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Kontinuirnost obvladovanja kaljivosti jekla
Continuity of Steel Hardenability Control

J. Segel”', S. Petovar™

Kaljivost je ena od pomembnih lastnosti jekla, zato
ima vidno mesto v sistemu zagotavijanja kakovosti jekia.
Predstavijena celovitost obviadovanja zagotovijene ka-
kovosti jekla od konvencionalnega modela do sodobne-
ga temelji na sistemu »POKA-YOKE« (11), to je na pre-
precevanju in odpravijanju vzrokov neprave kaljivosti v
procesu (zdelave jekia v elektro peci ali po postopku po-
novéne metalurgije (VAD).

Predstavijena je racunainiska podpora zagotavijanju
kaljivosti jekia od izdelave matematicnega modela napo-
vedi kaljivosti do integracije in uporabe napovedi v radu-
nalnisko krmiljenem procesu izdelave jekla v elektroje-
kilarni. Podani so tudi vecletni rezuitati in izkusnfe.

Samostojni racunalniski programski paketi napovedi
kaljivosti jekla so namenjeni raziskovalcemn, tehnologom
toplotne obdelave, kontroli kakovosti in uporabnikom je-
kia.

1. Cilji

Namen raziskovanja, modeliranja, uporabe raéunalni-
ka je izboljsati celovito obvladovanje kakovosti jekla na
podrocju kaljivosti. Na kaljivost ima mocan vpliv kemi&na
sestava jekla, vendar nam standardniin kupcevi predpisi
kemi¢ne sestave vedno ne zagotavljajo obvladovanija za-
gotovljene kaljivosti. Zanesljivost sistema zagotavijanja
kakovosti kaljivosti jekla se ugotavlja periodi¢no s $irino
distribucije Jominy krivulje in deleZzem Sarz zunaj zago-
tovljene kaljivosti.

Ta delez je sicer majhen, vendar Zelimo, da je 3e
manj3i. Dolgoroéni cilj je »ZERO DEFECT«.

2. RACUNALNISKA PODPORA ZAGOTAVLJANJU
KAKOVOSTI KALJIVOSTI (1)

Obdelava podatkov Jominy preizkusov je v Zelezarni
Ravne Ze od leta 1975 del kompleksnega informacijske-
ga sistema avtomatske obdelave podatkov tehnicne
kontrole in raziskav (AOP-TKR). Celoten sistem obrav-
nava podatke:

- fazne kontrole v obratu,

— kemijskega laboratorija,

— laboratorijske kalilnice,

— mehanskega laboratorija in

— podatke o neuspeli proizvodniji,

Podatki o Jominy preizkusu spadajo v skupino
podatkov laboratorijske kalilnice in jih lahko obravnava-
mo samostojno ali v povezavi z drugimi vrstami poda-
tkov in meritev.
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Hardenability is one of the most important steel pro-
perties taking up an essential position in the quality steel
quaranteeing system. The presented quality steel guar-
rantee from the conventional to the modern model is
based on “POKA-YOKE" system (11), which means pre-
venting and abolishing causes of irregular hardenability
in steel making process in an electric furnace or in the
VAD process.

The paper presents the computer aided control of
steel hardenability assurance starting with a mathemati-
cal model of hardenability prediction through integration
and the application of the mentioned supposition in
computer controlled steel making process in electric
steel works. It presents the results and experiences ob-
tained in many years.

The computer program packages on steel hardena-
bility prediction are made for researchers, heat treat-
ment technologists, and steel consumers quality con-
trol.

1. SCOPES

The improvement of steel quality with special empha-
sis on hardenability is by research, modelling, and com-
puter application. Steel hardenability is strongly affected
by chemical composition of steel yet the standard and
purchaser's specifications of cherical composition as-
sure control of guranteed hardenability now and then
only. The reliability of hardenability quality assurance
system is examined periodically by Jominy curve distrib-
ution and a number of heats without guaranteed harden-
ability.

This share is small, yet in this case the end effect is
expected to be "ZERO DEFECT"

2. COMPUTER AIDED HARDENABILITY CONTROL
ASSURANCE (1)

Since 1975 the Jominy test data processing has pre-
sented a part of the complex information system of the
automatic data processing system of the quality control
and research department (AOP-TKR). The whole system
is engaged in processing the following data of:

— shop floor quality control,

— chemical laboratory,

— heat treatment sample preparation,

— unsuccessful products data.

