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Abstract

Like any other industry, apparel industry too tries to minimize their product cost by
reducing production waste. Voltage fluctuations and power failures are two of the
most concerning factors affecting the production. Even though these voltage
fluctuations & voltage failures affect different kinds of looms at different degrees, its
effect on the weaving looms which manufacture elastics is severe. As a narrow fabric
elastic manufacturer it has been faced difficulties in minimizing the number of joints

in the fabric (tape), which is a direct consequence of the same.

There are no research papers or commercial devices found to minimize the fabric
joints in case of voltage dips or short period voltage interruptions. The significance
of the proposed system is its ability to sense the voltage dips/sags or interruption
with the fast AC to DC converter and take decisions intelligently to suit the situation
prevailed, e.g. whether to let the machine run or stop depending on the time elapsed.

The brain of the controller 0" isa '--peripheral interface controller (PIC) and is
programmed as assembly language. MPLAB Software compiles assembly to hex
codes and the required sequence of signals is generated from PIC. This signal is sent
to control unit of the loom via the DPDT relay to hold down the control. switches to
perform the controller operations of the looms within a 3 second period during the

short-time voltage variations such as interruptions and dips.

Numerous other applications are possible with this system in other industries too.
One is in the rubber extruder and another is mixing mill in manufacturing rubber

tires.
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Chapter 1

Introduction
1.1 Background

Apparel industry requires to provide efficient and on time service to the customers
with no compromisc on the quality of goods being delivered. One major determinant
of the quality ot the narrow fabric elastics is the number of joints of one tape per unit

length which is predetermined.

The textile industry is an amalgam of related industrics which uses variety of natural
& synthetic materials. Among the machines which are used in apparel industry the
machine type that it has been chosen to carry out my project is a narrow fabric
weaving loom. However this can be implemented to other machinery in different

industrics with small changes.

Current loom capacity in the factory is 120 (100nos of single deck and 20 nos of
double deck). Each single deck loom can be produced 10 tapes and 20 by double deck

looms which leads to an average daily production of 0.4 million meters.

Narrow fabric manufacturers face difficultics in reducing the number of joints in the
continuous fabric tapes. Since there is a particular number of joints that the narrow
fabric can have which is of course pre-specitied by the customer. any instance which
exceeds the same will lead to heighten the factory production waste since it will not be
accepted by the customer. The study helped in identifying following reasons as the

causes of waste generation.

1. Voltage variation

2. power interruption

3. Machine break downs

4. Quality problems

5. Yarn brcakages

6. Generator change over & vice versa
7. Process problems and many more



1.2 Motivation

The company catcgorizes its total waste initially as controllable & uncontrollable
waste. One major contributing factor for uncontrollable wastes is the voltage
variations which last less than 3 seconds.

As an Engineer with a background of clectrical installation the author sclected this
project to study the production waste generation activities and the mechanism that
could be implemented to minimize it. This thesis proposes a new automated approach
to detect the voltage variation and react accordingly. The brain of the controller is a
peripheral intertace controller (PIC).By using PIC the design was done with low cost
comparatively. This device can be named as Short Period Voltage Dip Actuator

(SPVDA) which helps automating the machines. leading to the following advantages.

1. No joints will be generated due to short period voltage variations(time less

than 3 sce)

2. No waste generation due to consequence voltage variations
3. No re-processing time & hence man hours can be saved.

4. Reduce customer complaints
5. No waste genceration during the power changcover and vice versa and many

more.

o If the above voltage variation occurs successively within short periods
causing to have two joints within 10 meters it has to be disposed as waste.
Implementation of the new actuator helps to climinate this problem.

e In the case of short period voltage variations such as voltage dips and
momentary interruptions clastic tape damages can be scen and machine
operators have to reconnect it after removing unwanted portions. Helps

immensely in saving time, which results in higher productivity.

b
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1.3 Goals

To achicve the final target the project work was broken further down to a sct of ooals.

they arc as follows.
1.3.1 Hardware Design

1.3.1.2  Selection of Relay (PCB driver)

Correct selection of the relay is very important because it drives the control PCB of
the loom. Therefore several features need 10 be considered when choosing a relay such
as switching rating. coil resistance, coil voltage, physical size & diclectric strength. As
the relay was used for low voltage applications dielectric strength was not important.
So that SPDT 5V DC/TA micro relay was selected. Features of the relay were.

s Coil rating - 5VDC 90mA

s Coil resistance - 55 ohm

- Coil size - 1-1/327x3/87x1/4™

1.3.1.2  Selection of transistor (Relay Driver)

Selection of transistor was very critical because the relay was driven by transistor
which was initially controlled by the PIC. Out of many transistors available in the
market correct one needs Lo be selected. General purpose C1815, NPN transistor was

chosen [4] base on the calculations done [10].

1.3.1.3 Selection of optocoupler

Optocoupler was used to isolate the signals for protection and safety between a sale
and a potential hazardous or electrically noisy environment. The interfacing of the
optocoupler between digital or analog signal needs to be designed properly for proper

protection and operation.

1.3.1.4 Sclection of Peripheral Interface (P1C)
This is the controller of the design. There are varieties of PICs in the market. So that

the required controller with right features needs to be selected (PTICTOEBTTA).



1.3.1 Software Development
Instructions to the PIC should be given in hex. If the instructions arc given in
assembly language. it ne¢ds to be converted to hex by MPLAR software. also there is

a facility to program using C with C compiler.

1.3.2 Implementation
»~ Control circuit was designed and installed on board
» Power supply of 3V & 9V to the PIC and AC/DC converter scparately.
» Programmed the PIC using MPLAS Software & Programmer.
» Checked the functionality of the PIC by a simulation in MPLAB and then
incorporated PIC to the control circuit and checked functionality of all possible

mputs.

1.4 Achievements in brief
Completion of literature survey, integrated the designing of Short Period Power Dip
actuator. Series of theoretical calculations were done to calculate and find the required
components such as on-line resistor. pull down resistor to protect the optocoupler.
input voltage stability and base limiting resistor ol the driver transistor(C1815) of the
rclay circuit.

Fast Precision AC/DC converter which was built by cascading two LMIOIA
operational amplifiers. It was selected among the other converters which can be done
the same job. because it was a full wave rectifier and the response time was less than
54ms. The converter was converted AC voltage to DC analog voltage and it was sent
it to PIC ANO pin as an analogue input signal.

Machine operating state signal was supplied to the RCS pin of the PIC through the
optocoupler CYN-17-1. Tt was used to isolatc power side from the control side.
Selected PIC 16F877A offers lot of features like, interrupt handling capacity. A/D
module, timers apart {from that digital inputs & outputs. Components were ordered
after designing. It took time to {ind the PIC because the onc it was initially planncd
was very rare in the local market to purchase (PIC161°870). Then PIC 161877 which
was available in the market was purchased. PIC program was writlen in assembly
language. It took time because it was needed to learn more about assembly langua

o

o

to develop the program [1]. Writing the program was time consuming too. Finally the

h



program was developed and programmed in MPLAB, this was tested using

MPLABSIM (MPILLAB Simulator).

The PIC was debugged and programmed again. This was done many times until the
correct program was obtained. Since PICTOF877A was flashed version. it could be

programmed about 100,000 times without doing any damage to the PIC.

6



Chapter 2

Problem statement

2.1 [ldentification of machine states

Study about the machine operation and identifying problems was very usctul to
develop a system to minimize the cffect due to the problem or problems. The weaving
loom includes mainly three types of switches and two kinds of motors to run the loon.
These are named as Tip switch. Stop switch. Start switch, Tip motor and main motor.
Combinations of the operation of the switches and motors can be categorized in the

table 2.1.

Raw | Tio | Start | Stop | Tip | Main | Machine |
State
power | switch | switch | switch | motor | motor | status
1] o | 0 | 0 | 0 | O | O | Stp
2 1 | o 0 | 0 | 0 | 0 | Stp
¥ Udivdrsity & 0 1 1.0 | Tipping
4} 1ot o a0 [0 | 0 | Stop
v = e k) HISEES o% Llapelid LY. Running
B At aiblmeadlkt | o | 0 | Stop
7 1 1 1 0 | 0 1 | Running
8 0 0 0 0 0 0 | Stop
9 1 0 0 0 0 0 Stil
, o , o , Stop

Table 2.1-Combinations of machine states

State 4&6 can be explained that even though voltage is available machine is not able
to run with Start switch itsell. Tip switch is used to operate the machine at a moderate
speed in order to setup or carcful positioning of the moving parts in the machine.
When Start switch is pressed with the Tip switch simultaneously & the machine can
be run at its maximum set speed. The Stop switch is used to stop the machine and state
8 1s very similar to the situation where power interruptions can be happened during the
machine running. By sceing states 8 and 9 this situation can be identificd as similar as
to short period interruption or voltage dip situation and shutdown the machine. In the
instance if the mechanism is developed to keep holding the two switches Stop and Tip

simultaneously during the voltage variation or short period interruption



(time t<3second ) operation of the machine can be continued without having any

production losses.

2.2 Behavior of the machine controller to the voltages

For the weaving machines clectrical power for the controller starts from external
wransformer which is fitted into the machine. External transformer is capable of
generating three levels of voltages. Those are 48. 27 & 18VAC and 1s fed into the
weaving machine control PCB. The main motor contactor was cnergized by 48VAC
through the internal relay system  of the machine to control PCB and rest of the
voltages (18VAC & 27VAC) were accommodated for the functions of balance
activitics of the control panel such as break. stop motions & other control circuits ctc).
The machines were operating with the CEB power and anytime voltage variations &
interruptions can be happened. This will cause to stop the machine operations and
consequently generate waste. So that investigations were done to find the behaviors of
the machine controller and related motor contactor during the voltage variations.
Trials were done with variac and experimental results were tabulated as following

tables. 2.2 and 2.3.

AC | % of | 48V | 27V | 17V . o S .

e L veit | ac | Ac AC COMMENTS ON CONTROL PCB
230V | 100 | 471 | 26,5 | 175 Control functions of the machine PCB is ok
225V 98 45.9 259 | 1715 Do ’
220V 96 449 | 25635 | 16.8 Do 2

[ : RS 0 ISR I I S o
215V 93 43.8 247 16.3 Do .
210V 91 427 | 2412 16 Do

. 205V 89 417 | 2358 | 156 Do
200V 87 406 | 2296 | 152 Do
195V | 85 398 | 225 | 149 Card functions are satistactory up to this point
190V 83 | 3899 | 2184 | 1445 Internal relays start to \/'_lb.ratc but card stays on
R . bl condition
185V | 784 | 38.06 | 21.25 | 14.1 More noisc but card functions are stable
1sov | 78 | 36.94 | 2066 | 1372 Nglse dxsappeared and the PO\\icr fZI'lllll‘C indicator
7 o T LED (red) is ON and the card functions are stopped

Table 2.2 - Behavior of Machine Controller to different Voltage Levels



Behaviors of the component for the different voltage levels
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Note : Contactor threshold voltages
Vmax =52.5VAC
‘ Vmin=38 4VAC

Table 2.3 - Behavior of other component to different Voltage Levels

As per the above results operation of the main motor contactor fails at 83% of single
phase voltage. becausc of that voltage is less than the minimum threshold voltage

(Appendix-E) of the coil (38.4VAC). The machine controller PCB functions were



disabled when the voltage reaches at 78% of single phasc voltage. because of low
control voltage of the PCB and de-encrgized the internal relays of the PCB. As a resull
of that main motor contactor would be de-energized and shut down the machine

operation. The basic operation of the machine controller is explained by figure 2.1.

Machine Control PCB
- 1 8 start
< 11 )
S T 2 O
10
l o -
O 3 O -
4
% = ~04 Internal 8 I
a . switching tip
o | B B
1) —
_ | 5
[ 3 a_ |

Motot
contactor

Figure 2.1-Schematic diagram for machine controller

2.3 Identification of the Problem

Due to the voltage variations production waste was generated significantly. Therefore
the project was focused on minimization of waste duc to voltage variations such as
voltage dips. According to the survey was done there was a commercial deviee
developed in UK was called high voltage traction capacitor device [8]. This device
can be used to power the clectrical devices in the case of voltage drops or in absence
of power. But it is still in the development stage and also cost is high. Therefore still
there is no any low cost mechanism to overcome this problem. But battery powered
UPSs are one of perfect solutions. On average power consumption per loom is 1.5kW
and plant capacity is 120 looms. Therctore at lease 180 kW UPS units are required to
run the full capacity of the plant. But due to high capital cost it is not viable. Apart

from the high capital cost following disadvantages were there.



