
Figure 3.3.2: showing parts with explode



3.4 Product4:
Composed of 6parts shown in figure below . Assembled together using seven constraints

reintation. 1)

Explode

Depth:
Tvpe:

— Definition

all levels

> |selection:  [1 product

b

jFixed product: Mo selection

— Scroll Explode

5 1| >

o Ok l la.ﬁ.ppl':.-'l IﬂCanu:EIl

Figure 3.4.2: showing parts with explode
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3.5 Final assembly:
Composed of the 4 products mentioned above, this assembly will show all the parts

designed previously together. In this assembly we fixed productl which include the
master-housing-FR and RR. Then we attached product2 which include master-flip-FR
and RR using coincidence constraint. after that we attached product3 which include the
battery components to productl using offset constraint. We also attached product 4 which

include the pen to productl using offset constraint.

4 -

s

Fi

Crepth: [Firse lewel
Twpe: |3D

Scroll Explode
E.Dz

Figure 3.5.2: showing parts with eXple
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3.6 Clash analysis:

After assembling each product, a clash analysis has to be done to assure there is no

interference. In case of interference the check clash table will show you which parts are

interfering with each other to fix them.

So we run a check clash for product 1 a s shown in figure 3.6.1 and there was 8 clashes

which means the product have interference in eight different places.and the major one

was the interference between master housing-FR and RR. In different iterations we

managed to get rid of these interferences as a result we had 0 clashes as shown in figure

3.6.2. The same procedure was followed with product 2 which had 4 clashes and as a

result we can see figure 3.6.3. As for product 3 we had 3 clashes as shown in figure 3.6.4

and were solved as shown in figure 3.6.5.

Figure 3.6.1: Showing clashes in productl

Check Clash

21x

—Definition

Hame:| Interference. 2

Type: | Contact + Clash = |[ormm selection: 1[no selection
Between all components =1 selection: 2[No selection |

—Results

& number of interferences: 13 (Clash:s, Contack:S, Clearance:n)

List by Conflict | List by Product | Matric |

Filer list: [l types = |[a fiker on value = A statuses =1 El@l

Product 2
art1 (Partl. 1)

sh
sh

3 Part1.1 (Part... Partz (Partz.1)  Contact Mot inspe. ..
4 Part1.1 (Part... batterybuckle... Contact Mot inspe. ..
5 Part1.1 (Part... simcardlock{... Clash Mot inspe. ..
3 Partl.1 (Part... sidekeys (side... Conkact Mok inspe. ..
7 Partl (Part1.1)  Part3 (Part3.1)  Clash Mok inspe. ..

Partl (Partl.1)  InteractiveBo... Clash Mot inspe...
9 Partl {Part1.1}  hinge thinge.1y  Clash Mot inspe. ..
10 Partl(Partl.1}  lefthingecap... Contact Mot inspe. ..
11 Partl (Partl.1}  lefthingecap ... Contact Mok inspe. ..
12 Partl (Partl.1)  sidekeys iside... Clash Mok inspe. ..
13 InteractiveBo... Park2 (Part2.1)  Clash Mok inspe. ..

_omment

4 o
Deseleck Lss.l.sass. |

— Detailed Results Visualization

Fair 1 of 1 of product(s): Clash Brevioiis | [t | ) all products

Pair(s) of elements: 2 (Clash:1, Contact:1, Clearance: @ Product

[Productl f Parti. L (Part1.1.1) O Element

Product1 / Part1 (Partl,1)

wector: X =0Omm ¥ =0Omm Z=0.78mm |Shnw 1 Show =
[l cases =l

@ ok | @ apply | @ cancel |
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—Definition

r—Definition

Mame:| Interference.52

Type: |Contact + Clash = |[amm Selection: 1[2 products
Inside one selection = Selection: 2[Mo selection
—Results

sgs Mumnber of interferences: 1 {(Clash:0, Contact:1, Clearance )

Fiter list: [l types [ Mo fiiter on value [ statuses = =B

List by Conflict | List by Product | Matrix |

< | 2l
Deselect | More > |
@ oK @ apply | & Cancel

Mame:| Interference, 37

Type: |Contact + Clash

arnm Selection: 1[Mo sele

Between all compaonents

-
-

Selection: 2| Mo sele

—Results

%E Mumnber of interferences: 4 (Clash:0, Contact:4, Clearance:d)

Filker lisk: |n|| types jIND filker on walue j|n|| statuses j E

List by Conflict | List by Product | Makrix I

I Mo, | Product 1 | Product 2 | Tvpe | ‘Walue | Skatus | Co

1

Figure 3.6.3:Showing product'Z without clashes

Part1

Partl.3 (Part... cameracosca... Contact

3 (Part

led moudle {lc

Contack 0 Relewant
o a F ik
Mot inspe...

led mowdle {le...  Partl.1.2{Pa... Contact Mot inspe. ..
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eck Clas

— Definition

Mame: | Interference. 2

Type: |Conktack + Clash L" armm Seleckion: IIND seleckion
Between all components LI Selection: 2|Mao selection

—Resulks

%‘ Mumber of interferences: 6 (Clash:3, Contact:3, Clearance:0)

Filter lisk: IF-.II tvpes ;”Nc\ fFilker on walue ;"F\II skaktuses ;I E @

List by Conflick | List by Product I Makrizx I

Mo, I Produck 1 | Produck 2 | Twpe I Walue I Skakus | Comment
1 Part3.2 (Part... Partz.1 (Part... Contact 0 Relewant

= Part3.2 (Part... Partz.l (Part... Contack 0 Relevant

] Fal rk... £ . ' ]

4 Part3.2 (Part... Part1ll (Partl... Contact Mot inspe. ..

=1 Partz.1 (Part... battervRR (b... Clash mMok inspe. ..

& Partz.1 (Part... battervRR (b... Clash Mok inspe...

Figure 3.6.4 Showing product3 with clashes

! | Interference. 1
Twpe: |Contact + Clash vII o Selection: llNo selection
Inside one selection vI Selection: Zan selection
— Results
& Mumber of interferences: 0 (Clash:0, Contact:0, Clearance:0)
Filter lisk: IAII types 'IIND Filter on walue > IIAII statuses 'I = |@|
List by Conflick | List by Product I Makriz I
Mo, I Produck 1 | Product = | Twpe I YWalue I Skakus | Camment
4] | 1]}
Deselect l Mare == ]

@ ok | @ apply | @ cancel |

o

3.6.5: showing product3 without clashes
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4 Mechanism-Design:

In this chapter we are going to discuss mechanisms added to this product, for this perpose
we are going to use Digital moke up workbench. Which enables us to create mechanisms
between parts in side the product and simulate them.

Brief definition of mechanisms used:

) Revolute,

: rotation of one part around the other after specifying axis of rotation.

2l translation of one part with respect to the other after specifying direction.

In our project we used revolute function once and prismatic four times. For revolute it
was between product 1 which include (master housing) and product2 which include
(master flip). While prismatic was used inside product 1 it self to show how to insert the
sim-card and how to lock it and also how to lock the battery to the body using the battery
buckle.
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5 CONCLUSION

While carrying out this project, we managed to discover and use the varied
functions applied to the different workbenches, such as part design and wire frame
surface design. Many challenges were faced and surmounted; however, the main one was
encountered when in the assembly workbench, trying to ensure that no interferences exist
between its parts. Such task was successfully accomplished, thanks to the clash analysis
which facilitated the check over.

The DMU Kinematics was also explored to create a movie simulation of some
mechanical features of the product. In conclusion, all operations were conducted

effectively leading to the birth of the cell phone.
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