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Ahbstract

This project anms 10 design a system to print on walls. This project will make the drawing on
the vertica] wall more casy and available for common peopls. The cost of drawing on the walls
will become lower than the previous because we do not need a designer to eamplete the pamting
on the wall, And this project provides 2 higher precision than hand drawing on the walls. Also

wi can achieve the paint faster than hand drawing. :
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1 Overview:

bW oo

5]

I this chapter, a brief deseription of the svstem will be showr, starting with ohjectives, impomance

of vertical wall puinter technology, hardware und software requirements, finally the project

approach,

1.2 recognition of the need:

St 2 panel directly on the walls stomarically.
15e project will achicve a final picture with sustahle precession on the walls,
The costol printing on walls by the wall printer will be cheaper and faster thun the traditional ways

The painting on the wall will be casy

1.3 Project importance:
The importance of vertical wall printer contains the following features and characteristics:

s projeet aums o design a svstem Lo print on walls with different scales,

Thes project will make the drawing on the vertical wall more casy and available for common people.
8= cost of drawing on the walls will become lower than the previous because we do ol pneed a
designer o complete the painting on the wall,

This projeet provides a higher precision than hand dra wing on the walls,

We can achieve the paint faster than hand drawing,

T eIl =" ST
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1.4 Requirements:

This system reguires hardware and soltwsire requirements in order 1o make vertical wall painter

1.4.1 Hardware requirements:

Microcontrollers
Slepper motors,
Printer head,

XY coordinate frame.

1.4.2 Software requirements:

Frogramming langiage

C+= use in the microcontroller to ¢ontrol the operation of maotion for the prnter head and the
operation of staring and ending the printing.

L= charp): it will program in the computer to input the image by user and process 11 and prepare it

for printing,
1.5 Approach:
The project consists of two main parts;

1) Hardware: it contains an X, Y coordinate frame, and the head of the printing move by stepper
motors i the two coordinales.

=) Software: we will write a eade in mierocontreller to control the positon ol stepper malors Lo

move the head of the painter i the two coordinate,
And the praject will work as explained in the following steps:

Ssput thie reyuired photo into the computer,

¢ The compater will process the photo and split it 1o the parts

5 computer sends the command to the head printer to start printing,

e mmerocontroller control the stepper molors (o move the head printer in right path.

¢ will get the input photo as a phato on the vertical wall,




L6 Related work:
1.6.1 Drawing CNC (Computer Numerical Control) machine

This project convert the photo to a G-code and this code give anX, Y coordinate, Then the CNC
machine follows this coordinate by using stepper motors to achieve the final photo en a paper by a
simple pen[1].

Figure 1L.1: X, Yplotter [1]
1.6.2 3D printing:

3D printing or additive manufacturing i3 a process of making three dimensional solid objects from a
digilal lile.

n an additive process an object is created by laying down successive lavers of material until the
object is created.

Each of these layers can be seen as a thinly sliced horizontal cross-section of the eventual object{2).




Figure 1.2:3D printer

1.6.3 Wood carving CNC machine

12 15 a 1D corving on a wood surface by converts the required photo to & three coordinate and then

énlhing the wood by follow this coordinate to get the photo[3].

Figare 1.3: Woodcarving CNC machime
L84 Printed Circuit Board Prototyping Machine:

T8¢ project implements a portable printed circuit board machine which is capable of producing PCB
Sased on an input layout file from CAD/CAM application. The project goes through set of
sesuential processes. The milling process aims to make electrical insulation about the signal traces,
e drilling process through the board aims to make places to allow insertion of leaded

s=uconductor components,
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Figure 1.4: Printed Circuit Board Prolotyping Machine

1.7 Budget:

The Table 1.1 describes the cost for main components in our project and the number of each

oomponent.
i
Tahle 1.1: costs of components :
. Part name #of part Cost of each part |  Total(JD)
- Printer head 1 100 100

a0
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1.8 Schedule:
‘ Table 1.2: Tasks description
Task description
m Selection of dea
"I'! Caollecting the Data
T3 Collecting References from libraries
r'!'# Collecting References from websites
.‘15 Select a initial design
T6 Create and draw the selected design
R Selection of Camponents
T8 Select the mechanical parts
L) Decumantation
T10  Prepare the |* presentation

crder Df-T.i"I_E components.

Buy the mechanical and electronic parts

Build the project

Pur the mechanical and electronic parts of the system
Write the C4++ code |
Write the C# code

Test the result

Documentation
Make a final adjustments on the Text
Prepare for the final presentation

ghE g 208 2% 2iF 2l




Table 1.3; First semester time 1able

Tk Wask

|2

N

T

5

R

Table 1.4: second semester lime table

R

=3

=6

7

ﬁ.‘. :

10

i
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2.1 Introduction

The main objectives in this chapler are to show the main concepts in wall printer project, and

describe the main companents in our project, and describe the connection between then.

2.2 Printer head:

The printer head is the main component of our project hecause it is the
responsible of jetting the ink on the walls so we have to select the appropriale printer head in our
projeot.

2.2.1 Type of printer head:

Leser printer head:

Laser printer head is not suitable for cur praject because the wall cannot gbserb the ink of thisprinter
Sead, and il needs a closed environment fo work well [4].

Figure 2.1: Laser printer

Sakel printer head:

A nvpe of printer thal works by spraying ienized ink at a sheet of paper. Magnelized plates in the
s path direct the ink onto the paper in the desired shapes. Ink-jat printers are capable of
peducing high guality print approaching that produced by lascr printers, A typical ink-jet printer
sewvades a resolution of 600 dots per inch, although some newer madels offer higher resalutions [4],

10




Figure 2.2: Inkjet printer head

S0 the inkjet printer head 1s more suitable to our project so we will use this type, and there is a two
wcimology used in this type of printer head:

o Thermal Printer head:

Thermal inkjet technology uses heat, as oppesed to electricity, to force ink from the print head to the
substrate. Conceptually similar to the way water bubbles when bailed, thermal inkjet technology
warks by electrifying microscopic resistors behind the print nozzle, creating an intense heat that
waparizes the ink to create a bubble that expands so rapidly the ink Literally explodes onto the paper,
Afer ejecting ink, the chamber then cools guickly to allow more ink to refill the chamber and the
process is repeated [3].

