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ABSTRACT

Electronic components in automobiles are prone to surge voltages at the time of starting.
needometers are to be protected against such voltages. At the quality control division of the
ympany, they are subjected to various tests viz., electrical tests, temperature tests (hot and cold
1amber tests), pressure tests and so on. Rig generators are used for power supply fluctuation test
der electrical test. A rig generator is a device that tests the speedometers for surge voltages and
nce to assure the reliability of the speedometers. A rig generator is an emulated model of the
attery which would generate surges as a battery would, during the start of the vehicle. There are
arious testing standards specified either by the manufacturer or the clients. Every client may ask
r different testing standard or combination of many testing standards. Qur project is to design a
g generator which would generate surges as a 24V battery would, during the start of the vehicle
1d can be used for any test specifications i.e. a programmable one in which the user can enter
e values of time intervals and magnitude of the voltage. The basic wave shape is generated
sing a PIC controller employed with user interface for setting wave parameters like rise time,
il time, pulse width & total period and a high resolution digital to analog converter (DAC). The
utput of DAC is then fed to the output driver circuit to produce the necessary amplitude. The
rmware is developed using MPLAB IDE v7.3 with MICROCHIP C18 language tool suite.
[PLAB ICD?2 is then used to download the code into the PIC microcontroller. The output driver
rcuit constituting of a high power handling audio amplifier provides the necessary voltage level
 the wave shape. The generated waveform is applied to the sample (speedometer) using the test
rcuit diagram as specified by the testing standards and checked for any malfunction of the

mple.
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1. INTRODUCTION

.1 OBJECTIVE:

Our project is to design a rig generator which would generate surges as a 24V battery
vould, during the start of the vehicle. The Rig generator accepts input for various time intervals
ind generates the standard wave shape accordingly. There are various testing standards specified
ither by the manufacturer or the client. . Every client may ask for different testing standard or
>ombination of many testing standards. This Rig generator has to generate wave shapes for any

esting standard for power supply fluctuation test

1.2 INTRODUCTION TO ELECTRICAL NOISES:

Several noise conditions, those involving electrostatic discharges, or as found in
automotive environments, can do permanent damage to the hardware. Electrostatic discharges of

up to even 400v can occur in the 12v power line in automotive environments.

One symptom of electrical noise problems is randomness, both in occurrence of the
problem and in what the system does in its failure. But all operational upsets that occur at
seemingly random intervals are not necessarily caused by noise in the system. The name given to
the electrical noises other than those that are inherent in the circuit components (such as thermal
noise) is EMI-Electromagnetic interference. There are different types of EMI of which the

predominant ones are listed below.

1.2.1 ELECTROMAGNETIC PULSES AND RADIO FREQUENCY INITERFERENCE:

Sparks or arcs produced in a system will radiate electromagnetic pulses (EMP) or radio-
frequency interference (RFI). Arcs and sparks occur in automotive ignition systems, electric
motors, static discharges, etc. The commutating bars in the electric motors produce the arc, while

in switches the same inductive kick phenomenon produces the spark.



2.2 ELECTROSTATIC DISCHARGE:

Electro static discharge (ESD) is the spark that occurs when a person picks up a static
arge by walking across a carpet, and then discharges it into a keyboard, or whatever else can
- touched. This transient has a very short rise time (in nanoseconds) and the voltage can be as

rge as 35K V.

2.3 GROUND NOISE:

Currents in ground lines are another source of noise. This noise occurs because of the
tential difference that exists between the ground lines. If two ends of a wire are grounded at

fferent locations the current drive may be significant.

2.4 RADIATED AND CONDUCTED NOISE:

Radiated noise is the noise that amives at the victim circuit in the form of
ectromagnetic radiation, while extraneous voltages carried in the supply lines cause the
nducted noise. The radiated noise can be reduced to a large extent by providing appropriate

ielding to the victim circuit.

2.5 SIMULATING THE ENVIRONMENT:

Addressing noise problems after the design of a system has been compleied is an
(pensive proposition. It is cheaper in the long run to invest a little time and money in learning
out noise and noise simulation of equipment so that controlled tests can be done before

anufacturing the system in the large scale.

Simulating the environment is a two step process, first we have to recognize what the
yise environment is that, we have to know what kind of electrical noises are present and which
" them are going to cause problems. The next stage is to generate the electrical noise in a
ntrolled manner. With these steps in mind the surge transients that are produced in the

itomobiles have been 1dentified.



3 SUPPLY LINE TRANSIENTS:

Switching heavy current loads (AC or DC) on or off will cause large transients in power
1es. When a load is suddenly switched off large transients occur as the field collapses in the
ductance present in the line. This is called an inductive kick and occurs because of contact
yunce, when switches are tumed on or off.

3.1 LOAD DUMP TRANSIENTS:

Load dump transients are high voltage, high energy positive transients. The response
me of the output voltage of an alternator to load variations is very large because of the large

me constant of the excitation winding and the mechanical inertia.

Consequently when the load is reduced instantaneously (by tuming off the head lights,
boling fans, etc) the output voltage of the alternator tends to present a positive peak. Under
ormal conditions this does not cause any problem since the battery has a high ampere-hour
ting. But manufacturers impose stringent standards that electronic devices must be protected
sainst load dump transients because it is possible for the connection (fuse) between the battery
Wd the alternator to break. Motor manufactures require that the voltage regulators be able to
rotect themselves and the load against peak voltages of (60-100)V ,with an equivalent series

sistance of 0.1 to 1 ohm.

.3.2 FIELD DECAY TRANSIENTS:

Field decay transients are high energy, high voltage negative transients. If the ignition
witch is turned off while current is flowing in inductive loads (electric motors, alternator field
oils, etc) a negative voltage transient appears on the supply line. The modulus of the peak value
f this transient is of the same value as that of a load dump transient. The system must be capable

f withstanding such transients.



1.4 AUTOMOBILE ELECTRICAL SYSTEM

Electrical system of automobile contains four main circuits as

*  Generating circuit

Starting circuit

Ignition circuit

Lighting circuit

All the main circuits are connected together and linked to the battery. The starting motor
is connected directly to the battery through cables and a switch to provide a low resistance path

for the large currents required by the motor.

The generating circuit is connected to one end of the car ammeter. If there is one,
so that the meter registers in the ‘change’ direction when current is being sent to the battery a
wire is connected to the other end of the ammeter or the generator directly to the cable leading to

the ungrounded pole of the battery.

The ignition primary circuit, the lighting circuit and all the branch circuits are
connected to the same side of the ammeter same as the generator, so that when the generator is
operating, they receive current directly from it without going through the ammeter. When the
generator is not running, these circuits draw current directly from the battery or through these
ammeter which reads in the discharge direction because through it is opposite in directions from

the charging current.

The voltage and current output of the generator are regulated by the generator

controls in accordance with the current needs the circuits and the state of charge of the battery.

1.4.3 GENERATING SYSTEM

The generating circuit starts at the generator and runs through its controls to the battery,
the ammeter and the other devices in the automobile. When generator is sufficiently turned by
the engine, it furnishes the electrical energy for all the vehicle’s circuits and replenishes the

battery to keep it fully charged.



|.4.2 GENERATOR CONTROLS

All motor vehicle generators must be controlled because they operate at a wide range of
speeds and if they were uncontrolled would deliver a wide range of voltages. The charging rate
»f generator must be adjusted to the condition of the battery. The battery must be disconnected
rom the generator when the battery is not being turned reconnected when it is able to furnish

zlectrical energy

1.5 SCOPE OF THE PROJECT:

The Rig generator designed has fulfilled our objective. The standard wave shape for
power supply fluctuation test is generated by getting the time settings from the user. The voltage
levels for the wave shape are constant values, which are obtained accurately This Rig generator
s used in Pricol industries (Product reliability assurance lab of the testing division) to test their

speedometers and fuel indicators for power supply fluctuation test.