~ Frequent maintenance cost
~ lairly large space required
~ Toxic waste

~ lecat dissipation

Another one was fly wheel UPSs. This gives lot of advantages compared to the above.
But the disadvantage is capital cost which is very much higher than the regular UPS
svstems.

In this rescarch it was found approximately 50% of the power failures were less than 3
scconds and gencrated waste was 6% of the total waste. Therefore weaving looms in
the Textile industry is very sensitive to the voltage variations and power quality
problems and get stopped immediately. As a result of it. stop marks can be seen on the

fabric tapes. It 1s the damage that can not be accepted by the customers.

2.3.1 Stop mark

The defect “stop mark™ in the fabric tape was found on a continuous fabric due to the
variation in tension building up along the yarn path from the yarn beam to clastic tape
in casc of machine stop.

The raw material (yarn) is wrapped on the aluminum beam which is about 40-70 kg
loaded to the machine creel. The beam can be rotated freely with their center bearings
and movement is controlled by the tension balance weights .If there is a sudden power
failure or voltage variations happen [ree motion can be taken placed due to
momentum of the beam. Therefore it causes a tension variation along the tapes. As a
result of this a stop mark can be created. If there is a possibility to reset the machine
within 3 seconds stored encrgy of the beam is enough to maintain the tension of the

tape and creating stop mark can be minimized.

2.3 Objective of the project

The expectation of the projects was to reduce the waste and down time during the
voltage variation. Since it [inally affects the total revenue that can be gencrated from
the plant.

This will require development of a new control system which should be facilitated to

keep the machine start switches hold down during the voltage variations.



The new design involves digital control principles for practical implementation of
control algorithms i a microcontroller unit (MCU). The following arcas need to be
focused.
~ How to detect voltage variations which cffecting to the machine operation?
~ What hardware components to be sourced and what to be produced to
make the photo type design?
~ Programming the microcontroller according to the control algorithm.

~ How to obtain the experimental results?



Chapter 3

Hardware Design of the system

3.1 Microcontroller types for the application (MCU)

Single chip microcontroller device is ideal to control waste due to the voltage
variations in many applications. The advantage of a MCU for the application is the
MCUs program can be changed. revised by changing a few lines of text in the source
code. This source code is then converted in to machine code by software compiler and
is programmed into MCUL

The MC is a single chip computer. It operates as stored program machine that 1s 1t
must be read its program code and data values from its memory in order to operate.
Two common methods are used to accomplish this. Onc is called von Neumann
architecture and has been emploved in many MCUs. This method uses one data bus
and memory space for both program code & data values. Saving cost but slowing
down the code execution. The other approach is called Tlarvard architecture, scparates
the program code & data values into two memory structures allowing parallel loading
of both at the same time. In this case data exccution is essential thercfore Harvard

architecture can be sclected during the selection of MCs,

3.2 Some related features of peripheral interface controller (PIC)

A microcontroller |2] differs from a microprocessor in many ways. First and most
important is its functionality. In order to a microprocessor to be used. other
components such as memory. or components for receiving and sending data must be
added 1o it. On the other hand microcontroller is designed to be all of that in one. No
other external components are needed for its applications other than an oscillator
because all necessary peripherals are already build into it. Thus, it can be saved the

time and space needed to construct devices.

3.3 Selection of Microcontroller unit (PIC)
Different types of Peripheral Interface Units (PICs) are available in the market. In this
thesis PICTOL series was considered. Ieatures that considered for the application are

given in the following table 3.1.

—_—
s}




- - S
’ Program Data ] ) )
. Opcrating 10 Bit [imers
‘ memory memory | 1O , ’ ’
Device speed A/D 8/16 /O Ports
Single word SRAM | Pins )
(MHz) Modules Bits
instructions (bytes)
PICT6F84A 1024 68X8 13 20 - | 2
CpicTerss | 024 | azsx8 | 15 | 20 [dchsbi | 1| 2
PICI6FSTO | C o048 128x8 22 20| :ich:g s ] s
ChiciersTl | h0as [ asxg | 33 | 20 | sel8 | 3 L 4ABCD)
icterss | aoas T [ iasxs | 45 |20 [achsoie | 1 | 2
PiclersTA | a9 | 12 | 22 | 20 | sehssbit | 21 |3
PICIOFS74A | 409 | 192 | 33 | 20 | 8chbit | 21 S
PICTERSToA | 8192 | 368 | 22 | 20 | Seh8bit | 21 |3
pictersTIA | 8192 | 368 | 33 | 20 | schgbit | 21 | S5

Table 3.1- PIC16F Device Features

According to the above comparison in PICIOF87XA scries PICTOF877A has 8k
instructions of program memory, 368 bytes of SRAM data memory, 33 I/0s. 5 Ports.
10 bit A/D modules, two 8 bit timers and many more. But it was required inputs &
outputs for software development such as,

~ Three Ports A.B and C

» Two Analog modules

~ T'wo digital outputs

~ One digital input
Therefore except PIC16F84A all the other Peripheral Interface Units can be used for
the software development of this project. But on top of that priority must be given to
the product which is available in the market due to the time constrain. PIC16F877A 1s
one of the largest program memory capacity chip available in the local market.

Therefore PICT6I877A |2.5] was sclected as the controller of the proposed system.



Pin Diagram

PDIP
MCLR\pp — [ 1 U 40 ] -—» RB7/PGD
RAOG/ANG -—w[] 2 39 [] =—» RB6/PGC
RAT/ANT -— [ 3 38 [ ] -—= RB5
RA2/AN2/VREF- < [ | 4 37 [] =-—= RB4
RAZ/AN3/NVREF+ «—[ | 5 36 | | w—u RB3/PGM
RA4/TOCK! -—[] 6 35 ] «— RB2
RAS/ANA/SS -— [ 7 < 34 [ w—= RB1
REO/RD/ANS <—m (| 8 N~ 33 [[] ~—» RBO/INT
RE1/WR/ANG <—[| g ® 32 | ] =—— V0D
RE2/CSIAN7 <—=[] 10 r,: 31 [] -——— Vss
VDD — - [ 11 E 30 [ ] =—> RD7/PSP7
Ves — w [] 12 0 29 | ] «—= RDB/PSP6
OSC1/CLKIN — [] 13 5 28 [| -—» RD5/PSP5
OSC2/CLKOUT «—[] 14 - 27 [] =——» RD4/PSP4
RCO/T10SO/T1CKI -—»[] 15 o 26 [ ] <—= RC7/RX/DT
RC1/T10SICCP2 «—»[]| 16 05[] <—w» RCB/TX/CK
RC2/CCP1 w—s-[| 17 24 [] -— RC5/SDO
RC3/SCK/SCL <—= | 18 23 [] =—» RC4/SDISDA
RDO/PSPO <—=[| 19 20 [[] =—= RD3/PSP3
RD1/PSP1 <«—»[| 20 21 [} -—» RD2/PSP2

Figure 3.1 - PIC16F877 Pin Diagram

THE PIC16F887A BASIC FEATURES

Architecture
Only 35 instructions to learn
All single-cycle instructions except branches
Operating frequency 0-20 MHz
Precision internal oscillator
o Factory calibrated

Software selectable {requency range of 8MHz to 31KI1z

N



Power supply voltage 2.0-5.5V
Consumption: 220uA (2.0V, 4MHz), 1TuA (2.0 V.32 KI1z) 50nA
(stand-by mode)

Power-Saving Sleep Mode

Brown-out Reset (BOR) with software control option

33 input/output pins

o Tligh current source/sink for direct LED drive
Software and individually programmable pull-up resistor
Interrupt-on-Change pin
SK ROM memory in FLLASII technology
o Chip can be reprogrammed up to 100.000 times
In-Circuit Serial Programming Option
& Chip can be programmed even embedded in the target device
256 bytes EEPROM memory
o Data can be written more than 1.000.000 times
368 bytes RAM memory
A/D converter:
o 08-channels
o 10-bit resolution

3 independent timers/counters

Watch-dog timer

Analogue comparator module with
Two analogue comparators

¢ Tixed voltage reference (0.6V)
Programmablc on-chip voltage reference

PWM output steering control

Enhanced USART module
Supports RS-485. RS-232 and LIN2.0

o Auto-Baud Detect
Master Synchro nous Serial Port (MSSP)
o Supports SPI and 12C mode

16



3.3.2 PIN Assignment of PIC16F877A

o oip | pLcc | aFp | woe | Buffer ( S o - i
i Description
E Pin Name Ping | Pin# Pintt | Type Type p i
OSCY/CLKI o 137777 14 777777{37(') ”TW ST:/C;\;SS(‘” Oscillator Crysla!rc');ré;t;rrnal clock input
0S8C1 Oscillator crystal input or external clock scurce input. |
‘ l ST huffer when configured in RC mode. Otherwise
i CMOS 2
| CLKI External clock source inpul. Always associated with
pin function OSC1 {see OSC1/CLKI, OSC2/CLKO
pins)
OSC2CLKOUT 14 15 31 o Oselliator crystal or clock oulput.
0SCz Oscillator crystal output
| Connects to crystal or resonator in Crystal Osciliator
‘ mode.

CLKO In RC mode, OSC2 pin outputs CLKO, which has 1/4
the frequency of OSC1 and denotes the instruction
cycle rate.

MCLRNPP 1 2 18 P ST Master Clear (input) or programming voitage (output).

MCLR Master Clear (Reset) input. This pinis an active low
RESET to the device.

VPP Programming voltage input

7 o PORTA is a bi-directional /O port
RAQ/AND 2 3 19 TTL
i RAO [l{e] Digital FO.
ANG | Analog input O
RAT/ANT 3 4 20 7L
RA1 [}{e] Digital /0.
AN | Analog input 1.
CRAZANZARIF-/CVRER | 4 ) 21 TTL
RA2 e} Digitaf Q.
! Analog input 2.
i AJD reference voltage (Low) input.
@] Comparator VREF ouiput
RAZIANIVREF+ 5 6 22 TTL
i RA3 170 Digital 1/O.
AN3 | Analog input 3.
VREF+ ! A/D reference voltage (High) input
RALTOCKIICTOUT 8 7 23 ST

RA4 e} Digital /O - Open drain when configured as output

TOCKI | Timer0 external clock input

C1ouUT O Comparator 1 output.

RAS/SSIANG/C20UT 7 8 24 TTL

RAS 11O Digital /0.

S8 ! SPI glave select input.

AN4 | Analog input 4.

| cz2ouT O Comparator 2 output. J
Legend: | =input O = output /O = input/output P = power

- = Not used TTL =TTl input
Note 1:This buffer is a Schmitt Trigger input when configured as an external interrupt.

2: This buffer 1 a Schimitt Trigger input when used in Serial Programming mode.

ST = Schmitt Trigger input

3: This buffer is a Schmitt Trigger input when configured as general purpose /O and a TTL input when used in the Parafic

Slave Port mode (for interfacing to a microprocessor bus).