St this technology not suitable to our project because this lechnology use a heat to force ink from
W print head to the substrate, so the ink will not be ahsarhed by the wall.




Diagram 2: How a thermal inkjet print head works
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Figure 2.3: thermal printer head [5]

0 Micro Piezo prnter head:

& the Fpson Micro Piezo print head, microscopic piczoelectric elements (like crystals and ceramics)
#= built behind the print nozzles. When an electrical charge is applicd to them, these elements bend
Seckoward, forcmg precise amounts of ink onto the substrate. Because electrical charges can be
sumed on and off like a switch, there is a vast amount of control over the rate of ink being ejected
Seough the nozezle while also creating perlectly spherical dots at different droplet sizes [5].




Diagram 1: How an Epsan Mioro Plezo™ print head works
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Figure 2.4: Piezo electric technology [5]

212 Color system:
There 15 2 two type of color system used for printing:
RS color system:

The RGE color model is an additive color model in which red, green and blue light are added
Mer in various ways to reproduce a bread array of colors. The name of the model comes fram
sutials of the three additive primary colors, red, green and blue [6].

Figure 1.5: RGB system

13



2 CMYK color system:

i b b8 B B banenmeiet Ao bedl Rod L 2R RIS el Bl lEE

The CMYK color mode] (process color, four color) is a subtractive color model, used in color
penting, and is also used to describe the printing process itself. CMYK refers 1o the four inks used
= some color printing: cvan, magenta, vellow and key(black). Though it varics by print

Souse, press operator, press manufacturer, and press run, ink is typically applied in the order of the
sbbreviation,

The CMYK model works by partially or cntirely masking colors on a lighter, usually while,
Seckground. The ink reduces the light that would otherwise be reflected. Such a model is
called subtractive because inks "subtract” brightness from white.

& additive colar models such as RGH, white ia the "additive” combination of all primary colored
Sgiis, while black is the absence of light. In the CMYK model, it is the opposile: white is the
sacural color of the paper or other background, while black resulls from a full combination of
wetored ks, To save cost on ink, and to produce deeper black tones, unsaturated and dark colors are
groduced by using black ink mstead of the combination of ¢yan, magenta and yellow [6].

Y

Figure 2.6: CMYK system

=7 Epson 1355

« of we cannot get an inkjet printer head to program it. Sothe solution of this problem is to
2 2 printer head from an inkjet printer. So we decided to get Epson inkjet printer {L355) shown
2.7 because 1t 15 the simplest design and combination printer. So we extract the printer
exsily




The Epson L3532 Multifunction Printer is a wireless printer with integrated ink system (CMYK) in ar
tank that is ideal for our project. And it is capable to print up to 4,000 pages in black and 6,500

pages in color.

Figure 2.7: Epson L3535 [T]

1211 Design:

Sesturing Micro Piceo print head technelogy and Epson genuing ink, this Epson L355 Multifunction
F==ter can print high-quality documents of 5,760 x 1,440 DPI resolutions [7].

22112 Processor and Memory:

s printer is compatible with @ wide range of operating system s such as Mac OS5 10.5.8 or later,
W OS 10,4+, Windows 7, Windows 7 x64. Windows 8 [32/64 hit), Windows Vista, Windows
s =54, Windows XP and Windows XP x64[ 7).

15




223.3 Print Performance;

This printer can print documents at speeds of up to 9 pages per minite in monachrame and 4.5
Pezes per minate i color mode. 11 bas an outpul tray that can accommodate up to 30 sheets and its

stsndkird puper tray capacity is around 100 sheets [7],

2234 Connectivity:

Sovem L35S Multitunetion Printer has high speed USB 2.0 commectivity that allows us to print
Socumenis from a USD device: Ttis also compatible far use with Wi-Fi conneetivity [7].

2232 Ink compatibility:

Unlike thermal inkjct systems, Micro Pilezo sysiems do not use heat, which can alter the ink's
smsscrl properties. Tipson's Micra Piezo printer heads are thus computible wilh a far wider variety
o ks, including dye inks, pigment inks, ceo-selvents, UV -cured ink. and a variety of other
Emaenals [7].

2256 The Components that will be extracted from Epson 1355

W= need 1o get the printer head and its driver, the X axis motor which move the printer head on X
s and Y axis motor which transfer the paper in the printer se we have W conver! this motion 1o

=tcal molion o move the printer head vertically.

= that combination must be able o print a full A4 scale on the wall. After that we will eontral the

won of this combinanon to get the full panel on the wall with required scale.

2 Stepper motors and drivers:

= are o two stepper metors and two drivers in oar project e conteol the motion of printer head.

16



231 Stepper motor

A stepper Molor 1s basically a synchronous Motor. In siepper motor there is no brushes. This motor
S not rotate continuously; instead it rotates in form of pluses or in discrete steps. There are

& 5erent Ivpes of motars available on the basis of steps per rotation, for cxample- 12 steps per
setation, 24 sieps per rotation etc. We can control or operate Stepper motor with the feedback or
wuhouot any feedback [R]).

Figure 2.8: Stepper motor [8]

T stepper motor (shown in Figure 2.8) depend an vpen-loop electrical circuil o provide the
sesstion al each coordinate given by the controller commands (as shown in Fipure 2.9). The
- msmvely simple circuitry invalved provides great reliability, good low speed torque, and easy sat-
= Positioning crrors don't ovour, since stepper motors know in advaoce where they are going and
wien 1o stop. Stepper motors are relatively inexpensive, and provide the same or greater accuracy as
s motors. Sufficiently powerful stepper motors for a piven application do not lose steps. Stepper
mesors are no more likely to lose steps than a servo encoder is to pass bad information back to the
roller.