Jominy experiment data belong to the heat treatment
sample preparation data group and could be processed
independently or together with other data and measure-
ments.

The current data processing of the reference field
could be ranged in the following two classes:

— data entry to the data bank,

— regular data processing to check the quality le-
vel.
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Tekoco avtomatsko obdelavo podatkov obravnava-
nega podro¢ja lahko razdelimo v dve skupini:

— polnjenje banke podatkov in

— redne obdelave podatkov za preverjanje nivoja
kakovosti.

Prva skupina obdelav podatkov vsebuje Ze klasiéno
kontrolo in prenos podatkov v eksterni del radunalnidke-
ga spomina. Za podrocje analiz kakovostnega nivoja in
vzrokov neprave kaljivosti jekel je primerna vrsta rednih
obdelav in cela vrsta matematiéno-statistiénih analiz,
Shemo druge skupine obdelav podatkov kaze slika 1.

Voos i Preros podothov

-
o
Anaglze Anglize mvoa
neuspele prozvodnge —\ kakovost: zdelkoy
N procesov
Analiza
pornzdelitve

Obdelave podatkov
kontrole kakovosts
In raziskav

~

Angiize Analize
. vanance . kore'lacie in
regres e

Slika 1
Obdelava podatkov nadzora kakovosti in raziskav v jeklarstvu

Kontrolne karte (predvsem X-Rp) nam sluZijo za sli-
kovni kronoloski prikaz kaljivosti dolocenega jekla in nas
opozarjajo na tiste Sarze, ki so zunaj kontrolnih mej.
Uporaba kart je primerna za podrobno analizo kakovosti
posameznega jekla.

S pomocjo analize porazdelitve lahko objektivno defi-
niramo pasove zagotovljene kaljivosti. To podrocje je Se
posebej pomembno.

Matematicno-statisticno metodo primerjav srednjih
vrednosti in standardnih deviacij lahko uporabljamo za
primerjanje pomembnosti razlik med kaljivostjo sorodnih
jekel in pomembnostjo razlik v kaljivosti jekla, ki smo mu
spremenili tehnolo3ki postopek izdelave, torej za primer-
javo kakovosti jekla, izdelanega po stari in novi tehnolo-
giji.

Kako lahko uporabimo primerno organizirano banko
podatkov za povezovanje podatkov Jominy poizkusov z
drugimi vrstami podatkov, nam kazZe analiza vpliva
kemicne sestave na kaljivost jekla s pomoéjo analize ko-
relacije in regresije. Regresijske in druge matemati¢no-
statisticne analize lahko opravlijamo na razli¢nih racunal-
nikih z enim od matematiéno statisticnih paketov, ki
omogocajo iskanje tudi nelinearnih regresijskih enacb.

Racunalniski modeli napovedi kaljivosti so izdelani za
osebne ratunalnike in ra¢unalnike DEC. Napoved bazira
na modelu regresijskih enacb in na poznani ali pri¢ako-
vani kemi¢ni sestavi jekla.

Redne obdelave podatkov neuspele proizvodnje so
razdeljene tako, da je mogocée problematiko obravnavati
z naslednijih vidikov:

— izdelek

— jeklo

— pe¢ ali stroj

— vrsta napake

— delavec.

Za podro€je kaljivosti jekla Se posebej spremijamo
vrsto napake, to je kaljivost zunaj predpisanega obmocg-
ja jekla. Praviloma se obravnava vsako jeklo posebej in
le v raziskovalne namene zdruZujemo in raziskujemo so-
rodne skupine jekel. Kajti pri oblikovanju in uporabi mo-

The first group of data processing is controlled in the
classical way and its data transferred to the external part
of the computer memory. To analyse the quality and
causer for irregular hardenability of steels a series of re-
gular processings and mathematical-statistical analyses
are provided for. Figure 1 shows the outline of the other

data processing group.
Oata Data transfer
entry to steel plant
\ >
Product and

Unsuccessful
product process quality

Quality and rese-
arch control data

analysis proceasing analysis
/ \ ~.
~ \ 2
Control . Distribution Variance Correlation
cards analysis . analysis ond reqression
analysis

Figure 1
Quality assurance control data processing.