4: This buffer is a Schmitt Trigger input when configured in RC oscillator modc and a CMOS input otherwise,

Table 3.2 - Pin Assignment PIC877A




PIC877A Pin out Description(Continued)

woP | Buffer

" [ ow | pcc | aFp -
i : Description I
Pin Name Pin# Pin# l‘ Pin¥ | Type - Type ptior
. PORTR is a bi-directional /0 port. PORTE can be soft-
3 i ware programmed for internal weak pull-up on ail inputs. |
IRBOINT 33 36 1 8 CTTLST) “
‘ RBO i e} Digital /O i
: INT ‘ | External interrupt.
RB1 34 37 19 o TTL Digital O,
RB2 35 38 10 e TTL Digital IO
RB3/PGM 36 29 ‘ 11 TTHL
RB3 ; 1o Digital 10
PGM | ‘ 1i0 Low voltage 1CSP programming enable pin.
' I
RB4 37 41 14 lio TTL Digital 1/0. X
RAS 3 | 42 | 15 | WO 71 Digital 110 |
RBE/PGC 39 43 16 boTTisT® !
RB6 o] Digitat /0.
PGC 1o In-Circuit Debugger and ICSP programming clock
RB7/PGD 40 44 17 TTLSTE@
RB7 o Digital /0. :
PGD 1o In-Circuit Debugger and ICSP programming data. }
PORTC is a bi-directional /O port. |
RCOT1OSO/TICKI 15 16 32 ST
RCO e} Digital /O
T10S0 0 Timer1 osciliator output. |
T1CK! : [ Timer1 externai clock input. ‘
RC1/T10SI/CCP2 16 18 3B ST
RC1 I} Digital 1/O.
T10S! | Timer1 osciliator input |
CCP2 o Capture? input, Comparc2 output. PWM2 output
'RC2/CCP1 17 19 136 ST
RC2 lie] Digital /O,
CCP1 I{e] Capturet input/Compare 1 output/PWM1 output.
RC3/SCKISCL 18 206 37 ST
RC3 1] Digital /0.
SCK 1o Synchronous serial clock inputoutput for S maede.
sSCL e Synchronous serial clock input/output for 12C mode
RC4/SDISDA 23 25 42 ST
RC4 l{e] Digital 11O,
SDi | SPldata in.
SDA o] I°C data 1O,
RC5/SDO 24 28 ¢ 43 ST
RCH i [fe] Digitat VO
SDO @] SPI data out.
RCE/TX/CK 25 27 44 ST
RC6 le} Digital 1/O.
TX O USART asynchronous transmit.
CK o) USART 1 synchranous clock
RC7RX/IDT 26 29 1 ST
RC7 : 1i0 Digitaf /O,
RX | USART asynchronous receive |
DT N e iie} USART synchronous data ‘
Legend: 1= input O = output O = inputioutput P = power
- = Not used TTL=TTL input ST = Schmitt Trigger input

Note 1:This buffer is a Schmitt Trigger input when configured as an external interrupt.
2: This buffer is a Schmitt Trigger input when used in Seriat Programming mode.
3: This buffer is a Schmitt Trigger input when configured as general purpose /0 and a TTL mput when used in the Paralle)

Slave Port mode (for interfacing to a microprocessor bus).

4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMQS input otherwise

Table 3.3 - Pin Assignment PIC877A
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PIC877A Pin out Description (Continued)

.. “pip | pLcc | aFf [ o | Buffer | Description |
'n Name Pln# Pin# | Pin# | Type Type :
— - — | e e — e -
o o ‘ PORTD isa bt directional 10 port or Daraﬂe\ shwe port ‘
when interfacing to a microprocessor bus |
RDOPSPO 19 21 38 LosTrm® ;
RDO e ‘ Digital YO ‘
PSPO f{e] ‘ Paratliel Slave Port data. !
RD1/PSP1 20 22 39 STATLY |
RD1 0] ‘ Digital /10
‘\ PSP Ho Paraliel Slave Port data. “
RO2/PSP2 21 23 40 | sTTL® |
RD2 O Digital 1/0. ,
PSP2 e} ‘ Parallel Slave Port data. ‘
RO3/PSP3 22 24 41 ‘ STATLS !
RD3 O Digital VO, ‘
PSP3 o | Paraliet Slave Port data. !
RD4PSP4 27 30 2 g7 ‘
RD4 o ! Digital KO, ‘
pPsSP4 O ‘ Parallel Slave Port data. ‘
RD5/PSP5 28 3 3 oosTTTL® ;
i RDS 1o ‘ Digital O ‘
‘ PSP5 O Paralic! Slave Port data. |
“ RDB/PEPS 29 32 4 ‘ sTTTL ‘
RD6 O Digitat ¥O. |
PSPEB 10 ‘ Parallel Slave Port data. ‘
RD7/PSP7 30 a3 5 st ‘
RD7 1o ‘ Digital /O |
\ PSP7 T Imivets |O+ Mo Paraliel Slave Port data. ) B ] ‘
" | [ PORTE is @ bi-directional 11O port |
REQRDIANS 8 9 75 ‘ STTL |
REO e} Digital 11O.
RD | Read control for parallel slave port. ‘
ANS | Analog input 5 1
RE1/WR/ANG 9 10 28 staTL® \
RE1 ] Digital VO i
WR | Write: control for paraliel slave port }
ANB : ! Analog input 8 !
RE2/CSIANT 10 11 27 STATLE 1
RE2 He] Digital O :
cs t Chip select control for parallel stave port. ‘
ANT7 | ‘ Analog input 7 !
11 51 1334 | 629 P e brouvwd re‘erence fo‘ lowc nd 110 pins
it ﬂ 3? ) P w — Posm\,e SU )')\y for yo(;u ”md I’O pins |
NC —— 117, A3, — These pins are not inter d!lv cormex,tod ThP<e pins !
‘\ 258,40 J 33,34 ’ should be left unconnected. ]
Legend l = u"pu 0= output if O mput’oL tput P = power
= Notused TTL = TTL input ST = Schmitt Trigger input

Note 1:This bufferis a Schmitt Trigger input when configured as an external interrupt.
2: This bufferis a Schmitt Trigger input when used in Serial Programming mode
3. This buffer is a Schmitt Trigger input when configured as generat purpose 1O and a TTL input when used in the Parallel
Stave Port mode (for interfucing 1o a microprocessor bus).
4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.

Table 3.4 - Pin Assignment PIC877A
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3.3.3 Device block diagram

Data B
Hi

Direct ader 7
e

MOLR Vo, Vas Lo e ) REGIANS
Li’,’:; =< REVANEINR
’ = REZIANTACS
- . |
| Tanar Timer 1 |
[ e
\ 1l
H i ! T
i i
Data FEPROM | Cor
Device ‘[ Program FLASH : Data Memory :
+ = e SR e
PICEFETAA : 4K wonds |
) 8774 : 8K words )
1 i
|
| Note 1: Higher crder Sits are om the STATUS register,

Fie 3.2 - Internal architecturc of PIC microcontroller

Above F'igure 3-2 describe the device block diagram of the 16FPIC877A

3.3.4 Program memory organization

there are three memory blocks in each of thePIC16F87XA devices. The program
memory and data memory has scparate buses so that concurrent access can be
occurred.  The program memory can be read internally by user code The
PICTOIF87XA devices have a 13-bil program counter capable of addressing an 8K

word x 14 bit programkmcmory spacc. The PICIOF876A/877A devices have 8K

20



b e}

words x 14 bits of Flash program memory, The below fig 3.3 1s the memory

allocations of the PIC16F877A.

Program memory map and stack

Stack Level 2

Stac« Level 8

RESET Vector Ghuth

. A1
. Ny
L]
Interrupt Vector
Page 0
h
b
Page 1
On-Chip
Program STV A= 1 S e T |
Memaory
Page 2
,,,,,,,, “th
dh
Page 3

Fig 3.3 - Memory map

3.3.5 Data Memory Organization

The data memory is partitioned into multiple banks which contains the General
Purpose Registers and the Special Function Registers. Bits RP1 (Status<6>) and RP0
(Status<3>) are the bank select bits. EFach bank extends up to 7Fh (128 bytes). The
lower locations of cach bank are reserved for the Special I‘'unction Registers. Above
the Special T'unction Registers are General Purpose Registers, implemented as static
RAM. All implemented banks contain Special Function Registers. Some frequently
used Special FFunction Registers from one bank may be mirrored in another bank for

code reduction and quicker access.
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RP1:RPO Bank
00 0
01 7 1
10 2
1 3

Table 3.5 - Bank selection

3.3.6  Oscillator

Oscillator circuit is used to provide a micro controller with a clock. Clock is needed so

that micro controller could be executed a program or program instructions.

3.3.6.1 Types of oscillators
PIC16F877A can be worked with four different configurations ol an oscillator. Since
configurations with crystal oscillator and resistor-capacitor (RC) are the ones that are
used most frequently. Microcontroller type with a crystal oscillator has in its
designation X'I'. and a microcontroller with resistor-capacitor pair has a designation
RC. This is important because during the time of purchasing a MC need to mention
the type of oscillator. The user can program two configuration bits ((FOSC1 and
FOSCO0) to sclect one of these four methods.

» LP Low-Power Crystal

~ X1 Crystal/Resonator

» HS High-Speed Crystal/Resonator

» RC Resistor/Capacitor

3.3.6.2 XT Oscillator

Crystal oscillator i1s kept in metal housing with two pins where you have written down
the frequency at which crystal oscillates. One ceramic capacitor whose other end is
connected to the ground needs to be connected with cach pin.

Oscillator and capacitors can be packed in joint case with three pins. Such element is
called ceramic resonator and is represented in charts like the one below. Center pins of
the element are the ground, while end pins are connected with OSC1 and OSC?2 pins
on the microcontroller. When designing a device, the rule is to place an oscillator

nearcr a microcontroller. so as to avoid any interfcrence on lines on which

7



microcontroller is receiving a clock. Following figures shows how to connect both
oscillator options using a ceramic resonator is normally less expensive. This project
AM117 crystal oscillator has been used because it is the most accuracy one out of the

others.

RN

LR

PIC .
e 16F34

FEQANT

i s T e 23 o R e B 0] B

Connecting the aty oscillator o dive Connecting a resonator ontoe A

clacl to a ricrocontraller microcontroller

Figure 3.4 - Oscillator connection

3.3.6.3 RC Oscillator

For iming insensitive applications. the “RC™ device option offers additional cost
savings. The RC oscillator frequency is a function of the supply voltage. the resistor
(RI'XT) and capacitor (CEXT) values. and the operating temperature. In addition to
this. the oscillator frequency will vary from unit to unit duc to normal process
parameter variation. Furthermore. the difference in lead frame capacitance between

oc types will also affect the oscillation frequency. especially for low CEXT

packag
values. The user also needs to take into account variation due to tolerance of external
R and C components used. Figure 3.5 shows how the R/C combination is connected to

the PICT6F87X.

o
8]



RC Oscillator mode

VoD
REXI%

internal

OSC1
l f \/ ~—mm  Clock
CF:‘-XT;[- PIC16F87X

Vss T -

-t - 1 OSCZ/CLKOUT
Fosc/a

Recommended values: 3 kQ<REXT S 100 kQ

CexT > 20pF

Figure 3.5 - RC Oscillator

For the design purpose ceramic disc capacitors for the crystal oscillator of the

PICT61'877A can be taken from the following table 3.0

Capacitor selection for crystal oscillator

Ciép, Rangeﬂ

oscype) ot | Can fnge O
TP | 32KHz | 3BpF |
200 kHz 15 pF
""" XT 200 kHz’” 47-68 pF
T MHz 15 pF
T AMHZ 15 pF
THS | 4mHZ 15 pF
T8MHz 15 33 pF'"’ 1 15-33 pF
" 20MHz | 5 33 pF o 15 33 pF '

Table 3.6 - Capacitor selection

Following a supply. oscillator starts oscillating. Oscillation at first has an unstable
period and amplitude, but after some period of time it becomes stabilized. The signal

of an oscillator clock after receiving the supply of microcontroller is given below




>

+ES — ~ —~~——ﬁ_ | xrl

—HL'“ Il mr

C rystal start up time Time

scillator ¢

1wing the supply of a microcontroller

Figure 3.6 - Oscillator clock signal

To prevent such inaccurate clock from influencing microcontroller's performance. we
ed Lo keep the microcontroller in reset state during stabilization of oscillator's clock.
Diagram above shows a typical shape of a signal which microcontroller gets from the

quartz oscillator.

3.3.7 High speed 10 bit A/D converter

The Analog-to-Digital (A/D) converter module has eight inputs for the PIC16I'877A.
The analog inputs charges a sample and hold capacitor. The output of the sampler and
hold capacitor is the input into the converter. The converter then gencrates a digital
result of this analog level via successive approximation. The A/D conversion of the
analog input signal results in a corresponding 10 bit digital number. The A/D module
has high and low voltage reference input that is software selectable to some
combination of Vpp. Veg and RA2 or RA3.