17




Contraller Driver

Figure 1.9: Open-loop contreller

Siepper mators are DU motors that move in discrete steps. They have multiple coils that are
Wepanieed in groups called "phases”. By energizing each phase in sequence, the motor will rotate,
e st ata e, Witk a controlled steaping you can achieve very precise positioning and speed
| ol Stepper motors move a known interval for sach pulse of power These pulscs of power are
peded by o stepper motor driver and are referred w #s g step. As each step moves the mator a
2 distance it makes them handy deviees for repeatable posiioning. For this reason, stepper

St are 1he metor of choice for many precision motian CNC applications. To control the speed

mesely. incraments of movement allow for excellent contrel of rotational speed lor our project

pesses wilhoul feedback.

ser molors have a step angle. A full 360° circle divided by the step angle gives the number of
per revolution, For example, 1:57 per full step 15 a common slep size raling, equivalent to 200

per revolution. Mast stepper motors used for a Mendel have a step angle of 1:% degrees. It s

simes possible to use motors with larger step angles, however for pnnting o be accurare, they
s=d to be geared down to reduce the angle movad per stép, which may lead o a slower

s speed.

motor NEMA 23 will be used in our project to give a high torgue and a good

ace for controlling the motion [E].



232 Driver of stepper mator

1558 driver used to control the position and the speed of stepper motar by pulses sending frum host
sssroller such that the number of pulses controls the position and the frequency control the speed of
e stepper motor.

The TEAS60 3A was selected in our project. The TB6560 3A (shown in Figure 2.10) Warking '
Seiase (10V-35V DC) Recommend Switching Power Supply (24V DC). 6N137 high-speed |
SweeCoupler |, to ensure a high speed without step out New original Toshiha TB6560AHQ chip,
s=voliage shutdown, of nverheating parking and over-current protection ¢ircuil o ensure aptimal
seurmance. Automatic half-decay. Excitation Mode: synchronizing, half step, 1/8 step, 1/16 step,

# mexmnum of 16 segments. [9].

Figure 2.10; Stepper motor driver [9]

') Current level by adjustable to meet your various application requirements,
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2} Aulomatic semi-flow adjustable.

3) Using 6N137 high-spead optical coupling to ensure high speed without losing step.
4) Board printed setup mstructions, can use withoul 4 use manual

%) Using thick fine-tocthed radiator, good heat dissipation,

Cemnection between stepper motor and driver (shown in Figare 2.11)

CONTROLLER DRIVER

VEE o m'%—
SIGHAL® )

0 = e
5 PEWM =

ENk S %_ |
e——e

I POVE UKD
VE0Y -+ HT Wik
r— ‘q'

A-

¥OTOR 1w
| | B

Figure 2.11: Conntction belween river and stepper motor [Y)




2.4 Microcontroller

Aicrocontroller will be used to control the operation of printing;

~ Uontrol the motion of printer head by stepper motors.
~ Cantrol the operation of painting by control the board of printer (start and stop).

The controller that will be used in vur projeet is Arduino Mega (as shown in Figare 2.12)

Fipure 2 .12: Arduino Mega [10]

Specification of Arduoino Mega

Arduino Mega is a micracontroller hoard hased on the ATmegal280 It has 54 digital input/outpul
(of which 14 can be used as PWM outputs), 16 anslog inputs, 4 UARTs (hardware serial ports), a
iz crystal oscillator, a USB conncetion, a power jack, an ICSP header, and a reset bulton.

ATmegal280 has 128 KB of flash memory for storing code (of which 4 KB is used for the

ader), 8 KB of SRAM and 4 KB of EEPROM [10].
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3.1 introduciions

This chapler will discusses the Structural design of wall printer project and explain the design of the
frame and its component. And describe the connection between the all components of the project,

and explain the flowchart, block diagram and the procedure of our praject.

3.1 Design the frame

The frame layoul is an imporiant compoenent in wall printer project; because it holds the printer
S=ad, its driver, stepper motor and its driver so it the responsible for movement the printer head in
¢ two coordinate X.Y in the right way, so it must be designed well to make sure the praject will

print the whale panel Professionally. The main frame of wall printer will be as shown in Figure 3.1

Figure 3.1: main frame




321 Beams

Seams (a3 shown in Figure 3.2} are used in wall printer project to fix the whole compeonents with
sach other, and that impertant to make sure that the whole praject is steady during the operation,

Figure 3.2: Beams

222 Linear Motion Shall

he hinear molion shaft shown in Figure 3.3used to guide the movement of the printer head in the
w0 coordinate, the linear motion shafl are made of carbon steel with finest finishing surface to
S the minimum fiiction affects as the head moves [1].

Figure 3.3: linear shall motion [1]

Lincar Motlon Slide

“mear motion slide shown in Fipure 3.4is a closed type slide and it usc in precision lincar

applications, the slide unit, designed (o carry a component, has housing with a flat mounting
24



“see and four tapped balt holes, and circle clips at cach end to retain the ball bushing. Ball in the
“#ze loop to run a smooth ball guide surface to ensure even il high-speed aperation, low neise, And
e 1o connect between linear motion shafl and the moving parts in wall printer project such that

8= printer head,

Figure 3.4: Lincar Motion Shide [1]

— 4 Flanged Block Supporter

=d Block Supporter shown in Figure 3.5used to hald the end of the lincar motion shaft, and it
¥ wmportant in wall printer because it works to fix the shaft to reduce the vibration of the shaft
=h printing, to get an excellent punel on the wall.

——

Flgure 3.5: Flanged Block Supparter




3.2.5Stepper Motor Bracket

Stepper motor bracker shown in Figure 3.6use to conncet the motaor with the frame, to make sure the
“pper motor shill fixed during the aperation ol the wall printer,

Figure 3.6: Siepper Motor Brackel

216 Vertical frame

e vertical [rame carried the printer head and its driver and ink tank. so the vertical frame hold the
et of weight of our project. So the mechanism of motion of Y axis must by effective 10 move the

S fmme up and down linearly. So we used lead screw mechanism as shown in Figure3.7,

Figure 3.7: vertical frame




216.1 Lead serew

Smuinless Stecl Lead Serew (shown in Figure 3.8) will be used in our project to maove the small frame
= Y axis up and down [11].

Figure 3.8: Lead screw

Serew nut

lead screw will connect with printer head using screw nut as shown in Figure 1.9,

when the screw rotates by the motor the small frame will move translation up and down.

Figure 3.9: Screw nul




3.2.6.3 Stepper Motor Coupler

The motor is connected with the lead screw by motor coupler, The motor coupler is pood 1o make
sr= that the motor's shaft fastens the lead screw, 11 is required ro make sure that the coupler is
“ghiened with the motor”s shafl and the lead screw to make the tolerances as small as possible.

