OPERATING INSTRUCTIONS FOR

DIGICARB 3
MOLTEN IRON THERMAL ANALYSIS EQUIPMENT.
NORTHERN INSTRUMENTS (LEEDS)

72 ARMLEY LODGE ROAD

LEEDS LS12 2AT

WEST YORKSHIRE

U.K.

TEL: +44 (0) 113 279 1054

FAX: +44 (0) 113 263 6487
E-MAIL: info@northern-instruments.com

CONTENTS



SECTION




                   PAGE


1
  
GENERAL DESCRIPTION



1 


2

SPECIFICATION





2


3

FRONT PANEL CONTROLS & DISPLAYS

5


4
 
DIGICARB 3 OPERATING INSTRUCTIONS

6


5

PRINTER OPERATING INSTRUCTIONS

10


6

DIGICARB 3 CALIBRATION INSTRUCTIONS
12


7

DIGICARB 3
 MAINTENANCE AND FAULT

14




FINDING


8

ADDENDA






16


9

PRACTICAL SAMPLING HINTS



17


10

COOLING CURVE ANALYSIS



18


11

CARBON EQUIVALENT FORMULAE


20

12

ADDITIONAL DIGICARB 3 APPLICATIONS

22
SECTION 1

GENERAL DESCRIPTION
Digicarb 3 is a microprocessor based Automatic Thermal Analysis/Metal Temperature System for molten irons.

The electronics unit is enclosed in a sealed housing with a front panel window for viewing the displays.

A fused terminal rail is located inside the instrument for connections to the power input cable and the thermocouple type 'K' and 'R’ or ‘S' cables. Output connections to other instruments can be made via the terminal rail.

Four sets of Digital Displays indicate the following:-

w 
Time

w 
% Phosphorus

w 
Cooling temperature of sample

w 
Liquidus arrest temperature (TL)

w 
Solidus arrest temperature (TS)

w 
% Carbon Equivalent Liquidus (CEL)

w 
% Carbon

w 
% Silicon
The metal temperature is monitored continuously during a measurement cycle.

The system is 'User Friendly' and an arrangement of flags and lamps guide the operator through the cooling curve, monitoring and measuring the metal temperature and providing useful information on the state of thermocouples and the progress of measurements. A built in printer gives a print out of the result of an analysis, together with date and time information. A trend control switch allows a summary of the 14 latest results to be printed out.

Calibration controls are incorporated for initial setting up of the equipment for operation in the foundry. A description of the use of these controls is detailed in Section 5 of this manual.

% Phosphorus must be known or estimated, and the % P control set to this figure, to enable accurate analysis of the other elements to be calculated.

The equipment is designed for operation on a 110 or 220/240 volt; 50 or 60 Hz single phase electrical supply. The instrument may be modified for other voltages to special order.
SECTION 2

SPECIFICATION
Power Requirements:



w 110/220/24Ov. 50/60 Hz single phase

w 15W (compute boards only)

w 2OW (total with printer)

Thermocouple inputs:



w Type 'K' from molten iron sample

w Type 'R' or 'S' from molten bath

Displays:
w 7 Segment LED's

w 4 Separate readouts


a) At switch on:

Time in hours & minutes


b) In calibrate mode:

% Phosphorus






% Silicon offset






Sample temperature with external calibration input






Dip temperature with external calibration input


c) Dip measurements:

Instant indication of dip temperature with peak temperature 





held until reset.


d) Sample measurement:
Instant indication of sample temperature with reading 





displayed throughout Liquidus and Solidus cooling 





characteristics.






Sampling rate five times per second.






State of cooling curve shown by separate flag i.e.






Display


Indicates





    1    


Initial temperature rise.






    2  


Fall in temperature after peak achieved.






    3


Liquidus plateau detected.






    4


Further cooling to:-






    5 


Solidus plateau detected.





         Final displays of %Carbon, %Silicon , %CEL & undercooling

Display Lamps:

w No lamps at Switch-on. 

w In CALIBRATION mode sequential flashing of green, amber & red lamps.

w In SAMPLE measurement mode:





1 - Blue lamp illuminates when cup fitted correctly to stand.





2 - Green light shows sample temperature detected.





3 - Amber light shows first plateau detected



4 - On completion of calculation all lamps extinguished.

Mains on Lamp:

w Indicates that supply power is connected into the system.

Printer Lamp:

w Illuminated when printer switch operated.




      {When not required, printer can be switched to OFF.}

Switch Lamps:
w Indicate that switching operation has been satisfied. Note that switches concerned with printer operation will only operate if power to printer is ON.

Calibration Settings:

w % Phosphorus control on front Panel.


Selects value between 0.01 and 0.98

w % Silicon offset control on front panel.


Selects value between - 0.99 and + 0.99.

w Type 'K' channel calibration (Sample temp) settings inside unit on A/D board.

w Type 'R’ channel calibration (Dip temp) inside unit on A/D board.

w Time settings:
1 
Units 
MINUTES







2 
Tens 
MINUTES







3 
Units 
HOURS







4 
Tens 
HOURS







5 
Day of the Week







6 
Units 
DATE







7 
Tens 
DATE







8 
Units 
MONTH







10
Tens 
MONTH







a  
Units 
YEAR







b  
Tens   
YEAR

Printer Unit:


w Serial 7 x 5 Dot Matrix, 40 columns.

w Interface board with Centronics 8 bit parallel input.

w Power input to printer unit from mains supply.