1.6 ORGANISATION OF THE REPORT:

This report consists of 8 chapters organized as follows:

In the first chapter, a general introduction on supply line transients and automobile electrical
system are provided. In the second chapter the various tests conducted in the Quality control
section of the company are discussed and stress is made on the test taken into account for our
project. The fourth chapter deals with features of PIC18F452 used in the project. The fourth
chapter deals with the description of hardware design which is followed by the algorithms and
flowcharts in firmware development in the sixth chapter. The seventh chapter discusses the
results and conclusions and future improvements are discussed in last chapter. Three appendices

constituting pin configurations, coding and photographs are provided.
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2. PRODUCT RELIABILITY TEST DETAILS
2.1 INTRODUCTION

Various noises found in the automotive environments are discussed in chapter 1.Various
tests are conducted on speedometers to check their reliability against the various noises found in

the automotive environments.

2.2 TYPES OF TEST

The following tests are conducted in the product reliability assurance laboratory of the company
to test the products before delivery

* Environmental test

*»  Dynamic test

* Endurance test

« Electrical test
2.2.1 ENVIRONMENTAL TEST:

These tests are encountered since there is a chance that the meters may be subject to
various climatic changes such as hot, humidity, dust etc., that may spoil the meters and their
performance may be affected. The meters are made tolerable to these conditions for prolonged
operation. The various tests conducted under this are:

» Temperature test
-Hot chamber (Temperature: Room temp to 200 C)
-Hot cold chamber: 10-80 C
-Cold chamber: 0 C to -40 C
-Vacuum cold heat and humidity test
-Cold heat and climatic chamber

* Moisture resistance test/Humidity test



= Other environmental test
-Water spray
-Corrosive fog exposure
-Ozone test
2.2.2 DYNAMIC TEST:

When there are various conditions at which the meter operates in a vehicle it may
undergo vibration, shock, bumps, etc., under running conditions

2.2.3 ENDURANCE TEST:

The life of the meters fitted in an automobile for various purposes may have a good
performance but shortest lifetime. The endurance of speedometer, cables, electrical gauges,
pressure gauges, are tested for their endurance. The various tests conducted under this are:

» Speedometer endurance
= Cable endurance
* (Gauge endurance
* Sensor endurance
224 ELECTRICAL TEST:

Switching current loads on or off will cause transients in power lines. Hence
speedometers, fuel indicators are tested for their reliability when exposed to such transients. The
various tests conducted to check the reliability of the product are:

»  Power supply fluctuation test

* Digital gauss meter

* Transient voltage surge generator
»  High frequency pulse tester

= Load dump tester

= Field decay tester

= Jnsulator and break down tester



2.3 POWER SUPPLY FLUCTUATION TEST:
2.3.1 SAMPLE TEST STANDARD - DENSO STANDARD (JAPAN):
2.3.1.1 PURPOSE:

This test is conducted to check for possible fluctuation in supply voltage at startup of the starter,
inder the test conditions described below. This is a Reliability assurance test and the speedometer and

iel indicator needles should not deflect beyond the range ,throught the test.

2.3.1.2 METHOD:

Apply the voltage waveform given below to the line between the sample’s power

terminals, using a test circuit illustrated below under the following conditions

-SPEED: 0Km/h
-TACHO: 0 rpm
-FUEL: F
-TEMP: Center

[he above mentioned operating conditions are maintained throught the test. Speed and tacho

eadings must be 0, fuel should be full and temperature must be normal

2.3.1.3 TEST CIRCUIT DIAGRAM:

DC CONSTANT RIG
VOLTAGE
GENERATOR
POWER SAMPLE
SUPPLY
Figure 2.1

Test Circuit Diagram

A DC constant voltage source supplies power to the Rig generator circuitory. The Rig generator
10



s directly connected to the test sample as shown and the test is carried out for the specified
ime.The voltage waveform shown below is generated in the Rig generator and applied to the test

ample to check whether it withstands the power supply fluctuation test.

.3.1.4 CONDITIONS:

» VOLTAGE WAVEFORM:

Figure 2.2 Voltage waveform

4 Tl T3

v T - A s

O i ! !

T ; ! )

t t

A ] ; E

G ; :

E '3 J

I Vijginy T
- >
Time

T1- Rise time T - Total period
T2- Pulse Width V1-DC Offset Voltage
T3- Fall time V2- Amplitude

"he above shown waveform is the standard waveform for power supply fluctuation test. Only the
alues of T, T1, T2 and T3 vary for different standards whereas the basic wave shape remains

he same. By varying the time periods the slope of the wave changes while retaining the basic

hape.
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3. ANALYSIS AND DESIGN OF RIG GENERATOR
3.1 REQUIREMENTS GATHERED

The following are the requirements of the project:

» To design arig generator for 24V battery with adjustable pulse width to check for the
possible fluctuation in supply voltage at start up of the starter.
» The obtained voltage waveform would be used to test the samples by means of a standard

test circuit.

3.2 EXISTING SYSTEM

> The existing rig generators are standard specific (i.e.) only one standard (say ISO) can be

tested for.

» Amplitude and parameters like rise time, fall time, width cannot be varied.

»  Only equipments compatible with 12V DC supply can be tested

3.3 DESIGN OVERVIEW.:

The hardware circuit is designed such that there are provisions for getting input from
he user and displaying the same. The input values are then processed to generate the waveform.

Hence the hardware circuitry involves two main modules:

1. Digital part

2. Analog part

3.3.1 DIGITAL PART:

The digital circuitry here is responsible for getting the various parameters of the
waveform as inputs from the user viz- rise time, fall time, width, total period and producing the
basic wave shape. It includes the following parts:

e FIRMWARE - PIC controller
¢ USER INTERFACE - LCD & keypad

e DIGITAL TO ANALOG CONVERTER

13



3.3.2 ANALOG PART:

Analog part is responsible for producing the wave shape of required amplitude and also

constitutes of the power supply circuitry for the various components involved. It consists of:

¢ Amplifier
e Non-inverting buffer

» Power supply units - £12V +36V,+5V

3.4 BLOCK DIAGRAM:

User o ) DAC
PIC Serial interfacing

interface >

g 3

L 4 v N/
Amplifier |, Non-inverting
Buffer

Figure 3.1

Block Diagram of Hardware Setup

14



The constituents of the block diagram shown above are explained below

3.4.1 KEYBOARD SWITCH:

Keyboard scanning is the process of having the microprocessor look at the keyboard at a
regular interval to see if a key has been pressed. Once the processor determines that a key has
been pressed, the keyboard scanning software filters out the bounce and determine which of the

key was pressed. Each key is assigned a unique identifier called a scan code.

» Rollover - pressing more than one key at a time
¢ Buffering — prevents losing key strokes

e Auto repeat — allows the scan code of the key pressed to be repeatedly inserted

into the buffer.

¢ Shift key — to assign more then one functions.