A new [cature for A/D converter is the addition of programmable acquisition time.
This feature allows the user to select a new channel for conversion and to sct the
GO/DONE bit immediately. When the GO/DONIE bit is set the sclected channel is

sampled for the programmed acquisition time before a conversion is actually started.

3.3.7.1 Ports

Term "port" refers to a group of pins on a microcontrolier which can be accessed
simultancously. or on which we can set the desired combination of zeros and ones. or
rcad from them an existing status. Physically, port is a register inside a
microcontroller which is connected by wires to the pins of a microcontroller. Ports

represent physical connection of Central Processing Unit with an outside world.

o
n



Microcontroller uses them in order to monitor or control other components or devices.
Due to functionality. some pins have twofold roles. Selection of one of these two pin

functions is done in one of the configuration registers.

Input L_‘
‘_[. cter Lrata
redislel N Example of 2 simplified
T input-output unit that provides
utput _E;‘_— - commy nication with external
[‘Eg!;“ star __;__l S wvarld

fO unit

Figure 3.7 - /O Unit

3.3.7.2 Input Output ports

Those locations It has just been added are called "ports”. There arc several types of
ports input. output or bidircctional ports. When working with ports. first of all it is
necessary to choose which port we need to work with, and then to send data to, or take
it from the port.

[n order to synchronize the operation of 1/0 ports with the internal 8-bit organization
of the microcontroller. they are, similar to registers. grouped into five ports denoted by
A B.C.D and E. All of them have several features in common. When working with it
the port acts like a memory location. Something is simply being written into or read

from it. and it could be noticed on the pins of the microcontroller.

3.3.7.3 PORT and TRIS
For practical reasons, many 1/O pins arc multifunctional. Every port has its “satellite’.
i.c. the corresponding TRIS register: TRISA, TRISB. TRISC ete. which determines

the performance of port bits. but not their contents.
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telgratng ! S

Rey .
AT t
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B 10
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Figure 3.8-Port and Tris

All port pins can be designated as input or output. according to the needs of a device
that's being developed. In order to define a pin as put or output pin. the right
combination of zeros and ones must be written in TRIS register. If the appropriate bit
of TRIS register contains logical "1". then that pin is an input pin. and if the opposite
Is true. 1t's an output pin. Every port has its proper TRIS register. Thus. port A has
TRISA. and port B has TRISB. Pin direction can be changed during the course of
work which is particularly fitting for one-line communication where data flow
constantly changes direction. PORTA and PORTB state registers are located in bank

0. while TRISA and TRISB pin direction registers are located in bank 1.

3.3.8 TIMER TMRI1

Timer TMRT module is a 16-bit timer/counter, which means that it consists of two
registers (IMRITL and TMR1TH). It can be counted up 65.535 pulses in a single cycle.
1.¢. before the counting starts from zero. These registers can be read or written to at
any moment. In case an overflow occurs, an interrupt is generated if enabled. The
tmer TMRT module may operate in onc of two basic modes. that is as a timer or a
counter. Unlike the TMRO timer, both of these modes have additional functions.

The TMRT timer has following features:



» 16-bil timer/counter register pair:

» Programmable internal or external clock source:

~ 3-bit prescaler:

» Optional LP oscillator:

~ Synchronous or asynchronous operation:

» Timer TMRI gate control (count enable) via comparator or 1T1G pin:
» Interrupt on overflow:

»  Wake-up on overflow (external clock); and

» Time base for Capture/Compare function.

3.4 Phototransistor Opticoupler

The CNY17 contains a light emitting diode optically coupled to a photo-transistor. It
is packaged in a 6-pinDIP package and available in wide-lcad spacing option and lcad
bands option. Collector-emitter voltage is above 70 V. Response time.( tr), is typically

5 s and minimum CTR is 40% at input current of 10 mA.

LED
ANODE II E_l COLECTOR "‘ *“ _

CATHODE [2] B

IFigure 3.9-Optocoupler

It is most important to note that there is no direct electrical connection between the
jeft side of the optocoupler and the right side. The left side is the connection to the
outside world. Anything could be happened on that side. The right side is the delicate
internal workings of our device.

The optocoupler will help prevent some kinds of clectrical damage to the device.
However. as with any engineering object, it has its limits. The LED part of the
optocoupler is very much like the LEDs that anybody is familiar with. L1Ds are tough
and not casily damaged. however it is possible to burn them out. If the LED is made to
pass oo much current. it will be burnt out. The external resistor will be conneeted (o

anode to prevent the damage. Also, if lightning strikes the optocoupler a spark could



possibly go across the terminals from left to right and this could cause damage to the

device too

Absolute Maximum Ratings:
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Table 3.7 - Optocoupler Parameters

\lectrical Characteristics:

Parameter o Svmbol o
rl"omﬂrd voltaoc VP )
Peak 10r\\dld vohwc VFM
Input  t
WRLVLI’@E, curlmt o R 1
Terminal Cdpdut’mLL (t 3
Collector dark
Output ICEO
7 uulcnt L
Transt 7( urrent tlansiu umo CTR
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ersolﬁrtlon lgsﬁt:m@e ' 1{150 :
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\Zul off 1leqﬂenc\7 T i
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Table 3.8 - Optocoupler Electrical Characteristics

IF-10mA, VCE 5V

IF=10mA Ic=2.5mA

lc=2mA,RL~ l()()ohm

Condilions
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3.5 Precision AC/DC Converter

Precision AC/DC Converter

R6 c2

20K 18 4F

1% .
AN AY

R2 R}
10K

Eour

*Feedforward compansalion
can he used {o make a fast

150 pf full wave rectifier without
I a filter

c3*
30 pF

T 7biRARG

Figure 3.10 - Iast AC/DC Converter

Ihis precision rectifier functions [3] somewhat different. The input signal is applied
through R1to the summing node of an inverting operational amplificr. When the
signal is positive. D1 is forward biased and develops an output signal across R2. As
with any inverting amplifier, the gain is R2/R1. When the signal goes negative, D1 1s
son-conducting and there is no output. However. a negative feedback path is provided
m D2, The path through D2 reduces the negative output swing to -0.7V. and prevents
the amplifier from saturating.

Sinee* the LM101A is used as an inverting amplifier, feed forward compensation can
he used. Feed forward compensation increases the slew rate to 10 V/ms and reduces
the gain error at high frequencies. This compensation allows the hall’ wave rectifier to
aperate at higher frequencies than the previous circuits with no loss in accuracy.

I'he addition of a second amplifier converts the half wave rectifier to a full wave
rectifier. As is shown in Figure 3.10. the half wave rectifier is connected to inverting
amplifier A2, A2sums the half waves rectified signal and the input signal to provide a

full wave output. For negative input signals the output of Al is zcro and no current

Hows through R3. Neglecting for the moment C2. the output of A2 is —R D

[§}




For positive input signals. A2 sums the currents through R3 and R6: and [,

-41 M ) AN ~ . . T .
R. L/,\,,, E—{‘* I Ry is 1/2 Re. the output is R*XE/\, . Hence. the output is
0

R. R«

always the absolute value of the input.

Filtering. or averaging. to obtain a pure de output is very easy to do. A capacitor. C2.
placed across R7 rolls off the frequency response of A2 to give an output equal to the

average value of the mput. The filter time constant is R7C,. and must be much greater

than the maximum period of the input signal. For the values given in Figure 3.10. the
lime constants about 0.22 seconds. This converter has better thanl% conversion
accuracy to above 100 kHz and less than1% ripple at 20 Hz. The output is calibrated
1o read the RMS value of a sine wave input.

As with any high frequency circuit some care must be taken during construction.
Leads should be kept short to avoid stray capacitance and power supplics bypassed
with 0.01 pF disc ceramic capacitors. Capacitive loading of the fast rectifier circuits
must be less than 100pF or decoupling becomes necessary. The diodes should be
rcasonably fast and film type resistors used. Also. the amplifiers must have low bias

currents.



3.6 Calculations of the components

3.6.1 Pull down resistor of the optocoupler (Ry) [9]

Vgig = 68 vDC VCC=5 vDC

CNY17-1

Z _) 7T\
- | P
N\ B i

Rvg
‘ | hLA C

i1

Ri

<

1l
N
<

Iigure 3.11 - Pull down Resistor

Supply voltage V¢ Y
Operating temperature 25510100 °C
Typical CTR value sclected as 100% at I = 10mA At -20to + 60 "C

I'rom the graph(see Optocoupler data sheet in appendix-G )
(TR undergoes a change in between +5% to -12%

Assuming a lOyear service life period

allowances for additional C'TR reduction = 20%

allowances for additional CTR safe value = -25%

Therclore CRT mig ~ 100% x(0.88)x(0.80)x(0.75)
52.8%

Referring the PIC Data sheet Vi for the smith trigger input is 1V and Vy is 4VDC

Max input low voltage to PIC(Vy, -V <1y

Input low current (Iy;) 1A

levo = 0.TpA

Theretfore it 1s negligible | i S

[N

(5]



F'or Max valuc of Ry

1
Ry (-2h = S =1 MQ
I, 1x107
Therefore Max Ry 1 MQ
IFor safety high state at output Vi
V 41 ,
Vi )= o = 188.6Q
5.3mA

/.

Resistance of the pull down resistor RL is vary between I MQ (R, (188.6€2

I'heretore Pull down resistor Ry can be selected as 1kQ

2.6.2 Current limiting resistor(Chopping resistor) (Ry) [9]

lhe Ry - 1k is selected and 20% safety is computed to the minimum Vy in respect of

the high state
VIH=VIHx 20 % = 2.4V
Ihis will then permit 1C . 1F and the chopping resistor RV at the input of the
optocoupler to be determined.

2.4 ‘
I L) =2.4mA . Where R =1kQ

R,
24mA _ 2.4
CTR 053
Where Forward voltage of the TR diode VI*=1.2V

F =4.5mA

o=V 68—1.2
I{\> . - / el 8 - 7—

4.5mA 45%x107
Ry V14840

Therefore Chopping resistor can be sclected as 15kQ

Ry | 15kOQ

— )

Table 3.9 - Resistors of the optocoupler circuit

(U]

('S)



3.6.3 Current limiting resistor (Ry) and Transistor (Tr) [10]

Vcc =5Vdc
5v,dc
R, =55 ohm
AV EEI .
e
P
s Tr (C1815)

Figure 3.12 - Current limiting resistor at RB1

(a) Selection of transistor

Resistance of the relay coil 55 ohm

Max current out {rom the PIC (Ipic) =25 mA

Supply voltage Ve ~ 5V

Transistor at saturation I is max when V=0, Rep=0

[herefore Load current [ at transistor saturation = l” = 5
R, 55

= 9TmA
Theretore transistor must have Lc(maxy Y91mA

: Sx 1.
min hyp ) o2

Mu,\‘(( urrent (1 [,‘/(, ))

min hl:E > 5?}9 1/7?/1

8.2
25mA

Therefore C1815, NPN transistor was selected as min hyp -~ 70 and Ie max) 150mA




(b) Selection of current limiting resistor Rp

Voxh, . . .
R, = 0 where Vg is supply voltage of the PIC

f
Sx /..
For this application supply voltage of the PIC and transistor circuit is same. So that
Vi Vee and above formula can be re-arranged as
R, =02xh, xR,

0.2x70x 55770 ohm

Therefore Current limiting resistor RI3 was selected as 820 ohm

(C) Current limiting resistor R1 output port RB2

5Vdce
| \Y
o2 | AN—

o ]

Figure 3.13 - Current limiting resistor at RB2

For safe operation Id~15mA and Vd ~1.7V

Output voltage of the PIC =5V

Therefore Id = >-ld _° -1
Rl R1

[Limiting resistor ‘ R1 =220 Ohm

]

n



Chapter 4

Software Design of the system
4.1 Introduction

The ability to communicate is of great importance in any lield. However, it 15 only
possible if both communication partners know the same language. i.e follow the same
rules during communication. Using these principles as a starting point. we can also
define communication that oceurs between microcontrollers and man. Language that
microcontroller and man use to communicate is called "assembly language”. The title
itsel has no deeper meaning. and is analogue to names of other languages. ex. English
or I'rench. More precisely, "assembly language” is just a passing solution. Programs
wrilten in assembly language must be translated into a "language of zeros and ones” in
order for a microcontroller to understand it. "Assembly language” and "assembler” are
two different notions. The first represents a set of rules used in writing a program for a
microcontroller. and the other is a program on the personal computer which translates
assembly language into a language of zeros and ones. A program that is translated

into "zeros" and "ones" is also called "machine language”.

