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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 

vYith no compromise on the quality of goods being delivered. One major determinant 

of the quality of the narrmv fabric elastics is the number ofjoints of one tape per unit 

length which is predetermined. 

The textile industry is an amalgam of related industries vvhich uses variety of natural 

& synthetic materials. Among the machines vvhich are used in apparel industry the 

machine type that it has been chosen to carry out my project is a narrow l~1bric 

v\ea\'lng loom. However this can be implemented to other machinerv in different 

industries with small changes. 

Current loom capacity in the factory is 120 (I OOnos of single deck and 20 nos or 

double deck). Each single deck loom can be produced l 0 tapes and 20 by double deck 

looms which leads to an average daily production of0.4 million meters. 

Narrow fabric manufacturers face difficulties in reducing the number or joints in the 

continuous h1bric tapes. Since there is a particular number of joints that the narrcnv 

t~1bric can have which is of course pre-specified by the customer. any instance which 

exceeds the same will lead to heighten the factory production vvaste since it vvill not be 

accepted by the customer. The study helped in identifying following reasons as the 

causes of\\ astc generation. 

1. Voltage variation 

2. pcmer interruption 

3. Machi nc break dovvns 

4. Quality problems 

5. Yarn breakages 

6. Generator change over & vice versa 

7. Process problems and many more 



1.2 Motivation 

The company categorizes its total waste initially as controllable & uncontrollable 

waste. One major contributing factor for uncontrollable \\astes is the v·oltage 

variations v\hich last less than 3 seconds. 

As an Engineer with a background of electrical installation the author selected this 

project to study the production waste generation activities and the mechanism that 

could he implemented to minimize it. This thesis proposes a new automated approach 

to detect the v·oltagc variation and react accordingly. The brain of the controller is a 

peripheral interLtce controller (PIC).By using PIC the design was done vvith low cost 

comparatively. This device can he 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(timc less 

than 3 sec) 

.., 
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 generation during the povver changeover and vice versa and many 

more. 

• 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 or the new actuator helps to eliminate this problem. 

• In the case or short period voltage variations such as voltage dips and 

momentary interruptions clastic tape damages can he seen and machine 

operators have to reconnect it after removing um\ anted portions. I Iclps 

immensely in saving time. which results in higher productivity. 
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1.3 Goals 

l'o achicn~ the final target the project \Vork \Vas broken further dov,'n to a set of goals. 

thev arc as follow,s. 

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 to be considered\\ hen choosing a relay such 

as S\vitching rating. coil resistance. coil voltage. physical size & dielectric strength. As 

the relay was used for low voltage applications dielectric strength was not important. 

So that SPDT 5V DC/1 !\ micro relay was selected. Features of the relay were. 

r Coil rating 5VDC .90m/\ 

r C oi I resistance - 55 ohm 

r Coil size - l-113Tx3/8'"xl/4"' 

1.3.1.2 Selection of transistor (Relay Driver) 

Selection of transistor was very critical because the relay was driven by transistor 

\Yhich was initially controlled by the PlC. Out of many transistors aYailah\e in the 

market correct one needs to be selected. General purpose C 1815. NPN transistor was 

chosen 141 base on the calculations done 11 Ol 

1.3.1.3 Selection of optocoupler 

Optocouplcr \Vas used to isolate the signals for protection and safety between a safe 

and a potential hazardous or electrically noisy environment. The inter!~tcing of the 

optocouplcr between digital or analog signal needs to be designed properly for proper 

protection and operation. 

1.3.1 A Selection of Peripheral Interface (PIC) 

This is the controller of the design. There are varieties of PlCs in the market. So that 

the required controller \vith right features needs to be selected (P1Cl6F877A). 

4 



1.3.1 Software Development 

Instructions to the PIC should be given in hex. If the instructions arc gl\cn 111 

assembly language. it needs to he converted to hex by MPLAR software. also there is 

a facility to program using C vvith C compiler. 

1.3.2 Implementation 

r Control circuit was designed and installed on hoard 

,- Pov..er supply of 5V & 9V to the PIC and AC/DC converter separately. 

r 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 

inputs. 

l..t Achievements in brief 

Completion of literature sur\Ty. integrated the designing of Short Period Pcmer Dip 

actuator. Series of theoretical calculations were done to calculate and find the required 

components such as on-line resistor. pull dO\vn resistor to protect the optocoupler. 

input 'voltage stability and base limiting resistor of the driver transistor(Cl815) of the 

relay circuit. 

Fast Precision AC/DC converter \vhich was built by cascading two LM 101 A 

operational ampli tiers. It was selected among the other converters which can he done 

the same job. because it \\as a full wave rectifier and the response time was less than 

54ms. The conYertcr was converted AC voltage to DC analog voltage and it \Vas sent 

it to PIC ANO pin as an analogue input signal. 

Machine operating state signal was supplied to the RC5 pin of the PIC through the 

optocoupler CYN-17-1. It was used to isolate pcmer side from the control side. 

Selected PIC 16F877A offers lot of features like. interrupt handling capacity. AID 

module. timers apart from that digital inputs & outputs. Components were ordered 

after designing. It took time to find the PIC because the one it \Vas initially planned 

was very rare in the local market to purchase (PIC 161-'870). Then PlC 16F877 which 

was available in the market was purchased. PIC program \Vas written in assembly 

language. It took time because it was needed to learn more about assembly language 

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

5 



program was developed and programmed in MPLJ\B, this \Vas tested usmg 

rv1PLABSIM (MPLAB Simulator). 

The PIC was debugged and programmed again. This was done many times until the 

correct program was obtained. Since PIC 16F877 J\ \Vas flashed version. it could be 

programmed about 100.000 times \\ithout doing any damage to the PIC. 

6 



Chapter 2 

Problem statement 

2.1 Identification of machine states 

Study about the machine operation and identifying problems \vas very useful to 

develop a system to minimize the effect due to the problem or problems. The weaving 

loom includes mainly three types of S\vitches and two kinds of motors to run the loom. 

These are named as Tip S\\itch. Stop switch. Start S\vitch. Tip motor and main motor. 

Combinations of the operation of the switches and motors can be categorized in the 

table 2.1. 

, Raw [ Tip I Start I Stop I Tip I Main I Machine 
State 1 

switch I switch ~~tor I ?~~;ut _ED_vv_er switch motor 
------- - ---

0 0 0 0 0 
-

2 1 0 0 0 0 0 _$_t()[:l_ 
- ---------- ---- --- --- -~ ------ -

3 1 0 0 1 0 'fir:>ping 
4 1 1 0 0 0 Sto[) 
5 1 1 0 0 1 
6 1 0 0 1 0 0 

7 1 
r 

1 1 0 0 1 Ru11_nmg 
8 0 0 0 0 

I 
0 

1 

0 Stop 

9 1 0 0 0 0 0 
Still 
Stop 

Table 2.1-Combinations of machine states 

State 4&6 can be explained that even though Yoltage is available machine is not able 

to run \\ith Start switch itself. Tip switch is used to operate the machine at a moderate 

speed in order to setup or careful positioning of the mo\ing parts in the machine. 

\Vhcn Start S\\itch is pressed with the Tip switch simultaneously & the machine can 

he run at its maximum set speed. The Stop switch is used to stop the machine and state 

X is very similar to the situation where power interruptions can he happened during the 

machine running. By seeing states 8 and 9 this situation can be identified 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 tv;o switches Stop and Tip 

simultaneously during the voltage variation or short period interruption 
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(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 electrical power for the controller starts fi"om external 

transformer vvhich is fitted into the machine. External transformer is capable of 

generating three levels of voltages. Those are 48. 27 & 18V 1\C and is fed into the 

\\Caving machine control PCB. The main motor contactor was energized by 48VAC 

through the internal relay system of the machine to control PCB and rest of the 

voltages ( 18V AC & 27V AC) were accommodated for the functions of balance 

activities of the control panel such as break. stop motions & other control circuits etc). 

The machines were operating \vith 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 vverc done to lind 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 COMMENTS ON CONTROL PCB 
1/P Volt AC AC AC 

230V 100 47.1 26.5 17.5 Control functions of the machine PCB is ok 
--- I .. --

225V 98 45.9 25.9 17.15 Do 
'"; 

220V i 96 44.9 25.35 16.8 Do s ,..,. 

I 

215V 93 43.8 24.7 16.3 Do 

210V 91 42.7 24.12 16 Do 

205V 89 41.7 23.58 15.6 Do 

200V I 87 40.6 122.96 15.2 Do 
----- ---------

195V I 85 39.8 I 22.5 I 14.9 Card functions are satist~tctory up to this point 
---

190V 83 I 38.99 I 21.84 I 14.45 
Internal relays start to vibrate but card stays on 

condition 
- ------------

185V 78.413806121.251 14.1 More noise but card functions are stable 
-- ------------ ----

180V 78 1 1 1 1 

Noise disappeared and the Power failure indicator 
36.94 20.66 13.72 LED ( d). ON d I d f . 1 _ re _ I~ an t 1c car unctions arc stoppcc 

Table 2.2 - Behavior of Machine Controller to different Voltage Levels 

8 



Behaviors of the component for the different voltage levels 

T/F Input 
voltages 

(100'1c) 400 
3Ph 

3/~v 

(9Q;:,\ 360v 

3~0v 

(83'i:) 3)9v 

C/8"1 I 31~v 

300v 

;u::.v 

::::~ov 

7/Sv 

700v 

H~JV 

150v 

12-':lv 

100v 

/i::Jv 

50·: 

?5v 

OV 

Motor safe operating 
reg1on 

Un_9ervoltage_ protection set at 
t>=3sec 

@ 1 Ph, 38 99VAC rJ10torcontactor start to fa1l 
. - ,-;: - -- --- - - - -

@ 1 Ph, 36.9VAC machme control PCG 
-- Functions start to fall .-. --

C' 
Q 
(J) 

:':' 

2'1 
0 
t5 
ro 
c 
0 
u 
~ ,' 
0 
0 
E 

Note Contactor threshold voltages 
Vmax =52.5VAC 
Vmin=38 4VAC 

c 
Q 
01 
<]) 
~, 

~I 
ro, 
u' 
Q_ 

·e~ 
C1 
0 
u' 
<])' 
c 

-5 ! 
OJ 

:;:;, 

Table 2.3 Behavior of other component to different Voltage Levels 

As per the above results operation of the main motor contactor fails at ~ncYt1 of single 

phase voltage, because of that voltage is less than the minimum threshold voltage 

(Appendix-F) of the coil (38.4V AC).The machine controller PCB functions were 

9 



disabled -vvhen the voltage reaches at 78°Al of single phase voltage, because of low 

control voltage of the PCB and de-energized the internal relays of the PCB. As a result 

of that main motor contactor vvould be de-energized and shut down the machine 

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

u 
·C 

~ 

~~ 
UT ., 
;:: 
~ 

~~ 

r--:-;-

;;.· 

3 

4 

6 

Machine Control PCB 

1+-
~~----

Internal 
switching 

I ~' A I 

Motet 
contactor 

'8 
11 
0 

10 
0 

0 
'----

II 
~_j L. 

r-

start 
-i 

-1 

1--4--

-1 tip 

Figure 2.1-Schcmatic diagram for machine controller 

2.3 Identification of the Problem 

Due to the voltage variations production \Vaste was generated significantly. There!'orc 

the project \Vas focused on minimization of waste due to voltage variations such as 

'oltagc dips. According to the survey was done there was a commercial device 

de\ eloped in UK \Vas called high voltage traction capacitor device [8l This device 

can he used to power the electrical devices in the case of voltage drops or in absence 

of po\vcr. 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 

lJPSs arc one of pertCct solutions. On average power consumption per loom is 1.5k\\" 

and plant capacity is 120 looms. Therefore at lease 180 k W UPS units arc 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 follov ... ing disadvantages were there. 
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r Frequent maintenance cost 

r Fairly large space required 

r Toxic \Vaste 

r I !cat dissipation 

Another one was tly wheel UPSs. This gives lot of advantages compared to the abo\c. 

But the disach·antage is capital cost which is very much higher than the regular UPS 

svstems. 

In this research it was found approximately 50% of the pO\ver Llilures were less than 3 

seconds and generated waste was 6% of the total waste. Therefore vveaving looms in 

the Textile industry is very sensitive to the voltage variations and pO\ver quality 

problems and get stopped immediately. As a result of it stop marks can be seen on the 

l~lbric tapes. It is 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 elastic tape 

in case or machine stop. 

The nm material (yarn) is \\Tapped 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 mo\ement is controlled by the tension balance weights .If there is a sudden pm\er 

tailure or voltage variations happen free motion can be taken placed due to 

momentum of the beam. Therefore it causes a tension variation along the tapes. J\.s a 

result of this a stop mark can be created. If there is a possibility· to reset the machine 

\\ ithin 3 seconds stored energy 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 

lhe expectation of the projects was to reduce the waste and down time during the 

\ oltage variation. Since it finally affects the total revenue that can be generated fi·om 

the plant. 

This \vill require development of a new control system \vhich should be facilitated to 

keep the machine start s\vitehes hold down during the voltage variations. 

11 



The new design involves digital control principles f(H practical implementation or 

control algorithms in a microcontroller unit (MCU). The following areas need to he 

focused. 

,... HO\v to detect voltage variations which cflccting to the machine operation'? 

,... What hardware components to be sourced and \\hat to be produced to 

make the photo type design? 

,... Programming the microcontroller according to the control algorithm. 

r I low to obtain the experimental results? 