5y
%«To EMCROEI0Ce 0t tpul port
_IU

N wnsedsmy Q‘nmm
#3 ¥V {1} Swixh open _ Swikch open
GND (0 n" Switchclosed “ >

g Ky pressed 1l

Figure 3.2
Keypad Scanning
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3.4.2 PIC MICROCONTROLLER:

The 18 series is the new high end pic architecture, and has proven to be very popular with many
device variants being made available by the manufacturer. The PIC 18F4520 architecture is

distinctively minimalist. It is characterised by the following features:
e separate code and data spaces (Harvard architecture)
¢ asmall number of fixed length instructions

e most instructions are single cycle execution (4 clock cycles), with single delay cycles

upon branches and skips

¢ a single accumulator (W), the use of which (as source operand) is implied (ie is not

encoded in the opcode)

e All RAM locations function as registers as both source and/or destination of math and

other functions.

o afairly small amount of addressable data space (typically 256 bytes), extended through
banking

3.4.3 DIGITAL TO ANALOG CONVERTER:

The DAC fundamentally converts finite-precision numbers into a physical quantity,
usually an electrical voltage. Normally the output voltage is a linear function of the input
number. Usually these numbers are updated at uniform sampling intervals and can be thought of
as numbers obtained from a sampling process. These numbers are written to the DAC,
sometimes along with a clock signal that causes each number to be latched in sequence, at which
time the DAC output voltage changes rapidly from the previous value to the value represented by
the currently latched number. The effect of this is that the output voltage is held i time at the
current value until the next input number is latched resulting in a piecewise constant output. This
is equivalently a zero-order hold operation and has an effect on the frequency response of the

reconstructed signal.

16



The most important characteristics of these devices are:

¢ Resolution: This is the number of possible output levels the DAC is designed to
reproduce. This is usually stated as the number of bits it uses, which is the base two
logarithm of the number of levels.. Resolution is related to the Effective Number of Bits

(ENOB) which is a measurement of the actual resolution attained by the DAC.

¢ Maximum sampling frequency: This is a measurement of the maximum speed at which

the DACs circuitry can operate and still produce the correct output.

¢ Monotonicity: This characteristic is very important for DACs used as a low frequency

signal source or as a digitally programmable trim element.

The MCP4922 device is voltage output string DAC. These devices include input
amplifiers, rail-to-rail output amplifiers, reference buffers, shutdown and reset management
circuitry. Serial communication conforms to the SPI protocol. The MCP4922 operates from 2.7V
to 5.5V supplies. The coding of these devices is straight binary and the ideal output voltage is
given by Equation

Faper =

_ TaesGoy
elan -

where G is the selected gain (1x or 2x), DN represents the digital input value and n

represents the number of bits of resolution (n= 12).

3.4.4 AUDIO AMPLIFIER:

The LM3886 is a high-performance audio power amplifier capable of delivering 68W.
The performance of the LM3886, utilizing its Self Peak Instantaneous Temperature (Spike)
Protection Circuitry, puts it in a class above discrete and hybrid amplifiers. Spike Protection
means that these parts are completely safeguarded at the output agamnst overvoltage,
undervoltage, overloads, thermal runaway and instantaneous temperature peaks. The LM3886
also maintains an excellent Signal-to-Noise Ratio. Mute Function: The muting function of the
L. M3886 allows the user to mute the music going into the amplifier by drawing less than 0.5 mA
out of pin 8 of the device. The heat sink is chosen to dissipate the maximum IC power for a

given supply voltage and rated load.

17
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4. FEATURES OF MICROCONTROLLER PIC18F452

4.1 INTRODUCTION

The high performance of the PIC18F452 devices can be attributed to a number

of architectural features commonly found in RISC microprocessors. These include:
e Harvard architecture
¢ Long Word Instructions
e Single Word Instructions
¢ Single Cycle Instructions
» Instruction Pipelining

e Reduced Instruction Set

4.1.1 HARVARD ARCHITECTURE:

Harvard architecture has the program memory and data memory as separate
memories, which are accessed from separate buses. This improves bandwidth over
traditional von Neumann architecture in which program and data are fetched from the
same memory using the same bus. To execute an instruction, a von Neumann machine
must make one or more (generally more) accesses across the 8-bit bus to fetch the
instruction. Then data may need to be fetched, operated on and possibly written. As can
be seen from this description, the bus can become extremely congested. With Harvard
architecture, the instruction is fetched in a single instruction cycle (all 16 bits). While the
program memory is being accessed, the data memory is on an independent bus and can be
read and written. These separated busses allow one instruction to execute, while the next

instruction is fetched.
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Figure 4.1
Harvard Architecture
4.1.2 REDUCED INSTRUCTION SET:
When an instruction set is well designed and highly orthogonal (symmetric),

fewer instructions are required to perform all needed tasks. With fewer instructions, the

whole set can be more rapidly leared.

4.1.3 INSTRUCTION PIPELINE:

The instruction pipeline is a two-stage pipeline that overlaps the fetch and
execution of instructions. The fetch of the instruction takes one TCY, while the execution
takes another TCY. However, due to the overlap of the fetch of current instruction and
execution of previous instruction, an instruction is fetched and another instruction is

executed every TCY.

4.2 FEATURES OF PIC USED

4.2.1 TIMER 0:

The Timer0 module has the following features:
e Software selectable as an 8-bit or 16-bit timer/counter
¢ Readable and writable

e Dedicated 8-bit software programmable prescaler
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s Clock source selectable to be external or internal
¢ Interrupt on overflow from FFh to 00h (FFFFh to 0000h in 16-bit mode)

s Edge select for external clock

4.2.1.1 CONTROL REGISTER:
The TOCON register is a readable and writable register that controls all the

aspects of Timer0, including the prescale selection.

Table 4.1: TOCON: TImer0 Control Register

TMROON | TOSBIT TOCS TOSE PSA TOPS2 | TOPS1 | TOPSO

bit 7 TMROON: Timer0 On/Off Control bit
1 = Enables TimerQ
0 = Stops Timer0
bit 6 TOSBIT: Timer0 8-bit/16-bit Control bit
1 = Timer( is configured as an 8-bit ttmer/counter
0 = Timer0 1s configured ras a 16-bit timer/counter
bit 5§ TOCS: Timer0 Clock Source Select bit
1 = Transition on TOCKI pin is clock (counter mode)
0 = Internal instruction cycle is clock (timer mode)
bit 4 TOSE: Timer0 Source Edge Select bit
1 = Increment on high-to-low transition on TOCKI pin
0 = Increment on low-to-high transition on TOCKI pin
bit 3 PSA: Timer0 Prescaler Assignment bit
1 = Timer0 prescaler is NOT assigned. Timer0 clock input bypasses prescaler.

0 = Timer0Q prescaler is assigned. Timer0O clock input comes from prescaler
output.
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bit 2-0 TOPS82: TOPS0: Timer0 Prescaler Select bits
4.2.1.2 TIMER/COUNTER MODES:

Timer mode is selected by clearing the TOCS bit (TOCON register). In timer
mode, the Timer0 module will increment every instruction cycle (without prescaler). If
the TMRO register is written, the increment is inhibited for the following two instruction

cycles. The user can work around this by writing an adjusted value to the TMRO register.

Counter mode is selected by setting the TOCS bit (TOCON register). In counter
mode, Timer0 will increment either on every rising or falling edge of the TOCKI pin. The
incrementing edge is determined by the Timer0 Source Edge Select bit TOSE (TOCON
register). Clearing the TOSE bit selects the rising edge.

4.2.2 SYNCHRONOUS SERIAL PORT:

The Synchronous Serial Port {SSP) module is a serial interface useful for
communicating with other peripherals or microcontroller devices. The SSP module can

operate in one of two modes:
e Serial Penipheral Interface (SPI)

* Inter-Integrated Circuit (12C)

4.2.2.1 SP1 MODE:
The SPI mode allows 8-bits of data to be synchronously transmitted and
received, simultaneously. All four modes of SPI are supported. To accomplish

communication, typically three pins are used:
¢ Serial Data Out (SDO) - RC5/SDO
¢ Secrial Data In (SDI) - RC4/SDI/SDA

» Serial Clock (SCK) - RC3/SCK/SCL/LVDIN
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Four registers for SPI mode operation. These are:
e SSP Control Register] (SSPCON1)
* SSP Status Register (SSPSTAT)
e Serial Receive/Transmit Buffer (SSPBUF)
o SSP Shift Register (SSPSR) - Not directly accessible

SSPCON!L and SSPSTAT are the control and status registers in SPl mode
operation. The SSPCONI register is readable and writable. The lower 6 bits of the
SSPSTAT are read only. The upper two bits of the SSPSTAT are read/write.

