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ABSTRACT


The main objective  of  this  project  is  to  maintain  &  control  temperature uniformly   of  the  two  zones  in  vacuum brazing  furnace  and  braze  similar or dissimilar   components  using  certain chemicals, for  the  given  specifications of a job

         Brazing alloys used for brazing the components of gas turbines and aerospace applications contain nickel as the base material. Nickel has highest affinity for oxygen. Incase if components are brazed using nickel as based filter material in air or atmosphere the braze joint will porous and braze strength is not achievable.

        To avoid the presence of oxygen while brazing, either inert gas furnace or vacuum furnace can be used. Vacuum furnace is superior to inert gas controlled by furnace as only one ppm of oxygen can be present and hence it is possible to get good braze and strength. Apart from this the surface finishing of the processed components is an additional advantage.

        In the furnace while processing, it has three phases.

1. Creation of vacuum.

2. Heat treatment

3. Cooling

        In the first phase vacuum is created using mechanical pumps. The range of created in the furnace is less than 10 power of -5 mbar and is sensed using cold cathode gauge.

          In the second phase the control variable is temperature. The maximum temperature achievable from this furnace is 1350degree C. In this phase it includes 2 cycles-brazing cycle and post brazing cycle. In the first cycle brazing for process takes place with the temperature developed. In the second cycle uniformity of temperature in component takes place. Molybdenum heating elements are used in this furnace. Thermocouples are used as sensing elements 

 In the third phase either gas cooling or water cooling system can be used. In the early 1960’sIndustrial control system is constructed from electro mechanical devices such as relays and switches. But it requires large amount of energy to operate, susceptible to mechanical failures and electrical noise. Later PLC’S and Microprocessor were introduced.
            A PID (PROPORTIONAL PLUS INTEGRAL PLUS DERIVATIVE) controller is used to control vacuum and temperature and the desired values are accomplished using PLC (PROGRAMMABLE LOGIC CONTROLLER) using ladder diagram programming. The program is fed into the programmer-UP25 (UNIVERSAL PROGRAMMER) controller. The follower-UT35 (UNIVERSAL TRANSMITTER) controller follows the program written in the programmer. The advantages of using PLC are

A) Easy installation
B) Easy operation

c) Easy for trouble shooting

d) Accurate values of outputs are obtained
INTRODUCTION TO BHEL

        BHEL is the largest engineering and manufacturing enterprise in India in energy related infrastructure sector today. BHEL was established more than 40 years ago.  BHEL caters to core sectors of Indian economy via., power generation and transmission, industry, transportation, telecommunication renewable energy, defense, etc. The wide network of BHEL are 14 manufacturing divisions ,4 power sector regional centers, over 150 project sites, service centers and is regional offices enable the company to promptly serve its customers and provide them its suitable products, systems and service-efficiently and at competitive prices. BHEL was already attaining ISO 9000certification for quality management and ISO14001certification for environment management. . It has been earning profits continuously since 1971-72 and achieved a sales turnover of rupees 6347crores with a pre tax profit of rs294 crores in 2000 to 2001

POWER GENERATION:

            Power generation sector comprises thermal, gas hydro and nuclear power plant business. As of 31-03-2001 BHEL, supplied sets amount for nearly 64,737MW or 65% of the total installed capacity of99, 146MW in the country.

           BHEL has proven turnkey capabilities for executing power projects. From concept to commissioning. it possesses the technology and capability to produce thermal sets with super critical parameters up to 1000MW unit rating and GAS turbine generator sets of 240MW unit rating. Co-generation and combined cycles plants have been introduced to achieve higher plant efficiencies. To make efficient use of the high-ash-content coal available in India, BHEL supplies circulating fluidized bed combustion boilers to both thermal and combined –cycle power plant.

           The company manufactures 235MW nuclear turbine-generator sets, and has commenced production of 500MW nuclear turbine generator sites.

          Custom-made hydro sets of Francis, Pelton and Kaplan types for different head discharge combinations are also engineered and manufactured by BHEL.

MANUFACTURING PRODUCTS OF BHEL

1.TURBINES

          A) Steam Turbines 

         B) Gas turbines

2. TURBINE GENERATORS

         A) Steam turbine generators

         B) Gas turbine generators

         C) Air cooled generators

3. COMPRESSORS

4. SWITCH GEAR EQUIPMENT

5 PUMPS

6. OIL FIELD EQUIPMENT

7. PULVERISING MILLS

8. HEAT EXCHANGERS

9. STORAGE VESSELS.

10. CIRCUIT BREAKERS (HV)

11. SYNCHRONOUS CONDENSERS
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BRIEF DESCRIPTION:

Vacuum brazing furnace is meant for brazing similar or dissimilar metals in clean conditions. As a result oxidation is avoided and good braze strength along with fine surface is obtained. Hence further surface cleaning is not required. The furnace is designed to achieve a maximum temperature of 1350deg C and vacuum level of 5*10power -6 in cold condition. The furnace chamber size is 1.2mts and length of 1.5mts; working area is 800sqmts.the dish of furnace can be moved down for loading job in to the furnace.

