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ABSTRACT

A thermal analysis method 1s developed to study
the influence of various processing variables such as
metal chemistry, inoculation procedure, pouring tempera-
ture, solidification rate, etc. on extent of carbon
macrosegregation in commercially préduced nodular cast
iron. The processing variables directly affect solidi-
fication mechanisms, and thus carbon macrosegregagion.

The procedure for evaiuating the solidification
history of the sample ingot involves:

1) Pouring the metal sample into a measuring cup
equipped with a sensitive thermocouple, and
recording the cooling curve during solidifi-
cation of the sample ingot;.

2) Sectiloning the sample ingot, performing a
chemical analysis (spectroscopically), and
examining metallographically the ingot
structure. -

3) Determining the parameters for fitting a
fundamentally derived equation to the cooling
cufvé and relating the values of the parameters
to carbon macrosegregation tendency.

A special.mathematical procedure and computer pro-
gram 1s developed for translating the teﬁperature—time
data obtained into sets of solidification parameters. The
thermal analysis method, when combined with the chemical
analysis, successfully predicts carbon macrosegregation

tendency in commercial nodular cast 1irons.

iv
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CHAPTER 1.

Introduction

This study is undertaken to identify the effect of
processing variables on carbon macrosegregation in commerci-
ally p£ duced nodular cast irons. Carbon macrosegregation
in its severest form is Eommonly referred to as carbon
flotation. A thermal analysis method is developed which

gives reliable predictions on the influence of various pro-

cessing variables on carbon macrosegregation.

The principal processing variables are metal chemistry,
pouring temperaturé, magnesium nodularization treatment,
inoculation treatment,:and holding time of the treated metal
(1,2). The heavy production schedules in nodular~cast iron
fOundfy practice require tight control of the variables
and the maintenance of the prescribed pouring specificiations,

if maximum efficiency and product guality are to be achieved.

The usual foundry practice for continuous production of

nodular cast iron consists of the following:
(1) base metal transfer from a basic slag- cupola

into an electric arc holding furnace or a gas

»

A .
preheated forehearth;

.

(2) transfer (when required) of the base metal from
the holding furnace or forehearth into a treat-

ment ladle containing magnesium nodularization

A
alloy and other reguired ferrocalloys;

{3) transfer of the treated metal into pouring
~ ) ’/ -~

Irid
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ladles duriﬁg which inoculation with ferrosilicon
is,performed;
\\\ﬁg) pouring the inoculated @etél into moulds.

'An efficient and reliable melting operation is essen-
tial in maintaining stable-metal chémiétry and temperature.
This, however, is not always realized, and metal .chemistry
fluctuations beyond acéeptable limits occasionally occur.
Since the metal chemistry specifications are guite stringent
(e.g., final carbon content is to be held within a 0.30%
range*), - any deviation outside of the prescribed limits
results in most instances in costly production downtime and
£ scrap; the latter frequently the result of severe carbOnV//

) flotatioﬁ.’ However, in someé~3ystances, castings poured using
_ metal outside the prescribed chemistry limits do not show a
significant amount of carbon flotation as might be expected,
"and thus additional data are required if more reliable
. processing specifications are to be established. It may be
‘ possible to accept carbon levels {or carbon equivalents)
outside specified limits by adjusting other processing
variables in compensation, which would be of considerable
economic benefit to foundry operations. This requires a
more comp?ehensive analysis of the proéessing varilables,
and the;mal history of the metal during solidification appears
{éjﬁaié this éomérehensiveness.
— S

! In this investigation a method is developed for pre-

dicting carbon macrosegregation from an analysis of cooling

&

* All concentrations in weight percent.
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7N

curves. The metal samples for this purpose Were taken
immediately before the metal was poured into moulds, ana thus
all the processing variables (together with other intfinsic
characteristics of the metal not noxm y monitored-in con-
ventionél control practices) contribute to determining the
cooling cuxve and thus the solidification parameters used

in the analysis.

Since the net effect of processing variables on carbon
macrosegregation is indirectly related to the temperature vs.
time values of the cooling curve, the design of a simple
analytical methed based on the cooling curve, combined with
digitﬁi processor, would provide a powerful tool for control-
ling process parameters for production of castings if rapidity
and relative accuracy in predicting the macrosegregation

tendency in nodular cast iron castings could be demenstrated.

~
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CHAPTER 2

. A Literature Review

\

2.1 Carbon Macrosegregation

Carbon flotation frequently occurs in heavy sections
of nodular iron castings of hypereutectic compositions, i.e.,
where cooling and solidification rates are generally slow.
The flotation effeét is usualig observed as a loosely packed,
relativeiy thick layer of graphite nodules at the cope ({(upper)
surface of castings, which greatly reduces surface guality.
The thickness of the segregated” layer depends on metal chem-
istry, pouring Eemperature, sclidification mechanism, cooling
rates, etc., and in extreme cases reaches several millimeters
in depth (1,3).
k\J Carbon macrosegregatign, which 1is incipient carbon
flotation, originates in the melt (4). The decrease in
interfacial energy is the driving force for carbon macro-~
segregation, and results in clustering of the graphite
nocdules. The subsequent carbon flotation is due to'the low
densi;Q'of the free graphite compared to that of the sur-
rounding ligquid irom. Durigé)solidification of hypereutectic

3,

grow until sufficiently large to overcome the viscous forces,

nodular ircn, graphite nodules are first precipitated and

whereupon they rise in the liquid giving the segregated
regions (4,5). As solidification progresses, and subseguent
eutectic solidification takes place, the newly precipitated

-~

(eutectic stage) nodules, together with some of the nodules
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precipitated earlier, become entrapped by growing austenite
dendrites, thereby preventing flotation (6,7). Thus, carbon

’
macrosegregation is an early solidification period phenomencn.

Also, since the number of nodules progressively increases

—

with the increase in the carbon eguivalent level (carbon plus

one third silicon content), a severe graphite ngdule agglom-
eration will occur in extremely high carbon equivalént irens.
The so-called kish carbon is the most severe form of graphite
agglomeration. -

Magnesium is the element in the nodularization alloy

which is primarily responsible for initial nucleation of the

graphite nodules, but cerium. and other rare earth metals

usually contained in some nodularization alloys also decrease

the flotation tendency through an increase in the nucleation
rate (8-11). The increased nucleation rate results in a

greater number of nodules/of decreased size, and thus the
/

. viscous force may be sufficient to overcome the buoyancy

force to prevent or significantly retard graphite flotation.
The degree of graphite{%lotation can also be controlled to
some ext&nht by adjustin&hghe amount and grade of ferrosilicon
inoculant used. The function of the inoculant is to enhance
the graphite nodule nucleaéion, and such elements as aluminum,
calcium, and strontium normally present in ferrosilicon ino-
culant significantly improve the effectiveness of the inocu-
lant (8,12-14). 1In general, faster cooling rates are

preferred since less time is available for growth and flota-

tion of nodules. The cooling rates are directly affected

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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by casting size and mould material. A significant reduction
in flotation zone depth can also be achieved by maintaining

lower pouring temperature (4).

2.2 Thermal Analysis Method

Thermal or cooling curve analysis of ncdular cast iron
has been extensively reported in the literature in recent
years. Although there is some disagreement and controversy,
it is evident from'the studies reported that the shape of
the cocling curves is primarily dependent on - the solidification
mechanisms, which in turn is dependent on metal chemistry and
to a lesser extent on nodularization and inoculation treat-
ment (4,15,17,18). Since'it is not practicable to incorporate
a comprehensive chemical analysis inéo a guick routine quality
test during production, the gocal of various<iﬁvestigators
has been to develop a thermal analysis method which proves to
be an adequate and effective substitute.

In conventional practice cooling curves are cobtained
by recording the temperature vs. time variations during
cooling and solidification of a liquid metal specimen. The
temperature variations are monitored by a sensitive thermo-
couple suitably iocated in a sﬁ%cimen receptacle, and traced
on a strip.chart recorder. The design of the receptacle
allows for either vertical or horizontal positioning of the
thermocouple, and depending on sampling device and purpcse,
sample receptacles can be filled by pouring metal into it or
by imgersing the entire sampler in the molten metal (15-17,19).

Features of the cooling curves, such as variations in

-«
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slopes, thermal arrests, undercooling, and recalescence, can
‘be associated Qith the initial precipitation of proeutectic
graphite, the staré.and end of the eutectic solidification

stage, and other solid state phase transformations, which din
turn can be related to the metal chemistry, general as-cast
matrix structure, graphite morphology, nodule diséribution

and count, ana carbide formation (17). Due to this fact the

thermal analysis method has become in recent years an essen-

tial part of the cast iron process and gquality control.

a3

PEREERN
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CHAPTER 3

-
I

Experimental Procedure

)

The sampling device used in this stud; consisted of a
conventional foundry carbdon eguivalent measuring cup and a
coo;iﬁg curve (strip chart) recorder. The measuring cup is . \w
a cghmercial type, shell-moulded sand cup containing an
axially positioned chromel-alumel thermocoupleX* The thermo-
couple is enclosed in a protective—ceramic tube, with only
the thermocouple tip exposed to the ligquid rnietal. The
interior surface of the cup, along with the ceramic tubqpand
thermocouple tip, are coated with ceramic wash for additional

) protecti&%. The measuring cup is mounted on a suitable
holder, and its terminals are connected through the holder to
the strip chart recorder (19). A schematic representation of

the measuring cup and thermocouple is shown in Figure 1.

All nodular iron samples for this study were taken b

M~

from regular productio& runs immediately prior to pourian

into moulds. They were either extracted from pouring ladles

using a dipping spoon, or taken directly from the metal

stream during pouring_(teapot—type spout ladles) of the metal

into the moulds. The dipping (sampling) spoon holds approxi-

mately 5 kg. of metal. It is madg of mild carbon steel, with
. the interior and exteriofg;urface coated with a clay wash for
| protection.

Samples taken from the liquid metal were quickly poured

into the measuring cup to minimize temperatdre losses. Soli-
g L

dification of the melt sample was generally completed within

3

* Accuracy +-2.2°F 8 2012°F
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three to four minutes aftér pouring into thg measuring cup.
The ingot sample dimensions are approximately 35 mm dia. x
ﬁ? mm length, giving a weight_ of approximately 350 grams.
After solidification was completed and the cooling curve
recorded, the ingot was removed and vertically sectioned for

microstructural examination.

N
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CHAPTER 4

Collection of Data

Characteristic cooling curves recorded for hypo-
eutectic, ﬁear—eutectic, and hypereutectic nodular cast iron
compositions are shown in Figure 2 with the corresponding
processiné variables indicated. The influence of chemical
‘composition énd/or processing variables on ;ooling curve
.shapes is evident from these curves, although no clear trans-
ition point from hypoeutectic to hypereutectic compos&ﬁion is
’i> ‘evident. The difference in the shape of the‘cooliné curve
for near-eutectic compositions may be attributed to different
solidification mechanisms, which ultimately produce different
carbon macrosegregational tendencies.

The ingots were sectioned vertically through the
thermocouple ceramic protective tube, and an area of appfoxi*
mately one square cm. in the vicinity of the thermocouple
tip was metallographically examined. Photomicrographs were
examined for relevant structural features and nodule distri-
bution and count, and the results correlated with the
corresponding cooling curves.

Dis& and/or pin chill samples were poured for spectro-
chemical analysis from the same metal sample used in pouring
the ingot for thermal analysis. Other processing variables,
such as pouring temperature, nodularization and inoculation
practices, together with composition and other relevant
observations, were recorded for each sample taken. The

magnesium alloy added for nodularization was a ferrosilicon

11
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Metal Metal Treatment Pouring

Chemistry (sandwich method) Temperature

C 3.55 8 80 lbs. Mg-alloy 2570 °F

Si 2.45 % 12 1bs. FeSi(75}*

C.E. 4.37 % 20 lbs. FeMn({75)**

Mn C.65 % per 6000 1bs. metal .,

Cr 0.13 %

Cu 0.14 % Inoculation:

ﬁ; S 03e » 8 1lbs. Fesi(75)*

S 0.006 % per 2000 lbs. metal

* 75% Si

**75% Mn

Figure 2(a) Cooling curve and processing variables
for hypoeutectic nodular cast iron; ingot
5.
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Metal Metal Treatment Pouring
Chemistry {sandwich method) Temperature
C 3.64 % 95 1lbs. Mg-alloy 2565 °F
Si 2.86 % 9 lbs. FeSi(753)
C.E. 4.59 % 18 1bs. FeMn(75)
Mn 0.75 & per 6000 lbs. metal
Cr 0.16 % i lation:
Cu 0.11 % noculation:
Al 0.022 % 6 lbs. FeSi(75)
Mg 0.042 per 2000 lbs. metal
S 0.006 EL —

Figure 2(b)

N

Cooling curve and processing variables

for near eutectic nodular ¢

ingot 21.
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Metal Metal Treatment Poufing T
© Chemistry (sandwich method) Temperature
c 3.77 % 95 lbs. Mg-alloy 2545 °F
Si 2.35 % 6 lbs. FeSi(75}
C.E. 4.55 % 15 1lbs. FeMn(75)
Mn o -0.65 % per 6000 lbs. metal
Cr 70.12 %
Cu 0.12 ¢ -Inoculation:
Al 0.023 ¢ ‘
Mg 0.036 % 6 lbs. FeSi(75)
S 0.007 % per 2000 lbs. metal

N

Figure 2{c)

Cooling curve and processing variables
for mild hypereutectic nodular cast
iron; ingot 9.
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R c 3.77 & 85 lbs. Mg-alloy 2540 °F
Si 2.65 % 12 lbs. FeSi{75)
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Gr 0.14 8
Cu 0.13 % Indculation:
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. .
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Cooling curve and processing variables
/ for hypereutectic nodular cast iron;

ingot 7.

Y

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



16

A

}
(&)
o]
- u
\_\_‘- ~ 8
Jolole ccfu \$-..
Metal Metal Treatment Pouring
Chemistry {sandwich method) Temperature
C 3.99 § 90 1lbs. Mg-alloy 2560°F
Si 2.53 % 6 1bs. FeSi(75)
C.E. 4.76 % 20 1lbs. FeMn({75)
Mn 0.76 % g;r 6000 lbs. metal
Cr 0.14 %
Cu 0.13 ¢ Inoculation:
Al 0.022 % -
Mg 0.034 % 6 lbs. FeSi(75)
S 0.008 % per 2000 lbs. metal

Figure 25%?

Cooling curve and processing variables
for strong hypereutectic nodular cast
iron; ingot 4.
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alloy containing 44-48%Si, 4.75-6.25%Mg, 0.3%Ce, and the

. {
’ remainder Fe.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPTER 5

Cooiing Curve Analysis

Y

5.1 General Considerations.

“

The correlation of ceoling curves with the microstruc-
ture is optained by translating cooling curves into sets ‘of
numerical values of parameters appearing in the general
mathematical description for the temperature vs. time véria—

. tion, rather than using the absolute values of the temperature
and time” from the cooling curves. The advantage of such a
method, ig developing a more reliable routine éampling pro-
cedure, 1s based on the fact that the general and specific
cooling curve characteristics are mcre telling about .the
solidification process than singular values of temperature
and time. |

& In order to correlate a section of the cooling curve
for the casting to its respective microstruéture, a special

- mathematical procedure is developed here so that every region

of the curve is translated into sets of values of the solidis
fication parameters appearing in the mathematical equations
describing the cooling curv;T\ The translation is performed
using a computer {(Fortran) program developed for this purpose.
Since the shape of any cooling curve 1is an array of

temperature vs. time relatiogs, and since the parameters for
the temperature vs. time relation at any given point on the
curve are unique for that segment ¢of the curve, the parameters

can be used to characterize and amplify distinct stages 1in

the solidification process which may not be readily discerned

18 a
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¢
from the normal cooling curve itself;

In order to standardize temperature éﬁé time data
collecting, each curve is plotted so that the lowest under-
cooling point on the curve is placed at the origin of the
coordinate axes as shown in Figure 3. The X-axis represents
time in seconds relative to the time at which maximum under-
cooling occurred. The Y-axis represents relative temperature
in °F, also with reference to the maximum undercooling tempera-
ture. The point of maxiaym undercooiing is arbitrarily
assigned coordinates (0,1l). The vglues for times to the
right of this point are positive and the values for times to
the left are negative. For convenience, the value of the
ordinate at X=0 is cgpveniently set to-unity, si;Eé it is

the logarithmic form of the temperature vs. time relationship

RN
v

" that is considered. All temperature values below the relative
zero temperature point are taken as negative, and as such
these negative values of the ordinate are considered in fur-
ther calculations in terms of negative logarithmic functions,
which are mirror images of the corresponding positive logar-
ithmic funétions. By arranging the temperature and time
values in this manner,'the point of origin for each cooling
curve is placed immédiately before the start of bulk eutectic
solidification (though not at thehvefy start of eutectic
solidification, since after maximum undercooling and start
of recalescence eutectic solidification has aléeady commenced) .
This is a convenient datum point, since the rate of bulk

eutectic solidification is believed to be a critical factor

AN
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Figure 3 Cooling curve plotted relative to the
lowest undercooling point recorded.
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in the carbon macrosegregation process (besides the rate of
proeutectic graphite precipitation).

The errors generated by the measuring and recording
equipment are relatively consistent throughout a given test,
and the effect of these recurring errors in interprgting the
cooliﬁg curves may be assumed télbe minimal in the procedure
adopted here, i.e., the experimental errors will have little
or no effect in determining the valges of the parameters
characterizing the functional relation'describing a pérticular

segment of the c¢ooling curve.

5.2 Mathematical Procedure

The purpose of the mathematical procedure developed
here is to fit to the cooling cur&e a function that permits
each point on the cooling curve to be defined in terms of an
arbitrarily selgcﬁed number of characteristic parameters.
This is best attained by starting from the fundamental Taylor
series representation and integrating to obtain the final
functional relationship. The detailed mathematical develop-
ment and solution of the basic eguations are given in Appendix
A, of which only a summary is presented here. In the follow-
ing, Y represeﬁts the~relative-temperature, and X the relative
time (both variables relative to the maximum undercocling

peint).

5.2.1 Development of The Basic Relations

The value of any function, Yn = f(xn), in the neigh-

bourhood of xn' e.g., from XO to Xl’ can be approximated by

the Taylor series expansion:
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= _ ' “x 12/91 ] xgm
Yo=Yy or (XX *ET(X) + [(X)-Xg) /2] 2Em(x,) +
w {x =% 3/3 x£ o (x ) R TRILEE +

s [ox=x ?mf] =g ™

If the function is approximated by taking only the
first three members of the series, the rearrangement of terms

gives: B
(v)-Y ) /(% =X) = [(X =X ) /2] *¥E" (x) + £ (x) 1

Letting (Yl-Yo)/(Xl-XO) = A, and rearranging terms, BS. 1

may be expressed as: K

Bxl-xo)/z]*f“(xo) +£1(Xg) - A =0 2

If X,7Xq is arbitrarily assumed to have a positive

unit value (1 sec.), the function becomes in the forward
difference mode (20):

(l/2)*f"(XO) + f'(XO) -A=0 2a
The backward difference mode considers a negative unit value
of Xl—xo (20), so that Eg. 2 becomes:

(—l/2)*f"(X0) + f'(XO) -A=0 2b

Both Egs. 2a and 2b can also be writ#€n as:

J (+-1/2)*a%v/ax® + (aY/ax) - A = 0

which, after multiplication of the third term by Y/Y, letting

A/Y = 2, and dividing by (+-1/2), becomes:
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a%y/ax% +- 2% (AY/AX) —+ 2%Z*Y = 0 3

where the double sign.refers to the forward and backwggg
difference mode.respectively.

If Z is constant, Eg. 3 represents a first degfee,
second order, homogeneous differential equation for which

the general solution is:

Y =‘Cl*exp(Ml*X) + C *exp(Mz*X) 4

2

where C, and C, are the integration constants. M, and M, are

the roots of the auxiliary quadratic equation (21,22):

f

5 . ~
M +- 2%M -+ 2*Z = 0

and are given by:

S S 1/2
My o= —+D 4= (1+-2%2) 5

where the double signs in front of 1 and under. the square
root are indicative of the forward and backward differentia-

tion mode respectively.

Eg. 4 may also be represented in hyperbolic form (21):

Y = Kl*exp(~+x) * cosh(K2+R*X) 6
where K, = 2*(C.*C )1/2 and X, = (l/2)*ln(é /C,) are the odd
1 1 72 2 1°72
and even subscripted constants respectively, and R = (1+—2*zf/2

is the exponential coefficient (c.f. Appendix A, A.1.2,b).
The significant feature of Eq. & is that, for suffi-
ciently large X values {(time in sec.), and depending on the

magnitude of K2 and R, it may be simplified ra:
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[
fl

(Kl/2)*exp+-[Ké+(R-l)*X], for R

v
(o]

<
[l

[xl*exp(-+xﬂ *cosh(K,), for R = 0 7

Y = (Kl/2)*exp-+[K2+(R+l)*X], for R < 0

The above simplifications. are obtained through the exponentiai
representations of the cosh functions, and neglgcting the
relatively small values of those members haviﬁg exponential
funétiOns in the denominator.

' The logarithmic form of Eg. 7 is a straight line, which
for the forward and backward difference mode, and for R # 0,

is given by:

In(¥) = 1n(K;/2) += K, +- (R¥=1)*X 8
and for R = 0 by
1n{Y) = 1n Kl*cosh(xzﬂ += X 8a

5.2.2 2asic Curve Fitting Equation

.

The basic relation given by Eq. 7 can be applied to any
(Xn,Yn) point on the cooling curve. Therefore, for m numbe
of points considered, there will be an equal number of equa-
tions on hand, each representing the basic relation given by
Eq. 7. For eéch point considered the values of Ky and K, must
satisfy all the points, and thus a comprehensive equation must
be developed which incorporates all the constants corresponding
to the.m points. The logarithmic form of Eq. 7 (i.e., Eg. 8)

is used to obtain the values of the constants, the general

form given by (c.f. Appendix A, A.2.1}:
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N

™~

In (¥ X = {}n(k1/2)+-k2I - [Intxg/2)4-k,] -+ [In(xg/2)+-k.] -+

T oeees TF [ln(kZm—1/2)+'k2m] o (Rye=11*Xy

where m is the total number of points considered, n is the
subscript of each point, and where éhe odd and even subscripted
constants, kl'k3'k5""'k2m—l and kz'k4’k6""’k2m respectively,
correspond to Kl and K2 for each point considered. The“gbso-
lute values of the constants are the same for all the points,
whereas the value of the expone%;ial coefficient Rn+-l differs
from poiﬁt tc point. The double signs in the square brackets
signify the differentiation modes adopted in the development

of the basic functional relation (Eg. 7), whereas the double
signs preceding the sguare brackets indicate the prOgressiQé ]
change in siéﬁ from - to + for each successive member in

square brackets as n increases. This sign change is the

result of the curve fitting process designed for computation

of the value of each constant appearing in the equations (Eqg.
9) established for each point {(c.f. Appendix A, A.2.1) Eqg. 9
is the basic curve fitting eguation, defining each point on

the curve. Thus if a particular segment of the cooling curve
is defined by an arbitrary number of pogats, there will be an
equal number of basic equations, and thus an equal number of
both the odd and even subscripted constants, thé-gzgns of

which are changed progressively on moving from one point to

-
the next. The +- sign in the parentheses containing the R,

- parameter corresponds to Rh<0 and Rn>0 respectively. The k
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L4

and R values cbtained by the curve fitting‘process numerically

characterize the segment of the cooling curve considered.

5.2.5 Curve Fitting Method and the Sclidificaticn

Parameters -
Each point on the cooling curve can be represented by
- -~
Eg. 9, so that for m number of points considered a set of m

equations 1is. formed, which in symbolic form is given by:

. In(yy) = [co+-ce]l—[co+-ce]2—...-[co+-ce]m+—(Ro+-l)*XO 1
Inlyy) = [Co+_ce]1+[co+-ce]2_'”-[Co+_ce]m+-(Rl+—l)*Xl. 2
In(y,) = [co+—ce]l+[co+~ce]2+L..-[co+-ce]m+—(R2+—l)*X2 3
In(y ) = [e r-c ;= [e t-c L .- .-:[co+—c¢]m+— (R+=1)*X_ m

where Co and ce are the odd and even subscripted constants,

respectively, or:

[co+-ce] I [ln (kl/2) +—k2]

[ln (ky/2) +—k4]

[co+—ce]2

[co+-ce] 3 = [Lrikg/2) +-k6_]

[Lntk, /204K, ]

ec_]
[eorce]n

Note the successive sign change from negative to posi-
ive from the top left hand corner to the bottom right hand
| corner of the set on moving from one point to the next pro-
\\gressively toward higher subscript numbers.
By transferring all the variable members to thé left

hand side, and leavina all the constants on the right hand

side, the above set of equations can be treated as a
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square matrix, from which the value of each constant can be
computed by applying a suitable iterative method capable of

making each constant converge to a definite value:

- -

Ly = [col+-cel—C02f+ce2-c03_+6;3-"‘_com~+cem]g 1
%1 - [col+—cel+co2+-ce2-c03_+ce3""'comf+éem] 2
L, - [Col+-cel+c02+;ce2+co3+_Ce3_'"—Com_+cem] 3
Ly = Lcol+-cel+c02+—ce2+co3+_Ce3+’''+com+ em} ™
where L, = ln(Yn) - (Rnf—l)*xn;.énd col""’com and Coproe-v

Com 2Ye the odd and even subscripted constants respectively.

By arbitrarily setting the values of the even 'subscripted

constants, the values of odd subscripted constants éan be
calculated from Eg. 8.

The values of both the oda and even subscripted con-
stants thus obtained are considereg as initial approximations,
which on introduction into the square matrix undergo succeésive
modifications through the iterative convergence process until

complete convergence is achieved. The final eguatipn obtained

v
upon completion of the iterative convergence process, which

satisfies all the points con%}dé;;d, is given by: 4
ln(Yn) - [co+qé]l_+[co+ce]2_+[Co+ce]3_+"’
oo =#fe e ] +-(R_+-1)*x 10
©c “e‘m .n n e .

where Co and Ce are referred to as the odd and even subscripted

parameters respectively, possessing definite values character-

}

AN
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izing each cooling curve segment consédered, and which to- -
gether with the values of exponential parameters (Rn+—l),..
hereafter referred to,as the variable solidification parameters,
uniquely characterize the.cooling curve. Note that the even
subscripted constants already include the sign ‘indicative of
the‘dizierentiation mode adopted in developing the basic
relati (no doublé sign in square brackets). The-detailed
cur&e fitting method by which Eg. 10 is derived is given in
Appendix A. ]

Eg. 10 is an expanded representation, since all con-

stant parameters are explicitly shown. A condensed form of

Eg. 10 may be expressed as:

ln(Yn) = SCn‘*'-(Rn-F--l)*Xn 11

where the symbol"SCn represents the summation of all the con-
stant parameters.. It is evident from the sguare matrix that
the vallies of SC_ differ from one point to the next, e.g.,

by virtue of the

. *
from n to n+l, by the amount of 2 [Co+CeJn+2

successive sign change from - to + toward higher subscript

. numbers. Egs. 10 and 11 are straight lines with (Rn+-l) being
slope values, and the interxcepts on ordinate axis are repre-.
sented by the sum of-allothé constant parameters in either
the expénded or condensed form. A set oé straight lines is
obtainedGZOrresponding to the number of points coﬁ%risipg the
curve segment, from which the §ppgtional relationship of the

points is established. Egs. 10 or 1l are the basic equations

containing necessary information describing the' metal
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solidification process, i.e., the constant (solidification)

parameters ([C°+Ce] Scn), and the variable (solidification)

n+l’
parameter (Rn+—l), which can be'used to determine ard predict
the extent of carbon macrosegregation. For the purpose of

- digital computation and representation the set of constants

comprising the square matrix is considered as a one dimensional

array of numbers.

5.2.4 Exponential Parameter R

In the above theoretical treatment the exponential
parameter R {(or Rn) is as#umed to be'a constant in the close
neighbourhood of the point considefed. For infinitesimal
(Xl-xo) distance; the symbol Z in Eqg. 3 can be replaced by
(dY/dX)/Y . The expression for the exponential parameter
becomes:

R = [1+-2%(av/ax)¥]Y/2 12

which on rearrangement and integration gives:

R = [l+—2*ln(Y)/x]l/2 + cn 13

where C_1s the integration constant, and the double sign in
the square bracket denotes the forward and backward mode

differentiation mode respectively.

.

It is obvious from Eg. 13 that R is a function of two
variables, namely, R = F(X,Y), which by implicit differentia-
tion gives (21,23):

P

dY/dx = ~(3F/3X)/(3F/3Y) - 14
—~
However, R may alsc be considered as a function of

N
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A(=dY/dX) and ¥, i.e., R = f(A’Y)W {c.£f. Eq. 12). Thus:-
~NJ
(dR/3A) * (dA/dX) + (9R/3Y)*(dY/dX)

dR/dX

d

which becomes:

dR/AX = (3f/3A)*(d?Y/dxX?) + (3£/3Y)*(dY/dX) 15

since daA/dX is the second derivative of the function describ-
ing R. Substitution of Eg. 14 into the second membexr on the

right hand side of Eg. 15 results in:
dR/AX = (3£/3A)* (4 ¥/aX?) - (3f/3Y) *(3F/3X)/(3F/3Y) 15a

It is evident from the above that 1if the igg;ent of the
cooling curve is large, R can vary significantly, d for
greater accuracy this variation is incorporated iéto the .

curve fitting process. From Egs. 12 and 13, (3f/3Y) = (3F/3Y),

and assuming that (3£/3A)Y ~ {(3F/3X), Eag. 15a can be simplified

to give:
dR/AX = (3R/3X)*(d?Y/dX 1) © 16

It fecllows fxom Eg. 13 that:

" ar/ax = —+[1n(v) /x e [1e-2%1n 0y /x ]2 17

& : .

ang,

or/aY = +=[1/ xrn)] *[14-2+1n vy /%] T2 18
Substituting Egs. 17 and 18 into Eg. 14 gives:
dY/dx = +-Y*1n(Y) /X 19

’
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for which the second derivative is:

a2y/ax?® = y*1n?(Y)/X? ' 20

. Introducing Eq..l7 and 'Eq. 20 into Eg. 16 gives:

dr/ax = —+[in(v)/x 2] [i+-2%1n(vy /x]7Y2 « [y*in2(vy/x* - 1]
. o 21

Transfaxring d4X to the right hand side and integrating, gives

the final expression for R (both differentiation modes), viz.

R

R = [1+-2%1n(v)/x]Y/2 * [(¥/5)%1n 2(¥) /x 2= (2%¥/25)*

* (In(¥)/x + 1) ~ 1]+C_ 22
The detéiled integration of Eg. 21 is given in Appendix A.
Eg. 22 is the integral form of R for R ¥ const., and as such
is used in tzis study for caiculation of all the variable

solidification parameters. In .the iterative procedure for

the calculationrn of the parameters, Cn in Eq. 22 1s arbitrarily

set to zero, which 1is compensated for by adjusting the con-

stants in Tgs. 10 and 11.

5.3 Computer Aided Calculations of Solidificat#on Parameters

The computation of the odd and even’subscripted con-
stant solidification parameters Cy and Ce, and their sums
(Co'+Ce)n+1 and SCn, by means of the proposed iterative cycle
of the matrix convergence process, as well as the calculation
of the variable solidification parameter values Rn’ is per-
formed using a computer {(Fortran) program. The computer
program performs computations of the parameters using the
time and temperature input data obtained from the caoling
curves. .The relative time and temperature data are obtained

from the cooling curves as described garlier (section 2.1)
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prior to their introduction into the computer program. A
further improvement in the.data processing method would in-
~clude autcomatic input of the time and temperature data
directly from the measuring instrument.

The location and number of points on the cooling curve
»for which time and temperature data are collected is arbi-
trarily selected to best represent characteristic segments
gna features of the cooling curve. The distribution of
selected points is chosen as even as possible, though not
necessarily evenly spaced. The forward difference mode has
been used in computations performed on data collected from
the cooling‘curve segments in the positive time region, i.e.,
to the right of the origin which is coincidental with the
lowest undercooling point, and the backward differeqce mode
has been applied for computations respective to the negatize
time éegments, i.e., to the left of the origin.

The detailed computer program, together with the input
data for a typical hypereutectic nodular cast iron cooling
curve is given in Appendix B. The comment statements pro--
vided in the text render the program self explanatory.

The computer output data for the cooling curves ’

—
considered in this study are found in Apperidix C. They con-
tain the rélative time (xn) and temperature (Yn) values, the
values of variable parameters (Rn), as well as the odd and
even subscripted constant parameter valueé in their expanded

and condensed form for every point considered on the curve.
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CHAPTER 6

Correlation of Cooling Curves with Carbon Macrosegregation

The constant (solidification) parameters vs. relative
time curves (in either their expanded or condensed form),
namely (C0+Ce)n+1 vs. X and Scn vs. Xn’ provide valuable
information on solidification mechanisms and carbon macro-
segregation. In contrast, the identification of carbon
macrosegregation from the cooling curve itself is considerably
less accurate and often ambigu&us. As noted earlier, any
small segment of the cooling curve expressed in parameter
form is essentially a straight line (c¢.f. Egs. 10 and 11l}.

The magnitude of every particular (CO+Ce) value is depen-

n+1
dent on all relative logarithmic temperature values (;n(Yo),
...,ln(Yn), as well as on all the variable parameter values
(RO+-l,...,Rn+—l) determined by the iterative procedure
described earlier (c.f., 5.2.3 and Appendix A)..hThe

(Rn+-l} values are, the slopes for the straight lines, EJY.
10 and 11, and are related to the changes in cooling rates.
The con tént (solidif}cation) parameters (Co+Ce)n+l and SCn
are obtained\from the intercepts of the straight lines (Egs.

10 and 11), and as such are related to the temperatures of

S specific events occurring during solidification of the ingot.

6.1 Carbon Macrosegragation in Mild Hypereutectic Composi-

tions
Carbon macrosegregation has not been detected in
significant amounts in nodular cast irons below a carbon

equivalent of approximately 4.6%, and this chemistry effect

33

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



34

will be important in correlating the cooling curve character-
istics to the degree of carbon. macrosegregation (17,18,24).
To illustrate the method by which the segments of cooling
curves are interpreted using the values ¢of the parameters
obtéined; the cooling curves for ingots 2, 22 and 9 are

given in Figures 4(a) to 4(c) and analyzed. The array of
(C0+Ce)n+l values for each cocling curve, obtained from the
computer output data given in Appendix C, are also plotted
against relative times (Xn) for comparison.

The (CO+Ce) vs. relative time curve (the subscript

n+l
number is indicative of the point at which relative time and
temperature data are collected} for ingot 2 has the relative

maximum at Xn = 428 sec., situated between the relative

minimum at X, = +32.5 sec. and the relative minimum at X_ =
+18 sec.. Positive times denote solidification events taking
place before maximum undercooling is reached. The (CO+Ce)n+l
curve for 1ingot 22 has similar but less distinctive features,
with the relative maximum at X, = +16.5 " sec. between the
relative minima at Xn = +20.5 sec. and xn = +12 sec. Ingot
22 has a smaller relative maximum value than ingot 2, and
the distance between its two relative minima is also less.
The (C0+Ce)n+l curve for 1ingot 9 does not show any distinc-
tive maximum to the right of the maximum undexrcooling peoint,
and both minima have merged into a single minim;m point at
X_ = +10 sec. )
The positions and the magnitudes of the relative

maxima and the minima of the (CO+Ce) vs. relative time

n+l
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Figure 4(a) Cooling curve, (Co+Ce) 41 curve,
and chemistry for mild hypereutectic
nodular cast iron; sample ingot 2.
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Figure 4{c) Cooling curve, (Cqo+Cgln+] curve, and
chemistry for mild hypereutectic nodular
cast iron; sample ingot 9.
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curves are functions of both metal composition and solidi-

fication mode. The start of proeutectic graphiée nucleation
and g{owth of austenite (pendulum effect {(15)) coincides
approkimately with the appearance of the first minimum iA

the (C0+Ce)n+1 curve. The felative maximum is the recale- .
scence resulting from the latent heat relegsed on the
nucleation and initial growth of the austenite. The preci-
pitation of proeutectic graphite would not in itself liberate
sufficient heat for the observed recalescence (1l8) corres-
ponding to the first relative maximum in the (C0+Ce)n+l
curve. The start of bulk eutectic solidification is approxi-
mately coincident with the second minimum for the (Co*Co) na1

curve, which precedes the second relative or plateau of the

(Co+Ce) curve (or the single recalescence in the cooling

n+l
curve itself in the negative time region). Thus it is
evident that recasting the cooling curves accoxding to the
(Co+Ce)n+l values has the effect of accentuating the signi-
ficant scolidification events {(e.g., undercooling and
recalescence) not sufficiently evident from the cooling
curves themselves.

It is important to note that melts with quite similar
chemistries (and having only moderately different cooling
curves) can show significantly different (Co+ce)n+1 curves
(c.f., ingots 22 and 9). This indicates that other factors
beside composition determine the solidification mode. if
the solidification mode includes a very gradual initial

eutectic solidification, then there will not be a gistinct

maximum in the positive time region (to the right of the

4
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/ s

maximum undexcooling point) of the (Co-!-Ce)n+ curve. This

1

is evident from the (C0+Ce)n  curve {and to a lesser extent

+
from the cooling curve) for ingot 9. The absence of a
relative maxim;m and the first minimum suggests a rather slow
initial solidification rate, and this promotes carbon macro-
segregation since the proeutectic graphite nodules are free
for a longer period of time to grow, combine, and then rise

to the surface. This will favor fewer but larger nodules and

morxe clustering. On the other hand, the presence of the

relative maxim ?nd double minima for the (Co+Ce)n+l curve
for ingot 22 , and\particularly for ingot 2, indicates a
fast initial solidif{jcation rate, resulting in an increased
number of graphite nodules of generally smaller
size (18). The microstrucd hown in Figure 5 are in
agreement with the above hypothesis.
The differences in the (C0+Ce)n+l curves for jingots

9 and 22 indicate that othex processing variables (perhaps
trace amounts of some tramp elements) in addition to carbon
equivalent are the determining factors in the solidification
process. This is particularly important when dealing with
border line coméositions such as near-eutectic or mild
hypereutectic compositions (e.g., 1ingots 2, 22 and 9).
These factors are not.easily identified, although they
greatly affect £he solidification.ﬁechaﬁism. The advantage

of the present method of thermal analysis is that the shape

of the (C _+C )
o e

n+1 Curve, when correctly interpreted, char-

acterizes the mode of solidification, from which the degree

of carbon macrosegregation can be inferred. The predictions
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Figure 5(a) Unetched microstructure of
ingot 2, (50x).

Figure 5(b) Unetched microstructure of
ingot 22, (50x).
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Figure 5(¢) Unetched microstructure of ingot
9, (50x).
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are based not cnly on one aspect, i.e.» the temperature read

from the coocling curve, but incorporate the effects of all
the processiné variables, including‘mesal chemistry, since
all of these affect the shape of (éo+ce)n+l curve, and are
more effectively incl?ded in the (C°+Ce)n+l curve compared
to the simple cooling curve by the very process of its
syntheéis,. |
It i§ interesting at this point to consider ingot 42,
whicb has the carbon egquivalent approximately that of ingots

9 and 22, but a significant difference in the actual carbon

and silicon contents. The cooling and (c‘o-i-ce)n+ curves for

1
ingot 42 along with metal chemistry are given in Figure 6. 7

There is only one distinctive minimum on the (C0+Ce) curve

n+l
in the domain o¥f the positive time values for ingot 42, which
indicates a slow start of the bulk eutectic sclidification.
This can be corroborated from the microstructure of ingot 42
shbwn in Figure 7, viz. thé presence of a greater number of
much larger nodules than in the two former cases is evident.
The location of the relative minimum for ingot 42 is at
Xn = +26 sec., while the minimum for ingot 9 is at Xn = +10
sec., which may bejgtaken as further evidence that bulk eutec-

N tic solidification is slower in ingot 42 relative to ingot
9, thus giving more time for the proetuctic graphite nodules
to grow énd cluster. 1In the above analysis, the implication
is that tﬁe eutectic solidification has commenced before the

second maximum or plateau in the (CO+Ce)n+l curve has occurred,,

and perhaps even before the maximum undercooling temperature

.
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Figure 7 Unetched microstructure of ingot
42, (50x).
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was reacﬁed, because recalescence will occur only after the
solidification rate and consequent release of latent heat is
sufficiently fast to o§ercome the imposed rate of heat with-
drawal.

It is to be expected that the incidence of carbon
macrosegregation and flotation will be more pronounced in
irons in which proeutectic precipitation of graphite occurs,
and this is found to be the case in ingots 9 and 42. For

\-\}rons showing predominantly early eutectic solidification,
carbon macrosegregation is expected t¢ be minimal. The
incidence of carbon macrosegregation and ultimately carbon
flotation is the greatest in strong hypereutectic composi-

tions, all showing single minima to the right of the origin
!

on the (C0+Ce)n+l curves. Accordingly, further discussions
0of carbon macrosegregation in relation to the seclidification

parameters will be directed to these irons.

6.2 Carbon Macrosegregation in Hypereutectic Compositions

The precipitation of proetuctic nodular graphite
preceding bulk éute;tic solidification becomes mcre pronounced
with increasing carbon equivalent (and thus time avéilable)
before the start of bulk eutectic precipitation. After the

‘// onset of eutectic solidificétion the proeutectic nodules tend
to be trapped by the dendrites of the growing eutectic crys-
tals. The degree of gestriction cf nodule movement, and thus
the extent of carbon macrosegregation, is therefore also
dependent on the rate o% eutectic crystal growth, and a
prolonged eutectic solidifdcation stage increases the chances
of nodule flotation. ¢

J
Y
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The effect of the eutectic solidification rate on
Earboﬁ ﬁacrosegregation is evident in the cooling curves for
ingots 4 and 38. The different carbon macrosegregation
degrees, as evident from the significantly greater number of
clusters for ingot 38 compared to ingot 4§ (cf. Figuré 9),
cannot be attributed to the very small difference in“their
metal chemistries (c.f. Figure 8). -

The SC_ curves obtained by plottfng the values of sC_
(sclidification parameter obtained according to Egq. 11)
versus relative times (correspondindy to the successive sub-
script numbers for the temperature apd time data) are shown
in Figure 8. The significance of the SCn values, represent-
ing the summation of all the (C0+Ce)n+l values for the points
selected to define the curve segment {(c.f. Egs. 10 and 11),
gives an integrated and therefore more comprehensive (numer-
ical) characterization of the solidification event at each

point in time. Again, as with the (Co+Ce) curves, the

n+l
SCn curves further amplify solidification events such as
undercooling and recalescence, particularly in the negative
time regions corresponding to the bulk eutectic solidifica-
tion stage.

It is evident from Flgure 8 that the start 9f eutectic
solidification is coincidental with the appearance of thé
maximum on SCn curve in the positive time region, and that
the bulk of eutectic solidification is carried to the left

Qf the origin in the negative<;ime region. As far as in-

gots 4 and 38 are conc%iyed, the undercooling is/considerably
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greater for ingot 4 than for ingot 38. .The rate of recale-
scence after the lowest undercooling §oint has been reached
is also much faster for ingot 4. These two phenomena are
much more evident from the SCn curves than from the original
cooling curves. The SCn curve for ingot 38 suggests

rather graaual and relatively slow bulk eutectic solidifica-
tion process compared to ingot 4. Consequently, a higher
carbon macrosegregation tendency is expected for ingot 38
compared to ingot 4. The micrographs given in Figure 9 show
this to be the case, with ingot 38 showing significantly
more graphite nodule clusters than does ingot 4.