T8 coupler is designed to meet the different diameters’ of both; the motor’s shafl diameter and the
‘ead screw diameter.

Figure 3.10: Stepper Motwr Coupler
L ® onunted ball bearinyg

8= both end of the serew will hold by Mounted ball bearing (as shown in Figure 3.11) lo fix the
% inthe Y axis. And this bearing work o reduce the vibration during the vperation of our

Figure 3.11: Mounted ball bearing




3.1.7 X axis frame

The belt pulley mechanism has been used to move the printer head in the X axis,

121 7.1Timing Pulley

I wall prinier project there is a two pulley Compared to each other (shown in Figure3.12) in the X
=uis coordinate, and it used to move the printer head 1n X axis coordinate.

Figure 3.12: timing pulley |1]

2.2 7.20pen-end Timing Belt

o belt (shown in Figure 3.13) used (o connect the pair of pulley with moving parts like printer
2. and it work to move this parts in the X coordinate along the lincar motion shafl.




Flzure 3.13:0pen-end Timing Belt

The following figure (Figure 3.14) shows the structure design of our praject.

Figure 3.14: Design




33 connections between components

To zet a professional performance of printing on wall, the all compenents of the wall printer project
must be synergistic integrated with each other. So this section describes the relations between all

components,

231 Connection between computer and printer head:

~5e computer i$ an important part of our project beeause the whole processing of the image occurs
= the computer, where the user input the image into the computer, then the computer process the
smage and split it to 12 scetions in scale A4 usmg C# code, then the computer sends a command to
srmier head to print the panel on the wall. So the connection between computer and printer head,

a=d there are o two method o conneet these components:

| Wi-Fi connection: the Epson 1355 has & Wi-Fi connection feature, so we can connect the printer
Send with computer wireless as shown in Figure 3.15.

“able connection: Epson L355 Multifunction Printer has high speed UISB 2.0 connectivity that
Wlowsus to print from a USRE device,

Fignre 3.15: Wi-Fi conneclion

3l




3.3.2 Connection between microcontroller and printer head

1he microcontroller has to contral the operation of printing, o the connection hetween
=acrocontroller and printer head is very important, 8o the cunricelion between these components
will be As follows:

The microconiroller will contret the sensors of the printer to make sure the operation of prmting it
Ssppened in the right way, because the printer sensors will prevent the speration ol printing on the
wall

The limit switch that existed on the top af the small frame will be connected with the
secrocontraller, where this limit switch mtenupted when the printer head end printing on any

secnion, then it will send & signal to the imicrocontroller

.4 Flowchart and black diagram

s section deseribe the Towcharn and block diagram snd the procedure of the wall printer
EpTEIOn.

4] Block diagram

following block diagram (shown in Figure 3.16) show the procedure of our project and the

wons between the compoenents.,

3R
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Figure 3.16: Block diagram

Flowchart
Sllowing Mowchart (shown in Flgure 3.17) describes the sequence of the operation of the wall
project.
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STArt

Inpul the picture to the computer

b

Process the picture and split it o 6 sections by U#

!

(“ommand to printer head 1o print the 6 sections

| i

Controller sends a command tw operate the prinler head

W

N=1{lirst section}

Print #N section

Move to (M) scetion

Figure 3.17: Flow char
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3.4.3 How it works

152 operation of the wall printer project (ollows these sieps:

B2 user inpuls 4 picture miv the computer.

The computer provesses the picture and divides it inte 6 sections using a C+# code; or manually by

Photoshop. The computer then sends & command te the printer’s head to print the 6 sections.

The controller sends a command to the printer’s hiead to starl printing by ¢losing the paper sensor to

start prosling,
1he printer’s head start printing the first section.

Adter linishing the printing of the first section (interrupt the imit switch), the controller sends a

command 1o the dover of the stepper motor to move the printer’s head info the next section.

When the printer's head reaches the next seetion, the controller sends a command to start printing

Wes section.

T aperation continues until the system reaches the bast seehon. The controller then sends a

Somnind Lo the stepper motor to return the small frame to the Starting point




2.5 Drawings for the project

This section will show some figure of the design for the design of the wall printer,

Figure 3.18: Frame lavout

gt

Figure 3.19; printer head




Figure 3.20: mechanism ol the motion
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Chapter 4

Calculation and analvsis
4.1 Intraduction

This ohapier will show the dynamie analysis and the calealations for the torque required for the

matien in the two coordmate, and finally the software analysis.

4.2 Dvnamic analysis

Thus secrion will desoribe the dynamic analvsis and the caloulations for the metion in the two
soordinate X, Y

421 The motion in Y axis

Someer serew mechanismowill becused inthe Y axis motion, becavse the motion in this axis
© be alTected by the Gravily, so the system must 1o be stable while the motor runming and alter

sped the mator, so the pawer serew mechanism is the optimal method for salving this problem.

1 Power screw mechanism

= screw mechanism used to convert the rotary motion that generated by the motor into & lincar
won in the Y axis to raise or lower the Joud. It produces unifarm motion and the design of the
screw 18 o be as the nut is held ab rest and the serew 1hal rotates. The nut 1s moves axially

the screw in which the nut is fived with the members [12].
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dm

Figure 411 power sciew

Where 0 is the thread angle and « is the face or the lead angle. The nut is coupled to
Ferform a precise positioning,

B our project the Trapezoidal Screw will be used, because the trapezoidal screws are more popular
= CNC machines. The shape of the trapezoidal with a wider base of the tooth gives it a better
wving of loads. The trapezoidal screw has high efficiency and low friction forces and low radial
25 Trapezoidal screws are combined with trapezoidal nuts 1o perform an eptimum performance.

Figure 4.1: Trapezoidal Scraw




Where: 0 is the thread anple and p s the distance hetwesn two adjacent threads. And d is diameter.

