SmartLab Principle Of Operation:

SMART LAB AS A TEMPERATURE PYROMETER:

It uses PLATEAU DETECTION SOFTWARE to measure the temperature, which ensures accurate & true bath temperature measurement. A separate 4th window is provided on front panel of SMART LAB for display of bath temperature.

SMART LAB AS A CARBON SILICON ANALYSER:

The thermal analysis is a quick, reliable, & low cost application method enabling quality & melting process control of cast iron. From iron/carbon state diagram the thermal analysis gives direct information about solidification of cast iron. It allows analysis of carbon equivalent (%CE), carbon (%C), silicon (%Si) in iron melts like Grey cast iron, Spheroidal Graphite cast iron and Malleable cast iron.

The carbon & silicon are determined by thermal analysis of melt, for this SMART CUP consists of tellurium are used. Based on EMF generated by the thermocouple inside the SMART CUP & according to solidification of iron sample calculations are made. As the sample is poured in to the SMART CUP, at the beginning of solidification the liquidus temperature  (TL  ) is latched , & towards end of solidification the solidus temperature (Ts) is latched. From liquidus temperature the CE can be calculated, whereas C can only be calculated by means of both TL and TS. Silicon is calculated by means of Ts and correction factor ( i.e. silicon slope).

Eutectic Cell Count & Inoculation Deciding Factor :

Efficiency of inoculant can be measured & controlled by following two indexes 

UIF = Reading obtained by pouring the un-inoculated metal into the plain cup 

AIF = Reading obtained by pouring the inoculated metal into the plain cup

If  UIF is high then obviously need for inoculation is high. Normal values for UIF are between 20 to 350 C. In rare cases UIF might be very low. It indicates that already the base iron has a high degree of nucleation power & dosed not need any inoculation at all. A melt made up of mainly pig iron is an example. Provided that UIF is within normal values then another index can be used to estimate the irons response to inoculation:

Inoculation Deciding Factor (IDF) = UIF / AIF

Inoculation Deciding Factor gives a relative measure of the inoculant’s efficiency. If IDF is 1 then the effect of the inoculant is nil. Normal values are within 1.6 to 2.6. If the value is higher than 2.6, it means that the iron is “over inoculated” which could lead to casting defects.

1. IDF – value < 1.3 : small content of effective crystalizers in the melt – mistake during melting, wrong material and/or wrong inoculation.

2. IDF – value from 1.3 – 1.6 : in case of perfect inoculation there may be a lack of inoculation readiness of the iron  and of factors influencing the cast  iron.

3. IDF – values from 1.6-2.6 characterise the best operating range. Good relation between input & output of inoculation.

4. IDF – values from 2.6 – 4.0 are only obtained with a large number of effective crystallizers. Danger of excessive inoculation and thus, of greater possibility of piping.  
For a given alloy these indexes can be directly linked to a formula, estimating the optimal addition for the current base-iron. By varying the amount of inoculant depending on the status of the base iron a more metallurgically stable process is achieved. Casting defects are minimized and variations in physical properties are reduced. The described methodology allows the foundry to reduce the consumption of inoculants. The described methodology can be used for gray-, ductile-, and compacted graphite iron. The need for a more precise inoculation is greater in ductile than in gray iron, as the inoculation also influences the nodule count.

For a given alloy these indexes can be directly linked to a formula, estimating the optimal addition for the current base-iron.

SMART LAB can measures eutectic cell count (ECC) before & after inoculation of metal. Direct digital reading of ECC gives prediction of microstructure by graphite distribution. 

Following is the table which indicates the relation between eutectic cell counts & microstructure form.

	STANDARD TYPE
	EUTECTIC CELL COUNTS

( /cm2 )
	GRAPHITE FORM

	I
	>600
	100% A 4- 6

	II
	550
	90% A 4- 5 max. 10% B/D/E 

	III
	450
	80% A 4- 5 max. 20% B/D/E

	IV
	350
	50% A 4- 5 max. 50% B/D/E

	V
	250 - 150
	30% A 4- 5 max. 50% D/E 20%B 

	VI
	100
	0% A 4- 5 max. 80% D/E  20% B


SMART LAB AS A TENSILE STRENGTH / BHN INDICATOR:

The cast iron grades are basically defined in terms of:

1)   Tensile Strength

2) Metal Composition

3) Structure defined by machinability or hardness

The properties of cast iron are affected both by metal composition & cooling rate inside mould or section size. Cooling rate & section size related parameter are taken in to consideration while designing of mould itself. So in normal day to day practice, we have only major controlling element is a metal composition.

The three basic elements in cast iron which affects strength and hardness are total carbon, silicon and phosphorous and it has been found effects of these elements. This index is known as carbon equivalent value and is obtained from following formula.

                               Si % + P%

CE = T. C. % +  --------------------

                                       3

Thus the carbon equivalent value provides a useful index of probable strength in given section.

All important standards specify gray cast iron by reference to its strength, when cast  into test bar of fixed diameter and not by reference to the strength of the casting itself. Thus we can directly verify the results obtained by Smart Lab with the results obtained by standard test bar method. For BHN measurement firstly, we can set instrument for various thickness test pieces like 5mm thick or 20mm thick or 40mm thick  etc. then the results obtained by SMART LAB can be verified with the results obtained by BHN test method.

To obtain exact analysis, an absolutely perfect measurement chain is essential. This contains analytical instrument, holder, compensating cable, thermocouple. Preferably our make holders & cups should be used since it meets the accuracy requirements due to its quality.

SMART LAB IN NODULARITY & NODULE COUNT MEASUREMENT MODE

The %Nodularity, Nodule Count, and Shrinkage Index for S.G. Iron melts are determined by thermal analysis of melt, for this SMART CUP - Grey (i.e. Cup with out tellurium) are used. Based on EMF generated by the thermocouple inside the SMART CUP - Grey & according to solidification of iron sample calculations are made. 

As the sample is poured in to the SMART CUP - Grey, at the beginning of solidification the liquidus temperature  (TL  ) is latched , & towards end of solidification the Undercool temperature , Recalesence & End of Freezing Temperature is latched. From these various thermal arrests & time taken for solidification the %Nodularity, Nodule Count & Shrinkage Index can be calculated.

One Complete Cycle of measurement in this mode takes approximately 240 seconds. All these readings are displayed on front panel of SMARTLAB (i.e. There is no need of computer to connect to instrument).
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