Egq. 11, on dividing by Xn, becomes:
SCn/Xn = -+(Rn+—l) + ln(Yn)/Xn 23

The left hand side is related to the relative solidification
rate (R+-1), so that SCn is related to the increment in the
amount of eutectic solidified at any given time. In Table

i

1, the valugs for Yelative time (X}, logarithms of relative
temperatu;e (Yn), ln(Yn)/Xn, slope (Rn+l), increment in
relative amount solidified (SCn), and relative solidification
rate (Scn/xn) are comparéd for both ingots 4 and 38. It is
noteworthy that relative sclidification rates, represented by
Eg. 23, in both cases peak before the maximum value for Scn
is reached, which is a consequence of the delayed heat trans-
fer to the surroundings during solidification of the sample
ingot;

In the context of the above interpretation of the SCn
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curve, SCn/Xn values'%p the negative time regiqn can be consi-
-dered as the relative rates of bulk edtectic formation. 'It
is expected that the.rate values will vary during the solidi-
fication process, as indeed it can be demonstrated from the
data given in Table 1. If for simplificatioﬁ.only.the maxi-
mum value for SCn in relation to the time of its occurrence
Xn is cohsidered, the relative maximum value (Scn/xﬁ)max for
. ingot 4 is 0.8451, while for ingot 38 is 0.1559. These
relative maximum values indicate the'faster'solidification
rates for ingot 4, and are in agreement with the above inter-
pretations of the significance of the pa}ameter SCn.

[ . . .
In considering the relative eutectic (bulk) soclidifi-

’

cation rate and the relative amount of etuectic formed, it is
important. to emphasize that the‘n;merical values obtained are
based on.arbitrarily choosing zero for their values at the
points Xn = 0 and Yn = 1 for convenience. In fact, some -
eutecé}c solidification has probably already occurréd, but
insufficient in rate for the latent heat rel€ase tq overcome
the imposed cooliﬁgnzz;e. If.the beginning and/or the end
of eutectic solidification were more ‘precisely determined,
the tr;nslation of the axes from their original positions
would correct for this difference.
The total amount of the eutectic formed in irons

-
having virtually identical compositions must be approximately
the same, so that the slower initial rate of eutectic forma-

tioé\épn ingot 38 must be made up in later stages of the

solidification process. This is evident from levelling of

¥
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Table 1
J , Ingot Solidification Parameters
During Egglier Stages of SoL{dification for Ingots 4 and 38 L

X In(Y,) 1n(Y,)/Xp R +1 scp . SCy/%p

sec | Ingot 4 1Ingot 38] Ingot 4 1Ingot 38 | Ingot 4 Ingot 38} Ingot 4 1Ingot 38 | Ingot 4 Ingot 38
-10 ) 0.7929 +0.0728 -0.0793 -0.,0073 0.2186 +0.1361 3.6809 +2,0282 [ -0.3681 ~0.2028
-20 1,4355 ~0.,0061 -Q.0718 +0.0003 0.4914 +0.1328 | 11.9648 +3,3524 | -0.5982 -0.1676
-26 1.6176 -0.0337 -0.0622 +0.,0013 0.6121 +0,1302 1| 18,2338 +4,0546% -0,7013 -0.1559
~30 | 1.6903 -0.4436 -0.0563 +0.0148 0.6683 +0.,1005 ) 22.4399 +3,2727 | -0.7480 -0,1091
-40 | 1.8673 +0.5523 ~0.0467 -0.0138 0.8174 -0.0905| 35.2638, 72.3637 -0.8816 +0,0591
-50 { 1.8578 -0.0372 0.8338 43,4696 o -0.8694

-54 | 1.8053 £0.0334 0.7781 44.5240%* -0.8245

~60 | 1.6708 -0.0278 0.6814 43,2560 ~0.7209

-70 | 1.2976 -0.0185 0.4697 34,8773 -0.4982

SN—r"

* denotes the maximum point in the negative time region on SCn curve,

(4]



the céqling.curve for ingot 38 immediately past the maximum.
The small temperature drop through this straight portion indi-
cates that eutectic solidification, after a rather slow start,
has gained momentum. The increased solidification rate at
this stage decreases nodule flotation; however, the slow
initial start of bulk eutectic solidification gives a net
_,ﬁ\\ increase and carbon macrosegregation relative to ingcot 4.
In Table 2 the relative time Xn' relative.temperéture

Y slope Rn+lh and Scn/xn values for ingots 4 and 38 are

compared to show the difference in rate of the relative amounts

-solidified during the later stages of eutectic.solidification.
Tbe.time span between Rn+l=0 and Rn+l=-l for ingot 4 is 23
sec. During/this time period SCn/Xn has %ncreased from 0 to
1. For ingot 38 the drop of Rn+l from 0 to -1 require§ 32
sec. In this same time period SCn/Xn has increased from 0
to +l: For Rn+l to decrease from -1 to -2 reguires appfoxi~
mately 10 sec. for ingot 4, during which SCn/Xn has in-
creased from 1 to 2. For ingot 38 the drop in Rn+l requires
approximately 18 sec., du€}4z which SCn/Xn has also increased
by one unit. It is evident from these figures that for an
equal drop in either one of the parameters, the times in-
volved for ingotl38 excéed those required for ingoct 4 by
60® or more, sﬁowing that longer solidification times for

ingot 38 result from the slower rates of eutectic solidification.
- -
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Table 2'
Ingot Solidification Parameteks ! Qﬁﬁ&
During Latter Stages of Solidification .
for Ingots 4 and 38
Xn Yn Rn+l ‘ SCn/Xn
sec Ingot 4 Ingot 38 Ingot 4 Ingot 38 Ingot 4 Ingot _38
- 38 0.00 0.0000 0.0000
- 46 - 2.21 -0.2779 0.2799
- 52 - 3.57 -0.4507 0.4616
- 60 - 5.66 -0.7250 0.7422
- 70 - 7.95 ~1.0304 1.0500
- 78 -10.56 -1.3769 1.3982
- 85 0.00 -13.65 0.0000 -1.7730 0.0000° 1.8109
- 90| -1.51  -16.08 | -0.1965 ~-2.1124 0.1933  2.1355
- 98 - 3.92 -20.26 '-0.5095¢ ~2.6695 0.5150 2.6930
-104 - 5.84 -24.05 -0.7611  -=3,1749 0.7713 3.1987
~108 - 7.76 -26.88 -1.0154  -3.8183 1.0278 3.8429
-110 - 9.00 ~-38.17 -1.1798  -4.2568 1.1934 4.2820
-118 | ~15.66 ~2.0644 2.0807 __J
~122 -19.52 -2.5780 2.5666
~125 -23.20 -3.0102 3,0886 ’
-130 -31.17 -4,1288 4,1498

S
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CHAPTER 7

Discussfg;’#—’. e

The dependence of carbon macrosegregation on carbon

equivalent has already been emphasized. It was also shown
. -v“/

“ithat nodular cast irons exhlbltlng close metal chemlstrles

can' also assume different solidificatigon mechanisms, and thus

-

manifest different carbon macrosegregation tendencies. 1In

the following the different degrees of carbon.macrosegregation.
tendency, as determined from microstructures observed in sam-
ples 6f similar compositions (carxbon equivalenzs), will be
compared agalnst the values of the respective Solldlflcatlon
parameters. The SOlldlflcathn parameters considered are the
relative maximum rate of eutectic solidification (SC /Xn)max
the relative maximum (incremental) amount of eutectic forma-
tion (SCn)max, and the slope (Rn-i-l)max of the straight line

which represents the temperature vs. time relation {(c.f. Egs.

11 and 23) at the time of its occurrence (Xn)max
w " 7.1 Relationship of Solidification Parameters to Carbon

Macrosegregation
- 2

In Table 3 samples are arranged in decreasing order of
theilr values for (SC /Xn)max The increase in the size and num-

ber, of the larger nodules with the decrease in the numerical
. .
_5 values of solidificatibn parameters is evident from Figure 10, /<:,

and is in agreement with the previously given interpretation,

viz., that a decrease in (SC /Xn)m < and (Scn)max values

corresponds to a decrease in the relative rate of eutectic

formation, which increases the time for graphite precipitation

55

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



56

v
A
A AR LL96°9T . 2982°0 bG- £9° P 06°'¢ 08°'¢ 6¢
80T16°0- LTEY " 9¢€ LS80 op- 19°¢ A N4 v8°¢ T
P1€6°0- S0S9° Zig> £8G60°T 8L - £€9°v | 09°¢C 9L°¢ Tt
G665°T- GLGT 98 L9ES" T G- 69 p v9°2 LL' € L
w u u u .
¥Rl Uy /Mgy | Moy | ety | B Y%y | sraro | ats 30 j06buf
(869°b-T9'p :3juaTeaTnNDa uoqIE)) .
. . mmmquﬂumm :oﬁumoﬂuﬂmﬁdow Jobur
N )
¢ or1qel ,
J
. “,\.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-~

v

>

L A X3 4 L4 - . - - . . -
R -t .. ....?: ® . P .?. b as o ... S0 . - L

PEAR e . i ...' ..'.. . e * o

.... ‘.. e L s . . . .;. ? .. (

0. g o PO .' ....0...-‘ ‘s' @, ... .. ‘
PS - @ . ® ‘ o .’ . -
@ - . Qe e © ® e e ® . o, ® .“ ~
Ve oo - -oQe- * e te - e

2 * ® ‘- - e@®
'0e® B8, P R e "0 o -

L J
. S o, - e g’ on
..'.0.‘. o *® .f.. .._' ... [ J ,o.. ® -

¢ .
- e L@ (] [ % . ’

- o .‘: . .:: * .o:. ‘-0 e, - .’ ’.".. ..
".....“'° * ... ‘...’: .. ¢ [ ..
e S e " gwmec. el - 4 .

. %-° e .. . . A ...~..:. @ ’ & o .
T 0es STiep it wgt 800 T opls
o3 Y ete .... o ._o‘.: . ‘ &..., .’;. v et

.d"o. .o 5.. .‘.«'.;:.,-‘:. :“.'. :.. ... ...‘ .:.’ [}
-® ... i "'~ .. ."0 . ‘...o, : '.'.. - oe *
9, CX -, ‘. -~ ® -‘ . a® L 4 o Iy oe@e
P p.o"‘ . ..‘. - .. . . : .. »
e - .:' ® o o e, * 0. e o
’c...'o .o L - .....'; 3 .'. .;.‘. ... - e =
o, 473> A A I AT DA
[ «:0.% c N e s T @0t -, «
o, =i a8 : .
“w e_ ° t B ...~. .' ) - *e - .'-‘

Figure/g—('a) Unetched microstructure of ingot
7, (50x).

: - - " * hd ‘. * ‘
e =® o*® 0yl o .07 @ Q..o‘
'R e ® > Lo, g | %y O 8cv. o e
» ~‘.. .. .z. ..._-° - a. .. ... ® .. 2 ? ’&
.. ...‘....:' ....o, -. « ¥ ..‘..’
FO B oo - st .o @ % -9
2. o P
LA o~ Ve e’
.'..“_. ‘.‘.' - ﬁ‘ -
» @<l e8] 39 g
o ol = @b o
Il Y-St .
o @ 5. O ot
- ,.-.0'
) ‘J.‘
K2
\o
.'.-.-'
oa®
2"
L4

E‘igure 10(b) Unetched microstructure of ingot

41, (50x).
3.

S ]
L

-~

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

-



got

58

Unetched microstructure of in
{50x).
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Figure 10{c)
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and nodule growth. However, due to the size of sample in§ot
and low carbon equivaleﬂt levels, nodule clusters did not
form. The presence of large number of smaller nodules in
ingot 7, and particularly in ingots 1 énd Zl, is consistent

. with their relatively high solidification rates (compared to

ingot 39). Th;\§imilarity im their microstructures is also
D :

I3
suggested~byqfhe relatively small difference in (Rn+l)max and

LY

(Scn/xn)max values fOf 1ngots 1 and 41. The higher nodule

count in thesé ingots éan be attributed to the faster rate
of graphite nodule formation dgring the eutectic solidifica-
tion stage,'Eince the nucleation rate of the graphite phasé
is generally taken to be the rate controlling factor of the
eutectic solidification process_(4,15). In contrast to
ingots i and 41, the eutectic solidification rate for ingot
39 1is considérably slower as indicated by considerably smal-
ler values of solidification parameters. The lower nodular

count and-larger nodule size is in agreement with the slower

) _
nucleation rate of graphite nodules. L /’,_Thj/‘

The .observations and conclusions made regarding the
ingots in Table 3 can be appliéd to the ingots in Table 4,
with the exception of ingot 33, which exhibits vermicular
graphite forms. The ingots in Table 4 have higher carbon
equivalents and smaller solidification parameter values
suggesting a higher tendency for nodule clustering. The
increased carbon macrosegregation ten@gncy is evident in the

nodule clusters that are observed. The microstructure of

~—dingot 38, which is shown in Figure 9%b, has the greatest
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number of clusters, and correspondingly the smallest values
of solidification parameters. The microstructure of ingot

4 is shown in Figure 9(b), and the microstructure of’inqots

23 and 33 are shown in Figure ll. The degree of nodule

clustering evident from these micrographs is in agreement
‘wilith the values of solidification parameters and the above
hypothesis regarding their interpretation.

The set of ingots in Table 5 with their respective
microstructu;es shown in Figure 12 are yet another example
of the increase of carbon macrosegregation with the decrease
in solidification parameters values. The number and size of
clusters are inversely proportional to the values of solidi-
fication parameters, as evident from the corresponding -

microstructures.

7.2 Effect of Increasing Carbeon Equivalent

In Table 6 and Figure 13 the solidification parameters
and corresponding microstrucﬁures are shown for a series of
nodular cast irons havzng still higher cargon equivaleﬁts. \\\,<
{(4.81 - 4.90%). Again, the increase in carbon macrosegrega-
tion with decrease in solidification paramete£ values 1is
cleafly evident. The increased carbon eguivalent levels,
compared to the set of ingots in Table )5, results in a-
w higher nodule density and general decrease -in nodule size.
Also, thé generally lower value; of solidification parameters
due to the higher carbon equivalent levels, and thus far

more gradual eutectic solidification rates, are consistent

with the greater incidence of carbon macrosegregation in
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Figure ll(a) Unetched microstructure of ingot
23, (50x)

Figure l1l(b) Unetched microstructure oI ingot
33, (50x).
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Unetched microstructure of ingot
(50x) .

(SOX).

17,

Unetched microstructure of ingot
32,

Figure 1l2{a)
Figure 12(b)
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rigure 13(d) Unetched‘microstructure of ingot
35, (50x).
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Figure 13(e) Unetched micro"e!rudture‘ of ingot <
25, (50x). .
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é%§§ group of ingo?s compared to those in Table 5, although
,nodﬁle size has generally deéreaséé. bue to the high carbon
o © : egquivalent levels (alsc higherx carbon levels) proeutectic
e« graphite precipitatdqn 1is greatly increased. It-has been
'proposed that thel;esulting carbon depletion in the liguid
promotes é slfow, gradual eutectic solidification stage (15,
23), thereﬁy enhancing nodule ggowth and clustering.
~—— ~Ingot 13, which stands apart from the rest of the
ingots in Table 6, shows the presence of considerable
amount-of intercellular carbides (c¢.f. Figure 14). This
could be the re;ult'of an inefficient or improper inocula-
. tion practice (note the relatively low silicon content),
and/or to some other undefined intrinsic metal prperty.
The stronger tendency of é;rbon to sta§ in solution finally
\\\_ resulted in moé;‘of the carbon precigitating as intercellular
carbides. If ingot 13 is classified according to the sili-
con content, it could egually be placed in Table 5. However,
. the carbon' gquivalent is significantly higher than the car-
bon equivalghts of other ingots in Table é, The extgnt of
cérbon macrdéegregation for ingeot 13 is in agreement with
the magnitude of solidification parameters, but with a
lowér nodule count due to the presence of iﬂtercellular
carbjdes .
It should be reiterated that ;he values of solidifi-
cation parameters, being sfrictly relative and depending on

metal composition and other processing, variables, as such

should not be .expected to predict the microstructure precisely
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P
and quantitatively. Wwhat is evident from the results of this

study is a general and consistentr relationship, ‘viz. decreas-

RSV gy ing the values for sclidificatidon parameters, e.g., (Rn+l)max

and (SCn/X )

n) max’ results 'in an increasing tendency for carbon

macrosegregation and ultimately carbon flotation.

7.3 Effect of High Silicon Content

-

The ingots in Table 7 are charactefréed‘by'felatively
"high silicon contents. The variation in carbon macrégegrega—
tion ({(in particular nodule cluétering) with decrease in soli-
dification parameter values is less pronounced for the ingots
in Tabdle 7 (c.f., Figure 15) than for those in Table ;. This
is coﬂsistent with the relatively smaller éhange in the soli-
dification parameter values bétwgen ingots at the top gna
those at the bottom of Table 7 compared to the ingots in
Table 6. The higher final ‘silicon content of the ingots in
. Table 7 is not necessarily due to an increased/é;;}osilicon
\inocﬁlation, but may be due to a higher silicoé\content of .
the base metal. Regular foundry practice cali;/for reducing
the amount of ferrosilicon inoculant if the base metal is
high in silicon, although base silicon content itself is
generally assumed to have no significant inoculant effect.
. The exceptionally high Si}iCOn conten£ in ingot 28 may be
the prime cause for’the relatively low incidence of nodule -
clustering. However, considerably more results with High‘
silicon irons are required before a causal relationship be-

tween silicon content and carbon macrosegregation can be

established.

<
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Figure 15(a) Unetched microstructure of inagot
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Figure 15(¢) Unetched microstructurg of ingot
29, (50x) . - -~

Figure 15(d) Unetched microstructure of ingot
- 34, (50x). )
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Figure 15{e) Unetched microstructure of ingot

{ 28, (50x).
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7.4 Effect of High Carbon Content

The strong tendency toward carbon macroesegregation  is

(/\.

clearly evident from the micrographs of the ingots listed in

Table 8, and shown in Figure 16. Thisﬁis particularly so for

i ngot 11 which has:- the lowest (Rn+l)m%x' (Scn)max’ and

(Sch/xn)max values. The variation in metal cﬂemistry, parti- N
cularly silicon content, in this group appears to have less
influénce on nodule distribution and éarbon macrosegregation

than in previous cases. The very high carbon contents (and

<« eqguilvalents) greatly increase the nodule count, but also

decrease nodule size considerably. A severe carbon flotation-
would occur if agglomeration of the tiny nodules into.ifregu-

lar chunks of graphite were to take place during an extended
solidification period. . ) \ @

7.5 Importance of Solidification Parameters and Carbon

-~

Equivalent in Predicting Carbon Macrosegregation

I 4
From the above data it is evident that the solidifica-

tion parameters (Rn+l)m , (Scn)max' and (Scﬁ/xn) generally:

ax max

decrease as the carbon egquivalent increases. It is also
- evident tWat the effgégglof various processing variables are
less pronounced

n

tion of

. ™ . ,
£0r high carbon eguivalent irons. The dura- ~ \

ectic grappite precipitation must necessarily

\\ increase with carbon equivalent, which continues until the

—_ eutectic composition is reached. Time is of the essence here,
and if the cooling rate ls slow, carbon macrosegregation will
be pronounced. Also,’a relatively slow rate for the eutectic

solidification stage will also enhance the macrosegregation

/ * . . . .
L4 process. The generation of numerous preclpltation sites

. [ adas
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Figure 16(c) Unetched microstructure of ingot
12, (50:x).
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Pigure 16(d)  Unetched microstructure of 1nuosg

26, TRNEY .
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during the proeutectié grapﬁite precipitation stage appears
: to favor a gradual rate for the subsequent eutectic solidifi-
tion stage, which is evident from lower values of solidifi-
cation parameters obtained in irons having higher carbory
equ;ialen; levels. This could be attributed to a lesser
“tendernicy to supercooling prior to eutectic solidification,
sinée the proeuteétic graphite nodules serve as existing
nuclei for eutectic graphite noéule férmation. Without any
N substantial sugercooling of the eutectic liguid, there would
be no (initially) accelerated eutectic'solidification rate.
The degree of carbcon macrosegregation in ingots having_/’

different carbon-equivalents, but similar or close solidifi-

. cation parameters, are generally higher as the carbon equi-

i

valent increases.

i

It is evident that both carbon equivalent levels (and/
or carbon and silicon contents) and solidification parametér
values are necessary for correctly interpreting the micro-
structures and predicting the'tendenéy‘for carbon flotation.
The sélidificatibn parameters are affected by all the pro-
cessing variables,.inclﬁding metal chemiétry, e.g., ingots
39 and 35 ﬁave close valpes for (Rn+l)max and (SCn/X )

n'max’
and althougH there are similarities in the carbon morphologies,

€>

attributed to its higher carbon equivalent. Similar conclu-

the:higher macrosegregation tendency in ingot 35 can be

sions can be drawn by comparing ingots 38 and 35, or ingots
27 qnd°36. In both these cases, the higher carbon eguivalents

of 1ingots 25 and 36 result in more pronocunced carbon

R

Y
B
-
-
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: 2
macrosegregation tendencies. On the other hand, ingot 38 ™

does shoy greater macrosegregation bendency than ingoﬁs 18
and 30. Since carbon equivalent for iﬁgot 38 is lower: than
for both ingots 18 and 30, the higher idciéence of caxrbon
macrosegregation in ;ngot'38 can be éﬁtributed to its igwer
solidification parameters. The smallerféolidifiqation para-
meters are primarily the result éf the lower solidificatiorm
‘rates resulting from processing variables other than metal
chemistry. Similar conclusions can be deducted by’comparing
ingot 37 with ingots 36, 35, 25, 27, and 38. The tendencyv
toward carbon macrosegregafion fn ingot 37 is less, although

its carbon equivalent exceeds that of the other ingots.

o

o~

N/
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- CHAPTER 8 ~
SUMMARY
. ,9 T

The Cérbon.macrosegregation phenomenon., particulaflg
. in hypereutectic nodular cast irons, has an adverse effect
on surface quality of castings. The extent of carbon
macrosegregation and carbon flotation is dependent on metal
"chgmistry, but it is alsc significantly affected by other

processing variables. These processing variables (e.g.,

- inoculation procedure, pouring temperature, solidificatjion

rate) directly affect the solidificatien mechanism, and

thus indirectly carbon macrosegregation, and as such must be
closely controlled if the desired casting structure is to be

. " - - . . . 3 . + ‘ +
. achieved. ?he solidification parameters (Rn l),__u:‘,-o Ce)n+l’

SCn, SCn/Xn and their respective maximum values, in addition
to metal chemistry, constitute a comprehensive et of indi-" -

cators of~the thermal history during the soclidification

- proceés, and as such their interpretation can greatly facili-

»

tate prediction and control of carbon macrosegregation and

flotation in commercial nodular cast irons.

~

The method for identificatioQCth.c0nt§ol of carbop R

macrosegregation in commercial nodular cast irons developegd

«

in this study utilizes both the chemical and thermal aspects

of metal tesﬁing practice, which afe summarizea in the}
following conclusions: ’
.l) A thermal analysis method is developed, which i:
conjunction with metal chemistry monitoring, is

84 \

-

¢
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capable of qualitatively predicting from ccoling
curves thé tendency to carbbn macrosegregation
in commercial nodular caét irons, dnd provides a

s rapid quality contrxol procedure in nodular iron
pfoduction. ) N

2) The thermal histo;y of the solidification process,
~initially obtained as a cooling curve, is analyzed
using a speclally developed maéhematical and com-

. putational procedure, to give sets qfhdistinctive
numerical values of solidification parameters. -
The essential role ¢f the mathemétical‘proce@pre
is to characterize and amplify ‘the signifié;ﬁt
features of the cooling curve, which otherwise
are not easily discernible from the original
cocling curve itself.

3} The absolute time and temperature data obtained
from cooling curves are transformed to relative
va%gf§’by using as a reference th? maximum under-
cooling point, so that the values of all solidi-
fication parameters thus obtainedvbecbme relative.

‘4) The solidifiéation parameter values are unique
for every single segment of the cooling curve and
can be correlated with carbon macrosegregation |
tendencies. ’

5) The sclidification parameters essentially repre-

sent relative solidification rates and relative

amounts solidified for any point in time. The

L]
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relative natureiof the solidification parameters
removes the neeé for absoluté calibration of the
measurihg instruments, and accordingly reduces
the influencé of recurring errors in‘'the inter-
pretation of the cooling curve segments.

6) In general, the degree of carbon'macrosegregation
increases with carbon equivalent and decreasing
values of the solidification parameters (Rn+l),

sc_, &hd SC_/X ..
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APPENDIX A

A.l Development of the Curve Fitting Egquations

2,

A.l1.1 Introductory Concepts

The. value of a function Y = f(Xn) in a sufficiently

close neighbourhood of xn, can be expressed by the Taylor

series expansion of f(Xn)(ZO), i.e.,

£(X,)

) v - 2 v "
L EXg) + (X=X )*E7 (X)) + [exy X,) J21)*¢ (Xg) +

+

[ =xg) Prareer k) + oL+

s [txg=x g P/nrlee ™)+ L

where the primés denote the differentiation orders.
If the function in the neighbourhood of X, = X0 is
approximated by only the first three members of the series,

a rearrangement of terms gives:
[0, =%g) 72]%€7 (X () + £ (xg) = (Y =¥ () /(X=X,) = Qlxy) Al

where Q(XO) is the residual of the series and represents the
error generated by truncation. If the first three terms of

the series are assumed to give sufficiqgt accuracy, and let-

ting:

(Yl-YO)/(X.—XO) = A, Eq Al becomesf
[xy=xgr72]xemix )y + £'(Xy) - A =0 A2

By arbitrarily assigning a positive unit value to

(X;-X,}, Eg. A2 becomes (for the forward difference mode):
1°90 .

Al

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



I

A’

T — o, o

A2

(1/2)%£" (Xg) + £'(X,) —A =0 A2a
If arbitrarily (Xl~xo) = -1, Eq. A2 then expresses the back-
ward difference mode given by:
~ (/DFET(Xy) - £1(X) + A =0 A2

In the following the variable Y (or Yn) will be taken
to represent temperature and X (or X ) time relative to the

¥ ~ - -
maximum undercooling point on the cooling curve.

A.l.2 Homogeneous Differential Equations

a) General Sclution

i) TForward Difference Mode

2

Eg. A2a can be written as d2Y/dx + 2*dY/dX - 2*A = 0.

Multiplying the third member by Y/Y, and redefining A/y = Z,

gives:
2 2
a7y/4ax” + 2*dy/dx - 2*2*Y = 0 A3

If 2 is considered to be constant in the close neighbourhood

-

of X, Eg. A3 becomes a first degree, second order differential
9 >

equation, the general solution of which is:

Y =.C,*exp(M;*X) * C *exp (M,*X) A4

1 2

where My oo are the roots of the auxiliary quadratlic eguation
. :

M2 + 2*M - 2*Z = 0, and C

1, o are the integration constants.
, ;
The roots are:

= -7 4o 1/2
M) 5 = -1 - (142%32) as

\
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A3

ii) Backward Difference Mode

. f
" Eq. A2bvmay be written as sz/dxz - 2*dY/aX + 2*A = 0.

Applying the above mathematical treatment gives:

hY

sz/dxz - 2*dY/dX + 2*Z*Y = 0 A6

‘the general solution of which is,

Y = Cl*exp(Ml*X) + Cz*exp(Mz*Xj A7

o>
The roots of auxiliary gquadratic eguation M2 - 2*M + 2*Z = 0
_are:

= - (1- 1/2
Ml,2 = +1 +- (1-2*Z) A8

The roots My 5 in Eq. A4 and Eg. A7 are not the same,
’

and therefore the integration constants Cl,2 in these equa-
‘tions are different also.

If two close points on the curve are considered, the
integration constants can be calculated for either the for-
ward or backward difference mode. The values of the roots

can be determined, for the expiession for 2z = (4dY/4X)/Y (Z.=

const.) gives upon integration 1ln(Y)/X = Z + C,

S/

\

?

b) Hyperbolic Solution

Egs. A4 and A7 can also be expressed as:

[}

Y = exp(-+X) * [Cl*exp(+R*X) + Cz*exp(—R*X)] AS

where R = (;+-2*z)l/2, and where the double sign denotes

N

respectively the forward and backward difference modes.

-
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. Since,
- exp (+R*X)

cosh (R*X) + sinh{R*X), and

exp (=R*X)

1

cosh(R*X} - sinh(R*X),

-Eg. A9 becomes:
¥ = exp(-+X) * [(C;+C,)*cosh(R*X) + (C,-C,)*sinh(R*X)] Aga

Egq. A9a can be simplified by reducing it to the form:

Y = exp(-+X) * C*cosh{A+R*X) Al0

. -

according to the following:

C*cosh(A+R*X) = [C*cosh(a)]*cosh(R*X) + |[C*sinh(A)]*sinh (R*X)

A1l

The comparison with Egs. A%a and Al0 gives C +C, & c*cosh (A)

1
and Cl-C2 = C*sinh(A}. On sguaring and subtracting these two

. 2 2 C .2
- expressions, C *[cosh (A) - sinh (A)] = (Cl

and since coshz(A) - sinhz(A) = 1, it follows that:

2 2
+C2) - (Cl Cz) r
C = 2*(C1*C2)1/2 Al2-

In order to determine A, the relations to be considered

are:

lc*sinh(a)] /[c*cosh(a)]

1

{exp(A)-exp(—A)]/[exp(A)+exp(-A)]

and,

[c*sinh(a}]/[c*cosh(a)] (C,=C,) /(C +C,)

On subtraction and reduction of terms:

<
exp (2*A)

]

cr,

(l/2)*ln(Cl/C2) Al3

je=d
]
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AS
&
} Introduction of Egs. Al2 and Al3 into Eg. AlQ0 gives

the simplified form of Bq. A%a, viz.

-

Y = 2"'(C1*C2)l/2 * exp(-+X) * cosh[(l/Z)*ln(Cl/Cz) + R*kJ
Al4
Redefining K, = 2*(C,*C )l/2 and K, = (1/2*1n(C,/C,) éq '
1 1 72 2 1" -2°" ’
Al4 becomes:
Y = K, *exp(-+X) * cosh(K, + R*X) Al4a

1 2

If several points on a curve are considered, each of which
require different values for the constants, Eg. Al4a for any

point can be expressed as:

= * ¢ - . * *
Yn K2n+; exp ( +Xn) cosh(x2n+2 + R Xn) AlS

where n is the subscript of the point considered, and

Kan+1
K2n+2 are the odd and even subscripted constants respectively,

and R = (1+—2*Zn)l/2 is the exponential coefficient.

c) Simplified Forms of Hyperbolic lutions
: S
For sufficiently large Values d%(Xn (e.g., X_ > ?),

and dependiné on the magnitude of Rn and K the cosh

2n+2°
) function in Eg. AlS5 may be reduced to an expOnentiél function,
while still leaving sufficient accuracy for the purpose of
this investigation. This is evident from the exponential

form of the cosh funcﬁion, in which relatively small members

associated with negative exponential factodrssmay be neglected.

o
N
A

-

('\\

!
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A6

iJ!>Forward Difference Mode*

The exponential form of Eq. Al5 for the forward

difference mode becomes:

Y

For X >0
n
-

- 1}

4)

S)

-

= * - _ -
n K2n+1/2 {exp[K2n+2+(Rn l)*XnJ + exp [K2n+2+(Rn+l)*xn]}

aleé

and IK2n+21 «<(R +=1)*X =~ Eq. Al6 becomes:

for Rn > 1, the second exponential member may be

neglected to give:

= * - *
Yn K2n+l/2 exp[K2n+2+(Rn o Xn] f;ﬁé
for Rn = 1, the second exponential member may be

neglected, and since the variable part of the

first member is zero,

= %
n K2n+l/2 exp(K2n+2) Aléb

Y =K *exp(—xn)*cosh(x ) Alé6c

n 2n+1 2n+2
for 0 < R_ <-—~1, depending on the magnitude of R

n N P n
(whetgmer closer to 0 or 1), any ofyg Eqs. Al6a, Al6b
or Aléc can be used; .
for R = =1, the first exponentigl member can be

omitted, and since the variable part of the second

member is zero, ”\\

* —
n K2n+1/2 exp- (K

2n+2

* The forward difference mecde is applied for the cooling
curve segment in Xn > 0 region.

|

4
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6) for Bn < -1, the first member becomes negligible,

N

and, ’

= * - T E * ‘
¥, = Kppey/2rexe (K, pp* (R +1)*X ] /ﬁ;gg
7) for 0 > R > -1, depending'on the magnitude of Rn

{(whether closer to 0 or -1), any of Egs. Alé6c,
~ .

Aléd, or Albe c%n be applied.

\

i) Backward Difference Mode*

For the backward difference mode, the exponential form

of Eg. AlS5 1is:

t

= Vox( Y * - -

Yo=K, V2% (Bxp[Ky ot (R PR ]+ expo[K,  or (R -1V *x T}
Al7

Under the assumption that Xn < 0, i.e., for negative times,

A

- * -
and |K, ] << (R +=1)*X ~, Eq. Al7 becomes:

1y for Rn > 1, the first exponential member may be

neglected to give:
= * - - *
Y, = Koygey/2rexp=[Kyp o (Ry=1) x_] Al7a

2) for Rn = 1, the first member is negligible and the

" variable part of the second member is zero, giving:

= * -—
Yn K2n+l/2 exp (K2n+2) Al7b
3 for R_'= 0,
n
t - * *
Yn K2n+1 exp(+Xn) cosh(K2n+2) Al7¢c
o

-

* The backward differentiation mode is applied on cooling
curve segments for which Xn < 0.

. .

N
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A8

4) fér‘0_< Rn < i, dépending cn the magnitude of Rn
any of Egs. Al7a, Al7b, or Al7c can be used;
f) 5) for Rn = -1, the second member can be negle;ted,
and since the variable part of the first member

a ~”
equals zero,

= *
‘ Y%\/’Kzn*l/Z exp (K, ) Al7d
6) for Rn‘< -1, the second member is negligible, and,

Fn T K2n+i/2*e¥p[x2n+2+(Rn+l)*xn] Alie

7) for 0 > R_ > -1, depending on the magnitude of R, -

. 4
any of Egs. Al7c¢, Al7d, or Al7e can be used.

By taking logarithms of Egs. Al6a through Al7e, equa-
- tions of straight lines are obtained, the intercepts being
ln(Kén+l

These logarithmic expressions are the fundamental equations

/2) +- K2n+2’ and the slopes +—(Rn+l) respectively.
required for the curve fitting process, and from which the
values of the odd and even subscripted constants are selected
to satisfy all the points considered. A single functional
relation between all the points of the coocling curve (or

segments) can be established by an appropriate selection of

the constants. 2

d) Trigonometric Solution k\
If in either Eg. A5 or Eq. A8 the member under the

square root 1is negative, the roots of auxiliary quadratic

equation are conjugate imaginary, i.e.,

= - —R* 5
where R = l(1+-2*2)ll/2, where the double sign in front of 1

and under the square root denotes the forward and backward
(-
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A9

differentiation modes. For this case the general solution of

Egs. A3 and A6 can be expressed as:

- /
Y = exp(-+X) * [Cp*exp(+R*i*X) + C,*exp(-R*i*X)] Al8

The\mathematical operations used in obtaining the hyperbolic

solutions can also be applied to Eg. Al8, resulting in the

trigonometric solution given by: K .
= * { - * *
Yn K2n+l exp{ +Xn) cos(K2n+2+Rn Xn) ’ Al9
.
where X . = 2*(C *C -)1/2 and K = (i1/2)*1n(C /
2n+; " T2n+l T2n+2 2n+2 2n+1l
C

2n+2) are the odd and even subscripted constants‘:espectively.
Physically, the cooling curves cannot include imagi;—
%gfy solutions (which describe oscillating systems) so that no
.%PEther‘consideration is given to trigonometric solutions of
Eﬁg basic equations.

-

A.l1.3 Nonhomogeneous Differential Equations and

Theilr Sclutions

It was noted earlier that only the first three terms
of the Taylor series representations of the function are used
in the derivation of the basic equations. The acéuracy of
the function can be further improved by including higher
derivatives besides those considereé in Eg. A2. The re ulting
vlinear differential eguations Qould thus be of the thirS\_
fourth, anq the higher order, with the respective cubic,
gquadratic, and higﬁer power auxiliary equations. Solutions
:> ’.of these are not readily available, although possible. Aan

equivalent but more tractable approach is the nonhomogeneous
-
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differential representation for functicn approximation. The
appropriate form of nonhomogeneocus differential equation con-

sidered for both differentiation modes is:

a’v/ax? s- 2%av/AX -+ 2%2%Y = £(X) A20

where f(X), being a function of independent variable X, aﬁd

. , compensating for the error Q(X) iﬁ Eg. Al, is a further
approximation of the function describing the curve. Assuming
that the form of f(X) is consistent with the form of the com-
plementary function, the general solution of nonhbmogeneous
differential equation A20, being the sum of the complementary

and particular solutions, is (21):

Y = [Cl*exp(Ml*X) + C *exp(Mz*X)] +

2

+ [Cy*exp (N *X) + C *exp(N,*X)] A2l

4

1’ M2 and Ni'

N2 are the roots of the auxiliary quadratic equations for

where Cl to C4 are integration constants, and M

each particular sclution. By considering still further
.approximations of Egq. A20, additional members may be added
to Egq. 21. Each member in square brackets can be developed
in hyperﬁolic or trigonometric" forms as already described.
. .

For the purpose of thig investigation generxal solu-
tions of homogeneous differential equations (representing
the first approximation of the function only) give satisfac-

tory results, and therefore solutions for the ncnhomogeneous

differential equation case will not be considered further.
4 . ~
. -
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A.2 Curve Fitting Method

A.2.1 Application of Simplified Hyperbolic Solutions

of Homogeneous Differential Equations

For each point on the curve in its logarithmic form
shown in Figure Al, one of Egs. Al6a through Al7e in their
logarithmic form can be. applied. The straight lines (tangents)
obtained, e.g., for the forward difference mode and Rn > 0,
are shown schematically in Figure Al, the general form of
which is ln(Yn) = In(K

= *
ope1/2) * kypuo + (R ZLIFX . The

straight line egquations ‘for the four points considered are:

2Py ='}n(xl/2) + Ky + (Rg=1)*X,* A22a
In(Y)) = In(K;/2) + K, + (R -1)*X, z/’ A22b
In(Y,) = In(K./2) + K, + (Ry=1)*X, ' A22c
ln(Y3) = ln(K7/2) + K8 + (R3—l)*x3 A22d

If an appropriate relation is to be established among the
poinfs, values of the constants will have'to be appropriately
adjusted and included into an equation capaﬁle of satisfying
all four points considefed. The general form of such an

Y

equation is:
[ 4 ot

In(y ) = [intxp/2)+k,] -+ [Intg/20+k, ] =+ [In(xg/20+k ] =+

] + (R_-1)*X A22
n

-+ . .= [1nTk /2) + k
*“\L/ 2m-1 2m

e e~

* Xb is not'neceésarily at the point of origin.

B,
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1n(Y_) 7
| |
B8 o1 G P N P . |
3 .ln(YB) = ln(K7/2) + ‘
1
1 + Kg + (R,=1)xX
8 3 3
e E
!
l L4
In{Y,) [~~~ me e - - !
2 ; 1n'(.}<5/2) + Kg + (32—1)*x2
I :
Ir{Y.) |—e-cema-x 1 ; C
(x.) n + (R, -1)%¥,
s | [ - M
. In(Y ) oy ‘ ;
> "o ln(YO) = lq(KE/Z) + K% + (RO-})*XO!
[ | :
1 1 :
[ ! t :
'l ! ) 1
%xo X, X, Xy . X
Figure Al Schematic representation of simplified
hyperbolic solutions (logarithmic form)
of homogeneous differential equations
as straight lines (tangents) at four
points considered on a curve segment.
e /f\\\

rd
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where m is the total number of points considered (1 to-m),
and n is the subscript (0 to m-1) for each point.

The development of A22 can be illustrated from Figure

A2. The ordinate at Xl can be expressed as: /\

| /
In(¥)) = In(yg) + [1nx)) - 1nty DY A23 .

where ln(xol), denoting the ordinate of the straight line

represented by Eg. A22a at X is given by:

ll

ln(YOl) = ln(Kl/Z) + K. + (Ro-l)*x A24

2 1

Substituting Egs. -A22a and A24 into Eg. A23 gives:
- - *
In(¥)) = [In(K/2)+K+(Ry-1)*x ] +

+ [ln(KB/Kl)+(K4-K2)+(Rl-$§y*xl] A23a

{

At X, the ordinate can be expressed as:

In(¥,) = ln(¥,,) + [In(¥,) - ln(¥ B25

12{]

where ln(le) denotes the ordinate of the straight line

represented by Eg. A22b at x2. It is evidentqrbm Fig. A2

that:

In(¥,,) = ln(¥y,) + [ln(Yl ) -'1n(y02)J, -

2 2

which if substituted into Eg. A25 gives:

ln(¥,) = 1n(y02)+[1§(y12)—1n(y02ﬂ +[laty)-1n(y, )] A2sa
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ln(YrP)
1n(Y,) In{¥p)-1n(Y5)

* ~In(Y, ) -In(Y ,)
ln(YI)
ln(Yo)

P A

ln(YoZ)
Xo X, ,XZ Xn

Figure A2 Schematic ?épresentation of ordinates

-

at each abscissa as partial intercepts
by tangents (log. form of simplified
hvperboli solutions) drawn to the right
hand side of each point considered.
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4 Since,
) ~
- - *
ln(YOz) ln(Kl{Z) + K2 + (R0 1) X2
ln(le)-= ln(K3/2) + K4 + (R'l-l)*X2 r

substitution of these and Eg. A22c into Eg. A25a gives the

expression for the ordinate at XZ:

ln(Yz)

[1n(K,/2)+R,+ (Ry=1)*X,] + ‘

+ [In(Ky/K )+ (Ky=K,) + (R =R ) *X, ] +

+

[1n(Kg/Ky)+ (K =K )+ (Ry=R) ) *X, ] A25b

Similarily, the ordinate at Xy 1s expressed as:

In(¥,) = [1n(K;/2) 4K+ (Ry=1)*%5 ] +

+

[Ln(xy/K) )+ (K =K )+ (R =Ry *x,] +

4

[ln(KS/K3)+(K6-K4)+(R2-Rl)*x3]+

[1n(K7/x5)+(K8-K6)+(R3-R2)*x3] A26

/‘\

This process is continued until all the points considered are
accounted for.

The arrangement of Egs. A22a, A23a, A25#4 and A26 in
ascending order according to their subscripts results in a
triangular set of equationﬁf from which is evident that only
Eq. A26 conforms with Eg. A22. If establishment of appropriate
relations for the entire curve is sought, the remainder of the

equations in the triangular set must conform as well. This in

turn will result in a square set of equations each having all
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the features of Bg. A22. Explanation of this process 1is

aided by Figure A3.

The composite expression for the ordinate/at XO is:

In(Yy) = (¥, + [la(¥;)-1n(¥, 0] + [1n(¥)-ln(y, )] A27

Since the expressions for partial intercepts at X, are:

0

ln(Yl )

0 [ln(K3/2)+K4+(R1—%)*XO] and

, In(¥,o) = [In(Kg/2)+K +(R,-1)*x,],

the differences in Eqg. A27 are:

In(¥, ) -In(¥,) = - [In(K /K)+ (K ~K )+ (Ry,-R)*X,] and

ln(YO) -ln(Yl

o) = ~[In(Ky/K )+ (K=K, + (R -R) *X, ] .