Control cards (above all X-Rp) show pictures and
chronological view of a definite steel hardenability and
point out the heat outside the specification range. These
cardf are used for detailed quality analysis of a specific
steel.

For an exact determination of the guranteed harden-
ability bands the distribution analysis is used. This is
very important.

The mathematical-statistical comparative method of
average value and standard deviations determination
could be used to compare the hardenability of steel
made by the old technological procedure to the one
made by new technological procedure.

A correctly prepared data bank can be used to link
the Jominy tests data to other data as is shown by the
analysis of chemical composition effects on steel hard-
enability by means of correlation and regressive analy-
sis.

Regression and other mathematical-statistical ana-
lyses could be performed by any computer with one of
the mathermatical-statistical packages which make the
search for non linear regression analysis possible.

The computer models of hardenability prediction are
made for PCs and DEC. The predictions are based on
regression equation model and known or expected
chemical composition of steel.

Regular data processing of unsuccessful products is
arranged in such a way, that the problerns causes can
be treated from the following points of view:

— final product,

— Steel grade,

— furnace of machine

— error,

— foreman.

An error in steel hardenability i. e. the hardenability
outside the specification range is followed all the way
along. Usually each steel is analysed separately. Some-
times analogne steels are researched as a group of
steels but for strictly development reasons, as the crea-
tion and application of prediction models showed that
reliable models for a real heat-steel are based on data of
one and the same grade. Detailed description is to be
found later in this paper.

Hardenability quality grade analysis contains results
of regular Jominy test data processing. Data processing
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delov napovedi se je pokazalo, da dobimo zanesljivejSe
modele za konkretno SarZo-jeklo, ¢e je model izdelan
samo iz podatkov enega jekla. Vendar ve¢ o tem kasne-
je. Analiza kakovostnega nivoja kaljivosti vsebuje rezul-
tate obdelav podatkov rednih Jominy preizkusov. Prika-
zane so po oddaljenosti od kaljenega cela in podane
tudi v odstotkih odstopanja od predpisa.

Posebno novost predstavlja uvedba ocenjevanija veli-
kosti odstopanja od predpisa (12). Imenuje se ABC me-
toda in je podobna tisti, ki se uporablja pri ocenjevanju
odstopanja kemi¢ne sestave. Vsak Jominy preizkus dobi
po vnosu podatkov v radunalnik oceno zadetja kaljivosti
in sicer:

A — vse v mejah garantiranega pasu kaljivosti

B — manj3a odstopanja od predpisa. To so odstopanja,
ki so manjsa od 10 % Sirine predpisa na posamezni
globini. Oceno B dobi meritev za odstopanje na eni
ali vec globinah.

C — vecja odstopanja od predpisa. To so odstopanja, ki
so vecja od 10 % Sirine predpisa na posamezni glo-
bini.

120 pc=e
_§ = 100 ocena B grade
2 § 100— T—t— |
&3
©o
9 80
(=
23
S S0
X
5%
& 40
201 =
0
1984 1985 1986 1987 1988 1989
Leto Yeor
Slika 2
Spremljanje ocen odstopanj kaljivosti vseh aktualnih vrst jekel
Figure 2
Estimation of hardenability defects of all actual steel grades.
STANJ
KAKOVOSTI
KALJNOSTI
/ ' !
MATEMATICNO Saia
s podatkov
STATISTICNE kontrole
ANALIZE kakovost
Krdexrlonje
0 n
TehneloSk g;)hneo%k:h Modeli
analizni analzmh <—*| napovedi
predpist p,eci,sov kaljivosti
DINAMICNO l
KRMLJENJE
KALJI“-‘OSH
proces
izdelove Jekla
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Raéunalniska podpora zagotavijanju kaljivosti jekla

results show hardenability and deviations for all Jominy
distances. The estimation of regulation deviation (12) is
a special novelty. It is called ABC metod and is similar to
the one used in estimation of misfits in chemical analy-
sis. After the data are entered the hardenability of each
Jominy testriments is valued as to its accuracy as fol-
lows!

A= within guranteed hardenability band.

B= insignificant deviations. These are differencies of
less than 10 % of hardenability band with at a specif-
ic Jominy distance.

C= major deviations: these differences exceede 10 % of
the hardenability band at a specific Jominy distance.