12 



Chapter 3 

Hardware Design of the system 

3.1 Microcontroller types for the application (M CU) 

Single chip microcontroller device is ideal to control vvastc due to the voltage 

\ariations in many applications. The advantage of a MCU for the application is the 

!VlClJs program can he changed. revised by changing a few lines of text in the source 

code. This source code is then converted in to machine code by soCtwarc compiler and 

is programmed into MCU. 

The MC is a single chip computer. It ope~ates as stored program machine that is it 

must he read its program code and data values Crom its memory in order to operate. 

lwo common methods are used to accomplish this. One is called von Neumann 

architecture and has been employed in many MCUs. This method uses one data bus 

and memory space for both program code & data values. Sa\·ing cost hut slmving 

down the code execution. The other approach is called Tlarvard architecture. separates 

the program code & data values into two memory structures allmving parallel loading 

of both at the same time. In this case data execution is essential therefore Harvard 

architecture can he selected during the selection of MCs. 

3.2 Some related features of peripheral interface controller (PIC) 

i\ microcontrollcr 121 clitTcrs from a microprocessor in many ways. First and most 

important is its functionality. ln order to a microprocessor to he used. other 

components such as memory. or components for receiving and sending data must be 

added to it. On the other hanclmicrocontrollcr 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 he saved the 

time and space needed to construct devices. 

3.3 Selection of Microcontrollcr unit (PIC) 

Different types of PcripherallntcrCace Units (PlCs) are available in the market. In this 

thesis PTC16F series was considered. Features that considered for the application arc 

gi\en in the follmving table 3.1. 
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Program Data 
Operating 10 Bit Timers 

memory memory 1'0 

I 

Device speed AD 8/16 
Single word SRAM Pins 

(MHz) Modules Rits 
instructions (bytes) 

PIC 16f84A I I 02·1 68X8 \- 13 20 I 2 

" ~~- -

PIC 16F85 I 02cl 128x8 15 20 4ch:8bit I 2 

PIC 161870 2048 128x8 22 20 'ich·8 ) 3 

PICI6F871 2048 

\ 11;::: 