Eg. A27 thus becomes:

]

In(¥,) = [In(Kg/2)+K +(Ry=1)*x, | -

[1n(x3/xl)+(34—K2)+(R1-R0)*XOJ -

[1n (Ko /K 2+ (K=K, )+ (Ry=R) ) *X, ] A27a

The composite expression for the ordinate at Xl is:

1n(Y;) = 1n(¥,,) + [In(¥,y)-1n(¥ )] + [In(y))-in(y, )] A28

Since the expression for the partial intercept 1ln(Y.,) at X

21 1

is:

1n(¥21) = 1n(x5/2) + K. + (Rz—Rl)*X

6 17

the differences in Eg. A28 are:
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ln(Yl)—ln(YZI)

: In(Y,)-1n(Y..)
In(Y,) fommmoemmoa po_ L ch Piig/=imidygl

/>

ln(sz)—ln(Yoz)

ln(Yol)

ln(Yoz)

/"ln(YZO)

X X X X
: o] 1 2 n
ln(Y]O)’—ln(YZO) 1e.

~ ln(Xo)-ln(Ylo)

Figure A3 Schematic representation of partial
intercepts on the ordinates generated
by tangents drawn on both sides of
each point considered.
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In(¥, ) -1n(Y¥,) = +[1n(Kg/K)) + (K=K )+ (R,=Ry)*X,]

and,

In(¥)-1n(¥,) = = [In(Kg/K ) +(K =K )+ (Ry=R)I*X ] .

4

The composite expression for the ordinate at X, becomes:

1

In(¥y) = [In(K/2)+K +(Ry=1) *X, ]

+ [Ln(Kg/K )+ (K=K, + (Ry=R) *X, | -

[1n (Rg/Ky)+ (K=K )+ (Ry=R) ) *X, ] A28a

Further, the composite expression for the ordinate at x2 is:

In(¥,) = 1n(Y,)+[ln(¥,)-1n(¥y )] +[in(y)-1n(¥ )] A29

and since the expression for the partial intercept ln(YO ) is:

2

ln(YOz) = ln_(Kl/2)+K2+(RO—l)*X2

the differences in Eg. A29 are:

I

In (¥ ) =1n(Y¥ ) = [In(Ky/K )+ (K=K )+ (R ZR)V*X, ],

2

and,

In(Y,)-1n(¥;,) = [In(Kg/Ky)+ (K=K, )+ (Ry=Ry)*X, .

The composite expression for the ordinate at X, is thus:

2

In(Y,) [1n(xl/2)+x2+(R0—1)*x2]+

+

[1n(Ky/K )+ (K ~Ko)+ (R =R ) *X, |+

4

+

[1n (Kg/Ky)+ (R =K ) +R,=R ) *X, ] A29a

»
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L

Similarily, the composite expression for the ordinate at X3

and other pcints can be obtained.

By adding Egs. A22a and A27a, and rearranging terms, the

final composite expression for the ordinate at XO is:

I

In(y,) = (1/2)* [In(R *K,/4) + (K+Ky) + (Ry,=Ro=2)*X] -

(1/2)* [In(K3/K)) + (K,=K,) + (R =Ry)*X;] -

(1/2)* [In(k /Ry + (K=K,) + (Ry=R)*X ] A27b

By adding Egs. A22b and A28a, the final composite expression -

for the ordinate at Xl is: s A

(1/2) [1n(x

Ln(Y,) S¥K /4) + (Kg+K,) (Ry=R,=2) %X, | +

+ (1/2)* [In(K /KD + (K =K,) + (Ry=RI*X, | -

(1/2)*(1n(x5/x3) +(Kg=K,) + (R2—Rl)*XlJ A28b

Similarily, the final composite expression for the ordinate

at Xz'is given by:

In(Y,) = (1/2)*[1n(xs*x1/4) + (R, + (Ry=Rp=2)*X, ] +
+ (l/2)*[1n(K3/Kl)_+ (x4-x2) + (RI_RO)*XZJ +
4 (1/2)*f1n(x5/K3J + (Kg=K,) + (Ry=Ry)*X,] A29b
Note the sign change from negative to positive in front of C\\

square brackets successively on moving from n = 0 to n = 3.
Generally, the final composite expression for the

ordinate at Xn for m number of points considered on a curve
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segment 1is: *

In(Y ) = (1/2)*[In(k, _ *K /4) + (K, +K,) + (R "Rg=2)%x ] -

-+ (/2 *[1n(Ky/K)) + (K,-K,) + (Ry-RGI*X_] -+

1

_+ (1/2)*[1n(x5/x3) +Kg=Ky) + (Ry=R)*X_| -+

- (1/2)*[ln(K2m-l/K2m-3) * (X2m-K2m+2) ¥ (Rn—Rn—l)*xn]

A30

Eg. B30 is identical to Eg. A22, since all the constants in
Egq. 'A30 cancel out except those having the subscripts perti-
nent to the original éﬁuatiOn of the tangent at the point
cons;;ered, and that all the variable members cancel out as
well, except those having the subscript applicable to the
point considered.

If equations A30 for each point considered are arranged
in ascending order according to their subscripts, the sqguare
set of eguations 1s obtained. Double signs in front of the

C:X\Fembers in sguare brackets are indicative of the progressive
éign change toward the bottom right hand corner of the set.
By redefining the constants, and reducing the variable parts
(which are the members having exponential coefficients) into

their shortest form, the square set of equations can be ex-

pressed as:

In(¥y) = Ico+ce]l—{co+ce]2- .. —[co+cejm + (Ro—l)*xo 1
Inty)) = [e te ] #le ve ], oo —lere ]+ (R-Li*x 2
ln(Yz) = [co+ce]l+[co+ce}2+ - —{co+ce]m + (Rz—l)*x2 3
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In(Y ) _~Lco+ce]l+[co+ce]2+ .- +[co+ce]m + (R -1}*X m
B Y

where S, and c, are the odd and even subscripted constants

respectively, or:

leg*e.]s =_[ln((KZm_l*Kl)1/2/2)+(X2m+K2)/2] = [iIn(k,/2)+k,]
[ey*e. 1, = [1n((x3/xl)l(2)+(x4-x2)/z] = {1ntk,/2)+k,]
e re 1y = [1n(x /x0T 2wk k0 /2] = [1n0cg/2) 4]

)

) 12, ., _
legreg lpr= [an ek, /Ky 7 50 e Ry Ry 51 /2] =

[1nGepn /20 *+ Kpp] -

It is evident from these equations thaﬁ they are com-
posed of as many unit members (in square brackets)qas there
a’g points i® consideration. Each unit member in Eg. A30
represents the mean value of the function between two adjacent

points, except the first one which gives the mean value be-

tween the two extreme points.

A.2.2 Sqguare Matrix and Computation of Constants

If the variable member in each line of the square set
is transferred to the left hand side, and all the constants
are left on the right hand side, the sguare matrix obtained

consists of m number of rows and twice as many columns, 1i.e.,

-

L0 = [col+cel_C02—ce2_Co3-Ce3— Tt _com‘cem] 1

= - _ _ - _ AN
L, [col+cel+coz+ce2 €53 %e3" -+ “Com Cem] 2
Ly, = [Col+cel+c 2+ce2¥€53+ce3— T —com_cem] >



A22

= + + + - -
Ln [col cé&~co2+ce2+c03 ce3+ Tt ?om Cem]

= - — * e
where, Ln ln(Yn) (Rn 1) Xn, and col""'com and cel""' fm

are the odd and even subscripted constants respectively.

-

In*order to calculate the values of all the constants,
an initial Qalue of either the odd or even subscripted con-
stants in each point con§idered is arbitrarily set, and the ’
initial values of the remairing constants are calcq}ated from
Egs. A22a through A22d (or Eg. A30). For example, for n = 0,
Eg. A30 is reduced to Eqg. A22a, for n = 1 to Eg. A22b, and so

forth, and for n = n to lﬁ(Yn) = ln(K /2)+(R _-1)*X . The

2n+1l
initial values of both the odd and even subscripted constants
thus obtained are introduced into the square matrix, from
which new values of the constants are computed. Since there
are twice as many constants in each line of the sguare matrix
than there are egquations available, and sipce :ll their co-
efficlients are one, the final value of each constant is ob-
tained by an iterative procedure capable of making each con-
stant converge to a definite value. This iterative procedure

is continued until the values finally obtained give a suffi-

ciently. accurate representatioq\gf_the cooling curve. Thus

the final equation satisfying every point considered on the.
cooling curve (or within the segment) 1is given by:
In(y,) = [co+cell - [Co+ce]2 -+ | Co+ce]3 T oeee T
- - *
+ [ere g+ (R -11*x A31

where the odd and even subscripted constants Co and Ce

- A~
~
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respectively are referred to as the constant solidification
parameters, and possess definite values characterizing
s;gnificant features of the cooling curve. . .

The §ntire iterative process, as part of the computer
program designed for computation of the constants, is given
in Appendix B. > &

An identical curve fitting procedure as used above for

—
the forward difﬁerence mode and Rn > 0 can also be developed
for any R value for either the forward or backward differ-
ence modes. For the backward difference mode the even sub-
scripted constants in‘Eq. A3i already include the negative /
sign peculiar to the differentiation.@ode adcopted in develop-

Y .

ing the basic functional relation for each point.

A.3 Exponential Parameter R

Throughout foregoing discussién the exponential coef~
B ficient (parameter) gfgr Rn has been gonsidered to be con-
stant in the close neighbourhood of the (Xn,Yn) point. For
infinitesimal distances the expression for R (c.f. Eq. AS)

Y

becomes a differential equation, 1i.e.,
R = [1 +- 2%(ax/ay)/¥]*/? A32

since Z = A/y may'be replaced by (dY¥/dX)/Y. Rearrangement of

terms gives:

(R%>1)dx

1]

+-2*3Y/Y, -7

can be integrated to give:

>~

(RE=1)*X + C
X

1

+~=2*In{Y) + C .
b

. - . SSion.
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If the integration constants Cx and Cy are arbitrarily set

‘to zero, -the equatioh for R becomes:

R =[1 +- 2*In(v)/x]'/? A33

I

or, !

Y

exp +-[(R2-1)/2]*x A33a

Since R is the function of two variables (c.f. Eq.
A33), namely R = F{X,Y), the implicit differentiation (for

constant R} gives:

. | av/ax = -(3F/3X)/QF/3Y) A4

C

Moreover, R may alsc be considered as a function of variables
A and Y, ﬁamely R = £{(A,Y), both of which are functions of X.
The total differential of R is then:

. dR/dX = (J3£/3A)*(dA/dX) + (3£/3Y)*(dAY/aX)

~

Since, dA/dX = (&/dX) (d¥/dX),

dR/dX = (3£/3A)* (A 2Y/dX2) + (3£/3Y) (*dY/dX) A35 -

-,

The second part of the first member on the rigﬁ£ hand side of
Eg. A35 is the second derivative of the function describing
R. By substituting Eg. A34 intc the second member on the

right hand side of Eg. A35:
drR/AX = (3£/3A)*(d % /aAX?) = (3£/3Y)*(3aF/3X)}/(3F/3Y) A35a

However, in the vicinity of the point considered R is not
generally constant, and thus (3£f/3Y) = (3F/3Y). By further

assuming that (3f£/3A) ® (3F/3X), Eg. A35a can be simplified

-

~
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<

to give:

- dR/dX = (8R/3X)*(d?%Y/dX *1) A36

From Eg. A33, for R # const., it follows that:

3F/BX = -+[1n(Y)/x2]*[i+-2*1n(Y)/§]’l/2 A33a
and, )
3F/3Y = +- [ 1/(x*v) |* 1+[2*1n(v)y/x]7V/2 A33b
which on substitution into Eg. A34 gives:
dY/dx = +=-Y*1n(Y)/X A34a

where the double sign denotes the forward and backward
difference mode. Integration of Eg. A34a gives the implicit

form of the function for R # const., viz.,

\ ed
‘ +-1n[ln(W)] =x%*/2 + C A37

which in its explicit form is:

Y = +- exp [exp(X?/2 + C)] A37a

{(Note the diffe;ence for the explicit form of the function

for R = const. given by Eg. A33a).

-

Differentiation of Eg. A34a gives the second derivative

of the function, i.e.,

d?y/dx? = Y*1n*{(Y)/X 2

which upon substitution into Eq. A36, together with Eg. A33a
gives:

-1/2

dR/AX = =+ [1n(Y)/x?] *[14=2%1n(¥) /x]

* [ y*1n? (v) /x2-1]

A36a
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Rearrangement of terms and redefinition of functions gives:

7/2, 1/2

| -
dR/AX = —+A*(B-X 3 *X (X+=2%p) A36b

where A = 1In(Y), and B = Y*1ln2(Y).
Separation of variables and integration of Eg. ‘A36b

(~J//§E?és the expression for R, i.e.,

R = —+A*f(B—X2)*X_7/2*(X+-2*A)—l/2

dx A38

Integration by parts of Eg. A38 is done by setting,

R = —+a*[U*v - /(vau) | A39
where, '
U = B-X?,
and, av = X-7/2*(X+-2*A)_l/2dx .

From the latter,

-1/2

v = rx /% (xeo2%a) dx =z

Substitution for (X+-2*A)l/2 = G gives,

X = G2 -+ 2*A,

and, *
R dxX = 2*GdGc ,
S
so that the expression for V becomes:
v = 2+f(G2-+2+n) "/ 2ag

which integrated gives (21,26):
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¢
vV = —+G/5*A*(G?‘+2*A)5/2 + Z*G/IS*Az*(Gz-+2*A)3/2 -+
4 2%G/15%A3 * (G2 —+2%n) 172
Substituting for G gives:

5/2 3/2

v o= -+(X+—2*A)l/2/5*A*X + 2*(X+-2*A)l/2>lS*A2*X -+

—+ 2% (xe-2%2) T/ 2 15%p3 xx1/2

Since U = B-X 7,

2
U*v = [(x+—2*A)l/2/5*A] * [-+B/x5/2 + 2xp/3%axx> 2 -4 A

1/2 ﬂ-ifxl/z - 2xxY 2 3en o 20x>/2/30n2]

b}

-+ 2*B/3*A? *X

Since 4U = =-2*XdX,

vray = [2% (x+-2%a) /2 5ea ] * [+-1/x372 - 2/3%mxx? % 4-

+o2#x1/2 /3xp2 ] ax

A~

from which, - g
I(Vd$%~= 4-(2/5*A)*f[<x+—2*A)1/2/;3/2de - (=AA)
| -£4/15*A?)*f[(x+—z*A)l/2/xl/2de +- (=BB)
+-(4/15*A3)*f[(x+-2*A)*kl/2]d£ (=CC)

A4l

Separate integration of AA, BB, and CC using the identical

substitution for (X+—2*A)l/2 = G gives (21,26):

2
eax (xeo2xn) 2 sxnrxt Zasgxin [(em2xn) Y2k 2 | 5ea

AR

BB

cax (xeo2%2) T/ 2xxt/2 1 5xn2 crgxin [(xe-27) 1 24x1 2] s150
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oC = +-2% (x+=2%A) T/ 2xx3/2 s15%n% 4 2% (x4-24n) 2/ 2232/ 2 15004
-+4*ln[(x+—2*A)1/2+Xl/2]/lS*A
which on substitution into Eg. A4l gives:

flveau] = [x+-22m2 2 500 )% [—aay/xt/? oo 25x2 2 350 4

4= 2xx3/2 /322 7] Adla -
Introduction of Egs. A40 and Ad4la into Eg. A39 gives:

- R = [(x+-2%a) /x )1/ 2% [ 2%B/5%X?—+2%B/15%A*X+2*B/15%X~1 ]

Since A = 1n(Y¥) and B = Y*1n®(Y), the final expression for R
for either the forward or backward difference mode is given

by:
"R = [1+—2*1n(v)/x]* % ‘

\\\ = [¥*1n? (¥) /5*X2-+2%¥*1n(¥) /15*X+2%¥/15-1]+C_

A42

Eg. A42 is the expression for R {# constant) used in
this inves*tigation. The first member in sguare brackets is
identical to Zg. $33, i.e., to the expres&ig? for R ¥ constant.
The second member -is a power series for 1n(Y)/X, the highest
power being 2, since the original expression for R was
derived from the auxiliary quadratic eguation of the fdirst

- degree, second order differgntial egquation (c.f., Egs. A5, A8,
and A9). In this form the second member may be considered

a correctien factor resulting from the variation in R.

-
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Il.

2
23
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25

39
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308 WATFIV XXXXXXXXXX NAME=SPISC Bug
C NODULAR IRCN SOLICIFICATION CURVES
REAL XPCI18) e YPCI8)eX(18)Y(18)eRIB5)eXX(IS)aYY(3S)

8l

COMPON ZAREAI/ZXL{85) s YLIBS)I/ZAREA2/CLIYOI/ZAREAI/TI(8S) LGV (853,

XTICY(8S2/AREAA/XINIT/AREAS/A(18)/AREAG/ MF/AREAT/XZERY
READMe TEMO o (XP (I} oImioM]{YP(1)lmloNm)

PAINT IN CONSIDERATION ON THE CURVE.
¥YP(1)] ARBITRARILY SELECTED AT RANDOM FROM THE GRAPM.

XINIT=maG o
XINIT 1S TME INITIAL VALUE DF XX{I) - TIME IN SEC.s l.F.
ARQITRARILY SE.ECTED AFTER INTERPCLATIONS BETWEEN Tw0 ADJ
POINTS MAVE. BEEN COMPUTED B8Y SUBPRCGRAN XaNDY. °
X{I) AND Y(I) ARE VALUES OF XP{(l) AND YP({1)} NORMALIZED 8Y

POINTS.
XIERYw—=7 0.

POINT (XA [ )=XIERY) SHOULD REAR 2ERD.
PRINT 70

XP(1) AND YP(1) ARE PRELIMINARY VALUES OF CDORDINATES FEOR

EACH

X IS THE NUMBER OF POINTS IN CONSIDERATION (COORDINATES XP{I).
TEMP 1S TRE MAXIMUM RECORDED TEMPERATURE (PEAK TEMPERATURE].

x1)e
¢ ENT

1=

TIME-TEMPERATURE COFPFECTICON FACTOR (TTFACT). XX(I3) ANO YY{(1) ARE
RESPECTIVE RENAMED VALUES OF X(1J) AND TY(l) TOGCETHER wITHM ADOSTLID-
NAL INTERPCLATED VALUES FOR XX(I) AND YY(l) SETWEEN TWO ADJACENT

70 FOARMAT(//° * 3 *NOOULAR [RCN SCLIDIFICATION CURVE ¢ 3¢ ///
X* *,tXPl1) — PRELIMINARY VALUES FOR TIMES (IN SEC.)} RELATIVES®
A/7® *4*TQ THE CLOWEST UNDERCOOULING PIINT QREAD AT RANDON FROR?®/

X* o 'TH: GRAPM* )
PQZAT Ble(XP(1)elmloM)

-39 FOURMAT(® *.10(FT.2.2X)/°* *,10(FT.2.2X))
PRINT 82

82 FOAMAT (/¢ *e°YP(I) ~ PQELXMINAQY VALUES FOR TEMPRPERATURES [N
xs* 'o'DEC. FAHRSL) RELATIVE TC'THE LOWEST UNDEQCOOL(NG PCINT /7

X +*READ AT RANODOmM FROM THME CRAPM® )
9=xsr 83 .{YP{I)almromM)

a3 FCRXRAT(® ", 10(FT7.2.2X)/" *J10Q(FT7.2.2X1}
PRINT 2C,.TEMP

C TEMP (S TrE MAXIMUM RECORDED TEMPERATURE OF onulo METAL AFTER

C MEYAL HAS BEEN PCURED INTD RECORDING CUP EQUIPED wlTH CHRa

C TrHERMCLQUPLSE
20 PCRMAT(/ /" *,*PCAK TIMPETRATURE RECORDED T *.FB.2."
TYFACT®2200-/TENKP
PRINT 20.,TTFACT

30 FORMAT(® *,'TEMP=TIME CORRECTICN FACTOR 2°.F8.4a)
PRINT 111

112 FORMAT(//° * o *METAL CHEMISTRY :1°//7° *,.°C 3.45 x°/°
X*SI Ze78 X*/° Y.*MN -68 X*/°* *L.*CR 10 AV
X Cl el4 X/ *,CAL =018 Xt/ *,.'MG -042 xX*/*
xS «0Q7 X°///)

OC AD =i .M
X{I)mTTEACT=XP( 1)
40 Y(I)mTTFACTAYR(1)}
M2
CALL XANDY({ M NeXsY . XXYY)

AL .

DEL. F*

e

C AQJACHENT X{1) VALUES,AND FINDS THE INTERPOLATED VvALUE FQOR Y(I)

C BETWEEN TwQ ADJACENT Y(I} VELUES.
vian=-1
Klw2emML
PRINT 69

63 FORMAT(® *4*XX(I} — XP(I) VALUES NQRMALIZED BY THE TIME=*/

X* ¢, TEMPERATURE CORRECTION FACTOR. ANC CORRESPONDING AVERAGE®

x/* '.'VALucs BETWEEN TWQO ADJACENT -PQINTS®}
PRINT 84 XX{I)elm1, ML)

sa FORMAT(A(® *,.10(F9.4,2X3/)/) h
PRINTY 85

85 ECRMATL/* ¢ °YY(1) — YP(I) VALUES NORMALIZED BY THE TIME-*/

X* ¢, TEVPERATURE CORRECTICN FaACTOR, AND CORRESPONDING

X/ *,*POLATED VALUES BSET®EEN T»0 ADJACENT PQINTS®)
PRINT 88.{YY{(1l}),Imt . ML)

86 FORMATI4(® *.10(F9.4.2X2/))
PRINTY 73 (A{Il)elml X}

INTER="

73 FCRMAT(//® " a*AlT)*edAXa I (FI10-5.3X1/° *.8Xe9(F10a3.3X3/77)

Yt1lmQ TRE VALUE CFf A(l) 1S ASSUMED TO BE ZERO.
MEmT7S

ONn NnNAN

RELEVANT CONSTANTS AND EXPCNENTIAL COECFFICIENTS RUI).
CALL LINUP (ML NL.XX.YY]}

A(L} IS TRE VALUE OF N—=LOGARITHM (F Y(l) DEVIOED BY X(Illa
PARTICULAT CASE THE VALUZ OFf A{l) AT x{1)wm0 EQUALS UNE. AND AT

IN TMIS

THE VALUE CF YP(I) READ FROM THE GRAPH [MMEDIATELY AFYER THE XZERY

C SURPROGRAM XAMDY CALCULATES THE AVERAGE VALUE FOR X{1) BETWEEN Tw»xQ

ME 1S TrE FINAL NUMBER OF PQOINTS CONSIOERED FOR CALCULATION OF At




40
LR

42

32 ~-

C SUBPRQCEAX LINUP LINES UP ALl TrE TALUES OF XX({1) IN DESCENDING
C-ORDER STARTING wlTM INITIAL VALUE XINITs AND CALCULATES CORRESPIN-
C OINGC VALUES FOR YY(I).

NP=2eouF e

CALL REXPO(MF +XLeYL.R)
C SUBPROGRAM REXPQ CALCULATES VALUES FOR £XxPONENTIAL COEFFICIENT
C R(1) FOR EACH POINT IN CONSIDERATICN. THME EXPCNENTIOUL COEFFICIENT
C R(1) IS A TIME-TERPERATURE OEPENDENT FACTOR WORKED OUT FOR EACH
C PARTICULAR PUINT« AND IS THUS CMARACTERISTIC FOR EACH POINT AND
C ALSQ DIFFERENT FROM ONE CURYE TGO THE OTHER.

CALL ALLEN(MF JNFoXL.YL)
£ SUBPROGRAM ALLEN TOGETHER wWITM SUBPROGRAM LODEB CALCULATE ALL
G RELEVANT CONSTANTS (E.Ga C(OODILCC(EVEN)) AND THEIR SUMS. tCM TN
€ TUAN MUST SATISFY THE BASIC EQUATICN LN(Y(X)’-C(COD)OC(EVEE
C (R(1)+1)eX(1.) FOR ANY POINT ON TME CURVE. -

PRINT 71

71 EFORMAT(//® ¢ eSXa®X(I)®e9Xe*Y(I)® . 9Xe*R{1)*.9X.°C{ODD)* X0

X*CLEVEN] * 24X e *SUM{CIOOD)1*e3X*SUMICIEVEN) } ®,0Xe*SUMICITII)™)

00 66 [mi . MF

PRINT 72X {I3TLI1) . A{1)eCUI%2~1)CLI®2)TI{1).CYC(I} .TIGY(I)
72 FORMAT(® " oFQadeSXeFB o8 eSXoeFBuaeS5X..Fl0.4s5XeFllea.5%X.Fl0.a.

XSX F10.4,5X,F10aa)
.68 T CENTINUE

sTCP

END

SUBROUTINE LINUP (MeNeXeT)
COUMMON SAREAI/XL(B3) . YL(B8S}I/AREAA/XINIT/AREAG/ME/AREAT/XIERY =
REAL X{M).Y(¥),DB8L3S)
PmQ.
D0 14 (=] . MF
XL (I)=mXINIT=F
1a P=pe2,
OC 203 [wi.™
IFIX{1)EQ-C-J)GO TO 201 .
IFLY(1))1200.201,.,202
200 DBl )=-ALOGLABS(Y(1I}) )/ X(1}
G¢3 IO 203
201 pe(ry=Aa.
GC TC 203 -
202 OB({1)ImALCGIY(IY )/ X(I)
203 CCNTINUE
L=t
DO 12 Im]  MF
IF(XL (1) ulTa x(ka))L-L¢1
IF{RL LI ) alTa Xl +1) =2 ¢
IF(L.EQ.(N=133G0 TO 13
IF((ABS{Y(L4))al Cala) d ANDU{XIL®1).LTLXZERYIIGOD TO las
IFCLABSCY(L) ) el Talal cANDL(X(LILT.XZERY)IGD TOD laa
IF(IDBIL) eEQwTa) uDRA(DBIL*1 ) eECefa)eANDa{X(L}l.Te0))}GCO TO laa
OTTa{DBIL+1 I *{X{LI=XL ([} )+0B(LISIXL(I)=X{L+1))ox LI}/
XCX(LI=X{L+2))
GQ TO 1as
14a zg(%)ﬂ(YtLox)'(XKL)-xL(X))ov(L)-(XL(!)—x(L¢x)J1/(X(L)-X(L01))
g 12
148 IE(LOTTalTe0a) aAND LI XL( I3 .CTL.XZERYIIGD TQ 313
IF(CTTLT.0.1GE TO 18
a1 *Lt:)-EXP(oTT)
GC TQ 12
138 YL{I)=={EXP(ABS{UTT)) )
G0 T0 12
12 CONTINVE
13 RETURN
END

SUBROUTINE XANDY (MeNeXeYoXX,TYY)
CCHMONZ/AREASZALLIBI/AREAY /XZERY
ggAL X{M)Y{ M) XXL36) ,YY(IS) ,FACT2(17}
40 Iml.m :
XX 1e2-13mx( 1) —
IF(Y{1))66.55.56
56 YY(182=1)=m=Al CGLABSC(Y{1)))
G0 TO 1s .
-1 TYY(1e2-1l=Q0.
G0 TO 1a
S6 YYCIw2—-2)=aAl OGLY( 1))
la I¥(X{1)+£0.0.)G0 TO a1
CALIImYTY(28L—-1)/XC1)
G0 TQ a0
at ACl)=la
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103 40

106

130

132

131

‘140

= e pa bt 0004 b b bt B8 Bt DO 3o po 0r o Bu be

PNNANNCc im0 0
PUN—OOVDNDPARPUN~DODV
ot

N
(2

125\
141

33

31
as

o po o -t po P oo
Wkt nNN
WN~OOD N

13a 24
135
136
137
139
130
140 20
141
142 21
143
l1a4 19
1a% 25
146
147

1a8
149
15Q
151
152
153 37
1S5«
185
156
157
158
159
160 39
16
162
163 38
164
165

155
167
168

169

170

171

172

173 9060

174

17S 901

176

177 902

178 -2
-179

CCNTINUE d

KEp—] *
DO 24 [w},.,K -

IF((X(141)afQe0e) aDR.UIX(TI)ECa0.)ICO-T0 130
xr((fv(2-x—1)-:o.o.)-on.t77t2-x¢1).£o.o-))co TO 140
XXMm{X([)oXC191)) /2.

GC TO 132 . ’
YYMNR(YY( 102=1)+YY{1%2¢1))/2e
XXMm(X{IdeX(1+1))r2.

GO TO 141t

AAImA(I)/7Aa(X+]1) .

AA2mA(I+1)7Aa(l) -

FACTIm(AAl*Ll.)/2. .. .
FACIZ2CIIR(AALI ¢AA2) /AL 0.5 ' . ®
IFCI{XCI) alTe 04} aOR.(1.£Q.123GC TO 131 , .
ARdm(A(TI)eA(Ie®t1)Y) /2.

IFCFACT2(1) .G oFACT2(I=1) )FACT2( ) ml . /FACT2(1)
YYM=FACT2(l )exXXMoAAA

GC TQ 143}

YYVRFACTlIsxXXMua(l+])

GO TO 1a

XXVE(X(l)eX(1et))/2.

YEX={Y{I)}eY(IeY1))/2.

GO TQ aa

IF((YYM.LTL.0e)eANDL(XX4.GT.XZERY)IGD TG 31!
IFCYYM)3Z,.31.31

YEXw=(EXP(ABS{YYM) ) .
GO TO a4 - N
YEXMEXP(YTYM)

XX(l®2)mxxXM

YY{1e2)myYEX

CCATINUE

L=Me2-1 -7

DC 25 I=xl.L.2

IFCIYY(I) et Ta00)uANDL(XX(CI)aGTaXZERY)IGO TO 20

IR CLABSIYYI 1) ) alEe QS 1 AND (XX (13 LT.XZERY)ICO 7O 21
IF(YY(1))19.21,.20 . .
YY{{)=EXP(YY (1))

GC 1C 2%

YY{[)wGa0

GC TO 2%

YY({Il)m—(EXP{ALS{YY(I)))})

CCNTINUE

RETURN

END

SUBROUTINE ALLEN(M . N.X.Y)
CCMlON/AREAZ/C(ITO)IAREAJ/TI(85)-67(85).7167(85)
REAL X{M).Y(M).BL(85).4(2173)
CALL LODEB(MeNX.Y.BL)

00 37 [=m i .N

H{l)==].

OC 38 I=m)1.m

TIG=O,

GorYmla.

H{I)wyi,

CC 39 um .M
TICaTIGeH(JI) CL 2o~ )
GOT=CETYerm(I)sC(In2)
TI(l)=TIG

GY(1)=GQlY
TIGY(1)InTICI)I+GY(])

RETURN

END

SUBRCUTINE LCDES (M. NeXeY.B8L)
COCHMON/AREA2/C(170)

REAL x(uJ.Y(H).EQ(&?O).BL(M).C(:TO).n(170).2R(&5).LOV.nn(653.
xcCresy

DC 77 K22.N.2 .
IF{ABSIX(K/2))LELDL1)GS TO 78
1F(ABS{Y{X/2))-LELD.1)G0O TO 76
IFCY{XK/2))900.902.901 -
YC=2—ALQG(ABS({Y(K/2)))

GQ TC 966

YCmALCOI{YIK/2))

GC TO So86

YCula '

CIKI=YC/XIX/2

G 10 77
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180 76

182 78
183 77

185 =+

'™
o
e

ﬂ.1

290% 3s

209 as

36

NNNNNNNNON

[SEE RS R R ol ol ol R o

VOGLNO RPN
N

223 333

220 222
228 37

233 39
235 s

249
230

253 7
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’.a- ..
I8 77 .

Inl, .
Tx"w . .I
S3 Im4 N2

II=(C(I)—C(1-2))/2.
2)m(CINISC(2)) /2.
ALl ZEREX (M NeX T .EQ,ZR)
C(2eL~1)mAL DG(2.)+EQ(T)
C(IJIO.SC{O(XJOO(N—I)3—ALOG(2 b

S M-

DO 4 I=ml.J
CLt2elel)=n0. 5‘(0(231011-0(2'1 1312 '
J=0 ’ '
oCc 1 I-I~N

M{]l)ml.

DC 2 1wle.N

Knle)

IF(1e0.GTaN)Km] ¢+ )=N

Fwla

If{1.GT-M)GO 7O 88
LOV=Q.

Mt )=,

OC 28 L=l.M
LOVSLOVYeHIL) s (C(Le2=1)+C(Le2))
IFLK.GTW182)Fx=],
CIRIXCIR)I+(F (EQ(L1I*LOV)YI/(2.08(J+1))
Ga To 2

DENmQ,
H(l)m=1,

00 36 L=1,.M
CENMOENIH(L&M)a(C{L®2=1)«C{LeT))
IF(R.GTa( [~} 02 Fu=1_
CIK)mCIKIS(Fe(EQ( I)*DENRNI/(2Z2.0%(0+1))
CONTINULE

SES]

IFLJ.EQNIGD TO 44

GC TIC 3

0C 11 Imla™
CC{lI)m(C(28l=1}+C( 2" )) w2,
MHR(l)=s(EQL(L1)+EQIM)I/CCL]1)

MHL [ )=m(EQCI)}~EQC(I—-2) ) /7CC{ 1)
00 W22 Inml.M
C(Re[~1)=m( L )eC(2°[-1)
Cl22e)mHH () wC{2n])
DO 37 Imi.N

H{l )==1.

OC 38 Iml.M
LOV=o .

H(I)=1.

DC J9 JI3l.M

LOVERLOVeH(J) o(C(Je2=1 }+C{u®2))
BL(I)=LOV
CONTYIANLE
RETURN
END

&

faXa¥al*Xalal
~hn~

SUBRCUTINE 2EREX (MeNX.TEQ.2ZR)
COMMEN/AREAT / XZERY

REAL X{M) . Y( M) .RA(BS)I.EQINIZR{ M)
CALL REXPO {(M.X,Y.R)

0O T7 [mion

If(ABS(X(!)).LE 0.11X(1)=0.

CG(CASHIR(II=X(I)})
)

At
z
35
i

IF((ABS(Y(I))alTa0.1)AND, (X(I)elLT-XZERY})IY(1)=0.
Gg8 10 2
)
)
ZR(1)=m=(EQ
Ix=ALDGL ABSY »N

eC 10 7

IF(X{I))1.3.3
1IF(ABS(X([}}.LE~10.)GQ TO .&
ZmAatDG{YI)
EQ(1)=Z—X(1)—

(r)-—
¢Q 10 77 4
IFCTY(1)144.8.3

T

GG 10 7
=20,
Z=ALQG(Y(1}) )
EQ(1122—(RIII+1.)eX(1)+aL0G(2.)

w,
4

- e

SV PR S




239
250
261
262
2623
264
205
2565
<57
268
269
270

27T

272
274

-

2TS
278
277
278

279

280
281
282
283
28s
283
286
287
288
289
Z990
291
292
293

296
29%

290
297
298

3
“a

LY.
a7

raas
~4a%

77

66

53
11

N

ZR(I)m=({EQ(])~2) “
o 10 77 . R
IFIY(I))aa,.8% 46 .
Im=ALOGCL{ABS{Y{]))) et

GO TQ 47

rq 3PN

GO TO a7

ZmALOG(Y(L))

IF(R{I)eX(I)-GCT170.)GO TO asa
EQUIImZ+X(X)—ALOG(COSH(R(II®X(X)))

GO TQ 445

:otx)-zvxcxicxz.—atxa:oALcctz.J
ZR(1Ym—(EQ(Y)=2)

EQi{IeninEQl L)

RETURN . ’

END

SUBRQUTINE REXPO (MiXo7,,R)

CEMMEN/AREA?/ XZERY

REAL X{M) vY(wm}, R(MJ .
{F(ABS(X(1))+LE.0-11GQ TO 11

IF((ABSITY(I)) el Te0ol) cANDo{X{I) LT .XZERY!)IY(]I )N,
IF (Y{1))66.8.55%

O=—ALOG{ABS(Y(T1)))}

<8 T80 9

AmQq

GO TO 99 i
OmALOG(Y(1))

S0 TO 9

Am—] ,

IF{ABS{X(1))alE-Da1)X(1)=0D.

GG TO0 99

A=Q/X(1?

IFIXCI)21a202
R(!)-(SQRT(1.—2.-&)1‘((7(1)~A.‘2)/5 fz.lY(I)‘Alls-o

X28Y({ I}/ 1801,

eQ TQ ¢
R{IJ=(SCAT(1.42.84) )8 (Y (L)WASS2I/ S22 oY ])eas1S.0

X2 o®Y¥([)/1Sa=1.)

-3

SENTRY

CONTINLE
RETURN
END
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APPENDIX C

1

Metal Chemistry, Cooling Cuxve Data, and Solidification

pParameters for Ingots

List of Symbols

-

X(I) - time (sec.) relative to the maximum undércooling
point spaced evenly along the curve {(correspond-

ing to the symbol Xn):

Y (I} temperature (°F) relative to the maximum under-

cooling temperature at X(I) (corresponding to

the symbol Yn)f.%

R(I) " - exponential parameter (corresponding to Rn) for
each point considered (variable solidification

parameter = Rn+-l):

C (ODD}

odd subscripted constant solidification parametér
in expanded form (corresponding to the symbol
Co);

C (EVEN)

even subscripted constant solidification parameter
in expanded form ({(corresponding to Ce);

SUM(C(I))

sum of all odd and even subscripted constant
solidification parameters (condensed form) for’
each point considered (corresponding to the

symbol SCn).

Cl
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NPOBONSO
COVOUY L~
oo OOO~
OO0~

-24,0%00
~-26.0000
-28.0000
=30.2003
-32.0006¢
-34.3000
-38.02390
-38.09Q0
~40.,00C0Q
f‘ ~42.8000
-44.03099
~46.0300
-48.00C0
-50.C000
-482.2302
=-54.0300
-%56.3000
-%8.0002
-60.3000
-62.0000
-64.23C0
-66.0000
-68.3000

Sample Ingot :

Metal Chenmis<try - C 3.84 %, Si 2.32 &, C.=E.
Mn 0.77 %, Cr 0.14 %, Cu 0.12 %,
Al ©0.020 %, Mg 0.046 %, 5&0.009 <

(1)
28.4573
24,4223
12,4273
Sel7Ca
2.3289%9
22911
“e2279
1.201S
1.0000
leCa3x
Co4439
l1.7812
4,55¢C3
S.28C7
¢, 2780
¢.2123
€.2869
te 5833
7.3687
78780
g.1¢28
8.14Q01
T.89%2
7.43006
7.3773
7.226
T.32284a
7.3198
€.0857
€.2888
2.8233
C ‘Ilﬁa
4.752e
4.15053
:-‘677
3.C17
c.811
1.9-2¢
1.2992
1.0000
Ca2627
-C.35%57
-1.0000

R(1}
a4.0524
2.1240
0.9021
C.0502
-0.a662
-0.73%5¢
—Q.8811
=-0.9487
~1.385¢
=-0a.9971
-0.38691
-0.48%3
-0.311¢%
=-0.J70C0
-0.,2866
-0a.277%
-D.2678
=0.18670
~0.08a3
-0.0255

2.006%

0.3aQ9t
-0.3176
-0.0707
=0.0783
=0+s0749
-1.088%
~0.1149
-Q0.1%3]
-0.2742
=0 2626
-Q.3271
=Q0¥3982
-0 .,47a8
~0.%5a8%
-C.8178
~“0.6814
~0.751
-0.8202
=0.3667
-0.9439
-1.0630
-C0.8607

Ci{CoD)
—427 .55
1€d.415%
t.1171
35223
=-2.7097
-1.8119
~1.0339
-0.8502
-4 ,1531
~1.78679
-0.0721
17153
C.54483
1.0880
1.3990
C.3737
C.7288
1.4729
1 .6380
1.417%
1.6Q006
1.4713
a.3382
C.0496
2.2%963
0.8358
Q.4299
Ce2798
c.00%1
~C.1289
-C.4502
=L ..3C39
-0.7%61
-0.6897
-4.841a
-1.81%9
=-1.299Q
=-1.497%
~1.3606
-1 .8458
=J.04a41
-2.497¢
-%.6770

cz2

4,61

CI{EVEN)
=-Q.1343
=J+1608
C.1723
01291
-0.0190
0.3291
Ne2331
0.3835
J.463%a
2.35465
0.5382
=C.81s9%
0.1962
De.19a2
-0.1878
C.1901
0«0893
Ce21a)
2.0400
9.1771
-0.22%98
=0 .4332
-T«2171
C.1065%
=2:4617
0-0907
C.2307
C.105a
0.07080
-C-10%%
~Q.077s
=-C.4828
~0.3329
-0.-46836
3.1702
0.12%0
-0.1881
=2.332
-0e1334
0.222%
0.3384
-Q-1911
0.1172

Sum(Ctil
-44,489%
=11.9793

A.59986
12.1021
Seba3a
3.4778
le9763
1.0429
0.007a
la184a8%
2.11458
J.9130
6.2071
87714

11.1139

12.6577

la,23aa

17.029%

21.02%8
24.21%0
26.9569
29.0332
30.2756
30.5881
32.2573
34,1498
3S5.5108
3Jo.2815
364314
35.9628
34.53070
33.3238
3l.1a%s
28.3%5a7
2%9.4523
22.3387
19.462¢
15.803¢
11.8148

8.9670
2.956%
~2.321 4
-9.7008
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-70.02300 -1.4233 -le1847 T =11.5274 0.4026 -12.5828

—72.0902 -le7911 -1.2307 -4 .3524 2.39%8 —16.492%
-T4,0000 -<-28138 -1.2930C -4 ,1955% 1.5374 -21.3087
-7640300 - —-—ieGa2% -1.2780 -3.3504 -0.2%910 ~29.1098
-78.0000 ~Ze8413 —1.4948 -4 ,4893 =0e37a1 - =39.2308
-80.3030 ~8.84%3 -l.6262 -%.6372 ~0.2307 - ~50.9729
-82.0000 —2.6928 -1.7376. -%2,3022 0.0280 -61.5211
-84.03%20 ~¢.727% ~1.8740 -¢ .060 =N.43%4 —-T7T4.6238
-86.09200 -7.6978 -2.04a18 =7 577 -2.5986 ~90.9770
~-88.0000 —5.554]) ~2.24092 =10.47237 C.2201 =il1ll.a4840
-90.0000 -11.20%« ~2.%5068% =-12.3931 -C.5208 =137.3236
-62.0000 -11.¢4%3 =2.7904s =14 ,9507 C.29%5a -l160.6338
—-G4.00C0O - -1%.39%2 -2.0230 ~12.043a C.2009 -192.1985
~96.3000 -17.41¢7 -J.2918 -15.2196 0.2322 =222.173e
-$8.30900 -1S.7572 -3.46032 -18.4142 08040 =257.39386
-100.0000Q ~22.47233 -3.96a0 -21.8747 7.8368 —258.36%4
-102.0200C -2%2.23a7 ~-4.3%21% ~22.5819 =-0.1977 -3a+.4a85
~104,300C -2f.¢185% -4.7827 . =2%.0601 -Ce7417 =336.0522
-106.0000 =22.3349 -5.277< ~28.2609 =2.00%96 ~356.193
-108.0000 -3¢.8128 -S.8473 -22.8616 S«7545 ~5206.4077
-110.0090 ~a 1,24t -8 .50a6 -42,18057 l.1201 ~638.5269
-112.2000 ~47.2487 —T.20641 —-48,9327 J.3282 -703.7361
—=114.03000 ~-%23.1172 —-T.9129 -41.02%50 -2.2682 -791.323%
=116.000C9 -2¢.52%2 -8.3%542 —-4%.7003 - 1.5a5%58 —379.6321
-1:8.0002 -¢a.22%7 -39.2602 -47.4183 -1.832% -978.1328
~123.0200 ~¢2.C357 -10.0378 -22.2787 -1.63%4 =-1388.0%40
—122.30¢0 -74.3893 -10.3%a8 —¢2.2¢93 0.309a -1210.7750
'
L3
-
c3

-
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€y Sample Ingot 2
Metal Chemistry - C 3.54 %, Si 3.02 %, C.E. 5. 57 %,
Mn 0.66 £, Cr 0.12.%, Cu 0.08 £,
Al 0.020 %, Mg 0.055 €, S 0.009 %.
xtl) eI RC1) C(oDo1 CLEVEN)

50.0000 62,71 3% 7.693a -687.,2754 0.1%524 | Eg;é‘;éli
48.0000 €<,3433 8.3155 39.8572 -0.1301 ' 2335430
46.CJ00 4e.7073 tals5sSQ 21.9863 - -0.0833 —-1a ° 249
44.3000 3¢.3940 a.179¢ Z=.57s) -0.0255 213829553
42.0000 21.348% 3.3749 20 0564 -0.3632 ~95.5391
40.0060 2E.3323 2.702¢ 12.8726 -0.13%8 —~04.0604
38.3000 2¢.2213 2.4188 6.9107 D.1498 23358853
36.0900 2%.2786 2.3034 s 3.2%40 2.22%6 ~32.9890
34.3000 26.2a7a 2.1893 2.0032 0.2241 _30.53‘3
32.0002 23.6287 2.0627 I.1604a C.038S —30.1425%
30,0004 21.2228 17571 <.5233 c.0721 -18.95168
28.000Q0 12,1827 1.3320 €.3263 0.3017 4.5956
26.0000 1%9.4010 0.9589 2.6485 -0.5a81 * alsos3
24.0000 12.5340 C.63aa 4.20851 -£.a386 - 12.538
22.0000 1¢.2106 0.277¢ T.7463 : ~0.3019 L 13.82 é
20.0000 £.575%0 -0.2117 -1.29%7 - 1.0070 . xa'sA:o
18 10006 a.352¢04 —0.aze3 —3.a293 . 0.073% C11.837e
16.0300 3.3656 -0.62a0 -2.1%12 .2979 7.9300
14.0000 17914 —-0.6983 -1.5968 8.6070 5.5509
12.0000 Z.42018 -0.7a8]1 -C.a522 -0.219a rog et
10.3000 Z.C5¢5S ~0.7917 —-¢.3%15% ~0.1504a 3.5240
8.3000 1.8131 -0.829a -0.3229 -0.1107 3 e%69

6.0202 1.4191 ~Q.867a -0.7226 0.2971 1. 3as
4.0000 l1.1683 ~C.882a =0 .04%94 =-0.2:07 1'3253
2.2000 1.¢367 -0.8806 -C.0508 -0.137% 0.%aa7
0.0000 1.€2c3 -t.28%6 £.0091 ~-0.a759 6.0072
-2.3200 1oC0C3 ~0.8667 3.7767 - -3.3122 0.9366
—~4.0300 1.12%8 -0.8799 €.0934 0.0921 1.3076
—-6.5300 1.2027 -0.8699 -=,755% 5.39350 16602
-8.0000 1.2743 -C.859% 0.1034 - C.0953 2.0637
-10.0000 1e3aes -5.8a9e 0.1093 29.1092 2.5006
-12.0200 1.4209 -0.839% c.1987 2.9398 2 3778
~14.3900 1.4966 -0.82828 C.1491 c.1121 3. 49990
-16.0003 1.8791 ~0.a180 0.002% 0.2811 20673
~18.0900 loena] -0.3869 Cel6S3 ‘9.181C 2+.8797
-20.2000 1.73€2 07957 C.8%64 -0.%671 <.3381
-22.0000 1.8186 -0.73a3 —5.7721 10.124% 520829

—24.0000 1.7912 -0.7852 -D.9S14 1.14%90 6.a39
- -26.0000 1.7106 -0.792a €.0007 5.0376 o 3
-28.0000 1.%472 -0.8002 -0.0435 -0.029e °'23§i
-30.5000 1.1222 . =0.8%511 ~0.5059 -C.079% 5.309%
-32.5000 L7571 -0.8903 —C.7109 0.0221 3.3321
-34.0060 C.2621 =-0.9214 =Ce3939 - . G.2065 2:5575

p
& c4
—
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—26.L3C2
-38.2000
-4C.300¢C
~-42.000Q
-24a,0000
-46,0900
~48.3100
“«30.0000
=52.3027
=34.00C0
i ~-56.0C00
-38.31201
—6C.23C¢0
-42.0000
—64.33C0
-66.2CJ0
=-68.2202
~70.0000
~-72.,3CCJ
-7a.C200
-76.0%00
=78.02370
-30.07200
-82.20€¢0C
~84.3020
-86.0000
-~38.03200
-$C.002°0
=-62.0000
-9a.2230
-56.2200
—-$3.3309

Reproduced with permission of the copyright owner.