Hardenability level change tracking in each individual
and all steels together during certain periods is made
exacter by the ABC method of valuation. The guaran-
teed hardenability of each steel is subject to several na-
tional and customer specifications. In quality, in the
course of time they become more uniform. Therefore
the ABC classification of the required hardenability has
to be done for each order separately and in agreement
with the customer. Thus one of the ABC estimation is
reached.

The regular data processing results could be shown
as a graph as shown in Figure 2.

Figure 2 shows an extremely satisfying trend of B or
C marked heat appearance reduction. To prove this the
year 1984 was compared to the following years up to
1989. 1984 was indexed with 100. Resuits show the
heats improved for 2—3 times. It is evident the improve-
ment can only be obtained by continuous striving to im-
prove the insurance of hardenability quality.

The model of the development information system of
continuous control and improvement of steel hardenabil-
ity as a whole is shown in Figure 3. It consists of four ba-
sic operational and program packages connected to
each other and logically following each other according
to circle principle of introducing the product or process
quality improvement.

|HARDENABILITY|
QUALITY STATE

‘ i
MATHEMAT ICAL Quality

STATISTICAL control
ANALYSES tan b

-

| Modeling and
technolegy

specification
rang

Models of
=% |hardenabi-
lity predi-
ction

Technolog-
ical spec -
fications
range

HARDENABILITY | ;
DYNAMIC
CONTROL

14!

process
of steel making
Figure 3
Computer aided steel hardenablliity assurance.
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Ocenjevanje po metodi ABC nam omogoca objektiv-
nej$e spremljanje spremembe nivoja zagotavljanja kalji-
vosti posameznega jekla in vseh jekel skupaj po primer-
nih ¢asovnih obdobjih.

Za posamezno jeklo obstajajo razli¢ni drzavni in kup-
Cevi predpisi zagotovljene kaljivosti. V letih se spreminja-
jo v smeri zahtevnejSe, enakomernejse kakovosti. Zato
je v odvisnosti od posameznega naroéila in kup&evih
zahtev potrebno takoj opredeliti, ali je pri jeklu doseZena
zahtevana kaljivost. Torej dobi eno od ocen A, B ali C.

Dobljene rezultate rednih obdelav podatkov prikazu-
jemo tudi na racunalniku v graficni obliki, kot to kaZe sli-
ka 2.

Na sliki 2 vidimo izrazito ugoden trend zmanjsanje
deleza Sarz z oceno B in C. Kot osnovo vzamemo leto
1984 z indeksom 100. Vsako leto se je stanje izbolj3alo.
Skupaj se je do leta 1989 stanje izboljSalo dvakrat do tri-
krat! Oc¢itno se takSen rezultat ne doseZe z enkratno ak-
cijo, temve¢ s kontinuirnim prizadevanjem za izboljsanje
kakovosti zagotavljanja kaljivosti.

Shema celotnega razvojnega informacijskega siste-
ma kontinuirnega obvladovanja in izboljSevanja kaljivosti
jekla je prikazana na sliki 3. Vsebuje Stiri osnovne delov-
ne in tudi programske sklope, ki so med sabo povezani
in si logi¢éno sledijo po principu kroga uvajanja izbolj$ave
kakovosti izdelka ali postopka.

3. METODE OBVLADOVANJA KALJIVOSTI JEKLA

3.1 Uporaba tehnoloskih analiznih predpisov in mate-
matiéno-statistiénih analiz

Racunalniski model napovedi kaljivosti temelji na ne-
linearnih regresijskih enacbah. Med jekli in globinami Jo-
miny preizkusa upostevamo razliéne vplive kemiénih ele-
mentov. Primer spreminjanja koeficienta determinacije
2a jeklo C 44732 vidimo na sliki 4. Med 20 in 35 mm do-
bimo razmeroma visok koeficient determinacije, priblizu-
je se 0,80, vendar pri 40 in 50 mm zopet pade.

Osrednja znacilnost racunalniskega modela kaljivosti
je v tem, da imamo zaradi izboljSanja toénosti napovedi
za vsako jeklo poseben model. V raziskovaine namene
pri iskanju splosnih zakonitosti sorodnih jekel zdruZuje-
mo in dobimo grupni model.