33 20 
~------ ---- - -· -- -

l4ch·8hit j-- I - j 
PIC:I6F86 2048 15 20 2 

------ ----··----. --

PICI6F873A 4096 192 22 20 5ch:8bit 2/ I 3 

PICI6F874A 4096 33 20 8ch:8bit 211 5 

~~~c 1-6~876-A--\- 8192 )()8 22 20 'icld~hi1 2'1 3 
---- ----~--- -----

PIC 16F877 A 8192 )()8 33 I 20 8ch:8bit 2.'1 5 

Table 3. 1- Pl C 16F Device Features 

According to the above comparison in PIC16f87XA series PlC16F877A has 8k 

instructions of program memory, 368 bytes of SRAM data memory, 33 1/0s, 5 Ports, 

I 0 bit A/D modules. two 8 bit timers and many more. But it \Vas required inputs & 

outputs for software development such as, 

r Three Ports AB and C 

r Two Analog modules 

r Two digital outputs 

r One digital input 

Therefore except PIC16F84A all the other Peripheral Interface Units can be used for 

the software de\ clopmcnt of this project. But on top of that priority must be giYen to 

the product which is a\ailable in the market due to the time constrain. PIC 16F877 J\ is 

one or the largest program memory capacity chip a\ailable in the local market. 

Therefore PIC 16F877 A 12.5] was selected as the controller of the proposed system. 
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Pin Diagram 

PDIP 

--
MCLRIVPP- ---------- RB7 !PGD 
RAO/ANO- - RB6/PGC 

RAI/AN1 ---- - RB5 
RA2/AN21VREF- - ~ RB4 

RA3/AN3/VREF+ - - RB31PGM 

RA4/TOCKI- - RB2 

RA5iAN4/SS-
"¢ - RB1 

REO/RD/AN5 ___. r---. - RBOIINT 

RE1/WR/AN6- 00 
---------- VDD -- r---. 

RE2/CSIAN7- r---. ---------- v s 3 

VDD- 00 - RD7/PSP7 u.. 
Vss- <.0 --- RD6iPSP6 

OSC1/CLKIN- ~ 
-- RD5/PSP5 (.) 

OSC2/CLKOUT - - - RD4/PSP4 a.. 
RCO/TWSO/T1 CKI - - RC7/RX:DT 

RC1/TIOSI/CCP2 ---- - RC6/TX/CK 

RC2/CCP1 ---- ---------- RCS/SDO 

RC3/SCK/SCL ---- - RC4/SDI/SDA 

RDO/PSPO- - RD3/PSP3 

RD1/PSP1- ---------- RD2/PSP2 

Figure 3.1 - PIC 16F877 Pin Diagram 

3.3.1 THE PIC16F887A BASIC FEATURES 

• Architecture 

Only 35 instructions to learn 

All single-cycle instructions except branches 

• Operating frequency 0-20 Mllz 

• Precision internal oscillator 

u Factory calibrated 

Software selectable fi·equcncy range of 8MHz to 31 KI Iz 
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• Power supply voltage 2.0-5.5V 

Consumption: 220uA (2.0V. 4MHz). 11 ui\. (2.0 V. 32 Kf fz) SOn/\ 

(stand-by mode) 

• Power-Saving Sleep Mode 

• Brown-out Reset (BOR) with software control option 

• 33 input/output pins 

I figh current source/sink for direct LFD drive 

Software and individually programmable pull-up resistor 

Interrupt-on-Change pin 

• 8K ROM memory in FLASH technology 

c Chip can be reprogrammed up to 100.000 times 

• In-Circuit Serial Programming Option 

u Chip can be programmed even embedded in the target device 

• 256 bytes EEPROM memory 

c Data can be VvTitten more than 1.000.000 times 

• 368 bytes RAM memory 

• A/D converter: 

08-channels 

I O-bit resolution 

• 3 independent timers/counters 

• Watch-dog timer 

• Analogue comparator module with 

Two analogue comparators 

Fixed voltage reference (0.6V) 

Programmable on-chip voltage reference 

• PWM output steering control 

• Enhanced USART module 

Supports RS-485. RS-232 and UN2.0 

Auto-Baud Detect 

• Master Synchro nous Serial Port (MSSP) 

o Supports SPI and I2C mode 

' ,.· 

··--·· 
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3.3.2 PIN Assignment of PIC16F877 A 

Pin Name 

OSC,'CLKI 

OSC1 

CLKI 

OSC2 CLKOLil 

OSC2 

CLKO 

I\'1CLRNf'P 
lviCLR 

Vf"P 

RAO,ANO 

RAO 
ANO 

RA1 AW 

1~1\ 1 

ANI 

I kA:21.£\N2i\}f-\f ;--/C\h-<t-:1 

Ri\2 
,AN? 
\IRn-
CVRF~' 

RA31AN3rVRFF+ 

RAJ 

AN3 
Vf~f-F+ 

RA41TOCKI1C1 OUT 

RA4 
TOCKI 

C 1 OUT 

f~f\5'SS/AN4/C20U T 
ll.AS 

ss 
r,N4 

C20UT 

Legend: I = 1nput 

DlP-1 PLCClQFP

Pin# __ ~c_l"in#_ !'.~# 
13 I 14 I 30 

H "15 

2 3 

3 4 

4 ~ 

f) 6 

6 7 

7 8 

____________ L _____________ _ 

0 ~output 
=Not used 

31 

18 

'19 

20 

21 

22 

23 

24 

Description 

ST;CiviOS(4) I Oscillator cry5lal or exllCrnal clock lll;JUl 

0 

1/P 

1/0 

110 

1/0 

I 

I 

0 

1/0 
I 
I 

LO 
I 

0 

1/0 

I 

0 

ST 

t----
TTL 

TTL 

TTL 

TTL 

ST 

TTL 

liO ~ 1npuUoutput 
TTL = TTL 1r1put 

OscHiator crystalln;Jut or external clock socJrce mput 
ST 'ouffer when conf1gurc:d 1n RC rnocle, OH1crNISC 

CMOS 
ExternCl! clock source 1npu~ A\v·/ays as::.ouCJted vv1th 
p1n function OSC1 (see OSC1/CLKI, OSC21CLKO 

Oscillator crystal or cluck oulp;.JI 

Oscillator crystal output 
Connects to crystal or rcsoniltor 1n Crystal Oscillator 

mode 
In RC mode, OSC2 f,lllllllltputs CLKO, wh1cl1 lids 1,,1 
the frequency of OSC1 and denotes the 'nstruct1on 

rate 

r,.:1aster Clea:· (input) or progrcnnrn1ng vo'tage (output) 

rvl3ster Clear (Reset; 1nput Tl1is pin ,s Dn adve lew 

RESET to the dov1ce 
rrogramm1ng voltaoe mput 

rORTA IS a bi-dinectional 1/0 port 

01gitaii/O. 

Analo~; 1nput 0 

D1gitaii/O 
/\nalog input 1 

D1gitaii/O 

Analog 1nput 2 
ND reference voltage (Low) 111put 
Con,parator VR~F output 

Digital I/O, 

Analog mput 3, 
AID reference voltage (High) :nput 

Dig1tal 1/0- Open clra:n wilcn configured as output 

TinwrO external clock :nput 
Concparator 1 output 

DICJ1tall10, 

SP I slave select nput 
Analog 1nput 4 
Con"parator 2 output 

f" ~power 
ST = Sch111itt TrigrJEH input 

Note 1 :Til1,; buffe:, :s c; Schrn1tt TngrJer input wl1en ccmfi,Jured as an extecnal ir1teri'U[OI 

2: Th1::; b,1ffm ~~ d Scrnn1tt Tng~Jer mput wher1 used 1n Ser:al Prograrnrn:rl~J mode 

3: This buffer 1s a Scl1rn1tt Tnggor mput wllen conf:gured as general purpose l/0 Gncl a TTL 1nput when usecl 111 the Parallel 
Slave Port mode (for interfacing to a microprocessor bus), 

4: 1111s buffer 1s a Schmitt Trigg0r 1nput when configured in RC oscillator mode and a CMOS 1nput otherwise, 

Table 3.2- Pin Assignment PlC877 A 
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PIC877A Pin out Description(Continued) 

--~ -DIP-r PLCC 1· QFP ~-~~oir_J_ Buffer r Description Pin Name 1 Pin# Pin# , Pin# , Type Type 
- -- --- -----

c==--=--=-=-j~l-- - -----------·--
1 PORTB IS a hl-d,rectimiilll/0 pert POI-HB cafl h" soft-

i I I 
I ware programmed for internal wee<k pull-up on all nputs 

I RGO\NT 33 

\ 

::\6 fl TTL·ST(1) 

I RBll 1/0 DI;Jitall/0 

INT I Extornol nte1-rupt. 

f\El1 34 37 9 110 TTL Dig:talliO 

RB2 35 :Jfl 10 1/0 TTL 01gitCJIIiO 

R831PCiv1 36 39 11 TTl 

1<83 110 D1g1taii/O 

PGfv1 1/0 LO\'J voltage ICSP programming e11able p;n 

RB4 37 41 14 1/0 TTL Q,g,talliO 

1\85 38 42 15 1/0 TTl Diult<oii;O 

RB6iPGC 39 43 16 TTc.!STt21 

RBfi 110 Digitilll/0 

PGC 1/0 In-Circuit Debugger and ICSP progrcornm1ng clock 

1\ill.'f'GD 40 44 i7 nus rt21 

Rl:l7 1/0 Dig1taii/O 

PGD 1/0 ln-Circu;t Debugger ond ICSP pror.]r8mm1ng clnta 
--- ----------

PORTC is a bi-directional 1/0 port. 

f<CO/T10SOtT1CKI 1:1 16 32 ST 

RCO 1/0 Llig1taii/O 

TiOSO 0 T!!llerl osc11iator output. 

T1CKI I T1mer1 extemill clock 111put 

RC1/T10SI/CCP2 16 18 35 ST 

RC1 l/0 Digital I/O. 

T10SI I Timer·! oscil'ator input 

CCP2 110 Capture2 111put, Comp;:;rc2 output PWfv12 outpc.t 

RC2 1CCP1 17 19 36 ST 

RC2 110 Digitoll/0 

CCP1 1/0 Capturc1 1!1put/Compmc1 outputiPWM1 output 

RCJISCK/SCL 18 20 37 ST 

RC3 1/0 Digital I/O 

SCK 1/0 Synchronous senal clock 1npuVoutput for SfJI mGde 

SCL l/0 Syncll1·onous senill clock lllpu\loutput for 12c mode 

I-<C4iSOIISDA 23 25 ·12 ST 

RC4 110 Digital I/O. 

SOl I SPI data in. 

SDA 1/0 12C dCJta lrO 

RC~iiSDO 24 26 43 ST 

RC5 1;0 D1g1tCJII/O 

SDO 0 SPI data out 

PCfi/TX/CK 25 27 44 ST 

"\C6 1/0 DigltcJII/0 

TX 0 US/\RT VSJ'nchronous trarlsrnit 

CK liO LJSART 1 synchronous clock 

RC?,RX/DT 2fJ 29 1 ST 

RC7 1/0 Digital I/O. 

RX USJ\RT asynchronous recerve 

DT 1/0 USART synchronous dAta 
--- ------ ---

Legend I c• 1nput 0- output 1;0 ~ input!output P ~power 

-=Not used rTL = TTL input ST = Schmit! Tngrwr input 

Note 1: Th1s tJuffer IS a Schmitt Tngger 1nput v1hen co~ figured as an external interrupt. 

2: TillS buffer rs i1 Sell mitt Tngger mput when used 1n Senal Programming mode 

3: This buffer :sa Sclirnill T11qper 1n;;ut wl1en configured as qeneral pur[Jose 110 ami cl TTL rnput when cJsed 1r1 the F'ilmilel 
Slave Port n1ocle (for interfac1ng to a microprocessor bus). 

4: This buffer rs a Schm1ll Tr1gge1· :nout when configured 1n RC oscillator mode and 3 CG/;OS 1nrut otherwrse 

Table 3.3- Pin Assignment PTC877A 
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LibFIAHY 
UI'111Vtfl$1TV 01 MflllATUWA. SRi~ 

':~rc_., :?~~~~--- - -

PIC877 A Pin out Description (Continued) 

Pin Name 
- 1 DIPJ PLCC oce f"o" """"' Description 
lP_i"# _Pin# Pin# Type _L _ Type 

--- --

I 19 I 21 

I 

PORTO 1s a b1-d~rect1onal l/0 port or pa1·allel slzwe port 
when lnterf<1Cinq to a m:r:roprocRsso; hus 

3R I ST•l rLI31 

liO I Dlgltlll/0 

1'0 
I 

Para!!el Slave Port dat<J. 

20 72 39 ST.ITLI31 

110 
I I Dig:tili 110 

1:0 ', 
PBra\le\ S\r1ve Port data. 

21 23 40 ST 1TTLi31 

1/0 D1g1talli0 

1:0 PnriJIIel SlavP Pori data 

RD31PSP3 22 24. 41 SFfTLI31 

RD3 1/0 D1q1taii/O 

PSP3 liO Paralic I Slave Port de1t0. 

RD4iPSP4 27 30 2 ST!TTI_131 

RD4 1/0 Dig1talliO 

PSP~ 1/0 Parallel Slave Port clata 

R05/PSP5 2fl 31 3 I ST'TTLI31 

RD~ 1:0 D1g1taii/O 

PSP5 1/0 Pa:f1iic! Slav(: Port data 

RDGIPSP6 29 32 -1 ST;TTLI31 

RDG 1.0 D1gita1110. 

PSP6 L·O Par0llel Slave Port Uatc1 

FW7PSP7 3ll 33 5 ST!l fLI31 

RD7 1!0 i D1g1tal l/0 

PSf0 7 I'O_J_ Parallel Slave Port data. 

PORTE IS a bi-J:rect1ortal 1/0 port 

I f-\EO HD;AN5 8 (j 25 ST •TTLI31 

REO 110 D1g1ta1110. 

RD I Read control for pcmillel siCJve port. 

I AN5 
Analog input 5 

, RE1;VVRIAN6 9 10 26 ST:TTLI31 

RE1 liO 

I 

Dig1taii!O 

VVR I \/"'nh-; control for par8l:r;l slave por1 

AN6 I Analog Input 6 

I RI2R~~AN7 10 

I 
11 27 STtTTLI31 

1!0 

I 

Dlgt\811.'0 

cs Ch1p select COiltrol for parallel slave port. 

f\N7 Anaioo mout 7 
····---- -····-----

vss 12.]1 13.J4 . .. l .. -
Vml Pos1t1ve for nnd l/0 p1ns 

NC Tl1ese ptns are not 111\er"ally cormectecl f11ese p111s 

i --
should be left unconnected 

--- - ----- -----

l.egcnrl· I~ wpc,t 0 =output 1/0 = :nputiou:put P =power 

-=Not used TTL = TTL 111put ST = Schmitt Trigger rnput 

Note 1 :Th1s IJuffet ts a Scl1mllt Tngger rnput when configcll'ed as an exte:-nal1nterrupt. 
2: Tr11s L)\Jff{'r- 1s tJ Scllrnitt Tn~VJt:r input \V~ler used tn Ser1<.:1l ProfFGmmiwJ rnode 
3: Ttl IS !Jllffer d Sc!llllltt Tngger input when configured <JS general purpose 1!0 t:llld (l TTL Input \Nhcn \JSCd lrl u~c Pcirdl!cl 

Sidve Por~ mode (for inlcrfac:no to d rn~croproccssor bus). 
4: Thrs buffer 1s a Scl1m:tt Tnggor 1nout •Nhen conftgurod in RC oscillator mode and" CMOS input othorw1sc 

Tahle 3.4- Pin Assignment PIC877 A 

f" •. , • '' 
v 'i..) -· b 
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3.3.3 Device block diagnun 

f'O~IC 
; 

1
ccc~c-~-,.f-~~\l 

' :~-~ Hl<. i I~>S 

U
i Ul .1!~:~ :~:_,_._,.~:·~DA 

~·~· f,;l;'~·SDO 
' -~<1 

- --2;:] RC 1 ·!\XU1 

~~ 

:>;; ~ 

1
,-:-,-,~ ~~ <; 
I
' ' I :~- :~r>(J' 

I ---- < 

~ li I' ll :, _' ~ H :G i~s;cr 
-.-i~ P:;7'flS>'~ 

F'O'HE 

----,-----.---

1

·, , , I • ',(1 

-·~ 

It 
c ,, 

I_[_[ ~~ HcC'·"' 

-- I I I 

.. 1 , ____ _! II ·-
__ jl ____ - -

II I :-==] ~-- I ~J 
----~~~---~~~-~~~FLASH _______ o~~~~~~~~-----

')IC r-r d7 -L'' !K Gylch 
---------------------

U>< 

Note 1: H,rjl:er 

Fig 3.2- Internal architecture of PIC microcontroller 

Above Figure 3-2 describe the device block diagram of the 16FPIC877 !\ 

3.3.-t Program memory organization 

There arc three memory blocks in each of thcPIC 16F87Xi\ devices. The program 

memory and data memory has separate buses so that concurrent access can he 

occurred. ·rhe program memory can he read internally by user code The 

PIC 16F87XA devices have a 13-bit program counter capable of addressing an 8K 

word x 14 bit program memory space. The PIC16F876A/877A devices have 8K 
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\\ords x 14 hits of Flash program memory, The bclmv fig 

allocations of the PIC 16F877 A. 

Program memory map and stack 

--

1- I 
I I 

PC<I2 C-' 

StcKk l.8Vf:! 1 

I e'JF:I ~1 

L_ _ ~~:r'"' Lev\jl 8 

On~C!:q1 

Prl'Didfll 

\1ernory 

Page 0 

Pt:1~JP 1 

Fig 3.3 -Memory map 

3.3.5 Data Memory Organization 

1: 

Jll 

I h 

IS the memory 
.., .., 
_). _) 

The data memory is partitioned into multiple banks which contains the General 

Purpose Registers and the Special Function Registers. Bits RPI (Status<6>) and RPO 