Thermocouple Input Unit:

w 1 off 'K' Type linearising amplifier and

w 1 off 'R’ Type amplifier mounted on base panel.

Signal conditioning Unit:
w Double sided printed circuit board, housing input signal multiplexing circuits, A/D converter, display and lamp drivers.

Microprocessor Unit: 

w Double sided printed circuit board housing 8085 processor, programme memory, time controller, printer interface and display drivers.

Display Unit:

w Double sided printed circuit board, housing two separate clusters of 7 segment red LED displays. (2 display units per system)

Main Power Supply Unit:
w Single sided printed circuit board locating components for converting the power input to the unit from an external mains supply to the low a.c. and d.c. voltages required to operate the compute and indicator circuits.

Filter Unit:

w Mains interference suppresser is located on the input side of the Main Power Supply. Rated at 240v /1 amp, the units contain series inductance and parallel capacitance for the suppression of mains transients.

Fault Protection:
w 1 amp. Fuse on mains input terminal block.

w 2 amp. Fuses in secondary circuit of power transformer. (Fl & F2)

w 1 amp. Fuses in + 12 volt and - 12 volt circuits. (F3 & F4)

w 1 amp. Fuse on Printer Unit.

Dimensions:                          

w 600 mm wide x 335 mm high x 320 mm deep.

Weight:                             

w  22.5 Kg.

Resolution:

w 0.1 deg C. in Calibrate mode

w 1.0 deg C.
in Normal operation mode.

Accuracy:                             

w Type 'K' measurements:


+ 0.1 % of reading +/- 1.0 deg C.

w Type 'R' or 'S' measurements:


+ 0.2 % of reading +/- 1.0 deg C. over range.


{400 to 1750 deg C.}


+ 0.2 % of reading +/- 3.0 deg C over range.


{0 to 400 deg C.}

Cold Junction Range:

w 0 to 40 deg C.

Cold Junction Accuracy:

w Better than 0.1 deg C. deviation per deg C.

Note:
The operators electrical supply panel to the instrument must be fitted with a 5A fuse.
SECTION 3

FRONT PANEL CONTROLS & DISPLAYS
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The diagram shows the front panel layout of Digicarb 3 thermal analyser.

On the front left is the printer unit. The switches associated with the print out action are, from the top:- PRINTER ON, FEED/RESET, AUTO/MANUAL, PRINT and TREND.

The CALIBRATE switch is also located in this cluster and is actuated when the calibration mode is to be selected.

The TIME switch has position selections of 1 to 9, A and B. By selecting any of the above positions of the switch, progression of the digits can be achieved by operation of the CALIBRATE switch.

% P and % Si offset controls are for setting constants during the calibration mode.

The 3 Display Lamps Green, Amber and Red indicate:-



a) 
The CALIBRATION mode has been selected or 



b) 
A sample of molten iron has been accepted for analysis.

The Blue Display Lamp indicates:-



a) 
A sample cup is connected correctly to the stand


The 4 sets of 7 segment red LED displays show:-



a) 
Time.



b)
Calibrate Inputs.



c)
Temperature of sample and dip.



d)
State of cooling curve.



e)
%Carbon, %Silicon, CEL and undercooling after a sample run.
SECTION 4

OPERATING INSTRUCTIONS FOR DIGICARB 3.
1. Preparation for use: 

If necessary, access to the inside of the instrument can be gained by first opening the glass fronted door, and secondly opening the hinged front panel of the instrument using the special key.

There are three sets of connections to be made:



a)
Mains supply connections.



b)
'K' Type thermocouple connections.



c)
'R' or ’S' thermocouple connections.

Digicarb 3 is provided with a suitable mains supply cable, factory fitted for either a 110v or 220/240v, 50 or 60Hz. single phase mains supply depending on your specification. Connections should be made with an appropriate plug for insertion into a suitable mains supply socket  with the following contacts:- 

Brown   
to
LIVE pin.





Blue    

to
NEUTRAL pin





Green/Yellow
to 
EARTH pin.

There is a 1 amp fuse in the live terminal block in the instrument.

The 'K' type thermocouple cable plug from the sample cup stand is connected to the socket to the side of the Digicarb 3 marked 'K'.

If a facility for a dip temperature reading has been specified, the 'R' or ‘S’ type thermocouple cable plug from the dip arm lance is connected to the socket to the side of the Digicarb 3 marked 'R'/ ‘S’.

Note:-
 

The mains cable provided will pass through an external gland to the terminal connection blocks at the back of the unit on the inside panel. The gland as supplied is for cable with a diameter in the range 7.0mm to 10.5mm. If a smaller cable is fitted to replace the one provided the gland will not grip the cable and dust will enter the unit with subsequent deterioration in performance. New mains cable wires should have 10mm of insulation removed before fitting into the holes in the terminal blocks of the mains suppresser filter unit.