€. 0000
=C.76061
~-1.8722
-2-C371
—2.6948
-2.%2938
-4,%4a60
—4.5900
—2.+23S86
—¢.L043
—¢.5240
-2.Q277
-5.2580

~1C.5&32
~12.529%6
-1e.2c¢3
-12.349S%
-1€.5%33
-1£.49¢9
=-2C.1740
-2%.C176

-62.35021
—-7¢.94%54

=-1.0000
—141091
-1.1867
-1.2%70
—1.338%
-1.4489
-1.%5090¢
-1.5810
~-1.8637
—-1.76¢8
-1.8879
C=2.933¢
-2.22%8
-2.42239
-2.6823
-2.83007
-2.0317
~3.2188
-J.a237
~J.6479%
-3.8936
~a4.15829
-2.,a4%879
~a.7363
-5.2922
-5.87%2
-6.3473
-7.,3227
-3.2:177
-%.294a0
-10.0887
-11.2122

&

—=Ce.3180
~1.63%4
~1.7148
—~1.8a2%
-i.9711
-2 .6797
-2.143%
~3.3470
=-2.,4763
—-2.9419

—4.2324a

—a.7T2%»
-2.94931
-2.8%0Q03
-1Q.3929
-8.0231
~7 «21a0
-d.2030
~-9.3a63
=-1C.3279
-12.2%97
=-12.1171%
14,3564
~17.8313
~24.2770Q
=2G.4943
~23.3860
-a2.8%5%53

-4e.5871.

==C.lacs
-£7.2352
-£2.123¢%

-0.3105
-0.30%0
-0.2704
C.2134
-d.1701
-2,8093
N.1948
0.99%3
0.5282
-0.522¢C
0.0219
-7.31%2
-C.aa2¢C
0.9511
J.5839
0.4033
~0.3032
-7.42Q8
-%.2898
-Q0.2450
62322
-0.3131
1.3478
J.d6a7
-C.3232
2.3730
~0.5521
2.2a228
-Q0.3368
1.37806
lealol
-1.151%

Q0.7008
-3.1799
-7.1%5aS

-10.8124
=-15.0948
-21.2724a
-2%.1702
-29.872%
-35.5683
—~—%2.496065
-50.9373
-51.3329
-74,109¢
-3%.9072
-139.9283
—-128.7687
-1320.35991
-157.3467
-178.7139
-198.2504
-222.3053
-2a4%.,177T
-27%.194%
-313.1274
-363.3276
-a22.1722
-aG1.2883
-372.4733
-%567.3230
-764.,2464
~-37%.8452
-1002.34460
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Sample Ingot 3

Met2l Chemistry - C 3.65 %, Si 2.75 %, C.Z. 4.57 %,
Mn 0.68 £, Cr 0.10 %, Cu 0.14 %,
Al 0.016 %, Mg 0.042 %, S 0.007 %.

X(1) Yt} R L) <C1Qoe) CLEVEN] SUMICLI))
a%.2307 7348003 8.433%0 -¢21.4849 =0.2776 ~340.26%3
aa.,L000 265.687% 6.92a3 A% ,5132 ~0.3202 -25%.a7%as
82.00C0 45,8622 S.5184 32 .a3567 =Q0.33a1 ~19%.1697
A0.0002 A2.562% a.4aGs 21.38704a -0+04a7 -l41.5182
38.0000 35.C8868 a,1303 13.6824 -0.184a3 -113.8821
36.82¢€0 J%2.,3793 2.6333 12.1431¢ -%.1183 ~»0.5%32a
J4.5209 32.7038 3.4Q7% ¢.1a4 0.3118 =-77.82%a
32.0290 2Q%+.LRa7? 2.17649 $.5%94 C.53a7 ~5%,e921
IC.0%C0 2C.2312 2.93867 2.2a81 C.%030 -%3.585%9
29.0000 2G.448a 2.8281 3.1618 Q.231% -e7,1027
26,0000 28.4646 2.692a J.8571S Qe2030 ~37.$530
24.02300 27.1573 2.%5132 a.5161 ~Q.6868 ~32.31a3
22.0000 24,18%6 2.1113 7.3864 T =1.4%0% -27.%5626
20,3069 2C.S193 1+.869a 7.0632 -1.&60%1 “Y.467
18.02300 18.C23% 1.2774 A.3242 -0.2008 -1.39%8
16.0000 14,8475 g.8t1an 3.4679 2.391% Ge297a
14.000% 1€.25¢08 . C.2729 2.8NT2 -Q.3227% 13.2067%
12.0000 7.6328 =-C.1282 -0.2%11 C.2923 13.1502
10.000% Ted8e3 -2.42008 =-2.3227 ~T. 1561 d.1927

8.0080 2.86a0 -0.4635%8% =-2.123S C.a896 *.3652
&.3%00 Z.7412 -Q.7865%5 -2.6822 -0.34%a 2.990819
a.0032 1.47%2 =-Q.3a71 -C.857a =-C.0236 1.6238%
4 2.09%00 1e1378 ~C.9108 0.02391¢ -0.3617 0.$82¢%
» 0.0000 1.CCCn -1.319%¢ =-C.1288 -J.3%46 d.0032
=-2.0000 1.4000 -0.547a C.36%54 Cal?7:i7 1.2823
-4.0303 1.8000 -C.£9%8 0.22983 T.2818 1.70%3
-6.2307 S.5C02 =-0.3249 =0 .0359 Q.3a1a 2.%51021
-8.03¢0% Z2.7312 -0.7527 Ce2346 0.339a 3.88a0
-10.0000 2.2290 ~Q.4a83 -C.1%564 1.3638 %.4990
-12.0000 4.3687 -Q.507% 2.3324 -1.018% 3.1308
~14.£209 £.9Q64cC =-0.328% . 195646 =¢.C331 ll1.4779
=18.0000 ?7.C356 -3.,1733 1.4091 0.6007 © 1%.879a
-18.30C0 2.2179 =-2.0111 2.133% 0.2307 20.6076
-20.2000 S.a116 0.152% 4.97%53 . -2.2914 23.9%aa
~22.0000 L1C.%6¢92 2.3113 G .Na%3 -6.,9905 31.507a
-24.0200 11.4379 0.a%81 2.4716 ¢ Ge0aG] 33.1a88
26807200 12.%5¢a8 J.%9%9 <.3139 =-2:+55640 ad.a06484
28.2308C0 13.30:9 0.&8R2 2.503% =0+2560 33.559%
30.0000Q 12.8062 Q.7567 2.4150 0.364S $6.1183
-32.C200 ta.CSila N.7946 2.0117 Ce3asl 8C.334a
-34,0000 14.€223 0.7969 l1.9822 -0.1320 Dw.43a7
-36.0000 12.72¢7, 0.7503 1.7322 -0.%94a9 847092
-38.2000 12.1429 2.6503 £.32237 -0,333% 47.8298
cé
»
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—

R
=-40.0000
-42.0000
'—44.0000
-446.0000
=48.0000
=50.2009
=-32.0000
-34.Q000
~36.2000
-38.0000
=-50.0000
-62.0000
-64.2000
-66.02300
-68,0700
-70.000¢Q
-72.0000
-74.0000
~76.0Q00
-78.0000
=-30.0%2092
-82.0000
-84.0300
~-46.2000C
—-38.0000
=-%0.30Q00
=92.0200
~9a,300¢
-$6.2000
=-38.0200
~100.2000
-102.2000
—1Ca.3000¢
-136.0200
-108.0000

STATEMENTS EXECLTEC® 2201366¢
CARE USAGE

-42.776¢%
-4f,a513
-24.929%06
-42.2724

CRUECT
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CJOE=

C.6668

0.8%63

Q.624C

¢.5713

0.3003

Q.a4136

0.31a5

0.2063
0.092%
=0.0234a
-0.138S%
-0.2%93
-0.3050
-C.31a%
-Q0.561464
=2.7383
-0.8%528
-Q0.9%28
-1.1878
=-1.3925
-1.575%7
-1.7218
~1.9133
—2.16462
~2.%02a
=2.9526
-3.50¢a
—J.QZST
-4 .3348
-%5.7433
-%.7773
-5 .46657
-7.a212
-9.+.2822
=S .27¢€12

-

1.099%
2:23534
~C.7955
C.1319
~0.0970
=-C.53609
=-1.3902
=-22.5063
C«3099
12.17a6
=-2.1712
-2.2388
-3 .4Q089
=-2.713¢6
~2.209%
-€£.2081
- - 06761
-4 .056%
-7 .324%5
=~7.0432
=7 .4%34
-12.89923
=13.07a7
~22.3199
-25.1371
=21.2613
-27.9280
=26.,79527
=27 .8083
-22.7643
-42.1637
=20.83946
=-6t.37a]

17838 PYTES.ARPAY

0.1030
-0.3119
1.7309
0.20621¢
-0.2595
-0.1098
C.1003
21.8568
-2.33%8
135009
-0.3635%3
~C.3211
Q0.068790
-C.71l4a
-0.d4007
12208
1lea392
""0“188
-1.2465
-1.2013
-C.d0649
7.7823
a.116!
1.1663
0.17a0
CeP297
-2.343a
-1.1687
G.6239
lealdl
=2.0197
2.5973
-2.8243
"1.3057
C.9118

2003 8YT
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09.9360
72.8191!
74,6898
7%5.3799
73-1668
73.77%8
T1e37%9
063.0770
64.0198
39.3673
$4.29a1

ad.37a7

aJ.9327
34.0770
27 .8586
19.84829
l1.a040
242%73
=13.9397
=31.0307,
-44.8472
=60.2012
-7709032
-101.78a6
=133.9952S
=17?7.7327
-232.8338
=277.06936
-332.293¢%
-3939.90612
~4080.6169
-430.95726¢
~370.9972
-775.3219
-897.2871
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Sanple Ingot &

Metal Chemist¥y - C 3.92 %, S& 2.53 %, C.E. L.76 %,
Mn 0.76 %, Cr 0.14 &, Cu 0.13 %,
Al 0.022 %, Mg 0.034 %, S 0.008 %.

xX (L) . Y(13 R{T} C{CO} - C(EVE~N) SUM(CII) )
22.3M30 £2.29%5% 5.9099 -7C2.0702 -t.13aa =-1C3.33006
2C.3€30 37.22%% 3.87%52 2%.1237 -0.04683 -53.182¢
18.2000 22.a283 . L.9€9 L . 1S .ad7) C.0399 .=ta.128)
1L6.2000 1422017 d.7722 13.3%29 0.1850 7.C078
l1a.8C020 £.8109 C.N3I9AR 32,3383 3.1797 10.9370
12.C0C3 2.35788 -0.38%54a =2.738a =0.3365 Ve?29%8
10.0000 2.7910 ~2.6172 -1.3261 -C.120% 5.3627

H.J222 Z.87Co =N .73%9a -1.10%3 0.S948 3848

6$.20C0 e ll63 -£.3293 5» =1 .3183 Q0.3a00 2.50%82

2,030 1.2070 ~C.49843 =-C.Sa71 2.9575 1.3263

2.3%20¢ 1.1049 -0.3%222 - .2230 -N,9%34 Qes733

C.00023 {.C0C0 -1.38%56 -1.0723 - 7.%901 ¢.0038
-2.000%2 1.2C68 -0 .%29%9a ~C.1022 C.802¢ 1.CO0%6
-4 .27CD 1.41¢8 ~-0.89a% Q11095 0.1126 l1.3738
~6.0000 l1.6294a -C.8008 -C.7414a 1.0173 2.02%7
=8.3 390 1287489 -0.82%5a 2.222a 741283 27272
-1C.22%¢C 2.2CS 7 -0.731a ¢ e3332 0.0938 J.6309
-12.0037% Z.4:120 -0.72384a 1.23C1 =0.6097 a.9217
-14.3200Q 2+CG¢4a -0 6623 C.4329 : 01718 &.5314
-16.3230 1.4518 -0.56092 0.344a% -0.0077 342049
-18.£720¢ 2.8%49 -C.5578 C.8735 0.029: 10.009¢<
-20.0000Q 4.2318 -0.5036 1 .0953 -0.1179 11.90a8
-22.20Q2 4.35229 -0.45630 C.6867 2.343a l4a.32a9
-24,0C00 a.8%a6 -0.4223 Q70623 0.2932 16.1359
-26.C000 2.C8¢CH -0.337s 0.9321% 2.1102 13.2333
-28.LC092 242212 -0.3609 1.03809 -%.93428 2).2%02
-20.3200 2.42C9 ~0.3317 l.4a91 -0.3543 2.4399
~22.0020 e.7028 -0.2922 T.23%4 ~4.5391 25.292
-34.2200 2.8%%3 -0.2%009 -2.22a1 2.5542 27.752%
-386.00%9 &a1599 =0 .226u 17007 -0.3%913 30.3703
=-32.0009 «2a22 ~0.201!% [ .2784a -Q.21 7> 32.8%913
~aC.220¢2 t.aT10 -0.132¢ 1.0892 0.0963 35.2638
-a2.0000 €.35%507 -2.1702 S.0319 0.392% IT.a33s
-ca,2)00 €.5803 -0.164aa C.8%69 J.1722 3Q.351s
-46.322¢C £.559 -0.1653 1.1688 -2.3576 A0.874a0
-a3.0209 ¢.3Co7 -2.1720 -0.2119 J2.%175 “2.385a
-35023000 ¢.aCSa -J.1818 ~C 5531 1.9952 43.a8%0
-82.5020 €.2668 -0.13920 C.29C! . C.2880 aa.1372
-54.0000 ¢.C818 -0.2219 Q.3%3s J.1138 4a,.%2a30
-56.8330 €.2%86 ~0.2a499 Ce2639% -2.037s 4a.a7%7
-%3.223C0 2.4C1t - .2423 =-C.7a62 T.5325 ¥4,0833
-6 .0031% t.2122 -0.31494 J.l312 =N.527a 42,2580
-caigizp €.0C79 ~-0.21%79% =C.38a9 =2.+.322 22,1222

c38
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-~44.00060
~66.0200
-68.0000
-7¢.0000
-72.2300
=-74,0000
=76.30C0
~2%0.230¢0
=-d2.3022
-84.0000
-84.0029%
=88.3JG00
=-%0.0000
-92.200°
-%4,0000
~96.0000
=-88.09200
-100.230%
=102.39%00
-124.2320
=-106.230¢
-108.3003
=-110.20¢C92
~l12.3C¢Co0
=-114.,0030
~116.2CC0
-118.023¢C0
-120.0300
~132.3300
~124.,20C2
-12¢.372090
-128.00%0
-130.3927
-132.20Q0
=134.5000
~136.2009
-138.2000
-130.2200
-142.3%0010

4.682a
4.2457
4.0022
J+£603
2.3220
<-7312
<2208
177CHO
1.39237
£.780%s
C.2673
=C-2F1%
-C.8999
-1.5083
~2.C025%a
~%4e3417
=-1.9248
—0.4619
-€.C931
-EOE303
-l ,7161
-7.7592
-£.52989
-1%.3912
=-12.239384
—=14.3703
~12.4601
=17.48¢5%
-16.5209%
~21.E¢2%
-24.536%
-27.55%0Q
-11.168¢%
~32.29C3
~a(.Ca37
-3%.83%¢
«“%51.9€206
-3%.3712
-AS. 2% A

‘003995
=0.8a26
-Q.4a304
~0.%303
—0.5736
=0.+.64848
'0-71.3
—Q.7713
-905207
-¢.3929
-009463
~1.0%31
=1.1212
=t . 196%
=1.2%42
=-1.3339
-1.410%5
=1 5082
=1 5799
-1.6030
“[0?51‘
-1.3773
-2.01%4
2,178
=-2.37%3
~2:6113
~2.93529
-3 .C8a4

T =2.304a6

-3-5750
-3.8897
-4,2457
-2 .6%29
=-35.123%
'506775
-“6.3109
-7 .042%
-7 .3996
~3.Q127
=-=1%.103a

~0.6362 °

-C.6782
~C.8399
-1.0159
-1.5190
=2.2449
-2.1416
=2.99%7
-2.3165
=2 .04a89
-2.33a8
=-J.991Q
-2.%5483
-303360
=3.29%0
=J.d069a
~2.92a48
~%.4a879%
—-a,1332
-2.1a41
‘40°s76
-¢.2613
-2.2%6%
=-12.1%592
-12.62%0
=1€.344q1
-16.8380
-14.,5321
=-1€.4070Q
~12.3382
=22.3499
=22.292
-26.8349
=33 .61.5%
~a0.5633%
=47.0711
-5¢.2a91
-¢l.1210
=-7¢.8610
«-SN.5%7

-0.08%5%
"0.1505
-C.1365
-C.0514
C.3730
~J.12968
-031306
J.0a68
T.2118
Fex3139
2.5599
C.3229
-0.0860
~Q0.4337
-0.2612
5493
=0.3322
.13t
Ca2299%
C.2%5387
-Q0.3772
=-0.7293
-J. w87
2.0258
D.3648
1eadad
lel711
Q.1%19
~0.12%9%
“C.1999
-1.51:3
g.0n78
0.2591
Q9040
D.2125
~0.0927
141229
-l.4234
-1.7177
~MaAlNa
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40,6782
38.90609
37.0121
34,8773
32.56037
27.8%544
232108
19.112a
12.5029%
P.2363
37363
‘2-0313
-\’05558
=1 7.3982
-24.,5077
-31.1a31
=398%573
~52.575%
~%0.7778
=-63.5+88
-30.219%
-Ja,.199¢
=-111.Q3%2
-131-2?03
-153.7369
-135,.5487
-214.3879¢
=-26%.64819
-273.7005%
-3le.T327
=30Q0.7029
=31 1.45Q0
=-3a70.13%3
=533.,4792
-0d0.32a7
=714.68528
—32«s9260
~9%4.004a68

1111.1590
T2 7 NS 1Y



13.29Q

-10.229)
~-12.0900
~14.0700
-16.200¢
-18.0000
-2Q.Q0020Q
-22.230¢C
-24,3229
-2%.3380

e

Sample Ingot §

Metal Chemistry - C 3.55 %, Si 2.45 %, C.E. 4.37 %,
Mn 0.67 %, Cr 0.13 %, Cu 0.14 %,
Al 0.018 %, Mg 0.036 %, S 0.006 <.

eNwW~

gmuuv(
OVNANJR ONNOERABODINO OBRLRON N -§ O~
NOCOPBPNOIONNMA—~W~DNE NI~

—e et MY P L LARIAALIA G O (B R e

1A DIIRAIAY e em er s ba DAV IATA Mt D S e (D VIR IANIB I I NAOTILIAM DID R AL
AP UMNAT L YD PO

PN N BARR NN NN
(3
1
~

tA
(1

NDIDALANG- D -
HAWNOOIRINO NLA

MU IOINOCOLWBWD »

® ® 4% 6 9 0 ¢ 8 % o P 0 PV K PP AT PP S aY S e e

NSRG4 Cd o (RN O

0
N

e o v

O NIJLPAROINDOCO NYRDONW

G NIOQPWOOCLUANRRIWRPIOWOCD

WHNOTOENLWOUDRE e PANUWOB -~
NUAOD 0G0V 0 —~C RSV B—DNLG™
~NALWWOBIRAN~ATOONNONEG -

n
[1 3

-2 48964
=-0.3321
-Q.7065%
-0.07?2
-0.854a78
=-0.38%3
=0 .2394
-C.1081
Q.2218
&.1343
0.2372
C.3122

ctaoo)

=829.9624
£2.,4790
257791
27,8404
25 «.82%a
1,778
14,9388
14,4419
T.9875
2.6013
7,006
2.7528%
1€.3249
14,4373
1¢ .4992
1J.a382
1046342
G .8283
733837
2.7270
QA.,3707
4 .,52499
1.682:
-4 ,2%0a
17483
=C 2367
-C.2377
S 3565
-2 .19%2
-C.J143
0,080
N .133%a
-C.0327
C 2993
Ce7%40
26%.3%30
J %299
2.A857
1.0272
1.8889
13972
2.632%
S.3128

CIEVEN)
=-2.32481
-%.1689

Qa1186L1_.

J+00853
-Y:34084
-Je2732
-Qe2365

T.290%

2.7029

N.5877

J.331%

2.3033

3.0358
-1.3916
-2.0187 .
-C.8576

0.2255%
-2.J3%62

C.2581

Nel?723
-0 -2060
-1.8%536

0.13%56

2.9383
-2.3201
=0.7a2%
=-0.3617

=172796
~0.13a8
~%.lo05t

Qeddaa

N.1573

%.422a

D423a3

50793

~294.60406

1.1348
-0.953%

l1.3016

0.3716

N.%4a34
=0.3706
-l.012
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SuMIC (i)
~743.3979%
=013.2791
-30i.44878
=806.223a
-348.6033
=3J1%5.693¢6
~286.2898
-2%0.3232
=239.442
-3221.3627
=187.9231
-155.1636
124,252
-93%.4912
~Oov.3330
-dB3ella?
2918697
=1J.7281
=1.9282
6.3994
12.1a99
135.7852
Velasd
3.3872
J.588a
232911
leSa%82
Ce3717
C.C0a9
1.3710
1.67648
2e0002
35283
S.1931!
7.57582
189826
18.7a471



-23.%020
-30.CJ092
-32.,3000
-34.03700
-36.0309%
~ -38.2309
-20,.3000
-a42.22Q0
-44.,7000
-38.07309
-28,3200
=-53.2Q000
-%52.3000
-%54,220¢0
-56.000¢
-%3.0700
=-50.0007%
=%2.3000
-464,3200
-66.0000
-53.0000
-72.2033
~72.3030
=74.2200
-74.29230
-78.,02300
~30.2000
-32.0999
“44.02Q0
-98.L002
=-33.0000
-92.0¢402
-92.0000
-5%.0000
~-98.£000
=48 ,J300
-1CC.2000
=-122.21200

-af,78229
-54.294%
-6C.49237
-47.a723

STATRUENTS CXRCLTFNw 144143

« % 0 ¢ 8 4 83 0 e

OO NULL LW
“OR A=A VOGO
WO ANNDD IO~
AUDOoO~NUNPUOD

DOO0OVVO0OVOOD0QN

.
un
O~
LK)
b

11
o0
[V ]
[§]
~
w

=0.46280
=Q.7613
=-0.8912
—1.83727
=-1.2712
=1l.449]
-1.6623
-1.88%a
=-2.1413
~2.3a91
-2.56033
-2.31%8%
=-3.3027°
=2.770%
-4.273a
-5.1176
=-53.7067
- ,22%9
-6.8C93
-7.2819
-8.19684
-9.922%
-F.Q%2%

2.%04a1
l.5451
0.4817
1.3033
32,2389
C.0373
0.2232
C.Q1L14
=-2.2915
=-Q.3373
Ca3av79
~C.22062
€.3321
=2.7094
=2.5111
=2 .648"0
-3.7572
-4 ,9639
-2.17%36
=8 9769
-7.0027
-2.5221
=& .6670

-1C.1233
=1C.0749
-14.3196
-12.6%5%7
-16.4a87
~-24.1%79
-24.3%09
«Ja.1438

2C.5313

=~25.9019
~20.3%27
~3s.7879
~35.7398
-a7.735%57
-%6.%a32

-0.49483
0.0978
C.2024
0.2339

-Q.3443
0.9a487
2993
C.0366

-0,1899

=%.032%

=1l.085¢6
={.a3g8%
~d.a01}
=-0.5179

1.0139
~2.339%

-N.1%%3
a.74481
2.99098

~0.3172

=-N.33083
~-1.33%s
~-1.4012

=109 14
Q.957%
29744
2,274
1066179
2.7307

~-2.1313

-2.0719

-0.10638
1+.294C

=-2.39723
2.35C4a

=-2.7001

“3.3082
1.0308

41,2078
44,4937
a6.8418
“9,9188
32.7468
34,7197
$5.7a4a
55.7300
$a.337a
S2.5701
40.39¢8
24,950
«3.2386
3o.8340
290277
23.2780
15.0524
7.2287
-3.16186
=17.5498
~33.%182
7,377
-03.5342
=-35.%334
=124.1067a
-120.8530
=155.2274
=190.d30%
=23%.Taasg
=-292.0492
~365.0306
=4d8.4727
-333.7573
=549.0332
-623.5273
=7J8.539¢6
~30%.037%
-918.,00N8
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24.013
22.30
20.00

la.07

Sample Ingot &

Metal Chemistry - C 3.67 &, Si 2.52 %, C.E.

Yel
10€.4487
86.5277
Ta.217
6C.9413
45.73925
3d.%142

24.8a0Q0

17.807S
151612
2,46082
2.3867S
&.Ca73
7.82333
7.3212
~e.8a71
4,903
2.2872
z.3838
l.22%8
1.1287
1.€309
11912

- 1. 3919
1.8982
l1.845%
Z.laa8
3798
Z.35a492
i«&72a
te7817
-~ 273526
ss7aQ2
1.7382
2.£54a7
Te8112
$.8917
243413
<.0118
led42%4
1.8C0C
C.2326
-C.1739%
-0.83?27

4,51

%,

¥n 0.65 %, Cr O.1k %, Cu 0.14 %,

Al 0.020 %, Mg 0.033 %. S 0.006 %.

R{ 1)
13.2025
10.9255

8.321a

740442

5.5513

3.6410

2.2147

1.27¢6

0.5286
. 0.0%63

0.030¢
-0,0330
-0.0718
-0.1%28
-0.3%24
-3.5a86
-0.8973
-0.8192
-0.89%3
-9.9243
-1.33%6
-¢.92a8
~0.3934
-0.8623
-0.8272
-0.7875
-0.7%22
-8.72a8
-0.7321
-0.4888
-0.6823
=0 .67%4
-0.6739
-0.s781
-0.63%%
-0.6077
=0.714t
-0.7%521

[l qeirie D]

-7al.89264

-0.8197 -« -

-0 08667
-0.92646
-1,0640
-1.29%2

[

59,4248
a7.6596
37.9937
29 .938%
22.3%599
22.067a
12.9372
9,015
4.06899
=-2,73492
-0.77322
-1.0177
=-1.4389
=2.35493
-1.9471
=-1.2749
-1.1021
-0.3758
=C.3970
Ce2723
0.3739
CelasS?
=~Q.J665
C.290%
-0.12a47
2667090
C.288%
C.2307
¢.3932
0.2671
C.525%52
T.3139
~0.1172
2.379a
C.0%9%
C.0097
-C 571
-1 .,4449
=-1.1129
-1.1977
-1{.0810
-1.180%

C(EVEN)
0.1300
-C-3323
G.2a2%
-0.3%33
-2.1086
~.1739
.34617
Ce3373
0.2708
-Q0.1879
-C.350S
=-0.2a79
=0+137%
-3.+.333%0
Je3843
2.178%
0.0833
D.31%a
-0.132a
TG 309
-2.78438
J.1230
Q3780
C.0304
0.2632
Q.3730
37.142a
D.2270
C.1900
V0482
C.1110
-1.1778
T.2a82
J.a05a
g.1228
2.0883
J.2004
2.0197
0.303¢%
J.2242
-0 .3886
-N.33%0
=0.2192

SUA(CTL)
-49Q.7112
=371.90606
—275.50623
-200.6918
=lal.,0339
~Tw.y282
—-30.1000
=-d.6112
14.%003
23.52a8
2l.8867a

1 7.9255%
17.51812
14.5661
10.237a
G.5%4 )
4.3110
2.737%
1.7210Q
1.9019
Q.0081
1.0019
1.4503
19911
2.0983
3.5963
@,5a408
S.4917
be.a331
7.3098
3.006%
3.7621
J+a843
130611
10.2054
13.00810
10.7012
Y8262
7.54a0
57667
2.5943
-J.2387
-3.23832
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-406.0000 -1.101% —1.1848 -1.5840 0.07%6 -6.05%50
-48,9000 ~1e56%2 -1.1963 -1.a%61 —-C.1438 -9,.3149
-~50.00C0Q -1.9003 \V// -1.2409% ~2.4018 1.07%% ~l11.507e
-52.0000 -2.3080 -1.2915% 749210 558406 =15.29406
~%54.0000 -%.8389 ~1.3%550 -2.6528 C.4356 -19.7291
~%56,0000 -3.a108 -1.4328 =2.4014 -0.1101 -24,7%22
~-%8.00Q00 . o=3.g112 -1.4977 -2.4257 9.037a -29.52087
-80.23090 ~4.5139 -1.5784 -2.0299 0.0992 -3%5.3902
~62.32080 -2,2421 -1.6720 ~3,4282 -0.13%6 -42.517%
-84.0000 -¢41293 ~1.7884 -4,9036 0.a235y ~51,%731
—-86.0007 ~T.21%6 -1.9311 -%.7226 O.le088 -62.7248
-68.0000 ~8,%5392 “2.1064 —¢.6%90 -0.3180 =76.,0800
~70.0000 -1€.1766 -2.3230 =7 .996% -0.7765% -34,2323
-72.0000 -12.2061 -2.5919 -1C.543a -0.55%0% ~116.4199
-74.,2009 14,1227 -2.8465% -11.3916 c.3078 -13a.5873
-76.0000 ~1%.G470 ~-3.0889 -12.0920 0.9742 -160.0228
~-78.0000 -18.0529 -3.3689 -13.632S 0.5593 -180.%689
-80.0000 -20.4908 -3.6932 -1%5.2937 -0.110a ~217.,7770
-82.0000 -23.2188 -4.0896 -16.56393 1.8%22 -254.1510
-84.0000 -2€.6C70 -4.5072 -1$.7961 -1.7203 -297.1836
-86.0000 ~3C.7S51a -%.0%589 ~2¢.83%7 ~0.4051 ~3%51,7849
-88.0000 -32.675%2 -5,.7%43 -24.8737 3.1379 —421.2%63
-$0,0000 -4Z,.2341 -6.5877 -44.3716 2.03a1 ~50%5.9316
-92.3000 -45.7%68 ~7.589% -51.%490 ~0.2049 -609.4392
-54.0200 -5£,8250 -8,7974a -04,2699 0.8278 ~730.323%
-$6.0000 -67.7188 ~9.9823 -&e.0355 {291 -846%.8118
-88.0000 -7¢,3a78 -11.0922 -62.a%53% -9.9738 -$92.6060
ITATEMENTS EXECLIECE 1£1$03¢ .
IORESUSAGE OBJECT CDOE= 17848 AYTES ,ARARAY AREA= 2008 3YTE' BYTES
JTAGNOSTICS NUMBER QF ERRQORS= 0. NUNMBER JF wsARNINGSSE 2

. IDOMPILE TIME= 11.18.34ATFlv ~ uaR &94

Cel06 SEC.EXECUTION TIimMEs 1647.19 SEC.

C3EOFE

c13 ]
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Sample Ingot 7

Metal Chemistry - C 3.77 %, S 2.64 %, C.E. 4,65 %,

x{1}
20.000¢0
18.0000
16.0000
14,0000
12.0000
1.0000
8.0200
&.0000
4.0000
2.0000
¢.0000
-2.00007
-4 .0800
-6.0000
-8.0000
~10.0800
~12.0000
-14,0000
=16.0000Q
-18.2200
~20.0000
=-22.0000
-24.,3003
=26.0000
=28.8C00
=-30.0000
=32.208C0
~34.0000
=-36.0000
. =38.0000
-40.C20¢
-42.0000
—44.00Q000
—ab.0000
-48,.0000
-30.0Q090
-22.0000
-%4.0000
~%6.0002
-%8.0000
-60.3000
-82.0009
-64.,0000

Nty

NEA SR B RIRRLAY
¢t @b o0 8 s @

0t po o 14 1o po 94 bt ba il pw e pd e e 2d e P4

L.C79)

Mn 0.61 %, Cr 0.14 %, Cu 0.13 %,

Al 0.020 %, Mg 0.032 %, S 0.006 %.

R(I
3.6577
6.0238
3.7120
1.8364C
0.718¢
-0.23994
-~0.%2239
~0e«7630
-0.8979
-0.5a48%
~138%6
-0.9737
~0.8492%
-0.7889
~0.8392
~03.53C99
-Q-3397
-0.1330Q
0.0239
21677
0.2790
03472
D.37a7
04906
3823
T.64a9
867352
Qet7186
2.6348
0.36e9
J.%844
T.42%8
0.651%
Ce80607
Q.683«
0.6297
C.590a
2 .5307
Q.4702
03927
0.3003
0.2132
S-11S58

')

[ elnls}]
=42%.588¢
13841
22.3243%
19.2621
7 3093
2.57a0
~-2.3013
~1.6893
~1.2433
-0 7623
-] ea4a03
~Q0.3327
QatB12
C.3110
C-63%2
1.3798
1.710%
1.8415
1.9807
2.3921
1.8982
1.7038
16633
3.0809
3.02%1
a.87aa
4.9710
2.673¢
1.032%
C-133%
17349
2.96817
€.333e
2.0133
1.3832
-C.3622%
1.2372
C.0770
-C.3Q37
=Ce3979
=-C 8990
=1l e3064a%
-1 .8%8a

CILEVEN)
~-0.2320
-0.1559
-0.0013
0.2030
De19%62
-0.1227
~-Q.Q33C
0.305¢
J.5716

0.3394 -

0.327a
0.5781
Se.18008
=-0.225%7

9.2182 .,

=-Ne1631
-0.083%
J.2282
g.361%
~0.0173
0.a209
Ce3323
0.0142
-0.1327
=0.2243
-2.1387
=-2.33a]
-1.005%6
-0.0567
0.1381
0.1843
~0.a%61
~32.6560
=-0.1408
0.2%981
1.4103
-Q.0412
L0407
-2.0297
=-0.2269
-0.3328
-0 .2523
-0.0913

SuM{Ctl))
-la8.1703
-35,.7539
~39.107%
—8.173a
6.7379
l11.8017
5.9920
3.2233
1.8728
1333
C.2040
1.0960
la?va0
2.9065%
“aT7218
7.1%543
10.8390
13,5432
19.2324
23.9823
236227
32.7328
30.0922
41,9289
77,5298
52,8074
56.8815%5
6C.107%S
62.2992
o2.7406¢
0&.5a98
71.5211t
79.91%8
7%.6487
d42.6t13
347180
35.9Q99
36.137%
d5.4807
A3.3351s
81.3877
T8.1543
74.2%a7
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-66.0000 7.8772 C.0196 -2.4318 0.33%31 70.0%890

~68.0000 7.2874 -0.0571 -1.5096 -0.1166 $6.80%5
-70.0000 c.068081 -2.13%3 ~1.6056 -0.230a 63.1338
-72.000¢0 c.CB41 ~0.213% -1.8899 =0.1104 39.1329
-74,0000 2.49¢7 =Q.2906 -2.2603 . C.142a S, 46089
-76.0000 . .91 44 -0.3¢5% -2.1269 2.9377 50.%5187
-78.00Q0 4.362% -Q0.4370 €e2383 ~-B.a%47 A6.0857
-80.0000 2.8487 -0.%0a6 -2.4683 O.26536 ‘ 41.6800
-82.000% 31,3128 -0.%67% ~1.7233 ~0.4292 37.37%0
-84.200% $.8123 ~0.6373 -2.127% -n.4573 32.20%2
-86.0000 2.0304 -0.737% -4 .9392 06,8294, 23.93%6
- -88,.0000 144221 -Q.814a -2.787% . -0.511a 17.3879
~90.000% Ca7078 -0.5018 -a.0143 -0.081 4 S.19%¢
~-5$2.0000 €.C000 -1.2000 -J).3152 -0.4321 0.7016
~54.0000 =-1.2970 ~1.171 @ ~8,.1a486 -n.0815 -1%.078%
-66.0000 -2i.6022 -1.3369% -7.7%22 ~0.70%4 -32.0018
-68.0000 ~3.7440 —1.a8%¢ ~7.7272 -0.0771 -ad.2103
=100.0000 .+ —a.862% -1.6324 -8,0798 0.12%9 -04.1191
-102.3000 -¢.27a7 -1.431¢ -10.992% C.0639 -35.97%4
-104.0000 -7.710% -2.n082 ~1C.9%an 08743 -106,1948
-106.0000 -%.14&1 -2.1983 -13.2%82 2.08713 ~128.530e
-108.2000 -1¢.5029 -2.4313 -14.2219 0.35%% -1%0.2692
-110.0700 -12.0619 —-2.7179 -17.3061 0.0227 -190.83%¢
-112.0000 —1%.72¢2 ~3.0718 -20.03a3 -1.5972 -23a2.0946
~114,3000 -18.8743 -3.3638 -22.4672 -1.2312 -233.06%2
-116.2000 ~22.Q09a1 -3.9187 -25.508% N.5T62 -333.9%537
-118.0000 -2€.2427 -4 .4711 =2e.5761 CeFT0a -412,1592
-120.3900 -21.2921 -5.l1a4aa -4%,03%0 1.0816 -2500.06%9
-122.0300 ~37.4861 -5.5476 ~-51.6%946 —2.7591 . =003.973¢
~-124.0000 -44,1703 -6.8579 -¢2.2397 1.9932 -729.4663
-126.2000 -%5C0.&719 -7.72a1 ~%7.5629 -2.9320 ° =8%%.a501
-128.0000 -%$8,2713 —-8.73¢0 -¢$.3a9a -2.2453 —993.64%5%
=-130.0000 -67.1728 -S.9227 -84 .0949 1.1909 ~1183.+53C
STATEMENTS EXECLTIEC= 204643
CORE USAGE QBJECT CODEs 17848 BYTES.AFSAY AREAR 8008 8YY AYTES
DI AGNOSTICS NULMBER CF ERRQRSa Oy NUMBER OF wARNINGS= o
. cis
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Sample Ingot 8

Metal Chemistry - C 3.72 %, Si 2.48 %, C.E. &.55 £, .
Mn 0.56 %, Cr 0.12 %, Cu 0.13 %,
Al 0.020 %, Mg 0.036 %, S 0.007 %.