(Status<5>) are the bank select bits. Each bank extends up to 7Fh (128 bytes). The 

lcmer locations of each bank are reserwd for the Special Function Registers. /\hove 

the Special Function Registers arc General Purpose Registers, implemented as static 

RAM. All implemented hanks contain Special Function Registers. Some frequently 

used Special Function Registers from one bank may be mirrored in another bank for 

code reduction and quicker access. 
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3.3.6 Oscillator 

RP1:RPO 

00 

01 

Bank 

0 

-----10--~-7 2 
11 ... . . j 3 

----------'--------~--------· 

Table 3.5- Bank selection 

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 

PlCl6FR77A can be worked vvith four ditTerent configurations oCan oscillator. Since 

configurations vvith crystal oscillator and resistor-capacitor (RC) are the ones that arc 

used most frequently. Microcontroller type \Vith a crystal oscillator has in its 

designation XT. 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 tvvo configuration bits ( (FOSC 1 and 

FOSCO) to select one of these four methods. 

,- LP Low-Power Crystal 

,- XT Crystal/Resonator 

,- HS High-Speed Crystal/Resonator 

,- RC Resistor/Capacitor 

3.3.6.2 XT Oscillator 

Crystal oscillator is kept in metal housing with two pins where you have written down 

the ti-cqucncy at which crystal oscillates. One ceramic capacitor whose other end 1s 

connected to the ground needs to be connected with each 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 clement arc the ground. while end pins are connected with OSC 1 and OSC2 pins 

on the microcontroller. When designing a device. the rule is to place an oscillator 

nearer a microcontroller. so as to avoid any interCcrence on lines on \vhich 
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microcontrollcr is rcccJvmg a clock. Follmving figures shovvs how to connect both 

LJscillator options using a ceramic resonator is normally less expensive. This project 

-t:'v1llz crystal oscillator has been used because it is the most accuracy one out of the 

nthers. 

o::c· C1 

r} n."<- o 

o::c; r 'j:1 = 

,-,-,nnp,·tl no thP ·11 :ll17 ,-,c;ci ll::itCII. -,-, 'JI\/P 
clc,ck: t) a rnicr·Jcc,ntn)ller 

~ !L~i 1 
(:c,nnecti n'~l a r·e:;'='natcn· ,Jntc• a 

rn1 cr~=~cc,ntr·,=~ller· 

Figure 3.4- Oscillator connection 

3.3.6.3 RC Oscillator 

l·nr timing insensitive applications. the '"RC" device option otTers additional cost 

saYings. The RC oscillator ii"cquency is a function of the supply voltage. the resistor 

(RFXT) and capacitor (CEXT) values. and the operating temperature. In addition to 

this. the oscillator frequency will vary from unit to unit due to normal process 

parameter variation. Furthermore. the diflcrence in lead frame capacitance bctvveen 

package types \Vill also affect the oscillation frequency. especially for low CEXT 

\ alues. The user also needs to take into account variation due to tolerance of external 

Rand C components used. figure 3.5 shO\\'S how the RJC combination is connected to 

the PfC 16F87X. 
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RC Oscillator mode 

VDD 

-~ 

REXT<: 

emf····· __ Jo['.[§>J --'"~;;;:' 
. =[ I _c. If--- PIC16F87X 

vss 
- - I OSC2/CLKOUT I 

Fosc/4L. -------------

Recommended values 3 kn <; REXT <: 100 kQ 

CLXT > 20pF 

Figure 3.5- RC Oscillator 

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

P1Cl6F877A can be taken from the following table 3.6 

Capacitor selection Cor crystal oscillator 

-~~:L;~~i~~ZF~f?~t~fr 
--- --

XT I 200kHz 47-68 pF 

HS 

----

1 MHz 
--

4 MHz 

4 MHz 

8 MHz 

20 MHz 

15 pF 

15 pF 

15-33 pF 

47-68pF 

15 pF 

15 pF 

15 pF 
-

15-33 pF 

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 microcontrollcr is given bclov\ 

} ' 
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+5' .... ___ ---------;,--
~------------ , .. ,, II ('I li 

/.--------- 11 11 1('1 II 1111 Ill Ill 
--- II II I I I 

.-- " "I "' II II I I 
,_.. p 'I I I 

/ ~. ''111'1111 I 
f~~M~~~jfiJ IJ ,Ji! v v Ill II I I II 
:J.r v V IJ I) \) \)1, 1 

L ~ u • 

\,/olta'~1e 

0\/ 

~ lloj Tirr1e 
C P,islal start up time 

:~;19nal c,f an ,:,,::;clllatc,r· clc,ck after· r·ecel \ii n9 the :::; uppl':/ c,f E1 r·n1 cr(,,:,:,ntr·c,ller 

Figure 3.6- Oscillator clock signal 

To pren~nt such inaccurate clock from inf1uencing microcontroller's performance. vve 

need to keep the microcontrollcr in reset state during stabilization of oscillator's clock. 

Diagram above sh(ms a typical shape of a signal which microcontroller gets from the 

quartz oscillator. 

3.3. 7 High speed 10 bit AID converter 

The Analog-to-Digital (A/D) converter module has eight inputs for the PIC l6F877A. 

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 generates a digital 

result of this analog level via successive approximation. The A/D conversion of the 

analog input signal results in a corresponding 10 hit digital number. The A/D module 

has high and low voltage reference input that is software selectable to some 

combination of Yrm V~" and RA2 or RA3. 

\ nc\\ iCature for A/D com·erter is the addition of programmable acquisition time. 

This feature allmvs the user to select a new channel for conversion and to set the 

(J()/])()N F bit immediately. When the GO/DONE bit is set the selected channel is 

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

3.3.7.1 Ports 

Term "port" refers to a group of pins on a microcontrollcr which can be accessed 

simultaneously. or on which we can set the desired combination of zeros and ones. or 

read from them an existing status. Physically, port is a register inside a 

microcontroller vvhich is connected by wires to the pins of a microcontroller. Ports 

represent physical connection of Central Processing Unit with an outside \VorlcL 
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Microcontroller uses them in order to monitor or control other components or devices. 

Due to functionality. some pins have tvvofold roles. Selection ol' one of these two pin 

functions is done in one of the configuration registers. 

Data 

Input 
r-e ~11 ·:::;te r 

Clutput 
r·e~~JI':::;ter· 

</ Data 

.IJ 
Data 

1/0 unit 

Figure 3.7 1/0 Unit 

3.3.7.2 Input Output ports 

E:::;~rnple of ;3 ::;wnplified 
mput-output unit that pro··.11de::; 
cornrnun1callon ··/•lith e ::tern a I 
\1•/orld 

Those locations It has just been added are called "ports". There arc several types oC 

ports input. output or bidirectional ports. When working vvith ports. lirst 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. 

In order to synchronize the operation of I/0 ports with the internal 8-bit organization 

of the microcontrollcr. they are. similar to registers. grouped into five ports denoted by 

!\. 8. C. D and E. All of them have several features in common. When working \Vith 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 ofthe microcontroller. 

3.3.7.3 PORT and TRIS 

For practical reasons. many l/0 pins arc multifunctional. Every port has its ·satellite'. 

i.e. the corresponding TRIS register: TRISA. TRISB. TRISC etc. which determines 

the performance of port bits. but not their contents. 

:r. 
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Figure 3.8-Port and Tris 

d 

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 input 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 "I". then that pin is an input pin. and if the opposite 

is true. it's an output pin. Fvery port has its proper TRIS register. Thus. port A has 

TR IS/\. and port B has TRTSB. Pin direction can be changed during the course of 

\Vork \\hich is particularly fitting for one-line communication where data flow 

constantly changes direction. PORTA and PORTB state registers arc located in bank 

0. \Vhilc TRTSA and TRISB pin direction registers are located in bank 1. 

3.3.8 TIMER TMRl 

Timer TMR 1 module is a 16-bit timer/counter. which means that it consists of two 

registers (TMR I Land TMRlH). It can be counted up 65.535 pulses in a single cycle. 

i .c. bcf'ore the counting starts from zero. These registers can be read or \\Titten to at 

any moment. ln case an overilow occurs. an interrupt is generated if enabled. The 

timer TMR I module may operate in one of two basic modes. that is as a timer or a 

counter. Unlike the TMRO timer. both of these modes have additional functions. 

The TMR 1 timer has following features: 
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r 16-bit timer/counter register pair: 

r Programmable internal or external clock source: 

r 3-bit presealer: 

r Optional LP oscillator: 

r Synchronous or asynchronous operation: 

r Timer TMR 1 gate control (count enable) via comparator or T l G pin: 

r l nterrupt on overflovv: 

r Wake-up on oved1ow (external clock): and 

r Time base fc1r Capture/Compare function. 

3A Phototransistor Opticoupler 

!'he CNY 17 contains a light emitting diode optically coupled to a photo-transistor. It 

is packaged in a 6-pinDIP package and available in wide-lead spacing option and lead 

bands option. Collector-emitter voltage is above 70 V. Response time.( tr), is typically 

5 ~Ls and minimum CTR is 40% at input current of I 0 mA. 

.A.i'·K)[)E ll t----
~......-~- .... ~ . """_,~ 

('-
i 

Figure 3.9-0ptocoupler 

lt is most important to note that there is no direct electrical connection betvveen the 

left 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 prewnt some kinds of electrical damage to the device. 

I lowe\Cr. as with any engineering object it has its limits. The LED part of the 

optocoupler is very much like the LEOs that anybody is familiar \\ith. LEDs are tough 

and not easily damaged. however it is possible to burn them out. If the LED is made to 

pass too much current. it will be burnt out. The external resistor vvill be connected to 

anode to prevent the damage. Also. if lightning strikes the optocouplcr a spark could 
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possibly go across the terminals from left to right and this could cause damage to the 

de\ icc too 

.\bsolute Maximum Ratings: 

Parameter f?y1~1boU Rating 

Peak forward current IRivl I 
-- ---- ---- ----

~~-

Input 
Reverse voltage VR 6 

I Pm~c1: dis~ip-~tic;n-
- - -------

Pn 70 

~'ollector-e111igel' volt<-l_g~--- _ VeTo 70 
--------------- ·---

Emitter-colle~t~OT v()_ltage ___ ~ VECo 6 
--- ·-- ·-----·----

~oJl~~t()_r~~a~e ~vol_t_(lge Vn\0 60 
---·------ - --~---- ------ ------. - ---- -- -

6 Emitter-base voltaoe Yu1o 
Output I Colfecto~ c~m~nt b_ -~ -~-~-~---~-

-

Ic 
I 

50 
--

-- ------···------ ------------ ----------------

Collec;tc~r QO\Verdi:s_si£~lti(}n_ Pc 150 

Total pov,cr dissipati()n ___ Ptot 200 

Isolatic~n vol~agc 1 minut_c2 . VISO 5300 
-

Yiso 7500 

Opcr(lti1~g ~cmpe_rature Topr -55 to t 100 

S tor(lg c _ te111 perature ~~~\tg -55 to t 125 
-

Soldcri1~g Temperature T,o\ 260 

Table 3.7- Optocoup1er Parameters 

Llcctrical Characteristics: 

Input 

Output 

lransf 
( 'harac 

!aristes 

Parameter 

forvvard _voltage 
Peak forward voltage_ 
Reverse current 
Terminal capacLtanc_c 
Collector dark 
current 

Symbol 

VF 
VfM 

R 

Ct 

!CEO 

Conditions 
--- -

Jfc-20mA 
IFM-0.5A 

VR-4V 
V=O.f~l kHZ 

VCI>20V 

Current transfer ratio erR IF c 1 OmA, VCE 
( 'o \lector-emitter 
saturation voltage VCE(sat) Ir~ 1Om;\ Jc- 2.5mA 

Isolation resistance 
Floating capacitance 

--

Cut otT li·equency 

1\eS[JOtl~e tlme_(R ise) 
Rcspon~e tin1_e (F(l_il) 

Riso 

Cf 

T 

Tr 
tf 

DC500V 

v-o, t"-1 MIIZ 
- ------

. Vcc5V, 

_ .\]c~2m_i'\,RL-l OOohm 
Vce~=2VJc~2mA 

RL~JOOohm 
- -- - ~-------· ------- ----- -

40 

l 
L 

Typ 

1.2 

30 

0.1 

1 ott 

0.6 

80 

5 
4 

Table 3.8- Optocoupler Electrical Characteristics 

Unit 
i\ 
v 

mW 
v 
---

v 
v 
v 

mA 
mW 
mW 

Vrms 
Vpk 
oc 
oc: 
oc; 

80 

0.4 

1.0 

20 
20 

v 
v 
ftA 
pF 

ftA 

{~ 0 

v 

ohm 

Pf 

kll;: 

fts 
flS 
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3.5 Precision AC/DC Converter 

Precision AC/DC Converter 

-E,N~ 

R2 
20K 
1% • 

R6 
201< 
1% 

RJ 
10K 
1% 

Figure 3.10 Fast AC/DC Converter 

C2 
10 tJF 

R7 
22.2K 

+ 

c3• 
30 pF 

' Eour 

Feedforward corTJponsation 

can he usecl to make a fast 
full wave rect1fler wiU:out 

a filtv 

Tl /~1/.QM~U 

I his precision rectifier functions l3] somewhat di1Ten:nt. The input signal is applied 

