DC4 - Specification for Digicarb 4 based on NIDPP4C board


Overview

Digicarb 4 is a low-cost instrument for automatic determination of Carbon, CEL and Silicon content of iron by analysis of cooling curve of a molten sample.

Displays/Indicators

A 4-digit 7-segment LED display shows temperature or other selected data. Blue, Green, Amber and Red lamps indicate progress of the analysis. Blue is a continuity indicator which shines when the temperature is between 0 and 100 degrees C. Green shows when temperature is above threshold (1100 degrees C), amber when a liquidus has been detected, red momentarily if sampling fails before a liquidus is found. On completion of sampling, the result displays are updated and the lamps switch off.

User Controls

There is a front-panel 8 position switch to select the display function in "Normal" mode:-

Run indicates the current temperature of the sample cup or dashes if open-circuit. At the points where a liquidus or solidus is found, the left hand digit momentarily shows "L." or "S." as appropriate. At any time, the switch may be turned to other positions without disturbing sampling. Liquidus and CEL/CEV figures are updated immediately that liquidus is found; solidus, carbon and silicon figures are updated immediately that solidus is found.

Liquidus displays the last determined liquidus figure since power-on. After power-on, defaults to 1200 degrees Celsius. If a cooling curve is currently running, the display updates as soon as the new liquidus is found. At this point, "L." appears momentarily in the left hand digit. Also, "S." appears momentarily in the left hand digit at the point where the solidus is found. This figure may be adjusted or overridden after sampling by using the Up and Down buttons.

Solidus displays the last determined solidus figure since power-on. After power-on, defaults to 1125 C. If a cooling curve is currently running, the display shows "L." momentarily when the liquidus is found and shows dashes to indicate that a valid solidus has not yet been found, then shows the new figure immediately as the new solidus is found. At this point, "S." appears momentarily in the left hand digit. If no good solidus was found, dashes are shown on the display. Undercooling of more than 4 degrees C causes rejection of the solidus, otherwise the peak of the solidus plateau is selected. This figure may be adjusted or overridden after sampling by using the Up and Down buttons.

%CEL shows the Carbon Equivalent Liquidus from the last valid sample. %CEV may be selected in Cal mode as an alternative to CEL.

%Carbon displays the actual Carbon content from the last valid sample, taking into account the Phosphorus content previously entered manually.

%Silicon displays the Silicon content from the last valid sample, taking into account both the Phosphorus content and the Silicon offset.

%Si Offset shows the currently set Silicon correction figure to compensate for consistent error compared to laboratory analysis of samples. This figure may be adjusted at any time using Up and Down.

%Phosphorus/delta-T shows the last figure for delta-T (undercooling) in Normal mode and shows the currently set Phosphorus figure used in the Carbon and Silicon calculations in Test/Cal mode.  Phosphorus may be adjusted in Cal mode using the Up and Down buttons.

Other switches :-

Up and Down buttons (internal or on front panel) are used to adjust silicon offset and phosphorus figures and tuning parameters in addition to options such as Fahrenheit/Celsius select. The liquidus and solidus figures may also be adjusted, either to use DC4 manually as a carbon/silicon calculator or to adjust the last result if deemed appropriate.

Test/Cal switch (internal) permits temperature measurement calibration and tuning of analysis parameters, also selection of optional CEV or CEL, Celsius or Fahrenheit and thermocouple type. From firmware version 3, also has a data logging mode when switched to SIOS position.

An overriding Run toggle or key switch may be fitted on the front panel, so for instance the rotary control may be left in the CEL or Silicon position with the Run switch used to monitor progress of sampling. Another switch may be used to disable Up/Down buttons if tamper-proof operation is required.

Parameter Tuning (Test/Cal mode)

% Phosphorus, Silicon offset, options and tuneable parameters are stored in non-volatile memory, so the figures are memorised indefinitely.

To cater for differing slope and duration of liquidus and solidus plateaux, curve analysis parameters may be tuned for optimum performance. Measurement and analysis still operate as normal irrespective of switch position (except when switched to SiOS), so slope figure and plateau timers may be monitored without affecting analysis of a current sample. Switch into Test/Cal position to monitor progress and to access tuneable parameters:-

Run position displays the current temperature,also shows "L" or "S" when an apparent plateau is found; Pressing Up or Down button displays parameters and options not set in other switch positions.

% Silicon position allows displayed parameter values to be modified using Up and Down buttons;

Liquidus position sets maximum valid liquidus value, e.g. 1220 for S.G. iron;

Solidus position sets maximum valid solidus value;

% CEL displays slope value when running;

% Carbon displays current value of plateau length count when running;

% Si Offset shows and allows setting of Silicon correction offset  From version 3, sets the unit into logging mode with auto printout at one minute intervals ;

% Phosphorus allows display and modification of Phosphorus figure.

Slope values are adjustable from 1 to 255, where 80 represents 1 degree C per second.

Plateau length is in units of 0.8 Seconds, e.g. 6 represents 4.8 Seconds.