Type



: vertical double walled water –cooled furnace

Max job size


: 800-1000mm

Max operating temperatures
: 1350deg C

Max temperature uniformity
: +5deg C.

Temperature programmer

: P.L.C

Working vacuum 


:< 10pwer -3mbar

Power Supply


: 440 V (A.C)

BLOCK DIAGRAM includes following subsystems

1. Power supply unit

2. Universal programmer-25

3. Universal transmitter-35

4. Signal Conditioning Circuit

    a) Vacuum pumping systems

    B) Temperature sensor.

    c) Vacuum sensor

    D) Feedback amplifier

    E) Micro Recorder

5. Vacuum furnace

The UP-25 IS the programmer where PLC logic is implemented and all the setting parameters can be entered and its result is used by UT-35 signal conditioning circuit. Hence UP-25 plays major role in processing the inputs such as temperature and vacuum set points, segment time and controller parameters (Kp, ki, kd).The feed back signal of the furnace temperature and vacuum is fed back to the programmer for comparison with inputs. Even the transmitter settings are set by the programmer. The transmitter function is to control and maintain temperature and vacuum of two zones with uniformity. The out of this is given to micro recorder for recording. Micro recorder records the output on a graph that defines the timing for heating, soaking and rapid cooling.
        
The thyristor controller is the signal conditioning circuit controls the temperature of heating element by silicon control rectifier (SCR).Pumping system controls level of vacuum by Roots pump, rotary pumps diffusion pumps and chevron baffles. Amplifier amplifies the signal up to maximum required level for further processing.
.
Description of each component
UNIVERSAL PROGRAMMER 25


The universal programmer 25 is the programmer is the programmer where setting parameters can be entered. This is the main block of a system. The temperature set point values, vacuum set point values, segment time and PID values like Kp, Ki, Kd are all given to universal programmer and these programmer is stored as input parameters the output of the universal programmer is given to the universal transmitter and signal conditioning unit. The feedback signal of the furnace temperature and vacuum is fed back to the universal programmer for comparing those values with the input parameters. 

The further development of temperature indicating controller is program controller. The program controller is a new microprocessor based controller in which four patterns (upto30 segments/ pattern) or 8 pattern ( upto 60 segments/ pattern) can be set pattern change during program operation or control with a fixed set point is also possible. 
Four pattern and 8 pattern program controllers include three types. Single output program controllers, heating/cooling program controllers and cryogenic program controllers.
The controller can cope with diversified applications since it has several control actions available including time proportional PID control (relay or voltage pulse outputs)
Continuous output PID control 4-20 mA or 1-5 V DC position proportional PID control(relay outputs) and also has communications functions available both digital and analog. The front panel of the UP25 is given below. In that, we have seen that so many numbers of displays and controls which can be described below.
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PVE is a PV event lamp. It is a function of lights when PV event (9 and 10) is generated. 

TME is a time event lamp. It is function of lights when PV event (1 to 4) is generated

MAN is a manual mode indicating lamp. It is a function of lights in MAN mode

PRG is program operation mode indicating lamp, it is a function of lights during the program operation (goes OFF in fixed set point control (local) mode and RST (reset)mode)

HLD is a program hold indicating lamp. It is a function of lights when the program is in HOLD status.

RST is a reset mode indicating lamp. It is function of lights in reset mode. It is program operation stop and automatic control stop status. MAN control is also not available.

Output monitor is down direction lit when the output value decreases (only for the position proportional PID or three position control) and Up Direction Lit when it increases

Program monitor is program segment in operation is an ascending ramp is used for soaking condition and is descending ramp

AT is auto tuning execution indicating lamp. It flashes during auto tuning.

PV display displays the measured value of the desired output value. 

Set point and parameter display is the target set point to be reached, output value, segment No., segment remaining time, number of remaining repeat times and various parameters.

CONTROL KEYS

1) SET 

2) PARA

3) RVS

4) NUMERICAL KEYS

5) A/M

6) ARROW KEY

7) MODE

8) DISP

9) ENT

SET is a set key that is used to scrolls through setting display panels for operation parameters and set parameters

PARA is a parameter key is used to scroll through setting display panels for basic parameters, pattern set parameters and engineering parameters

RVS is a reverse key, is used for data numeric values that can be reduced or using another key simultaneously can reverse the direction of sequential scrolling of panels

NUMERICAL KEYS used for various numeric data setting when setting numeric values of 4 digits, the upper 2digit values are controlled with this key(either advance or reversal is available). The key changes the value 1 digit each time by 1 if pressed and released, but if held down, it increases its speed and also having the same key for the lower two digit values.

A/M is auto/manual key. It is used for transfer between automatic and manual operation.

ARROW KEY is the key that enables a setting panel for any parameter group to move to the setting panel for the first parameter of the adjacent parameter group(shift to RVS direction is also available using reverse key together). For two or more target set points( SP )(4/8 settings),if this key is pressed during the operation display set parameters including target parameters are displayed in turn. For transferring target set points, subsequently press right side arrow key

MODE key is used for selecting the following modes.