SUM{C(TINY

X{13 ¥Y( 1) (1) CtQood C{EVEN)
A40.0%00Q 104.4485% 12.346% . —TFua.22%53 33232 —~40¥.30870
3I8.0000 82.(3¢¢ 1C.007?3 4€.2223 T~0.1368 =337«1%0C
1600V - ~ LE.CONT - P R S L e R o S T A I T e T EAY-1 2 1 SR
34,0670 ag§.Cee 3.4849 as.3130 C o =8.0T6y -leG.90%2
22.3000 22.49C¢C l.&a12] Ir.en2 ~".1033 =30.c899
20.0209 2¢.,56%% 2.38064 211388 TelTO1L =37.0299
28.5 320 2ie1Ca? la83518 —. L8.3128 D377 \ —-2Jecul0
26 .0000 18.6¢%1 loale? ¢.23%1 Ca3917 -7.1%02
2822000 1242578 1.0898 4.4393 Y1343 2758
22.000Q90 18.72372 0.389% C.3€83 =-0.0%29 Jen842
20.0000 14,8C¢1 C.438a~ . .. . 22,4232 -1.1%3¢ ¢ Ge2273
18.0%00 14,2228 .772 -3 .%o =.196¢ TiuSa
16.0009 12,892 2.%5800 -4 .1%94 S, 376e 343827
1445000 1¢.Cca10 0.1982 $ea71a =J«3J8e - lwelle3
22.3200 2.2322 -C.i21¢ “CeT538 [ Je204a1l - 132287
10.0000 27812 -“0.2822 -2.6248 c.3289 . a.03a2
8.0000Q 4,162% -0.8027 -1.3213 Ca1873 - 523392
6.0Q09 £+5257 -Qe?2702 =1.3020 N,w253 3.1827
; = Am D000 e J L ET OO~ - =) BHAJ e = . BaT7 3. 1.1408 e 1a7230
2.0000 1.1703 =0.819% ~C.2179 -0.t012 Jew3a3
0.230079 1CC0Q9 . =le.38s¢ -2 .008%0 Je.uT2s 4«33
-2.0000 l.za8¢ =-0.538a 7+3843 0.1233 1.0237
- =2.d003 cie i n ST e =G 2982 cam el 269 J.32:2 . - -~ 1le2194
—-£.2000 1.7427 -0.8%557 0.2937 ¢.2987 . 2.1240
~8.03%00 Z.C910 -3.8250 T.6%03 ~C.2239 2.967a
-10.2300 i.2C0%12 -0.75%33 -Cad716 Cl.8312 42364
=1 20000~ == ~= ,5564 = =0 LEBTI— - . - -(3.0%07 fe831¢ - c5.550Q
-14.0000 d.aCE? -0.4288 1.9608 ~1407w} T.1238
-16.3009 1.7928% -0.5720 1.9482 ~1l.27b4 deu0?2
-18.3%200 4.1e27 -0 .%2206 0.a233 T.535% 12.73%d
~2Ca3338 — L2283 E-PS J. & SN P . 941 3.5121 . 12a72832
-22.3%00 A.7%4a -0.43a1 1.1%a% ~C.1%33 les71CS
-24.J93C2 4.6332 ~23.403a 12.3722 =12.=1(81 1261487
=26.32300 2.0787 -C.J831 ~1.8458 2.72901 . }13.3032
= 2B OO e 2. {190 — - . =0 L ITIA— - .Q274. ~J.177¢C . {Jep05Q
=30.30C0 1.27a -0.37%s *.%Cay [ E T T 2law=63
=32.9200 .78 -Ca2722 Ta7782 -0 P03 224=1%w
-2a.2000 " 4.022¢ -J.37&a C.1300 N.3%10 23e81%4
--h.aash _‘-__A_g-'\n R & C i) - AN -———— - i A o) ‘-._'\.IJ:‘
-38.0000 L7242 -0.a101 L2737 ~2.978e ) 24,0719
-40.00C0 4.4512 =0.a3R0 £.2170 T ~=0.2108 H 23,0939
-42.£73023 4,213¢8 -Q.a?13 €.2a33 -1.42%94a 26 .3230

- —44--.0000—-—..—4-3-3—5-&————-4\-_,5-3 F O e oy Y s - . 4. 1
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¢

—46.0Q000 l.1¢81

-G .4Q0Qn -1.27a0 -0a.3612 i3.7aa8
-48.7 320 1.2210 -C.0917 -1.9%%30 ~V.379C - 19.5u0
-5C.9900 i.Clag ~0.7a5%3 ~1 41824 =2.2229° lealo3sn
-52.3000 14287 ~0e31¢2 ~1.%8a3 31198 | 1C%.028:
~54.3300 1.0C03 -C.%647 ~2.674% . 2.3209 ; 7.93123
-35.0000 C.2%¢C6 -0.9412 -2,.844n E te211) |- - f.0339
~%8.3000 -C.%567S -1.03%4 -2.6187 S8879 =3+6376C
~00.00093 -1.278C -1.2028& -4 ,%5361 Cea22s -11.921a
-42.2000 ~5.966% -1.3273 -4 .0854 . -0 .2223 =2343327
-64.0703 -2.2%22 o -—1.4279 - -2.akao -0.2152 ~27.0v2%
-66.33C2 -4.,4182 © =1.850d9 -2.0635 -.1297 L =08.2377
~38.3C20 -%.4a840 -1.7223 ~2,30587 -2.23aa | ~45.c213
-70.0000 -€.2663 -1.8123 -4 .3692 - -~0.2548 -58.389%
~72.00Q¢C =-7.2C09% ~1{«%a%a -4 .4872 - ' 1.3e38 =63.3562
~74.0000 -8.%20e¢ ' =2.10a7 -€.9226 Ced%08 -%3.1374
~76.0000 -6.$e23 -2.297% -7.7263 ° ~0e783a ~103.20A3
-78.2000 -11.72%6 —2.53217 -5.%8190 ~T.vl3a2 -121.2370
-3C.0000 ~12,8328 -2.817% -12.3717 -2 5783 -ie7.3314
-32.2000 -1¢&.C82 -3.1097 -14,3225 Tea317 -173.2727
-84.0302 -12.14%3 -2.3822 -12.3C7 13471 -232.3729
-44.022013 -2C.211a -3.69e8 -1¢.3932 7.3323 -23a.21a7
-88.3000 -23.2%1Q —a.C82a -15.0118 T e2%%a =272.0193
-38.0CN0 —dC.a227 ‘ea ,a8%% ~22.1099 10450 =31 3.2%69%
-52.0030 ~30,102e -4 ,97%a ~24.7030 -1.3327 —?od-&¢9v
~5$4.C000 -2a.113C -%5.509% ~27.8%a3 ~1.2+52 20,7232
-%e L0000 -2g.7128 -6.122% -24,4517 2 .4334 . =wQa.7143
=-SR .00 ~aa,L32s -6 .2300 ~aC.3389 Neawl2 T =574.5120
~1080.3000 -5¢.19C0 -7.0%19 -aé&.%%32 : -2.3313 : =302.31a%
-10J.0000 -%¢,$%79 -8 .%5%520 -22.2791 1.2333% - =773473%0
—104.3000 ~¢l.1228 . =9.37%8 -2C.0000" ~0end93 ~ara,3239
—-106.07300 —7C.Caaa ~10.29¢8 —27.1948 -0.0a5%87 -¥d%.lJac
-108.0600 -77.7323 -11.3281 N =¢a.5%58a - -0.4301 . =1112.3d820
STATEMENTS SxXECLTIEC= 15720%1C
CORE JSAGE OfJECT CODE= 17842 BYYTES.ARIAY AREAxm 3683 8YTo SBYTES
CIAGNOSTICS NUMSER OF EARIASE O+ NUMSER QF waRNINSSa 2
Lol To AN S 4 2PV Do . P AT QRS N,V T e YYPum e MY Te ce- A TaA . _aAaTE€ Lo A
@
. i d

v,

. ‘c17

.
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Sample Ingot 9

N\ -
Metal Chemistry - C 3.77 £, Si 2.35 %, C.E. &4.55 %,
Mn 0.65 %, Cr 0.12 %, Cu 0.12 %, -
, Al 0.023 %, Mg 0.036 %, S 0.007 %.

Xt1) Y(I} R(I C{CDO CLEVEN) SUuM(ClI
22.%28¢ 62,8412 ToT102. -7C%.122a - -7.222¢C ~1e2.7593
2C.0¢00 R .%5291 R a.%8a7 J7.4%3a —-".104% 07,2419

© 18,0900 - . 27,7084 2.3XF9 - . . Z1.,3J41- - . - A_3188_. .. Da_Ja22
16.3000 1€.254a4 1.30al 11.233a 7.2382 -1.2932
14.3309 tr.e23207 0.432% .8773 ~e2329 ii.1l18
12.0300 T.0203 -0.1261 1.4827 -Qa.=0l7 131307
10.0200 f.087¢2 ~Caa5a2 -2.8%7a -0a.Ca02 7.ude3
a.0co00 2.e¢58 -0.4271 ~1.513a " .2%a33 “e’833
8.0200 Q.8228 —~0.7940 -C.38a -2.3729 2.5.21
4.C3GQ0 lac®§7 -0.2971 -C.5C%9 -~.1320 - L .0362
~2.0002 l.1aC1t —0.S1t1a -0 ,23a1 =Calo0a .. 2.9339
0.0000 1.CC0C o ~1.39%¢ ~{ .81A7 "o loOW ) S.ol?2
-2.3300 1.3C8¢ ~.951¢ 1.6735% ~1.1%u8 : P.le82
-4 ,0009 1.6172 -r.8872 : T.14aQ8 C.1l30 1.9+18%
~G23060-.. 1eS228 . . t=0.84acl . e Le2923 $.3824 . - J.a732
-8.0000 Z.363% - =0.7836 T.3112 -%.29=¢ 3.3043
-10,3000 QeS722 -0.79%8 T-S13a . c.2000 2.7331
-12.0000 657 -C.8091 €.9328 2.2%9! G.6583
- = lAL000——r -—4.188G.— .. — —D,%37& . - -C.%21% ~".3322 - . 2+00%¢
-16.00Q00 4.8132 ‘=Q.a7ac 2.3980 -1.38023 . (dJeo 3l
-18.3300 4.547% -0.42aa T.7E29 2.2913 1ea059)
=20.53090 2.1422 -0.3290 C.678a G692 laueda0w
~22.030% . -t.24%3 . =Q,372% . .. LaT2L2 .8.23345 1441018
-24.0000 2.187a —Ce 3742 C.8365% ~".23a0 17.305%%
-26.0000 4.992y1 | -1.393¢ -C.0las - £.363%0 15.3009%
~2B8.3000 a. 8782 -Q.4257 £.0333 0.0234% © 13.<128
-30.0000 4.5501 ~N.aa2a $.3%40 2.008a 1o0.Ca27
-32.C305 4.57€6 -t .a2%2 J.40689 le1973 &we27%1
-34.0003 a.%2393 =0 .al¢a C.a639 3.037: 21.2772
-36.{ 300 f.w7al -C.4aa} 2.296% S.12C0° l2.2:1°3
~-38.220¢ ¢.34%1 _ ~-Z_.aS3s . =C.dZa3 2.272:2 22.7e52
-40.0000 4.1¢69 /7 ° «0.a73Q . C.2%1a 2.3592, ~~22.va70
-42.0000 ZeC%aY -C.3049 -C.083a C.215%1 22.47"%
- —44 .L 300 ceSes T~ ~C.%a17 08,2258 -Ge37%53 224171
- =46.0000— - --Ie1%31e—-- —G.4042 - . .. =0,.0122 —Dekenr e 23,0538
-a8.00%0 i.e7C% - .&042 ~Z2."Q7s SerT i 17.271¢
~5C.J300 i.222% =C.719e 3 =1.99%% “.3a77 13.3¢72
~22,0000 1e.323%> ~-0.708a 1.3201 -2.5¢n2 12.3%03
——%4.3000 ;,4:(‘3’ -C.2112 T Il e e =22202 L e 32T ..

-56.0000 1s1€25% -0.807¢ =C.73a3 -%.2123 23496
-34,)0000 1.CCCC ~0.8667 -f£.2323 —~ela4S Sed34s
~60.0300 C.a222 ~C.8283 -1.26%6 . -3.15%5% ©e3523

=02+G00 el el SO0 = JBOOP——— e BOOA—— . s =CL30D2 - e DT D02 am s

: l

~
-2 c1i8
&— .
1 i
- . /’_\.\L -

&~

»
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~64.0001

o«

~-C.te27 =~].Cva3 -0 ~.133¢ ~4.5022
=-66.00 ~leB4Qu -1.16803 4,020« €.03%0 -12.%317
-6d.,3000 -celazl -1.29%7 -a.1-13 T.3328 > =2C.52n17
- 704300 -lel¥%27 -1.80727 ~-3.3758% “a04853 - ~a3au¥a
=2Z.32%0 LY S-¥ 4] -1 .3469F -3.8101 N.7063 -34.4007
-74.(000 —a.228% =1.2aay ~4,1372 0.3351 -4 l1.03a83
-74.0000 -4,5172 -1.624a ~-2.3551 -f.1300 -~%3.123A7
-78.090n -2 7519 —-1.74a2¢ -4 ,253Q —-0.a342 =-59.3953
-80.02090 -¢.7¢8z ~1en7u2 -2.34%0 -~.2591 =7 1l.940el
. =82.00%) —-7.53%87 -1.67Q0 -C.7922 " .oQw? -31.0592
: -84,33C9 ~2.270¢ ~2.0272 -a.%pA7 -~ .53:12 “vl.o9»7S
~E6.0000C -$.CS¢e2 -2.1368 —~t.8234 ~0.3304 =-133.2u7?2
-88.0C0) -1C.02%¢C -2.212: -8 .£307 C.019% -11%.2383
-$C.J002 -11.8712 =-2.449]1 -£.7783 1.1625 -132.1201
=$2.0000 -13e2%24a ~2.4061¢ ~& .0%562 ~0.6035¢ -la9.54626
-54.0000 -1l.%6Q8 -2.7827 -G.1311 -0,325« =lL3.57206
-$6.32C0 -1%.1C27 ~2+53a9 -11.23583 -".2386 -13Z3.05212
-$8.0200 -1C.815 -3.31232 -12.4053 9.173:. -216.013%30
~183.01229 -18.77Ca =J.a722 -1€.1042 V337w =S .523%
-1¢€2.,2022 -20.82:7 ~JaZ4852 ~17.53261 1.2758 =23 ¢ce+258
=-1€a4,.0000 —<2.80a2 -4.017S =18.7775 =J1577 ~Jlg.2701
-106.3%00 ~2%.1800 -3 .220< -12.5539 =J.33a2 -354.532%
* -108.0022 ~27.4786 -4 .86550 ~Zl.%52C0 -C.1257 =397.705c
-11Q.C000Q - =3Ca%13 =% .Nn3ee -c4."%0a ~N,4]Aa —da0e7373
~112.000¢0C -22.2927 -%.a58%9 -5S.7433 1.319v =30 3.19a]
-11a3.2209 -27.2299 -%.3212 -31.78L5 L B I —vCSesoen
=-116.2000 ~&4ls403c ~¢.agd71 -3¢ .673n —r.8548a ~23%-.32a7
-118.,0202 ~-at.721¢ ~7.19%% —-a3.6792 2,556 . —T3w.2353¢
—-12¢.con"% -£{.8262 -8.72%3 -%7.1385 2.3702 © —D=ee3747
-122.Cc099 ~%5.%4a¢ ~8.38ua —¢2.25%522 1.8572 - =eT2.5330
-124.2002 ~47.3222 ~5.%0ay -4£.1239 -1.,3077 -11i2.000L"
-126.0222 . -7%.cC02 -11.98a0 -82.1117 - 1.338% -lil-w212¢C
STATEMENTS ZIxXECLIEC= 167038<:
CORE USASE QEJECT COOEm- 17848 BYTESLIRKAY A0FfAx 2233 9Y T oYTES
oxAc~o§1xcs auMeER 2F E;SOCS- O« NUMBER 0OF waENINGHx o)
ety € T em o e B €T, L wC S, VYOl T YeCe e~ Ay T~ - A YA TR 2"
i 4
* - .
J
ci9
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Sample Ingot 10

Yetal Chemistry - C 3.65 £, Si 2.42 %, C.E. 4.46 %,
Mn 0.50 %, Cr 0.14 %, Cu 0.09 %,
Al 0.018 %, Xg 0.025 %, S 0.006 %.

383 Yeg) RC 1) ¢ 1000) EVEN) SUM(CLI))
g;.ggoo $c.2s8a 6.4351 —6aC.alal Cé.cglz “130..581
32.9a¢¢ 2405101 3.5137 22.1541 - «17a1 . . =70.0933
3828090 22.7818 2.0760 22.79a0 Q.00s1 | —R8.3032
28.0000 16.2432 1.1183 14.4869 ~g.097% 542785
280090 11.8¢a7 0.a082 a.2420 3-t108 | 16.98a1
222090 S.7787 0.21%6 1.1924 T.2195 | 2L.3081
22:000s £€.1779 S.0013 x.oosi/ J.14%3 24.1093

’ 28:9388 Te4083 -0.0978 ~1.729 CeC426 | 2C.7362
19-38e¢ 7.11%a -g.1521 -1.0148 -3.3903 L7.9222
- C.2042 -0.2020 =1.0407 -0.232% 1S5.3780
14.2000 ¢,l189 -0 277 -le -
12.90€0 £.2073 813063 S1o8a1s Qi2aar 17 12:9933
10.0000 4.4717 : -o.szozgg? -1.3%9a S.0e07 2-313%
8.03¢a . 3.2822 -0.6665 -g.9816 ~Q.0991 Siaene
80300 2.e377 -g.7933 -1.2631 2.3966 38538
. 1.612 ~0.8933 -9.7676 fe :
2.0000 1.1761 —2.9217 -1.8890 {.5%8% 122293
0.90Q¢ .1.0000 -1.38%6 1.9212 ~2.a1%4 g.3372
-2.3000 1.6602 ~0.8667 T e .GTSa 0.3891 2:9%38
=4.8909 1.C000 -3.8667 2.1450 0.0023 7-%318
$-92a0 1.checo -0.8667 C.0702 0.3636 ri3a1e
-8.3300 t.3d00 -2 .8667 C.0761 2.0873 | 1i3qls
-10.0009 1.00G0 ~3.8667 ~d.6082 0.3016 1:45s82
-12.0Q000 1.C000 -Q.88667 C.0979 3.33%a2 - - 240349
- 14.83C3 1.£000 -0.8667 C.1015 ¢.0318 - 2.3017
-16.3000 1.0009 -0.8667 c.388a 3.0689 2-36082
-18.0000 1.€0¢¢ ~G.8647 ~3-0a19 g.17a3 | g-8330
~28.300Q 1.C66C0 ~% 36687 0.2328 £.0008 3-194%
-22.000¢ C.6ads -0.4918 Cel61T =0+34A7 ta533
-24.0000 . Cl.l7E2 ~0.5082 1.4351 ~1.7702 | 3‘3 3
-26.0069 : c.1c0e -G .892% C.24C0 -r.6257 ©1eyecs
-28.0303 -%.2284 -1.081% -G .5492 ~0.J88a se1ei2
-30.0000 -C.2861 -1.09%a -0.3287 -9.a032 29-i138
-32.¢009 -C.Sals -1.1276 T .n.8%3s -9.2851 1e82z3
-34.300) -1.za11 —1.1291 -2.287s 1.3383 | 33233
~36.0003 -1.%220 -1.1912 0.3706 -3iv09a | Iei3z3e
-38.33¢0¢C -1.5Ce¢ -1.2371 -1.0932 -0.232% 23-893¢
-ig:3300 -2.3358 -1.2923 -1.5308 - o.osa3 | 733337
~42.3700 ~2.6808 -1.3337 -£.9603 -3l2a25  -TTi-8327
3s-3002 -2.0738 -1.38a2 -1.22%58 -2.2889 -f;'§§3§
—~48.0000 -l.5%582 ~l.400a =1.66%86 ~Q.2220 -41.1c27
-48.2060 ~4.1502 -1.%5232 -3.3112 -0.0556 -25.8362
c2¢

4
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=35C.23C > -4 . 8807 -1.6183 -l-1818 Ca1900C =-31.8077

-52.0000 ~2.7872 =-1l.7372 —4.4172 Q6209 =-3¥.388«
~34.,0000 ~¢.5189 -1.8839 -4 .,3957 =Cedue bl -49.5718
-36.00C2 =-£.2122 =2.0696 —6.2233 . S.1033 ~0l.3118
-58.0000 -$.120a -2.1770 -4 ,25%6 0.0278 =-88+77353
~60.0002 -1C.Cl181 =2+2965 -<.2128 C.4Q39 =-79.3933
-62.0009 =11.C16Ga -2-.423¢ -3.1762 -0 .2921 =90 . 3296
. =64 .,00090 ~1%2.1340 ~2.37728 =€ .26%96 CG.0a73 . TI0R.77aa
-66.0000 -12.377¢ ~2.7432 —6.931la —0.13233 =116.9442
=68.00CO ~la.7€4Q -2.9279 -8.6612 0.58487 -133.239s
=7C.0C82 ~18.2181 ~3.1344 =-1C.9599 17552 ~151.498S
=72.0000 -1£.C(S16 =3.3655 =1C.2844 ~C0«2180 -172.5036
-74.0202 166934, =-3.4243 -11.4008 =C.5917 -196.4834
=76.50C2 -2Z.1747 ~3.914% -13.2233% =C.2699 -223.8938
-78.00C0 -24.2130 - .2239 -12.6220 C.5104 -2354.1189
~80.,20072 —-6.L582 —-4,.,3383 -1%.6284 -".laa? -285.60650
-82.30C92 =~2S5.4421 -4.8828 -17.5018 -C.138% ~-321.0062
-84.0002 -32.28%2 ~3.2622 ~-1$.2238 ~J«06418 =360.7960
—-80.00CO ~32.4238% -35.880% -24.5270 222935 —433.3916
~88.0000 -2L.8%910 —6.1420 —24 ,4449 -0.5861 . =A35.4536
-90.0200 ~42.7118 -6.8512 =27.9419 = De16212 -211.0619
—-92.00C2 -af.5201 -7.2134 ~20.9689 -3.5900 -574.779S
-%4.3000 -51.87¢8 ~7.8727 -36.1884 19373 —049.27354
-3%6.0000 -27.8979 -8.6730 -43.3738 =g.0601 -740.155%
~98.00C7 -¢a.8687a -9.37%8 -82.9452 C.88Co ~d4a,2847
=10€.32300 =734.2%3Q7 -10.6010 -6C.3027 63435 -863.6d12

~102.5000 ~81.¢Cs¢ -11.7549 -¢7.30%2 -C.7009 -1109.6930
STATEMENTS £XECLTEC™ 1%5=4l7a '

CORE USAGE Q8JECT CODEx 18792 BYTES.ARRAY AREAm™ 8218 3AYTRS 3YTES
O1AGNOSTICS NUMBER QOF ERRORSa G. MUMBER OF «ARNINGS= 0
COMPILE TIMEx 1.87 SEC.EXECUTICN TimEm 145.32 SEC. 1048 wATFIV - MAR
C3ECF
-
A
ca:z

e

J -
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xX¢1)
16.3000
14.0000
12.000¢C
100000
8223000
6.0000
4.,0000
20000
C.00C0C0

=-2.00Q00

~-4.0000

-6.0000Q

=8.830C
-10.000¢0
=12.0000
-14.0000
-16.0Q000
-18.0C00
=20.0000
-22.000¢
-24,0000
-26.0000
~28.2000
~30.3000
=-32.2000
-34,000¢
-36.0000
-33.00400
—-40.0000
—-42.3000
—~4a.0000
-~46.0000
-48.2000
-530-0000
-~32,3000
-54.0C800
~%56.3000

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Sample Inget il

Yeta) Chemistry - C 4.25 %, SiL 2.00 %, C.Z. &.91 %,
Mn 0.65 %, Cx» ¢.17 &, Cu 0.03 %,
Al 0.025 %, Mg 0.025 &, S C.002 %,

Y13
JC. 281

2C.2937

H 14.2430
2.27%2
4.70%a
<. 9030
<. C1¢1
12113
1.00¢0

1+.CQ0C
1.00¢C0
1.¢000
110812
1.1238
1a142%
1.2194
1421¢0
1.4374
14617
1.47Q3
1.4703
1.4018
1.4084
Ca7418
€. 0000
=Ce37Ca
-1.2133
—1.727%
-—2.2873
—2eS927
—-—2.4228
=T.944])
—-4.5728
—S.23333%
~¢.J1C2
-7,4923
~£&.,86810

RCID [ qelolo}}
3.0129 ~624.105¢C
l.650% 11.3840
Q7?3064 S.6736

-Q.00661 2.6312
-0.5408 =3.03480
~Q0.7722 —1.4371
~0.8%901 -C 6071
-0.9318 =C.+30006
-1.38%6 ~Ca77QC
=C.8647 11239
-0 .8867 0.006069
=0 .8667 Cel018
-Qa.8830 O«1a37
-Q.8618 0.0977
-Q.838¢6 C.086A
=C.891% 13316
-0.8413 ¢.13588
-0.8293 Q3804
-0.82389 =-12.7277
-0.8213 -Q,0073
-0.8199 Q0711
=Q.81%¢ 0.1054
=Qe828a TeQasSs
-0.8911 -1.1700
—-1.0000 -1e1631
=1 .062s =1.1734
-1«15%584 =1.0471
-1.21%8 -l.1407
-1 <2983 ~1,7604
-1.3726 -2.10897
~1.4280 —14.0398
~1+4936 =1.9338
-l1e5782 ~2.1689
—1.6799 -2.923C
~1.8033 =3.9691
-1.9608 -2.1208
—2.14112 -¢ .A612
c22

ClEVE .

-0-136
-0.2303
0.13535
0.1836
0.0372
Y2433
=Q.0399
~Q0.09064
02303 .

=Q.8614
C-0813
0.0320
0.046%
0.0618
0.0793
-1l«1080
81073
-0 .0387
129517
0.2149
Cal12a9
N.07S7
Q0496
C.02a2
=-0.3212
-0.1173
0.0261
—~G.3218
—0.226%5
7.0989
12. 307
-0.1172
-0.38338
—0.2728
=0 .0337
C.0298
0.3364

SUMIC(I))
-28.0746
-B.3676
6.28068
l1l.916%
S.921
Jel3a]
1-.8402
1.04081
8.007¢C

Ce93%¢
1.2323
1.499%
1-880a
2.1939
2.5302
29776
3+5099
“,153%
440017
S.C166
J.40808
$.7727
S.9609
3.6691
Qe7007
-1.8808
-3.1227
~8.,0a78
-12.021%8
-1d.0432
~19.3613
~23.4067%
—23.37066
-34.9702
-43.01%8
-53.1877
~03.4074

\

-4

g



o -

-38.0000 -5s06222 =2.2429 —~4.7963 - - Q8733 =-T3.6538
=60.0000 -1 C.43520 ~2.3323 ~&,7307 0.3301 -32.8%5a8
-62.0000 ~11.3%¢¢ —2.47a0 —4.8201 ~0.3120 -93.1189
-064.0000 =12<2a4agC —2.60%8 ~%.3243 -0.3996 -104.80668
-66.9000 -13.4210 -2.7490 —€.5169 Cel341 ' =117.3322
-68.08000 ~14.296% 29057 -6.TT37 =0 s3425 =131.3048
-70.0002 -12.8799 =3.0747 =7 6372 =€ .295$ . —147.a31a
-72.9000 ~17.2814a -3.2634 —8.4786 =0.3638 , ~=165.1161
=74.,0000 -18.8126 -3.487% ~-11.5056 ' 1.650a ~184.3264
-76.0000 =-2C. 08291 —32709a =11.52A2 —Q.18a44 . -20%.2438
~78.3000 ~22.8727 ~3.9817 ~13.4549 0.0810 ~234.9917
-80.0000 -24.9377 —4,283a =1%.3333 B.2364 ~265.189%
~82.0000 =-2T.4498 —4,0131 =17.3580 03044 - -299.2966
-84.0000 -2C.2380 -4 ,98906 ‘-1£.8387 =0.4301 =337.8345
-84 .0000 -22.22a7 —%-.4022 =2C.9987 -0.7820 =-381.39%8
—88.0000 -37.2817 —-5.%413 -2L.6558 Q.4768 | —4a37..7%544
~90.0¢000C —42.413a —-6.6118 =28.9072 0.7307 -3Q48.1072
~92.0000 -48,2211 -7.3852 —-at.7%38 0.35018 ~390.6111
—G64.0000 -%4,9282 ~92.2768 -47.5870 ~0.8637 -687.5127
-96.3000 -6%.06Q2a —-€.3132 -2€.93566 -0.0383 ~801.%5027
-98.0000 -7C.8€18 =1C.4017 =-60.0760Q -0.83067 ° -924.923S
-100.0000 ~7€.7276 =11.3823 ~¢L.0172 =Q.3202 - -1062.00292
-102.3000 -685.8141 -12.927a -75.359% 0.1832 -1220.395¢
- t

STATEMENTS EXECUTECE 1Cace9 ’

CORE JSAGE CBJECY CODE= 18754 BYTES ,AQRAY AQ¥A= 8016 SYT6 GAYTES
CIAGNDSTICS NUMBER JF FRAICORS= Ce NUMBER OF WwWARNINGSa | 3
COMOILE TImes 1.04 SEC.EXECUTION TIME= 109..81 SEC. 13.20a waATFIV ~ ~aAR 19

1
C3ECH
»
L
L]
N
c23 .
r
b4
%
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QOUOO U~
0ONVOGA-
00O~

830

-24.30C0O

- =20+2000

-28.0200
=3C.202%3
-=32.9300
~34.3290
=36.229C3
-38.3300
-ag.3002
—a2.3000
-44,0020
-a8.3200
-48.2200
=30.3Q0¢0
-52.3000
-34.32CQ
=-36.3030
-538.0000
=-6C.2009
-02.090¢C0
-64.23Q00
-06.200¢C

Sample Ingot 12

Hetal Chemistry - Ck.38 %, SL 1.85 %, C.Z. 5.0: %,
¥n 0.53 %, Cr 0.1 %, Cu 0.03 %,
Al 0.023 %, Mg 0.02: %, S 0.00& %,

-

<

3
¢2Q09%

216
8
-

618 -

- ——— ——

R{I)
T7.6027
4.848%
2.96236
1.6369
0.46768

—-2.2367

-0.6932

-0.873%

-N.9%064a

=-1.3858

-0.5182

-N.8908

-Q0a80661

~0.8a19

~0+8137

-Q.7819

-Q.7460

-0.7056

-C.2731

-Q0.6418

-0.8273

-C.46386

=0+ 6580 -

=Ce8344a
-8.73C2
-Q.7742
-C.58193
=-0.8667
~D.8991
-0.929%
=100
-1.119a
=1.1994
-1.26¢69
=1.J3513
=l.4%a4a
-1+3123
-1.57919
~-1 6599
—leTS4AT
=-1.8674a
=1+9929
-2.0727

-7

c{goo
€3.7009
28.532:
16 .6420
S.35608
S.S5000
141547

= =2.49Y7

-C.8133
-0.3863
-0.8778
-1.4290
C.1009
2.1819
C.2360
0.23Q7
Ca3897
C.389¢
1.8000
2.,20672
0.7832
al.l14a12
C.0%1a

—

—_——————( ) AS S

[N

L.0619
Q.333Q
8.020%
~Q.al27
-C 6690
-C.7606
-1.862%
-] lbl
-1 .4993%
-2.1327
-2.3%77
~-2.392%
-2.83469
-1.889a4
=2.8290
-3 .0852
“3769%
-4.,70a3
-3.3887
-4.132a

CIEVEN)

=0.7190
=0.1038
Q.2140
C.1723
=Ce2006a
T=0.0873
0.0232
—0.0%064
=0.1199
03533
1.919%
C.1907
20334
0.02S1
Qel001
0.0a81
Cela02
~1+1619
d.1612
-0.0872
~X.6100
0.1710
0.0317
~0.1320
~Q.787a
~8.5357
~0.199Q
~0.2920
0.085¢
3.3233
~0 1199
~Na.33s1
~0.1187
nN.5882
~Q.1222
~0.3019
-Na1781
0.3581
0.1283
Cel992
Q3890
2.6387
r.a378

SUMIC(L))
=113.984a1
=-57.0872
-23.3733
=3«909a
6. 5573
8.7321

5]

3+8071

20877
15352
Q0.00%3
0.98180
le4093
1.8899
2.4%529

31723 .

4.0480
5.1078
6.38360
T.0a08a
B3.9927
10.0uta
10.4873

106420 .-

10.500¢
9.5960
8.4052
7.2e19
S.4985%

4. 148806

22,2708
~0e2532
—aLA20%
-3.%233

-12,80621
-1 7.8913
-24,2072
=28.3420
-33.28a3
=-3va2133
~46.3%541
~%4.9846
-cA.88a1
=-72.2142
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-68.0000
=-7C.32302
=-72.0037
-74,0000
-76.0202
-?8.030¢C
=-8g¢.30QQ¢C
-82.33¢C9
—34,2000
-86.3300
-88.0300
=-50,0000
-92.0000
-94.3300
—=96.02322
-Q8.0000
-100.230¢C
=-102.2002
s =104.0002
=176.0000
=108.03203
=110.09300
-112.0009

——— -

-S4

~C.6500
-1C.a0298
=11.27a4
~12.196!
—1le2224
-14.3Q13
-19.8%28
~1€.8a506
—18.4443
~2C.21¢56
—2241836%
=24,3689
-2¢.7587
-26.2C7¢
=23.3206¢C
-22,8%2
=3%.£30S
-a4.030%
—~%isanas
~0d.7C89
-74,1613
-8d,06818

- e s 4 e e— . ———— —————

-2.15%8 -3.88%3
~2.,2%42 -4.1208
=-2.357a - . 9%59
—2.8068 - s —— LA S
-2.3592% =06 «00ag
-2.72064 -8 Ad5a
~2.,8729 ‘=8.1936
=-3.032% T =7.91%8¢
=-3.2its =6 ., 6235
~3.424% -11.7t23 .
-~3.4660% —-13.412%
~349225 =13 d0ad
-.,2139 -18.,17%8
- 8372 -18,045%4
-4 .8980 -2C.3791
-5.30C1 - =23.2998
~5.7ans ~27.4108
-6 .2494a -3C.0%60
-4%.8329 -1%5.5577
=7.9536 - -06,.3243
-9 .3209 =80.277Ts
=1n.84067 -31.784a}
=12.3130

STATEMENTS EXECUTEC= 1370041

CORE USAGE
. AIAGNQSTICS
COMPILE TIimg=

csglor

J8JECT CURE=

NUMBER OF ZXRRORSx

CaS3

CEC.EXBCUTICON

/

. -
-

=1C3.1060

17844 AYTES.ARRAY ARSAm

-0.1793
-0.3J892
~0.0867
-0.1030
=-0.1871
-0.4107
N.S730
—7.3573
Ce0343
¢e3724
"eS371
Ve TAYT
=-%.1798
Q42738
=0.0208
-2.330¢
004822
0.3180
-0.087a
1.0C05d
=Q0.397S
~0.3393
-2.18a2

|

=3Q0.3436
89,3635
-9G.3748
-110.4897
-122.8338
=1346.5481
~151.7890
-168.733%
-187.902¢
-210.7223
-236.4332
-263.4226
~298.1340
-33%.073%&
=J78.8911
—424,.191a
-4T77.7407
~838.416%
=009.7008
—74Q.3438
-49Q02.,0938
-1036.7400
=-1293.4420

8003 B3YT arres

Qe NUMBER QF JARNINGS=

TirveE= 1s6.20 SEC,

i

c®s

3

12:.07+ ATFALl Y = =AR
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Sample IngotT 13

Metal Chemistry - C 4.07 %, St 2.28 %, C.Z. 4.73 %,
Mn 0.64 %, Cr 0.32 %, Cu 0.1: %,
Al 0.019 %, Mg 0.022 £, S 0.005 %.

AL Y{1
t2.3207 2504786
1039200 2a.4372

PR ST 1 ¥+ PRI - £ 2o/
€.00072 JTez98Y
.20 2.EC78
2¢2300 12742
J.000n 1. 00080

-2.0000 T.221%8
-4 .,00N0% leg™C¢
=¢.0N22 i-(C80
~d 2030 RS XN
~10.L 300 te271%

=-12.0000 1.7%%a

=-132.0Q00 £.1727
R ¥ e ng Lol B LN L
=(8.( 20 LER-C T
~20.22C0 dec®eN
~-22.09C9 te3C%«
B, X . S - S
~2%4.30092 Zet4da
~2%.0300 l.&82a7
~32.0Q0¢C leg%2s
r=22,002> - C.%%¢)

-34,220% -%.12806

L LB Rl oo -1.2202

=33.23¢092 -i.l12614
~4Qec332 ~le4lG2

=4Z.2000 -2.8328

—a4.302¢C -4,2827

-4£.0309 -4.7342

———d DO = - =m Zala
~3C.20¢C2 -ft.82ta
=520 229 =t.678C

=S5a.%3n0 -7.22%3

- =%0.J3C3- -— —fefafs
~5840002 =-€.7019
~60.2003 -11.0¢G8

—82.0002 -1%.2386

-t4 .00 - -1c.8%0%

~06.32C? -13 7722

~04.2203 ~l4,2263

~7C.C 32 -1%2.23020

-T2.33%2 ~1&.a6aQ

e memal eI e LedBwl .

L)
4,220
2.2267

-N,2a72
-C.7a%2
—Taw322
=1.38%50
-N,cen2
= .4S72
-0 .2257
-d.7%31
“*.6Taa
=-0.%02%
~t.3283

-reagyge e

“d.aTael
=-0.3912
~Ta%812
L adla%
-T.85%8
-Ta7711
=324
-A.4a0an
Makee-2-4
-la1527
=1.27n%
«a2eC
«aTRYG
«333%
-E1-1 ]
- HOBD
ra-1'%-1

-1
.

CONCRL N I I T T T N IO O I I I I |
CIATINAI AR A F) 29 v ro 0 bo bm
EEEREEEREEEN

D OLPADII—
(el)-J B SO 1IN

-
C(CO
%76 2363
12.8222
C.5133
-2.1603
-1.01Ce

. —{ A3 23A -
-1.5404%

=F L2355
-—C.l3%1

. GLI882
" .37AQ

LN
Y v~

|

BEC TOOMNV-NPT W RINLCOFO Ll CO® -y
A0 B NI P R A NHN SN W BB

DR 1)

) £
dd U n

DR N N )

Ufo Voo e s v- dletasssrCrrors IO LI
Ud B Ui D o 40 N LW P NO VPOV

v e s =

20 2 F DL I I

e 3321

-
<
1
I-Z
"
.
r
b
DJ.atTI
‘
-
A
2
b
9
A

Attty .

=l ¥
- aemots
D.l097
S8.751 2
Sed0=0Q
-~ 1h el
Liet,?7,7
¢ | S
S -

. amelliT2 -
vabuls
Te?i0 4
S.72L¢
. KA1
PR A
=ve22. 1
-leaes!®
~u7e3726%
“8C..7="2
—wwadl3T
—idesdMy
c=33eidi 2
: 3=2
as
-5a
«asldTT
-

IR 4
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1Q.

4
] .
>
. .
sz = T a7.3as: - 2.2
a -172.%027
:73c. -7.3297 - -x'sg.uw
7237 -9.3899 - -2%a.353%
.'c“ :‘ N - - ——l D e 3¢ MG
Ieta 17 .7103 -2270053%a
7231 ~11.3043 ~l3%.ngar
1772 -12.39021 BRSO I
. —22i - wide3233 : meillsn.
577 -1¢.0083 3 -o=z.387a
3ace -17.5297 ~.ts8s | 23331735
Z.;J -18.7300— - ' —al22.mv2"
. " :v. —E.?;EQ-——— ——;'_‘..2‘-\;— ELIEET R g -10-,:.-)61
zcas ~~.199ay .l 24a an, —alt.siad
3eas —e.8137 -t2.%3az sl
35 -1-3a%2 -i5.8913 Cmulillize
7iez L-7.852 R S S - -as N
37z Zellass 23313348 S 2k i3
ddaz -al7a2e -3s13302 - PEA S o
241z -5.24a3s -32:3532 - -eian3Rls
. 7323 S = 13,3940 -cr.aa3% 1250270
£zs .
3
-CCRE S AL e = L ECL SSSE2 — 13383 ¥TIS ARy . AR CAa 3T YT, vl
OIAGNCSTICS \GNSER JF 2PPOPSa Te NJNTZR JF safniNiSa ’
—COMIEL IR wIn - 8,87 $IC.EVECUTIAN. Tlume -—423.42 354, M7 daTE (v - i
c3gce
- — — l ——
i
-

27
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Sample Ingot 14

Mezal Chemls<ry - C 3.92 %, S{ 2.33 %, C.Z. &L 70 &,
Ma 0.66 %, Cr 0.1 %, Cu 0.:3 %,
* Al 0.019 %, Mg 0.016 %, S 0.005 %.

!

(Il RARE] 2(1) Ct{o0D) CIEVEN) ;SUM(C(1))
14,0000 47,99¢% S.43683 -573.35437 ° D.01095 | ~57.36a6
t2.3330 Jl.aYSS 3 .29t 12.10671 -0.3585: ~23«3A73
103330 2C. 00618 1.5603 1C.3003 2.2223 =-1.9027

8.920¢C 11.6%a5% N.3810 $.3523 =H.3eo7? 3.1237
6.32292 €. 09e3 —C 3207 ~0.7139 =-0.3]30¢C 6.6228
4.0200 4, 7259 ~Q.622¢ ~-1.827% J.1%44 1.7704
. 2.0720 <.41%9% ~0.9960 -1.3014a - T 0.1996 135727
C.J3000 l.0C00 -1.383¢ ~-1.2132 N.430¢% J.0079
-2.02%00 1. 38¢7 -C.9400 ~1.634a 2.1628 - 12648
—-4,3200 1.7:23 -0.8969 ~C.nN88S3 0.3817 t.0%11
~4.0000 5-&:72 —C.8348% -C.387% D.7TS3S 2e0aal
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. Sample Inget 17 -

S O

Metal Chemistry - C 3.96 %, Si 2.17.%, C.Z. 4.68 %,
. Mn 0.47 %, Cr 0.09 %, Cu 0.04 %, ‘
Al 0.022 %, Mg 0.021 %,.S 0.005 %.
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-§2.3202 ~17,c08% ~3.244a3 ~11.0433 0.5043 -2n8.6136
-Q4,33C2 -18,7C32 ~3.x0627 ~13.0%3% C+3043 =233.72%8
-96.2332 -2C.2342 ~3.7057 ~14,7933 2.6233 | -262.0657
-$8.3300 -22.6562 ~3.9939 -17.7126 0.8329 | -293.8230

~180.032) -2%2.2¢€3%5¢6 ~4.3439 ~27.512¢ -1.2382 «337.422¢
. ~1Q2.22C3 =-26.3990 -4 .7328 ~23.3298 -2.6732 | =385.4324a,
~104.23223 -21.85%3 -%.2131 -20.48916 ~1.353% -4403.92133
. ~1€6.9292 -22.8002 ~5.73A5 ~32.430% 0.3217 -505.1392
~108.2009 -4l 2068 -6.3392 ~2g.1883 2.9528 -379.83¢C1
-110.3003 -4 €.3629 -7.137% 49,412 *.a983 -678.2639
-112.93¢2 —s&,C7C> -m.1723 ~¢2.9973 =1.1829 | -406.583
-118.000¢C ~¢3.33a2 . =9.a06a -78.5284 1.2270 | -961.7793
-116.33C3 74,2463 -1C.8671 ~51.6080 -1.2338 ! -11a7.4620
-118.820¢ -e4,9092 ~12.2893 -52.9a85 ~1.2%99 | -1335.8740
~129.3039 -S7.4361 -13.9%37 -111.1483 2.1733 1337.960¢C
< STATEMENTS I XECLTED=. 1429723 Y )
CORE JsSagE QRJECT CCOEm 13784 SYTES.ARRATY AREAw 806 Y)Y =myTEs
DIAGNISTICS NUMOER OF ERRNRSa Qe NUMBSER F wARNINGS= i ¢
COMPILE TImMEs 1.02 £2C.ExECUTICN TIwvE= 120,81 SEC. 23.070 waATHIV = waR
cs2cH *
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. Sample Ingozt 18 :

Mezal Chemisiry - C 3.98 %, Si 2.48 %, C.Z. &.81 %,
Mn 0.52 %, Cr 0.12 %, Cu 0.09 %,
Al 0.023 %. Mg 0.C26 %, S 0.005 %.