SSPSR is the shift register used for shifting data in or out. SSPBUF is the buffer

register to which data bytes are written to or read from.

In receive operations, SSPSR and SSPBUF together create a double buffered
receiver. When SSPSR receives a complete byte, it is transferred to SSPBUF and the
SSPIF interrupt is set.

During transmission, the SSPBUF is not double buffered. A write to SSPBUF
will write to both SSPBUF and SSPSR.

Table 4.2 SPI CONTROL REGISTER

| WCOL | SSPOV [ SSPEN [CKP _ [SSPM3 | SSPM2 | SSPMI | SSPMO |

bit 7 WCOL: Write Collision Detect bit (Transmit mode only)

1 = The SSPBUF register is written while it is still transmitting the previous

word (must be cleared in software)
0 = No collision
bit 6 SSPOV: Receive Overflow Indicator bit

I = A new byte is received while the SSPBUF register is still holding the

previous data
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0 = No overflow
bit 5 SSPEN: Synchronous Serial Port Enable bit

1 = Enables serial port and configures SCK, SDO, SDI, and SS as serial port

pins
0 = Disables serial port and configures these pins as I/O port pins
bit 4 CKP: Clock Polarity Select bit
1 = IDLE state for clock is a high level
0 = IDLE state for clock is a low level
bit 3-0 SSPM3:SSPM0: Synchronous Serial Port Mode Select bits
4.2.2.2 SSPSTAT REGISTER & SSPCON REGISTER:

Table 4.3 Synchronous Serial Port Status Register

SMP CKE D/A P S R/W UA BF

bit 7 SMP: SPI data input sample phase
1 = Input data sampled at end of data output time

0 = Input data sampled at middle of data output time

bit 6 CKE: SPI Clock Edge Select
CKP = 0 (SSPCON<4>)
I = Data transmitted on rising edge of SCK
0 = Data transmitted on falling edge of SCK
CKP =1 (SSPCON<4>)
| = Data transmitted on falling edge of SCK

0 = Data transmitted on rising edge of SCK
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bit 5 D/A: Data/Address bit (I*C mode only)
bit 4 P: Stop bit(I*C mode only)
bit 3 S: Start bit(I*C mode only)
bit 2 R/W: Read/Write bit information (I*C mode only)
bit 1 UA: Update Address (10-bit I)C mode only)
bit 0 BF: Buffer Full Status bit
Receive (SPI and 12C modes)
1 = Receive complete, SSPBUF is full
0 = Receive not complete, SSPBUF is empty
4.2.3 DATA EEPROM MEMORY:

The Data EEPROM is readable and writable during normal operation over the
entire VDD range. There are four SFRs used to read and write the program and data
EEPROM memory. These registers are:

* EECONI
e EECON2
e EEDATA
» EEADR

The EEPROM data memory allows byte read and writes. When interfacing to
the data memory block, EEDATA holds the 8-bit data for read/write and EEADR holds
the address of the EEPROM location being accessed. These devices have 256 bytes of
data EEPROM with an address range from Oh to FFh.

4.2.3.1 READING THE DATA EEPROM MEMORY:

To read a data memory location, the user must write the address to the EEADR
register, clear the EEPGD control bit (Data EEPROM Memory Select bit EECON1<7>),
clear the CFGS control bit (Configuration Select bit EECON1<6>), and then set control
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bit RD (Read Control bit EECON1<0>). The data is available for the very next
instruction cycle; therefore, the EEDATA register can be read by the next instruction.
EEDATA will hold this value until another read operation, or until it is written to by the

user {during a write operation).

4.2.3.1 WRITING TO THE DATA EEPROM MEMORY:
To write an EEPROM data location, the address must first be written to the

EEADR register and the data written to the EEDATA register.

Additionally, the WREN bit in EECON1 must be set to enable writes. This
mechanism prevents accidental writes to data EEPROM due to unexpected code
execution (i.c., runaway programs). The WREN bit should be kept clear at all times,
except when updating the EEPROM. The WREN bit is not cleared by hardware. At the
completion of the write cycle, the WR bit is cleared in hardware and the EEPROM Write
Complete Interrupt Flag bit (EEIF) is set.

4.2.41/0 PORTS:

Each port has three registers for its operation. These registers are:

o TRIS register (data direction register)
e PORT register (reads the levels on the pins of the device)
o LAT register (output latch)

4.2.4.1 PORTA:
In PORTA is a 7-bit wide, bi-directional port. The corresponding Data
Direction register is TRISA.

TRISA bit =1 PORTA pin an input

TRISA bit = 0 PORTA pin an output
Here port A is configured as input port.
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TABLE 4.4 PORTA FUNCTIONS

Name Bit¥ | Buffer Function

RAGIANO bitd TTL | inputoltput or anaiog input.

RAT/ANT bitt TTL | inputioutput or analog input.

RA2IANZVREF- bitz TTL | Inputioutgut or analeg input or VREr-.

RAJAN3ARES+ bit3 TTL | Inputioudput or analog input of VREF+.

RAATACKI bitd 8T { Inputicutput or external clock input for Timer0.
Output is open drain type.

RAS/SS/ANA/LVDIN bitd TTL | inputioutput or slave select input for synchronous serfal port or analog
input, of low voltage detect input.

0SC2/CLKO/RAS bit6 | TIL |OSC2or clock output or KO pin.

4.2.4.2 PORTC:

PORTC is an 8-bit wide, bi-directional port. The corresponding Data Direction
register is TRISC.

TRISC bit =1 PORTC pin an input

TRISC bit = 0 PORTC pin an output

Here port C is used for serial communication with DAC.

TABLE 4.5 PORTC FUNCTIONS
Name Bit# | Buffar Type Functioh

RCOT10SO/TICKE | bitd ST input/output port pin or Timer! oscillaior output/Timer? clock input.

RCHT1QS8)/CCP2 bit1 ST Inputroutput port pin, Timer1 osciliator input, or Capture2 inpul/
Compare2 output/PWM output when CCP2MX configuration bit is
sel.

RC2/CCP1 bit2 ST Inputfoutput port pin or Capluret inpulCompare 1 Qutput/PYWR
aLtput,

RC3SCKISCL bit3 ST RC3 can also be the synchronous seral clock for Soth SPt and 1°C
modes.

RCA/SDISDA bit4 ST RC4 tan also be the SPI Data In {SP1 mode) or Data 10 (¥ mage).

RCH5D0 bits - 8T input/output port pin or Synchronous Serial Port data output.