1 St 13
[free L3N I}
pu 17
[{ =21 §
o 2, 1E.
el . 1 R 2 |}
4 15
- E - HELF :
Prograrmazm | |Tranzlators Program. hed|| Frograrmmier [ PIC :1]4
_ N ) s 16F84 wdd|]
T [ 1
. — [ RE0HT reTH)
7] 1z
[J e rea ]
E 2. 1
= E RES
i g .
[JFrez RE
tlan

Figure 4.1-The process of communication between

a man and a microcontroller

Physically. "Program" represents a file on the computer disc (or in the memory 1f it is
read in a microcontroller). and is written according to the rules of assembler or some
other language for microcontroller programming. Man can understand assembler
language as it consists of alphabet signs and words. When writing a program, certain

rules must be followed in order to reach a desired effect. A Translator interprets each



Listruction written in assembly language as a scries of zeros and ones which have a

meaning for the internal logic of the microcontroller.

4.2 Method

Betore writing the assembly codes it is convenient to draw a flow chart for the whole
program. The mechanism develop to recover the production waste (SPPDA) of the
weaving machine using embedded microcontroller is developed as per the flow chart

in figure 4.2. Practical lesting was done in the factory at Biyagama.

4.3 Algorithm
The algorithm used for developing embedded programming as follows
» Implement the microcontroller based integrated control system
» The permissible values obtained from practical test and results were entered as
reference value in microcontroller unit.
» Start the machine at rated condition.
» Competition are made between measured values with reference value.

It F

measired

<1, then generate signal to operate the relay where Vieasured and

V. are connected to ANO and AN respectively.

, 1f time ¢ >3sec & V... V., stop the relay function and shut down the
machine.

» Prototype model is developed and tested on a machine. The microcontroller
base control system (SPPDA ) respond to all types of voltage variations
perfectly specified by and reenergized the relay after the specified time delay

(3second) .




1.3.1 Software development flowchart

START

b

AN 1
Read the mvc state J

(no)

s elaps the time t1>+ 1
minute

|
J[
‘ { Read the time for 1 minute delay (1)

Read the main voltage _J

Is there voltage sag or
interruption Us<=312v

(yes)

pPIC O Enabie the relay

Read the relay latching time (1) J

( Disable the relay J

1

r Read the mvc state ]
(no)
|s the nve running
[ <

Read the
nve state

Read the main voltage T

1s there voltage
sag or interruption
Us<=312v

(yes)

D S———

Figure 4.2 - Flow chart for software development

no)

I




4.4 Resolution and Time Calculation

4.4.1 Resolution of the Analog signal

Speed of the erystal used for the P1C =4 MHz
Time period per instruction =] usecond
Machine controller functions fail voltage ~ ~180VAC
Reference voltage at pin ANO =5VDC
5180 .
Voltage at the pin AN P =3.9VIX
- 30
Required bits for the A/D conversion =10 bits
. 5
Voltage resolution =~ SmV/Div
) L"-1)

Therefore resolution of the analogue conversion is 5mV/Div

4.4.2  Acquisition time for the Analog module

\Yislal .
- Sampling
i J\ VT =08V | Switch
. Rs /\NX Ric < 1K S5 Rss
T e - e g AR ){c AN
L Cri - ‘ , CBAR i
(VA i - N\ | LEAKAGE S = capacitance
j 5 pF '»XVT:O'G\/(%)tSO\O:\WA 7 =120 pF
| A
. . T - T TP Vss
Legend CPiN = mput capacatance o
\at = threshold voltage N
| LEAKAGE = leakage current at the pin due to
various junctions \
RIC = interconnect resistance
58 = gampling switch
CHoLp = sample/hold capaciiance (from DAC) bt

— -
SO 56789101
Sampling Switch
(k€2)

Figure 4.3 ~ Analog module for Acquisition time

As per the above figure 4.3 Acquisition time TACQ - Amplifier setting time
+Hold capacitor charging time
+Temperature coeflicient

TACQ=TAMP+TC+TCOI'F




=2ust TCH Temp-25"C(0.05us/’C)
TC=Chio p(R1C+Rss + Rs)In(1/2047)

As per the Figure 4.3 resistors and capacitor values for the equivalent circuit to
calculate acquisition time related to analog input ANO and ANlarc respectively as
follows. The Rs value which is output resistance of the input circuit of the analog
input. ANO is approximately zero because output mmpedance of the OP amp is
negligible. When ANT is considered two possible values can be considered which arc

at half preset (3.9V) and at {ull preset.

(a) Rs 0Q . R1C 1kQ , Rss=7kQ from the graph of fig 4.3 at 5V
(b) Rs 22kQ . R1C-1k€ and Rss= 7k @ 5VDC and CHOLD=120pk

() Rs=100kQ . R1C=1k€ and Rss7kQ «@)5VDC and CHOLD=120pF

According to the above equation calculated TACQ at ANO 1s 10.55us and offset value
ol the pre-define general purpose register for the acquisition delay in the waiting loop
in the program 1s 254 and likewise TACQ at AN1 is 30.6pus and offsct value is 248.
But maximum Rs value could be taken as 100k€Q at full preset position. So that
caleulated TACQ at ANT 1s 103us and related offset value is 231.when the
assumptions are taking to calculate the Rs some errors can be happened. Therefore

sale value for the offset can be selected as 231 to get highest acquisition time.

4.4.3 Basic operation of the program

Iy AC/DC converter monitor present voltage level in the main supply which is
supplied to the analog input ANO at pin5 of the microcontroller portA and it could
be varied in between 0V to 5V during the voltage variation or interruption.

2) Reference analog voltage 3.9VDC which is the threshold voltage level of the
woven machine controller is applied to the ANT at pin no3 in port A

3) As usual Vi and Vgg of the microcontroller are connected to OVDC and SVDC
respectively.

4) The machine run state is monitored by the optcoupler circuit which is connected to

digital input RCS at pin no 24 in portC.
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) Crystal oscillator 4Mhz oscillator is connected to the CLKOUT & CLKIN to
perform the internal timing requirement. And all inputs that are used arce pull
down externally while turning on all internal pull ups of the unused inputs to avoid
voltage floating

0) RBT and RB2 in portB were used as outputs of the controller . RB1 is assigned to
indicator LED and relay which is informed machine controller to keep the
machine running once the voltage back to normal is driven by the out put RB2 of

portB.

Once the controller is powered digital signal at pin 24(RC5) is checked whether the
machine is running. If the machine is in running condition program continues its
testing throughout one minute time and turn on LED. Becausc it needs the stability of
the machine. If the condition is correct. it is being checked the machine state to
confirm status of running .If the condition is not fulfilled the program will be
commenced from the initial start.

Onee the above conditions are fulfilled program of the microcontroller checks the
voltage of ANO at the pin2 of portA and ensure it is above or below the reference
voltage of ANT at pin 3 (3.9VDC). If the result of the competition is positive, *0" bit
ol the status register is set as “one “because no borrow bit is required. If not it is set as
~sero”. So that output RB1 at pin 34 is set as digital out 1 or 0 by the program.

Once the digital out put appears at RB1 pin numbers, 10.11.12 pins of the machine
controller in fig 4.4 which are relevant to the Start. Tip and Stop switches of the
machine are connected through the DPDT relay and de-cnergize after 3 scconds.

[he meaning of connecting above points resembles starting the machine at the
beeinning. When the machine is started. Start and Tip switches are simultaneously
kept in the holding stage. This action is done by microcontroller by connecting above
three points. The machine controller holds this through the relay volt free contact and
releases it after 3 seconds because stored energy in the tensioned yvarn beams release
their energy to relax the yarns which are between beams and machine as explained in

chapter 2 section 2.3.1.
4.5 Schematic circuit diagram
(a) Control circuit for the microcontroller base SPVDA

(MPower circuit for the AC/DC converter and microcontroller
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n order to provide DC power supply to the micro controller and fast AC to DC
converter separate 5V and 9V power supply were used. AC step down center tapped
transtormer with full bridge rectification, smoothing capacitors and high frequency
filtering capacitors were used for each DC supply. Since the output DC voltage levels
have to be constant LM 7805, 1L.M7809 and LM7909 regulators were used in 3V.OV
and -9V supply circuit respectively as shown the figure 4.5. In addition to the above
regulators two OVDC rechargeable batteries were used 1o supply power to the circuit

during the voltage interruptions.

4.5.1 Some photographs of the implemented Short Period Voltage Dip Actuator

Figure 4.6 - External appearance of the designed microcontroller bases circuit

Figure 4.7 - designed microcontroller bases circuit in the machine control unit




4.5.2

Machine controller circuit diagram

e

g’,/f,,l;,

b SN

Figure 4.8 -Weaving loom main control unit circuit diagram
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Chapter5s

5.1 Category of waste

Statistical analysis of data

Data As described in the chapterl there are two categories of waste which are

controllable and uncontrollable waste. Since the solid waste contributing major

portion of waste generated in the process. it is very important to analyzc the

information of solid waste in order to make decision in the company. The waste figure

ol the weaving department can be shown as below.

Solid waste analysis in year 2008 in kg

2008

Jan Feb Mar | Apr May | Jun | Jui Aug | Sep | Oct Nov | Dec
Controllable
Yarn waste 533 578 430 281 554 407 818 638 652 767 521 620
Quality 847 | 700 | 863 | 514 | 882 | 789 | 1325 | 1045 | 1292 | 1100 | 938 | 950
Improvement
Beam Gating 121 88 70 60 41 80 86 110 ey 89 95 88
Alteration 332 231 245 115 332 188 385 275 441 348 318 352
Ware House 291 169 218 55 Z4i) 301 288 254 189 193 222 198
Uncontrollable
Bad Raw
Material 13 25 29 65 54 39 48 53 92 32 27 39
Power cut 425 300 295 198 395 388 422 401 375 359 425 482
Maintenance 502 535 381 346 650 743 463 369 379 411 266 295
Mini Bulk 200 205 325 179 255 195 184 204 232 245 211 182
Total 3264 | 2840 | 2856 | 1813 | 3374 | 3130 | 4019 | 3349 | 3767 | 3544 | 3023 | 3206

Table 5.1 - Solid waste data in ycar 2008
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Percentage waste of different categories in year 2008

Waste analysis-2008

Mini Bulk
7%

Yarnwaste
18 %

M aintenance
%%

Voltage Dips &
interruptions

12%
Quality

Improvement
29%

Bad Raw Material |
1%

Ware House
7% '

B eam Gatting

3%
Alteration
9%

Figure 5.1 - Waste Analysis

5.2 Monitoring of results

Voltage Dips Analysis Report

| 12.08.2009
13.08.2009

“9.11am |

1217 pm

| 0730pm |
11.15 am

17.08.2009 _'
19.08.2009

120082009

21.08.2009

22082009 | 415am
24082009 | 831am
 24.08.2009

~ 27.08.2009

27.082009 | 7.40F

29.08.2009 |
29.08.2009 | -
29082009 |

~30.08.2009

©30.08.2009 _
30.08.2009

©01.09.2009

02.09.2009

02.09.2009

06092009 |

07.09.2008

07.09.2009

09.09.2009

~10.09.2009

10092009 | 2.00pm |
(11002009 | 800am |

Table 5.2-Power failure analysis report
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The model unit in figure 4.6 microcontroller base Short Period Voltage Dip Actuator
was installed to the weaving machine and monitored and recorded the results during
the period from 12™ Aug 2009 to 1 1™ Sept 2009. The results were tabulated as per the
above table 5.2 |

Relerence to the table 5.2 approximately out of 30 voltage failures 16 can be managed

w0 run the loom within a period of one month. It is approximately 50% of total waste

due to voltage tailures. Thercefore referring the table 5.2 and figure 5.1 percentage off

waste due to voltage dip is approximately 6% of the overall waste. Thercfore

approximately 2234 kg of mixed product can be saved by installing this controller.