4£.2.1.2 Calculating lorque

s an application of power screws, we need to find the torque needed to move the forees spphiedon
¥ axis. The forces and the torque required to move the load depends on the geometry of fhascrews
& the nature of the material and the relative friction between the nut and the power screw.

e torque requited 1o raise and lower the forees is obtained by assuming the system is
squilibnumby taking the forees need to weight forces, raise or lower forces and the [Fction forces.
Thernising forque 15 required o overcome the thread friction and 1o raise the load in vertical

Srectionor to move the load in horizontal direelion. The raising torque T is given by[13]

Tr={F*dm 27 secd +tana)(1l - £ sec 0%tan a) (4.1

The lowering torque required to lower thie load and Lo overcomie the a part of friction Tt s found

e

Te=(F*du2Y*(f* sech - tanal/ (1 = ¥see B tan o) (421

Where F s the force, dwis mean diameter, 0 3 the thread angle and ¢ is the face or the lead angle, [

- e coefhicient of thread friction,

screw have 1o make a sell locking 1o keep the system stable and prevent it from falling dooavn,
S that can be happened 1f the lowerimg toraue 1118 grenter than zero, in other word the coclTicient
Sread friction ' which 15 illustrated in musl be greaterthan the tangent of the lead angle shown m
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Figure 4.3; lead angle [12]

Where L is the screw Tead that demoensirates the traveling distaner of the mot when the screw shaft
=akes one rotation,

tana = Lige*dea(4.3)

To make sure that the screw will make self locking the coefficient of thread friction
®awst be [>lan o,

The specification of the screw that will be used in our project:

Msor diameter: 8mm

or diameter; Hmm

zan diameter: Tmm

#ach (p): 2mm

d (L) Zmm

ad angel (0): 30

eoefficient of thread friction (f): 0.2[12]




First step we have o make sure the system will make o sell holding or not. so we have o calculate

the tangent of the lead angle using Eqs (4.3).

tane — TAadmw)
tann = 2/(1°7)
lang = 0,09
0.2-0.09
So the system will muke a self holding.

Second step is 1o caleulate the required torque Lo nise and lower the printer head. so o apply the

£q (4.1) we have to caloulate the [oree (F).

F=m*(g+a)
Where: m 15 the mass of the small frame with printer head and 1l assumed to be 6Kg.
g the acceleration of the gravity (9.81m/sec”),
Sotice that a i3 the acceleration component of raising or lowering the load, using 4 stepper motor
with o maximum velocity al 300RPM and an acceleration ime 07 1see, we get a linear velocity and

o seecloration of the nut installed on the serew. The lingar velocity v is

V=L*N
¥=0.002*5=10mm/s
a=y/r=10mmys/0.1=0.1m/s
F=6"(2.8140.1)

F=53.46N
S more satety lot s assume F=60N.

Sy applving Ihe Eg(4.1) we can find the rising torque.

Ta—(GO*0.007/27*(1. 19* secl5° | 0.09)/ (1 -0.19% sec 15*0.09)




Te=0.06 N.m
Tr=698 M. em

10 find the total rising toque we will apply the following equation

Tr=TRTa 44

Where: T'ristotal rising toque and the Ta is Acceleration largue.

Sow o caleulate the Acceleration torque we have to find angular aeeeleration (V) of the molion

S8ich it depend on the lincar eceeleration (a) and the digmeter of the motor (r=0.006m)

& the hmear acceleration of the mation and it set to be 0,01 nvsecat 750 N

¥=a/t (4.5]
Y= 0,0140.006

= 1660 radisect

e by using the following eceyuation we can find T

Tu ¥&),
Tr=Noad=tsorew
S by using this cquations we can find Toad& Jwotaz| 14]

Newd=(m*p® )/4*m2 = 6.2 10~ kgn*

Fserew = U.Elﬂ'h"rr'w-l"z

Mscrew=1.2 Kg




Jacrow =281 1077 kﬂ.ﬁlz

Jr=34.5 % 107 kgm”

Tu=1.6 N.em

Calculanon total naing toque using Eq (£.4)

Tr=6.98~1.6

Ti=5.58 N.cm

Ster torque to nise the loadean be ealeulated by applving this equation

Townr=TT*Ks

Timewer=17.6 N.cm

- K« is factor of safety (K2, 1)

the motor torque will be

spplving the Rg(4.2) we can lind the lawering Wwrgue

Te=(F*dm/2)*([* scet - tana)/ (1 | £ *sec 0* 1an o)
Te=(60=0.007/2)%(0.19% secl 5 - 0.09)/ (1 10.19* sec 157%0,09)

Ti=2 18 N.cm
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The value of the lower torque is a positive so the serew is sell-locking and would not rotate under
the action of the load.

Caleulation total lowermy loyue using Eq {(4.4)
Ti=3.08+1 6=4.68 Nem
Maotor torque to lower the lnadean be caleulated by applving this equation

Tawtar—TT K
Wherz: K. is factor of satety (Ks=21.1)

So the motor torque will be

Tnn:m‘_—'qh".'rﬁ- ™.om

4.2.2 The motion in X axis
Bell and pulley mechanism used forx -axis moton. The pulley diameter (D) is 16 mm. the load of

wass (M) is the mass of small from with ¥ frame (tofal mass M=8 Kg). the mass of pulley (my) is

01K and the mass of beht mnis 0.3Kg, The bell angle of inclination -0 and efficiency of
mechanism p=0.9,

To find the Acceleration torgue first we have to find I [14]
Juwa =(LAYM*DE =512 + 10 kgm?

Tpetey = {1i8 ¥ mp*D? = 3.2 = 107 kg.m?




Teeli = ( 1y me *0% = 1.9 + 10" kgn®

17 = Mg +2*% Tputiey 1ot = 5373 + 10 %kegm?

Now we can find acecleration torque by using Y= 1660 rad/sec? :

Ta=¥*],

To= |660% 5373 % 107%= 15892 Nem

Load tergue To can be measure using this eyuation [14]

Tt=(M *z *D *(sin® - 1 cos @) 2p

To=11.26 Nem
Where: i ois Fficiency (Reference Value is 0.83 10 0 95))
i 1s Frietional coefficient of sliding surfaces
i 15 Angle ol inclinarion, ()
oal wrque requited in the X axis:

Ti—Ta+TL
=182 -126=30.12K.cm

or torgue by using factor of safety K=1.2:

Tu— K*Ti= 1.2*30.12 = 36,144 H.B]’El

47
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Chapter 5
Manufacturing and assembly

=1 Introduction

This chupter shows how we manutheturing and ussembly the whols canipongnts of our project step
B siep,

22 Disassembly the printer

TR lirst step in wall printer project is the extraction the primar head from the A4 printer and make
s that the printer head is work prohably. So we begin with disassembly the printer.