1 hrough R I to the summing node of an inverting operational amplifier. When the 

,1gnal is positive. Dl is fomard biased and develops an output signal across R2. As 

,, ith any inverting amplifier. the gain is R2/R 1. When the signal goes negati\T. D I is 

'1\ln-conducting and there is no output. HO\vever. a negative feedback path is provided 

1,, I )2. The path through D2 reduces the negative output swing to -0.7V. and ptevcnts 

:ilL' amplifier hom saturating. 

Since* the Uv11 01A is used as an inverting amplifier. feed forvvard compensation can 

he used. Feed forward compensation increases the slew rate to 10 V /ms and reduces 

!ilL' gain error at high frequencies. This compensation allows the half vvaw rectifier to 

. >pcrate at higher frequencies than the previous circuits with no loss in accuracy. 

I he addition of a second amplifier comcrts the half wave rectifier to a full \'.a\e 

recti licr. As is shcmn in Figure 3.1 0. the half wave rectifier is connected to inverting 
L L 

.tmplificr A2. A2sums the half waves rectified signal and the input signal to JXO\'ide a 

tull \\ave output. For negative input signals the output of A1 is /.cro and no current 

tlo\\s through R3. Neglecting for the moment C2. the output of A2 is 
Ro 

-R X E/\ 
(, 
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For positive input signals, A2 sums the currents through R3 and R6~ and f' __/(}{ / 

E. E/.\ 
R-1 R~ -- R(, 

If R
1 

is 112 R~>, the output is R_: x E . . Hence. the out]lUt IS - R ~ 
(, 

ahvavs 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 R 7 rolls o!T the frequency response of A2 to give an output equal to the 

a\ cragc value of the input. The filter time constant is R7C2. and must be much greater 

than the maximum period of the input signal. For the values given in Figure 3 .l 0. the 

time constants about 0.22 seconds. This converter has better than l% conversion 

accuracy to above 100 kHz and less than 1 <Yo ripple at 20 Hz. The output is calibrated 

to read the RMS value of a sine wave input. 

As \\ ith any high frequency circuit some care must be taken during construction. 

Leads should be kept short to avoid stray capacitance and povver supplies bypassed 

\\ith ().()] ~tF disc ceramic capacitors. Capacitive loading of the fast rectifier circuits 

must be less than 1 OOpF or decoupling becomes necessary. The diodes should be 

reasonably fast and film type resistors used. Also, the amplifiers must have low bias 

currents. 
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3.6 Calculations of the components 

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

VsiG = 68 VDC Vcc=5 VDC 

CNY17-1 
lc 

Ire 

Figure 3.11 Pull down Resistor 

Supply voltage Vee _ 5V 

Operating temperature -55 to 100 °C 

Typical CTR value selected as 100% at h ,,. I OmA At -20 to t 60 °C 

I rom the graph(sec Optocoupler data sheet in appendix-G) 

CTR undergoes a change in het\veen t 5% to -12% 

Assuming a I Oyear service life period 

allommccs for additional CTR reduction 

allowances for additional CTR safe value 

Therefore CRTmin 

20(% 

-2s<Yt) 

·]()()<Yo x(0.88)x(0.80)x(0.75) 

52.8% 

Referring the PIC Data sheet V 11. for the smith trigger input is 1 V and V 111 is 4VDC 

l\1ax input low \oltage to PIC(V 1u 

Input low current (I 1L) 

lu o 

Therefore it is negligible. It. 

... vii<::: lV 

· 1 ~LA 

0.1 ~LA 

IlL 

"') 
_)L. 



I or Max ndue of R1 

I herefore Max R 1 

I or safety high state at output V111 

Val 

Rr.(r/1 
Ill 

) T ,;u 

II 

w 
1 x 1 6~(, == I f'v!O 

I MO 

Lw 
= 188.60 

5 .3n711 

Rcsi stance 0 r the pull dovvn resistor RL is vary betvveen I MO ( R I (1 8 8.60 

I hcreforc Pull down resistor R1 can be selected as l kO 

3.6.2 Current limiting rcsistor(Chopping resistor) (R,) (91 

I he R1 1 k is selected and 20% safety is computed to the minimum V 11 1 in respect of 

the high state 

VIII VlHx20%~-2.4V 

I his will then permit lC . If and the chopping resistor RV at the input of the 

optocouplcr to be determined. 

'4 I, !1 ) -· = 2.4mA . Where Rr.-1 kO 
R, 

'.4mA _ 2.4 = 4.5 mA 
IF) -(-'Tl? - 6.53 

Where Forward voltage of the lR diode VF 1.2V 

[ )
r·(( --1'1 __ 68-1.2_ 

Zv - -- - --; 
4.Sm•1 4.5 x 10 ' 

R\ )14.8k0 

Therefore Chopping resistor can be selected as 15k0 

[- - Rr. 
Rv 1

---- ·-- -· -- - -
JkO 
15k0 \ 

- - I 

Table 3.9- Resistors of the optocoupler circuit 
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3.6.3 Current limiting resistor (Rb) and Transistor (Tr) 1101 

Vee =5Vdc --
5v,dc 

RL=55 ohm 
II'J<A_,i,...-J

1
---.i 

IE 

I I 

Figure 3.12 · Current limiting resistor at RB 1 

(a) Selection of transistor 

Resistance ofthc relay coil 55 ohm 

\'lax current out from the PIC (IpJc) 25 mA 

Supply voltage Vee - 5V 

I ransistor at saturation lc is max vvhen YcL--0. Rcr '0 

I hercCore Load current Ic at transistor saturation 
v(.( 

Rl 

91mA 

5 

55 

Therefore transistor must have lc(max) )91mA 

5 X/( "loud 
min hn ) - ··(- , ·· ·--( ··

1 
· )) 

A1ax ( urrent I'J< 

. l 5x9lmA mm1n:) --- )18.2 
25m A 

Therefore C1815, NPN transistor was selected as min hu - 70 and lc( max) 150mA 

-:.:,:'· 

(~, .. 

:·. 
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(h) Selection oCcurrent limiting resistor Rn 

r\ x h11 • , , 
R,, = ·~ -· where V sIS supply voltage of the PIC 

) X fr 

For this application supply voltage of the PIC and transistor circuit is same. So that 

V-, V cc and above formula can be re-arranged as 

R8 =0.2xh0 xR 1 

0.2 x 70 x 55 770 ohm 

Therefore Current limiting resistor Rl~ was selected a;; 820 ohm 

(C) Current limiting resistor Rl output port RB2 

SVdc 

'\f\lv ( vd 

ld R1 D:-1 

Figure 3.13 - Current limiting resistor at RB2 

For safe operation Id 15mA and Vd 1.7V 

Output voltage ofthe PIC •· 5V 

l'hcrcl'orc lei 
5- Vd 5-1.7 

Rl Rl 

I .imiting resistor Rl = 220 Ohm 
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Chapter 4 

Software Design of the system 
-t. 1 Introduction 

The ability to communicate is of great importance in any field. However. it is only 

possible if both communication partners knov, the same language. i.e follmv the same 

rules during communication. Using these principles as a starting point. \VC can also 

define communication that occurs between microcontrollcrs and man. Language that 

microcontroller and man use to communicate is called "assembly language". The title 

itsciChas no deeper meaning. and is analogue to names of other languages. ex. English 

or French. More precisely. "assembly language" is just a passing solution. Programs 

\\Titkn in assembly language must be translated into a "language of zeros and ones" in 

order for a microcontrollcr to understand it. "Assembly language" and "assembler" arc 

l\\O different notions. The tirst represents a set of rules used in writing a program for a 

microcontroller. and the other is a program on the personal computer \Vhich translates 

assembly language into a language of zeros and ones. A program that is translated 

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

,------Jt 1 lp,,qr;r, he 
Proqr.OJm .. ::...::m I ~~~~~--·-•t IL_------, 

. \ .. -------

------------

l~lc 
r·.·1.::.rl 

Figure 4.1-Thc process of communication between 

a man and a microcontroller 

Physically. "Program" represents a file on the computer disc (or in the memorv if 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 
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instruction written in assembly language as a series of zeros and ones \Vhich have a 

meaning for the internal logic ofthe microcontrollcr. 

-L2 Method 

Before \\Titing the assembly codes it is convenient to draw a f1ow chart for the whole 

program. The mechanism develop to recover the production \Yaste (SPPDA) of the 

\\em ing machine using embedded microcontroller is developed as per the t1ow chart 

in figure ~.2. Practical testing was done in the factory at Biyagama . 

.t.3 Algorithm 

The algorithm used for developing embedded programming as follO\vs 

r Implement the microcontrollcr based integrated control system 

r The permissible values obtained from practical test and results were entered as 

reference value in microcontrollcr unit. 

r Start the machine at rated condition. 

r Competition arc made between measured values v,ith refCrcncc value. 

r If V :; ~· then oenerate sional to operate the rclav where V .. .. 1 and 
!IICU\III'Crf l't'f b b .., lllCcl~t\!Ll 

V,c~ arc connected toANO and AN 1 respectively. 

r lf time t 2 3 sec & V""'"
111

., (Vrc/ stop the relay function and shut down the 

machine. 

r Prototype model is developed and tested on a machine. The microcontrollcr 

base control system ( SPPDA ) respond to all types of voltage variations 

perfectly specified by and reenergized the relay after the speci tied time delay 

(3second). 
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-t.3. 1 Software development flowchart 

~---

1 
-~--t---------------

1 
(110) 

l
l [ I\ cad the m/c state . -·] 

-------~-

(110) 
---t-

___________ _____,... ---- ---

L Sl;\l\1 J 
=t--~-- -- ----·----~- -- ~------l 

c !lead t~c n1ic state--=:] I 

(110) 

I 

l [ __ 1\cad the rnlc ~ta~_] 

(110) --...--- ····-----~ 

---------~-----.....,.._ _____ ----------
~--------------· 

~\cad the r~arn voltag_~ 

Is tlmrc voltage sag or 
mterruptron Us< 31/v 

PIC 0/P L f.::.nablc tr1c relay 

(f\OJ 

c·· Drsable the relay J 

\YCS) 

Is there voltage 
sag or rntcrruptron 

Usc 31/v 

(yes) 

(110) _j 

Figure 4.2 - Flow chart for softv,·are development 
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..tA Resolution and Time Calculation 

..tA.l Resolution of the Analog signal 

Speed of the crystal used for the PIC =A MHz 

lime period per instruction C-1 ~second 

T\.1acbine controller functions fail voltage -180VAC 

Reference voltage at pin ANO 
-_ 5VDC 

Voltage at the pin AN 1 
5x180 _'"' 9VDC -,----- --- - - _). 

230 

Required bits for the AID conversion 1 0 bits 

Voltage resolution 
5 

(
2

111-_
1 

) :::.: 5 mY/Div 

Therefore resolution of the analogue conversion is 5m V /Div 

..t.4.2 Acquisition time for the Analog module 

vno I Sampling 
f\· VT = 0 6V Sw1lch 

Rs: /\Nx 
(\A : !}<}--

·(VAl . CPIN 

·~- . RIC< 1K: SS. Rs_s_ --- -r· -·V\v· --·~·--w,-· . . . 
CHULO -~ \ VT = o 6V( 

1 
) I LE!,KAGE _I_ = DAC capacitance 

. '1./ · J 5 pF T _ · _ t±-500 n~ __ 1_ v= 120 pF 

± o~~ 

Legend CPIN =input capacitnnce 
VT = threslwld voltage 
I LEAKAC;E: = leakage current at the pin due to 

various JUnctions 
RIC = interconnect resistance 
SS =sampling switch 
CHOLD = sample/hold capacitEmce (from DAC) 

5V-
VDD4V 

3V-
2V 

~~ 6Vl-

- -1-l-\+l-\--1-
567891011 
Sampling Sw1tch 

(kU) 

Figure 4.3 -Analog module for Acquisition time 

As per the abm-c figure 4.3 Acquisition time TACQ Amplifier setting time 

\-Hold capacitor charging time 

+Temperature coefficient 

TACQ-TAMP +TC+TCOFF 
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c 21-Js t TC+ !Temp-25°C 1(0.051-Js/'C) 

TCC 1101 D(R 1 C t Rss t Rs)ln( 1/2047) 

.\s per the Figure 4.3 resistors and capacitor Yalues for the equivalent circuit to 

calculate acquisition time related to analog input ANO and AN I arc respectively as 

l"olkms. The Rs value which is output resistance of the input circuit of the analog 

input ANO is approximately zero because output impedance of the OP amp is 

negligible. When AN 1 is considered two possible values can be considered vvhich arc 

at half preset (3.9V) and at full preset. 

(a) Rs 00. RIC lkO , Rss=7k0 from the graph of fig 4.3 at 5V 

(b) Rs 22k0. RIC 1k0 and Rss 7k0 ((/}5VDC and CHOLD 120pF 

(c) Rs 1 OOH2. R 1 C= 1 kD and Rss 7kn rc~;5VDC and CHOU) l20pF 

\ccording to the aboYe equation calculated TACQ at ANO is I 0.55~ts and offset \·aluc 

of the pre-define general purpose register for the acquisition delay in the waiting loop 

in the program is 254 and likewise TACQ at ANI is 30.6~ts and offset value is 248. 

15ut maximum Rs Yalue could be taken as 1 OOH2 at full preset position. So that 

calculated TACQ at AN 1 is 1 03~ts and related offset value is 231.when the 

assumptions are taking to calculate the Rs some errors can be happened. Therefore 

safe \ alue for the offset can be selected as 23 I to get highest acquisition time. 

-tA.3 Basic operation of the program 