Summary of rotary switch display and adjustment functions

The last column shows the display function when in Test/Cal position including when sampling is in progress, where the measured values of slope and plateau count may be monitored.

	
	"NORMAL"  
	"TEST/CAL"

	RUN
	TEMPERATURE
	TEMPERATURE/PARAMETER DISPLAY

	LIQUIDUS
	SHOW/SET LIQ
	SHOW/SET MAX LIQUIDUS

	SOLIDUS
	SHOW/SET SOL
	SHOW/SET MAX SOLIDUS

	% CEL
	SHOW CEL
	SHOW SLOPE

	% CARBON
	SHOW CARBON
	SHOW PLATCNT

	% SILICON
	SHOW SILICON
	PARAMETER ADJUST

	% SI O/S
	SHOW/SET SI O/S
	SHOW/SET SI O/S or LOGGING MODE

	DELTA-T/% PHOS
	SHOW DELTA-T
	SHOW/SET PHOS


Other adjustable parameters accessed in Run and Silicon positions :-

Hour
Hour, 2 digits 00-23

Min 
Minutes, 2 digits 00-59

dAtE
Date, 2 digits 01-31

Mnth
Month, 2 digits 01-12

YEAr
Year, 2 digits 00-99

dAtF
Date Printing Format, ddMM or Mmdd

C F 
Degrees C or F

tAbL
Thermocouple type table, k 90 or k 48.

CELV
CEL or CEV

FrLA
Formula, bCir (L&N/BCIRA) or ELEC (Electronite)

LiSL
Maximum slope for valid liquidus

LiPL
Minimum plateau length for liquidus

SoSL
Maximum slope for valid solidus

SoPL
Minimum plateau length for solidus

diSP
External display type, o = Omega/Newport, d = Displait

dAtF may be set to ddMM for date/month/year format (e.g. 31/01/01) or MMdd (e.g. 01/31/01).

Default Values

Maximum Liquidus : 1370, suggested starting value is 1350, 1220 if S.G. iron;

Maximum Solidus : 1370, suggested starting value is 1145;

Celsuis / Fahrenheit : set to Celsius;

Thermocouple table : set to Type K (IPTS-90);

CEV or CEL : set to CEL;

Formula : set to BCIRA (depends on convention and on make of cup in use;

Maximum Slope for liquidus plateau : 80 ( 1 degree C per second );

Minimum Length of liquidus plateau : 4 ( Electro-Nite ) or 6 ( L&N );

Maximum downward Slope for solidus plateau : 40 ( 0.5 degree C per second );

Minimum Length of solidus plateau : 10 ( 8 Seconds ).

To restore all default values, set minimum length of liquidus plateau (LiPL) to 20, then switch off and on again.

Date, Time and Tuning Parameter setting

Switch to %Silicon position with Run switch set to Run. Switch to Test/Cal mode, temperature or dashes should be displayed. Press Up or Down button to access adjustable parameters; a mnemonic appears briefly to indicate which parameter is currently accessed, followed by the actual value. To adjust a value, switch off Run and adjust the value with the Up or Down button. Data is stored when selecting another parameter or when switched back to Normal mode.

To print the current settings, press the Up and Down buttons together while switched to Run in Test/Cal mode. Results are printed as a string of figures, e.g.

02/20/03 10:13

m,F,4,V,E,0078,0003,

0039,0003,d,

2492,2462

First line shows current date and time, next line shows m or d for mm/dd or dd/mm date format, C or F for temperature scale, 4 or 9 for IPTS 90 or 48 calibration, L or V for CEL or CEV calculation, b or E for BCIRA or Electronite formulae, maximum liquidus slope parameter and minimum liquidus plateau length parameter. The next line shows maximum solidus slope parameter, minimum solidus length parameter and o or d for external display type, then the last line shows the maximum liquidus and solidus temperatures.

Suggested method for tuning analysis parameters

Ensure that connections are sound. If possible, use a typical sample of iron. Switch mode to Test/Cal. Check that parameters are sensible values compared to the defaults above. Set the maximum liquidus and solidus parameters to at least 5 degrees C higher than the maximum which you ever expect to measure.

Switch main switch to %CEL and pour a sample. In this position the measured value of slope is displayed. As the sample approaches liquidus, the slope value should drop from a high figure, probably in the hundreds, to 50 or less. Lower figures indicate better stability. After a few seconds, "L." may appear, to show that a liquidus has been detected. Make a note of the highest slope figure observed during the liquidus. At any time, you may switch to "Run" to check the actual temperature being measured. As the liquidus plateau ends, the slope figure will rise again. Take a note of the slope 2 or 3 seconds after the liquidus ended. For the liquidus to be detected correctly, the "Maximum slope for liquidus" parameter must be between the 2 figures noted. Similarly, check the measured slope after the solidus plateau. Adjust the slope settings if required, then take another sample to check the length parameters, but switch to %C to display the plateau length counters as they count. Set the parameters to half to two-thirds of the measured maximum count shown. With familiarity, the length and slope parameters may be checked and tuned on a single sample.