STOP/RUN and LOCAL/REM are for initiation of auto tuning function.

DISP key is used for following purposes which can be given below, 

Transfer to operation display to escape from mode selection and parameter setting display to operation displays

ENT is an entry key used for following purposes which are given below

1) Data entry when setting various functions

2) Execution of mode selection

3) Execution of auto tuning

In this vacuum furnace UP25 acts as MASTER PROGRAMMABLE CONTROLLER.


As per the terminal wiring description 90-250 V, 50-60Hz power supply given to the terminal points.

POWER SUPPLY                       90-250 V                              50-60 Hz 

INPUT thermocouple                  S type                                     mV




       (Pt-Pt/10% Rd)                      1-5 V DC









         (OR)









Current 4-20 mA
OUTPUT  TO                                                                    
1-5 V DC

UNIVERSAL TRANSMITTER 35

This UT 35 is named as universal transmitter which can transmit the same parameter of the programmer and follows those setting parameters. This is also an another programmable controller, which serves as a follower to the UP25 programmable controller.

These two controllers are used to maintain the temperature uniformly in the furnace at the two zones called bottom zone and top zone. The program given in the UP25 will act as master controller and UT 35 will act as FOLLOWER. It receives the program from UP25, through remote transfer facility.

Actually in the furnace we have two zones which can be called it as upper zone or top zone and lower zone. These two zones specifies two different brazing systems with the two different input setting parameters of temperatures. The follower is universal transmitter 35, which follows the programmer and is to maintain another zone of a vacuum brazing sustem for the purpose of multiple brazing at a time.

 As per the terminal wiring diagram as shown in figure250 Volts AC 50/60 HZ power supply is given to the terminals.


POWER SUPPLY                           90-250 V                              50-60 Hz 

             INPUT thermocouple                      S type                                     mV




                         (Pt-Pt/10% Rd)                         1-5 V DC









          (OR)









    Current 4-20 mA

            
OUTPUT TO                                                                            
1-5 V DC

After giving the power supply connections to UT 35 set the PID values and all other setting parameters can be automatically set by the programmer and that can be feeded into the UP35.

Effect of operation conditions

Power supply:

Effect of 10% variation in rated power supply voltage


Digital display
 +/- (0.1% of RDG + 1 digit)


Recording 
 +/- 0.1% of span.

Effect of 2 Hz variation in rated frequency


Digital display
:+/-( 0.1% of RDG + 1 digit)


Recording 
:+/- 0.1% of span.

Ambient temperature:
Effect of 10 Deg C variation in ambient temperature


Digital display
: +/- (0.1% of RDG + 1 digit)


Recording 
: +/- 0.3% of span.

Within the ambient temperature variation range 5 to 40 deg C, the reference junction compensation error changes as follows

Thermocouples:     R,S,B or W   : +/- 1 deg C


                        K,E,J,T or N : +/- 0.5 deg C

External/magnetic field:

Effect of AC or DC AT/m


Digital display  : +/-( 0.1% of RDG + 10 digit)


Recording         : +/- 0.5% of span.

Input signal source resistance:


Effect of signal source resistance 1K ohm

1. DC V range

20,200 mV and 2 V range:    +/- 10*10 power of -6 V

6,20,20 and 50 volt ranges, -.1% or less change in span 

2. Thermocouple +/- 10*10 power of -6 V

3. RTD 

Effect of 10 variation per wire



Digital display: +/-( 0.1% of RDG + 1 digit)



Recording : +/- 0.1% of span.

External noise:

For external noise of power supply(50 or 60+/-hz as shown in normal                                                                         





operating conditions above)

Normal mode noise rejection ratio 120db or better

Common mode noise rejection ratio 120db or better

Operating position:

Effect of the recorder operating position(0-30deg backward inclination)

                           Digital display: +/-( 0.1% of RDG + 1 digit)



        Recording      : +/- 0.1% of span.

Vibration:

Effect when rectilinear motion of frequency 10-60hz and acceleration 0.02G Is applied to the instrument in direction of three axes

                            Digital display: +/-( 0.1% of RDG + 1 digit)



        Recording       : +/- 0.1% of span.

Calibration:

Calibration instrument required

With the recorder calibration, the following calibration instruments with necessary accuracies are required

Calibrated procedure:

1. Connect calibration instrument to the input terminals

2. Check that the ambient temp and humidity are with in the normal operating conditions.

3. Apply input corresponding to 0,250 and 100 %points on entered setting range and calculate errors from reading on recording chart.

SIGNAL CONDITIOTING CIRCUIT

a)VACUUM BRAZING FURNACE:

This is meant for brazing the similar or dissimilar metals in clean condition. Due to vacuum, oxidation under the atmospheric contamination is avoided. The brazed component therefore doesn’t require any further surface cleaning. The furnace is designed to achieve 1350deg C and vacuum level of 5*10 -6 in cold condition.

       The furnace chamber size is 1.2m diameter and length 1.5 meters. Working area is 800mm diameter and 1.5 mts height. The dish can be moved down for loading the job into the furnace.

The dish travel is 2.1mts.