£¢1) vi s 201 CLCNOo ) - )
1203200 at.507% 2.85104 ~£21.277 CATIZNY | 3A3sSLL
129000 iC.%6ca 2.9%38 11.1%a% -~.3175 -1%.811a
- BDO00— ~ 1 7a3T 0k - - XL S g S S wPel97? i 1s9sas
23304 £.8751 -6.nas! 11272 LYW avirta T
“.(229 1,8y -~ L7347 -2.8372 A3l Soilat
2.2300 1e6fun -1.0%13 -1.0183 ~opz21 TL3543
523385 .leszzc -1.3354.— -2oTTan 2.3 EPRR I
-2.0802 1.3232 -5.9823 2.20a1 -T.T85, OO Te
-« ¢3300 i.69ma -c.8377 Z.733% B .3341 1La%tw
~¢:z3ce Z.ccse e ¢.23%2 -g.7act 303033
) - m.Qrt1a -2.0YBT - =~ A.mBar 2.onte O SR
-10.2300 “.32as -3Ta07= ¢ove33 1o EDGAR
-12.3€93 tsage -a.3T7y 1.225% STl VRS
1443302 f.i71e =-3.233C 1.2aA7 2.3.73 DileTA
e ieeZedd . fedzsd 2035373 L. LilSsos o 523083 LII3ias
-18.3990 ¢.72¢1 -2.2°1% . 3008 A.1a32 loruTs3
26,3049 €.7162 . -~ .17a% 2.7400 2.:273 13:7:33
-22.00¢0 €.ar2? ~Al22e4 C.atn 23l 1ileita

S PR 7.7 S-S AL 2AV M . e A _ARKL. - “ALATa: L (elerana
~2¢.2330 .37 L3737 -c,3217 S urolt 4 toezetls
-3e.0309 3.&{3z -3.a2ua -¢.255s L A S
$3¢-3302. l.sce? -F.512~ - .aa33 P O S

S -3 VORI, 0. £ SRS - S+ SRS S izt $EeTaTT
-3all3¢0 Z.72C5 —A.0662 -Z.at>7 i323s 1 3
-3L.0%00 Tallaw2 -~.7337 23.0332 —2u.324% :
-38.53¢9 1.22ay -nladar o387 Zal3nts ‘

—a B aDOA lenean -C JARAT . -l Q1A af .2e3a
-a2.2003 ~Licaz -alh31 -Z.0acx -l2.2
-<a.L20¢ -c.z223 S L -1.92%9 —-il5% -
w209 -F.azac -1, e —1.7ie7 - lzae -
—aced30C -1.11:2 “1.1662 - -1 5%0a Zelvis -
-52.2A9¢ IS ~to1%34 -1.9300 Z.l362 -
. -$2.233 ~ia%%0: 12627 -1.9117 -s.21a2 -1
-2a.23)00 —i.23%ee -1.2313 -3.G72a -20%s853 -

. 84,3000 . . =i.eGs% =1.3233 . — - —iidal> albods b0
~%3,23¢2 “i.%wtl =1.3TaA -1.3532 -7 3a -2
-e0.{ 303 ~Z 0413 ~1.a2%8 -2.1322 . 5s3 -

. -£2.1293 -1.8%63 -t.a%2% -2.857; LRI -

—_— e, e ———— e et Tg ,—— [, S d S -‘_,._’-'
6620353 -2, tcas -1.6655 —3.373 TR e
~03.0300 -¢.2207 -1.7824 ~e.343% ~ooo1s lon
-728.0330 -e.7&1n -1.472a -3.7a2%> PSSO TN B
P T S S -9 o] BT ) AZqa e msla35y 2%
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.

¥
v
Tltald000 | -e.2s7z  <z.camt = iles
T75:3888 283373 -3,215: -Z.8aTs
) T PTRTS -iC.,at24 -2.3043 AL
-32.3% -11.7%%3 -2.83a2 -3.3233
z33:3588 -13.2114 -2.7029 -2.1a02
-34.392C0 —14.27¢3 -2.a712 -4 373
-R86.000> ~1%.68¢% -3.2saa ~1603372
—58,2007 ~17.34%3 —3.2r93 =11 .2a27
=3%€.2203 Y =1§.%27< -3.%32< -11.50e:
-52.8045 ~20.%ac7 -1:75s7 -ii.sres
-3a.0223 -Zi.tce2 —&i3s4s RIS
Zeelisiz Zfilests —w.3a31 -i2.20:3
-G5.330% -2%.3%3¢ -a.83%5 -33i24a3
—10c.3322 -3i.77z22 -5.32a3 -23.
21252358 371683 -%.91a1 -31.2571
-134.0309 —az.3al? —5.6r81 ~ar.2in3
17040332 —w2 2723 -7.381% -ei.az2s
213808332 ~e3.4s%a -a.sada -7¢.3a8s
-112:¢ 333 —ce.gsaz -10.101 -£7-1223
-112.2382 -82.23a3 -11.7223 -50.333
STATEMINTS SxZCL1ECa 120:228
coRe ssage SeJMCT CaNCw 1 7Mas 3vTES,400ay adfas
DILASGNSST IS AL wHER OF 2ZQs3Sa T, NgMAED R
. SCHBILI TImEs 2e32 ZETJEXECLTIIN TlvE=R 115-18 SE£C
C3ECF

<)

H

[
¥

[ERURV IS RA LN A I VARP IS B R T O N KOS |

Ve WD XA i Rl Crpgee v para

CANVOCUND ORI~ b pUOC T

EOR ORI AU QRO FOr 2l
:-‘.I{I:;Ngllql' § U o b Litd =R L IR D

-3l.TiQ7
v e37%3
Lunelon’d

—-£21.7

327,

.
{
RITT FIRVEV Y FRE]

~
J
.

N

=425.21%6
-3« .,0clila
=572 2
237,13
=32v.+3592
tlel=an?2"
L3 -

| ~tas a2
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2.3000

20.0000

S 13.0000
160000

14.002¢C

12.0000

10.0000

3.3000

6.0000

4.0000

2.0000

- C.0000
—2.0000

. —4.0020
=6.0000

- -8.00C0

=10.3000

~ -12.0000
-14.0000C

-18.0000

-18.0000

-2C.0000 -

-22.2000

—264.0000

Sampls Ingot 19

Aetal Chezmistry - C 3.71 %, Si 2.5% %, C.Z. 4.56 %,
Mn 0.67 %, C- 0.13 %, Cu 0.08 %,
Al 0.023 %, ¥g 0.040 %, S 0.004 %,

Ye1l
8%.3739
S36.G0a3
A2.4921
J3C.73812
22.278a
17.6488
1€.03¢6

€.2146
€.8032
« 2233

R(I?
i¢.8318
5.9034
4.5736
3.0002
1.9143
1.2953
G «90aas

07323

Q5943

0.4379

0.J3613

0.2724

0.0112
-Q.3003
-0.5351a
~0.7887
-0.8883
-0.9267
-1 3836
-0.9%08
-Q0.8872
-0 .8463
-0.7977
-Q.7337
=C.6548
~Q+5391
-0 .4429
=0.3434
~0.257a
~0.1732
~0.1020

c(goen)
—-673.2191

7€.8053
43.0352
271639
17.1207

C+35664

4.3862

T 1.28197 77

11683
2.6671
CelP4a
-0.0171
C-19Cs
-2.3238
—-2.3823
-1.1337
=1e1047
-€.3316
G«3000
CeP772
C.1383
C.2050C
Ca2774a
0.8233
-C-.8306
=3+s0634
70144
1.9212
l1elass
1.1902
1.83e1

<38

ClaveEN) !
0.1425
=C.064a "’
=0.0249 ;
-0.1212
—-0.0723
0.2809
043113

T 0257l
0.1208"
-1.8837
CalQ74.
-0.02061
C.2081
0.Q209
Ces121
=G0.0945!
Ce301S:
6.0980 ¢
—-0.7983;
-0.4%585
V1348
0.1374
0.145¢
—C 2069°
1.6888-
1.1772
—-5,.5439
-0 .4195
Ce.aa3t
0.5022
~0.0949

SUM(CtI3)
=340 .,471 a
-19%5.9899
~109.9696
-55.880%
-21.7836
-4.0890
5.7066

8.78351
113633
12.9300
133334
13.24513
la.18637

.5580

5.8179%

343877

le871a

1.0042

C0.097a

l1a0aarg

153902

2.2730

3.1212

4«.3%580

00348

32622
11.199%
le.2021
17.3808
20.785%0
24.243a
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4.89356

-26.000¢C 7.-7520 -0.0a11 -3.177% o 27.680%
-28.00008 8,085« C.0050 J.35813 -1.7272 J0.9286
=30.0000 2.2600 0.0342 ° 1 .5005 ~0.1460 33.8376
-32.000¢ 28,3148 Q.0482 1.1199 C+00aa R 30.2683
-34.0000 8.2%20 Q.0a00 1.20a8 ~0e.2414 38.1928
-36.0000 a.g9a7 0.0238 C.332¢ 03900 39,0503
-38.0000 7.82231 =0.0093 02963 0.0814 40.40%6
-40.0000 T.a378 -0.0%87¢0 0-0067 0.50%0 40,4290
-42,0000 ¢,5401 -0.1169 -Q.9703 0.6206 i 39.7295
-44,0000 &.410% ¢ ~0.1068 -C 7879 0.079% i 38.353s
-46.0000 “.8113 ~0.2026 -0.58921 ~0.2944 36.3808
-48.0000 ¢.1822 =-0.3a23 -0 9229 -0.3094 33.9161
-%0,3300 4.2813 -0.4%878 -1.8800 -Q.4a58 29:20645
-22.0000 31,4090 -0.5699 -2.2937 -0.1941 24.288¢
-54.0000 Z.6409 -0 .6657 -X.1788 08962 19.723a
-%6.0000 l.8132 -0.7686 =3.345%0 Cat128, 14.2573
-%58.0000 1.6C00 =0+8667 -2.9392 85.027a ; 8.4340
-60.0000 C.30%a8 =0.9477 -8.49%6 3.0740 : 1.5911
-62.0000 -1.0629 =1.1406 ' —4.7239 -0.1109 -8.0783
~64.0000 —2e3742 -1.2903 -, 85821 ~0.a%8% -18.56997
-66,0000 -2.2%577 -1.4163 -4,0887 B.4309 ~27.95%4a
-68.,0000 -4.585%6 -1.5861 -4 .21296 -0.2301 ~40.86746
=-70.0000 —-%,6143 -1.72238 —-2.,30%2 -0.19%3 ~51.67%2
=72.0000 -g.82s -1.8473 -=,2%71 0.00230 ~-02.1837
=74.0000 =7.894% -1.9979 -4.3933 -0.1074 ~7%.1853
=76.0000 =S CATA -2.1821 -7.4738 -0.6013 ~31{.3453
-78.0000 =1C,79%s “2.4083 -5 .2211¢ -0.8687 -l11.5249
-80.0000 -12.899¢ -2.8873 ~12.0537 -2.6044 -136.8407
-82.0000 -12.3492 -3.012% ~15.5300 0.a234 -157.0837
-84,3000 -17.31208 =3.2481 ~13.0610e 1.0456 -190.9833
-86.0200 =-1%.13%4 -3.%162 -12.3992 13674 =218.6471
-88.0000 =-21.4213 ~-3.8217 ~14.95%0 0.3402 =25C.0706
-90.0000 -24.0350% —4.,1704 -18.93%1 0.3882 -287.8184
—-$2.0000 =27.Ca457 —4.%56%2 ~-2C.3311 -1.238% -330.9%7%
=94 .2000 -~3¢.47%0 -%.0258 ~23.3810 -1.71C3 =38 1.1401
-38.3000 =34,4091 ~5.,5497 =25 .7%04 0.5247 -4338.609¢6
-G8.0000 -38.%643 -%.1032 -32.8472 1.1188 -%03.06064
=100.3000 -42.176% -g.7181 -2¢.402% 0.4097 -%74,8721
=-102.000¢ —ap, 4216 -7.416% —-42.38%7 0.9707 -857.46621
-104e0000 —24.3839 -8.2109 -47.273% ~0.5109 -7%3.2312
-106.0200 -41.210% -9.133% -5&.3738 0.1918 -865.605%50
={06.0000 ~ES.20¢45 -10.1938 —L4a.583% —2.8407 ~9946.4653

STATEMENTS ZXECUTED= (1224302
A d

CORE UJUSAGE Q8JECT CODE= 18800 AYTES.ARRAY AREA= 401ts BYTES BYTES

DIAGNQSTICS NUMBER QF ZRRCRSSa Cae MUMBER QF wARNINGS™ 3
COMPILE TiMEw 180 2EC.EXECUTICN TIMEw 201.01 SEC. 1220 . SHATFIV = ™Mar 1<
\/
csgQr R
*
AN
€39
q .

AN
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28.09700
24,0000

-1C.J0C2
-12.00

-24.0000
=26.0020
A -28.07223

-

Sample Ingot 20

Me<al Chemistry - C 3.62 %, Si 2.60 %, C.5. L.us7%,
Mn 0.58 %. Cxr 0.12 %,

Y{I}
aZ.8730
J8.a178
Ja.83C1
21.4732
2€.1088%3
22.5667

2319

n 4P
WO~ 9
[ R PR ¥ ]

e e NN
innmlalt
.

O
[’}

D IPESI YN NY Y]

Al 0.020

2.n117
1.a72?
17384
1.5216
1.2224
C.8701
Q.22¢C"7
—0.1a42
-2 .a773
~N.6917
-9.80%9
-0 .89a7
-0.923n
~1.38%6
-0.9323
-3 .80a7
-0.8060e
-0.8239
-~ 7828
-9 ,73a1
-n.6781
-9.6292
-0.5850
-0 75auZ”
-0.5030
-2 0777
EERNL). TS

=C.n3348
N2

LA

s

e

Mg 0.42 /('-

€{Q0o0 }

¢.3423

4 ,80006
23722
2.22%83
J.2882
2.28a
Z.4061
2.4089
=-0.a44a01
—3.0148
=1.3927
~C +7908
=0.732%
-C.3238
C.aa358
C.3519
Q0.1292
C.27%9
-C.313%2
C.1321
-0.019¢0
-2.872%
T.1498
0.5190
C.8727
1.9380
=0s61a9
28923
T 230821

Cu 0.07 %,
S 0.006 %.

CI{EVEN)
C.1358
=C.0343
0.2101
-0.1072
-9.1279
J.2212

C.29A7
2.2860
1211
-0.6413
-2.21i1a
=1.8049
=Ne7742
C.3132
J.3030
C.26069
-0.0580
0.2301
-2.34069
=N,3412
C.1491
Cellal
C.2024
C.8651
3.3312
J.460aa
33063
J.061487
2.2939
-.0093
=1.0737
l1.4940
=Q0.049%
C.5003

SUM(CII))
-129.6219
~10%.0219
-82.687%
-63.2437
-<3%,9028
-32.77%0

—22.A534
-17.1371
-12.4388
-4.7450
=2.39Ca
3.%832
13.8088
12.9%e 8
78332
4.4817
27843
1.73Ga
39979
2.00683
1.0089
1.07%9
2.0324
2.7324
3.6584
4,829
6.2962
T.8320
J.4%82
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~3C.2800 a.07Ca -0.4381 C.0623 T 05509 19.14a8

-32.039) 4.83%2 —-D.aa13 £.3298 Nal1426 20 .2896
~34,32390 4.aCb0 “C .a5%7 ¢.2680 2..340 2%.711%
-36.CMC2 4,2199 -0.4785 8.1085 0.0310 20.9%66
~38.09200 2.5830 -0.5%asn —C.016% -0 .022% 2C.9071
~a4C.2300 2.70%3 -2 .%5331 -C.0122 ~0.1990% 23.4839
~42.2300 1.3972 -0.57%7 -0.2176 -0.13228 19.7430
~48.3200 ¢, l.C7¢0 -0.8158 -0.3128 =0.1960 18.72%2
~46.2032 c+32S2 -0.67%2 -7.8300 -3.237a 14.590%
~48 ,0000 <.1383 -2.7306 -1.3300 =-0+.0498 14,3911
~5C.0202 172219 . g0.T8n0 -1.%113 D.4a0% 122483
~%2.39¢2 1.23a0 -0.8277 16.7737 T =37.923a G.5436
~%4.0000 - C«8992 -%.87%1 0.06479 -1.4535¢ 7.1739
~%6.3002 L.alsa -2.9243 -2.2783 0.77%6 4. 1728
~%8.3002 C-CCCO3 -1.0Q2% -1 .4493 ~-0.2571 5.4997
~60.32300 ~l.4406 -l.1371 -6.13J21 Ce3las -10.89%9
~62.30729 -2.C75%1 -1.3%28 -8 .6482 0.0279 -24.i322
* ~64.39202 ~4.2918 -1.%492 -%.56340 ~0.232% -35.90%1
~66.0000 -2,8042 : =1+7a68 ~7.3798 0.1871 -%$0.3503
~68.3000 -7.4342 -1.9678 ~4.,0802 . ~0.3053 -67.1213
~70.3060 -2.417C -2.117% -5.4702 -0.83%53 © =77.68a3
~72.3000 -5.9478 ~2.296a -8.8046 —0.73a3 | «Ga.%a20
~74.3003 T-11.2838 -2.3127 -3.7780 =0+%21a ' =113.%5a0Q7
’ ~786.2200 -12.%232 —-2.7%483 -11.7a08 7.36%¢ ‘| -130.2944
~78.32302 -12.35640 -3.073: -1%.4%39 l.«305% ~164.2354a
~30.3000 -1£.8589 -3.45%¢ -1%.0379 0.8191 -19%.6729
~82.3322 -24.14a -3-9132 —21 +48Q0 T.13069% -241.2777
~84,2002 «23.966 -4.29%87 ~19.9467 11603 -278.8%08
-\ ~-46.,0000 -22.C8Ga T —alTOSt -18.9711 =2.2402 : =321.2732
; ~-88.2320C -31.£567 -5.13086 —24.3777 =C.327C ¢+ =370.8a26
: -80.2000 38,7522 ~5.72%6 -2%.51:7 0.7a33 —-428,179Q
~-Q2.0000 —al.a%10 -6.3%15% -1%5.8%20 2.2750 —a9%5.33%2
~34.3000 -2, 25%9 -7.074 -3%.1:22 _ -1.13a% ~-$73.832%
~96.3030 ~%2.2402 -7.922% -47.7852 2.818% -687.7861
~-398.0200 -56,7370 -8.9208 —-%£7.511a 1.5912 -T79.6242
~-100.203) -6¢.a538 P -1%.8822 -ta.m92: -1.16%0 -311.7439
t
” STATEINENTS ZXECUTECw 1616037 . i
CIRE JSAZE CBJECT CINE= 13796 AVTES ,ARRAY ARSAw 3018 BYT! mYTES
DIAQGNISTICS NYMaER QF £P9QRSx Ce NUMBED OF wARNINGSa ]
COMPILE TIMEx Te99 SEZJEXECUTION TIimME= 172.80 SEC. ’ (9.23.4aTF[v = wal :6g
i “\\
CIEBCF
-
N——
]
|
- _ L4
ﬁlv‘q
.
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Sample Ingot 21

Metal Chemistzy - € 3.6L %, 5L 2.86 %, C.Z. 4.59

¥n 0.75 %, Cr 0.6 %, Cu 0.t ';:
Al 0.022 %, Mg 0.042 %, S 006 %
<
x(1) YtI) 2(1) © C(Coo) . CLEVEN) SJunM(CtL))
42.000¢0 a7.827% $.3138 -8C8.93206 -0.a571 i =176.6333
40.2000 3J2.422" s.0aa8 25777 -Q0.1930 ~1L{7.a398
38.3300 JC.5186 2.0a28 21 .8212 0.1525% I =73.a92%
36.0000 2¢.2%13 2.4900° 114498598 D40663 —eu.9721
Ja.D000 2I.87%62 2.0737 8.7%51 -0.0884 -32.6387
22.3007 2C. 7849 1.0661 73623 J.1a71 -18.2200,
, 30.2300 19.281%8 L.82¢7 2.782 2.2372 , =12.12:9
28.9000 18.7370Q {.4Q0%2 1.8790 2.32ae9 -7.T141
26.00Q00 17.4499 t.2810 1.980% Cea2b4a ! -2.21:8
24.000¢0 1¢.89a7 1.1402 1270 c2.33La =-3.0267
22.0303 12.854a C.Q78B8 J.1998 -1.2230 . 3.9249
20.0%00 12.572% 2.0860 3.306% -2 .3737 >.39"~9
18.8200 11.3¢10 ¢.J%6a 29960 -2.8522 L3.9979
- v 18.3300 S.417% €.1321 2.a838 =7.0%a 1o.8172
14.0000 T.8638 -2.1072 -C.71183 -L..223 23.1891
12.0000 “.7201 -¢.3641 —~2.83a9 T.2348 10.0293
te.c000 4,2332 -0.5669 -2.1194 C.3420 0.4743
s.3000 2.tass -0.712¢C -1.2%21 2.9901 4.1523
0.0000 Z.11489 ~J3.33a6 10.4379 -11.2922 20238
4.0C00 te3¢%0 -5.8%28 ¢.2812% =-7e324a5 l.ad3%
2.0900 1eC863 -7.49%3 -2.11%% -C.1318 33008
0.0000 1.2C00 -1.38%6 =-0.2781 -8.102% ©0.009%
—2.22072 12823 ~0.%4738 4,8923 -2,3765% 1edet
-4.0000 1eS58a? ~C.8971 g0.1207 C.la%s8 1.573%
-6.00040 1.8770 -0 .8480 T.1962 5.1360 ! 2.2382
-8.0000 i.16%a -c.89027 Ca2696 0.1362 3.¢%560
~10.0000 i:5778 " =0474062 1 .389% -0.3236 . a4.1373
-12.2000 J.1389 ~C.8713 C.Oale C.7%873 $ 882
-14.0200 2.8323 -2.5797 =-C.1%680 1.2292 PeS3nS
-16.¢209 a.és1] -0.a4%% 2.2A73 ».3322 13.3091
-18.,3000 2.8148 -2.,3a1 7% 1.738% w Ta9319 le 2312
=-29.5)00 ¢.248¢C -0.2%532 3.29190 =1.79%8 17.a718
-22.0000 ¢.3383 -¢.17¢% 1.27%91 rf.al?s ! 27.3065%]
-24.0300 7.2%541 -0.098!¢ 1.23C3 2.2096 : 2«.3a51
- -26.8000 7.7782 -0.0377 2.38.18 -0.8e70 : 27.77aE
-28.20023 t.Cm8a 2.0¢7s N 2.1%6% -C.5322 31.222a
-30.0000 £.2664 c.02%4 )] C.77a7 CQ.063a 33-d47348
-32.3000 2.2127 0.045%50 -2.038¢ J.2238 30.2013
-3a.3009 8.21%6 c.02%9 C.079: £.9202 . 38.2291
-36.2002Q g.1812 C.0307 -C.i10a8 1.0028 ' 39.90%2
=28.£00 ?.9991 2.0137 C.a322 0.2660 ' 21.3017
~40.20Q8 L Te22e7 -0.0178 c.453~ -5.9%9a «2.0392
-42.2000 T.38Cs -¢.0621 €.2123 ~.3%al 42.092¢0
ch2
<

. \
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-~
rd
-44,0000 2.53%9 -C.1178 -C .2378
-46.3000 ¢.4329 -¢.1818 -C.00%1
-a%,3000 s, 8787 -0.2523 -C 6507
-50.22J00 2.572a -0.2%88 L .. ~Ll.838L__. .
-%2,3000 4.223a -C.a042 -1.83%5
-%4,3000 2.4500 -0.5627 -1.3739
. =~%6.0000 1.7422 -0.6%521 -2.2231
~58.000¢0 1.G428 -0.7%22 -3.3402
~460.0000 lela2s -0.84%8 -3.8038 -
~62.0380 -2€23 -C.932% -4 ,.3%5a
-64,3000 ~C.88%7 -1.0973 -6 .4935%0
-686.9209 —-j.2297 -1l.2a13 L =t.67a3
-48.0000 -3.C287 -1.3947 -1.3829
=70.£204 —-4.20857 -1.530a “a,7782
-7213080 -2.1511 -1.6638 -4 .4830
-74.0000 -¢,2403 -1.808% -%.,4213
-76.0009 -1.61¢8 -1.Ga88 -7.118%
-78.0000 -5.0%¢0 -2.17%7 —5.097a
-80,0009 ~18.2223% -2.3288 -12.245%0
-82.2000 -11.82122 —-2.%443 | | __ -2,90%9
-84,0000 -12.8662 -2.7772 -5.8728
-86.0000 —-1%.£6388 -3.082% -12.312%
-88.0000 -18.09%2 -3.3790 -1%.4318
~90.0000 ~18.913218 -3.8211 ~1a.2118
« -g2,3000 =21.54a0 -3.a9:% -17.8¢a3
-%a.237200Q =24.214aa -a.l03s -18.110%
-96,23030 ~22+.7%ag -4.%5321 . =2%.0a%3
-$8.2000 -2G.401L —-a,6112 . . =22.1188
-100.3000 -3l.%C1a -%.,a30¢ -2C.917%
-1082.30¢0 -28.2309 -6.8738 -3¢ 2402
-108,000¢0 -41,68876 -6.82a6 ; -42.7803
-1C0.0000 -45.290% -7.%a71 -44 .4G38
- =108,3000 -%4.%5A79 ~8.2357 -a4a 2451
Y -110.300 -¢£e3913 ~-9.012: -a7.5078
~112.2300 -¢¢. 8778 -QL.A?7e -25.0557
T =114.0009 -7a.,3122" -10.84aa% ~2C.93Ma
-116.0000 -8z.4088 -11.9a7} -71.35%%7
- - =118.2000 -91.7267 -13.1893 -8%,03%83
o STATEUENTS AXBLLTENR Jae=iag
»
LU
1
3
caz

—

{‘q
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=0.074%

T.272a
»0.25%0
-0.3233

-7 .4381,

-0.3303
Q.06e03
C.0189
Q.3610
1.2057
2.0387
0.30238
=-0.3031
-0 .2299
~0.03%a
-2 .06304a
-C.7T023
Debl6L
2.276¢

=C.0007

=152 8
-1.3737
~0.81C2
0.88%90
2.7840
QeI
J.5619
=-2.030¢C
D.9748
~-1.0%34
=Z.4Q2e
Ne8170
J.2a78
~2.3203
2.5872
-3,1451
=2.492%
17048

al.2006%
«0.2011
Is.3028
38,5477 __
J3.0069%
2%.5541
21.1927
1%5.7320
Febaosd
3.%471
=3.1467
=15.837a
. =2T7.2038
=-30.2797
—w3d.72%6
=~00ed84«10
475.,a78¢
—93ewalt
-13¢.37:48
=-129.2967
=15l.1l104aa
-178.5800
-211.5%4a38
-238..a78
=203 .=2Ca
=J22.0696¢C
=3+ ]l.04838
-3dS.%a10
a4 3.347a
=520.24048
=403.35323
~43$7.13a1
-7T5%.:316
=98 w.037Ta
-9V 7.782S .
~-112%.873¢
~1273.587nQ
—1342.1530

Further reproduction prohibited without permission.



20.93000
28.020¢0
26 .3000
24,0000
22.5000
20.0000
18.0300
16.83¢C2
14,0000
12.000¢
4 1€.0000
5.0000
6.003C¢C
4.0000
2.Q00Q0290
Q.20QC0
-2,33C9
-4 .0000
-6.2200
-8.0QQ0
=10.00C2
\ =12,3200
-14,0C20
-18.0309
-18.30Q0Q
=20.3 200
=-22.0900
-24.3900
-26.0000
-28.23009
=-30.0200
=-32.8000

W

Sample Ingot X

Metal Chemisty - C 3.77 €, Si 2.47 %, C.Z. &.59 %,
Mn 0.62 £, Cr 0.15 %, Cu 0.06 %,
Al 0.020 %, Mg 0.036 %, S 0.008 %.

Hiaa
Mryarie

‘e o & 20 8 ®
B atadn
PN RNWUAY
UD—-IbG
PONaNDO

Mmastiaianre

(]
L4l

3
-
[V}

12793
1.83¢6
cdedCLa

LAS &
6.088a
44,3398
J.0098
le9a8%

1.3488
1.1347
Q.930"
N.7T848
0.4432
q.3027
C.3288
S.0841
-0.18320
-0 .404a)
~0.8772
-0.711%
-0.8171
-0.8%9062
=0.917a
-1.28%¢
~0.9023
=-17.8860

- =Q.866C

-0 .8509
-C.8307
-0.8083
=0.7921
-0.7782
=-0.78672
-0 9
-0 o P386
~0.7817
~0.7707
-0.78
-0.7991
-Ca81¢4a

{

C{o0D}
-860.3616
42,9501
2%5.7218
12 .9093

-C.0723

—t

Cl{EvEN)
C.0582
=-0.1081
C.028%3
=0=00698

-0s1133
Ce21%9C

=-0.0733

SUM(CITI})
=211.3%90a
=123.70066
-64.2061
-28.5265%

~-6-8813
~0.2563
4.7180
2.8132
tlall03
13.1398
18.1864
L7.71463
la.03%90
T eS400
643313
4.13563
2.6%881
leb870
C.9015%
Q.0080
Q.9738
1.3578
« le7782
2.281 4
2.8802
3.383%
4.2501%
4.930%
S.6037
0.24806
647842
Tsllas
7.30%81
7.3%01
7.2517
6.90600C

-
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RN . .
?
\\\\‘
-
~J&4.000Q0 1.0000 -0 .8667 C.4937 =le3384 S.2347
-36.0000 S.Ldte ~0.89%8 -C.5879 8.0217 3.902e
=-38.0000 Co26¢a ~Q0+9290 =€840} =2.00677 240748
~40.000¢ -Ce2229 -1.0o0n ~1lea731 - %.1306 =0.35100
—-42.0000 =CaG2¢a ~1.1253 -1.6868 =0.3014 -~4.4860
—~44.0000 -1.6209 -1.29%1 ~1.7676 -0.3%1e ~3.80a47
-46.392C¢C -2.2183 =1.2903 -2.010 ~0.3121 =13.4911
-48.3000 ~3.c£258 -1-3783 ~2.4178 ~Qa1104 -18.5476
-30.0000 =-2.7042 =1.4473 =~2+9927 0.2792 =23.9748
=32.00 -4.1772 =1.32%0 =2.3003 lelt83 - =2%.2387
~34.2000 —4,.7243 —~1.560Q7 -2+3331 Q.+ 0094 =33+2899
—36.0000 —2.27Q =1.20%S =-2.3017 07617 =39.3687
-38.030¢Q ~L.133% =-1.7863 =Te7342 8.0610 —46.71061
-60.8000 =7.C437 -1.9062 —4.5847 Ce.1296 =-535.4260
-82.0203 -7.573% -2.0293 -4.6013 -¢.19%05 -05.1895
-64.0C00 =8.5471 -2.31388 =-8,3662 =0.2391 -T3.6000
-66.0000 =1C.C0¢7 ~2.306% —C.2346 0.1178" ~87.8339
-68.0300 -11-3¢0% -2.a782 =4 .8862 -0.3176 |. =~102.2e206
-7C.0000 -l1i.24589 -2.6771 -5.8%86 11942 -119.2814
-72.0000 -14,3587 —2.9083 =1C.0243 ~=C.0373 =139.37%1
-74.£300 -1€.423¢ -3.177a -11.1427 -2.7893 -183.2391
T =76.0007 =-18.548¢42 ~3.49106 -1J.3238 =0.863635 =i91.56030
~78.8000 =21.746% -3.8382 -17.2017 C-30064 =223.3938
—ac.33202 =34a,457a ~a.2442 =12.7372 Q.33a8 ~282.1987 .
-82.0009 -22.C097 =-4.0919 =21+7863 0.2008 ~303.3694
-84 ,0300 -21.2820 -5.2081% =-252.2242 ~0.2096 =336.2371
=86.0000 -2¢.3782s -S.808% =29.4903 =3.5319 ~4106.28290
-838.2000 -41.£022 -6.%5030 -2¢.9%05 1.4943 | _am7.286e
=-90.0000C -47,.64800 -7.J129 “4C 9273 =1.0920 -571.32%7
-5$2.3302 -ta.741% -8.23528 ~45.78a7 ‘0.1081 -67C.3%588
~94.00QQ ~¢i.583a -9.3508 -22.5716 =-J.3588 =-7T838.4199
-98.80Q0¢C =73.43C72 =18.¢262 =72.0436 L.9272 ~928.8567
-98.08000 -€l.1889 ~12.0430 =75 2044 Qeb2a6 =1083.93640
=100.0QC¢e -6 11323 -13.2379 =-715972 Ca7618 -1227.5070
-102.00Q090 traunacs -14.5681 —E88.7072 0.5763 ~1387.8690
—toa.000Q AR A LA L] =18.C&87 —€5.88%2 -N.7T7T%9 =15369.1990

4

STATEMENTS EXECLTIELR 1794222

CORE USAGE OBJECT CODE= 18784 B8YTES.ARRAY AREA= 80:&6 AYI& BYTES
. dracNOSTICS NUNMBER QF ESRROAS= Ce NUMBER OF LARNINGSa ] 0
y COMPILE TIivEm 103 SEC.EXECUTICN TimtEm 129,04 3EC. 20114 wATHIVY - warR 15 *
- r
oszom :
]
/
’
-
cus
e
»
-
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Xt
2240000
20.3C00
18.0000
18.0000

14.0000
12.0000
10.0000
8.00808
6.0000
4.2000
2.030¢

0.L 000

\ -2.0000
-4.0000
-6.£000
-8.2300
~10.0000
-12.2000
-14.0000
-16.0000
-18,030¢
=20.0300
-22,0000
-24.2300
-26.0000
: -28.3000
~30.0000
-32.0000
-2e.300¢
-36.0000
-38.0000
~a0.0230¢0

Mezal Chemistry - C 3.94 %, Si

i1l
¢a.1782
48,8681
J1.4323
24.6822

[OYOu
D~ OtIy”

396

4«23002
1.22¢3

[e 3

¢

Samplc Iagot 23 .

RCIY

- TeS110
21432

J.3914

2.16%7

le2all
C.8428

C.173a
-0 .254¢
-2.3924
=0 .8454
-0.9¢al
=-1.32%6
-0 .999%!¢
-G.8972

‘=0 .8204

=0.73%8
=Q 6743
-N.5987
=Q0.35294¢
-Q.a718
-%.4291
-0 . 4349
-C.3830
-2.27a7
-Q.38008
=Q.40e7%
=C.a928
-0.9270
~-0.%947
o RY-1-T Y-
~0.7272
-0.7830

2.40 %, C.5. 4.74 %,
Mn 0.56 %, Cr 0.11 %, Cu 0.05 %,
Al }.020.%, Mg 0.035 %, S 0.006 %,

ctO80)
~4Ca.2230
20.2637
2C.1061
11 .406064

7.0J47
L AeJATYy
1.9237
~-1.3887
=-1.8930Q

=1.048a

=-C.300%
=C.62e8
1.1262
Cel3t2
t.3198
L7343
Ce6138
C.4872
7803
1.3882
CeS638
2.6346
C.3482
19391
=C.1997
c.0810
“CJ176
-1.2871
Ce5497
1.50a8
~ =C.813a
-C.6811

CLEVEN)
—~0.2320
~0.2337
“0.0C36

0.2192

R.1702
~0.3898
-0.0890

Q2.2388
-0.00686
~Q.1182
~Q.1240

Ce0915
~0.6011

Q0.1307

0.0806
~0a 1427

0+ 1569

Q.1336

0.1633

~0.4110 .

~C.0260
Q.1906
~C.1197
-i1.1972
Qe 7399
“0.1313
0.0139
0.7187
~1.3280
~2.417%
~-0.3430
02834

~0.332s
7.532a
11.2508
2.58%948 "
a,a7%s
2.37422
1.0738
C.C096
1.05%7
1l.6196
2.4292
3.8033
S.1443
6. 83405,
de7369
1o.u°1q_//\\

12.5699

NP
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-42.,23200

1.2¢81

-0.8321 -C.7991 -0.1792 ' 7.9716

—44.0000 ¢.816% -0.8862 -1.4732 0.2e21 ' £.5094a

-46,3000 CelacCsa -0.9309 ~-C.68%a -Q.6829 . 28049

-48.9000 ~C.l188 -1.0%93 —1.3664 -0.0428 ~0.0134

-80.0000 —-C.2315 -1,0834 =0.7302 -0.8819 -2.837a

—-%2.2000 ~{e944a2 ~-141270 ~2.80%9306 13901t =S5.84a4a

-54.0030 -1l.2404 -1e1722 -2.,83929 70776 -8,90809

-56.0300 ~l.taasn -1.2104 -1.0528 -0.2596 , ~l1.57%7

-58.3000 —%.CaS3 -1.2403 -1.3124 ~0vass] | -1S.1108

60,0000 —-2e2761 =1 2280 =2.0799 -Q.A261 , =-19.9229

-62.0200 -2.2629 -1.3646 ~1.3830 -6.1332 ! =22.95%2

-64.0000 ~2,1%%0 ~1.4n2% -2.1201 0.4930 I -28.20%8e

-546.,300Q =2.4908 -1 +4862 =1 6860 C.08%a -30.0030

-68.000% ~2.8773 -1t .4948 -2.4839 6.2066 ~34.4373

-70.930¢ -e.222% -1.55%4 ~-3.0872 N.4878 ~39.0368

-72.0000 ~4.84038 -1.8233 -2.9111 C.8%40 ., =a%.7307

-74.0000 -t.ea12 -1.7023 -4.3938 0.7881 b -82.962%

-76,0000 -¢te,14012 =-1.794% -8 .48a8 C.2190 T -01.493%

-7843000 -€.55€3 ~1.9n022 ~4.5894 ~0.4719 [ =71.6162

F=8Q.0N20 -7.9122 - -2.0287 -2 .,4061% =G+ 3562 -83.,6042
-82.0000 —Q.CI%1 =2.177a -7.1188 -0.0728 =-98.04869

-84.0000 -1C.22¢a -2.333a -7.9804 0.115% -113.79a8

=-86.0000 ~1(.Ga8a ~2.,4319 —-2,0301 ~C.4319 =124.7988

-88.00008 -11.7284 -2.33%3 -5.5382 -3,446a , =134.8641

-50.0000 —12e271a =2.86478 ~¢.08A3 ~=C.3529 P =18Q0.110%

-G2.0300Q =-11.4822 =2.78690 ~8.7083 1. 11 ! =loM.6AAT

-Q4,3000 —~l4.448G7 —-2.8003 ~7T.4218 -0e.5%545 I =180.8020

-G6.3090 ~12.2377 —=J.0a26 -2 .83:12 T.0640 =-198,129

-Q8.20097 =-12.0894% -3. 1947 -5.3120 0.2838 =2:17.3852

=-100.0000 -17.54822 =-J.3626 ~11.1463 38640 =238.%499
=102.00C2 -18.307¢ -J.%aa7 -12.4081 2.97QQ -261.8198
~1¢4.00C0 ~2C.5878 -3.768s -14.5462 0.3276 -290.2629
~106.0380 -22.206a —2.0639 -18.0934 -0.3832 [ -327.2161
~-108.000¢0C -2%9.7012 -4 439641 =2C.22068 =-N.824] =-369.3186
-110.000¢ ~28.=028 ~a.7700 -23.4410 -0.3715% | =e17.3438
=112.0000 -21.67323 -%,1914 =27 .4215. =0 .0039 —a72.1944
-114.3300 -2<.2aa8 -5.6672 -22.5383 1e1701 -53e.3187
-11s8.0902 -35.2811 C =6.2049 -3¢ .87ea 0.70%8 -606.7358
~118.0200 —aa.a17¢ -6.8992 . —4s.1860 ~0.a82: -698.2120
=120.23Q8% =SL.523522 =-7.7372 =22.278a 17885 1 -803.08618
-122.0000 -~£7.4092 -8.5547 -d%,86549 1.9738 1 =937.2241
-124,0080 -t2.6169 =-C.TSal =74 .6660 -1.2178 -1C38.9910
-126.2000 -7%.3210a ~11.00%a -8&.C%58 -~1.6C02 -1284.3030
=128.0000 -2C.2122 =12.45G61 -102.8866 Q.780a ~ja70.51%0

STATEMENTS SXECUYECE 2¢Caésss

CORE JUSAGE
OIAGNOSTICS

SESECT Col0tm 18784 3YTES,ARQAY ASCAa 8016 8YTES BZYTES
NUMBER OF EPAOASH Ce NUMBER CF wARNINGS= | o

i
CeP0 TEC.EXECUTICN TivEwm

)
CONPILE Tiwgw 23e3J.A%MATI Y = waR 1

212,60 SEZ.

cu7
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Sample Ingot 24

Metal Chemistry - C 3.86 %, Si 2.70 3, ©.T. L4.76 %,
. Mn 0.52 %, Cr 0.12 %, Cu 0.07 %
Al 0.020 %, Mg 0.026 %, S 0.006 .

xX(%) y{1} (1) C (SO0 C(EVEN) SuM(CIi))
16.0008 41.,3931% a,a58% =-74C0.7458 T=0.1900 T -%50.91:8
14,2000 22.C<a? 2.22%¢ ; 12.93262 -¢.0978 -13.23%2
12.8%00 17.7171 . 1e21%9 ° ¢.83a4 02757 0.3848
10.0000 13.27C8 C.46%8 ) J.45%18 0.:307 4.5492
8.0000 2.2e¢81 ~0.077a ... Ca487% 0.013% P91 S
8.3¢C00 2.6%%8 -Q.a2%2 - ~2.0481 . 0.0362 5.9279
4.0000 2.89¢8 -2.73%6 -1.%572% 0.16%6 3.1139
H
2.3900 1.02:26 -1.0119 -1.0158 0.1a06 1.3642
04.9002 1.0€CN -1.,38%8 . -1.00a8 0.4108 0.0076¢
-2.0000 1e47¢5 —-C.$748 -3.8536 l.ag6a 1.1131
- -4,30Q0 le6229 -0.8922 . =.09Ts Caaata 1.8008
, -6 .3000 Ze22%a -0 .804% -41,8683 42.3969Q 2.799a
— " -8.030¢ 2.a146 -D.6842 S.6271 0.2003 a.a%5a
-10.0000 4.8CC5 -0.,5241 1.0308 2.22%% 6.98a7
. -12.0000 2.£126 ~-0.3813 1.3%52e 0.0800 S.8ac6
-14,0000 €.2871 -0.2673 1.471% 7.010¢ 12.8140
-14.0000 ¢.8723 -C.181« {2946 c.2087 18.7403
-18.0000 72483 -0.1329 1.0039 . 0.2718 1842912
-20.3300 7.2419 -0.12069 1.0432 =0 1178 20.1422
-22.00¢9% 7.1708 -0.1282 C.85480 0.1980 21.8%00
~24.C000 7.392% ~g.1760 1.10%3 0.0411 | 24,1429
-26.0300 J.312¢ -0.1099 1.0600 -9.2214 25.827%0
-28.0090 c.8%az -g.1390 \\\<j-4307 2.8946 20.747%
-3Q.£300 €.3219 -0.1908 £.0208 €033 20,8379
=-32.0000 “.9%2 -C.2602 -Ce2137 -0«137} 25.1564Q
-3a.0200 -.::i; =0.342% -C.776% £.0588 24,7198
=38.0000Q 4.624% -0.4aTQ ~1.917a o.891¢ 22.967
-38.0300 l.%C71 -0,.5648 -2.0801 122919 18.4510
~40.00929 Z.8738 -0 .067S . -2.8019 2.048: | 14.983a
-42.0000 1.8270 . -n,7706 -1.253a ~0.a703 10.93480
—44,02%00 t.¢CCO * -0.86687 ~1.801% -0.3830 8.35672
-44.2900 t.¢CC0 -1.5000 -2.952% 0.5192 5.700%
- -a48,02300 -C.39¢2 -1.084a% 1.1%01 -2.2%08 -l1e.1811
-%0.0000 -C.81¢1 -1.0912 =-C.70a] -C.387a ~3.30644
* > .
- . vu’e [}
LY

o

»
- L J
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e

~
~=22.00090 1.1223 -La.8322 Z.332s 0.6C11 ¢ 8.35027
~34.0000 —1.1480C =1.130°% ~8.7268 " 0.0909 . ~7.30648
~36.0902 -1.2129 —1el1942 =2 9093 2,398¢ | -10.3873
~38.00¢9 =1.7£¢CS =1.2230 =C 9093 -0 .2542 : =12.9146
~60.0300 =1.95a% =1 +24Ga =C 6741 =0.33a5% ~1A,9313
~82.7000 -—<.1817 -1.2782 -C.9989 -0.1999 ~17.3292
~64.00072 s=Ze04CC -1.312e -1.9914 0.36006 -20.1907
~66.0203 -%:784a7 ~1.3321 -2.2627 Q.3a80 =23.51799
~68.3000 =-2.12¢87 -le.4012 -2.1308 0.0673 . -27.74847
~7Q.C00% L le2828 —1+45%a ~2.6253 O.13:8 ' -32.7336
-72.0000 T =aallan =-1.5288 -3.5143 Q.a881 ‘ ~-38.785%
~74,0C0Q ~4.7%51e -1.6122 —4 ,43%97 C.7719 | -48.10609
. -78.300Q -2.2178 ~17129 =3 .,4a77 0.9337 ¢ -55.18%7
c =78.00¢C0 —¢ 4427 =-1.834a9 -2.86100C 2.0806 -56.287%
—=8Q.02300 ~7.367¢ —1.9824 =-¢.3Q00a -0.5521 ~-79.992%
‘ ) . -82.0Q000 -£.5382 —24 1547 =7.9213 -0.3781 -06.991 1
-84,0200 =1CsC9Ca ~2.317a =7.3608 -Q.83796 . =-112.2713
—~86.0000 -1C.ta78 -2.4182 —T.0241 -0.0629 . -123.064%4
~88.3C0Q ~11.872% —-2.5278 -2.8418 —0.4337 ( ~136.20Q03
=90.C 2300 -XZ.SQ?&/// 2,647 -¢t.3111 -0 .6222 -150.0670
-$2.09%09 =13.%442 2.777 -?7.9850 0.3228 ' —163.3897
-54.072C0 ~14.£077 2.918 =7 3742 =C0.4962 -182.3326
-56.£300 -14.,2877 -3-07231 ~S.4308 0.068064 -201.2719%
\'. -98.723C0 -17.C32s ~3.2418 -17.3278 C.1570 -221.8120
-1C0.0303 ~l1&.4138& -3.4237 -11.7376 -2727 N -244.7324
-1C2.01200 -1€.6243 -3.22089 -12.4083 C.06332 . =-270.2327
=104,2002 -2 l.2781 =1.8489 -1%.1369 1.029« -298.4473
, —106.02309 “22.297a4 -4.0892 —~12.4298 -0.2912 I =32F.5094
-108.0000 =2%.29%a —4.335« ~-1€.9€53 -0.5377 -364.91%8
=110.00092 -37.3869 -4 .ba7a -1€.7698 -Q.568931 -403.82%9
-112.02¢C0Q =25.992¢ -4.5679 ~21.1962 —Q.ae 18 -247.1018
—-114.0003 ~32.73C9 -5.33Ga -36.06639 1.4822 -a97.47%1
=116.C23C3 -l2d,5622 -5.8972 -37.4829 0.7308 ~-573.9730
*—1:18.0000 —41.77€7 -6.5376 -42,3702 =3-.37a6 l —63506.46893
=120.0000C —47.32261 —7.2743 ( —4?.7402 —-2.038¢ ~756.0062
~122.0300 —-%T.8923 -8.1819 -¢1.3162 l.aala -873.81%5%
—=124.0000 -al.1877 -9.3902 -~ -282.3228 =1.4832 -1043.8270
-126.0000 -74.3C68 -1c.8721 -1CC.Co0a -1.7638 —-1247.,8%940
-128.50¢C0 -e2.C717 ~-12.3062 =-1C2.3072 ' G.7780 -1a450.9510

STATEMENTS EXECLIECw
CORE USACE

182aaTa

CEJECT CODEw 18784 SYTITLAFRAY AREAXN 2016 8SYTES BQYTES
T DI AGNOSTICS NUNS 28 QF TRQOPSe Co NUMBER CF wA@NINGS= ]
' CCMPILE T(NEw .94 SEC.EXECUTICN TINE= 199.83 SEC. 1.58 .32 4ATF{Y = waR 1
CIECF .
!
P rd

49 . .
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X{1I3}

20.34Q00

18.0000

162300

la.0000

12.09200

- . 10.0000
8.0000

4.0000Q
A.3%02

2.0000
0.03¢0C
-2.0000

-4,0000
=4.0020
-8.00Q0Q
-10.0000
=-12.00%0
- =-14,0000C
16.02300
-18.09000
-20.0000
-2.00Q0
—~24.07209
-26.00C3
~-28.39249¢0
=30.0207
=-J2.0Q02
-J4.0000
- -306.0000
-38.0000
—a0.0000
-42.0200
-44.£000
—406.3000
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Sanple Ingot 25

tal Chemisty - C 5,02 %, SL 2.44 £, C.Z. 4.83 %,
Mn 0.66 %, Cz 0.13 %, Cu 0.:0 %,
Al 0.020 %, g ©.033 5, S 0.006 £,

Y{£3
£S.4171
21.28%8
274262%
27.3633
16.4¢306
12.4C10
$.2228

£.1929
21.4023
.3t 80
1.8C00
1.0000Q
~ 1.0000
1.0000
10000
1.£0C%
1.C0ce
t.C0CC
l.taco
1.C200
1.C000
1.C0083
1. CCQO
1.CCC2
t.CC0a
1.0%09
1.0¢00

1.CC00
1.C2C2
10000

Cal2a2
CeC1:9
C.2582
€.1322

LIS
S.2346
€.70%2
J+95060
2.2389
1.4%0665
0.6207
Q.Q394a

-7 .39a1
-0 o789
~0.984a0
-1.28%6
-Q0.8667
-0.2667
-Q.806e7
-N.8667
-0.8667
-0 .8067
-C.8667
=Q0.L88647
-0.8667
-0.86867
-0.8867
~0.8667
08667
~C.86867
-2.8647
-0.8667
—0.£667
-Na806T
-0.8667
-0.£85]
=0+9087
-%.92s58
~0.93A0

CL{LO01})

~725.6008

2% .4964a
13016
12.31683
?.6839
A.433]1
148490

—2.017a
-1.613]
~C.06715
-1$783
C.5713
0.0748
C.110%
Q.0762
C.087s
Ces1183
{.0938
-C.1207
C.0890
BNN48Q
C.0054
C.l54a0Q
Te.01a0
€.1307
C.07a8
C.2636
CeaaQa

C.0a10.