2. General Operation:
w Connect power cable to the mains power socket, ensuring that the voltage of the supply is

the same as that of the unit i.e. 110v or 220/240v, 50 or 60Hz single phase. There is no power on/off switch fitted to Digicarb 3 computing and display section. This is to protect operators from working with live cables when the unit is not being used. When the cable to the unit is carrying power a warning light will show on the front panel of Digicarb 3. When the unit is not in use power should be disconnected at the mains supply.

w The power to the printing unit can be toggled to On or Off by operation of the Printer

On switch. All Digicarb 3 push button switches are illuminated during operation.

w When power is first applied to the unit the Time is indicated in hours and minutes. If it is

necessary to reset the time, the switch on the front panel marked Time Set can be set to 1 to 9, A and B corresponding to the time detail listed in the specification section 1. The numbers can be then progressed by operation of the Calibrate switch. When the time details have been set the Time Set switch should be set to 0.

w Press the Calibrate switch to set up the calibration conditions. The factors displayed in this

mode are % phosphorus; silicon offset; Sample temperature and Dip temperature. Note the latter

two parameters will only be displayed in the presence of a suitable calibration signal. The calibrate mode is indicated also by the sequential flashing of the Green, Amber and Red lamps. Operation of the %P and %Si offset controls on the front panel of Digicarb 3 enable these parameters to be displayed at whatever level is selected. The calibration of the temperature will be described in more detail in the section Calibrating Digicarb 3 Section 6.

w Operation of the Calibrate switch will return the unit to the Time mode, except where a

sample or dip measurement has been made, when the results will be displayed until, either the power is removed from the unit, or a new measurement is taken.

w The 'R' type thermocouple may be used to obtain dip readings from a molten bath of iron.

Readings will appear when the thermocouple detects temperatures of 800 deg C. and above. As the thermocouple is immersed in the molten bath the dip readout will monitor the peak temperature, ignoring the initial increase as the probe passes through the hot slag, and continue to display the peak temperature until a further test is carried out. 

During the dip temperature measurement operation the Green and Amber lamps will flash in sequence. When a peak temperature reading has been obtained the Amber lamp only will stay illuminated. When the temperature of the thermocouple reduces to 800 deg C. the lamps will turn off and a new test can be carried out.

If the print switch is in the Auto mode a print out record of the peak temperature, and the time, will be obtained automatically when the thermocouple temperature reduces to 800 deg C. If the print switch is in the Manual position, the Print switch must be pressed to obtain a printed record, but only when the lamps have been extinguished indicating the completion of the measurement cycle.

If there is a break in the thermocouple circuit during the dip measurement cycle, the temperature displayed will be held at the measured level and the Red lamp will switch on.

w To obtain an analysis of a molten iron sample, a special cup and stand fitted with a 'K' type

thermocouple must be used. Note: a sample of iron cannot be analysed by the instrument during a dip temperature measurement until the cycle has been completed as defined above.

The sample to be analysed needs to be poured into the 'K' type thermocouple cup connected to the stand which is in turn connected to the Digicarb 3. The blue light illuminates when a cup has been connected to the sampling stand correctly. The instrument will then display the following information:


a)
The Green lamp will be illuminated showing the sample has been accepted.


b)
The actual temperature of the sample will be shown in the sample temperature 



display.


c)
A number ‘1’ will be displayed in the State display showing the temperature of the 


thermocouple is rising. The State display refers to the condition and temperature of 


the cooling sample during a normal cooling cycle as defined in the diagram below.





1)
Initial temperature rise.





2)
Subsequent fall from peak.





3)
Liquidus arrest temperature (TL)





4)
Second temperature fall to:





5)
Eutectic arrest temperature (TE) - Solidus or





6)
Undercooled temperature (TC) then back up to Solidus arrest  





temperature. 


d)
State ‘2’ will be displayed when the measured temperature begins to fall from a peak.


e)
State ‘3’ will be displayed when the liquidus plateau has been detected. The Green



lamp will switch off at this point and the Amber lamp will switch on.


f)
State ‘4’ will indicate that the temperature fall is increasing from the liquidus plateau.


g)
State ‘5’ will indicate that the solidus plateau has been detected. When the second 


arrest (Solidus) is detected a digital count from 1 to 5 is observed in the upper right 

display.  If a variation in the arrest temperature occurs during the counting process, 

the digit freezes until the temperature stabilises.  The counting then recommences.  

When a count of 5 is reached the instrument has accepted a temperature measurement 

for thermal analysis calculation

h)
State ‘6’ will indicate undercooled temperature (TC), which may have taken place, at 
the end of the thermal analysis. If the undercooling is more than 4 deg C., the results 
of the analysis will be invalidated. Undercooling T = TE - TC



    TYPICAL IRON SAMPLE COOLING CURVE

i)
After obtaining the Solidus result the instrument will display the results of % Carbon,

% Silicon, CEL and undercooling.


j)
When the temperature falls below 1000 deg C. the lamps will be extinguished and a 

print out of all the results, together with the time, will be obtained automatically if the 

Auto switch position has been selected, or by operating the Print switch if the 


Manual switch position has been selected.


k)
The results of the analysis will continue to be displayed until either:- 





i.  A new sample is poured or




ii. Power is removed from the instrument.


l)
If there is a break in the thermocouple during a sample temperature measurement 


cycle, the display will count upscale, the red lamp will be illuminated and three 


decimal points will appear.

w Operation of the Trend switch will produce a print out of the previous 14 analyses, for %


  Carbon and % Silicon.

3. Programme Selection:
Digicarb 3 may be programmed to analyse iron samples from a number of alternative cup designs, giving the instrument a universal facility.

Different cup configurations modify the cooling characteristics obtained during sampling, and in some cases are associated with different analysis formulae for Carbon, Silicon & CEL. In some applications a CEV analysis is required instead of CEL. These alternatives are programmed into the unit.