Furnace specification:

Type




: vertical double valved water-cooled furnace.

Maximum job size



: 800 to100 mm

Maximum operating temperature

: 1350 deg C

Maximum temperature uniformity
: +/-5deg C

Temperature programmer


: micro processed based digital programmer.

Working vacuum 



:< 10 to power-5 mbar

Furnace can be utilized for vacuum heat treatment purposes also. Vacuum brazing furnace mainly works with the following subsystems.

1. Vacuum subsystems

2. Heating subsystems.

3. Cooling subsystem.

4.  Water subsystem.

b)TEMPERATURE SENSOR

Temperature is probably the most widely measured, frequently controlled variable in numerous industrial processes. This because quiet often processing manufacturing of the desired product is possible only when temperatures are accurately measured and maintained further. It forms important governing parameter in thermodynamics, heat transfer and a number of many operations


Numbers of definitions for temperature have been proposed. In a layman’s language, this could be defined as degree hotness or coldness of a body or environment measured on a definite scale.  Another simplified definition is based on its equivalent to driving force or potential that causes the flow energy as heat. Thus we can define temperature as condition of a body by virtue of which heat is transferred or formed into other bodies.


Temperature sensor is used to measure the temperatures of the required or measurable zones. The measuring temp is get back to the signal conditioning unit which can be used as to maintain the desired temp levels. Most commonly the temperatures can be measured by using thermocouples and RTDs etc. Here we use thermocouple for the measuring of temp in large scale.

THERRMOCOUPLES


Thermocouples are perhaps the most commonly used electrical devices for temp measurement. This thermocouples work on the phenomenon of see beck effect.

Principle: 

When two dissimilar metals are connected together with different temps to form as two junctions, In each lead, the concentration of valance electrons is proportional to temperature, and at the point of contact, the electrons diffuse through the boundary layer between the two leads, resulting in one lead becoming +ve and other becoming –ve thus the EMF generated is proportional to the temp difference in a predictable manner. This phenomenon is known as seeback effect.

The below block diagram shows two dissimilar metals are connected together which can form as cold junction and hot junction when temp difference is there, then voltage can be observed in a volt meter. The output voltage is directly proportional to temp difference.

Thermocouple diagram

[image: image7.emf] 
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The EMF of many thermocouples follows the quadratic relationship which can be given below.

e=a (∆θ) +b (∆θ)2


e= emf generated



∆θ= change in temperature



a, b = these are constants determined by measuring the value of c at three standard reference temperatures

Expected graphs:


 



These thermocouples consists of two wires of suitable materials which are joined together at one end by twisting together and then joined the tips by welding. The wires selected should have the following characteristics.

1) The thermocouples must physically withstand the temps for they are selected, rapid changes in temp and effect of corrosive atmosphere.

2) Their composition shouldn’t change at that temp range.

3) There are different types of thermocouples used as temperature sensors

(a) Iron constantan type

J. range up to 760oC

Composition of constant Cu

: 56-57%



Nickel Ni

: 43-44%


Constantan has bright appearance and non magnetic.

(b) Chromel alumel

K. Up to 1260oC

Composition chromel-
Ni=89%

Chromium


Cr=9.8%





Fe=1%





Co=.2%

(c) Non magnetic allumel

K. up to 1260oC

Composition 


Ni=94.5%

  


Al= 2%

    


S= 1%

   


Mn=2.5%
(d) Copper constantan

T.type

Range -180deg C- 370 deg C

(e) Chromel copper

E. type

Range 0-870 Deg C

(f) Platinum-Rhodium-platinum

Range 0-1480 deg C with 

10% rhodium Type S and

With 13% rhodium type R

Now a days we have a number of temperature sensors like thermometers and thermistors. Thermocouples must have following advantages over that of temperature sensors.

a) Wide range of measurement

b) Thermocouples are cheaper than thermometers

c) Sensitivity is very high

d) Thermocouples follow the temperature changes with a small time lag and as such are suitable for recording comparatively rapid changes in temperature

Resistance thermometer


RTD is being most widely used in recent years because of its recognized accuracy and simplicity for industrial operations. A further advantage is that resistance temp measurement allows very small increments of temperature to be detected. Such temperature changes as small as .03deg F. that can be measured in industrial processing with great difficulty in the laboratory, the resistance thermometer is standard for precise temperature measurement. The access of the RTD is due primarily to calendar who, in 1986 rescued this method of temperature measurement from difficulties with contamination of resistance element.  A platinum resistance thermometer is used to define the international temperature scale between -310 degF to -190deg C and 32 deg F (0oC) and 1220 deg F 660 deg C 

R=Ro(1+a1t+a2t2+…………+antn)…………………………(1)
Where



R= resistance


Ro= resistance at 0oC


t= temperature oC

a1,a2…..an=constants

For general purposes, an average coefficient of resistance in the fore going equations is given in most tables where all powers higher than first power are assumed to be zero there by a linear relationship of resistance and temperature is assumed over a small temperature range. This method is not sufficiently accurate for use in resistance thermometer but it is not having wide range of applications. For this reason we have to go to thermocouples. 

c)VACUUM SENSOR
Vacuum is a pressure which is below the atmospheric pressure i.e.760 mm of mercury column. Vacuum is a lowest pressure which can be accurately nor measurable. The science of low pressure measurement is rather a specialized field which requires considerable care on the part of the experimentalist. The wide range of pressures to be measured under the general heading of vacuum measurement makes the problem an extremely extensive one. This range extends from the normal atmospheric pressure of 760 mm of mercury column down to 10 to power-8 of mercury column. For this measurement of vacuum, also we have a number of sensors that can be given below.