Serial Interface to computer

RS232 port for connection to a computer for real time data download which occurs immediately that the solidus is found or the temperature drops below the expected minimum.

Data string sent is as follows, with any invalid field sent as "????":-

A,08:32,14/11,1247,1098,2.55,3.35,3.44,0.02,00.0,-0.02,e where e is the end-of-text code, 03.

(A,time,date in dd/mm format,liquidus,solidus,carbon,CE,Si,Phos,undercool,Si offset,e)

From version 3, a data logging facility is available, string sent as follows:-

B,08:32,14/11,1,1247,e

(B,time, date in dd/mm format, furnace number (always 1), temperature,e)

All serial data is 1200 baud, 8 data bits, even parity, 2 stop bits.

Serial Interface to external display

An RS422/485 2-wire interface is designed to drive a remote numeric display. Displayed information is a copy of the main display when not switched to Test/Cal modes, except that the "L" and "S" indicators are not displayed. Two types of display are catered for, selected via the disp parameter. Using an Omega/Newport 6-digit display allows temperature to be displayed with sign, decimal point and degree C or F indication in addition to percentage results. The standard Displait display has 4 digits and no decimal point but displays temperature and percentage adequately using a dash in place of the decimal point.

Communications format:

Omega format

Sends a STX character then at least 4 ascii characters  representing temperature or result, then degrees symbol and scale if appropriate then CR character.

Examples (hex representation): 

02 31 35 34 36 5b 43 0d (1546 degrees C)

02 20 20 2d 2d 20 5b 43 0d (invalid temperature)

02 20 33 2e 35 38 20 20 0d (3.58)

Displait format:

Sends a STX character then 4 ascii characters  representing temperature, then ETX character. Special codes are 3a for a dash, 3f for blank. Decimal points are also represented by a dash due to limitations of the display.

Examples (hex representation): 

02 31 35 34 36 03 (1546 degrees)

02 3f 3a 3a 3f 03 (invalid temperature)

02 33 3a 35 38 03 (3.58)

Serial Interface to printer

An RS232 port for printer connection gives simple real time printouts of results in the following form:-

28/12/02 15:49

Liq 1180C, Sol 1105C

Carbon 3.26%,CEL 3.90%

Silicon 2.34%,d-t 02.9C

Phos 0.10%, Si o/s -0.02%

Data logging printout (where available):-

13/06/07 10:24 1247C

Date is printed in dd/mm/yy or mm/dd/yy format as selected by the ddmm parameter. Similarly, temperatures are shown as degrees F when selected.

d-t is the undercooling or delta-t measured during solidus analysis.

Installation of serial port

The standard serial interface on N.I. Products is a low speed RS232 standard, which allows longer cables to be used than would be the case with a USB interface. To connect to a computer without a RS232 interface, a USB to serial adaptor must be used.

To install the USB to Serial adaptor, first insert the supplied mini-CD or locate the driver files on disc if they were transferred via email or internet. This example assumes Windows XP so slightly different procedures may apply to other computer systems. The supplied adaptor is designed for Windows 98, 2000, ME, XP, Vista and Windows 7. Plug in adaptor to USB port on computer, computer should detect new hardware and prompt the user for action. If prompted, select NOT to search for a driver on the internet then allow it to search for a driver automatically, which it should find on the CD or in a location specified. Ignore any “Windows Logo” warning and click on “Continue Anyway”. The driver should automatically install.

N.I. Interface programs can be selected to use COM1 to COM4 serial ports so the adaptor must be set for one of these. To check and set the port, choose Control Panel->System->Hardware->Device Manager and open Ports (COM & LPT). There should be an entry labelled USB-Serial with the currently set port in brackets. If the port number is in the range COM1 to COM4 then all is well and this port should be specified in the N.I. Interface software. 

If the number is higher, then double click the entry and select Port Settings->Advanced which should allow access to the port number setting. Select one of the ports 1-4, ideally COM4 regardless of whether it says “in use” then save the setting and restart your computer. When it has restarted, re-check the port setting in Control Panel.

Installation of N.I. Interface Software

The software may be supplied on CD or via internet or email.

If the file is in .zip format, first unzip / extract the files.

Double-click on SETUP (SETUP.EXE) to start the installation process. And follow the onscreen instructions.

When the interface software is run for the first time, you need to select the appropriate COM port COM1 – COM4, which will be remembered by the program for next time.

To test communications, click “Comms Test” after connecting and switching on the Digicarb unit. The result will be shown in 2 seconds.

Calculation Formulae

L&N/BCIRA:-


C = 0.01693Ts – 0.00796Tl – 6.05


CEL = 13.42 – 0.008064Tl


Si = 86.79 – 0.00566Tl – 0.07016Ts – 2.45P

Electronite:-


C = 0.0178Ts – 0.0084Tl – 6.51


CEL = 14.45 – 0.0089Tl


Si = 78.41 – 0.06831Ts – 4.281P

For both types, CEV = 15.44 – 0.00964Tl
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