521 Remove the seanner unite

T8 first step 18 removing the scunner form the printer, because the scammer is the top side of the

s0 il should he removes i the first,




Figure §.2: after reinoving the scanner unite
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2.1 Removing the cover of the printer

e have to remove the cover of the printer to be able to extract the printer head.

Figure 5.3: removing the cover

=135 Extraction the printer head

“%e next step is extraction the printer head, its driver and the ink tank from the printer.

Figure 5.4: extraction the printer head

=2




5.3 assembly of wall printer

This section shows how we connected the parts of our project with each other, and show the whole
frame of our project and its propertics.

S33.1Lincar bearing motion Installation

“a this stage the linear hearing motion has been connecled to the printer head, by aluminum holder.

And we use a 3mm screw to fix the bearing with thesc holder. Then we put the linear shaft motion

mside the bearing to get a smooth motion.

Figure 5.5: connect the bearing with printer head

532 Lincar puide motion and Y-axis installation
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The linear guide motion has to be fixing to the Y-axis to make sure that the motion still smoathly in
the Y-axis. So connection between them has to be a good connection. So we use Flanged Block

SUPPGTIET.

Flgure 5.6: Linear guide motion and Y-azxis msiallation

£3.1.1 The frame of Y-axis

“he frame of Y-axis has been made by aluminum, because it easy to machine and it hags a light

weight

£.1.2.2 Flanged Block Sapporter installation




This supporter used to fix the lincar guide motion with the frame, and is used to keep the lingar
zuide motion in the right position. And it installed by 4mm screw.

Figure 5.7: Flanged Block Supperter installation

3 Y-axiz Stepper motor installation
stepper motor has heen fixed by a holder on the Y-axis frame (o move the printer head
ically.




Figure £.8: Y-uxis Stepper motor installation
534 Lead screw installation
The motion in the Y-axis require a lead screw mechanism to prevent the printer head form filling

“own, becanse it make 2 self locking. so we use the lead serew mechanism.

£3.4.1 Coupler installation

This coupler used to fix Jead screw with stepper motor's shafl.

56




Figure 5.9 Stepper mator coupler insallation

£3.4.1 Mounted ball bearing installation

s bearing used to keep the lead screw in a straight line.
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Fipure 5.10: Mounted ball bearing imstallation

£1.4.3 Screw nut installation

The screw nut used to fix the lead screw with the printer head to move it in the Y-axis,

vV rrey H.lnrH-r.'Hhrl'ifl.' THLLLak]

Figure 5.11: Serew nul installation
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5.3.5 Installation the frame of X-axis
The frame of X-axis has been made by zluminum, because it casy to machine and it has a light
weight.

Figure 5.12: Installation the frame of X-axis

.1 Linear bearing motion Installation
Linear bearing motion Installation fixed in the Y-axis frame lo Carrey it and make it able to

we in the X-axis,
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Figure 5.13: Linear bearing motion Installation

3.3.5.2 Linear guide motion installation

I'he linear guide motion has been placed in the linear hearing motion and fixed in the X-axis by the
Flanged Block Suppareer.

Figure 5.14: Linear guide motion installation

o0




5.3.6 X-axis Stepper motor installatinn
This stepper motor used to move the vertical rame in the X-axis and it fixed in the X-axis by
stepper motor halder,

Figure 5.15: X.axis Slepper motor installation
5.3.7 Timing Pullev installation

Tow timing pulley used in the belt pulley mechanism the first one fixed on stepper motor shaft, and

the other one has been (ixed in front of the first pulley on the X-axis frame by timing pulley holder.

Figure 5.16: Timing Pulley installation
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5.3.8 Open-end Timing Belt

This belt used to conncet the timing pulley with the v
m Figure 5,12,

ertical frame to move it in the X-axis as shown

= hd =5

Figure 5.17: Open-cnd Timing Relt

509 Dptical limit switeh installation
Sptical limit switch has been placed at the end of the printer head slider to internipt wh
sead end printing a line, and send a feedback to the controller ta

n by onc step.

en lhe printer
mave the stepper motor vertically

B2




5310 Vacuum holder installation

Vacuum holder will carry the project and stuck it
shown in Figure 5.13.

on the wall to print the whole panel an the wall, as

Ty

Figure 5.18: Vacuum holder installation
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Chapter 6

Testing and calibration

fi.1 Testing the printer

Before controlling and lesting the printer head we have to test the printer and printer head driver, su
when we try to print 2 line we faced a problem with paper senser, because the paper sensor prevent
the process of printing, so we have 10 contral the paper sensor, then we solve this problem by

receiving @ signal from the printér and send a command to dc motor by the controller 1 open the
paper sensor and closed it

6.2 Testing the printer head

The first step we have (o lest and understand the principle of work of the printer head to be able
centrol and move it to get the Image.

6.2.1 Printing one colored line

When we tried 10 print a colored line we gel the same line twice but with different color with
vertical space (shown in Figure 6.1). Then we conclude that the process of volor mixing oceurs on
the paper not inside the printer head, and the printer head has three regions of nozzles of each color,

shen we measured the distance between nozzles by measured the distance between the contor of cach

lin.



Figure 6.1: Firs| testing af colored line

6.2.2 Solving the problem of printing a colored line

To solve the problem that we faced, we put an optical limit sw
slider to get a feedback when the printer head
swikch send a signal 1o the arduino,

itch at the end of the printer head
end the printing 2 ane sroke, then the optical limit

then the arduing send a command to driver of stepper motor to
moeve down the printer head by the value distance between twa line.

8.1.3 Printing a one colored A4 image

Adter we print a one colored line we tried o print a full A4 colored image, by moving the printer

Sead with (he same distance between lines and

Wwe gel the image as showing in Figure 6.2and
Figure 6,3,




Figure 6.2: printing 2 colured A4 Image
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Figure 6.3: firs! colored A4 image

6.2.4 Printing two vertical colored A4 image

I this test we calibrate the distance between two vertical images to get the two images as ane unit,

And we did two tests, the first one we measure the vertical distance between the two imapes as

shown in Figure 6.4.