A) Pirani gauge
B) Knudsen gauge

C) McLeod gauge

D) Thermocouple gauges

Over here we are using the pirani gauge type of vacuum measurement. The operation of pirani gauge depends on variation of thermal conductivity of a gas with pressure. For pressures down to about 1mm of Hg, the thermal conductivity is independent of pressure, but below this, an approximately linear relationship exists between pressure and the thermal conductivity. At very low pressures, the amount of heat conducted becomes very small and this method can’t be used. 


The thermal conductivity of a gas is measured by detecting the amount of heat lost from an electricity heated wire placed in the gas. Heat is conducted from wire by conduction through the gas and greater the thermal conductivity of the gas, the lower will be the temperature of the heater wire. Now since electrical resistance varies with temperature, the resistance of a heater wire is a measure of pressure. A Wheatstone bridge is used to measure the resistance of the heater wire. Alternatively the milli ammeter carrying a current on account of unbalance in the bridge may be calibrated to read the pressure directly.


 Some heat is lost from heater by radiation, conduction and along leads, but these effects do not depend on pressure or on the present gas. The compression for this effect may be carried out by introducing a similar pirani element in an opposite arm of bridge. This second element is enclosed in a sealed container evacuated to a very low pressure.


Pirani gauge is useful for pressures ranging from 10 -1 to 10 -3 mm of mercury column. Pirani gauges are rugged, inexpensive and usually more accurate than thermocouple gauges. However, they must be individually calibrated and checked frequently. 

d)RECORDER

The μR 180 recorders are available with 6.12,18 and 24.dot-printing types.


The μR 180 recorders support a wide range of input DC voltage, 9 types of thermocouples and RTD and converters for pressure, differential pressure, flow rate, dew point humidity and pH.


Full scale range, chart speed and alarms can be programmed via the lower front panel key board. In addition to analog data writing (OR printout) the μR 180 also provides both digital and analog (baro graph) monitoring displays and digital monitoring printouts, the recorder is easy to use.

FEATURES

1) Input types and full scale ranges may be programmed for each point using the lower front panel keyboard.

2) Compact size. Case depth is 290 mm

3) Versatile digital printout functions, periodical data, program listings and alarms can be printed out.

4) Internal illumination. An internal fluorescent lamp is provided for quick chart reading even in dark ambient conditions

5) A wide range of input types-9 types of thermocouple(type R,S,B,K,Pe,J,T,N,W,RTD,(PT 100ohms),or DC voltage inputs, span 5 mV – 50 V) these inputs may be selected and combined.

6) Clear, distinct colour traces. The six colour ribbon cassette can be easily replaced with out touching the ribbon with your fingers.

7) Temperature difference recording liner scaling functions

8) Versatile recorder with a wide range of standard and optional features. Other standard features includes channel scripts, battery backup memory and bargraph analog display.
THYRISTOR CONTROL

Thyristors are power regulators to control heater temperature. It is designed control the temperature of various heater zones precisely by using sophisticated solid state devices. The thyristorized power regulator to control heater temperature is manufactured by TCPL Naroda. It is designed to control the temperature of various heater zones and precisely by using sophisticated solid state device.

Two types of power control units depending on the method of control are accomplished. These types are phase angle control and variable time base synchronous firing control. In synchronous control, the line is connected to load for a number of complete cycles. This ON-OFF pattern is repeated continuously with power control with turning ON and OFF at the zero crossing of line wave. The ratio of number of cycles ON and cycles OFF is varied in response to the controlled signals providing proportional control of the power to the load.

In phase control, the line is connected to the load for portion of each half cycle. It is disconnected from the load for the remainder of half cycle. The period during which the load is connected, is varied with reference to the control signal providing proportional control of power to the load.

SCRs (Silicon Controlled Rectifiers) are the devices that actually control the power. It allows current flow in only one direction. This current flow can be controlled, which is achieved by switching mode. Protection for the SCRs is provided by (I*I) R rated fuses. These are semiconductors grade special current limiting fuses. Their time-current characteristic is coordinated with that of power SCRs.

RC circuits and MOVS are provided to protect the SCR from voltage transients and clamp the voltage surges to within the PVI rating of the semiconductors. 

Control cards are the brain of the power control unit. The control card accepts the command signals, responses to these and it turns the SCRs on at appropriate time to provide proportionally controlled power to the load. 

The thyristorized power regulator is used to control heater temperature manufactured by TCPL Naroda. It is designed to control the temperature of various heater zones, and precisely by using sophisticated solid state device. The two basic types of power control units are offered by TCPL depending on the method of control accomplished.

