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Abstract—Another useful machine interfaced to the computer system is the Stepper motor. A Stepper motor is a digital motor because each
input pulse results in discrete output or discrete steps as it traverses through 360° which means the shaft rotation by definite angle called step angle.
Stepper motors are DC motors that move in discrete steps. They possess multiple coils that are organized in groups referred to as phases. By
energizing each phase in sequence, the motor will rotate one step at a time. Stepper motors are available in various sizes and styles as well as
electrical characteristics. Nowadays, the use of ARM controllers is in limelight. The ARM controllers are basically designed to target the 32 bit
microcontrollers. These controllers provide excellent performance and are available with latest and enhanced features. The ARM controllers are
suitable for 32 bit embedded applications. The state of the art presented in this paper is the interfacing of Stepper motor with ARM controller LPC

2148.
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l. INTRODUCTION

A Stepper motor is an electrical machine that translates the
electrical pulses into mechanical movement. Stepper motors are
also referred to as stepping motors or step motors because they
rotate through a fixed angular step in response to each input
current pulse from its controller. Stepper motors are designed
to develop torques ranging from 1 uNm (in tiny wrist watch
motor of 3 mm diameter) up to 40 Nm in a motor of 15 cm
used for machine tool applications. The output power of
stepper motor ranges from about 1 Watt to about 2500 Watt.
The only moving part in a stepper motor is its rotor which has
no windings. Hence it does not require commutator and
brushes. In applications such as disk drives, dot matrix printers
and robotics, the stepper motor is used for position control. A
common stepper motor is geared to move perhaps 150 per step
in inexpensive motor, to 10 per step in a more costly, high
precision stepper motor. In all cases, these steps are gained
through many magnetic poles and/or gearing. Every Stepper
motor has a permanent magnet rotor (also known as the shaft)
surrounded by the stator. This is depicted in fig.1

The most common stepper motors have four stator
windings that are paired with a Center tapped common as
shown in fig.2. This type of stepper motor is commonly
referred to as a four phase stepper motor. The center tap allows
the change of current direction in each of two coils when a
winding is grounded, which results in a polarity change of the
stator.
The internal construction of the stepper motor, to be more
precise the number of teeth on the stator and the rotor, decides
how much movement is associated with a single step. The step
angle is the minimum degree of rotation associated with a
single step. Various motors have different step angles. Table
lillustrates some step angles for various motors. The term steps
per revolution is the total number of steps needed to rotate one
complete rotation or 360 degrees. (For example, 180 steps x 2
degrees = 360). [1] [2].
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Fig.1 Internal schematic of Stepper motor
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Fig.2 Four phase stepper motor
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TABLE I. STEP ANGLES FOR VARIOUS MOTORS
SL.NO STEP ANGLE STEPS PER REVOLUTION
L 0.72 500
2 18 200
3 2.0 180
4. 25 144
5 5.0 72
6. 75 48
7 15 24

In this paper the interfacing of a Stepper motor with Arm
controller LPC 2148 is presented. The rest of the paper is
organized into sections as follows: section Il describes the
overview of ARM controller LPC2148. Section Il focuses on
the system design. Results and discussion are reported in
section IV. Finally section V summarizes the paper and
presents the concluding remark.

Il.  OVERVIEW OF ARM CONTROLLER LPC2148

The ARM7TDMI-S LPC2148 is a general-purpose 32-bit
microprocessor, which offers high performance and very low
power consumption. The ARM controller is based on Reduced
Instruction Set (RISC) architecture, And the instruction set and
related decode mechanism are much simpler than those of
micro programmed Complex Instruction Set Computers. This
simplicity results in a high instruction throughput and
impressive real-time interrupt response from a small and cost-
effective processor Core.
Pipeline techniques are employed so that all parts of the
processing and memory systems can operate continuously.
Typically, while one instruction is being executed, its successor
is being decoded, and a third instruction is being fetched from
memory.
The ARM7TDMI-S processor also employs a unique
architectural strategy known as THUMB, which makes it
ideally suited to high-volume applications with memory
restrictions, or applications where code density is an issue. The
key idea behind THUMB is that of a super reduced instruction
set. Essentially, the ARM7TDMI-S processor has two
Instruction sets:

» The standard 32-bit ARM instruction set.