B8




Figure 6.4: vertical distance between the wo 1mages

And the next test we print the two images as 2 one unit as shown in Figure A.5.

B9




Figure 6.5: print two images as a ene nnit




6.1.5 Printing tow horizontal colored A4 image

in this test we have to measure the distance between two horizontal images to move the printer head

by this distance to pet the two ima £Cs 38 One unit as shown in Figure 6.6

Figure 6.6: Printing tow horizonta) images

5.3 Process the image by C#

W wrote a C# code to make interface window (shown in Figure 6.7) to upload the tmage (shawn in
Figure 6.8) then process it and split it 10 6 sections then save thesa sections (shown in Figure 6.9)
Sen send it to printing.




Figure 6.8: upload the image
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Appendix A

Computer-Aided Drafting

ALl Isomeirie view of Vertica| Wall Printer
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A.2 Orthographic Drawing of Vertical Wall Printer




A.3 From View of Vertical Wall Printer

L

A.48ide View of Vertical Wall Printer




A5 Top View of Vertical Wall Printer |




* Orthographic Drawing of Beams
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A.7 Orthographic Drawing of Linear Motion Bearing
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hographic Drawing of Printer Head Slider
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4.9 Orthographic Drawing of Timing Pully
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10 Orthographic Drawing of Screw nut




Appendix B

Electronic Components
B.1 Nema 23 for vertical motion
Electrical Specification

Marufacturer Part Number 23ISA0-28045
| Bipolar Stepper

Muotar Type
L ONny{ 2690210} |

Step Ansle | 182 |

| Holding Torque
Rated Currentiphass ,I A
e Al — = Ml

Phase Resistance 11 9ckms
Reconunended Vollage | 24-48V
| Inductance 5 AmHL20%( 1KHz) |

Physical Specification
FEniSmu L _LSF“E"'_’“
Body Length Tomm

_::'.JHI. Diar;u‘r_ imaﬁmm

Shaft Length

D-;ngﬂ} Smm _|!

Number of Loads |4

2imm

_Lead length SUOmm
_l Weight 1 2kg




B.2 Nema 23 for horizontal motion

Electrical Specification

i. Manutacturer Parl Number | 23HS30-28045

Mutor Type Bipolar Stepper

Step Anple 1.8 '
Helding Torque LONmi2650z.0n)

Rated Current/phase [1.25A

Phase Resistance |l 3ohms

|

Recommended Voltage 2448V |
| Inducrance |5 dmH=2000 L KK Hz)
Physical Specificalion
Frame Stze |5? X 57Tmm

| Budy Length | 76mm |
Shaft Diameter ' @6.35mm |
Shaft Length 2l

D-cut Length | I Smm

Number of Leads 4
Lead Length | Slithm

Weight 1.2kg |




B3 Stepper motor driver TB6560

Rated voltage: DC 12V-24V
Maximum current: 34

Current adjustable {Current Setrings): 0.3A. 1A, I5A, 1.8A, 24 2 8A 1A
Subdivision adjustable {Excitation Muode): 1.2.8. 15

Attenuation adjustable {Deeay Mode):

il “o—no deeay mode
25% of the slow decay mode

30%% of the narmial mede

100% — Fast Decay mode

Decay made of regulation by differenl motors to mutch impedince. thershy eliminating the noise
when locked stepper motor and morar movement i the shake

Automatic half current setting {Toryue Scttings):

(i No pulse when the current 20 to normal operating current of 2004
500 Y- no pulse current 50% to normal operating current

73 Yi~— nio pulse current 75% to normal operating current

H0%% - na pulse when the current 100% 16 notmal operating current




B.4 Arduino Mega specifications

Microcontroller A'lmeeal 280

Operating Voltage N

Inpat Volwage (recommended) T-12¥

Input Voliage {limits) 620

Drgital 1O Pins 54 (of which 15 provide PWM cutput)

Analoe Input Pins 14

DC Carrant par 0O Pin 40 miA

DC Current fur 2.3V Pin 50ma |
Flash Memory 128 KB ol whieh'd KB used by bootloader

SRAM kKB |
EREPROM 4 KH

Clock Speed 16 M= |
Memory

The ATmegal280 has |28 KB of flagh memaory for <toring code {of which 4 KB is used for the
bootloader), 5 KB of SRAM and 4 KB of EEPROM




Appendix C
E.1 C# codc

using System:
using System,Collections.Genepic:
using System.ComponentModel;
Using System.Data;

usinhg System.Drawing:

vsirg system. Drawing. Drawingzi:
using Syatem.ﬂrawing.lmaging;
Using System, Ling:

using System.Text;

using System.Threading. Tasks;
using system. Windows, Forms;

namespace ashra®
PUBMiC partial clacs Fopma v Fanm
{
puolic static Eltman ResizeImage( Iniage image, int width, 1.t height)

var destlect = few Rectangle(d, @, width, height);
var destImage = rew Bitmap (width, height);

deslImage.5etHesnlutinn(1uage.Hnriznntalkesulutinn, ima;a.vErticalnesnlutinn);
Heing {var graphice = GFuﬂhiCE.FFQmImaEE{ﬂEStImEEE})
Braphics.CompositingMode = rﬁFDCEiPiﬂEPDdu.EGUPCE{ﬂpyj
graphics.CompositingQuality = FDmauﬁitﬂﬁgQua?‘ty.HighQuality;
Eraghics.InterpolationMode = lnTerpulaffmnkuﬂe.H£EHQualityBicubic:
Eraphlcs.SmocthingMode = smeothirgMede. HighQuality;
graphics.Pixel0ffsetMode = Pixulﬂ*FsetHuau.HighQuality;
UEIng (var wWrapMode = now fmﬂgEAttfihthi{]}
wraphnde‘Sethripnndiihr;pﬂude.TileFlipr};

graphics.nrawrmage{image, destRect; B, @, image.Width, imsge.Helght,
araphlesUnil .Pixel, wrapMads);

¥
}
return destImage;
private static Trage cropImege(Inage img, Rectanglo crophArea)
{
Bitwap bmpImage = now Bitmap(img);
Bitmap bmpCrop = hmpImane.Elnne{crupArea,
Iystel.ﬁriwing.Imaging.Pixairn-u:t.ﬂantiare};
return (Image) (bwpCrop);
Public Formif)
{