These types are phase angle control and variable time base synchronous firing control, in synchronous control; the line is connected to the load for the number of complete cycles. This ON-OFF pattern is repeated continuously with power control unit turning ON and OFF at zero crossing of line wave.

The ratio of number of cycles ON and OFF cycles is varied in response to the control signal providing proportional control power to the load. In phase angle control, the line is connected to the load for a portion of each half cycle. It is disconnected from the load for the remainder of the half cycle. The period, during which the load connected, is varied with reference to the control signal providing proportional control of power to the load.

SCRs are the devices that actually control the power. It allows the current flow in only one direction. This current flow can be controlled, which is achieved by switching mode. Protection for SCR is that provided by 12T rared fuses, these are semiconductor grade special current limiting fuses. Their time – current characteristics is coordinated with that of power SCRs

RC circuits an MOVS are provided to protect the SCR from voltage transients and clamp the voltage surges to within the PIV rating of semiconductors. Control cards are the brains of power control unit. The control card accepts the command signal response to these and it turns the SCRs on at the appropriate time to provide proportionally controlled power to the load.

SPECIFICATIONS:

a) This panel has one thyristor module, suitable to handle maximum 100KVA load at 415 volts, 3 phase 50Hz supply. The thyristor module utilizes back to back connected thyristors pair in line, thus it employs total six No’s of thyristors. It is known as full converter.

b) This unit is suitable for both 1) static load such as resistance heating elements which are not affected by aging that does not have drastic change in resistance values versus temperature. 2) Dynamic load like controlling power in to the primary of the transformer and resistive heating of elements of IR heating etc.. Where the change in ohmic value versus temperature at times is in excess of 15. 

c) The unit is suitable to operate at 415 V+/- 10% V, 3 phase 50 Hz and shall handle maximum 100 KVA load.

d) The unit shall respond to either of the following signal: 4-20 mAs or 10k potentiometer 

e) The provision is made such that incase of trouble in temperature controller, the selections if put off manual mode,  the thyristor’s power output shall be in respond to the manual set potentiometer (10 turn) 

f) Fast action semiconductor fuses to protect the thyristors are provided

GENERAL DESCRIPTIONS: 


 This is static heater control panel. It incorporates 1 number of thyristorized control modules. This unit acts as power switch for controlling heater temperature.


The incoming line has SFU power ON indicator, (I*I) R fuses and MOVS. the converter sections consists of SCRs duly mounted on heat sink, firing card and RC network, over current shut off card and current transformers. The output section comprises of suitably rated cable wire voltmeter and ammeter.


The safety and interlocks considered as under:-

a) Under On condition, the heater can be OFF when load carries current beyond set current.

b) Under ON condition, the heater can be OFF when heat sink temperature goes excessively high.

c) The indicating lamps IL4 and IL5 are provided for over current and over temperature trip.

d) An extra normally closed terminal is provided to communicate other system from vacuum system

TROUBLE SHOOTING GUIDE:


Since the maintenance and troubleshooting of normal electrical items is well known and common, only the trouble shooting of electronic trigger control card is described here.

Sr.No


Symptom



Possible reason

1                                      No output                                 1. No power source available







 
           2. fuse blown








           3. command signal not

                                                                                                   available/reverse polarity








4.Check Scr’s






5.Command signal
                                                                                                   getting loaded.







        
           6. lockout not released








           7. check auto/manual selection

                                                                                                    switch position

2                                      Erratic output                            1. Loose connections

2. in adequate command signal

Voltage

3. Command signal voltage

getting Loaded

4. One SCR faulty

5. RC network faulty

6. Input phase sequence

wrong(anticlockwise)

7. fuse blown

3                                         Full output                             1. Shorted SCRs








           2. Shorted Rc network








           3. Faulty command signal

VACUUM INSTRUMENTS

Mini convectron vacuum gauge:

                                      The mini convection vacuum gauge gives accurate reading above one torr is necessary to prevent over pressure or for other reasons. When mounted in any orientation the mini convectron will accurately read pressures above one torr only when mounted with its axis horizontally, preferably with the port pointing vertically down wards. It is valuable to point port downward to facilitate the removal of condensation and other contaminants.

Front panel features:

                       Pressure greater than 100 milli torr: red light emitting diode is used as a rough pressure indicator. the LED will be off below 100milli torr and gradually turns ON as pressure increases.

Fig: MINI CONVECTRON VACUUM GAUGE FRONT PANEL


Vacuum adjustment: adjustment is provided to restore the accuracy of the analog output voltage at low pressure.

Atmosphere adjustment: adjust ment is provided to set the analog out put voltage corresponding to atmospheric pressure.

Set point adjustment: adjustment is provided to set these point voltage corresponding to a desired analog out voltage

Monitor common:

           Used in conjunction with the analog or set point monitor test jacks. Monitor analog test jack: provides the same analog output voltage with respect to, as furnished to pin 5 of the IO connector

Calibration:

           Each mini convectron gauge tube is individually calibrated for N2 and temp compensated prior to leaving the factory. Each controller is individually calibrated to provide accurate read of N2 or air pressure. There fore initial calibration should not be necessary.