» A 16-bit THUMB instruction set.
The THUMB set’s 16-bit instruction length allows it to
approach twice the density of standard ARM code while
retaining most of the Arm’s performance advantage over a
traditional 16-bit processor using 16-bit registers. This is
possible because THUMB code operates on the same 32-bit
register set as ARM code. THUMB code is able to provide up
to 65% of the code size of ARM, and 160% of the performance
of an equivalent ARM Processor connected to a 16-bit memory
system [1], [3].
The important features of the 16 bit /32 bit LPC2148 Arm
Microcontroller.

e PHILIPS LPC2148 is a 16-bhit or

Microcontroller in a LQFP64-pin Package.

32-bit
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e 40 KB of on-chip static RAM and 512 KB of on-chip
flash memory. 128-bit wide interface/accelerator
enables high-speed 60 MHz operation.

e The LPC2148 provides 100000 erase/write cycles and
20 years of Data-retention.

e In-System Programming/In-Application Programming
(ISP/1AP) via on-chip boot loader software. Single
flash sector or full chip erase takes 400ms and Flash
programming takes 1ms per 256-byte line. USB 2.0
Full speed compliant device controller with 2 KB of
endpoint RAM. In addition, the LPC2148 provides 8
KB of on-chip RAM accessible to USB by DMA.

e Embedded ICE-RT and Embedded Trace Macro cell
(ETM) interfaces offer real time debugging with on-
chip Real Monitor software and high-speed real-time
tracing of instruction execution.

e Two 10-bit ADCs provide a total of 14 analog inputs,
with conversion times as low as 2.44ps per channel.

¢ Single 10-bit DAC provides variable analog output.

e Two 32-bit Timers/External event Counters (with four
Capture and four Compare channels each), PWM unit
(six outputs) and watchdog.

e Low power Real-Time Clock (RTC) with independent
power and 32 kHz clock input.

e  Multiple serial interfaces including two UARTS
(16C550 equivalent), two Fast 12C bus (400 kbit/s),
SPI and SSP with buffering and variable data length
capabilities.

e  Vectored interrupt controller (VIC) with configurable
priorities and vector addresses. Up to 45 numbers of 5
V tolerant fast general purpose 1/O pins in a tiny
LQFP64 package.

e Up to nine edge or level sensitive external interrupt
pins available.

e 60 MHz maximum CPU clock available from
programmable on-chip PLL with settling time of 100
us.

e  On-chip integrated oscillator operates with an external
crystal in range from 1 MHz to 30 MHz and with an
external oscillator up to 50 MHz

e  Power saving modes include Idle and Power-down.

e Individual power enable/disable of peripheral
functions as well as peripheral clock scaling for
additional power optimization.

e  Processor wake-up from Power-down mode via
external interrupt, USB, Brown-Out Detect (BOD) or
Real-Time Clock (RTC).

e Single power supply chip with Power-On Reset (POR)
and BOD circuits: CPU operating voltage range of 3.0
V to 3.6 V (3.3 V+- 10 %) with 5 V tolerant 1/O pads

3.

IIl.  SYSTEM DESIGN

A. Board specifications of the Arm evaluation system

The board has important features which are listed as
follows
» LPC2148 16/32 bit ARM7TDMI-S with 512K bytes

program flash, 42K bytes RAM.
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» LCD 16x2 alphanumeric display.

Stepper motor interface with direction and speed

control.

Temperature sensor interface using internal DAC.

12 MHz crystal for easy communication set up.

External interrupt through key with LED indication.

Standard JTAG connector with ARM 2x10 pin layout

for programming/debugging with ARM-JTAG.

Reset push button for resetting the controller.

Standard 26-pin FRC connectors to connect to on-

board interface

» Dip switch for enabling ISP.