The Liquidus arrest condition, which only lasts for a few seconds, can sometimes fail to be detected by analysis instruments resulting in invalid results. There are two alternative Liquidus arrest sampling periods programmed into Digicarb 3 which are designed to cope with most applications.

When sampling high carbon irons, where the first arrest occurs at a temperature less than 1200 Deg  C., it is often an advantage to select a sampling temperature threshold slightly above this level to reject noise, turnover, etc., which may affect a good analysis. Built into the Didicarb 3 programme is an option to commence the analysis measurement below 1220 Deg C. Temperatures above this level are ignored. For low carbon samples this feature may be switched out.

Selecting the required programme is by means of a hexadecimal switch which is mounted on the edge of the microprocessor PCB and is accessible for setting when the instrument front panel is opened.

The alternative settings are as follows:-

       Setting 

       Formulae 
      Arrest Time 
      Arrest Temperature

0  
CEL  
BCIRA {L&N/Minco}     
Long 


High Liquidus


1
CEV
BCIRA


Long 


High Liquidus


2
CEL
QUIK-CUP {Heraeus}
Long 


High Liquidus


3
CEV
QUIK-CUP


Long 


High Liquidus


4
CEL
BCIRA


Short


High Liquidus


5
CEV
BCIRA


Short


High Liquidus


6
CEL
QUIK-CUP


Short


High Liquidus


7
CEV
QUIK-CUP


Short


High Liquidus


8
CEL
BCIRA


Long


1220 Limit


9
CEV
BCIRA


Long


1220 Limit


A
CEL
QUIK-CUP


Long


1220 Limit


B
CEV
QUIK-CUP


Long


1220 Limit


C
CEL
BCIRA


Short


1220 Limit


D
CEV
BCIRA


Short


1220 Limit


E
CEL
QUIK-CUP


Short


1220 Limit


F
CEV
QUIK-CUP


Short


1220 Limit

Whilst most of the analysis information in this manual refers to BCIRA work, alternative formulae are used with some cups, notably QUIK-CUPS. 

SECTION 5

OPERATING INSTRUCTIONS FOR DIGICARB 3
PRINTER UNIT.
The Printer Unit consists of a 7 x 5 Dot Matrix, 40 column printing mechanism together with a Centronics 8 bit parallel input interface printed circuit board. A power regulator is also located in the printer unit for the supply of a 12v d.c. to the printing mechanism and a precise + 5v. d.c. supply to the interface board.

The printer unit is mounted in a metal housing as a self contained unit. It is located in Digicarb 3 through a hole in the front panel of the instrument and fixed with 4 screws. To replace the printer unit it is necessary only to remove the screws, unplug the connectors at the rear of the unit and withdraw the existing printer forward through the panel.

The connections at the rear of the Printer Unit are the mains input terminals {live, neutral and earth} and the parallel interface connections to the microprocessor board. The printer unit is protected by a 1 amp fuse in the mains feed.

The front panel controls for obtaining a print out from the instrument are as follows:-


Printer On:

The power switch to the printer unit. This single pole push button switch 



feeds the live side of the mains supply to the printer unit. The On condition is 


indicated by a red neon lamp.


Feed and Reset:

Two push-button controls located on the printer unit. Operation of the Feed control allows 
either fast feeding of the start of a replacement paper roll, or dispensing extra paper after a 
print out has been obtained.


By a combined action of operating both Feed & Reset switches it is possible to check the 

action of the printer unit independent of the rest of the instrument. The operation is as 

follows:-



a)
Switch on printer unit



b)
Depress both Feed & Reset switches together & then release first the Reset 


switch followed by the Feed switch. This action will result in a total print out 


of all characters in the printer.


Auto/Manual:

A two position switch. In the Auto position the lamp is illuminated. After a sample run the 
results are printed out automatically after all the display lamps have been extinguished. In the 
Manual position no print out will be obtained until the Print switch is actuated after the 

sample run.


Print:
 
As described above, operation of this switch after a sample run has been completed {all 

lamps extinguished} will provide a print out when the Auto/Manual switch is in the 

Manual position.


Trend:
 
Operation of this switch will provide a historic print out of the previous 14 %C & % Si 

results 
to check the process stability or trends.

Replacing the Paper Roll:
Switch on mains power and the printer switch.

To replace a paper roll, remove the front panel from the printer unit by removing two thumb screws, and remove the paper/roller spindle. Ensure that the leading edge of the new paper roll is smooth & not folded. Trimming the leading edge into a 'V' will help the mechanism to pick up the new roll. The roll is best held outside of the printer with the leading edge offered into the printer access channel and pushed as far as it will go. Operation of the Feed switch will pull the paper through the mechanism. When the feed mechanism has picked up the new roll paper end, the roll/spindle may be inserted into paper housing of the printer unit and the access panel replaced.

Replacing the Printer Ribbon Cartridge:
The printer ribbon cartridge is changed by gently pulling out the existing ribbon cartridge and clipping in a new one. It is important to make sure the ribbon is fed around the supporting springs without straining or bending them.

SECTION 6

CALIBRATING INSTRUCTIONS FOR DIGICARB 3
Digicarb 3 is always calibrated by Northern Instruments Leeds before leaving the factory.

The equipment is set up to the calibration standard IPTS '68 (BS 4937, DIN 43710) or as specified on your order e.g. IPTS 148.

Recalibration will be necessary during the life of the instrument at specified intervals. Calibration standard test equipment to satisfy the above specifications, complete with cold junction reference, will be required to set up the instrument.