Control valves:
The control valve is an instrument, which is used for start and stop flow of material like vacuum, air, fluids etc. The control valves are mainly used in the design and development of missiles, advanced air crafts, hypersonic testing facilities and space vehicles. The valves that could control extremely cold or hot noxious, highly reactive ,intractable, self ignite fluids, valves, that could operate at both high and low temperatures and pressures and vibration levels and that could be light weight and remotely operated ,meteorites

                         In this vacuum brazing furnace we are using angular valves for control of vacuum.

The 307VGCcontrol unit:

The 307vacuum braze controller (VGC) measures pressure from 5*10 to power -12 torr (6.6*10 to power of -12 mbar or 6.6*10 to power -10 pas) atmosphere, depending on modules and transducers were used.

                           The 307VGC can operate in 2 ion gauges (IG) sequentially along with 2 convectron gauges) or two thermocouple gauges (TC) simultaneously. Pressure read out is via 3 front panel displays analog output and available computer interface.

                          The 307 VGC is a modular instrument, which can be easily customized to fit most users’ exact needs. In frequently used controls or housed behind a hinged lockable front panel, reducing front panel clutter and allowing the control unit to reside in half rack space .the power supply is housed in a separate enclosure and may be rack mounted along side the control unit are mounted separately. Removal power dissipation from control unit enclosure, which needs no ventilation, increases reliability. Remote mounting of the power supply minimizes heat generated in the users instruments rack and thus increases the reliability of components.

VGC control unit front panel

 Units of measure:  the units of measure displayed is selectable via switches on the electrometer convectron and thermocouple modules, these units will be indicated on the first panel label when shipped from the factory. For the bargraph display, the units must be set to TORR in order for the bargraph to display in mTORR. The pressure units is part of the process control channel lable and can be changed by the user if the system of units is changed in slide of the lable out from the top

Ion gauge on /off:


Ion gauge may be turn on or off in four ways: front panel keys , remote control (if remote input/output option is installed), auto on function of convectron or thermocouple gauge module or via the RS232 or IEEE-188 computer interfaces. Two ion gauges can only be operated sequentially and not simultaneously to turn on IG1 from the front panel, press the IG1 on off button to turn it off, press again. Note that if you attempt to turn on IG2 while IG1 is already ON, IG1 will turn off automatically and viceversa

Degas On/Off 


Degas may be turned on/Off by either the front panel key the available remote input or the RS232 or IEEE – 488 computer interface modules to turn degas on, press the degas On-Off key. To turn it Off, press it again. Degas Can’t be activated unless the IG pressure is below 5*10 power -5 in TORR/mbar units, or 6.6*10 to power -3 in pascal units. Degassing a gauge above this pressure is of little value and may cause sudden pressure bursts that can damage the gauge and create plasma, which couples grid voltage to the vacuum system hardware.

Available remote input/output option


Five inputs are provided through the rare panel allowing control of ion gauges Degas and lockout of front panel keys. Either contact closure or an active low logic state on these inputs reproduces the function of the front panel keys. For the degas remote and IG remote inputs, this low state must be held continuously for atleast 25 mSec


After this the input must be allowed to float high for atleast 105 msec before another low will be accepted. Front panel keys, other than power key will not function if the key disable input is held continuously low. If IG lockout ( asserted low) can’t pull to a low voltage level and maintain low, the IGs can’t On either from the front panel or through the computer interface.


Three single pole, double throw relays are provided: two filament status relays (normally open = filament Off) and status of the fault lilne( normally open = fault indication)

PROCESS SOFTWARE

 The hardware of the PLC does not differ significantly from that of a lot of  computers. What makes the PLCs special is the software. The executive software is the program that the PLC manufacturer provides internal to the PLC, which executes the use’s programs. The executive software determines what functions are available to the use’s program, how the program is solved, how the input- output is serviced and what the PLC does during power up or down and fault conditions.
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PROGRAM PATTERN

As shown in the figure, program pattern is that which controls the relationship between set points and times for the control to be executed.
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Operating procedure

1. Switch on the mains.

2. Switch on the mains on power panel; this will start s the air compressor, opens the manual water valves in emergency water circuit.

3. Switch on the voltage stabilizer this will energize the control panel and switch on the vaccum meter.

4. wait till air pressure reaches about 4.5 kg/cm2
5. If the chamber is under vaccum press VENTPB on control panel. Read the pressure on the indication on indication no.3 on vaccum meter, when the meter reads 1X103, chamber can be opened. It is advisable to keep the vent valve open for few minutes even after chamber comes to ambient pressure.

6. To load the job, open the chamber by pressing CTF’OFF’ switch on the power panel, keep switch pressed continuously low, load the job. Now to close the dish press the CTF’ON’ (GREEN) switch, again hooter sounds 5seconds, when the dish reaches its top most position it automatically stops.

7. To start vaccum system select auto positions of auto manual selector switch RP4 and V4 switches on and water pumps and cooling tower fan starts.