RCB/TX/CK bitG ST inputioutpul port pin, Addressable USART Asynchronous Transmi, or
Addressable USART Synchronous Clock

RCTRXDT bit? ST Inputioutput port pin, Addressable USART Asynchroncus Receive, of
Addressable USART Synchronous Data.
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4.2.4.3 PORTD:
PORTD is an 8-bit wide, bi-directional port. The corresponding Data Direction

register is TRISD.
TRISD bit =1 PORTD pin an input

TRISD bit =0 PORTD pin an output

Here port D 1s configured as output port for parallel transmission of data to the

LCD
TABLE 4.6 PORTD FUNCTIONS
Name Bit# Buffer Type Function
RDO/PSPO | bitd STATLY Inputfoutput porl pin or paraiel siave port bitd.
RD1/PSPT | bitt STATLY Input/output port pin or paraflel slave port bit1.
RD2IPSP2 {  bit2 ST Inputioutput sort pin of parailel slave port bie2.
RD3/PSP3 | bit3 STTLY Inputroutput port pin of paratlel slave port bita.
RDAPSP4 | bits sTTTLi Inputioutput port pin of parallel slave port bird.
AD5PSPS | bits STTL inputioutput port pin of paraflel slave port bit5.
RDEPSPE | bits STTLY inputroutput port pin or parailel slave port Sits.
RO7IPSPT | bit7 sTATL! inputoutput port pin or parallel slave port bit7.
4.2.4.4 PORTE:

PORTE is a 3-bit wide, bi-directional port. The corresponding Data Direction
register is TRISE

TRISE bit = 1 PORTE pin an input

TRISE bit = 0 PORTE pin an output
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5. HARDWARE DESCRIPTION

3.1 INTRODUCTION

This chapter explains about the circuit diagrams (analog, digital, power supply) , various
components (LCD, keypad, PIC, DAC, audio amplifier) and interfacing technigques used in the

development of the microcontroller based 24V Rig generator.
5.2 CIRCUIT DESCRIPTION

The hardware circuit is designed such that there are provisions for getting input from
the user and displaying the same. The input values are then processed to generate the waveform.
Hence the hardware circuitry involves two main modules:

1. Digital part
2. Analog part

5.3 DIGITAL PART
The digital part consists of
. Key pad
¢ LCD display
¢ Microcontroller PIC18F452
* DAC
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3.3.1 CIRCIUT DIAGRAM OF THE DIGITAL PART
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Figure 5.1 circuit diagram-digital part
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5.3.2 INTERFACING OF LCD WITH MICROCONTROLLER:

The LCD can be interfaced with the microcontroller .The data lines of LCD denoted by
the pin numbers 7,8,9,10,11,12,13,14 are connected PORT D pins of the microcontroller
configured as output port. The pin 1 of LCD is grounded pin 3 is connected through a 10K
potentiometer to SV for contrast adjustment and pin 2 is given to the VCC, 5V. The LCD panel's
Enable and Register Select is connected to the Control Port of microcontroller (PORT E pins
configured as output port). We make no effort to place the Data bus into reverse direction.
Therefore we hard wire the R/W line of the LCD panel, into write mode. This will cause no bus
conflicts on the data lines.

5.3.3 KEY PAD MODULE:

The keyboard is used to input the numerical data

KEYPAD
RA3 NC1l ENTER
RA4 NCI0 INCREMENT
PIC
18F452 RAS | NC9 DECREMENT
RA6 NC8 NEXT
RA7 NC13 PREVIOUS

Fig 5.2 Key pad scanning

The port pins are connected to connector 10 of the microcontroller board. This is further
connected to the keys of the keypad. Here we have used the following keys:
* ENTER - This key accepts the input value and goes to the next parameter.
» INCREMENT - This key increments the value of the desired parameter.
» DECREMENT - This key decrements the value of the desired parameter.
e NEXT - This key moves the cursor to the next value.

¢ PREVIOUS - This key moves the cursor to the previous value.
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5.3.4 SERIAL COMMUNICATION WITH DAC:

The MCP4922 family is designed to interface directly with the Serial Peripheral
Interface (SPI) port, available on the microcontroller in Mode 0, 0. Commands and data are
sent to the device via the SDI pin, with data being clocked-in on the rising edge of SCK. The
communications are untdirectional and, thus, data cannot be read out of the MCP4922. The
CS pin is held low for the duration of a write command. The write command consists of 16

bits and is used to configure the DAC’s control and data latches.

The write command 1s initiated by driving the CS pin low, followed by clocking the
four configuration bits and the 12 data bits into the SDI pin on the rising edge of SCK. The
CS pin is then raised, causing the data to be latched into the selected DAC’s input registers.
The MCP4922 utilizes a double-buffered latch structure to allow both DACA’s and DACB’s
outputs to be synchronized with the LDAC pin, if desired. Upon the LDAC pin achieving a
low state, the values held in the DAC’s input registers are transferred into the DACs’ output
registers. The outputs will transition to the value and held in the DACX register. All writes
to the MCP4922 are 16-bit words. Any clocks past 16 will be ignored. The most significant
four bits are configuration bits. The remaining 12 bits are data bits. No data can be
transferred into the device with CS high. This transfer will only occur if 16 clocks have been
transferred into the device. If the rising edge of CS occurs prior, shifting of data into the

input registers will be aborted

5.3.5 WRITE COMMAND REGISTER:
Bit 15 A/B: DACA or DACB Select bit

1 = Write to DACB

0 = Write to DACA

Bit 14 BUF: VREF Input Buffer Control bit
1 = Buffered

0 = Unbuftfered
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Bit 13 GA: Output Gain Select bit

1= 1x (VOUT = VREF * D/4096)

0=2x (VOUT =2 * VREF * D/4096)

Bit 12 SHDN: Output Power down Control bit

1 = Output Power down Control bit

0 = Output buffer disabled, Output is high impedance
Bit 11-0 D11:D0: DAC Data bits

12 bit number “D” which sets the output value. Contains a value between 0 and 4095,

5.4 ANALOG PART

Analog part is responsible for producing the wave shape of required amplitude and also

constitutes of the power supply circuitry for the various components involved. Tt consists of:

¢  Amplifier
¢ Non-inverting buffer

¢ Power supply units - £12V +36V,+5V
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“IRCUIT DIAGRAM-ANALOG PART
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figure 5.3 circuit diagram-analog part

Ri - Inverting input resistance to provide AC Gain in conjunction with Rf.

Ri=R4+R5

Rf - Feedback resistance to provide AC Gain in conjunction with Ri.

Rf=R2+R3

Gain =[Rf/ Ri]+1

—
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Output from DAC is 4.95V and voltage required at the final output stage is 30V

Hence required gain 1s 6

Assuming Ri = 500 O, then from eql Rf=3000 O
e output from DAC is given to the pin 2 of LM358.the pins 4 and 8 of LM358 are supply
15;3-non inverting input;2-inverting input and pin 1 gives the output. LM358 is configured as

ity gain voltage follower.

s voltage follower is followed by the Audio amplifier LM3886.The pins 1 and 5 of this audio
plifier are connected to +12V; pin 4 to -12V. Pin 10 is the non inverting input; pin 9 is the
verting input and pin 3 gives the output. The mute function of LM 3886 is activated by
nnecting a negative polarity DC voltage to its mute pin (pin 8).The opto transistor is used to
, this operation. When 5V is given to pin 1 of the opto transistor it gets turned on and connects
' pin (mute pin) of LM3886 to -12V thus muting the audio amplifier. The diodes are used for

otection purpose.

5.5 POWER SUPPLY
5.5.1 CIRCUIT DIAGRAM
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figure 5.4 circuit diagram-power supply
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The power circuit consists of bridge rectifier which converts 12V AC from secondary of a
(0-230V/12-0-12V) transformer to DC. A diode bridge or bridge rectifier is an arrangement
of four diodes connected in a bridge circuit as shown below, that provides the same polarity
of output voltage for any polarity of the input voltage. When used in its most common
application, for conversion of alternating current (AC) input into direct current (DC) output,
it is known as a bridge rectifier. The bridge recitifier provides full wave rectification from a
two wire AC input (saving the cost of a center tapped transformer) but has two diode drops
rather than one reducing efficiency over a center tap based design for the same output
voltage The output from bridge rectifier is given to voltage regulators LM7812 (for +12V)
and LM912 (for -12V).The OUT pin of LM7812 gives +12V and OUT pin of LM7912 gtves
-12V .The +12V obtained when given to LM7805 gives +53V output.The capacitors used in

the circuit are for filtering purpose.