» One on board voltage regulator for generating 3.3V.
Input to this will be from external +5V DC power
supply through a 9-pin DSUB connector.

» One RS232 interface circuit with 9 pin DSUB
connector, using UARTO. This is used by the boot
loader program to program the LPC2148 flash
memory without external programmer. User can also
use this as other UARTO application program.

» One RS232 interface circuit with 3 way male
reliamate connector using UARTL1. This is used as
additional UART to communicate with external

YV V VYV Y

VY VY

peripheral via serial communication interface.
The photographic view of the ARM-09 NXP LPC2148
Microcontroller board is shown in fig.3

Fig.3 photographic view of the ARM-09 NXP LPC2148
Microcontroller board
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B. System specifications
The system specifications are illustrated in table 1.

TABLE II. SYSTEM SPECIFICATIONS
SL.NO SPECIFICATIONS

1 Domain: Microprocessors and Microcontrollers, Arm
’ controllers, Assembly language Programming.

2 Arm Microcontroller: LPC2148 32-bit RISC microcontroller
’ from NXP founded by Philips.

3. Stepper motor: 1ZAmpere, 5 volts, 1.8°, step angle

4 Desktop computer: Dual core, 1 GB RAM, processor speed
’ 2.5 GHz

5. Port line: P0.20-P0.23

6. Software: Keil p vision-4

In-system Programming (ISP): Flash magic software can be

7. used to download the HEX files to the flash magic of the
controller.
Serial communication: RS 232 cross cable connections
8. required for establishing communication between the

evaluation board and a display terminal/host computer.
Applications: Rotation of stepper motor in clockwise and
9. Anticlockwise direction.

C. Stepper Motor interface

The Stepper motor can be interfaced to the board by connecting
it into the Power Mate PML. It is interfaced through the high
current driver ULN2803. These lines will have high current
(max 300 mA) with low voltage level of 0.7V. The rotating
direction of the stepper motor can be changed through
software. Port lines used for Stepper motor are P0.20 - P0.23.
The circuit schematic for the Stepper motor interface system is
shown in fig.4

STEPPER MOTOR

Ri1 PM1

D4 | D3 Inz 4 D1
1NADO7  1NAOOT 1NAOOT 1NAOGT

ol B W N -

C 5 PIN POWERMATE

Fig.4 Stepper motor schematic
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The photographic view of the Stepper motor used in the
system is illustrated in fig 5.

Fig.5 Photographic view of stepper motor

D. System set up

The experimental set and its conduction were done in the
Microprocessors laboratory. The system consists of a Desktop
computer, the ARM-09 NXP LPC2148 Microcontroller board,
adapter, USB cable and RS 232 cable and the Stepper motor.
The desktop computer was switched ON. The adapter was
plugged in the socket and the adapter pin was connected to the
slot provided on the ARM-09 NXP LPC2148 Microcontroller
board. The USB cable was connected to the USB port of the
desktop computer and the other end of the USB cable, that is,
the male connector was connected to the female connector of
the RS232 cable and the male connector of the RS232 cable
was connected to the female connector provided on the ARM-
09 NXP LPC2148 Microcontroller board. Lastly the female
power mate of the Stepper motor was also connected to the
male power mate PM1present on the ARM-09 NXP LPC2148
Microcontroller board. Fig.6 illustrates the photographic view
of the system.

Fig.6 photographic view of the system

IJFRCSCE | March 2018, Available @ http://www.ijfrcsce.org

On the desktop computer my computer icon was right clicked
and manage option was chosen and further the device
manager option was selected and then the ports option was
clicked which depicted the communication port as port 1 and
the USB to serial port as port 3. The keil p-vision 4 software
was used to write the C program for the rotation of the stepper
motor in anticlockwise and clockwise direction interfaced with
ARM-09 NXP LPC2148 Microcontroller board [7]. The
following sequence of steps was followed in order to get the
desired output.