1) ACIDC conv-erter monitor present voltage level in the main supply which is 

supplied to the analog input ANO at pinS of the microeontroller portA and it could 

be varied in between OV to 5V during the voltage variation or interruption. 

2) Reference analog voltage 3.9VDC which is the threshold voltage level of the 

\\oven machine controller is applied to the ANI at pin no3 in port;\ 

~) As usual VJ)J) and V s<., of the microcontrollcr are connected to OVDC and 5VDC 

respectively. 

·~) The machine run state is monitored by the optcouplcr circuit vvhich is connected to 

digital input RC5 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 arc pull 

dm\n externally while turning on all internal pull ups of the unused inputs to moid 

\'oltagc floating 

1') RB 1 and RB2 in portB were used as outputs of the controller , RB 1 is assigned to 

indicator LED and relay \Yhich is informed machine controller to keep the 

machine running once the Yoltage back to normal is driven by the out put RB2 of 

port B. 

()nee the controller is pmvercd digital signal at pin 24(RC5) is checked \vhether the 

machine is running. If the machine is in running condition program continues its 

tl'sting throughout one minute time and turn on LED. Because it needs the stability of 

the machine. If the condition is correct it is being checked the machine state to 

l'onl!rm status of running .If the condition is not fulfilled the program will be 

,:tlmnH:~nced from the initial start. 

()nee the ahO\c conditions are fulfilled program of the microcontrollcr checks the 

\ oltagc of !\NO at the pin2 of port!\ and ensure it is above or below the reference 

\tlltage ofANl at pin 3 (3,9VDC). Ifthc result ofthe competition is positive, ·o· hit 

,1fthe status register is set as "one ""because no borrow bit is required. If not it is set as 

· /ero ... So that output RB 1 at pin 34 is set as digital out 1 or 0 by the program. 

( lnce the digital out put appears at RBI pin numbers. 10.11.12 pins of the machine 

-:ontroller in fig 4.4 which are relevant to the Start. Tip and Stop switches of the 

machine arc connected through the DPDT relay and de-energize after 3 seconds. 

I he meaning of connecting above points resembles starting the machine at the 

beginning. When the machine is started. Start and Tip S\Vitches arc 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 Yolt free contact and 

releases it after 3 seconds because stored energy in the tensioned yarn beams release 

their energy to relax the yarns which are betvvcen beams and machine as explained in 

chapter 2 section 2.3.1. 

.t.5 Schematic circuit diagram 

(a) Control circuit for the microcontroller base SPVDJ\. 

( h )Power circuit for the AC/DC converter and microcontroller 
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In order to provide DC po\ver supply to the micro controller and fast AC to DC 

com ertcr separate 5V and 9V power supply were used. AC step down center tapped 

transformer v-.ith full bridge rectification. smoothing capacitors and high frequency 

filtering capacitors were used for each DC supply. Since the output DC voltage levels 

ha\ c to he constant LM 7805, LM7809 and LM7909 regulators were used in 5V .9V 

and -9V supply circuit respectively as shown the figure 4.5. In addition to the above 

regulators two 9VDC rechargeable batteries were used to supply power to the circuit 

during the voltage interruptions. 

-t.5. 1 Some photographs of the implemented Short Period Voltage Dip Actuator 

Figure 4.6- External appearance of the designed microcontrollcr bases circuit 

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

.<'' 

~ -' \. '"; 

·,:. 
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-t5.2 Machine controller circuit diagram 

Figure 4.8-Weaving loom main control unit circuit diagram 
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ChapterS 

Statistical analysis of data 

5.1 Category of waste 

Data i\s described in the chapterl there are tvvo categories or waste which arc 

controllable and uncontrollable waste. Since the solid waste contributing major 

portion of vvaste generated in the process. it is very important to analyze the 

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

or the weaving department can be shown as below. 

Solid waste analysis in year 2008 in kg 

2008 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Controllable 

Yarn waste 533 578 430 281 554 407 818 638 652 767 521 620 

Oual1ty 847 709 863 514 882 789 1325 1045 1292 1100 938 950 
Improvement 

Beam Gating 121 88 70 60 41 80 86 110 115 89 95 88 

Alteration 332 231 245 115 332 188 385 275 441 348 318 352 

Ware House 291 169 218 55 211 301 288 254 189 193 222 198 

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 year 2008 
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Percentage waste of different categories in year 2008 

Waste analysis-2008 

M a1ntenance 

14% 

Voltage D1ps & 

Interruptions 

12% 

Bad f~aw M atonal 

1% 

Ware f1ouse 
flYo 

M lnillUik 

7% 

Alterat1on 

9%. 

Yarn waste 

18% 

8 eam Gat t mg 
3(% 

29°/!J 

Figure 5.1 --Waste Analysis 

5.2 Monitoring of results 

Voltage Dips Analysis Report 

=~~iJ~Ti~'~f M=r¥~~~,~~~r t>35oc 
15.08.2009 ---------
17.08.2009 

- -----
19.08.2009 
20 .. 08.2009 
21.08.2009 
22.08.2009 
24.08.2009 

---· -- ---

24.08.2009 
27.08.2009 
27.08.2009 
29.08.2009 
29.08.2009 

3.05 am 

10.05 am 

4.15 am 

8.31 am 
12 noon I X 

~iJ.O_pm 
7_4Qpm __ \_ ____ x _ 
145am 

9.10 am 

300~ 20()9 - DiiP"'l- X 

ci~.·-~~~}_~~---.. --.
1

ti6-:~- ---- x 
--·· -··· ----- ----- --

-· ~.9~2Q09 ___ 1Ql3 pm -----~ 
Q_6 _()9~0_g_ - __ 3 00~ -- __ __)<_____ ·-
07 09.2009 8.05 am 

X 

X 

X 
---+- ----

X 
X 
X 

X 

X 

X 

X 
X 
X 

X 
X 
X 

r-i~ii_~lil~\=-~ ~F x __ x 

X 
X 
X 

Table 5.2-Power failure analysis report 

X 

X 
X 

X 

X 

X 
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I he model unit in figure 4.6 microcontroller base Short Period Voltage Dip Actuator 

\\as installed to the weaving machine and monitored and recorded the results during 

1 he period from 1 i 11 Aug 2009 to 11 111 Sept 2009. The results \Verc tabulated as per the 

abo\"e table 5.2. 

ReiCrcnce to the table 5.2 approximately out of 30 voltage failures 16 can he managed 

10 run the loom within a period of one month. It is approximately 50(Yo of total waste 

due to voltage t~1ilures. Therefore referring the table 5.2 and figure 5.1 percentage of 

'' astc due to voltage dip is approximately 6% of the overall waste. Therefore 

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

5.3 Analysis of time waste 

I here arc t\\O kinds of machines, these arc 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 

(I agging). In average time taking for the vvholc process per single tape would he 

:"second. 

(a) Single decklOO machines 

I agging time 

I agging time for l 00 looms 

\\erage voltage failures per month 

I herefore total loss time 

(b) Double deck 20 machines 

I agging time 

Tagging time foe 20 looms 

.\\crage \Oltagc failures per month 

l'herefore total loss time 

t<3sec 

t<3sec 

5 sec/tape 

l OOx l Ox5 sec 

20 nos 

20x 1 OOx 1 Ox5 sec 

27 hrs/month 

5 sec/tape 

20x20x5 sec 

20 nos 

20x20x20x5 sec 

11 hrs/month 
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l here fore total loss time per year due to voltage dips less than 3 sec is approximately 

-1-56 hours .This is equivalent toRs 1.9 million per month due to total capacity of 0.4 

million meters per day production. So that annual time loss is approximately 

cquinlent toRs 23.2 million. 

SA Analysis of production waste 

According to the table I 

()\uall mixed production waste in all categories 

Ov'Crall mixed production waste due to v·oltage failures 

()\crall waste percentage due to voltage f~1ilures 

After installing SPPDA vvaste percentage 

Therefore equivalent \\aste due to voltage dips approximately 

This is equivalent approximately 

per year 

So that overall estimated annual saving after installing SPPDA 

5.5 Budgetary Requirement 

38185kg 

. 4465kg 

- 12(Y<) 

.. 60;() 

2232 kg/year 

- Rs2.4 million 

=Rs 25.6million 

One of the objectives on this project is to design an economical device to minimize 

production waste due to voltage failures less than 3sec. The estimated cost for the 

\\hole project is as follows 

Cost for the components 

Cost for the printed board 

Cost of assembly 

Total cost per unit 

Estimated cost for 120 units 

· Rs3000 

Rs 800 

Rs 500 

•cc Rs 3300 

-c Rs 516.000 

Total Estimated 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 \vcaving 

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 Fluke 

Ins \\as 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 \ oltage interruptions were recorded under the short period interruptions as shown 

in Figure 6.1. 

l c-l 
--- '--'--- --~- -- -----

--- +--

\I~ 
Time<3scc 

-- -----~- ---- -+- -- ---~----- --- -·- ---·----~----

~-~--~~~ ······ ......... J 
!
- ----~-

1 Timc<3sec I 
'4i:.'C· 1-!lGD H'llf '4', 1 ~ ·, 1 ~o 141P 

Figure 6.1-Motor Current Variation for momentary interruptions 
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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 speed may 

reco\-cr 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 3scc the motor would be 

taken out from the machine and consequence restarting must be done. As shown in the 

Fig. 6.1 during and after the interruption current rises to 2.5 to 3.7 times its normal 

\ alue during the time Jess than 3 seconds. Under this scenario the current docs not 

reach higher values for long enough time to trigger any of the motor's protection 

systems !6J. Fig 6.1 shO\vs that machine opct"ation \\as not effected by the momentary 

or \·oltage dips \>..ithin time 3 second. 

6.2 Conclusion 

In this thesis it has been proposed a nc\v 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. It has been used 

micro controller and other related components to perform this task. 

This de\ice can be applied to any application that needs to 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 \vas built up vvith very few pre-made components in 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 em ironment. Therefore 

the probability of the system working correctly. being the product of all its parts 

probabilities ofviorking properly. 

The ne\\ device was built considering all the possible power pollution causes that 

could be effected to proper operation of the device and mitigation actions \Vere taken 

during the design stage and \vhile testing. 
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!'he developed micro controlled base controlled can be set to operate at different time 

spans. The controller timing was set at 3 seconds maximum for the weaving looms. 

According to the results collected during one month period approximately 50% of 

\oltage problems can be categorized as short period interruptions or voltage dips. 

Therefore production waste due to this reason could be recovered by doing small 

modification at lmv cost. 

:\ccording to the Fig 5 .l in cheaper 5 waste due to the voltage problems was 12°/(l. 

The results were based on average waste figures taken during a period of one year. 

After installing this new controllcL It could be reduced approximately up to 6%. It is 

equivalent 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 A 

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 \Vill be reduced. 
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ASSEMBLY CODES OF THE PROGRAM 

----------------------------------------------------

Program 

Microcontrollcr 

Crystal Frequency 

Author 

Short Period Voltage Dip Actuator 

PIC 16F877 A 

4 MHz 

H.K.L Gamini 
------------------------------------------------------

··This part of the program includes defining registers .. 

Appendix- A 

porta equ Ox05 ;Register definition using "equ" direetiYe 

porth equ 

porte equ 

trisa equ 

trisb equ 

trisc equ 

option reg equ 

adconO equ 

adconl cqu 

dh count lsb equ 

t 1 con equ 

time count 1 min equ 

pir1 equ 

time count 3s equ 

\ oltagc equ 

mires msb equ 

U\ setting equ 

status equ 

flag register equ 

tmrll equ 

tmrlh equ 

Ox06 

Ox07 

Ox85 

Ox86 

Ox87 

Ox81 

Oxlf 

Ox9f 

Ox40 

OxlO 

Ox26 

OxOc 

Ox27 

Ox28 

Oxle 

Ox23 

Ox03 

Ox20 

OxOe 

Ox Of 