For both the Type 'K' and Type 'R’ / ’S' channels it is necessary to set zero temperature on the display by adjusting the appropriate controls and also:



For type 'K' channel, 

1300 deg C.



For type 'R' or ‘S’ channel 
1500 deg C.

with intermediate checks being carried out within the above temperature limits.

Procedure for type 'K' channel calibration: 

Connect calibration source to type K input terminals on Digicarb 3 observing polarity signs. Adjust the source temperature reference to zero and operate Calibrate switch on instrument. Adjust type ‘K’ Set Zero control on ‘K’ amplifier until display reads 0 deg C. {Note that the display does not show negative readings and it is suggested that the above control is adjusted to show a small positive reading initially before adjusting back to zero}.

Next, adjust calibration source input to simulate 1300 deg C. and adjust Set ‘K’ control on signal conditioning board until the sample display reads 1300 deg C.

Repeat the above at intermediate temperature settings.

Procedure for type ‘R’ channel calibration: 

Connect calibration source to type ‘R’ input terminals on Digicarb 3 observing polarity signs. Adjust the source temperature reference to zero and operate Calibrate switch on instrument. Adjust type ‘R’ Set Zero control on ‘R’ amplifier until display reads 0 deg C. {Note that display does not show negative readings and it is suggested that the above control is adjusted to show a small positive reading initially before adjusting back to zero.}

Next, adjust calibration source input to simulate 1500 deg C., and adjust Set ‘R’ control on signal conditioning board until the dip display reads 1500 deg C. 

Repeat the above at intermediate temperature settings.

Set % Phosphorus:
The % Phosphorus (%P) input level can be adjusted by a front panel control on Digicarb 3. By adjusting the control readings the %P can be set on the display between zero and 0.98%, according to the type of iron being processed.

Set % Silicon offset: 

The % Silicon offset is a correction factor which can be set between -0.99 and +0.99 by operating the control on the front panel of Digicarb 3. For initial operation it should be set to zero.  Adjustment may be made to the control on the instrument when samples of silicon which have been analysed by other means yield ' readings different from those obtained by Digicarb 3 analysis.

As an example of the use of this correction factor, if the sample analysis obtained by Digicarb 3 displays a figure of 0.7% silicon, but subsequent analysis by other means yields a figure of 0.9% silicon, the % silicon offset control can be adjusted to show a figure of +0.2% when the instrument is in the Calibrate mode. If the alternative analysis were to yield a figure of 0.5%, the % silicon offset figure in the Calibrate mode would be set to - 0.2%.

For a better understanding of the facility offered by this control it is important to realise that the Silicon content of a sample as indicated by the instrument is determined by an accurate measurement of the solidus temperature. As an example, a 1 deg C error in the measurement of the solidus temperature will result in a 0.05% error in the Silicon calculation.

As the slope changes very gradually during the descent of temperature on to the solidus plateau, the actual solidus temperature for calculation purposes may be the subject of some argument, different foundries adopting different standards for their Silicon analysis.

The Silicon offset correction factor may be used to establish some ongoing correlation between existing standards, as measured for example by spectrographic analysis and consistent Silicon readings obtained from Digicarb 3 analysis.

SECTION 7

DIGICARB 3 MAINTENANCE AND FAULT FINDING.
General Guidance:

    For reliable operation over long periods of use certain procedures must be followed in the operation of Digicarb 3 analysis system. These procedures can be listed as follows:

1.) If the equipment is to be used in a foundry atmosphere where dust and metal grit may contaminate the unit it will be necessary at all times to keep the front sealed door of the unit closed. Failure to do this will result in the grit accumulating over a period of time in the unit with a resulting deterioration of performance.

2.) All connections to the unit by compensating lead must be clean and free from oxide layers.

3.) Mains voltages applied to the unit must not exceed that which is specified on the unit. Voltages in excess of that for which the unit is designed may damage the equipment.

4.) The unit will normally be supplied with a mains electrical plug which is fused. If this is replaced by an alternative connector a 3 amp fuse must be fitted in the supply panel.

5.) The printer mechanism as supplied with Digicarb 3 is a sensitive instrument and must not be mishandled. Keeping dust and grit from the inside of the instrument will ensure long periods of reliable operation. If the printer mechanism becomes damaged during use it may be necessary to fit a replacement unit. Replacement of paper and ribbon cartridges should be carried out as indicated on the rear side of the printer access panel on the front of the unit repeated in section 5 of this manual. 

Fault Analysis: 
The following details for the analysis of a fault on Digicarb 3 are with the normal mains power supply applied to the unit. Observation of fault conditions and their recommended solution can be aided by the following list of fault details which are most likely to occur in normal use.


Fault Condition


Diagnosis


Remedy
1. 
Mains ‘on’ lamp not
  

Check input fuses.

Change neon.


lighting.



Check for power on.

2. 
Printer ‘on’ lamp not


Check input fuses.

Change neon.


lighting.



Ensure printer switch







is on.







Operate feed button.

3.
Printer ‘on’ switch not


Check input fuses.

Change switch


operating.



Neon unlit.







Printer not working.

4.
Switch lamps fail to


Cheek if one or more

Change 12v. bulb if one


light.




lamps are not working.
lamp not working. If all







Check fuses.


not working fault in 











power unit.

5.
In CAL mode one or


Check displays.

Change 12v.bulb


more bulbs not


illuminating.