The keil p-vision 4 software was opened by double clicking on
the keil p-vision 4 icon located on the desktop screen [7]. The
project option was right clicked and then new p-vision project

L]

Fig.7 selecting new p-vision project
Create New project window appears on the screen. A folder
with the name EXPERIMENT STEPPERMOTOR was created
on the desktop and the file named ELECTRICALMOTOR was
saved in the folder EXPERIMENT STEPPERMOTOR. This is
shown in fig.8

(] ¥isiond
File Edit View Projd Flash Debug Periphensls Tools SVC

-EL IR

Create New Project
Savein: | () EXPEFINENT STEFPERHOTOR
e
My Recenl
Documentz

)

Dedip

My Docunens

Hy Computer

Myletmok  Fie name:
Plces

[LECTRICALMOTOR B
Smeastpe  [FiokelFls Pampi E Cored

[

Fig.8 creation of folder and naming the file.
Another new window named Select Device for Target ‘Target
1’appeared where the user has to select the ARM
microcontroller. The NXP series founded by Philips was
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chosen and in this category the LPC2148 was selected. The  After the creation of project, the file option was chosen and
LPC2148 features were displayed and OK option was clicked. New was selected to open the editor window. This is illustrated
ThIS is deplcted |n flg 9 . |n fig. 12
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@ sum
[a—
[I—
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T Create an empty documant. Simudation AP N

Fig.9 selecting the microcontroller LPC2148 Fig.12 selecting the new file
A new window appears named p-vision copy startup project ~ The program was written in embedded C language for rotation
folder and Add file to the project with two options Yes and No.  of stepper motor in anticlockwise and clockwise direction by
The Yes optlon was chosen Th|s is shown in fig. 10 50 steps. After the completion of program the next step was to
L e Db e BEE  save the program. In order to do this save icon was clicked as

l Ede view Poed Fusn ODeoug Perphenis Tools $W
TPTINETS reanEEzee aslajeooa@]s shownmflgl3

\EXPERMENT STEPPERMOTORMEL ECTRICALMOTOR. uvpr

L EEEY IR

v
= ETwges ]
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unslned it varl,porti=D :
a TenLim0, k0
sat manvaidi
t
\p oy St ot For e i Pt ot 1
PINSELT i= 0AOOQODODA :  //FL.20 to PL.Z3 GFIO (Use BEAD-BSDLFT-WRITE cperation when sccessing PIEELE Gepistec]
I01DIZ |= Cx0OPO000D 5 //P1.20 to BL.23 mede an oucpur
=
vhile (1)
¢
forl 3053 g 77 50 tines i Clock vise Fatstion
clock_sisel) 7 71 rotate one tound closkeise
for| B0 r k< 5000 ket ) s/ Delay o show awci clok Rotacion
forl 340 ;3 <50t ) 450 tims in Aaei Clock vise Rotatica
anci_elock_siee} 3 74 corate one round anticlockuise
fori ke k< 65000 ket )/ Dalay to show ML slock ataticn

Fig.10 selecting yes option e — —
In the project window Target was created as Target-1. The + Fig.13 saving the program
sign of Target 1 was clicked as a result of which the source ~ As save icon was clicked a new window appears where the file
group-1 was shown immediately below the Target-1. This is name was given as ROTATING.C. The file extension .C is
shown in fig.11 mandatory. This is depicted in fig.14

[ C-Wocuments and SettingslmealabiDesktopIEXPERIMENT STEPPERMOTOR\ELECTRICALMOTOR uvpro; - p¥isiond
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F|g]_1 creation of source group_l Flg 14 namlng the file as ROTATING.C
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Color syntax highlighting was enabled once the file
ROTATING C was saved as shown in fig.15

P — ..\l\nmulruwnmmwm|nm|umnm vpro] - p¥isiond

File  Ede Project Flash Debug Periphersls Tosls SVCS Window Help
Hd@ [ L EEE G @ vas @ X IERRS
W et LIRS
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R 0 R’
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o
7
Bunsigned in vard,pertz=) ;
9unsigued lang 1L £ =0, 320, K20 :
0
e ra——
12¢
13
18 FINSILZ ¢= 0X0DQOOOO4 ;  //PL.20 to PL 1 whey sccessing PINSELE Fegtster)
15 IOIDIR [= 0:00FODODO ;  //P1.30 to i
15
1
18 while(l]
10
w0
a
2
2
2
o
i