5.3 Analysis of time waste

here are two kinds of machines, thesc are single and double deck. Each single deck
machine includes 10 weaving heads and 20 for the double deck machines. The most
significant part of the voltage failure is removing damages and reconnecting tapes
(Tagging). In average time taking for the whole process per single tape would be

Ssecond.

(a) Single deck100 machines

lagging time - 5sec/tape
Tageing time for 100 looms - 100x10x5 sec
Average voltage failures per month t<3sec -  20nos

Theretore total loss time - 20x100x10x5 sec

- 27 hrs/month

(b) Double deck 20 machines

Tagging time - 5Ssec/tape
Tageing time toe 20 looms - 20x20x5 sec
Average voltage failures per month t<3sec -  20mnos
Theretore total loss time - 20x20x20x5 scc

- 11 hrs/month
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Therefore total Toss time per vear due to voltage dips less than 3 scc is approximately
456 hours . This is equivalent to Rs 1.9 million per month due to total capacity of 0.4
million meters per day production. So that annual time loss is approximately

cquivalent to Rs 23.2 million.

5.4 Analysis of production waste

According to the tablel

Overall mixed production waste in all categories = 38185kg
Overall mixed production waste due to voltage faitures = 4465k
Overall waste percentage due to voltage failures = 12%

Alter installing SPPDA wastc percentage = 6%
Therefore equivalent waste due to voltage dips approximately = 2232 kg/year
This is equivalent approximately = Rs2.4 million

per year

So that overall estimated annual saving after installing SPPDA =Rs 25.6million

5.5 Budgetary Requirement
One of the objectives on this project is to design an economical device to minimize
production waste duc to voltage failures less than 3sec. The estimated cost for the

whole project is as follows

Cost for the components == Rs3000
Cost for the printed board = Rs 800
Cost ot assembly = Rs 500
Total cost per unit = Rs 3300
[stimated cost for 120 units = Rs 516,000

Total Istimated cost is approximately 2% of the annual saving
Pay back period would be approximately = 8 days
By considering this SPVDA will be installed for the weaving machines in the weaving

department, it will be saved at least Rs 25 million.
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Chapter 6

Experimental Results and Conclusion

6.1 Testing at site

The new controller was temporally set up at site and a power analyzer model luke
1735 was used to take the normal current and voltage Vs time readings during short
period interruptions. The machine was given the starting signal and was allowed to
run as of normal operation after setting up the new controller and power analyzer . The
testing was done for three successive interruptions. The motor current before & after
the voltage interruptions were recorded under the short period interruptions as shown

i Vigure 6.1.

\ Time<3sec ~

141530 14160 14 16,50 4570 145730 AL 1418 30

Figure 6.1-Motor Current Variation for momentary interruptions

wn
<



As the supply voltage to the induction motor decreases the motor speed decrease.
Depending on the size and the duration of the voltage dip. the motor specd may
recover to its normal value as the voltage amplitude recovers. If the voltage dip
magnitude and or duration exceed certain limits the motor would be taken out of the
system by the machine controller or protection [6].

In this case if the dip or short period interruption is less than 3sec the motor would be
(aken out from the machine and consequence restarting must be done. As shown in the
I'ig. 6.1 during and after the interruption current rises 1o 2.5 to 3.7 times its normal
value during the time less than 3 seconds. Under this scenario the current does not
reach higher values for long enough time to trigger any of the motor’s protection
svstems [6]. Fig 6.1 shows that machine operation was not effected by the momentary

or voltage dips within time 3 second.

6.2 Conclusion

in this thesis it has been proposed a new approach for reducing waste through
automation. The core innovation was triggered to reduce an excessive waste
generation due to voltage variations or short period interruptions. [t has been used
micro controller and other related components to perform this task.

This device can be applied to any application that needs Lo operate safely during
predefine time and voltage levels. The practical results obtained from the application
shows that it has no effect to the motor and have a benefit to the organization.

The device was built & integrated with the machine controller to demonstrate the
concept. The system was built up with very few pre-made components n an attempt
to better understand the technology limits, cost and conditions of building the
controller. In doing so it has been noticed the difficulties of the system operation with
the number of features and components in the polluted power environment. Thercfore
the probability of the system working correctly. being the product of all its parts
probabilitics of working properly.

The new device was built considering all the possible power pollution causes that
could be effected to proper operation of the device and mitigation actions were taken

during the design stage and while testing.



I'he developed micro controlled base controlled can be set to operate at different time
spans. The controller timing was sct at 3 seconds maximum for the weaving looms.
According to the results collected during one month period approximately 50% of
voltage problems can be categorized as short period interruptions or voltage dips.
Therefore production waste duc to this reason could be recovered by doing small
modification at low cost.

According to the Fig 5.1 in cheaper 5 waste due to the voltage problems was 12%.
The results were based on average waste figures taken during a period of one ycar.
After installing this new controller. It could be reduced approximately up to 6%. [t is
cquivalent to 2232 kg per year of product saving and 456 hours per year of loss time
saving. In terms of financial terms annual saving would be approximately Rs 23.4
million.

Another advantage is rejection of the batches due to high number of joints could be

minimized and as a result of customer complains and reprocessing will be reduced.
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Appendix - A

ASSEMBLY CODES OF THE PROGRAM

Program
Microcontroller
Crystal Frequency

Author

Short Period Voltage Dip Actuator
PIC 16F877A

4 MHz

H.K.L Gamini

= This part of the program includes defining registers ™

porta

portb

portc

trisa

trisb

risce
option_reg
adcon0
adconl

dly count Isb
tlcon

time count lmin
pirl

time count 3$
voltage
adres_msb

uv setting
status

flag register
tmrll

tmrlh

equ 0x05 ;chhﬁcrdcﬁnhknluﬁng”equ”dhecﬁvc
equ 0x06
cqu 0x07
equ 0x85
equ 0x86
cqu 0x87
cqu 0x81
equ Ox1t
equ 0x9t
cqu 0x40
equ 0x10
equ 0x26
equ 0x0c
equ 0x27
equ 0x28
equ Oxle
equ 0x23
cqu 0x03
equ 0x20 o
equ Ox0e
equ 0Ox0f
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“T'his part of program includes defining variables ™

#4define

ddetine

mc_runing flag flag_register.2
uv_ flag flag register.3

“This part of the program includes macros N

INCLUDE "p16t877a.inc"

bank0

bank 1

start adc

olf adc

start

onc min_delay

LIST
macro
bef
bef
endm
macro
bst
bef
endm
macro
bsf
endm
macro
betf
endm
org
call

befl

btfss
goto
call

call

btfss
goto
btfss

goto

Selection of bank0
status,S

status,6

Selection of bank 1
status.sS

status.6

- Start A/D convention

adcon0.2

: Stop A/D Module
adcon0.,0

0x000 :assign the starting address ol a program

Sys Init

portb.2

ttcon,0

time count lmin
me state

me runing flag
start

timerl on

mc state

mc runing flag
start

pirl.0

one min_delay



after 1 min

volt loop

relay on

thr sce delay

runing volt

what failure

bef
inct
btfss
goto
bef
bst

call
movlw
movwi{
bifss
goto

bef

goto
call
btfss
goto
goto
call

btfss

pirt.0

time count Imin.l
time count lmin,6
one min_delay
tlcon.0

portb.2
mc_state

mc runing flag
start

read voltage

uv flag
runing_volt
uv_flag

portb, 1

timerl on

0x00

time count 3s
pirl.0

thr sec delay
pirl.0
time_count 3s.1
time count 3s.2
thr sec delay
time_count 3s.1
thr sec delay
tlcon,0

portb.1

after 1 min

mc state
mc_runing flag
what failurc
volt loop

read voltage : check the type of failure

uv_flag

N



read voltage

goto
goto
clrf
movlw
movwi
call
moviw

movwt

start

relay on

voltage

b'01000001" ; clock :channel O;module on
adcon0

read adc

adres msb

voltage

“This part includes selection of clock and A ON™

read uv setting

check volt

me state

read ade

ade loop

movlw
movwif
call
clrf
moviw
movwi
bef
movtw
subwf
btfse
return
bsf
return
clrwdt
bef
btfsc
bsf
return
call
start adc
btfsc
goto
oft" adc

return

b'01001001" ;clock (FOSC/8) :chl.module on
adcon0

read adc

uv_selting

adres msb

uv setting :save the uv setting
uv flag

uv setting

voltage.,0

status.0 :Is there a uv

:No

uv flag :yes

:Reset watch dog timer
mc runing flag
porte,5

me runing flag

wail  : For acquisition delay
:Start A/D conversion

adcon0.2 :Is end of conversion
adc loop

01 A/D Module



“I'his part includes acquisition delay =

wall movlw
movwi

wait loop clrwdt
incfsz
0010
retun

timerl on clref
clrt
movlw
movwi

return

OxE7 -acquisition delay

dly count Isb

dly count Isb

wait loop

tmrlh
tmrll
b'00110101"

ticon

~T'his part includes configuration of portb as inputs and outputs ™

sys init bank|
movlw

movwi

b'11111001" :contiger portb(input/output)

risb

~This part includes configuration of porta as A/D port ™

movlw

movwf

B'00110000"  :conliger porta(A/D port)/ A/D
result format

adconl

= This part includes configuration of portc as digital input =

movlw
movwi
movlw
movwf
bank0

clrf

call
return

END

b11111111"  configure porte nputs
trisc
b'01010100" :portb pull-up enable
option reg

adres msb ;initialy clear A/D result register

adcon®.7 -A/d conversion clock select
adcon().6 ‘A/d conversion clock select
portb.1 ;initialy OFF the relay

read uv_ setting :Read under voltage setting

N



Transistor Datasheet:

TOSHIBA

TOSHIBA TRANSISTOR SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

2SC1815
AUDIO FREQUENCY GENERAL PURPOSE AMPLIFIER APPLICATIONS.
DRIVER STAGE AMPLIFIER APPLICATIONS.