2.03%91
=-0.3016
C.12%1
=2 .308a
~C.5898

>

C(EVEN)
~0.2249
—-J.2580Q

Cadas3

0.2031 .

C.1767
=-C.0020
0.0621

. c.00:9
~0.0767
-0.1a71

1eal7]
-0.1C088
Q0737
0.0233
Q0.0372
29.07%58
301351
2.939%
Sa2%40
C.0aa3
Q0.3806a
2.0329
-0.0207
C.110a
~0.0173
0.858%
C.0077
~0.3161
CaQ92e
Q-Q742
~Q.0337
-0.6117
~0.2333
~-0.008%

Tt S e 3 v
NUN OO~
oOoUWOwe W
@~ »rJEOWD
PO—OLOOD

Ne 0O N

e



: A2
-
J
~a8.0000 €.cCCC -1.0000 -0.4116 -C.1663 | 0.7020
-%0.0200 -Ce851® ~1.09%a -2.3313 CJ1607 -3.6332
-%2.0000 ~1.2189 -1.1587 -232.9478 21.8933 -7.7489
-%4,0000 -1.78¢2 -1.227a -1.8078 -0.33%0 -12.1962
-%6+09200 —Z.2416 -1.284a4 -1.51%2 —0.a2]a -18.029%
-%8.3300 -3.7CS82 ~1.3a3a ~1.8103 32798 ~2C.209%
-60.0309 -2.3007 -1.4209 -2.5914a =0.1498 ~25.6918
-42.000Q00 -4,0a73 -1.5168 =-3.5126 ~0.0113 -32.7393
-64.3000 -4.a382 ~1.37a7 -2.478% 0.0%01 -37.578¢
-66.0000 -—a,5992 -1.6413 -2.1551% 0.3271 ! -—43.2342
-68.0000 -2.372¢7 -1.7182 ~-3.3799% Ce358582 -49.8837
-70.0000 —¢.29%5% -1.807% -4 .0965 ¢.2006 ! -57.0%5%7
-72.0000 -7.C38% -1.9110 ~4,a440 -0.1478 -56.8388
-74.0000 ~7.5487 —2.031 48 -3.1201 =0.300a =T7.89t7
~-76.0000 -<.{Ce3 -2.1718 -¢.1388 -0.2923 -R0+5539
-78.0900 -5.71€3 ~2.265%% -T.0117 0.1351 -130.3070
-80.8000" ~1Ceael] —2.3652 -2.338] 0.3380 =11J.88623
-82.0000 -11.27¢3 -2.4734 -2.3020 -Q.3370 -122.%540a
-84.0%00 -12.1622 ~2.8912 —-€.3321 ~“0.1313 —13S.4673
-84.,0000 -12.12%0 -2.7199¢ -¢.8320 —-0.3257 -taQ.782%
~88.0900 -14.1817 -2.8002 -1Q0.780% 2.8%500 -16%.0437
-9C.0C00 -12.3222 -3.0132 -2.3982 -0.3932 -133.2288
~62.0000 ~1é.%2a7 -3J.1207 -S.atl88 -0.331% -202.7277
-Q4.3000 -17.9429% -3.3636 -1C.7028 -0.1169 -22a.3060
-00.3300 ~1lSeaI7T2 -3 5627 =12.2303 02709 | —243.2854a
-88.01300 -21.83808 -3.7T783 ~13.3230% 0.2622 . -2T4.4219
~100.C2300 -z2.91 -4.0397 ~14.1079 ~Cs3764 -303.3901
-102.20080 -24.727% -4 .204a8 -15.4731 ~-0.%88% | =33%5.3132
—-1C4.0000 -2¢.8222 -4 .%439 -17.011% ~%.8066 ' =371.14a04
-1£6.03%00 -2%.11%1¢ . -4 .84aGa -<Q0.22698 Q.4508 ~410¢T017
-1C8.230% -2l.280828 -3.21%1 -24.313¢ J.718a -458.3108
-11€.00609 22,178 ~4.8567 -it.8707 0.29%11 ~315.0901
=112.32C2 ~2f.8221 -8,1470 =-21.0407 ~0.T203 =273%.4204
~114.30€0 ~42.5Ta0 -8.69%8 -36.3336 -0.1451 -652.3779
~116.3000 -al.322¢ -7 3107 -42.2823 0.8722 -7335.:082
-118.0300 —2T.Ct2a -8.33482 ~¢5.719¢ -0.1273 -374.8920
~120.0000 —~-67.21323 -Q.92=% -$5.27408 -0.%360 ! -107a.514a0
-122.2009 -81.1738 -11.78%52 ~122.9588 2.37a2 ~1313.4840
STATEMENTS TXECLIECE :7%4iaa
3
CORE JUSAGE CERJLECT CODEs 187804 8YTES,A504AY AREA- acis 8Y e arTEs
OL AGN3STICS NUMBER OF ERRQRSE Ce NUMBER OF waAININGSH I 3
4 COMPILE TiNEm 1.6 SEC.SIECUTICN TIwE=x 19C.48 sS®C. 2.36. »ATElY ~ waR
[« ¢ 0} 4 1
: |
\l
,
2
cse
-~
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4

x
26.33
24.00
22.920
22.00
18.200
16.0200
- 14.0CC0
l12.2082

1
o]
c
o}
ot

QIO VI~

-206.32

1
N
[+
.
©
Q0oL
JONNOLOOHGV

UL
tdw
NO

.
ou

-3a.2¢C
~30.232
-38.29
—42.272
-42.230
* —~44.30

Ouoauuqnun

,'/

8

Sample Ingot 25

Mezal Chenistry - C L.1b %, Si 2.52 %, CeZ. L.98 %,
0.65 %, Cr 0.:4 %, Cu 0.09 %.
Al 0.020 %, Ng 0.024 £, S 0.005 %.

¥n

2¢1) C(0DD)
13.3292 ~7%1.1624
13 .7¢062 “5.3713
3-35023 24.5688
¢.30a2 2€.3798%
4.812s3 2¢.98a1
3.227a 16.1932
1.9d3a 11.50¢8
1.3%71 6.5136
2.5680 2.5139
-412:3 1.a312
-0.3599 -1.7ar¢
=7 .+734a3 -1.a370a
-",98%a -C.3224
-1.23%6 2.8009
=C.80123 0.743}
~0.8630 0.022%
~0.8562 ¢.0755
-0.80458 C.o851
=C.867: C.0937
=CeB07a -C.39%9
-0.867a 0 a7
~0 .36Aa C.nssa
-¢.8007 C.1257
-0 .858%8 C.1589
=0.8312 -0.9978
=7.8a31 ~¢.3530
—~.8329 0.2a83
-¢

«AJ02 N E3
-8150 /11%§75

-Call122

C.657
-C.03cs

¢.0897
-%.2267
-C.380Q90
=1 e3%hal

cs2

C{EVEN)
=-J.235¢t8
~2.2988
C.032¢
“elQla
Q2438
Qsl1a63
~0.2043
~0.10299%

-0.388%
J.15%0a

e

SUM(ClIg
~323.3867
~229.22:9
-16J0.9803
-.06.8397
~54.1355%
~31.4%54
~9.9838
2.82358

Y.588¢6
9.9818
5. 40014
2.7994
l.{1Ga
C. 0090
. 09336
1.2270
1.4GC9
1.7338
2.C1a85%
- 202793
23462
2.9019
3.2800
3.0823
“.133%
a.537p
$.3360
4%.:018
8.06477
T.C 709
T a8y
7.8681
8.23%%
1.2432
A.6476
a,90%~7

-
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- hand
-
J L3 o
N A
- t
—-—a48.20272 C-3791 -0 .9291 =C 7438 -g.2128 : 3.0380
- -48.3200 £.C000 -1.0000 -1.4012 0.3234 | 2.7023
-%0.023C0 -C.ala? -1.07:9¢ C.2336 -1.57a87 1 -1.98%0
. -82.3202 ~2.8%42 ~1.1169 -1.3119 -0.3340 -%.2199
-%54.% 2309 -1+3C20 -1.4972 ~2.23aa -3,0831
-46.8340 —lel84ay -1.2139 ’ -C.30a83 ~11.72006
-48.22%¢C —SeCAQa -1.4311 -0.2847 -1%.0721
=80.2 )00 -2.2343 - +2311 =2.194a0 . ~19.562«
=-42.00072 —2.C3C9 -2.6839 S.2938. s —24.,3432
-84 .3303 -3.2789Q =1.3287 . <3670 ! ~27.26066 ™
-06.0000 -l.5503 -1.4348 -2 .2602 2.6012 1 -30.3584a )
-68.,0000 -l.862% -1 .4957 -2.9409 N L0543 : ~34.3579
-7C.J3¢3 —e.2108 -1.54:7 -1 .%422 -N.337% -3a.o%77
~72.L00¢C -4.L132 -1 .5938 =2.421% -0.2332 -4 3.5671
—74.,0302 ~-%.0%80 =1.0%22 -2 .8937 -%.1149Q ‘=4C.18aa
~-76.32%%2 -%.%8% -1.7136 -3.0933 e oTel1205 | o w8%,8202 _
-78.0200 , -¢.1296 ~1,7937 —a.02e0 . 2.3252 ~os3.0218
=-8C.2000 -¢.?7a8 -1.8791 - ,236% -0.0211% . -71.537¢
-82.23¢C¢ » ~7.3C31t -] «97082 -4 .8292 -0.28106 . -31.3%87
~8a4.2000 . =8.3a32 -2.0868 -5 .4382 =-0a239¢ 1 -32.7101
-86.0030 -C.29%9 -2 -2 -4.3133 -C.2%5¢C -10%.8%67
-3%8.2J3¢C3 - -1C.2823 -2 .3%7T —-312.2417 “.at1351 ~121.1137
=Q0.C 300 -11.€33a -2.5234 ~8.2472 -J.6249% -138.8%70
—-62.02C3 ~1Z.982° -2 .5396 -&.34Ta =0 .48%12 . -1558.2%a2
—G4.00CD ~12.86%2 -2 .82a2 =7 .2429 -C.3312 : -173.a027
~96.3002 —1e.SCay -2.9%58% ~8.4123 C.103%3 -190.0202
-%8.3330 -19%,$9%7 -X.133% -5.29232 .1T7S6 L =24m_ 2%%)
-13¢ .0 3C2 -17.1723 -3.29:3 =1C.232% 0.3236 4 -22%.2730
-192.323233 -1 2,457 -J.a318 -17.8227 -2.1067 =-250.23%7
-184.0300 -16.24213 -2.810% -11.8015% ~0.572% ~-278.4938
-106+3300 =21.347a =2.31%4d ~139.12%9 L.83508 -320.Gal19
-1128.3Q007 -22.36%3 -0 e . -la.931a . =0.304a] -331.3128s
* =-110.0000 -2%9,2942 -4 .2%5%8 -20.45%2 243258 ~371.671 4
-112.29Cu —2T.9823 - 7227 -22.7622 -0.029% -al17.2%09%
-114.390¢C0 -3C.500% -%.0893 -24 .9%10 -J.84%84 —4683.90a)
-1:16.2300 -3a.C6a0 » =5.63C7 -2a.213% -1.2219 -543.Q07 %
—-1iM.3302 -47.0606732 -0 .3802 ~%C.1614a 2.712% ~63%.97%84
-120.9%00 -4 7.32%% -7.299%2 -35.3398 -0.2272 -7%7.92797
-122.3903 -%8.53C* -2 ,%%00 -22.211% =J.adB8s -02%.2:139
-124.33¢2 -Ti1.2723% ~1C.537: =12G5.1m1% . l.a668 ~1:32.42430
STATIHMENTS £xECLTECE 2Ca6284 ;
CORE JUSAGZ, CBUECT CJ0DE= 13424 BYTES,APRAY AIZLAm 8016 3YTE, 8YTES
JLAGNIATICS Nyuesa 3f fRoQoSa Ce NUMBED CP «adNINGSs 2
e ) COMPILI TimIx C.87 SEC.EXECUTICN Tlugm 216.3Q SEC, _ _ 12.0C-3 «ATEIV ~ wA3
/ -

- -

/ C3¥CF |:
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Sample Ingot 27

>y - C 4.00 %,

-
e

1 2,188, C.Z. .73 %.

Me<tal Chemis

Cu 0.07 &,

L5,
0.020 %, Mg 0.022 %, S 0.007 %.

Mn 0.61 %, Cr 0.

A

“
-
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Sample Ingot 28

C 3.91 %, S& 3.05 %, C.Z. 4.93 %,
fn 0.64 %, CF 0.13 %, Cu 0.04 %,
Al 0.025 %, Mg 0.037 &. S 0.007 X.
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Mn 0.66 %, Cr 0.13 %, Cu 0.08 %, .
Al 0.021 %, Mg 0.039 %, 5 0.007 %.
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) Sample Ingot 30 '
Met2l Chemist—y - C 4.00 £, S{ 2.5¢ %, C.2. &4.83 %..
Mn 0.67 %, C> 0.1k %, Cu 0.05°%,
Al 0.024 %, Mg 0.030 %. S 0.006 %.
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-63.2%2° -28,4a3 -4 ,22%a -12.4a%% T 2562 ~313.677%
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-116.2033 —gée 7SS -3.031l0 -G 4362 —Led§7% —1001.2%ag0
-118.3C833 -Ya,2222 -1v.37:13 -82.314% ~1.24%2 -13143.a42:2
=12C.207%° =3%f.1%a} -12.,aa32 ° =l0%,30642 “N.287a =1377.4%5%0
STATEMENTS SXECUTEC™ 1 2Salxy -
CORZ J3A0E SEIJECT TIiD% e 14T3e 3y TIS.anCLiy aSZas i2is 2YTHs AvTES
CraAGNUST IS NJUHSES 3F TIRC~Sa e NUAAZIR TF WARNINGSa { 0
CUP I 2 Tl T.S82 SSTLIXEQUTITN TIveEx 141.3% SS5C. :3.:q.1 SATEIV = 2a8
- CsECF
I
{
-
cé1
»

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Sample IngotT 32

Me?al Chemistry - C 3.93 %, Si 2.81 %, C.Z. 4,87 &,

Mn 0.65 %, Cr 0.13 %, Cu 0.13 %,
Al 0.021 %, Mg 0.036 %, S 0.066 %.
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-82.7207 =5.31283 (\\V—l.ZZ?Z —-2.875%6 =" .J1Ge =-118.07%4
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={14.0027 -2a.2243 -4,23T499 =-17.2%910 =0.0380 | =371.733s
“116.23727 —~Jé.8023 -2 .32e0 =1%.7364 ~-l.2%83 -2l i1.6836
=118.22322 -26.2133 =4 .3062 =240.2447 2.6382 458,830
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Sanmple Ingot 32

Mezal Chemistry - C 4.03 %, Si 2.:3 %, C.5. &L.7u %,
¥n 0.59 %, Cr 0.10 %, Cu 0.07 %.
Al 0.018 %, Mg 0.020 %, S 0.007 %.
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~182.3963 So0 —alga2s -i7.T6an ~%.8330 -3ra tshy
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-112.3330 372 -~.7722 -3 -540.4635%
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Sample Iagot 33

Mezal Chemistzy - € 3.89 €, St 2.58 %, C.E, b,75 %,
Mn 0.66 %, Cr 0.11 %, Cu 0.05 %,
Al 0.023 %, Mg 0.024 %, S 0.007 %.
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C.E)\'.',‘ '«"‘i: : _7.;574 2 ""2
-5'5399 ol - -:.sr;; 25332
-~ 33383 3 - MR YA :
o8-333% 3t -3.732" f.a1a0 NeLTER E
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Sanmple Ingot 34 r
L4

Mazal Chemisiry -~ € 3.50 %, S& 2.75 %. C.5. 4.82 %,
Mn 0.82 €, S 0.1 %, Cu C.05 %.
. AL 0.016 %, Mg 0.027 &, S 0.006 %.
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6.3000 2.1938 -0.7a%} -1.297% -3.1329 3.3988
4.03C0 Z.18186 -0.8834 -C.87a% “0.1479 1.9461
2.%000 129348 -J7.9480 =" 3796 -0.0739 1.0392
0.0003 1.0€00 ~1.39%8 -1.137¢ 0.0210 .0070
~2.2709 te22¢0 ~0.033a C.5437 -C.0a082 1.0139
-4.%0(C l.a%22 ~7.89%3 SN e1321 J.106% 1.4920
-46.0009% 1.7€C0% ~0.0837% 0.2733 C.0207 2.0Bma%
-8.5209 240219 ~N.81aa C 5666 ~3.2042 2.88R%
-10.233¢C Z.3994 ~0.75836 C.I879 0.1676 3.9396
-12,8302 Z.7882 ~0.To08 0.57S0 3.059a $.2983
=14.23C3 1,173 ~2.6%%0 g.7092 ¢.335a 5.5872
-16.308% J.33s: ~2.%5993 -4.8663 2.72%6 8.a0a9
-18.03300 2.55648 -3.%a07 0.8343 G 1396 1C0e3322
-22.27307 “.anss ~-~.4838 . C.a160 ~.2630 12.5118
-22.3%0 4.61%9 Ce8773 N.3160 ! 14.2980
~22.25300 a,38%3 -0.2%63 0.500% | La.785%
-26.39C0 4,8381 “0.0107 ~¢.122 | 18,7306
~28.302) 1.8020 -C 2006 -$.3738 . 14,1787
-33.¢309 1.0027 “1.0177 0.51%4 13.!7a0
~32.2)02 i.6C04 2.541% ~2.213a 11.83%%
~34.2790) “.1%a3 =0aT921 23218 10.2932
~J6.0%00 leC616 ~0.99%7 0.1588 3.4794
~38.0202 1.22%74 ~C.5342 ~0.27%3 s.9602
~ag¢,20CC C.8576 -1.1%553 -0.2:199 «.2097
~e2.5000 €.C800 . =1.0030 -2.2361 0.a48:2 ! 9.6998
~44.53C) ~C.3377 -1.3733 $.6219 ~6.7339 ~1.62e0

]

-
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~36.03C3
-48.C300
~80.23C)
-32.2300
-s5a.3000
~36.3390
-%8.3C33
-60.3032
-%2.3200
-64.3092
—%6.3C0D
-58.3309
-7C.30092
-72.3000
-7a.03C0
-76.3¢25
-78.3690
; -82.3320
{ -32.3383
-34.300%
-%6.3900
~8m.29GC
-90.330%
-G2.33242
-sa.330¢
-96.3C310
-98.2302
~16€.3522
-102.200%
~104.3929
~106.3303
-13€.3000
~110.3930
~112.3392
-11a.39%00
~116.2008
~118.2090
-12c.070C¢
-122.2332
-12a.32C¢
-126.3000

STATEMENTS S XE
CORE JSAGE
ODLACSNISTICS

CIMPILZ TimMEa

C3ECF
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-C.835Q3
- le227a
-1.782%
-1.5643
-Zal1392
—-2.2399
—2e%7CY
—2+3367
-2l.144a]
-J.80¢C9
-2.913%
— 44 39%0
-—4.6357S
-2.6187
—¢.3913
-7.30%3
-8.285a
-6.84702
-11.1990
-1%.412%
-12.2509%
-14,1704Aa
-{%.1a7}
~1¢.1657
-17+2213
~-10.%23106
-{%.8214
-21.228s
-22.7303
~24,3453
~2¢.C827
-28.1417
-2¢.87as
=22.8aQ2
37,1484
-a(,.8146
=azZ.514%a
~%%.2aa}
-€C.2062
-65.2%4%
-8C.2622

CLYED= 157984,

YBJECT

-1.1179 -1.261%
-1.1%90a -1 .9849
-1+2236 -2.%553%
=1 2488 0.84%4
=-1.27:0 -0.8229
=1.2947 =1.,8006
-1.3253 =2 .9372
=-1.3607 -1.2232
-1.407%5 -1.5972
-1 .446Q —Ze.l16%a
-1 .%20Q ~2.%3a}
=1.3649 -3.385%
-1 .0378 -4.1112
=1.7246 —4.213a
-{.3208 -4.782
-1 .9a7s —-%.0%1%
=2.0903 -£,NGa4a
-2.20605 ~-7.87%6
—2.4632 —10.156«
=2.62aa -7.73%3
=2+737a ~8.4536
-2.8%87 =-7.7867
-2.9648 -9.4715
-J.1288% =7 .9286
-3.2796 -2 ,a784
=-3.4398 =0 .97T17
=-3.6132 -11.29491
-3.790Q2 —12.776a
=J 9994 —13.469%
-4.2126 =1347%942
~4.4462 -14,7223
-4 .7272 =-18.9653
-5.08a0 -23.378a
-%.4379 -27.%5027
~%5.929% -2<.835Ss
=-6.4090 -22.3%5%
=7 .NABS -2 ,7199
=7.9717 -6C.5918
=-9.00"3 -¢8.890%
-12.2222 -41.083:
-11.745%0 -127.523%
COoE= 1378a IYTES . AQRAY ARET aw

. NUMCER CF ZIQRCPSw

¢ TeST SEC.CXEQUTICH

4

-
.:vs,

Ce NUMAEQ CF

212.56 SEC.

-2.41:1%
Q.6623
TL0377

=1.77a3

=-C.26881

=% .2244

-0.26066

-0.1831

-2.3%07
J.228a
0e24Qa
N.8623
Q.9013
0.3893
Q.2124

-Q.a281

=5 ea3Q4

-2.3828
0.5104

-3.5313

-%.3622

-C.N18S
1472312

=0.852L2

-2.7363

-C.07838
Q.3J08
0.3222
0.4280

-0.a323

~0.7963
0.3061

-C.0%539
1e1911
2448

=Je9377

=1.8048
l.472!

-l.1106

-1.4909
10502

|
|

-4.%608

~-T.1%8%82
=11.7463
“12.9146
=14.4966
=16.764S
-19.1713
~21.%984a
=23.2795
-29.1536

-122.4062
-121.86973
-13%.270%
-151.3018
~165.511:7
-181.0087
-197.9083
-215.3387
-236.4363
-234.36106
-282.2737
-308.3%7a
-336.8118
-367.85a%
—403.1738
-432.2373
-504.681 4
-563.8630
-630.44Q%
=721.6199
-839.8584
-97C.a6Ca
~llaa_e290
-1357.55%2
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-38.£J00
. -40.2092¢
-a2,C380
-44.23009
-46.0300

Sanple Ingot 35

Me<tal Chemistry'~ C %.01 %, Si 2.66 %, C.Z. u.89 %,
Mn 0.67 %. Cr 3.09 %, Cu 0.05 %.
Al 0.020 %, Mg 0.021 %, S 0.005 .

trr

RN <1 O

4,326
2+8a4)
1.5356
1.1879%
1.00C0
1..97%
1.23952
1.4113
1.8879
s.2110
“.4582
<.¢3572
Z.7986
<.8836
Z.3R02
2.74a2
32829
2.24QQ
<eC815%
l.8424
1.2028
£.7Q2¢
~.3485
C.1199
C.879S
1.2212
1. 7880
e.2272

R(I)
d.06279
2.9298
18119
Q.0792
C.031S
“Q0«3633

-0.618Q0
=2.7778
~0+891¢C
-0 e92a0
-1 .33%¢
~C.92%a
=0 .80319
-2 .A61S
-0.82a88%
~Q0.7812
“C.7432
-0.7129
-2.8A9QC
-t .6723
-C.667a
-0 .078%
=~ <6943
-0 7190
—-N,7433
=C.797a
-5.8434
-0.897a
- .9238
=1.07"3
-1.0998
~1.19%92
-~1.22a9
=1.2794

ctco0)
=58<.0361
18.8932
12.2586
6.7236
22,3053
-2.56186

-1 .89%8
-1.3003
-0.3227
- .2A822
~Ce7%a7
1.295%
O.112a
2.1912
C.3342
C.a8la
0.3621
3.368s
g.Jago
Ta9113
~0.2951
Ne216"
0.0129
~0.027%0
~C.11306
-N.74al1%
$.700S
C.17%1
-1.35391
-C.7083
-1 .187a
-1.5246
—2799Q
—-1.C10%

<7¢

K

ClEVEN)
-N.23%0
~0.225:
0.32:2
2.219%
1977
“C.0114

T.2323,

- .0342
=J.10061
-C.1295
0.258«
“-BaT787a
C.l1a0
".08a3
2.33t6
=0 .21iCa
J.1396
Jela01
Te1887
Qea027
L8733
=3 +30806
0.0032
-0+23329
-A.37T83
21380
—4.a216
-0 .9432
C 03350
-C.al11Q
-1.337C
-J.12:3
1.0078
-C 5771

| SUMECUT)Y)
-67.9587
-39.6232
-6.3638
7.8222
14.0293
8.3823

} $.1490
J 3-.0808
! 1.8230
H L9997
G.3089
1.C031¢
1.4571
2.0282
27393
3.65813
4.68446

Se 696

- 5.7233
765393
B8.4101
8.8327

! 8.98a8
' 8.8610
, 3.a811!
H Te2740
S.8319%
4.295%8
2.3892
J.1a87
=-2+9002
-6.19286
G777
=12.952s



-2« 874AC -1.336¢ —1.7823 8.23607 -10.4154
-50.3200 -2.293%4 T =le.a1n] “1.7658 -Q.5209% -20.9871
-52.33Q¢C -a.{782 ~1.5¢073 =-2.373% 2.532% =27.0693
~54.3030 -4.2566 -1.55a5 -4 .9993 3.17%0 - =30.7159%
-%56.23300 ~4.7024a -1.607% -1.785% - -0.29%8 ! -34.8792
~58.3209 -2.2197 -1.6670 -1.9518 -0 .428C : -39.6382 "
-60.230¢C ~2.7273 -1.73a1 S =2.4196 -23.3036 H -45.0884
~42.20023 —€.2994 -1 .80097 ~Z2.9631 -0.1617 l -51.3217
—-84.2 330 ~¢afa%] -1.89%2 -3.4459 C.3723 ~58.%5299
~-66.30C0Q -7.47%3 -1.9919 —-4.1922 C.0547 ~06.8040
-88.0300 -8.5027 -2.10186 -5.2160 J.4439 -768.3482
=-7C.J302 -5.2%7a -2.2019 -%5.2805% 2.632: -8%5.6571
=72.30C0 -C.82: -2.279% ~4.9801% C.9900 -93.83588
~74.3000 —1C.%a400 -2.3%97 --.%5216 0.2113 —-122.2592
~76.300¢ "={1.0836 -2.445% -4.2002 -C.4522 -111.%5638
-78.00C9 -11.7¢a8 ~-2.5364 -4 ,a537 -5.56%3 ! -121.0018
-30,3020 -12.a8%4 -2.632% -3.168a -2.2429 -132.4242
-82%.393¢ -121,2477 ~2.7342 -6.2132 O.132:¢ -taa,03060
. -84,0909 -14.0%539 —-2.8aL7 ~5.798% -%.4818 -1%6.6473
-356.3000 -14.9C64 -2.95%a -6.5377 ~0.223a -17C.1078
-88.29090 “12.8C77 -3.07%¢ -7.0772 -C.1966 ! -184.71%6
-¢C.J7292C -1€.7602 ~3.2927 -G ,27a8 1.2529 ! -200.3%¢S
-62.,3300 ~17.7683% ~ -3.3370 ~E.8612 0.4%53% ! -217.17a9
-54,0300 -12.830a -3.a788 -8.6732 -0+3595% P =23%.240a
-86.0202 -2%.C296 -3.638% -10.2899 fetl2e -25%.505%
~-98.900¢ -2:-32¢3 -3.810n -11.4323 0.3207 -277.8134
-100.3020 -2%+.69¢% -3.9%9a2 -12.7930 3.780% -331.8430
> -102.€333 ~2a.:81" -4 ,180% -13.209% J.22%4a -327.8:1:
~104.2000 -29.7202 ~4.397a -13.412% -2.617TC [ -355.8706
~10¢.00C0 -27.2802 -4.8187 -l1a.219% ~C.9387 { =386.1808
-108.02300 -2%.173¢ -4.8%578 -18.27%9 -0,2857 ! ~419.2101
-110.0009 -3t1.8:23 -5.182% -21.7843 0.0:100 {  =462.83389
-112.32C2 ~34.2783 ~5.%230 -23%.5408 i.423a -311.8937
-114.23G02 =37.:1922 -5.9253 -27.27%9 T.5612 -356a.513a
=1106.200°¢ -4C.2802 -8.3812 -28.46929 -C«31C6 ~623.732«
-118.32J30 -43.3701 -5.8163 -31.638% -1.19%3 -689.39%9
-120.200C —-42.a892 -7.4319 ~43.7a32 0.9492 ¢ ~774,9919
-122.0€090 -$2.7139 -8.1280 —-48.3345% -0.6189 I =872.8%87
-124.209% - ~56.5752 ~3.9031 ~%a .3645 -1.243% ;| =ova.lias
-126.33C0 ~¢é.157% -2.7862 -¢3.39467 0.7198 . —llio.se80

-48.223"7

STATE4ENTS Sx£CLTECEm | 266585
GCGORE JSAGE
J2LAGNGSTICS

oBIEeCT  ConTs 18784 3YTES,AGPAY APCam 8016 8YTER BYTES

NUMRER CTf 2Rp00RSs Te NUMBER OF wARNINGS= ! o)
Ce$2 SEC.EXEQUTICN TimEnm 202.4. SEC. 21.30-Ij ATV = MAR

.

C3€QrF

COMP I & TiMvEw

S
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Sample Ingos 36

Me<al Chemistry - C .04 %, SL 2,51 %, C.E, 4.88 %,
¥n 0.65 %, Cr 0.:1 %, Cu Q.05 %,
Al 0.015 %, Mg '0.02: %, S 0.006 %.

oy

XL} ¥l /1) [N q~islo}] CLEVEN) SUMIC(L)s3
20.0000 AL 8S7a 4.43a9 -744.3003 ~0.2458 ¢ -65.45%38
18.2000 25.2299 2.8608 1£.203¢6 ~0.2237 | -29.%437
16.00C090 20.2980 13731 120097 0-01139 [ ~5.4%68
14,0000 12-8272 F.6678 4 .2929 : 0.21%0 \ 75388
12.33¢0 e.2767 00318 2.073% 0.2083 14,1224
: 18.823060 S.5343 ~0.400623 ~2.8739 -3.307% 8,23%589
8.0 220 2.8092 ~0.06419 -1.7%500 3.0231 A.3039
60200 <7291 ~3.7879 -L.9372 ~0.02062 2.97T72
4.0000 1.8129 ~0.89%% =C.520a ~0.1111 L7142
240000 11604 ~0.916% . =0a.2428 ~0.11823 8.4G20
0.C0US 1.8000 ~1.38%¢6 -0.737% O«2401t 0.0093
~2.000¢ 122021 -0.9278 Z.36%5 -1e30600 | 1.0073
~4.JQ00 1.43680 ~0.8%a] Ca.tl20 Sal'l7a 1.4060
-0.0300 1.¢181 -0.3612 Cal1886 C.0866 2.016%
-8.30U0 1 +.9Q08 -Q.8230 Ca3393 243308 2.7%60
~10.30V080 2.2328 “0.7793 C.52e6 “0.0a62 3.7t27
~12.0002 2.29C8 -Q.7300 C.a323 0e1551 1 «.28873
~14.0000 z.8%81 L PY-Y-1.3-1 C.a83Q C.1489 ‘ 8.1%%1
-16.000¢C 2.1990 ~Ja05433 3.3259 - 2.1827 : 7.5724
-18.030Q J.agax ~0.5021 ~Ce5809 1.3%08 9.1123
- -20.0900 Ja745%2 -0 ..%043 q.-.88a2 ~J3a0716 10.7371
-22.8000 \2.8233 ~0.5492 2.6071 0.0051 11.9615%
-2440000 2.%818 ~0.576% c.0108 0.0761 12.13%53
~26.0000 2.2138 ~0.4152 -0 .308% ~0a00648 1t.9078
~28.000¢C 27684 ~0.486806 -G .2632 -0alaZa 11.0%63
~30.0000 2.26a2 ~Q-72%0 -C.718¢ 0.07%6 9.70608
~32.63400 1.7854 -0 .7799 -¢ 3916 S.0bWl 3.32aa
—~34.8200 1.2321 -0.8308 Q.3322 =-le1238 G.TaL ]
~36.00230 C.8201 -0.8821 ~3.1114 1.1419 e.7822
~J8.3009 C.2082 -0 .5243 ~C.7082 ~Q.3958 c~35801
~40.0300 . =0.1049 —~1.060% ~C.9711 -0.3326 -3.0273
-42.02309 -0.7%589 -1.1077 ~1.502% , -3.1579 -3.%5a78
-44.0000 ~1.2729 -1.17%3 -Z.4334 o rsr2 | ~7.3%24
-45.030¢Q -1.50%7 ~1.2800 -1 .2601 -0.5%549 =13.982%
M -48+.3000 “%.4093 -1.3027 -1.85%51%9 -G.312¢ -1a.7103
~50.3000 -~J.09 8% ~1..3903 -2 .0533 ,=~0a>635 ~19.%%a9
-~52.2200 ~2.8% 289 ~1.4%7a -2.97%2 0.To24A -2e.372%
-54.0200 —-2.8824 ~{ 4897 14.a609 -15.8231 ~2T3872
~56.3000 -4 ,1292 -1.59249 -1.2244 -2a.2n23 ~30.1113
~%8.3000 ~4.4127 ~-1.%632 T~ 1.2889 -0.3301 ~J3.sabe
~60.00G0 ~4,.7339 -1 6049 -1.5738 ~0.2758 ~37.14006
~62.3000 ~%.C777 -1 .86%0a ~1.8847 - =C.1600 ~41.2%510
~84.0280 ~2.,4%2s -1-7001 ~2.3817 C.034% —-a%_5046
~66.3000 -2.882% - -1.73% ~Z.%949 J.005%8 ~5Q.8629%

. c? )
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=-68.8000
-70.0300
-72.303¢
-74.030¢C
-765.2000
-78.3000
-80.0000
-82.0000
-84.4000
-86.L200
—-88.3000
-90.09Q00
—-92.0230¢0
-54.0000
-06.0300
-$8.03000

el -100.3J00
.+ =102.2000
-108.0300
-106.0000
-108.300¢C

’ -118.5000
~112.8000
~11a.3000
-118.0000
-118.0000
-120.2900
-122.00Q0
-124.0000
-126.9200

-¢.2133
-8.28CC7
~7.3378
-7.5203
-2.3572]
-9.2818
-10.C¢20
-10.$2086
—11.8¢¢a
-12.80a2
-13.e507
-14,.2602
—t2.246e3
-168.5928
-17.7140
-18.9123

~-20.2029
-21.56831
-22.0830
-22.0687

~10a3435
=3%7.944¢
-J6. 1640
-4C.2840
-46.L8LS
-22.8406
-6C.2387
-7C.4417
~34.7922

-1.8139
-1.8789
-1.9502
-2.0284
—2.1142
° ~2.208%
-2.3122
—2.42064
-2.8522
—-2.6770
=2.7906
-2.9122
-3.0‘2.
-3.1819
-3.3313
—3.4914

-3.6630
~-J.8470
~-4.0442
~4.3111
-4 .8236
~4.974a1
~%3.3606
~5.7896
~6.338A
~7.1137
~8.0111¢
~9.0631
- 1033563
-12.2889

STATEMENTS EXECUTESR Le5e38e

CORE USAGE
DIACNUSTICS

COMP ILE TiseE=

C2JECT COLELw
NUMBER OF ERRQOPSa

6?7

-_-—--
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TIME=

(@]

~J
\J

-2.28006
—2.823%8
—-4-50a]
-4.197S
—2.9198

-4 .,2717°

-2.1100
~é.2535
-¢.29%e
-¢.6998
-€.4699
-2.4793
—€.343s
—E.2497
-9.5133

-10.53%0

-11.877S
-l2.4113
-12.58068
1603523
-1%.934
-::-690%
-27 1164
—2% 8379
-32.87%7
-49.5325
=6l.2401
-7€.4260
-2 .90609
~13C.7439

18432 AYTES,ARRAY AREAm

0.40690Q
G.0970
le0210
G.3J10!¢
-Q.4090
-0.3399
-Q.2871
Q.2193
-0.4%60
—0.23481
-0.2370
l-184a3
C.a889
-0.3804
Ced 2060
0a3297

077353
Gae3340
-0.%303
~Qal80O7TS
-0«38306
~C0.1209
14527
035941
=0.7993
=1.43648
1+033a
-C.8193
-1.3390
C.30a%

0. NUMBER CE mAPNINGSa

VA

19%.39 SEC.

*‘ga‘

4316 3YTCs

211702

-26.4858
-62.7022
-6%.7083

-0%.7917
-106.54%0Q
-113.6539
=-132.1%6
-146.072e
~150%.a801

—174.07%9
~13Q.04aa9
=207.20a8
—22%.97748
=24 6.3963

~208.404e2
-292.73v8
w—319.0339
-353.e073
! -3%94.1738
! —439.3477
- =-491.17%0
i -548.9026 .’
=822.2529
-724.1917
-844.6003
-987.0972
1183.7360
1423.68150

!

i .
avres
3
WATFIv — “aR
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x([)
22.0000
20.03¢0

"18420C3

16.000¢
14.2000Q
12.0000

—10439C9Q
-18.3000
=-20.2000Q
-22.2932
-28.0002
—-26.3329
-28.323%2
-30.3000
-32.2000
-Ja.,0302
=36.2000
-38.0200
—-40.220Q0
—42,.0000

-42.0200

-446.2230°

Sample Iagot 37

Metal Chemistwry - C 4.:9 %, Si 2.35_5. C.Z. 5.97 %,

YL
7C.30%3
45.8839
Ja. 9170

24.8829
1737006
12.C8a5
7.2420
4.2774
2 T969
l«SBa8
2212
1.Cc00
le2a98
1« 49CS
18037
<+1991
Z.8349
J.3280
l2.a080
l.7092
a. 0913
44,3402
4.5%582
24,6722
4,06858
G.CJgg
. A9
a:.235&
2.8326
.0279
Zea3524
1.893%2
12101
Ce72%¢
C.ia01

X 0.59

Cr 0.09 %, Cu 0.04 X,

Al 0.016 %, Mg 0.023 %, S 0.003 %.