® Botatien

to shov ANTI elac

Erf@e 07 o ! N
s o -

Smuiion

Fig.15 color syntax highlighting after saving the file
The source group 1 located below the Target 1 in the project
window was right clicked and the option Add existing files in
Group ‘Source Group 1’ was selected in order to add the .C
source file to the group. After adding this source file this file
was viewed in the project wmdow ThIS is illustrated in fig.16

[T AP M

SenoveGoup Soce
T

10up 1 and s Fes

cosssing PINGELY Registec)

Opentuikilog

25 bt a gt fhes
£ g taget

¥ | show incusss Fie Depangencies

Ew @ 0

buld Ok

Smiaion uc

Fig.16 adding existing files to source group-1.
A new window named Add Files to Group ‘Source Group 1’
appeared where the file ROTATING was selected and then
Add and Close options were clicked sequentially. This is
shown in fig.17

[®IC:\Wocuments and Settings\mealabesktop\DXPERIMENT STEPPERMOTORMEL ECTRICALMOTOR. uvproj - ¥isiond
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28 Flsite: [CSamcefelie] =l [
2 forik
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ETINY L}

BRI (3 8

Smuigtion

Fig.17 selection of file ROTATING
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The most important task was to compile the files. In order for
compilation the translate option was clicked as depicted in
fig.18

[¥C:ADocuments and SettingsmcalabiDeskiop\ DOPERIMENT STIPPERMO TORVLECTRICALWOTOR. uvproj - piisiond

fie fdn \ew Projes Fam Debug Peripn

Sda a9 -] §iapQecoa @
& 05 B gt
- x
[ e void)
3
Bunsigned ine vard,porede0 ©
9 unsigned long 1ot 150, 3= 0, K= 0;
£t
11 1ot patn|void)
2
1
M PIMSEL? €= 0000CODO4 ;  //FL.20 to FL.I3 GPIO (Je READ-NODIFY-VEITE cperacicn when accessing PINEELE Register)
15 TOIDIR |- XO0M00000 1 /78120 v F1.38 mmde an
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13

2 for

07 3<80;

i it s
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De @07 G | . s

S 1Y oo et

THROIA 1N UTANDy B il

Fig.18 choosing translate option for compilation
The build output window was checked where the message was
displayed as ‘ROTATING.C’ 0 errors and 0 warnings, which
ensured that the program was error free. This is shown in fig.19

L ECTRICALWOTOR ivproj - phision4
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voua ot Fuosk vlsewo ar ;
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Sunsigned long int i =0, 3=0, k=0
0
1han parmvote)
124
13
14 PIRIELZ £ 00000 1. jse EEAD-NODIFY-WRITE apec: cer|
15 IOLDIR 1= OO /i e
i
17
18 hilef:
B
0
21 for( 3 =10 Jcn 34
Ed clock_wise|) {1 rot
2
24 for( k=0 k< Sl 41
5
26 tor( i -
7 s
]
25 for(k =0 k< SO0 ke ] -
0
a v
B [@e [0r 0] [ »
x|
STATE
"ROTATING.C" - O Error(s), O Warming(s).
Smistien ua G

Fig.19 obtaining the error free program

In the project window Target-1 was right clicked and the
options for Target, Target 1 was chosen as shown in fig.20

(@ C-Wocumens and Settingslmcalab\Deskiop \XPERIMENT STEPPERMOTORIEL ECTRICALOTOR. avproj - pisiond
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3 e -
— ]
Sow & Options for Target Target 1 s fis=lved] ¢
ok vise[wid] ¢
vart, porte= ;
) WTi=0,3=0,k=0;
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e 1
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(V] Show kude i Dependencies Pl
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A s ]
% 3
x|
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‘Simuation [F1=1 CAP HUM 5CF