Fault Condition


Diagnosis


Remedy
6.
No ‘time’ shown in right

Check for power on.

Change Micro PCB.


right hand sector or other



displays in CAL  mode.

7.
No displays in left hand

Check for power on.

Change A/D PCB.


sector in CAL  mode.

8.
Printer fails to
operate.

Check for power on.

Change printer.







Operate FEED control.







Check  printer fuse.







Cheek  cable between







micro and printer  unit.

9.
Printer gives sample print 

Cheek  cable between

Change Micro PCB.


out but no analysis.


micro and printer  unit.

Fault Rectification:
Faults may occur after periods of normal use on Digicarb 3. The faults will be of two types.

a) Errors in the readings displayed after a sample analysis has taken place.

b) Malfunction of part of the system due to component failure.

Errors in readings can normally be rectified by recalibrating Digicarb 3 as outlined in the section 6 on calibration using high quality calibration equipment.

Errors due to malfunction or failure of components require a detailed analysis as listed above.

Generally, most components which can be easily changed at the operating site, and there are other faults which occasionally necessitate changing printed circuit boards. Operations of this kind are better carried out in laboratory conditions if it is not possible to send the equipment back to the manufacturer for repairs to be carried out.

Most of the components used in Digicarb 3 are very lightly stressed electrically and faults are unlikely to occur with these components. Those most likely to need replacement are filament bulbs and fuses. It should be noted, however, that continuous fuse blowing may be indicative of other component failure in the unit.

Filament lamps used on Digicarb 3 are of two types:- 

12 volt 2.2 watt bulbs fitted in the main lamps to indicate the state of analysis and 12 volt 0.6 watt bulbs fitted in the push button switches. Both bulb types can be replaced from the front of the unit by removing the plastic transparent covers. Some spare bulbs are supplied with the unit. Further supplies can be obtained from Northern Instruments Leeds.

Fuse replacement is straightforward. A 1 amp slow fuse is fitted in the main terminal block at the back of the unit. Fl and F2 on the main power supply are 2 amp slow fuses. F3 and F4 are 1 amp slow fuses. The fuse located on the side of the printer is rated at 1 amp slow blow. As previously mentioned the supply plug or panel to the instrument should be fitted with a 3 amp fuse.

As a general check in investigating fault conditions the measurement of the voltages on the main terminal block of the main power unit give a good indication of where a fault may be occurring. All measurements should be made with a good quality voltmeter with ranges to measure both direct voltages and also alternating voltages. Measuring from right to left on the terminal block the voltages which should be measured relative to zero volts (0v) are as follows:-



1.
10 volts a.c.



2.
10 volts a.c.



3.
12 volts d.c. positive.



4.
5 volts d.c. positive.



5.
0 volts circuit zero.



6.
0 volts circuit zero.



7.
0 volts circuit zero.



8. 
0 volts circuit zero.



9.
Connection to case.


10.
5 volts d.c. positive.



11.
5 volts d.c. negative



12.  
12 volts d.c.  negative

Note that on the standard unit there is no cable connection to the positive 12 volt supply. This terminal is for special applications. Under no circumstances should the cables to the 5 volt supply be connected to the 12 volt terminal as this will damage the unit.

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

SECTION  8.

ADDENDUM
Special models of Digicarb 3 may be fitted with a 20mA serial output loop and an RS232 serial printer in place of the standard centronics parallel printer.

In these special models a separate wiring diagram will be provided showing the extra connections and the new units fitted to Digicarb 3. All other details are the same as the standard Digicarb 3 design.

The serial output model contains a parallel to serial converter to change the standard 8 bit output from Digicarb to serial format. This conversion is carried out with a MICROWAY 1 converter. The serial output of this unit drives a serial RS232 printer. The serial connections also pass to a KRATOS communications adapter which accepts RS232 signals and provides a 20mA serial link output. There is a serial connector output terminal on the side of Digicarb.

Provided as standard, the 20mA output loop is active and must be terminated by a suitable line impedance. A change of connections on the KRATOS unit will allow a passive output to be set if this is required. In all cases refer to the wiring diagram.  The baud rate is 300.

SECTION  9.

PRACTICAL SAMPLING HINTS
Sample Pouring:
A.) 
Scoop preparation and assembly. Careful observance of the following procedures will 


ensure that the maximum life is obtained from your ladle bowls.


1)
Screw handle on to scoop bolt & tighten.


2)
Mix blacking powder with water until a slurry is formed.


3)
Brush blacking slurry over entire scoop, scoop bolt & nut and lower end of scoop 


arm  by at least 150mm.


4)
Dry scoop thoroughly in gas flame or over molten metal bath for at least 30 minutes.


5)
Ladle bowls should always be stored under dry conditions.


6)
If drainage holes are required these should be made with a carbide or diamond tipped 

drill. Under no circumstances should holes be punched or chiselled.


7)
Whenever possible, ladle bowls should be allowed to stand for a day or two, prior to 

use, in the warm environment of the melting furnace. 


8)
Immediately before use they should be preheated, gradually at first, to a temperature 

of 400 deg C. to 500 deg C. and preferably maintained at this temperature between 

dips. It is dangerous to allow molten metal to come into contact with refractories that 

have not been thoroughly dried.


9)
When not in use e.g. overnight, remove solidified metal from bowl re-black and 


re-heat as in (7) and (8) above.



Please Note: Immersing a cold or unprepared scoop in molten metal will destroy it 

and possibly injure the operator.