Initinllze[umpnnent{};
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private vuis buttonl Click(ohiect cender, Evantirgs e}

{
HalagRecsilt relt = epenFileDialogl. Shewbialopl);
List<Imoges list = new List<Images{);
drrush redBrush = naw SoiidErush(Coler.Red);
i¥ (rslt == DialcgResult oK)

i
H!HE&Sagan:,Sruw(QJEHFileujalngl.Filanamp}:
Imzpe img = new Fltmap(cpenFileDialogl.FilenNams)
img = ResizeImage(img, 1735, 14e8);
Crapghics g = Graphics .FromImapge{img)
Fen pen = new PenfredSrush, 3);
for (dnt 4 =83 4 ¢'3; L )
%
| tor (It y= Bl ¥ €2 yas)
Rectangle r = rew Rectangle{d * (img.Width / 3),
y * (img.Hedght / 2),
img.Width / 3,
img.Height / 2);
list . Add{cropImageiimg, r));
¥
b
For (int 3'=@: § < list.Count; i++)
{
foreach (Control ctr in this.Contrals)
{
¥ (etr. Tagl=nulil &3 ctr.Teg.Tostring) == i.TosString(})
((FicturcBox)ctr) . Image = List{i];
I
i)
{dpictureBonl. Inage = listi8];
1

1

private vold button2_Click(ch ect sender, Everiargs &)

L4
Frint idx = @
foreach {Control st 4n this.Contrels)

i¥ (etr.Tag 1= nuily
{
({FictureBox)ctr) . Inage.Savel "o \y" +ctr,Tag. Tostringl) = ".png"):
}
X
frimg. Save( "D:\\test.png™);
b

private vaid pictureBexl Click(ubject sender, EventArgs e)
{

}
n

2B




E.1 C++ code(arduino)

constint burtonPin =2;  /Meedback from printer
constint ope= 3 //open paper sensor

constint (ks = 12; // feedback from optical limit switeh
constint en=4: /7 enable for ¥ stepper motor
constint dir = §; /i dir for Y stepper mator
constint stp=6: /[ steps for ¥ stepper motor
constint enx =7;  / enable [or X stepper motor
constint dirx= 8; [/ dir lor X stepper motor
const int stpx =95 / steps for X stepper motor
const int cla = 10; // closed the paper sensor

int buttonState = 0;

int i=0;

int flag=0;

int =;

int m=i);

void setup() |

Serial.begin(9600);

pill_ﬂudg{upc_ OUTPUT);
pinMude{en, OUTPUT);

pinMade(dir, OUTPUT):

29



pinMode(stp. OUTPLUT);

pinMode(buttonPin. INPUT);
pinMode(fla, INPUT);

]

vold leop()
i

while (m==1){

buttonState = digitalRead(buitonPin}; /MTeedback from the printer

il (bulonState == ITIGH)

i

Hi=1)!
delax(350);

digitalWrite{ope. HIGH); //npening the paper sensor

digitalWritc{en, HIGH):
digitalWrite(dir, HIGH); /direciion down

while(i==1}{

a0




fuyg = digital Read(1a):
if (lag — LOW)
I
b
if(f==2){ /'move stepper mator down step
for (int n=0: n <3333 ; nt++) |
digitalWrite(stp. HIGH):
delavMicroseconds(23);
digital Write(stp, LOW):
delayMicrosecands(23); |
while(F==31){ /'moave stepper motor down far 31 steps
flag = digital Read(fa);
if (flag == LOW)

for (int n =0z n <3333 ; n++) |
digital Write(stp, HIGH);
delayMicrosceonds(23);
digitalWrite(stp, LOW):
delavMicroseconds(23); |
while(flag =—— LOW)
lag = digitalRead(fla);
i

&

}




!

digitalWrite{upe, LOW):

digitalWrite(clo, HIGH); //clased paper sensor
delay(300):

digritalWrite(elo, LOW):

delay(S000);

i=(l:

digital Write{dir. LOW); //dircetion np
t=0;
1+
Tor {int n =03 n <5833 : n++) ! //move the stepper motor up tu the last image
digitalWrite(stp, HIGH):

delayMicroseconds{50);
digitalWrite(stp. LOW):

delayMicroseconds(50); |

while(flag =— LOW){

Tlap = digitalRead(fla):




!
J
digital Write{dir, LOW);
m=1}

for (intI=10:1=74 ; ++) | // move the stepper motor up at starting point
for {int o = 0; n <3333 ; p++) |

digitalWritersip, HIGH);

delayMicrosccands{150):

digitalWrite(stp, LOW);

delayMicroseconds{150); |

i

digital¥Write(dirx, LOW); //direction to the right

for (intn = 0: n <16832 ; n++) | /move the stepper motor X to the next image horizontal
digital Write(sipx. HIGH):

delavMicroseconds(l 5}
digital Write(stpx. LOW);

delayMicroseconds(130); |

C++ flow chart:




X 4

Frint Command

v

Get a sigral from printer by relay

i

Dpen paper sensur

-
-

'

print ong ling

W

Get a signal from optical sensol

NOD

: Yes

Nove the printer head down by 1 step

o
s
L

Mowve the orinter head up to print C image

Move the printer head up to starting point

W

NO

Move the printer head horizontally by Ad width
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Appendix D

Troubleshooting:
I) When the printer is turned on and it doesn’t homing probably.

Make sure that’s there Is no any object prevent the printer head movement in the slider. and
make sure the paper sensor is closed,

2) If the printer head printing without color,
Make sure the ink level is above the lower level of ink tank. If the ink Jevel is abave the lower
level, make sure thar the ink tank is higher than the printer head.
3) If the printer head stopped suddenly during printing operation.
Muke sure thar’s there is no any ehject prevent the printer head movement in the slider, and

turn off the arduine then turn off the printer then turn it on to make huming then turn on the
arduing.

4) If the quality of the image ix bad.

Make surc the distance between the printer heud and the wall doesn't exceed Smm to get
the required Accuracy

§) I the image on the wall is sloping.

Make sure the main frame fixed in « stroight way, and make sure the wall s straight without
pratrusions,
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