.\ ~ ' ' ':' 
.r •. ;-
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··1 his part of program includes defining variables .. 

\!dine mc_runing_ tlag flag rcgister,2 

I define uv flag ilag register.] 

.. This part of the program includes macros·' 

bankO 

bank! 

start adc 

nil adc 

start 

one mm delay 

INCLUDE "pl6f877a.inc" 

LIST 

macro 

bcf 

bcf 

endm 

macro 

bsf 

bcf 

cndm 

macro 

bsf 

endm 

macro 

bcf 

endm 

org 

call 

bcf 

bcf 

clrf 

call 

btfss 

go to 

call 

call 

btfss 

go to 

btfss 

go to 

~Selection of bankO 

statusj 

status.6 

:Sdcction of bank 1 

status.5 

status.6 

: Start AID convention 

adcon0.2 

: Stop AID Module 

adconO.O 

OxOOO :assign the starting address oC a program 

sys init 

portb.2 

t I con.O 

time count 1 min 

me state 

me runmg tlag 

start 

timerl on 

me state 

mcrunmg .. flag 

start 

pirl.O 

one mm delay 
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after 1 111111 

Yolt loop 

relay on 

thr sec delay 

rumno volt b 

what 1~1ilure 

bcf 

incf 

btfss 

go to 

bcf 

bsf 

call 

btfss 

go to 

call 

btfss 

go to 

bcf 

bsf 

call 

movlv-

1110\'Y\'f 

btfss 

go to 

bel' 

incf 

btfss 

go to 

btfss 

go to 

bcf 

bcf 

go to 

call 

btfss 

go to 

go to 

call 

btfss 

pirLO 

time count 1 min, 1 

time count lmin,6 

one 111111 delay 

t 1con,O 

portb,2 

me state 

me runmg Jlag 

start 

read voltage 

uv nag 

runino volt b_ 

uvtlag 

portb, 1 

timer] on 

OxOO 

time count 3s 

pirLO 

thr sec delay 

pirl J) 

time count 3s.l 

time count 3s,2 

thr sec delay 

time count 3sJ 
·--- ---

thr sec _delay 

tlcon,O 

portb, 1 

after 1 mm 

me state 

mc_rumng tlag 

what failure 

volt loop 

read voltage: check the type of failure 

uvJ1ag 
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go to 

go to 

read voltage clrf 

movlw 

movwf 

call 

movfw 

movwf 

start 

relay_ on 

voltage 

b'O l 000001' : clock :channel O:module on 

adconO 

read adc 

adres msb 

voltaue b 

··1 his part includes selection of clock and AD ON·· 

read U\' setting movlw b'Ol001001' :clock (FOSC/8) :chLmodulc on 

check volt 

me state 

read adc 

adc loop 

movwf 

call 

clrf 

movt\v 

movv-;f 

bcf 

movfw 

subwf 

btfsc 

return 

bsf 

return 

clrwdt 

bcf 

btfsc 

bsf 

return 

call 

start adc 

btfsc 

go to 

ofT adc 

return 

adconO 

read adc 

uv setting 

adres msb 

uv setting :save the uv setting 

uv flag 

uv setting 

voltage,O 

status.O :Is there a uv 

:no 

uv flag :yes 

:Reset \Vatch dog timer 

me runing !lag 

portc.S 

me runmg flao 
- ~ b 

wait : For acquisition delay 

:Start A/0 conversion 

adcon0.2 :Is end of conversion 

adc loop 

:Off A/D Module 

57 



··This part includes acquisition delay .. 

\\ait 

\\ait loop 

timer! on 

movh\ 

1110\'\Vf 

clrwdt 

inc fsz 

go to 

return 

clrf 

clrf 

mo,·lw 

movwf 

return 

OxE7 :acquisition delay 

diY count Ish 

dly count lsb 

wait loop 

tmrlh 

tmrll 

b'00110101' 

t leon 

·· This part includes configuration of portb as inputs and outputs .. 

S\S init hank! 

movlw 

movv;f 

b'lllllOOI' :configer portb(input/output) 

trisb 

.. This part includes configuration of porta as AID port .. 

movlw b'OOll 0000' :configer porta( AID port)/ AID 

result format 

movvvf adcon1 

.. This part includes configuration ofportc as digital input·· 

movlw b'lll 11111' :configure porte inputs 

mov\vf trisc 

movlw 

movwf 

bankO 

clrf 

bcf 

hsf 

hcf 

call 

return 

END 

b'Ol010100' :portb pull-up enable 

option reg 

adres msb 

adcon0.7 

adcon0.6 

porth.l 

:initialy clear A/D result register 

:A/d conversion clock select 

:A/d conversion clock select 

:initialy OFF the relay 

read uv setting :Read under voltage setting 
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Appendix- B 

Transistor Datashcct: 

TOSHIBA 25(1815 

TOSHIBA TRANSISTOR SILICON NPN EPITAXIAL TYPE (PCT PROCESS) 

7~("1R1t; -- ..... ~·'-~"· ..... 
AUDIO FREQUENCY GENERAL PURPOSE AMPLIFIER APPLICATIONS 

DRIVI:R STAG!: AMPLIFIER APPLICATIONS. 

High Voltage and High Current 
Vo;o 50V (Min.), Ic 150m A (Max.) 

Excello2nt hFE Linearity 

hF~~(:l) -lOll iTyp.l at VeE- 6V. Ic lGOmA 
hFE Oc c.O.lmA) I h~'E IIC ~ 2mA)~0.9ii !Typ.:' 

Low 1\oisc : NF-, !dB (Typ.) at f 'lkllz 

Complementary to 281\1015 (0, Y, GR cla") 

MAXIMUM RATINGS (Ta = 25'C) 

CHAHI\Cn:RlSTIC SYMBOL HATING I t.::\11' 

~n F 

J----:-
50 v 

CrlllecLor-R<l.::..:c \/!Jltage l 1 Vcuo "'-' --
Co11edor Emitter Voltage Vcr~O 

.s v 
lSO mi\ 

-t·-----------

~m~i~tt_cr_-_B_a~se_' _ ~V~ol~agc ----------+--_ - _~ __ \~· E~:--B~<~)-t-----
Colleetor Current ----··-----~--- !.C __ 
Hnsc Current 

Collector Power Thssipation 
- -- -- ------ --------

__ ~-'::_l_lc~~?~: J~~~rat~-~~--
Storage '1\~mpcr:-tture R3nge 

ln 

~c.: 
-1 .:ll.. 

- T,t .. 

50 m!\ 

400 mW 

125 ·c 
----·~-

-GG-12:J ·c 

ELECTRICAL CHARACTERISTICS (Ta = 25 'C) 

CIIAEACTERJSTIC 

Collector Cul ofT Current 

f--Emitter Cut-off Current 

DC Current Gain 

Cul1ertor-Ernittcr Saturation 

Voltage 

SYMBOL 

Tc_B_O 

lEBO 

hFt:(l) 
!Note) 

TEST CONDrJ'!0:-1 

VcB~60V,TEcO 

VF,g-c5V, lccc() 

VeE c6V, Ic·c2mA 

_ hF_E_(2_) j_V CE' 6V, _l_c::c !50mA 

VCE(saL) I lc 100mA. In lOmA 

Base Emitter _Saturation Voltage j Vl_l-"-:.Leat)j_ lc_;:c~OIJrnA,_I_B_-::'lO_rnA 
v'_<:;j<:' _lOV,lt;;_'_' LmA 

Unit in mm 

,_ 

[:ijl ~~~ '" 

JEDEC 

EIAJ 

TOSHJTIA 

fil 
~t 

*"' 

1·:\IITTJ-:1\ 
COI.l.EC'f'Oil 
BAS~ 

T0-92 

sc 43 

2 5F1B 

Weig-hl : 0.21g 

Ml:\. I TYP. llvlAX.I UNIT 

0.1 ,ui\ 

[I l .uA 

70~-1 700 

25 100 

*" 0 
- t 

v 

RO 
~- Tram;ition 

Collector Ouput Caparit:-mce _C_ob Vcn ~ l(J\i,_If:_:::~J, f~_01llz 2.0 
1---

v 
Mllz 

pF 
- --

rbb' Bast· lnLrinsir Resistance 
VcE=lUV, lE=-lml\ 

f 30:V!Hz --+---------+-------+-- --+---
-----~~-- VcE~GV, Ic~O.lmA 

r~ 1kHz, Icc~ 1okn Noise Figure NF 1 .o I 10 dB 

Note : h_FE Classificatton 0 70-140 Y : 120-240 GR : 200-400 BL : 350-700 

• 

1997-04-10 1/3 
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Silicon Rectifier Diode Datasheet 

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

FEATURES 

Appendix- C 

1N4001 THRU 1N4007 

l DIN cost constructron 

"t QIN forward voltage drop 

-~Low reverse leakage 

~-~ --~· 

H1Qt'1 forward surge current capabilrty 

H1~1h temperature solderrng gu<:Hantced 

260 /10 seconds 0 37tl'(9 ~ rnm) lead length 

at:_:; lbs(2 3kg) tensron 

MECHANICAL DATA 
Case rransfer ~ .. 1olcled Piastre 

· Lpoxy UL94V-O rate flame retardant 

I· f 0rm1nals Solderable Per MIL-S 1 LJ-707. Method ?08 

Po!arrty Color band denotes cathode end 

Mountrng posrtron· Any 

VVe1ght 0 017 ounu~ 0 33 gram (approXJ 

c 
I 

D 
B 

MAXIMUM RATINGS AND ELECTRICAL CHARATERISTICS 
• r~atmg <1! 25 arnbrent temperature unless othervJtse specrf1ed 
• S1nglc phase halfw;wc 60H:?, rcs1~li'/C or mducllvc load 

'F o~ Cilpaca_llve loaa derate curr_e~t by 29_% 

- - - - - ] Sy~bol 
Charactenst1c 

f~epet1t1ve f~eveJ-sc Voltage 
VVorkmg f1e3k Reverse Voltage 
UC Block1ng Voltdge 

I 

--1 

l1 f;4001_1N~~02t1~4003~ ~400411 

f~Gvcrse Voltage 

F~ectJfJeJ forward Current 
Per Leg T,,,125 

Non+~epet1t1ve Peak Surge Current 
J at rate load cond1t1ons haiGnare, 

_ phase,, GOH1) 

ml Instantaneous F-cr,:.rard Voltage 
(If- :::o1 0 Amp T c:: 25 . ) 

lnstant3neous Reverse Cum:flt 
( r.;;ated DC Voltage, T, _ _:_ 25 ·· ') 

(Rated DC Voltage. Tc ""100 ") 

Junct1on Capacitance 
Voltage of 4 volts & f=-1 fv·1Hz) 

1

Typ1cal l hern1al Resistance 

!:JP~rat:n9-;-nd-Sto~ge Jundio-~---
Ternperature Range 

V, I 
lr 

I 

~--~ 
RA,A ' 

~'"r 

so 1oo ~oo I 4oo + +-
35 iD_j_ 140 l_:'~o 

1 0 

30 

11 

oo 
hD 

10 

o,o 

65 to +-175 

D0-41 

MIU_IMF I f:RS 
DIM 

MIN I MAX 

A 
I 

7 00 j- :) /0 

I 8 
I 25 to 

I 
c ·1 20 ~ 20 

0 L 0 /0 0 90 ! 

Unit 

GOO 800 1000 v 

+-
420 560 /00 

_L 
v 

A 

A 

v 

uA 

pf 
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1 N4001 thru 1 N4007 

IIG I FORWARD ~URRENT OEflMING CURVE 

::--~~~: 
I , i 

- '.. _ _l_-

UF 

~ ICJ 3 1 YPICAL f~t:Vt:.HSE CHAHAC rt::f-.{IS TICS 

:n·_,;:- ~t\·EI~s::: 

fiG (i fll.AK f O~~V'JN..;D SURGf: ClJRf~[Nl 

·-r- ·-

r. r,H1t - 1 r,;\ -s :.T ,~, 

! 

I 

I 

I I 
II 

FIG-2 TYPICAL 1-0RVV/\RD CH1\RACI EcRISI fiCS 

,, 
06 

J'. p.;< 

f-IG-4 l YPICAL JUNC liON Cf"'f'ACil ANC[~ 
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Appendix- D 

PCB Relay Datashcet: 

om Ron 
-----~---------~----~---·---------

PCB Relay 
Miniature Relay for Signal Circuits 

• Wide switching power of 10 ,,A to 2 A 
• Hrgh dielectric strengtl1 cort-co11tacts: 1 000 VAC; 

open contacts: 750 VAC 
• Conforms to FCC Pnrt GS requ1rements 
• Ag r Au clad brlurcated crossbar contacts and 

fully sealed lor high contact rcliabrltty. 

• New 150-mW relays wrtl1 htgi1-S811Sitivtty. 

~oHS Compliant j R01.o>r to pctges 16 to 11 fm dr181L; 

G5V-2 

'i\1~ FCC 

Ordering Information 
--- - --- ---- ---- ----

~-~~~---~~··-·· I ~ontact form Contact type Contact material crJt;lu::;u,t.: ro••··~F' 

UPU r B1flnca:ncl crossbar Ag ~ AtJ-AIIoy 

add tl1e ratclJ co1lvoltag\; to tile rnodcl numi:H;r 
l.?_V[2(: 

Model Number Legend 

G5V _I_ .i_-1 VDC 

2 3 
1. Contact Form 

2: DPDT 

Specifications 
--- -

• Coil Ratings 
Standard Models 

Rated co1l voltan~ 

2. Classification 

\11. \liyh-SCflSI11Vil)' 

3. Rated Coil Voltage 
3 5, G, 9. 12, 24, 48 VDC 

Rated voltage 

Rated current 

~-VDC __ ~2~_DC ____ j 6 :'_~c; ____ 0 :1 0_~- ~~~ VDC _ 24 VlJC l48\i~-
1667r'1A 100mt-\ '833rnA 556mA 417mA 208mA i2mA 

----+--- Th __ ~-·--~J162~1---tl288il_ 1152 ___ 140()_9~ 
Coil resistance 

coiii_n_d ~~hncC -TA~~tu~~-~~F 

~~)~-- v_~ -~~~-0~-
Must operate voltage 

Must release voltage 

~~x. v_o~age 

Power consumption 

18 u u 
!Qi6 03i 0 il 198 723 

j_ll_i2 -ro.19 .049 - 1o74- -263_ - _1000 

rnax of ra:ec voltage 

r'1rn o' r·a.ted vultago 

120 " r1f rateclvol:age ;-1! 23 C 
-- --- -

A·,:~prox ::,oo r1lfV 

Note: 1. 1 he rate(~ r:Lirrent :tnc! coil r(:srs~e~ncc; ;:,rc) rn033urell at a carl temperntLHC of ?2. C wrth :~ ·o:l:rcmcc o' '± 1 0'\ 

2. 0fWt<r:mg d1dractnrrs'rcs are t;Jcasurc:d at a co•l tempera:ure nf 23 ·c 
3. Th8 m<lximllrl volt.a(/J rs :f1e hrr;he::;; voi:C"",Qe thc1: em be tmpo~;ecl on I he rcl<1y 

111:'\ 
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G5V-2 omRon=================== G5V-2 

Hig~--~~~itivity Modc~-T---_---, ------~ r.-:--:-~~ 
~:c-d_::_~~g~-
Rnted current 

Coil resistance 

cQ;I~nduCtance ~-~~ureo~_ 
(H) (ref. value) Armature OFF 
---- -~-

Must operate voltage 

Must release voltage 
----- ---- --

Max. voltage 

Power consumption x 1:JU·n'N 

Note: 1. ThG r;1t0c r-rJrri':nt .<H1ri coil res1s·;mc<: me mtldsurecJ c1t ;t c:oil :P.mpcrcdi_HP. of ?3 C 'hrth :1 toleranc"'l or +1 0' 

2. OpP.rcJt:ng chcnactcns·rr;s :110 rwCJ:::rm:rJ at i1 coil WMpt:ra:rne of 23 C 

3. Trw M<'~xrrr~urn ~..ot·e~-;e rs tlw hr<~hest \Jol·,~c 1.hn· r:<'ln be rmpos{;u 0n rd<:ly roll 

• Contact Ratings 
Item 

Load 

Rated load 

Contact material 

Rated carry current 
--- ---- -----

Max. swrtchmg voltage 

Max. switch1ng current 

Max. s~~~hin~ pm~er 

Failure rate (reference value) 
(See note.) 

Standard models 

Hesl.-,ti'•C 1om· (r:os~1 1 I 

O'Jr'\:,~:12::.1/AC 2Aa;JUVlJC 

ArJ + i\tJ-c:IOJrJ 

?A 
--- ----

12'1 1/M~; 12~1 VDC 

2 i\ 

S Vf1. GO VV 

01 n1A ,y 11J rlVlJC 

Note: P lrevd = 0 1 x 10--fi:nr,c~<l:lon 

I 

1' 

Hrgh sensitivity models 

n.: 1?::. VAC 1 A ,11 ?4 VDC 

SVA 24'vV 

This vClhJe was JnP.8sur0c .1: a :';\\II 

mily v.Jry riP.pflnti;WJ on :tw S',\it;rhlnQ 

(;rallnQ conc~1l1on~ 

np0rCJ:1n~] ()nv1ronrvm: AI·,\CJ'y'S r!nul;lt~-rht~r;k rolay .'.llltCihtll:y un<'nr clt":tiJill or; 

• Characteristics 
Item 

Contact resistance (See note 1.) 

Operate time 

Release time 

Max. operating frequency 

Insulation resistance (See note 2.) 
-- ---- - ---- --

Oielectnc strength 

Impulse withstand voltago 
---- -

Vibration resistance 

Shock msistance 

Endurance 

Ambient tcmperatum 

Ambient humtdity 

Weight 

Note: Tl+c itb(JVC' vCJiues em~ •nt!tdl vdiLH~" 

Standard models H1gh sensitivity models 
-·--- ----- - -----

mil mrtx 

1 r'lln i)P.:vm<=:n coil 

·or 1 rnm !.Je:v1G0n r-;on-

mm be:\•1eer1 r.ontlL~t~ 

100GJ 

11..111}_} -

Note: 1. 1 tu' con:ac. re~:;1stancc wa·:; mc.-,sutr'c-1 ·,vtlh 10 rnA 3· 1 VDC w1th :1. voltaqc crop m0:hod 

11•(1 