. High Voltage and High Current
: VEgo 50V (Miny), Ig: 150mA (Max.)
. Excellent hppg Linearity
¢ hwewgy~100(Typ) at Vog =6V, 1¢ - 150mA
;g To=0.1mA)/ hpg (Ig=2mA)=0.95 (Typ.)
. Low Noise . NF=:1dB (Typ.) at [=:1kHz
. Complementary 1o 28A1015 (0, Y, GR class)

MAXIMUM RATINGS (Ta = 25°C)

Appendix — B

25C1815

Unit in mm

CHARACTERISTIC SYMBOL | RATING | UNIT
Collector-Base Voltage VCBO 60 v
Collector-Emitter Voltage Vero 50 v
Emitter-Base Voltage VEBO 5 N

R 150 mA
‘ Base Current 11; 50 mA
Collector Power Dissipation Po 400 mwW
Junction Tcnnpé;;furc 777777 I‘, A% 777777777 i 2;‘)77 7”‘”’0
Wé’;;mgu 'l‘cx;;émwre Range Tety e —hh~125 ) °C »

1. EMI
2. COL
3.

JLDPC

Ly

,'I

TOSHIB /\ 2

PR
LECTOR
P}\\}L

aorta;

aI‘lB

ELECTRICAL CHARACTERISTICS (Ta =25°C)

Weight @ 0.2

g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. |MAX. | UNIT
Collector Cut off Current 1 Igso Vep= 60V, -0 - — 0.1 [ wA
Emitter Cut-off Current 1LBO VER-=5V, Ig=0 — 01 | uA

gk ;
A Veg =6V, Ig=2mA 70 e 700
DC Current Gain (Note) CE C
o hFE(2) VCE;GVa Ig= 150mA 25 100 —
Cullu‘wr F‘mlttu Saturation
[ - . 25
Voltage VCFE(sat) | Lo 100mA, Ig = 10mA 0.1 1025 \
Base Rmitter Saturation Voltage | VBR(say | [c=100mA, Ip=10mA | — | — | L0} V¥
_Lransition ¥ vl ¥er=10v, IeimaA L 80 L b Mliz
Collector OQuput Capacitance _Ceb | VCB® — 2.0 3.5 1 pF
- ) \(‘ =10V, IE__lm/\
Base Intrinsic Resistance rhly’ g()“ﬂz - 50 - [
) . V(*p:(:'\", Ig=0.1mA
Noise F > ¥ o —
oise Figure N |~ Lkllz, R =10kD 1.0 10 dB

Nole : hypyp Classification 0:70~140 Y @ 120~240 GR :

200~400 BL :

350~700

96100 EAAY

s relanility of its products
"uubm, 10 ph) ica

of human aife, bodity injury or
operat rg ranges as set fortn rot
TOV A Semicandactar Reiabiity Handbnos

ntars it whica 3 ma function or hﬂuwc
ry psing your designs, please ensure that TOSH
e rost recent pr (d.u 5 specifications Also, olease keep in  =c 1ne precavtions and conditon

y of the

icanducter gevices 2 gencral car
\e buyer, whur
oF sy Todina preduct eould

1997-04-10 1/3

wn
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Silicon Rectifier Diode Datasheet :

MAMOSPEC

1N4001

Appendix - C

THRU 1N4007

GENERAL PURPOSE SILICON RECTIFIER
VOLTAGE RANGE 50 TO 1000 Volts Current 1 Ampere

FEATURES :
i Low cost construction
= | ow forward voltage drop ! ﬁ
* Low reverse leakage
= High forward surge current capability :
+ High temperature soldering guaranteed - - DO-41
260:°/10 seconds. 0.375°(9.5 mm; lead length e e
at 5 Ibs(2.3kg) tension ‘
B L MILLIMETERS ‘
MECHANICAL DATA Pl ‘ DIM oo
s Case : Transfer Molded Plastc | l - [ MAX ‘
= Lpoxy UL94V-O rate flame retardant 1 A 2.00 270 i
¢ Terminals - Solderable Per MIL-S1D-202 Method 208 ! C B 2540 ‘ :
« Potarity © Color band denotes cathode end ' |
) ! j p ¢ | 420 | 5201
= Mounting position: Any ! l ‘ '
% Weight : 0.012 ounce. 0.33 gram (approx} D B b, 0/, 020 |
MAXIMUM RATINGS AND ELECTRICAL CHARATERISTICS
* Rating at 25 (" ambient temperature unless othenwise specified
* Single phase half wave. 60z, resistive or inductive load
* For capacthve load derate current by 20 %
! A Sl rren CR - e T - e R
) Characteristic | Symbol ‘1 N40G11N4002 1N4003WN4004% NAO(]5\‘\NAOOB‘1NAOQ." Unit }
[Peak Repetitve Reverse Voltage VrRM ‘ ! i ‘
Working Peak Reverse Voltage Vit 50 ¢ 100 200 : 400 ‘ 500 800 1000 v ‘
| DC Blocking Voltage : : I |
i PSRN S — S - — . N
‘RMS Reverse Voltage W 35 70 140 ‘ 280 ‘ 420 550 ‘ 700 { \ ‘
‘Average Rectfier orwa}é Curremﬂ - T 10 T
| Perleg Te=1257 A ‘
Non-Repetitive Peak Surge Current  {Surge )
applied at rate load conditions halfware, 30 ‘ A ‘
l single phase, 60tz) o _ - o _ -
Maximum Instantaneous Ferward Voltage } :
(F=1.0Amp Te =2 ! v ‘
‘Maxm:um Instantaneous Reverse Current !
( Rated DC Voltage, =254 50 uA
( Rated DC Voltage. ) 50
[Typical Junction Capacitance c 15 ‘ ; “
(Reverse Voltage of 4 volts & f=1 MHz) ‘ : pr ;
L T EER ‘ e — S R
Typical Thermal Resistance Rags 50 W ‘
5éérat:nQ;JStoa@anct;om ) T . ) ) ;
" Temperature Range Ty Tay 85 to +175 ‘
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1N4001 thru 1N4007

E1G-2 TYPICAL FORWARD CHARACTERISI res

- 2. e

FIG 1 FORWARD CURRENT DERATING CURVE

-

CASTOPEMEFRATURD

£1G-3 TYPICAL REVERSE CHARACTERISTICS



PCB Relay Datasheet:

omRron
PCB Relay

M|n|ature Relay for Slgnal Clrcuns

® Wide switching power of 10 pAto 2 A

w High dielectric strength coil-contacts:1.000 VAC;
open contacts: 750 VAC

m Conforms to FCC Part 68 requiraments

m Ag + Au clad bifurcated crossbar contacts and
fully seated for high contact reliability.

m New 150-mW relays with high-sensitivity.

REHS Compliam Rofer to pages 16 to 17 for details

Ordering Information

Appendix — D

Classification | Contact form Contact type

Contact material

| Enclosure ratings |

Stancard , Bifurcated crossbar

[oroT
High-sensitivity |

Ag + Au-Alloy

[Fully sealed

Note: When ordering. add the rated coil voltage to the model number

Example: GEV-2 12VDC
Rated coll voltage

Model Number Legend

G5V - vDC
1 3
1. Contact Form 2. Classification 3. Rated Coil Voitage
2. DPOT 1. High-sensitivity 3.5,6,9. 12, 24 48VDC
Specifications
m Coil Ratings
Standard Models
Rated voltage 3VDC 5V00 6 VDO 9VDC 12 VDC 24V0DC 48 VDO
Rated current 1667 mA_ | 100 mA” 1833 mA  S5.6mA ‘"471 7mA T 208mA 1amA
[Coilre 'stance 18 30 8} 728 R | 000 B
Coil inductance | Armature OFF |0.04  |009 To1e ’
(H) {ref. value) Armature ON J 011 ‘ 0. 19 B

| Must oper'ite voltage tec vmtage

[ Must release voltage
Max. vclhge rated vol age at ?3 L

0%, 500 rW

Power consumptlon

) ‘F;ppmxm )
| 580 mW

Note:

1. The rated current and coil resistance are measured at a coll temperature of 22°C with a tolerance of £10%

2. Oparating characteristics are measured at a coil temperaivre of 23°C

3. The maximum voltag

is the highest

vokage tha: can be imposed on the relay

cox

Tus
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G5V-2 omRron G5V-2

High Sensitivity Models

[Mared volloge __ |3voC__[svoe _[GVRC__|8vbC  [12VDC _[24VOC [48VDC |
Rated current Q0 mA 130 mA 25 mA 16.7 mA 12.5 mA ‘ 833 MmA 625 m#

Meail resistance T T [eon ez iedoo sa0w  (deou  28sbo

Coilinductance | Armature ON [018  |o4s  |o/0 167 672 B
(H) (ret. value) | Armature OFF |05/ lor W‘ 097 o

Must op}:rate vo’l’tage /5% max. of rated vol g
Must release voltage 5% min rated vakage
Max. voltage 1807 of ratoc volage at 23 C 1507 of rated

valtage at
23C

Power consumption Approx. 190 M Appron Approx
200 mw ‘300 mwv

Note: 1. The ratec current and coil resisiance are maasured at a coil lamparature of 23°C with atoleranca of +10%

2. Operating characteristcs are maasured at a coil lemperature of 23 Cc

3. The maximum valiage is the highest volzage that can he imposca on the relay coif
= Contact Ratings

Iterm ! Standard models ‘ High sensitivity models

Load
Rated load 10 Aar12s VAC: 1A at 24 VDC

Contact material

hatedrcarrry current

(125 VAC. 125 VDO

Max.’swnchmg valtage
Max. switching current 2A 1A
Max. switching power _|B25VA, 60W o . ~ 7”:\ 2
Failure rate (reference value) 001 mAat 10 mVDC

(See nate.)

Note: P level g = 0.1 x 10 % nperation
This value was measurec a: a switching irecuency of 120 operations/min anc: :he critenan of contal
may vary depending on the swiching frequency and oparating environmen:, Always double-chack relay
araling conditions

w Characteristics

tance is 50 1. This valuo
nitability uncer actual op

“ltem " Standard models Hléh scnsi{iv;;i); models
'C‘ontact resistance (See note 1.i 50 M max max £ ’
‘Operate time o/ 7 ms max (11 I LI § F1NN ]
Release time 3ms max T -
Max. operating frequency Mechanical. 36.000 operations/hir T

kle

at: 1,800 cperations/hr {unc

Insulation resistance (See note 2.) {1,000 M min. (a2 500 VOC}

Dielectric strength "1 000 VAC, 50/60 Hz for 1 min betwoen cail 11,000 VAC. 50.60 H7 *ar 1 min bawwaen colt
and contacts | and conlacts
1.000 VAC, 50;60 Hz for 1 min between con- 11,000 VAC. 50/60 Hz for 1 min beween con-

5 of diferant polarty lacs of different polarity

VAC, 5060 Hz for 1 imin between contacts | 500 VAC, 50/60 Hz for 1 min between contacts
o same polarity of same polarity
Impulse withstand voltage 1,500 V (10 % 160 us) between coil anc contacts (conforms to FCC Part €8) -
Vibration resistance Deswuclion: 10 10 55 10 10 Hz, 0.75-mm single ampiioca (3.5-mm double amplitude)

tMaliunction. 10 ta 55 10 10 Hz. 0.75-mm single amplitude {1.5-mm double ampliiuce)

Shock resistance Desuction 1,060 m/s? {approx. 100G) | Destiction: 1,000 mys” (approx. 100G)
Makunction: 200 mis® {approx. 20G) ‘Mdl unciion. 160 mis® (approx. 10G]

‘Endurance P.Aex,ﬂ;«uvwn:iaw 15‘006 040 aperations min (d.ﬁ36.000 opemuona,lh -
Elecsrical: 100,000 oparations min. (at 1,300 oparations/hi)

Ambié@crmpegggrg - :ﬁ O % 7(?77\\«\7;7\7(7!}7,”7? NiT(Z;jfmmg Lon 0°C fwith n:mmj)

Ambient humidity
Weight

Avrprox 5¢

Note: The abave values are initial values
Note: 1. Ihc contac: resistance was measured with 10 mA at 1 VDC with a voitage drop method

2. Ihe insulation resistance was measured with @ $00-VDC megohmmeter applica to the same pars as thosc used for checking
‘he dielectric sirenglh

s




G5V-2 omRroN G5V-2

= Approved Standards
UL478, UL1950, UL508 (File No. E41515)/CSA C22.2 No.0, No.14 (File No. LR31928)

Contact form Coil ratings — Contact ratings - R
G5V-2 ' G5V-2-H1
D}’b'! 310 48 VDO 106 A 120 VAC {general use] :
10.6 A, 110 VDC {resistive load) 2 A,
2A o load)
Maximum Switching Power Endurance Ambient Temperature vs.
G5V-2 G5V-2 Maximum Coil Voltage
G5V-2
= ¢
S
g 1 . 8
<3 4 S N
- i ~ = .
o ! Vo E |
Cg ! < 1BVEC
& [% 2o ¢
{ o 403 ! £ i
£ S =
H -1 i o] i 3 =
! N ! B i : :
- R : T e i
Switching voltage (V) Switching current {A) Arnbient temperature ()
Note: Tre maximum coil volage refers w0 the
maxi-mum value in a varyirg range of
oparating power voitage. not a continuous
voltage
G5V-2-H1 G5V-2-H1
00 ¢ S e g
i nac
i : Té
LoE
[
2
H =]
. : e;
Cox o
S
N e
J T
e’
Cob o
LA &
Switching voitage (V) Swilching current (A) Ambient femperature ()

Note: Tre maximum coll voliage refers o the
Maxi-mLm vai.e in a varying range of
aperating power voltage. not & cortinuous
valtage

1
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Contactor Relay Threshold voltages:

.
-

3RH1

Appendix —- I

Rated control supply voltages {the 10th and 11th position of the order number must be changed)