B.) 
Obtaining a sample with a Scoop.

1)
Ensure foundry cup is firmly seated on the C.E. Stand and that the C.E. Stand is 


stood level with some sand scattered around for protection against metal splash. 


The Digicarb should be in the 'ready' mode.


2)
First immerse scoop sideways in metal, allowing small amount into bowl, then rinse 

round bowl then discard metal. Repeat using larger amount of metal, until all bowl is 

at red heat. The bowl is now ready for use.


3)
Ensure scoop is warmed through and fill at least half full.


4)
Transfer metal from scoop to foundry cup quickly but safely, filling cup to above its 

rim. Over filling may be necessary e.g. if metal is too cold or transfer time too long.  

Overfill rather than underfill the cup. Do not touch the cup with scoop


7)
If scoop is unevenly warmed always pour from hottest side of the scoop.


8)
Overfilling allows time for liquidus arrest to be reached or exceeded.


9)
Discard unused metal and remove or 'wash out' any solidified metal from the scoop.


10)
Metal skulls remaining after cooling should be removed by careful use of a pair of 


pliers. Larger slugs of metal or slag may require the user to knock the steel handle of 

the ladle bowl against a solid stop with the bowl inverted. Under no circumstances 


should the bowl. itself be struck, nor should a hammer be used to release adhering 


material.

C.) 
Volume to Pour.

Always try to fill the cup fully to the top surface and for a decent measurement the cup must 
be filled at least covering 90% of its depth. A small overflow is allowable.

SECTION  10.

COOLING CURVE ANALYSIS
Cooling curve principles:
A record of temperature change during the cooling of a molten sample of grey cast iron of hypo-eutectic composition shows two arrests as illustrated in Fig.1 below.

The first arrest is sharply defined and is caused by the precipitation of austenite. The temperature at which the arrest occurs is called the liquidus temperature and this is related directly to the composition of the iron. Measurement of this temperature provides the basis of a well-established shop floor test for control of metal composition using the carbon equivalent liquidus (CEL) relationship in which the liquidus arrest temperature is related to:-  c + Si + P 
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In a grey iron, a second arrest in the cooling curve occurs at a temperature below that of the liquidus and this is due to the precipitation of the graphite/austenite (grey iron) eutectic. The temperature of this transformation is also related to the metal composition. In practice the eutectic reaction does not occur at constant temperature and a cooling curve for a grey iron shows the well known phenomenon of under-cooling and recalescence as illustrated in Fig 1.It is also greatly influenced by factors such as cooling rate and degree of nucleation and it is not feasible therefore to relate, with certainty, changes in metal composition to changes in the grey iron eutectic temperature. In the majority of instances the maximum grey iron eutectic temperature occurs in the temperature range of 1140 to 1160 deg C. (2084 to 2120 deg F.)

If an iron solidifies white, provided it is of hypo-eutectic composition, two well defined arrests are obtained in the cooling curve. As with a grey iron the liquidus arrest is well defined and is directly related to the CEL value. The second arrest occurs at a temperature below that of the grey iron eutectic, usually in the temperature range 1100 to 1140 deg C. (2012 - 2084 deg F.), and is due to the precipitation of the carbide/austenite (white iron) eutectic. This reaction occurs at a nominally constant temperature and a well defined arrest is observed as shown in Fig. 2
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Fig. 1.

Fig. 2.

Typical cooling curve of a
hypo-eutectic grey iron show-
ing eutectic solidification
occurring over a temperature
range.

Typical cooling curve of a

hypo-eutectic white iron show-
ing eutectic solidification
occurring at constant tempera-
ture.




BCIRA has established that the temperature at which the white iron eutectic occurs is related directly to the metal composition and is relatively unaffected by other factors. It is possible therefore to develop two independent equations relating the liquids temperature and the white iron eutectic temperature to the carbon, silicon and phosphorous contents of a white iron sample. These equations have been incorporated into the BCIRA CARBON CALCULATOR so enabling a carbon content to be determined directly by measurement of a liquidus and a white eutectic temperature. The basis of the method is therefore that corresponding to any particular value of liquidus temperature and white iron eutectic temperature there is a corresponding unique value for carbon.

Application of BCIRA Carbon Calculator:
1.
Determine a cooling curve on a sample cast into a mould coated with tellurium to ensure 

white solidification. White solidification cannot be guaranteed in magnesium or cerium 

treated irons and occasional difficulty may be encountered in heavily inoculated flake graphite 
irons.

2.
Check that the cooling curve has a form similar to that of the ideal curve illustrated in the

chart overleaf.

3.
Read from the cooling curve, the liquidus temperature and the white eutectic temperature, 
and align both temperatures on the BCIRA carbon calculator and read the carbon content.

4.
If the cooling curve obtained does not have the ideal form illustrated then the chart overleaf 
should be consulted to identify the probable cause.

5.
The method is suitable for all unalloyed iron in which:- C + Si + P   < 4.05
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This includes flake graphite irons, base irons for the production of nodular graphite irons and 
malleable irons.

SECTION  11.

CARBON EQUIVALENT FORMULAE
Several carbon equivalent formulae are used which, according to their application, are calculated In different ways. The purpose of this section is to define them, and their use.