5.6 WORKING OF THE CIRCUIT

The time values set using keyboard is stored in data EEPROM of the PIC
microcontroller. Port A ,used for key pad is configured as input port by setting bits of
TRISA register. PORT C is connected to DAC.serial clock SCK and serial DATAOUT
pins(RC4 and RCS5 respectively)are connected to the corresponding pins of DAC.RC3 is
used as CS(Active low).If 0 is passed to this pin the DAC gets selected. PORT D is
configured as output port by resetting the bits of TRISB register. The control pins for LCD
namely the R/W, RS, ENABLE are connected to the pins of port E. PORT E is configured
as output port by resetting pins of TRISE register.. Timer 0 is used in scanning keypad and
producing Software delay. Timer mode is selected by clearing the TOCS bit (TOCON
register). In timer mode, the Timer(} module will increment every instruction cycle (without
prescaler). If the TMRO register is written, the increment is inhibited for the following two
instruction cycles. The user can work around this by writing an adjusted value to the TMRO
register. Then the time values are sampled into small step sizes and serially transmitted to
the digital to analog converter at end of each pulse of the SCK (serial clock), RCy4 of PIC

controller.
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The DAC fundamentaily converts finite-precision numbers into a physical quantity,
1sually an electrical voltage. Normally the output voltage is a linear function of the mput number.
Jsually these numbers are updated at uniform sampling intervals and can be thought of as
lumbers obtained from a sampling process. These numbers are written to the DAC, sometimes
long with a clock signal that causes each number to be latched in sequence, at which time the
DAC output voltage changes rapidly from the previous value to the value represented by the
surrently latched number. The effect of this is that the output voltage is held in time at the
~urrent value until the next input number is latched resulting in a piecewise constant output. This
s equivalently a zero-order hold operation and has an effect on the frequency response of the

reconstructed signal.

The output of the DAC is around 4.96V .This signal is then fed to the output drive circuit.
LM 386, dual op-amp, in the drive circuit is connected as non-inverting, unity gain amplifier for
impedance matching. This is followed by LM 3886 audio amplifier. The mute function of LM
3886 is activated by connecting a negative polarity DC voltage to its mute pin(pin 8).The opto
transistor is used to do this operation. When 5V is given to pin | of the opto transistor it gets
turned on and connects 8"pin(mute pin) of LM3886 to -12V thus muting the audio amplifier The
cain of the amplifier is set as 6, by suitable values of R; Rg thus it provides necessary
amplification, and the final output is 30V. The heat sink is chosen to dissipate the maximum IC

power for a given supply voltage and rated load.
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6. FIRMWARE DEVELOPMENT

6.1 ALGORITHM OF RIG GENERATION

The following algorithm is for the entire operation of Rig Generator. It shows the step by

step procedure and logic followed in generating the wave shape.

Step 1:
Step 2:

Step 3:

Step 4:

Step 4a:
Step 4b:
Step 4c:
Step 4d:

Step 4e:

Step 4f:

Step 4g:

Step 4h:

Step 4i:
Step 5:

Step 6:

Step 7:

Step 8:

Start.
Display options like ‘set’,” run’ and *reset’.

Check for selection of option .If ‘set’ option then go to next step else if ‘run’

option then go to stepl0 else if ‘reset ‘option goto stepl7

Read various input parameters like rise time, fall time, pulse width, total period

" and dc offset from keyboard.

Display ‘setting’ screen. Set cursor at last digit entry position.

Check for the key closure.

If “up arrow’ increment the digit value by one.

If ‘down arrow” decrement the digit value by one.

If ‘right arrow’ move cursor to previous bit position.

If “left arrow” move cursor to next bit position.

If ‘enter’ move to next screen until total period value entered else go to step 3.
Store the value entered.

Go to step 4a.

Check if all the input parameters are non-zero then goto step7.

Display error message and re-prompt for user input for those wrong entries and go

to step3s.
Check if total period is the highest else 20 to step6.

Capture key-in values in corresponding parameters.
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Step 9: Go to step2.

Step 10:
Step 11:
Step 12:
Step 13:
Step 14:

Step 13:

Step 16:

Step 16a:

Steploh:

Stepltc:

Stepléd:

Step 16e:

Stepi7:

Step 18

Check for selection of run’ option.

Checkif the parameters are non-zero then goto stepi’.

Else set default values for all parameters.

Calculate step values corresponding terise time and fatl time.
Calculateinitial value for reference level of the wave pattemn.

Check for stop key closure once in 20ms. [f cdosed go to step2 else go tonext

step.
Call DAC function.

Forthe rise time interval pass the cumulative sum of initial value and step value

tothe DAC register.
Maintain the last obtained level for ‘pulse swidth’ duration.

Forthe fall time interval pass the cumulative difference between the previous

level and step value to the DAC register.

Maintain the DAC output at thelast calculated value for theremaining time of the

total period.
Goto step 16a.
Check for selection of ‘reset “option then reset all parameter input values to zero.

Go to stepl.

6.2 FLOW CHART OF RIG GENERATION

The flow chart for Rig generation illustrates the coding logic behind the generation of the

wave shape. It describes how inputs are got from the user; how step values for rise time and

fall time are calculated and the generation of wave shape and passage to DAC
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“24V test RIG GENERATOR”
@ h J
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Read input
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‘set ‘option T2, T3, T4, DC Display

Crror msg

Check for
any non
zero value

Check for
‘run’ option

Check if all
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Zero

Is totai period
the greatest?

h 4

Set T1=200
T2=10
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h 4
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While {no
enter)

Count=initial

Time=0
\a
Time<T1 Yes Count +=step|
No v
Pass count to
Delay (T3) DAC.
A A
v Time ++
Time +=T3
y
. No Time= T4- Time
Time<T2
Yes ¥ :
Delay (Time)
Count = step2
L 4
Pass count to DAC
Y
Time ++
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Set T1=0
T2=0
T3=0
T4=0

h 4

CONTINUE

Figure 6.1
Flowchart of Rig generation

6.3 FLOWCHART FOR LCD AND KEYBOARD FUNCTION

This flowchart is for the coding used in keyboard and display initialization.it describes the key

pad validations and the screen transitions in getting the inputs from the user.
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6.4 MPLAB IDE

The programming is done using MPLAB IDE.

MPLAB IDE is a software program that runs on a PC to develop applications for
Microchip microcontrollers. It is called an Integrated Development Environment, or IDE,
because i1t provides a single integrated “environment” to develop code for embedded

microcontrollers.

The MPLAB IDE project manager organizes the files to be edited and other associated
files so they can be sent to the language tools for assembly or compilation, and ultimately to a
linker. The linker has the task of placing the object code fragments from the assembler, compiler
and libraries into the proper memory areas of the embedded controller, and ensures that the

modules function with each other.

ng;fce MPLAB IDE
tes Project
7T » Manager
i Individual
/ ! Build
J J' Options Object
File
Libraries
Assembler| [Compiler 7
/
Vool
! Linker
\' Scrpt
¥ ¥
Linker
X, z
]
Debug Executable
File File

Figure 6.3
MPLAB IDE Project Manager
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The source files are text files that are written conforming to the rules of the assembler or
compiler. The assembler and compiler convert them into intermediate modules of machine code
and place holders for references to functions and data storage. The linker resolves these place
holders and combines all the modules into a file of executable machine code. The linker also
produces a debug file which allows MPLAB IDE to relate the executing machine codes back to

the source files.

6.5 MPLAB C18

Language tools are programs such as cross-assemblers and cross-compilers. The
language tool used here is microchip C18 compiler. The MPLAB C18 compiler is a full-featured
ANSI compliant C compiler for the PIC18 family of PICmicro 8-bit controllers. Like an
assembler, the MPLAB C18 compiler translates human-understandable statements into ones and
zeros for the microcontroller to execute. Code is written using standard ANSI C notation. Source
code is compiled into blocks of program code and data which are then “linked” with other blocks
of code and data, then placed into the various memory regions of the PICI18F4520
microcontroller. This process is called a “build,” and it is often executed many times in program
development as code is written, tested and debugged. MPLAB C18 takes standard C statements,
such as “if(x==y)” and “temp=0x27", and converts them into PIC18F4520 machine code.