Ry

vV AC
50/60 Hz"

100
400
V AC
50 Hz

110
220

VAC
60 Hz

110
220
440

VAC
60 Hz
120
240

Option

BO
oo
HO

FO
N2
PO

Vo

G6

R6

K6
P6

12

42
48

110
125
220
230

Option

a4
B4
D4
wa
Ea
Fa
Ga
wMa
P4




Operational Amplifier Datasheet :

Appendix - F

LM101A/LM201A/LM301A Operational Amplifiers

General Description
The LM101A series are general purpose operational amplifi-
ers which feature improved performance over industry stan-
dards like the LM709. Advanced processing technigues
make possible an order of magnitude reduction in input cur-
rents, and a redesign of the biasing circuitry reduces the
temperature drift of input current. Improved specifications
include:
& Ofiset voltage 3 mV maximum over
temperature (LM101A/LM201A)
® Input current 100 nA maximum over
temperature {(LM101A/LM2014A)
m Offset current 20 nA maximum over
temperature (LM101A/LM201A)
m Guaranteed drift characteristics
m Oifsets guaranteed over entire common mode and sup-
ply voitage ranges
B Slew rate of 10V/us as a summing amplifier
This amplifier offers many features which make its applica-
tion nearly foolproof: overload protection on the input and
output. no latch-up when the common mode range is ex-

National Semiconducitor

December 1894

ceeded, and freedom from oscillations and compensation
with a single 30 pF capacitor. It has advantages over inter-
nally compensated amplifiers in that the frequency compen-
sation can be tailored to the particular apptication. For ex-
ample, in low frequency circuits it can be overcompensated
for increased stability margin. Or the compensation can he
optimized to give more than a factor of ten improvement in
high frequency performance for most applications.
in addition, the device provides better accuracy and lower
noise in high impedance circuitry. The fow input currents
also make it particularly well suited for long interval integra-
tors or timers. sample and hold circuits and low frequency
waveform generators. Further, replacing circuits where
matched transistor pairs buffer the inputs of conventional 1C
op amps. it can give lower offset voltage and a drift at a
lower cost.
The LM101A is guaranteed over a temperature range of
55°C to +125°C, the LM201A from -~ 25°C to +85°C,
and the LM301A from 0°C to +70°C.

Connection Diagrams (rop view

Dual-in-Line Package

Ay
BALANCE/ __1 8
COMPENSATION | - COMPENSATION
INPUT - 7+

3 3
INPUT + OUTPUT

_ 4 5
v — = — BALANCE

TL=i77452-4

Order Number LM101AJ, LM101J/883%,
LM201AN or LM301AN
See NS Package Number JOBA or NOBA

Ceramic Flatpack Package

NC : [ Im:l NC
BALANCE l’"_.__‘_2 g: COMP
\NPUTL_:j LM101W j:'] V4
LV — [ __10UTRUT
V- [____j 6: BALANCE
TLATTR2 4

Order Number LM101AW/883 or LM101W/883
See NS Package Number W10A

“Avaliahie per JIM3B31G/ 10103

Metal Can Package
COMPENSATION

ssaydwy jeuonesadQ V10EW1/VEOZWT/VIOLNT

BALANCE

INPUTS 4

Note: #ir 4 conn 410 case
Order Number LM101AH,
LM101AH/883", LM201AH or LM301AH
See NS Package Number HO8C

Dual-In-Line Package

)

b 14

’-—-\J

prossse 12

BALANCE/

COMFENSATION 3 == COMPENSATION

INPUT 4 > ST
INPUT S >_L—1o oUTPUT
V6= 3 BALANCE
7 e o 8
TLiHI7PE2 -5

Order Number LM101AJ-14/883"
See NS Package Number J14A
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rAbso!ute Maximum Ratings
it Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/
Distributors tor availabitity and specifications.

LM101A/LM201A LM301A
Supply Voltage 322V t18V
Differential Input Voltage i 30V 1 30V
Input Voltage (Note 1) =15V L 15V
Output Shert Gircuit Duration {Note 2) Continuous Continuous
Operating Ambient Temp. Range 55°Cto +125°C{LM10TA) o*Cto » 70°C
25°Cto +85°C (LM201A)
Ty Max
H-Package 150°C 100°C
N-Package 150°C 100°C
J-Package 150°C 100°C
Power Dissipation at Ta = 25°C
H-Package (Sull Air) 500 mwW 300 mW
(400 LF/Min Air Flow) 1200 mW 700 mW
N-Package 900 mW 500 mW
J-Package 1000 mW 650 mW
Thermal Resistance (Typical) Um
H-Package (Still Air}) 185°C/W 165°C/W
(400 LF/Min Alr Flow) 67 C/W B87°C/W
N Package 135°C/W 135°C/W
J-Package 110°C/W 110"CmW
(Typrcal) i
H-Package 25°C/W 25°C/W
Storage Temperature Range 65°Cto +150°C 65°Cto +150°C
Lead Temperature (Soldering, 10 sec.)
Metal Can or Ceramic 300°C 300°C
Plastic 280°C 260°C
£SD Tolerance (Note 5) 2000V 2000V

Electrical Characteristics (o317, = 1)

Parameter Conditions LMI0TA/LM201A LM3O1A Units
Min Typ Max | Min Typ Max
Input Offset Voltage Ta# 25°C, Rg = 50 kf) 0.7 2.0 2.0 7.5 mv
Input Offset Current Ta = 25°C 1.5 10 3.0 50 nA
Input Bias Current Ta = 25°C 30 75 70 250 nA
Input Resistance Tp = 25°C 1.5 4.0 0.5 2.0 MQ’W
Supply Current Ta = 25°C Vg = +20V 1.8 3.0 mA
Vg - + 18V 1.8 3.0 | mA
Can - (3 . o w 115

Large Signal Voltage Gain '\I/?)w 25 St\éi RL:j gzvk“ 50 {60 25 180 vimy
Input Offset Voltage Rg = 50 k¢t 3.0 10 mv
Average Temperature Coefficientj Rg - 50 k&) 50 15 6.0 30 |wvrc
of Input Offset Voltage !
Input Offset Current . 20 70 nA
Average Temperature Coefficient| 25°C -~ Ta + Tmax 0.01 0.1 0.01 0.3 | nA/SC
of Input Offset Current T = Ta = 25°C 0.02 0.9 0.02 06 | nAC
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( Electrical Characteristics (noiz2)7, - T, (Continued)

Parameter Conditions LMTOTA/LMZ01A LM301A —{ Units
Min Typ Max | Min Typ Max
Input Bias Current 0.1 03| uA
Supply Current Ta - Tiax. Vg = + 20V 1.2 25 mA
Large Signal Voltage Gan Vg - P15V, Vo L0V 25 15 v/
Ry - 2k
Output Voitage Swing Vg =15V Ry = 10k | +12 14 12 14 v
Ry = 2k | 210 13 110 13 v
Input Voitage Range +15 V
=15 13 12 15, ~13 v
Common-Mode Rejection Ratio 80 96 70 20 dB8
Supply Voitage Rejection Ratio 80 96 TG 96 dB

s than v 18

sply volt ARG NpUt ge 1y equal o the suppy vl
£ 4 + ¥ ¢

Note 2: Contnt
aspectively for LMSOTA

ces 1o 125°C and ambrent ter

Note 4: Refor 1o RETSI01AX {o

man body madei. 100 g rargod througn 1.5 KiY

Guaranteed Performance Characteristics tmioia/imeoia

Ta o o 125G {LMIO

w20

Input Voltage Range Output Swing Voltage Gain
0 20 L]
§ 18 "
4 z 2
2 ¢ ERC
¥ ] 3
5 - ] e
o 2 b e
: : BT
z 4
z e | LT, 2%
. 1 T 1
5 10 1% 20
SUPPLY VOLTAEGE (=V) SUPPLY VOLTAGE (xV) SUPPLY VOLTAGE {2V}
Guaranteed Performance Characteristics tmsoia
input Voltage Range Output Swing Voltage Gain
20 0 100
CETHEE ] LT
2 | :
%% - 9 - —+
3 1 % L ] > . - ; “T 1
= K | = ; ! 1
2 n l\____ 0‘5“\“» d 2 Py é 3 ], T T
N R ets\ v A g S
= L T "“Q‘G 2 I — o +
> z A RS 3 (S 3
E =, o e s \“\\l\". I B
: ¢ T [wegt, g e S o U
i R o T ¥e T4 70°C r
» { | I I I ° Pl ek
5 0 15 3 10 15
SUPPLY VOLTAGE (s V) SUPPLY VOLTAGE {+V}
TL T TER T
e}
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Appendix - G

Optocoupler CNY17-1 Datashect:

Fy
3

Global Supplier of Optoelectronic Solufions CNY17-1
All Product Lead Free, RoHs Compiliant UL # E244343

opto

Schematic: ) Features: ) R
Al ) 1. Current transter ratio
T j, ; (CTR 40-80% at IF=10mA Voe=5\)
g ‘ 5
g d ' ] 2. High isolation voltage between input and output

—d

Lo . (Viso = 5300Vims, 7500Vpk).
For dimensions and pin-outs, see the last

page of this document.

Orderina: Superior OPTO Part Number:
Suffix to Standard Part Number
V = VDE Compliant

© G = 10mm Lead Spread OPTOG611

S = Surface Mount Lead-form
T =Tape & Reel

Absolute Maximum Ratings:

Parameter Syrmiol Rating Unit

Peak forward current IFa 1 A

Reverse voltage Ve [ N

nput Power dissipation Py 70 Y
Collector-ermitter voltage Voo 70 Vv
Emitter-collector voltage Veco 6 Y
Collector-base voltage Vo0 5]} \4
Lmitter-base voltage Vipo 5 v

Qutpat Callector curtent I 50 mA
Collector power dissipation Pc 150 vy

Total power dissipation Ptot 200 vV

Isolaton voltage 1 minute Viso 5300 VIms

Viso 7500 Vipk

Operating tempearature Topr =55 1o +100 C

Storage temperatue Tsty -66 10 +125 G

Soldering Temperature 10 seconds 1sol 260 o)

Elecfrical Chgrac'ferisﬁcs:"

Symibol Conditions. N ™ PAAX L Unit
Y W IF=20mA - 12 1.4 v
whage R FAEOSA - - 35 v
nput
Reverse curent R VR=4Y 1C ufy
Termirsd capactancs Ct V=0, f=1kH, - 0 - P
Outpedi Cui dark current CEO VOEE20V - - .1 A
Cunmetd transfer 1adio SR IF=10mA, MCR=5Y 40 &80 3
Collactor-emitier saturaton voltage Vs Al 1F=10mA,  k=25mA a1 3.4 v
Toewer Isclation resistance Riso ocsoav 510 7 16" - chm
chatac Floatnig capacdance Ct V=G [ TVHZ - 08 ta =
teristics Cii-af foguency t ee=5V c=2mA RL=10C0hm - &t k-7
Rosponse time (Rsel tr Vee=2V le=2r ARL=100om - 5 20 e,
Response timi (Fal} tf 4 Y] us
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Fig. 1 Current Transfer Ratio
Vs. Forward Current
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Forward current IF(m A)
Fig.2 Collector Power Dissipation Fig.3 Collector Dark Current vs.
vs. Ambient Temperature Ambient Temperature
®
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Fig.4 Forward Current vs. Fig.5 Forward Current vs.
Ambient Temperature Forward Voltage
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Fig.6 Collector Cumert vs.

Collector-emitter Voltage

Collector-emitter Voltage Vce (V)

Fig.8 Collector-emitter Saturaion
Voltage vs. Ambient Termperature

| H=20mh
s lmd

Ambient Temperature Ta{"C)

Fig.10 Response Time vs. Load
Resistance
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Fig.7 Relative Current Transfer Ratio

Ty

Ambient Temperature Ta(“C)

Fig9 Collector-emitter ~ Saturation
Voltage vs. Forward Current

|
|

Forward Cunent F(mA)

Fig.11 Response Time vs. Load
Resistance

Load Resistance RL{Kohm)
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Photo graphs of the machine in production:

Appendix - 11
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