Carbon Equivalent Liquidus - CEL:
As unalloyed molten irons cool, there is a temperature arrest when solidification commences - the liquidus arrest. The temperature at which this arrest occurs is related to the carbon, silicon and phosphorus contents of the iron by the expression:-   C% + Si% + P%








 4        2

This is the carbon equivalent liquidus value (CEL). It is the most commonly used carbon equivalent formula, as it is the only one which can be directly measured.

Thermal analysis provides a rapid and cheap shop floor method of determining CEL for irons of composition such that:- C% + Si% + P% < 4.05 when tellurium coated test moulds are used
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or          C% + Si% + P% < 4.3   if the moulds are uncoated.
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A change in the measured value of the liquidus arrest temperature, and hence of the CEL, is a direct indication of a change in the carbon, silicon or phosphorus content of the irons. CEL, like other carbon equivalent formulae, does not define a unique iron composition and it is possible for irons of  different compositions to have the same CEL value.

The CEC value, as well as providing an index of metal composition, is a guide to the tensile strength and chilling characteristics of the iron. The table below provides guidance on the relation between CEL value, grade of iron and minimum chill free section thickness. Each foundry should verify its working ranges of CEL by experiment, since metal and mould production can vary from one foundry to another.


           220


           300

	


       4.2 - 4.4


       3.9 - 4.2


        3.6 - 3.9


        3.5 - 3.6

	


          8 - 5


        10 - 9


         15 - 10


         25 - 15

	


Carbon Equivalent - CE:
The grey iron eutectic occurs at a carbon content of 4.3 per cent in the binary iron-carbon system: if silicon and phosphorus are present the carbon content of the eutectic is lowered. Their effects on the carbon content of the eutectic are given by the expression:-    C% + Si% +  P%
  








  3 
  3

This is the carbon equivalent value (CE) of unalloyed grey irons. Grey irons having a CE of less than 4.3 are hypo-eutectic; greater than 4.3 are hypereutectic; and those of 4.3 are of eutectic composition. Carbon equivalent cannot be directly measured. It must be calculated from results obtained by analytical procedures.




Fig 1. Relation between tensile strength and carbon




equivalent value for various bar diameters.

The CE value provides a guide to the chilling tendency of irons. Its main use is relating the tensile strength of flake graphite irons, cast into various section sizes, with composition as in fig 1.

The simple expression shown above is not applicable to alloyed irons in which the alloying elements affect the carbon content of the eutectic. For irons which solidify white, the carbon equivalent should be calculated using the expression:-    C% + Si% + P%
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A value of 4.3 is the cutectic composition.

Carbon Equivalent Fluidity - CEF:
The ability of iron to fill a mould and to give a sharp definition of the pattern is assessed by measuring its fluidity. The influence of carbon, silicon and phosphorus on fluidity are represented by the expression:-       C% + Si% + P%
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This is the carbon equivalent fluidity value (CEF).

The CEF cannot be directly measured, but must be calculated from a knowledge of metal composition. Grey irons, nodular irons, compacted graphite irons and white irons will have similar fluidity at the same CEF value and pouring-temperature, but highly alloyed irons, which tend to form a skin on the metal surface, will have lower fluidity. Fluidity varies with temperature and CEF value. Pouring temperature has a much greater effect upon fluidity than has the CEF value.

SECTION  12.

DIGICARB 3. ADDITONAL APPLICATIONS
1.)
Fritting-in Temperature Monitor:

i.
Unplug or disconnect C.E. measurement cable.


ii.
Plug in or connect a separate cable with 'Frit' thermocouple type 'K', which has been 

fixed in the lining, prior to warm-up


iii. 
Switch Digicarb 3 to 'Calibrate' mode.


iv.
Frit temperature can now be continuously monitored from room temperature tip to 

1370 Deg C. or until frit thermocouple is removed or destroyed.


v.
Reverse the above procedure to return to C.E. 'Measurement' mode.

2.)
Carbon in Steel:

It your customer makes steel as well as iron, his prime use of Digicarb 3, he can, with the 

addition of a stand + plug-in Pt/Rh 'R' or 'S' thermocouples quickly adapt his instrument to 
monitor the cooling curve of a sample of steel and automatically obtain a print-out of the 


Arrest Temperature and  hence quickly derive Carbon % in Steel.

i.
Disconnect the dip temperature lance and cable.


ii.
Plug-in carbon in steel cable and stand. Plug-in a Type 'R' or 'S' cup (This should be 

the same calibration as your Digicarb lance tips.)


iii. 
Using a preheated sampling spoon, take a sample of molten steel, from the furnace or 

ladle: This may require 'killing' in the spoon with aluminium wire or rod.


iv.
Pour the sample into the cup:- Fill until cup overflows.


v.
Digicarb 3 monitors the cooling curve, searches for, stores and  prints the Arrest 


Temperature:- As for the dip temperature measurement program. Digicarb 3 ignores 

any 'superheat spike'.


vi.
With a historic knowledge of other elements in the melt e.g. say from a spectrum 


analysis taken at melt out, Arrest Temperature Depression, caused by these elements 

presence, can be quickly calculated in Deg C.


vii. 
Add above calculated value to Actual Arrest Temperature obtained by Digicarb 3: 


This gives Arrest  Temperature equivalent to C%.


viii. 
Look up Carbon % value from tables provided by N.I.(L).

3.)
Digicarb 3 may be used in 'Calibration' mode to monitor temperatures 0 to 1370 Deg C. 

for 'K' or 600 to 1750 Deg C. for 'R’ or ‘S' thermocouple.
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