Fig.20 choosing options for Target, Target-1
A new window appeared named options for Target ‘Target 1’
where first Target option was selected. In this Target option the
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following were selected Xtal 12.0 MHz; use Micro Lib, IROM
1 (starting Ox0 size 0x80000) and IRAM 1(starting
0x40000000 size 0x8000). This is shown in fig.21
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Fig.21 enabling Xtal 12.0 MHz, Micro lib, IROM and IRAM 1
In the same window the next option chosen was output, where
create hex file option was enabled by selecting it as illustrated
in fig.22

CTRICALMOTOR, wvproj - isiand
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Fig.22 selecting create hex file option
Next in the same window linker option was chosen and here
Use memory layout from Target Dialog was enabled by
selecting it. This is depicted in fig.23
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Finally, to come out of this window OK option was clicked.
Lastly, Rebuild icon was clicked for building all the source
files such as .C, .h etc. as shown in fig.24
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Fig.24 selecting rebuild option for building source file
This created the .HEX file as 0 Error(s), 0 Warning(s) and this

was displayed in the Build output window as shown in fig.25
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Fig.25 creation of .Hex file

P M

IV. RESULTS AND DISCUSSION

The desired output in the form of rotation of Stepper motor in
clockwise and anticlockwise direction by 50 steps is obtained.
The flash magic software was opened by double clicking the
flash magic icon located on the desktop. The five mandatory
steps were done in order to get the final output on the LCD
screen on the ARM-09 NXP LPC2148 Microcontroller board.
STEP1: COMMUNICATIONS
In this step the following selections are done

» Device :LPC2148

» Com port: COM 3 (as the USB cable is connected to

this port)

» Baud rate : 19200

» Interface : None (ISP)

» Oscillator : 12 MHz
This is shown in fig.26
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Fig.26 STEP1: COMMUNICATION

STEP2: ERASE
In this step Erase blocks used by hex file was enabled by
selecting this option as illustrated in fig.27

Fio ISP Cptiors  Tooks el

OH ASGVvE> @9 8B O
LSetect Dewce | LPL21ES -
COM Pot. COM 3 -
Baus Rete: 15000 -
bedace  Nore [P - >
[ Crave o FipahCoche fd Pace
O sclator Betzt (] Eanve block 5 wned by Haw File

Chach to avaen the ertrwe Mok wien the 2w

o T [(oee ]
Modbed Uvdrowe e oo
O —

[ 1 Vorty aher oo ammeg | Crmt l
I F8 wrvned Fla

Onlire bareg clatses Aor mmcesd olher: arvd sebodSe g ared
Irdmereteecd g

v

2
Fig.27 STEP2: ERASE
STEP3: HEX FILE
Browse option was clicked in order to download the hex
file. In our proposed system the hex file with the name
ELECTRICALMOTOR.hex was located in the folder named
EXPERIMENT STEPPERMOTOR on the desktop. This is

shown in fii.28
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STEP4: OPTIONS
In this step Verify after programming was enabled by selecting
this option as illustrated in fig.29
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Fig. 29 STEP4: OPTIONS
STEP5: START
In this step the start option was clicked to download the Hex
file to the controller on the ARM-09 NXP LPC2148
Microcontroller board as shown in fig.30
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Fig.30 STEP5: START
As soon as step 5 was completed the stepper motor started
rotating.

V. CONCLUSION

The stepper motor was interfaced with the Arm controller LPC
2148. The software used for interfacing was Keil 4 p-vision.
Care was taken in properly making the hardware connections.
The stepper motor was found rotating in clockwise and
anticlockwise direction. This process is continuous in loop.
Based on the program changes the stepper motor can be made
to rotate in three ways. First, it can be made to rotate only in
clockwise direction. Second it can be made to rotate in
anticlockwise direction and finally it can be made to rotate in
both clockwise and anticlockwise direction by N-steps. The
entire system is very stable, simple to use and is cost effective.
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