6.6 DEVICE PROGRAMMING

MPLAB ICD 2 is a low cost, real-time debugger and programmer. Using Microchip
Technology's proprietary In-Circuit Debug functions, programs can be downloaded, executed in
real time and examined in detail with the debug functions of MPLAB. Set watch variables and
breakpoints from symbolic labels in C or assembly source code, and single step through C source
lines or into assembly code. MPLAB ICD 2 can also be used as a development programmer for
supported MCUs.The secret behind In Circuit Debugging is two dedicated hardware lines
(microcontroller pins used only during debugging mode) that control In Circuit Serial
Programming (ICSP) of the device and, afterwards, debugging through proprietary, on-chip

firmware,
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The ICD 2 debug features are built into the microcontroller and activated by
programming the debug code into the target processor. There is some shared overhead expense
that includes one stack level, some general purpose file registers and a small area of program

memory when in the debug mode

Figure 6.4 - MPLAB ICD 2

The MPLAB ICD 2 connects using USB or RS-232 between the PC operating with
MPLAB IDE and the product board being developed. It acts as an intelligent interface/translator
between the two, allows us to look into the active target board's microcontroller, viewing
variables and registers at breakpoints with MPLAB watch windows. A breakpoint can be set to
halt the program at a specific location. The program can be single-stepped or run at full speed. At
breakpoints, data and program memory can be read and modified. Additionally, the MPLAB
ICD 2 can be used to program or reprogram the Flash-based microcontrolier while installed on
the board.

6.6.1 ICD2 Connector Pin out

ICD2 Connector Pin out

Figure 6.5
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The standard ICD2 cable is wired so that the pins are flipped between the ends. In other
words, pin 1 on one end is connected to pin 6 on the other end, pin 2 to pin 5, etc. The pin out of

each end is:

Table 6.1- ICD 2 Pin Connections

Signal  ICD?2 end pin Target end pin
Vpp 6 1

Vdd 5

GND 4

PGD 3

PGC 2

not connected 1

[« SR, W SN VS

GND-Negative power input to the PIC and the ground reference for the remaining
signals.

e Vdd - This is the positive power input to the PIC,
e Vpp - Programming mode voltage. This is connected to the MCLR pin of the target PIC
e PGC - Clock line of the serial data interface. This line swings from GND to Vdd and is

always driven by the programmer. Data is transferred on the falling edge.

e PGD - Serial data line. The serial interface is bi-directional, so this line can be driven by
either the programmer or the PIC depending on the current operation. In either case this

line swings from GND to Vdd. A bit is transferred on the falling edge of PGC.
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7. RESULTS AND DISCUSSIONS

In this chapter the results obtained for a typical set of input values are discussed.

7.1 MICROCONTROLLER BASED 24V RIG GENERATOR

Figure 7.1 Microcontroller based 24V Rig generator

Input values for T, T1, T2, and T3:

Total time, T = 03s

Rise time, T! = 300ms

Pulse width, T2 = 8.5s

Fall time, T3 = 300ms

For power supply Fluctuation Test, the typical offset voltage for all types of
standards(DENSO,ISLLGERMAN etc.,) is 1140.5V and peak value is 26+0.5V
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7.2 OUTPUT WAVEFORM

Figure 7 Ouu wefo B

This picture shows the output from the output pin of the audio amplifier
as measured in the Digital Oscilloscope. In the following pictures, cursors are selected to

measure the magnitude of time period and voltage

7.3 OUTPUT WAVEFORM-TOTAL TIME PERIOD

Curset 1
-4l Ans

Figure7.3 Output waveform- total time period
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This picture shows the total time period as measured with cursors.the cursorl is at -
400ms and cursor2 is at 8.9s.thus the difference 9.3 s obtained agrees with the input total

time: 9.3s

7.4 OUTPUT WAVEFORM-RISE TIME

Figure7.4 Qutput waveform- Rise time

This picture shows the Rise time as measured with cursors. The cursorl is at -400ms and
cursor2 at -100ms, thus the difference 300ms obtained agrees with the given input of
T1=300ms

54



7.5 OUTPUT WAVEFORM-FALL TIME

Figure 7.5 Qutput waveform- Fall time

This picture shows the Rise time as measured with cursors. The cursorl is at 8.4s and
cursor2 at 8.7, thus the difference 300ms obtained agrees with the given input of
T3=300ms.Also from the previous picture we had the cursor2 at -100ms.Thus the
difference between the cursor positions 8.4s and -100ms is 8.5s which is the pulse width

of the wave obtained. Thus the pulse width is also obtained accurately.
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7.6 OUTPUT WAVEFORM- AMPLITUDE

Figure 7.6 Output waveform-Amplitude

In the previous picture the time periods were measured using vertical cursors. Here
horizontal cursors are chosen to measure the voltage magnitude. Here the wave is offset
from the base by 11.6V .The peak value is 26.6V.Thus the difference is 15V which is

according to the testing standard.
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8. CONCLUSION AND RECOMMENDATIONS

8.1 CONCLUSION:

A Rig generator that can be used for power supply fluctuation tests provided under different
standards has been designed. This Rig generator actually simulates the environment in which

electrical noises (ie.)Transient voltages are generated.

Simulating the environment is a two-step process, first recognition of the noise environment -
what kind of electrical noises are present and which of them are going to cause problems. The

next stage is generation of the electrical noise in a controlled manner.

8.2 FUTURE SCOPE OF THE PROJECT:

As an improvement of this project, in future, the voltage level can also be made variable.
Moreover, this can be implemented on other tests like high frequency pulse test and momentary
interruption power test. Memory slots may be provided in the apparatus to store some standard

test specifications so as to avoid entering the values for time intervals every time.
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A.1 PIC 18F452
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A.2 MCP 4922:
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A.4 LM 358:
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CODING FOR THE MICROCONTROLLER

define.h
#include <p181452.h>

typedef unsigned char U1,

#define LCD RS 1O (PORTBbits.RB5 = 0)

#define LCD_RS_HI

#define LCD_ENABLE
#define LCD DISABLE

(PORTBbits.RB5 = 1)

{(PORTCbits.RC1 = 1)
(PORTCbits.RC1 = 0)

#define LCD RW _LO (PORTAbits.RA2 = 0)
#define LCD_RW_HI (PORTAbits.RA2 = 1)

#define KEY ENTER PORTEDbits.RE2
#define KEY NEXT PORTEDbits.RE0
#define KEY PREVIOUS PORTADits.RA3
#define KEY INCREMENT  PORTAbits.RA4
#define KEY DECREMENT PORTEDbits.RE!]
Ul headerl[] ="24 VOLTS TEST ",

Ul header2[] ="RIG GENERATOR ";

U1 time0[] =" T1:000.0 ms";

Ut timel{] =" T2:000.0 ms™;

Ul time2]] =" T3:0000s "

Ul time3[] =" T:000.0s "

U1 control{] =" CONTROL "
U1 controli[] ="SET RUN RESET ";
U1 dsetting[] =" SETTING "

Ul runl{] =" MACHINE
Ul run2[] =" RUNNING.. ";

void printf{U1 ch,U1 *c)
{

Ul count;

LCD RS LO;
delay(R);
1CD RW LO;
delay(R);
PORTD=ch,
delay(8);
LCD_ENABLE;
delay(8);