8. Now, press HEAT ,this will switch on DP heater on the heating of dp oil naormally takes 40 minutes.The cooling of chevron baffle als o starts .

9. Press “EVACUATE”switch for chamber evacuation first RP4 ,RP2 and RP3 starts .When the chamber is about 30 m bar root pumps automatically starts and when the chamber pressure reaches 2X10 to power -2mbar and DP has been not for 40 minutes system automatically switches from rough vaccum to high vaccum , the DP actuated vaccum valves for relevant function switches ON/OFF automatically. press IG1/IG2 for reading high vaccum in vaccum meter.When vaccum reaches abouy 5X10-5 heating can be started.

10. Now heaters can be started as follows 

a. Swith on mains for thyristor 1&2 in power panel

b. Feed th program in UP25 as for desired rate of heating and soaking periods.

c. Switch “CONTROL ON” on thyristor panels 1&2 ,ensure ‘CONTROL’ switch is auto mode on bothe thyristor modes on both the thyristor panels 

d. Put UT35 in REM mode.

11. After heating is over ‘RST’ UP25 and stop UT35 

12. Turn off control switch on both the thyristor panels switch off mains of both thyristor panels.During foced cooling, fix argon cylinder to argon admittance valve and keep rugulator secondary pressure to kg/cm2 .After step 11 put off  “EVACUATION” switch ,then put on auench switch.

 Close down procedure

1. when the furnace temperature is about 350 deg centigrade and below during natural cooling switch off. “EVACUATED”  and “DP HEAT  “ or when the furnace is in quench mode put off, quench and DP HEAT when the furnace temperature is about 350 o centigrade 

2.  Switch from auto mode  and stop when the furnace temperature is about 250o  C after DP has been stopped for about 30 minutes.

3. Close the manual valve in emergency water circuit 

4. Turn off all mains

MAINTAINANCE:

> Trouble shooting flow


If the Operation Display is not displayed even if UT35 power is turned on, treat it according to the troubleshooting flow
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The above flow chart explains the troubleshooting with by the transmitting the signals from one source to destination i.e. from programmer to transmitter. From this reason we can choose some precautions to over come this type of problems in the vacuum brazing furnace system.


Properly we have to check so many conditions and systems that can be given below in the statements such as 

· Operation Display is not presented that check for the failure of a system which can  be controlled by the programmer.

· Is the internal assembly properly seated in the case of a system?

· Is the power terminal connection correct?

· Is power properly supplied to the furnace of a system and all other devices?

· If the above all statements are not corrected, then the system is not working properly. So go for the precautions of a system.

CONCLUSION


In earlier days, the instruments, which are used in process industries are based on mechanical movements of  parts and creating problems such as given below

a) leakages

b) fluctuations

c) strength

In vacuum furnace control, manual control is tedious and requires continuous which on all the instruments to ensure that safe conditions exit. It is also necessary to include alarms to alert the operator to the fact that corrective action is required.

Now a days, modern instruments having different programming softwares and other techniques. Over here we use the high level language of program software to maintain certain temp specifications for the purpose of the brazing. This program software gives following features.

1. easy for installation

2. easy to do operation

3. easy for checking and troubleshooting

4. exact, accurate values of outputs within fractions.

Now a days, modern instruments like Programmable Temperature indicators, PLCs, pneumatic control valves are being used extensively  in process industries. Equipments to be included depends very much  upon the user’s requirements. Continuous recording as opposed to hourly logged readings will give a record of any short term changes in operating conditions which may otherwise pass unnoticed. Such records can be useful when analyzing the cause of fault that occurs and may also enable impending problems to be anticipated and prevented.

A modern instrument does not require regular maintenance. Though initial investment on modern instruments is very high, it is always justified, because of the following reasons.

1. Improves the quality of product

2. Increases production rate

3. Reduces the breakdowns and maintenance costs 

4. Improves working conditions and accuracy

5. Occupies less space

even though the total furnace is automatic, manual control is also provided as provision for the operator during emergencies. Always the operator needs to be alert.

    APPLICATIONS: 

The main applications of these systems is power production parts and its having many applications which are as follows:

Aerospace applications:
       It can be used in the aerospace applications where the aerospace parts for the proximity sensing devices this type of brazing gives good strength and accuracy.

                   Gas turbines:

                         For the production of power the heart of the systems is turbine.

               Especially in the gas turbines brazing gives more importance.

Measurement of flow:

     It can be done in many ways. in that flow nozzle is a part for producing the flow nozzle applications.

Power production part applications 

Different jobs:

The jobs used in vacuum brazing furnace are for brazing tips, shrouts, flow nozzles ,gas liners.the performance is observed in the following graphs. 
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 Display:


1) PVE


2)TME


3) MAN


4) PRG


5) HLD


6) RST


7) Output Monitor


8) Program Monitor


9) AT


10) PV display


                         





a	: Rhodium / Iridium


b	: platinum – 10% Rhodium


c	: Tungsten – 5%Rhenium


d	: Chromel / Alumel


e	: Copper / Constantan


f	: Iron / Constantan


g  : Chromel / Constantan