2. 1 hr: msulalton ms1stc1ncc "i~ls mr:asutccl w1 1h <1 ~100-VDC mec;ohrnmc:or appiiH' to the c,arne ~1cw.o:; <1s those used for chccktnq 

he cltelectnc s·.n;n~~lrt 
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G5V-2 omROn G5V-2 

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

Contact form Coil ratings 

Ol'o-1 3 \c) 48 VDC 

Engineering Data 

Maximum Switching Power 
GSV-2 

:to 

GSV-2-H1 

i 

~(l 

-Eo 
~~ () 

UJ 

Sw1tr:hrng volta~w (Vl 

S\vrtclrin~J voitn~Je (V) 

Endurance 
GSV-2 

~ 
0 

I 
0 

X 

0 
c 
' 0 -, 
D 
c 
u 

G5V-2-H1 

~ 

i 
0 

X 

~ 
u 
c 

" ~} 

trnl ~ 

~ lJ 

" "' 

1L'o J•\[ 

t lodtl 
( 

S>Vtkhrnq r:urrcnt v'-l 

Sw1khln\J ctJrrcnt (A) 

Ambient Temperature vs. 
Maximum Coil Voltage 
G5V-2 

0 

"' 0 

0 
> 

AmhrPril tcrnpRr<lltrn~ ( ) 

re:\~r;, ·o tw 
ranq<" of 

Note: 1 t·e mc~xrmLr'1 r:orl 
lllClXI·InLnl V'·lflH' tr: Cl 

opr:ra'.rng po,Ner voitage 
voltc19'; 

a contrrrr,ovo 

G5V-2-H1 

A.rntJient tcmpP.rillllre ( ) 

Note: rre rrwx1murn co11 voltage refer;, '.o :h<:J 
mr±Xi-rrll,m valr.r: rn i':l rallrJ0- of 

pO'NOr volla·;Je a cor.l1nti0\•S 

jlr",' 
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Appendix- E 

Contactor Relay Threshold voltages: 

3RH11 

Rated control supply voltages {the 10th and 11th position of the order number mu;t b;-;hanged) 

V AC V AC Option V DC Option 
:,Qj60 Hz1 ! 60Hz 

24 BO 12 A4 

42 DO 24 84 

48 HO 42 D4 

110 FO 48 W4 

220 N2 60 E4 

230 PO 110 F4 

400 vo 125 G4 
220 M4 
230 P4 

100 110 G5 
:200 220 N6 
400 440 R6 

V AC V AC 
SO Hz 60Hz 

110 120 K6 
220 240 P6 
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Appendix- F 

Operational Amplifier Datashect 

tfJNational Semiconductor 
December 1994 

LM101A/LM201A/LM301A Operational Amplifiers 
General Description 

LM 101 A series are general purpose operatronal amplifr
ms whrcl1 feature rmproved performance over industry stan
cards like the LM709. Advanced processing technrques 
make possible an order of magnitude reduction in input cur
rents. and a redesrgn of the bras1119 c~rcurtry reduces the 
temperature dnft of input current. Improved specifrcations 

mclude 

• Offset voltage 3 mV maxrmum over 
tt;mperature (LM 101 A/LM201 A) 

• Input curwnt 100 nA maxrmum over 
temperature (l_M101 A; Uv1?01 A) 

• Offset current 20 nA maxrmum over 
temperature (LM101 A/LM201A) 

• Ciuaranteod drrft charactenstics 

• Offsets guaranteed over entire cornrnon mode and sup-

ply voltage ranges 

• Siccw rate of 1 OV I fJ s as a summrng amplrfrer 

Thrs amplif1er offers many features wh1ch make 1ts applrca
lron nearly foolproof overload protection on t11e rnput and 
output_ no latch-up when the common mode range rs ex-

Connection Diagrams (Top view) 

BALANCE/ 
COMPENSATION 

INPUT 

INPUT 

v 

Dual-In-Line Package 

COMPENSATION 

v• 
OUTPUT 

BALANCE 

TL 

Order Number LM101AJ, LM101J/883', 
LM201AN or LM301AN 

See NS Package Number JOSA or NOSA 

NC 

BALAIKE 

INPUT 

Ceramic Flatpack Package 

NC 

COMP 

V+ 

INPUT OUTPUT ~ 6 
V- BALANCE 

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

cceded, and freedom from oscillations and cornpensat1on 
wrth a srngle 30 pF capacitor. It has advantages over rntcr
nally compensated ampliirers in that the frequency compen
sation can be tailored to the particular application. For ex
ample, rn low frequency crrcurts 1t can be overcompensated 
for increased stabilrty rnargrn. Or the compensation can be 
optrmized to grve more than a factor of ten rmprovemunt rn 
hrgh frequency performance for most applrcations. 

In ar:dit1on. the dcv1ce prov1dcs better accuracv and lower 
norse rn hrgh impedance crrcu1try The low rnput currents 
also make rt part1cularly well su1ted for lonq mterval rntegra
tors or timers. sample and 11old clfcurts anci low frequency 
waveform generators Further. replacing crrcurts whorl! 
matched transrstor parrs buffer the inputs of conventronal IC 
op amps. rt can give lower offset voltage and a drrft at a 

lower cost 

The LM101A rs guaranteed over a temperature range of 
55oc to + 12s·c. the LM201 A from 25'C to ~- ss· C, 

ancl the l_M301 A from O'C to , 70°C 

INPUTS 

Metal Can Package 

COMPENSATION 

v-

Note: -1 :::>c<:hA 

OUTPUT 

y! i< 

Order Number LM101AH, 
LM101AH/883'. LM201AH or LM301AH 

See NS Package Number H08C 

IIALANCE/ 
COMPENSATION l 

INPUT 4 

INPUT !t 

v- 6 

Dual-In-Line Package 

" 
1J 

11 COWENSATION 

11 \1
1 

10 OUTPUT 

9 IIAUNCE 

Order Number LM101AJ-14/883' 
See NS Package Number J14A 

r s: ..... 
0 ..... 
)> 
........ 
r s: 
1\) 
0 ..... 
)> 
........ 
r s: 
w 
0 ..... 
)> 

0 
"C 

CD 

'"' t.) -0 
:::J 
t.) 

)> 

3 
"C -CD 

'"' C/) 

66 



Absolute Maximum Ratings 
If Military 1 Aerospace specified devices are required, please contact the National Semiconductor Sales Office/ 

Distributors for availability and specifications. 
LM101A/LM201A LM301A 

Supply Voltage _- 22V t 18V 

Di'ferE'nltal Input Voltage · 30V · 30V 

Input Voltage (Note 1) 15V ' 15V 

Output Silcrt Circuit Duratton (Note :0) Continuous Continuous 

Oporat1ng Ambi<ent Temp. Range c5C to 125C(l.M101Ai octo · 70'C 

25 C to • 85 C (Uv12011\) 

TJ Max 
H-Package 150'C 100'C 

N-Package 150'C 100'C 

J-Package 150'C 100'C 

Pow•?r Disstpatton at T A 25'·c 

H-Packagc (Still Air! 500 rnW 300 rnW 

(400 lT/M1n Air Flow) 1200 mW 700 rnW 

N-Packagc 900 mW 500 mvV 

J-Package 1000 mW 650mW 

Thermal Reststance (Typtcall 01,, 
H-Package (Still A1r) 165'C/W 165C/W 

(400 LF/rv1in Air Flow) 6TC/W 67-C/W 

~~ Package 135''C/W 135·C;W 

J·Pnckagr" 110'C/W 110'CmW 

(lyptcal) t!;c 
H-Package 25'C/W 25 C/W 

Storage Tempurature Range 65'C to 150'C 65~'c to 150'C 

Lead Temperature (Soldenng. 10 sec.) 
Metal Can or Cerarn1c 300'C 3oo·c 
f)laSliC 260"C 260 c 

F:SD folerance (Note 5) 2000V 2000V 

Electrical Characteristics (~lote 31 T11 TJ 

Parameter Conditions 
LM101A/LM201A LM301A 

Units 

Min Typ Max Min Typ Max 

input Offset Voltage Tt~ 25'C. Rs _50 k!l 0.7 2.0 2.0 7 5 rnV 

Input Offset Current T,\ 25'C 1.5 10 30 50 nA 
.,~ t--- -------

Input B1as Current T A - 25'C 30 75 70 250 nA 
----- --------~~-

-~~- f---- '-~-- --~ ~-----

Input f1csistance TA 25'C 1.5 4.0 05 2.0 Mn 

Supply Current T A - 2S·'C lvs '20V 1.8 3.0 rnA 

lvs :c15V 1.8 3.0 mA 
--------
Large S1gnal Voltage Gatn TA 25'C. Vs '15V 50 160 25 160 V/mV 

Vour :-c 10V, RL ·,. 2 kl' 

lnpllt Offse' Voltage Rs .. 50 kU 3.0 10 rnV 

Average Temperatura Coefficient ns 50 ki! 3.0 15 6.0 30 ,u\/l"C 
of Input Offset Voltage 

input Oftsct Current 20 70 nA 

/\vt".~l-age T cmpErature Coefficient 25'C T;\ TM,\X 0.01 0.1 0 01 0.3 n!\/·C 

of Input Offset Current T ~.11N - T 1\ '-- 25''C 0.02 0.2 0.02 0.6 nAN,~ 
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,--------------- ------~-

Electrical Characteristics (Note' 2) T ~' TJ (Cont~r1ued) 

Parameter Conditions 
LM101A/LM201A_l__ L~-

~ Typ I Max I Mi~ Typ 
Units 

Max 

Input 813s Current 
0.1 o 3 I ,uA 
-

Supply Curre:1t T~ TfJ,\X· Vs 20V 1.2 I 2 5 

Large Stgnal Vol:age Gatn Vs ' 15V. VouT I 10V 
2-o 15 

Rl. ?k --
Output Voltage Swing Vs : 15V Rt 10 k>l 12 ' 14 . 12 _t 14 

RL-2kl! i_1Q 13 10 . 13 
--

Input Voitagc Fiangc i-15 Vs · '20V 

Vs- • 15V -- 15, 13 12 15. 13 

Common-Modo Re1ectton Ratto IRs _ 50 k!! 80 I 96 

Supply Voltage Rejection Ratio IRs 50 kf• 80 I 96 

Note 1: r-:,J~ ~u;..,·plv volic1:;:us 'L'% 15V li';JUI l'i \~·,;tnllCl 

Note 2: Conhnli'JLJS Cli"CLII\ 1:0 OliiO\',ec_j to C acT,bl8'':t ""'"'"'-'''"" 

ux;o1A 
Note 3: Jth>:?·"NI~t' S;Ji:oC.:IfiE'd "hPS0 app;y fot r~ 1 30 _;;::.,v ~') c 
i3 IC I LM2!J-, 1-\]. _.:: JV V c._ 3!1d ~, (:_M3C1t\l 

to F~7:T.=-:.'JLil,X U.,11C•1A f·H:::.l ~~C1X ~<'v1101 Note 4· 

Note 5: bod·y mn·:'E1 l C'O cF thfC•UW'' S '\!: 

Guaranteed Performance Characteristics two1MLM201A 

10 

Input Voltage Range Output Swing 
zo,--~~-~-,--~~ 

~ 
~ 

! 12 

" 1---lr--+-+-l--t>""7' 

"' 
§ 

~ 10 

~ 
~ 

I 
oL-~-~-~~-~-~ 

1111 1S ID (j ID 15 ll 

SUPPL V VOL TAiiE (:!:V) SUPPlY VOlTAGE liV) 

Guaranteed Performance Characteristics L.M3oL\ 

Input Voltage Range 
20 

" 
12 

' 
4 

• L_L_L_L_L_L_~~~~ 

10 15 

SUPPLY VOLTAGE (±VI 

Output Swing 

"P:-,. Jl u \ t-
' c:;iP"fSJ,....J-::~ 

10 11 

SUPPLV VOLTAGE {•VI 

70 90 

70 96 

Uvi1U" A 

1.2'::> C. (l_~/HIL'\) 

Volla!le Gain 
'"~----.-~-r--.-, 

-\--
Ml I I I I I I 

"I I I :b1 I I 
"~~-+-
,.~ -iSQC <- T .. < 125°C 

"n r-1=rr 1 
10 ~~ "' SUPPLY VOLTAGE (±V) 

II 

Voltage Gain 

'ooflT 
~ttl -+-·++-++= 
18 

12 l_L_--~ 

16 

10 " 
SUPPLV VOLTAGE C~V) 

111A 

VlmV 

v 

v 

v 

v 

dR 

clfl 

2C-' 
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Appendix- G 

Optocouplcr CNY17-l Datashect: 

Global Supplier of Optoelectronic Solutions CNY17 ·1 
All Product Lead Free, RoHs Compliant UL#E244:343 

Schematic: 

l t·· --r~ 
I -~ I I I J 
i "V [j J 
•--- -·---J 

For dimensions and pin-outs. see the last 
pnge of this document. 

0 rde.rin a.:_ 

Suffrx to Stand ad Part Number 

V = VDE Complrant 

G = 10mm Lead Spread 

S =Surface Mount Lead-form 

T =Tape & Reel 

,Absolute Maximum Ratings: 
f--\-'lrdrnetAr 

f-leclk tot"\'Jdrd currerlt 

F-.<eVRffiC VO~tFl!:]C 

Input 
F-)ower dissipalr011 

Collector-ernrtter volti:lSJC 

Ernrttcr-collector voltnge 

Coltr:ctor-base vottanc 

Lnlrt!er-b<JsA volta~e 
Out1 )I.Jt 

Coll~ox.:tor currt~nt 

Collector povver dr~--.._c.;;~patron 

Tctal power drsgpatron 

lsoi<Jbon volta~w 1 rnrnutc 

O~Jl:ratrtlCJ tt-'fnurr;-'ltlrre 

Storage h'1nperohn-~ 

Solderrnu -1 ernperatur c 10 SUC:OtHJS 

Electrical Characteristics: 

Fcli-arvJo~ SVllbul 

Fotc',ad \(Jitc-ue .,\ 

P,o_._')L, br'N(.-'lfd ',okogc \Fr/r 

Input 
Rcvr::'<oF: currert H 

Terrnrr~~ C~)X~f111CP Ct 

Qj-prc I CJ:cctrJ dct<k c.La~mt UD 

CU1e!'l llcl'"'Gfff :Cl!io C'l' 

Cui!L~ctor "e:-rlrtrer s8tLro:nn \{""JlS<-i!) 

T•allt~ I lc;dcJtron rcsrst:-n:e ::<rsc' 

f!oa: r,d capC!c'1.-'ltlu: Cl 

Features: 

1. Current transter ratro 

(CTR 4G-80% at IF=1QnA VCB=51/) 

2. High isolation voltage between input and output 
(Visa = s:rJOVnns. 7500Vpk). 

Superior OPTO Part Number: 

OPT06ll 

Syrnbol RatrnrJ Utllt 

IFr,r 1 A 
Vp G \j 

Pu 70 lllW 

V,:::n~ 70 \j 

VE\_D 15 v 
V,=ao GO v 
VF8CJ f3 v 
1·. 50 m/\ 

Pc 15U niV\J 

Ptot ;>00 rnW 

Vrso 5:300 Vrrns 

Vr·6o 7500 Vpk 

T(JJr -:-~~J to + 1 OU c 
T stc -SG to +125 ·c 
l sol 2C50 'c 

0-r:drt.orE 1\1 ~' TW ~/AX I Un,t 

IF=2CmA 1 2 1.! 

Fi-/1=051\ 35 \j 

\/>::;:"'-"~\/ 10 .~ 

V=O, f:::1ki-V <0 pF 

VCC:::20V ~ 1 rA 

1:-:::-- on-,A \f..~~; 41_1 80 ,., 
F="-iOr'1A., lc-2 SrT~A 0 1 0 "~ 

:X500V 5x10 10 I \ ctn 

V'c. [o1 k'>i? 00 '0 Pf 

Dl -·\0i"',d-w" 80 He 

l -~ I I >C 

te,,str~""l Dt-df:ru:::;~JCrlcy I I ·~-~ ~-· ·~ .,,L ·~~~···" 

Rc~spoose trn~c Rsc'r tr I Vce=2\f,ls=2rr/-.RL-:: 10C,Jl-nl 20 

f,;;01Df1SA l:rn•' if--:::~!!1 -

·''.·f II,IC ~rrrq:l CJ C'ptcrrt-'' 
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Global Supplier of Optoelectronic Solutions CNY17·1 
ALL Product Lead free, RoHs Compliant uL#E244343 

Fig. 1 Current Transfer Ratio 
Vs. Forward Current 

~J' 

5 L 

Forward current IF(m A) 

Fig2 Collector Power Dissipation 
vs. Ambient Temperature 

~: J 

25 ;s 

5, 

Ambient Temperature Ta( 0 C) 

Fig.4 Forward Current vs 
Ambient Temperature 

IJ 

-3J 25 J.! :s 

Ambient temperature Ta(oC) 

Fig 3 Collector Dark Current vs. 
Ambient Temperature 

,,. 
~ ~~' 

!J'' 

125 ·25 = 2: 50 

Ambient Temperature Ta("C) 

Fig.S Forward Current vs. 
Forward Voltage 

lJJ 

12~ : : :. 4 ~-:: .:. " :. ) : : 

Forward Voltage VF(V) 

)r:'J(-;'·11 ;'CIU-1 OfllO jj·J:=:. 1/,', .. /\''/.0CioirH.>COrl ~t' 8fJhor·e: 9/'2 BB6-:J~;lh f·ov .. 9/') :3c36 OC~'t\ cn~o·l: :.o!csc: or:.;tc>-
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Global Supplier of Optoelectronic Solutions CNY17·1 
All Product Lead Free, RoHs Compliant UL#E244343 

Fig 6 Collector Cu!Tent vs. 

Collector-emitter Voltaqe 

____ ,_...'.:-....------- __ , 

Collector-emitter Voltage Vee (\!) 

Fig.8 Collector-Bmitter Saturalon 
Vo~age vs. Ambient Temperature 
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Frg 10 Response 11rre vs. Load 
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Load Resistance RL(Kohrn) 

Fig 7 Relative Cu!Tent Transfer Ratio 
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Fig.9 Collector-Bmtter Saturabon 
Voltage vs. Forvrard Current 

Forward Cunent F-(mA) 

Fig.11 R~>sponse 11me vs Load 
Resistance 
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