LCD DISABLE;
delay(8);
LCD RS HI;
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delay(8);
LCD RW LO;
for(count = (;count < 16;count++)
{
LCD_ENABLE;
delay(8);
PORTD = *c;
LCD _DISABLE;
delay(8);
¢+t

}

void Display{void)
{
printf(0x80,disbuffl),
printf(0xCO,disbuff2);
}
Ul Key_Check{void)

{
Ul key;

if'KEY ENTER)

{
key = ENTER_KEY;

}
else if IKEY INCREMENT)
{

}
else if 'lKEY DECREMENT)

{

key = INCREMENT _KEY;

key = DECREMENT_KEY;

else if {KEY NEXT)

{
key = NEXT KEY;
H
else if(KEY_PREVIOUS) /fing
{
key = PREVIOUS KEY;
}
else
{
key=0;
H
return key;
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Main.c

#include "Timer.h"
#include "Global.h"
#include "led.h"
#include "Setting.h"

void FrontScreen{void);
void Value (U2 dacvalue);
void InitParam(void);

void Calculation(void);

void WaveGen(UF4 step3,UF4 stepd);
void Rise (UF4 step);

void Fall(UF4 step);

U1 ssetcvar;
U2 stepl,step2,count, i,j;

#define VALDAC1_CS PORTChits.RC2

void main(void)

t

Ut setdiscur;

InitInterrupt();
InitTimer();

InitializeLcd();
delay(200);

FrontScreen();

ul_newcursor = 0;
sec ={;

set_rise_time = ReadEeprom(ADDR_TIME],2);
set_fall time ReadEeprom(ADDR_TIMEZ2,2);
set_width_time = ReadEeprom(ADDR_TIME3,2);
total time = ReadEeprom(ADDR TIME4,2);

if(set_rise_time > 999)

{

set_rise time =0,

if(set_fall_time > 999)
{

¥
if(set_width time > 999)

set_fall time =0,
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{

set_width_time =0,

}
if(total time > 999)
{
total time =0
}

for(setdiscur = 0;setdiscur < 16;setdiscur++)

disbuffl[setdiscur] = control[setdiscur];

}

for(setdiscur = 0;setdiscur < 16;setdiscur++)

disbuff2{setdiscur] = control1{setdiscur};

}
Display();

SetCursor(setleddef[0]);

while(TRUE)
{
if(keyscan == 1)
{
keyscan = 0;
Setting();

void Value (U2 dacvalue)

{

U1 ahigher;
Ul athigher;
Ut alower;

ahigher = 0;

athigher = 0;

alower =0

athigher = ((U1 *) &dacvalue)[1];
ahigher = 0x70 ! athigher;
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alower = {({U1 *) &dacvalue)[0];

SSPSTAT = 0x80; Heonfiguration register
SSPCON1 = 0x30;

VALDAC1 CS=10;

SSPBUF = ahigher;

while( PIR1bits.SSPIF 1= 1); /! Check for end of transmission
PIR1bits.SSPIF = 0;

SSPBUF = alower;

while( PIR 1bits. SSPIF !=1);

PIR1bits. SSPIF = (;

SSPCONI = 0x00;

VALDACI CS = 1;

}
void FrontScreen(void)
{ U1 tmpcvar;
for(tmpevar = O;tmpevar < 16;tmpevart+)
disbuffl1[tmpevar] = headerl{tmpcvar];
ior(tmpcvar = (O;tmpevar < 16;tmpevart+)
disbuff?[tmpcvar] = header2[tmpcvar];
3
Display();
!

void Calculation()

{
stepl = 3800/ set_rise time;
step2 = 3800 / set_fall time;
r_set_width time = set_width_time * 50;
total_width=r_set width_time + set_rise_time;
total fall = total_width + set_fall time;
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nitial = 1500;

r_total time = total time * 50;
WaveGen(stepl,step2);

b

void WaveGen(UF4 step3,UF4 step4)

{ Ul discvar;

ul_newcursor =

while{1)
{

count = initial;
{/count = 0;
for(i=0; 1 <=r_total time;i ++)
{
keypress = Key Check();

if(keypress == ENTER_KEY)

{
for(discvar = 0;discvar < 16;discvart++)
{
disbuffl[discvar] = control[discvar];
}
for(discvar = 0;discvar < 16;discvar++)
{
disbuft?[discvar] = control1[discvar];
H
ul_newcursor = 0;
Display(};
SetCursor(setlcddef[ul newcursor]);
T1CONbBits. TMRION = 1;
KeyRel();
return;
b
if(i <= set_rise_time)
{
Rise(step3),
}
if(i > set_rise time && i <= total width)
{
//do nothing
}
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f(i > total_width && i <= total_fall})
I
3

Fall(stepd);
b

if(i == total_fall + 1)

Valve1{0);
}
delay(l);
}
}
b
void Rise (UF4 step)
{
VU2 tmpstep;
tmpstep = (U2) count;
Valvel(tmpstep);
count = counttstep;
b
void Fali{UF4 step)
{
U2 tmpstep;
tmpstep = (U2) count;
Valvel(tmpstep);
count = count-step;
}

void Set(void)

{

Ul setcursor;
Ul setcvar;

setcursor = 0;

for(setcvar = 0;setcvar < 16;setcvar++)

{
}

disbuff1[setcvar] = control[setcvar];

for(setcvar = O;setevar < 16;setcvart+)

{
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isbuff2[setcvar] = controll [setcvar];

;

Display();
SetCursor(setleddetsetcursor]};
KeyRel();

do

{
keypress = Key_Check(});

if(keypress == ENTER_KEY)

if( setcursor == 0)

{
set_rise_time = ReadEeprom(ADDR_TIME!,2);
set_fall time = ReadEeprom(ADDR_TIME2,2);
set_width_time = ReadEeprom(ADDR_TIMES3,2);
total_time = ReadEeprom{ ADDR_TIME4,2);

if(set_rise time > 9999)

{

set_rise_time =0,
i}f(set_fall_time > 9999)
{ set_fall time=0;
%{f(set_Mdth_time > 9999)

set_width_time = 0;

if{total_time > 9999)
{

}

Setting1();

total _time = 0;

}

else if{setcursor = 1)
Calculation();

else if(setcursor == 2)

{
set_rise time =0;
set_fall time =0;
set width_time = 0;
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WritEeprom(ADDR_TIME!,set_ri se_time,2);
WritEeprom(ADDR_TIME2,set_fall_time,2);
WritEeprom(ADDR_T[ME?;,set_width)time,2);
WritEeprom(ADDR_TIME4,total_time,?.);

}

else

{
1
f
returm;

else if(keypress == INCREMENT_KEY || keypress == NEXT_KEY)
{

+iseteursor;

if(setcursor > 2)

{
j

SetCursor(setlcddef]setcursor]);
KeyRel(};

setcursor = 2;

k!
h
else if(keypress == DECREMENT KEY || keypress == PREVIOUS KEY)
!
L
if(setcursor 1= 0}

{
--5eLCUrsor;
3
else
{
setcursor = {;
}
SetCursor(setlcddef] setcursor]);
KeyRel();
}
else
//do nothing
b
}while(TRUEY);
}
void InitInterrupt{void)
{

INTCON = 0xCO0;
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;

TRISA = 0x18;
TRISB = 0x00;

TRISC = 0b11010000;
TRISD = (x00;
TRISE = (Ox0F;
ADCONI = (x0F;

void InitTimer(void)

{

PIElbits. TMRI1IE = 1;
TICON = 0x30;

TMRIH = 0xEC;

TMRIL = 0x80;

T1CONbits. TMR1ON = 1;
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// chip select pin for ade & 12C module
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C.1 DIGITAL PART

C.2 RIG GENERATOR
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C.3 POWER SUPPLY CIRCIUT

C.4 ANALOG PART
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