LIRS
5.3a87
S«3%539
343333

2.1638

1.173a
0.4331
~0.199a
~-N.5897
~0.7817
~0.892
-2 ,9l4a
~1.38%0
~D%.9387
~-C.8962
-0 .8328
~0.8002
“0 789
-0 .6843
-0.62%9
-C 3768
-0.5292
-0.4892
-C.458%
-0.438%
-0.a300
-G.a348
-2 .4428
—0.4793
~0.3529%
~0.462066
-0 .4963
-C.7T632
-0.8317
~3.8960
=0.937%

L1009
-$C7.6702
I3.3164
22.4058

“12.287a
77359
4.031¢
C3370

-2.6073
-1 .0719
-C.a788
-0 .2967
-C..0822
C.7039
£.1300
C.2%589
C.5763
0.4230
0.5399
C.06323
1.2581
1.58Q07
Te72%9
C.9782
{8340
-2.3617
C.0a08
2.1722
0.0228
Q30627
7179,
-Q.09206
-L.8438
-1 .2233
-1.98153
~1.30632

C{EVEN)
-0.2163
=-0.2206C
-0.023°

-~

0.1929
f.2312
-0.3178
-2.08Q6
-0.3084a
-C.12087
-"41333
-2.12%7
0.1779
-2.1962
Jde1186
0.0689
-%.1202
0.1048
2.1289
29+1307
=0.4173
=%.4907
01771
-0.107%
-1.:055
1.230¢0
0.a700

L 0.1%2s

0.2229
-1.168a
~B.1486
=J s 3649
=-J.3153
-0.1642

G .AAC2
-8.46129

SUM{ICITIY}
-136.0523
-36.,4719
-Al1.7082



—48.,0000
=3C.2330
-32.2000
=54 .030Q
=-36.02009

NAOVOVGO

]
~
w
v
(&)
[3]
(=]

=80+2000
-32.0000
-54,2009
=36.0000
-88.,3909
=-Q0.332%
-92.220¢
-J4.,200%
-S6.230%
-58.0000
~100.2000
~102.30C°2
~1954.2000
~106.09000
“«138.,3002
~110.00800
~112.2000
-11a.2000
~-116.3000
-118.2002
~120.2007
-122.223¢Q
~-124.239319
-126.2000"
-12%.0000

STATEMENTS ExZCLTEOm

CORE JSAGE

QIAGNISTICS

=Ce.a510
2 1.0670
-1+6132
—<a1198
“~%+2340
=-2.2C06
=le.a788
-3.T7T876
-4.,1380
-4,2338
—-4.9812
-2.480806
=-L.0048
-¢.7207
~T.aL87
-£.3236
=-%.2029
-1Ce0212
~1C.7079
=1leaa7y
-12+243¢
-12.i¢c8
=-la,c2%3
=-12.014at
=-1¢.C7:2
~{7.2114a
=-1£.4389
=1 578448
-21.1938
-2%2.73¢2
-24.4aMt 4
-27.2102
=3¢.7CB1
~3a.¢2506
-4 (. 4408
-2?,71 74
-2, 872,
-42.4298
-7€.82329
~8&.19064
-G T7.27CH

38J€CT

Reproduced with permission of the copyright owner.

-1.077%
-1.1410
=1,20061
-1.2688
~1.3501
-1 .A06%
=1.4425%
—{.a833
-1.8293
-1.3813
=1.44Q2
-1.7072
-1.78313
-1.87C0
-1 .98%0
-2.0822
~2.2120
-2+3076
=2.3990
~2.487a
~2.6034
-2.7177
=2.8a0R
=2.972%
=311 3
-3.20%52
-3.4239
=3.60%54
=3.79%8
-4 .0014
- ,2233
4,014
-%.0631
=% .93a49
=% 3892
-7.3238
-3 .a152
-0.71a8
~1l1.1637
~12.4%%5%
-13.931¢%

7463562
cloes

NUMAER JF SoRQRSa

Further reproduction prohibited without permission.

~1.9332
-1 4208
-2.8321
-3.7820Q
-2.6718
~-1.3733
-1.2690%
~-1.3727
=-2.3430
-2.3687
=2.5041
-2,5824a
=-4,3832
-4 .,0803
-4 .,7378
—-4,9086
=3 .70606a
-4.188%
-%e2319
-3.2207
=B3.7343
-6 .2331
-&.3327
=7.66C2
=2.80s8
-C.8612
11.0919
12.422%
12.6923
13.2613
14,1339
24.2893
29.1088

LI I I A |

]
o
[V ]
.

P
[
o
o

-%2,2a15%
=60 254
=73.0647
~-27.7307
=-CT7.637%
=-80.1222
~1C8,.7054

18794 AVTES (ARRAY AQEAm

O« MUNAER CR

<75

c.0298

-1 ,6553
0.8103
173246

=-C.276C

~QJ 4160

—Q+2609

=J.1767

O+3aa1

.0772
Ca361%
05936
0.886%
0.63723
9.0%832
-2.3312
~C-3840
0.0Q019
V40312
~J.4438

~0e.ad0a

~0.%44%
1e5107
-D.40%2
Q.235%1
Q274
2.5786
0.937%
J.1a98
~-D.ad1?7
~1,88%54
~0.33%6
O.laaa
1.2e¢07
0.7220

=0 20T

=1.548¢%
T.989D
~2.2811
-1 .48906
C.728%

.

-2.2427
-5.4119
-10.4983
-14.53a2
~29.4202
-24.0379
' =27.0996
=3Nn.50a4
=34.5923
=)].175%
44,4406
-8C.5321
574983
-6%5.3581S
“Ta.0%24a
-83%.8299
-538.4909
«128.,8243
-119.1852
~130.5143
~1a2.,9054
~136.4008
-i71.2%928
~187.4238
~304.9632
-224,1277
~2435,10aa
~208.03a4
~293.1194
~320.56064a
~J%0.060%0
~J0P.8%62
t -~AST . 78T

-32%.3242
-82%.1633

l -749.9209
=39 3.14a72 .
-1266.6920
-1263.92%0
=-l4a47.149¢C

k -1659.1040

I

AQl6 BYTZSA AvYTES

wABNINGS =

-
-



x(1)
32.3000
33.22C3
28.L90¢
26.0 300
28,007
22.5 )00
20.0200
18.3300

[ PO

N

PbvONMPOROMNPO

[}
0 v o a s e e

OhuLOCLOLULUVOLNIoOLLOUND

» >
OOVULOYLILVUOLULYIULVOULVDIVIUVOY

[ )
o0
ONNOVNIVONODNYONOONDO0NILO000D0

[ I I A ]
DN st s pe e
oMo pND
LN B I A I )

-26.0

COoOOOVNNOOVLVDIOVOOVOOLDOVACLD

.
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¥esal Chemis<t

1.%7a}
t.1681
1.C633
1.07%5%
1.3%487
10429
1.0187
1.00a¢
1.CQ00%2
C.SSa0
6900
CoGVad
La3Sat
T.5%a0
C.9%a08
L2.5%a3
C.99a ¢
€.5S38
€+9%829
504}
¢.GVaa
C.5869
C.80a3
Coetbal?
Ced?S

£21¢9
Cel339
€. 20072

Sample

ngot 18

€3.98 %, SL 2.32 %, C.Z. 4,75 %,
Mn 0.60 %, Cr 0.:10 %, Cu 0.05 %.
Al 0.015 %, Mg 0.0:8 %, S 0.004 %.

LIRS
2.9734
$.472a
3.3723
2.322a
}el3as
Qe84a933
=20 l%ua
=TSS4

-0 .8191
-C.4%53
=N.861%
-C.8837
-2 .AnS9
-0 .8479
-N.8088
=" ,3643a
~-1.383%6
-Ne.30aT
~0.8640
-0 .808%
-TaA657
-N.860643
-0 .800%
-2.362
=D R8671,
-C.8671
=-0.A&T2
-2+3672
-0 a30672
=N .R633
=" .%8a3
-0 .399%
-0.9129
=-2.3234
-2.92061
-1.0002

C(Co2
-Q24.9%2%
€0 .548%
J2.6%04
13.4034%
1144733
7.2891
J.3112
-8 . 7084

NI P NOO
P~ ANN

1l
Pty

DONIDN IUOVAO IR

NN U S INBL SN DD-
ey
OpL

[o N 4
(8]

CLEVEN]
-t .1%68
=0.20006
D.0619
=-C.2668
Q.337%
P.2263
N.2762
2.23a7

SUMICII)?}
=-250.3191
-129.8304
=62.20993
-22.7251
0s29%54
1%.29063
22.C61 1
10.9375

AL.2682
2.4832
2.4%818
.1368
1.8318
15364
le2aas
D.93%3
C.0068
T.93623
1e2318
1.4977
1.7029
2.0282
2.2933
2.%532
2.822¢
3J.0371
33528
Jeddl34a
J.8R4A4
AL, 346
3.705%3
3.2727
2.7%%S
2.1370
1.a924
0.702%



-4”~.3233¢C -C.975¢ =-1.09°% -V&IBO‘ -2 .4026 -2.30637

-22.3C20 -1.1220 -1.1409 -2.8383 1.2297 ~5.%809
-44.00¢2 -l.teces ~-1.21°% ~1.71%8a -0.0327 -9.0831
-26.2302 ~2.2149 -1.2779 ~2.0829 “.18%0 -12.87%2
-48.3309 -~2.062% ~1.33ea ~%.2828 I.8%57: 1 163256
~50.90G0 ~2.0098 =1.3345 ~1.4901 -9.2119 -19.7424a
-52.3C9 -2.%83¢ ~1.4%527 ~1 .9a29 “0.1879 -2a.0%a]
-%4.0307 ~a,1772 -1.%301 ~-2.92587 0.2515 -27.33%2%
-%$6.3090 ~a.5321 -1.6243 ~3.1%9% -C.2172 ~36.1253
-%8.33(> -~2,29a6 -1.07a7 ~1.8011 -C.2%23 -40.2149
=-60.( 2392 ~2.¢578 -1.72%2 ~1 <9008 -2.2%73 —-4a.5313
-62.2300 ~C€.2a9% =-1.777% ~2.3%2: -2.0207 -4Q,2759
-44.20CC ~€.a722 -1.8333 ~2.25%93 2.56%500 -54,490%7
-6¢.0300 ~-¢.52%0 -1.8%a9 ~2.9137 1.0437 ~60423%9
~68.3000 ~7.3219% -1.9%99 ~2.7533 2.8978 -66.3%"7
-7C.3300 ~7.8%42 -2.032%a ~2.9%39 -1.52006 -73.%000¢
=~72.3000 ~£.2301 -2.127C -3 +.423a =0.3953 ~9t1.1a83
-~74,22300 ~5.1322 =2.1929 ~3J.80A1 -C.3422 -39 ,56088
~7¢.33¢C ~G.827% -2.2797 ~4.6%31 Na010% -8.84106
78,2367 =-1C.85%582 -2«3740 ~%.4319 Ca324a -108.055%9
~30.92090 -11.3aGa -2.a323 —%.2553 ~0 3614 ~129.3137
~42.32C2 -12.2073 -2.85%6% -4.03%3 -2.10668 -132.71a7
-34.2232 “12.:137°e -2.72%a 6851069 -0 .3204 -146.3896
~36.0359 -14.:477 -2 .3%a3 =-7.2079 -2.1323 —161.4699
~38.2257 -12.3713 -2.9913 -17.332? 2.306.8 ~-177.2%08
. ~3€.23229 -1¢.85795 ~-3.112a -2,67033 1.1392 -192.1929
~62.2003 -17.¢3%a ~J.2a%a -7.553a -7.aT766 ~203.2%27
-84 .3227 -1£.0%23% -3.37%7 =7.8713 -N.oS5aa -22%.%0a9
~-86.3IC3 -15.1230 =J«3186 -C.3527 C.0904 -244,.3313
~38.23¢0 “2Ce2%87 -2.869% -12.%5929 fN.048 -263.910%
-190.3222 -il.0%16GC -2.32%9 —i1C.a5a8 -0 .2131 -285.2%29
-132.039%) -22.7%1a0 -3.3%72 ~1C.832> -C.628a ' =-308.1340
-1¢a.09¢) -24,0483 -2.174% -11.a713 -2.793S -332.6636
-136.2372 -22.86AS -4 .437% -1%5.5877 -1.1720 -386.1831
-1C8.3302 -28.27¢3 -4 .8183 -2¢.97aa 2.5469 -41%.8331
-118.222% -32.1688% -%.2%62 —28.a8343a 0.a97 —-a71.02~n8
~1312.2203 -3%,6673 ~S.7%067 -32.2416 ° Q3787 ~536.7%2a
-116.33¢2 —4C.Ca8% -4 .3464 =29.87a8 —0.a475% ‘ -5l T.0%30
-116.29040 ~e%.50%9 -7.0036 —-a4.8713 -1.88%9 -710.%871
- -118.272C90 -22.1504 -7.9136 -24.6872 S.1a7% -8]13.647S
-127.23C3 -6C.wCaa . ~%.0143 ~73.32%7 0.0%17 -06%.%6%7
-3122.00092 -7C.58732 =10.823a =GCa .9515 Te35Ca -1133.8170
-124.33938 -32.6797 -12.,110¢ -114,.873a 2.20a3 -13d2.%%60
-126.22J0% -S¢.7imn3 -13.8572 -121.9372 2.37%9 -1623.873¢
STATEMENTS SXECUTECa 23892131
CORE JSALE 28u€eCT CloEs 13424 3IVTES.ARRAY AFEAm 8Ci6 TYTDs &mYTES
wt
DIAGNCSTICS NUSGED UF ZPenPrsa TTe NUMRED IF wARNINGS = 2
COMPI_S TimEx QeS$3 SEC,EXECUTIIN TIwex 299.97 ssC. 12.::4-.1 YATE[y = waAR
3 .
1
c77
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Smpl;t Ingot 39

¥etal Themistry - C 3.80 %, Si 2.50 %, C:Z. 4.53 =,
M 0.80 %, Cr 0.:12 8, Cu 0.10 %,
Al 0.020 %, Mg 0.039 %, S 0.008 %,

x{ (3 RS ¢ty
26.03093 121.833a 12.5832
22,3300 81.129% P«3317
22.02300 64,7044 73327
20.0202 4?.5958 3.2770
18.0)02 24.4%25% 320589
18.3000 21.1389 16931
14,0927 11,1549 T804y
12.203% T.2802 -0.1429%
173200 4.4044 =0 .5471

8.29C% J.C%91L =-2.T167
&.20232 e2216 =7.8272
4.33C0 le212 28972
2.322°7 1.1284 -2.9742
2.33¢62 1«3000 =-1.385¢
-2.Q0130 1.€336 ~7 .394%2
-4 .37272 1.123% -*,37393
=-6.07300 1.29306 -0 .30%9
=3.2000 1.228e3 -1 .83%03%
=12.3030 Le37612 =" 3477
-12.0000 leagi? -0 .MmIaT
=14.0002 1.3€80 ~Ye3227
=-16.0)0° 127234 =-.8717
-18.32C0 1.3 55 - .749%3
=-20.0220 i.C283 -".7847
-22.213¢L0 42729 “La.Tato
=-24,0302 1.3¢38 -C.T29¢C
-206,29¢C0 Z.4121 07117
=-28,2323C72 ZewalQ =-2.79%3
-30.0%00 Z2.452% =N.7024&
-32.,00020 ced437 -3,7? 7
-34.3032 L.a1%57 -NL,TT1s
-36.02120 1.2¢092 -2.7074
-38,22302 243650 -2.7TN7Y
=4C.2C32 a.2827 =2.7238
-42.30C0C 2.30%8 -C.7017
-44,300¢ 242913 -3.722%8

2
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C(Co0)
=768 .9182
4 _,a999
Ja.3899
263377
22.377s
14.30680C
2,3118
2.008a

-2 .9%a8
-1.1978
~0.6173
=C «4382
- a 2834
=5 30653
T 3849
¢ .0823
Ca2074
Cal3:7
C»130a
S.5833
C.l1a8
C.la83
Ce+2400
2.3%%0
CehHt3a
«-3157
«373a
- 3023
. 2288
«&389
”elaQ2
L.41%2
=C.3132
T=1770
Celaa9
-C 0773

140310+

c78

CLEVEN)
-C.2318
=3.20806
C«%0la
C.1%81
Se224a
0.1807
~0.2822
-0.32%90

=3.0467
-0.10948
-Q0.1208
=J.058%4
- .38a2
8.379%
-N.1133
".2926
=2.3260
C.0737
N.1233
-0.7186
M1.1900
~.2212
C.1606
~fel019
~-d.08:8
2.3684a

SUM(CTY)
-293.8326
~22%9.2502
=139.9480
=80.83560
-36.2324
-7.2351%
8.7640
12,7216

[
P PUNN- OO0
EEEEEREER



~e8.73C0 i.3m23 %7911 c.3020 c.2276
-«8.030% $.3e33 «0.7024 -C.27a% 2.5358
-%3.330¢ £.2270 -A.7052 2.0633 ¢.1303
-32.53C0 $.3917 ~C.TCor 2.2751 -0.0162
~54.3000 2.2%58a -0.713a €.0632 c.087s
-56.32300 19171 ~0.7%%% -0.5308 -n.283%
-58.3333 15818 -r.70%a -C.9233 ~~.195%
-60.3000 1.2424 -0.83%8 -€.3970 -5.1322
-62.0100 €.3a16 -6.3735% -c.36n0% -C.1578
~68.3388 C.ecae ~0.9119 —1.27a7 -1.0526
-66.2322 ¢.2ect -0.9aa7 -1.5988 0.1857
~68.3200 -C.2367 ~1.082% L =2.5246 _ _D.e278 _
-72.233¢ -1.23¢7 -1.1618 -£.201% 3.46879
-72.300% -2.3961 -1.2691 ° ~a.a%52a D.i040
~-7a.0000 -2.C762 -1.39a9 ~5.3314 f.21%a
-76.03873 -2.e%8% -1.a641 -2.399% -2.1368
-78.33¢2 -4+.2618 -1 .8=35% -2.8677 -0.2298
-80.2300 -2.0678 -l.08%2 -<.5078 -C.:1372
-52.232¢C -2.7673 -1.7307 —¢.2627 -2.37S7
~54.3997 -7.3133 1,951 -7.2687 -0.318¢
-36.0000 -2.87%9 ~2.1377 -5.3865 -0.2433
-38.323¢ ~1C. 2456 -2.418% -12.4387 2.723a
-3¢.2007% -12.5633 -2.699% -1%.3813 1-2328
=-32.00Q2 -14.0%0% -2.843% =7 .3043 -2.7387
-5a.3200 -12,3%2 “3.C1e3 -g.7821 -C.38¢4
~56.337% -le.7C0a -3.1878 -12.537s -0.2973
-38,5500 -1£.2223 -3.399a -12.,3051 21756

-1€8.0¢03 -16.A587 -3.6220 -14,3%39 T.7%64

-102.23¢92 -21.7%4a -=3.%097 -15.760% 2.a918

-10%.3200 -2l.8818 -52.15%30 -17.a280 -5.2233

-184.3900 ~2¢.200a -a.a749 -15.7aak -C.S161

-108.3330 ~-2e.5%a7 ~a.83a% ~27.81aa 2.8692

-113.00¢9 ~YZ.C190 ~5.2309 -2%.8482 -n.36%¢

-112.93¢C8 -34,ac12 -5.5874 -25.31%2 2.290a

114,302 -3%.1929 ~5.1%26 -33.56380 3.1536

-116.5005 -31.7676 -4, an3; -3253.9336 -%.601%

-118.3332 -a3.777s8 -7.692% -=1.3723 -1.732¢C

-120.39%0 -s¢.7352 -8.5297 -¢3.6658 1.3791

-122.3000 -£2.91a7 -3,a804 -¢a.8183 ~1.1292

-12a.29CC -7C.aa27 -1¢.3%02 -¢1.3571 -1.10a7

-126.2322 -77.7¢33 -11.3243 -71.2393 2.8307

STATE4ZNTS ZxECUTESH 212615:

CORE usacE T2JECT CODEw 13424 3YTES,ARPAY AQCAm scis BYT

SIAGNSSTICS NUMOER CF SRPQOSa O+ NUMSED CF waARN{NGSS

COMPLI T TinZa 9.88 SEC.EXFCUTISN TIwWE=  232.35% SEC.

Csecr .
279

191

87
212

NNOQOONGBW
~ e L
ONID N
o~NPUO

-i10t.0427
~12%9.8132
-1%4.8119%
-172.0008
=-131.4336
=-213.08213
=237,3a2¢6
=-264.5493
-293.0876
=330.3799
=A70.90¢ 1
~416,7913
-4483.810%
~327.85%513
-%94.0140
-676.11%2
-782.3269
=906.9034%
=1339.79%3
-11463.7180
=-1304.3370

JYTES

2

13007 . mATRI Yy = wald
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Sa=mple Ingot 40

. Mezal Chemistry - ¢ 3.55 %, S1 2.70 %, C.E. &.45 %,
X Mn 0.75 %, Cr 0.:2 %, Cu 0.:2 %,
' Al 0.020 %, Mg 0.033 %, S 0.010 %.

.. ¢

—45,2000 a.a402% -Debaad ~C.9487 —0.202a 27.729%

-48.0200 2.8068 =-0.519¢ -1.00a2 -0.2204 23.0818
-%0.2000 I.33e1 -0.%929 ~12.33%8 10.932a 22.27a7
-52,0000 2.7C01 -0.6%589 -3.0030 -1 .ul0a i 19ea297
~%4.2000 i.10613 -0.T260 se3.at0t 465,391 | 14.2693
-56.32000 15922 -0.79%9 -1.%820 - ,2%29 | 12.9999%
-48.22300 1.cCcg -0.8667 -2.4537 0.37T16 | dealss
-80.,090% (.05¢83 -3.92%9 -2.0%a2 0.01723 a.3010
-62.0003 ~C.2103 -1.0690 =3,2990 -Nn.223% ~2.06838
-64.3002 —i.4236 -1.3092 -1.6863 C.0a14a 17073
- -68.L000 -4.%23s -1.5800 -$.16323 -5.3937 =539.0872
-08.0000 201 ~-1.710% -a,Tal0 -2.370d —wv.3228
-70.370¢ —2.757% -1.878%2 -=.378% -5.713a | =o02.707s
=-72.0002 -8.442%24 -2.09%49 -8.,0978 -0.716% =30.23%
~-74.2%00 -1C.5825% -2.3793 -11.0%4% -0.0388 | ~193.7231
—76.33C% -12.2%% -2.7312 -17,17¢% 1.5a13 | =13a.9u802
-78.0200 -t4.8e:12 -3.0%20 —-14.3100 1.2872 -lo02.10%7
~80.,0909 -1%,03281 ~-3.37a3 -1%.a818 J.465a =.32.1384
-82.220%3 -22.6633 -3.7%60 -19.1387 1.0044 =223.4072
-84.000C0 -24,3275% —ho,212a -{6,Tas] -2.2189 -272.3350
-86.0000 C =28.a7%s —-4.7%5a ~2%.9083 -0.77T22 l -32%.06970
-84 .220¢ ~33.4%%a ~$,4193 -331.820% AL317s ! =391.7029
-90.3000 -35.4823 -6.2192 —a2.5732 2.079C l -472.7014a
-$2.3200 -42,.729a -7.1888 -45,0%a7 -7.,7080 -472.3006
~-Ga.J0Ce -%2,1a212 -8.3472 -%5.8096 2.3723 —e90.1819
~96.00092 -e2.3782 -3,404% -61.9322 1.8879 -510.273%
-38.0000 -72.82% -10.687% -7¢.2208 -1.:071 -952.%073

STATEMENTS ZXECLTECm (€190

CORE JSACE QB8JECT CODE= 17948 SYTES,AGRAY 4AQCA= 2008 3yTE: BYTES
- OLAGNOSTICS NUMOER OF ERACKRSw O NUMAED CF 2aRNINGSE 9
COMPILE TImMEN Coedn SEC.EXECUTION TIMEm 148,76 SEC. 12.39.00ATRIV — “AR 19
C3ECF
t
c8o
-, >
t 4
+
/)
ot
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-12.20Q¢C2
=-14.220¢C
-16.30CC
-19.29200
=-2C.2000
-22.3002
-24.0009

=-26.3000"

=-28.2700
=30.00023
=32.2009
- =34.030°
=36.3000
-38.0000
-40.,0000
-42,3000
—44.0000
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~baU~
[ XL 1]
L YT

&%
S 30
244

o rs vt rere e AN LILA O

RO BINNAMA®ROD
NUNOGHre~ 9P NN
-
n
»

[ FE2

e [ T I I B BN R S I S )
1"6[)06

NN~ 0

ODaRaabnuN

CRéCONA

Te2l4a

2.4%06
¢.99a2

—0.3184
-2.3699

0

C(CO0?

-808.871:

»e

4?.13a6
22.9192
22.991
1£.013%
2.150%
2.06G0
la7244a
1.842%a
2.%5343
2+A209
7 80648
=Q.a883a
-2.5251
=2.5589
=1.3180
-C.7819%
=33%19
=T 4836
Q0.02829
3.3729
C.Js5CS
Ce1190
1 .0093
0.10%2
Cel22%
=Cedobay
Q0.0875
T.S113
$.988a
23304
1.3C83
1.4309
JelavTs
=2.5a73
1.0062
C.9292
C.0918
Ceal30
Cs192%
C.2Q27
-C.1280
-C.3%a3

wy

C(EVEN)
Cei0SE
.83
CeVlas

=-2.0554

=Jsl1%a0

C.0%%7
Ce2513
2e337T
Ce2016
Q.98 20
-2eiTT2
-%2.3057
1+3689
—N.0947
Qeld7aa
=0.0182
=0 .0a469
Q0+0303
n,1:123
=-Q0.3613
-7.%%5a
n,138S
NeQB87 4
-Q.77T30
0.1930
N.2485a
1.%37C
Q+5cal
Nellda
J.0992
=-2.3899
Q.6111%
-2.1%28
Qe.0528

L SPMLCLLIY)

~264,3679

=-170.00669 -

-10a4,1992
=58.3279
-26.5889
-{0.188S

“D.S453
=lealls
2.713%8
TP71 4
12.4580
1%5.4573
17.0254
12.1992
T 6299
A,9573
J.30080
2.2708
1.828%1
C.9712
D.2063
Q.984a
1e3970
1369
24038
J.2012

J1.0127
20.0303



-28.220C
-30.330¢2
-32.0200Q
-3e.02"7Q
-J%.J203
-38.3200
~aQeJ 293
-4J.33C3
—«a.39CQ
~46.02C2
—48.27200
-%$0.2200
-%2.0932
~Sme.l 202
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Sanple Ingot &1

¥eztal Chemistry - C 3.76 %, Si 2.680 %, C.E. 4,63 %,
Mn 0.76 %, Cr 0.14 %, Cu 0.10 %,
Al 0.018 £, Mg 0.025 %, S 0.01: %.

H

eIt P2 )

(AATA Ivw podavasssatd b ~ APV 8 82 B MINMAY

80 4 € 0 4 8 0 b b b 4N
<
A
o
~

aNoowN
o Nan

.
(V]
O
4]
N

ceeod
Is.1772
a2.87TEN
3a ,%5Q7"
26.305%
21.0200
12.3637
2.0%3%
a.,2%513
-1 .0089
—2.20461%
-],aa19
-2 ..787%
T .2t0"
.233%
« 3201
»1281Y
.2%64
«33ca
-5337
. 9248
L3729
2672
«3el
epL3-]
«3620
23131
LINT
-3332
R
«A%31
.3298
«3d32%
2999
ad7
«J9vi
<5252

|
e

N P A R L L R R s N Ry P N s RO A R NN ¢ X e ¥}

Sua(C{113}
=23 7.282%
—21 1 .6%60C
~le2.3331
-3 2.32at
=-37.451%&
-~12.4%"4%
2.2a27
l1.Tacs
TeS%a 3
$.7026
Seal2%
1.7920
~,93%4Aa
J.23848
1eN3%a
15422
2.2553
T.2582
2.846768
S.623%
AedB1Y
1.2661
2.8972

e

.
Q
Y.
¢
P

IEANIW U
e« & » » 0 »
[PIUN N0 N XL 3

P NN Qe

AN P o)

NOONIOCON

P LItV errare e



-
»
LY
-56.22J332 £.53Q99 Cel1S56a 1903863 Salla” [ . 3. T g
-38.09C0C £.8C13 T.195I"7 1.06271 =" «2833c 69 .54878
-063.2902 2.7914 31307 T 3323 -2.19862 T1.C798
-62.09239Q g.£222 Q+1149 -C 2374 C.5a52 72.1094
-54.0LJ90 2.82¢a C.09C3 T.CO84 ~.22068 | r2.86088
-64.23300 2.1718 0.0%%3 C.30Q T .0202 t T2. -
-6¥.2000 T-8%04a 0.0:1%3 J.ba78 ~1.2155 i Tie 2
=72.30¢C3 7.4960 ~-2.C288 7 .AAR21 =Jel25%a i Th.e9n2
=72.39¢C3 ?.11a1 -J.n7eax -7 +7%0w -1.1282 63.327TH
-74.0020Q €.7136 -C.1306 -%.3123 -N.1324 S0.%4906
~76.43CC 2472 -C.17?7 =-1.7701% -1 -] L% PR 33
-783.19C2 £.23503 .28 T TRS -1.1772 2leda?s
=-80.8000 £.7388 ~0.2%64 -C.2713 -3 +5345% 61 .9352
-32.2009% S.a104 -N.29%2 7.8713 -1806%3 SO 04"}
-84 .30uQ 2.C086¢ =J.3ang -2 3327 -2.2%C9 87.692%
~-86.020N 4.7339 -0.33a} A =C.2902 “Ne2223 5%.2283
-38.23C9 4.a2C7 -3.,4273 =L lea: TLT22s $2.%3%2
=-8G.3C32 2.2%508 -0 .a7"t -1.2323 -2.15%c «a3,3309
-G2.3399 29601 =J+6132 -¢.3922 ~.12%7 27.38%8
-%a,.300% c«CN2S -1.7ala ~2.1a07 -7 .c=5% 2% .4237
-96.200 2.8637 -J.8822 -7.3213 t.2781 | 1t.TSTY?
-68.273C0 -C.2452 -1.05e8 —-7.230% =C.a3993 -2.8028%
- ~100.0222 -1.?738 -1.2308 —8.n320 4 ~C 9332 =22.0a4%]
-102.22)2¢Q -1.120a -1.4Ca9 =C.1733 -2,2187 =21.7279Q
-10e.l20% —4.,J%0% -1.%662 -83.9960 2.232: -53,6%52
=1386.3C20 -6.CC212 ~t.7931 ~12.2%32 TN IT4h -3a,"3A3
=-138.22C8 =7.£9%6 -1.,9277 -G.%+23 2.3ma) -10t.a%3%
«-110.0C309 -£.4312 -2.1380 -12.2382 S.i9S3 -122.93\7
-112.2000 -1C.C582 -2.32'% -13.0%a3 TL.7l1 8 ' =1a3,¢£19%
-114.,23020 -12.9323 -2.5338 -t 218" ~.5128 o =122.3:a3
-116.923¢C0 -1¢.87:¢% ~2.91%a —-22.70622a N ,2987 —22a.£6374
-118.3239 -17.06403 -3.329" -£2.5722 -2.%%%a , =27T.1:33
-120.,293¢C -21.2272 -2.8177 -31.237% =" .33 7T -Jan.,a?Ts
-122.3330 =2%.:16% -a.32:90 —1X.75%% VeSS ET —atT.TIT2
-124.00¢C2 -2G.4Angs -4 .,33°% =G¢Z.T1as 145783 ——3 72Ty
-126.23372 -22.2225 -5.6467a -€1.7e%1 S teded2 -405.:773_
-12%.9200 -a1.220% -6.479S ~€F.8322 "7 TTTTTe7338a T 1 _pha_ 3945
-t13".23CZ —-2,827¢ -7 .a523 =77 .37y 15429 . -2a2 ., "%Sug
-132.2032 ~%%.alla -3.6231¢ -21.2833 “J.3417 -1373.8Can
=1la.d 02 -¢c. 1621 -3.78¢3 -02.831" =2.2%32 .o=1131,.,2a322
-130.2)382 -72.782 -ti.C71t ~Ce AT Tab 36 -1 477,2072
STATEMEINTS T XECLTEDE 2Ta4291¢
CORE JSAGE J8UECT CODEw N\ 19423 BvyTES.afJav a1 Tam 226 qua[ avrTs
;
O1AGNISTCS MUMBER OF ZoQCO%a Te NUMIZQA IF wa3IN(NCSs : 2
COmP I I TIiwmwIs= 1.0 SECLWEXBCQUTICN TivEa <?2,%7a 387, ID2elFevitna™ v = wad

CzECH
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Sample Ingot &2 ‘

Metal Chemistry - C 3.68 %, SL 2.74 %, C.5. 4.59 %,
Mr ¢0.70 %, Cr 0.2 %, Cu 0.:3 %,
Al 0.020 &, Mg 0.050 %, S 0.007 %.

X¢1) ye1l) 29¢1} C(L300) (Evan] SUM(CIIN)
20.3020 7TL.256¢ S.0632 ~5CT.6799 C.0587 -136.2429
18.2359 S%.6a437 6.3961 x2.0218 2.0863 92,41t a
16.0700 JS.5%438 a.2900 22.148% 2.1730 -4T.T72a
14.320°% 2¢.7378 2.4482 1%.52%58 2.2106 -16.2878
12.080¢0 17.5793 1.1969 2.9426 -0.197% 142025
10.2000 148732 Q0.5619 Je2362 =Q0639 7.6432
8.200 12.7936 . 0.2498 0.6321 T.0701 | 9,0583
< 6.020% £.4CS0 -0 .08a44 -Ce%711 f.3a70 8.0110
4.0007 7.80a -Q.1169 -1.1%53% “.1254 %.9%58
2.3C33 . <e?Tan -Q.267a -2.13C! 3.3722 1.7338
~L,o002 1.0QC0 - =1+.38%64 ~9.6321 4.70637 R 0«00358
-2.L200 a,4C%9 -0 5721 1.9062 =363 2.939a
-4,2052 4.5291 -0 601 ~.3638 Csll6a 3.879%
-6.2009 6213 -0.%544a3 0.5972 ~0.01583 | S.0a34a
-A,08300 4.5468 -C.851:6 Coa2a9 C.1%5%9 | 6.2251
-1C.32C3 t.2887 -7 .43~y lalsaz -Ce2861 8.0%23
-12.0003 2.1722 -23.433%0 2.3269 n.1938 9.1220
-14.27300 4.27%0 -n.515% 2.0660 -N.1{a79 8.9543
-16.3027 I1.2063 -7 .0421 -T.a743 -N.2072 T.8913
-18.0002 Z.2864 -0.7439 -C.7299 ~3.2287 | S.67a1
~20.9270% 1.4166 -0.8Q79 -C.2899 -C.23%3 i 5.0237
-22.2277 1.2891 -7 .843% 22.2713 -22.60:2 ! 4.3643
. -24.3300 C.879C -2 2806306 -0.1858 -0.0303 | J.2319
-26.0000Q CeC783 -Ce3037 CorIP -".0018 &.7923
—-28.23C7 C.57S0 -C 8637 C.0a21 c.0886 4,3837
-30.20902 C.3%81 -5.877%6 -0.2623 S.0112 4,2520Q
-32.2729< C.298> -0.%%a9 -2 .%50aa ~.3C0a 3.2363
-34.307° C.2384 -2.9237 ~0.7515 T.1928 | 2.11806
-36.3309 €.CCO0D ~1.2300 ~0.%53A7 -c.1229 | 0.6993
-38.730¢C ~Cea727 ~1.0326 -1.871¢ 244735 ~1.6683
-a0.3300 ~C.STTT -1.1273 -1.4836 c.2802 ~a.S513¢0
. —-42.,9203 -1.4C0C% -1.1737 -1.0443 =0N.2693 ~7.142:
-aa.27¢9 ~1.85%a -1.2332 -1,240% s =0.2790 -12.1812
-ag¢.3002 —5.a877 -1.3117 -2.32%59 vel1a22 ~la.%aA6
-—=2.0099 -2.85C10 -{.3770 -3.6%89% 1.7183 ~18.4673
S—
c84
Q.
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-
-%50.3000 -2.266% ~1.a6b25 -2 .04848 0.3338 T w23.7267
-32.5003 -4,.52%0 -1.57%1 ~3.8113 n.31%7 ~30.7181
-%4.3000 -2, 478a -1.7244 -4.9232 0.2060 {  ~4n.1%526
-36.0000 -7.1988 -1.9238 ~6.5679 N.1e08 {  ~%3.,007e
-%3.3 %072 -0.2392 ~2.:1920 ~2.4661 -0.3771 =70.4938
-03.3009 -1¢.22%3 -2.3631 ~4.162% -0.211a ~-33.a4106
-42.0 300 =1 le820a =2.%016 ~5,8639¢ =5 30647 -54.8%09
-52,32C3 -1z.7230 -2.0%%¢ ~£,2982 -0.1781 -107.80a8
-©6.02300 -14,€109 -2.3270 -6.9837 ~0.3743 | =122.3200
~08.0030% -1%.a720 -3.3215% ~8.7882 2,299+ [ =139.4942
-70.300¢ 17,1348 -3.,2429 -9.0263 -2.7920 | -1359.13«6
-72.3%¢9 -18.5992 -3.4510 -12.2378 10067 { -181.%968
=74,3000 -21.8920 -3.7%87 -13.60089% TLTBI3 -207.31C3
-78.33%2¢0 -22.,4a%a - ,.083! =1%8.3694a 2.454048 -238.7%33
-78.5000 -2¢,092¢ Za,aJ87 -16.8455 -0.0420 =271 .%430
-80.2200 -2%.C730 -a,82320 . =18.04%3 L=".a32%8 . -309.29°88 _
-82,%02%0 -3:7.1929 -5 _.2482 -20.9%%5 0.0e08 1 =351.129
-34,3200 ~3d.4470 -3.708% -24.0129 2,3838 { =398.3870
-86.23900 =2S.%0a3 —-5.222% =-27.3A%83 - 228357 - =a%2.1084
-88.2000 ~43.81%50 -5.7969 -3¢.2a79 . =C.3003 i =%13.2048
-Q0,.(9CD ~af.6381 -7.a393 -34.8173 0.2379 ~%32,72306
-82.32099 -%4,%4361 -3,:%89 -28.7%768 -2.817% ~661.911a
-G4.3300 ~4C.22% -3.7827 —ak.2%40 00,2793 ~7%3.8667
=%6.0202 ~4%7.19%2 L =9.9112 . _ .  -%22.0637 L =D,a006a _ . —3%8.9868
STATEWENTS SXECUTED= S§7998
CORE Jsace QeIRCT CONE= 18424 BYTES,4RARAY AREAW 3016 BYTES 8YTES
OIAGNOSTICS NUMBER GCF ZaaQoSa Oe NUMIEQ JF waARNINGS=a Q
COMPILE TImEw 491 SEC,EXECUTION TIMEx  102.78 S8C.  __ _ 11.37.93wATSIV .= AR !
C3ECK
<85
. \
S \
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{\:3 Samples Ingot 43

et

Me<al Chemisty - C 3.50 %, S1 2 70 %, C.5. &.4o %,

x{I} YeIl R(I? c{ooo) C(EVEN]

7 aa.0009 8¢.8278 9.7067 -426.7056 -394l
42.3C2° 8r.4440 7.94a7 46,1054 ~Q.a849
AQ.2299 S¢.89606 HedSa? 36.601S 0-0334
383000 47.12239 1991 29.119% 2.1037
36.00G72 41,6006 a,a42a 17.4433 ~C 061
Ja.3000 2e.%987 «.0%91 10.3a84 -0.0672
32.090n0 T2.7273 3J.6720 $.037% ~.1609
J0.J00%2 24.%9a3 33182 4 .3269 2.13006
23.0009 32.2%62 3.3533 4.8%%0 —C.Q48%
20.20C3 22.12%2 I.1910 A.1229 Jea82a
24.3000 2C.89C0 3.0120 J.6729 Q.5189
22.03Q0 2%.13803 2.77Q3 4.48839 -C.i191
X £.20% 2e,2e32 2.3949 8.23743 -2.5024
18.30232 22.2383 1.9226 L .a39a TJel133a
16.0909 17.8a¢a 12176 € .2993 Ne1356&
14.00C2 13.0779 T .3983 a.26901 O0.13153
12.30072 t.583a Q.Cas3 20004 -2.1129
10.0209 &,1882 -0.3322 -1.730S ~Q+6991
8.22C2 4,2567 -0 .%921 -1.6913 -2 +2337
6.3390Q Z.8211 -5.7728 ~10.437a Q.365>
«.3702 t.G28: -0 .H929 -C.1a2a ~2.%39%
2.33C2 1.172%a -1.3210 -7.]1068 =2.2776
2.2022 1.6092 -1.3A%¢ -cL112% -1.3329
-2.0200 CeS565 -c.a%500 0.338% T.1193
-4.33C72 7.55¢8 -~ .8613 2.1533 =-2.0299
-6.2229 2.6362 -0.30650 N.0679 0.3601
~8.0330 CeCSay -%.3609 J.1278 -0.0011
~10.29C0 C.8311 -".%482 Tela2s 0.3823
=-12.83230 CaSavl -0 .8692 L3000 -0.1762
-14.02330C CeF44a4a -0.8730 Qe38a4) -0.2609%
-18.3320¢ C.5482 -2 BTN -C 2467 Ce3707
-18.3300 2.6%20 -0.8793 C.00886 Oe0%5a4a
. =20.0300 C.95%2 -0.87%3 J.07%8 C.0%062
-22.93¢C0 C.$353 ~C.377% ~C.2%"% £.2082
=2a.200¢ €.5550 -0 .8707 2 .00604a C.06%7

n 0.59 %, Cxr 0.:3 %, Cu 0.4 %,
Al 0.020 %, Mg 0.049 <, S 0.010 %.
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SuUM(C(I))
-378.0017
-286.760%
-213.4510
-155.3110
-120.2169
=-09.0854a7
-31.2%57%

=-71.3029
-61.6836
-52.%364
-44,1877
=33.27Ca
=22.92%86
“12.7773
0.8919
28931
14,0999
9.2007
S.alnQ
J.147%
1.78d36
S.9957
Q.0043
Ce9222
12255
l.48a8
1e71581
1.967a
2.2148
2.4617
2.72:7
2.9A3S
Je2aTS
343027
3.7350

b



/Fx*uu

-26.09¢C0
-28.,2¢CJ0
~30.0907
~32.28Q0
-34,3900
=3¢.0000
=3843200
-40.90%¢
-a2.0300
-44.0000
—46.000%
-a48.0 3070
-50.0200
-32.2000Q
=5443200
~%56.3200

STATEMENTS €x8
CORE JUSAGE

D1 AGNOSTICS
COMP LI _Z TimZas

* o csecw

]
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-¢.C7Ca
-7.3722
-&.78al

-*t.8%a1

-12.1371

-1%.,370a

-17.32%a

-16.%678

-23i.1843

-2%.1099

-28.2271

-XZ.0707

=-J¢.e822

-4a1.3687

-a8.T17a

-22.8251

=1.774a0
=-1.9321
=2+131s
-2.3%4a
-2.707a
-3.0038

3.2639
-3.9423
~3.90%2
~4.29%8
-4 ,7%4Q
-3.289¢6
-3.8a1%
-6.46%%
-7.1779
=T .9917

CuTEDa 1233337

OBJECT CJ0€E=
NUMBER CF S3Q00sa

Ce.88 SEC.EXECUTION TIMEm

cs?

2.0810
23734
1.877%
Q.0436
cC.0808
~1.1190
~1.0470
-2.1801
=3.39a8
-2.512a
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