Model napovedi trdote na posamezni globini Jominy
preizkusa lahko prikazemo grafi¢tno z nomogrami vpliva
variacij kemiénih elementov na trdoto. Slaba stran no-
mo%ramov je vtem, da je potrebno veliko ¢asa za izdela-
vo. Se vecji problem je nepreglednost pri veéjem Stevilu
kemiénih elementov v enem diagramu.

Sistemati¢ne regresijske analize in preverjanje rezul-
tatov v praksi nas vodijo k vse to¢nejSemu modelu napo-
vedi kaljivosti in vse manjsim odstopanjem od zagotov-
liene kaljivosti, to je k boljSemu obvladovanju kakovosti
jekla.

Napoved kaljivosti jekla na osnovi kemiéne sestave
predstavija najpomembnejsi del napovedi kaljivosti, ven-
dar je v praksi toplotne obdelave treba upostevati e
druge tehnoloske dejavnike, kot temperaturo avsteniti-
zacije in popus¢anja. Osnovni sistem Kkaljivosti jekla
predstavija Jominy poizkus in metodologija pasov zago-
tovljene kaljivosti.

Za izboljsanje doseganja zagotovljene kaljivosti s po-
mocjo tehnoloskih (internih) analiznih predpisov je zna-
Cilen dvostopenjski postopek:

1. — zoZenje porazdelitve kemiéne sestave in kaljivosti z
uporabo procesnega racunalnika pri legiranju jekla,
2. — centriranje porazdelitve kaljivosti v sredino pasu.

3. STEEL HARDENABILITY CONTROL METHOD

3.1. Use of Technological Chemical Specification
Range and Mathematical-Statistical Analyses.

The computer model of hardenability prediction is
based on nonlinear regression equations. The steel
grades and Jominy distances are affected by chemical
elements. Figure 4 shows an example of C.4732 steel
determination coefficient change. At the distance be-
tween 20 and 35 mm the determination coefficient is rel-
atively high approaching number 0,80; at the distances
of 40 and 50 mm it is lower again.

o
(=]

Determination coefficent
—e= Koeficient determinacije
) 2

15 5 9 13 20 0 40 5
377 0 65 B 3 45

Oddaljenost od kalenega Eela (mm)
Jominy distance (mm)

Slika 4
Vpliv kemiénih elementov na kaljivost jekla C 4732
Figure 4
Effect of chemical elements on C.4732 steel hardenability.

The most important characteristic of the computer
aided hardenability model is that for each grade a specif-
ic model js created which is due to improved accuracy
of prediction. When looking for general characteristics
for research the similar grades are groupped together
building a group model. The mode! of hardenability pred-
icton in each specific Jominy test distance can be pre-
sented graphically by nomograms of effects the chemi-
cal elements have on hardness. But the nomograms
show a weakness which lies in their time consuming
preparations. Even more problematic is lack of clear-
ness when one diagram consists of numerous chemical
elements.

Systematic regresion analyses and result checks
make the hardenability prediction model improve in ac-
curacy and guaranteed hardenability deviations de-
crease; this means an improved quality control assur-
ance.

The most significant part of hardenability prediction
is the hardenability prediction based on chemical com-
position yet heat treatment has to consider other tech-
nological parameters such as the austenitisation and
tempering temperatures. The Jominy test and the meth-
odology of guaranteed hardenability bands represent
the basic system of grade hardenability.

To improve the guaranteed hardenability attainment
by technological chemical specification range the follow-
ing two-step process is to be performed:

1. Narrowing of chemical elements distribution and hard-
enability by process computer during alloying.

2. Move of hardenability distribution to the band center.
When prediction model is reliable the first step could
be omitted and the process started at step 2. In doing
so the process is statistically controlled.
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Pri zanesljivih modelih napovedi lahko pristopimo ta-
koj k drugi stopniji, to je centriranje porazdelitve kaljivo-
sti. Pri tem doseZemo, da je proces statistiéno nadzoro-
van,

3.2 Racunalniéki model napovedi kaljivosti

Programski paket napovedi kaljivosti za kontrolo ka-
kovosti (HARD-QC) je potreben za zanesljivejSe dose-
ganje zagotovljene kaljivosti, raziskave, tehnologom to-
plotne obdelave, konstrukterjem in uporabnikom jekla.
Sestavijen je iz dveh programov.

Prvi je namenjen vnosu, spreminjanju in izpisovanju
modela napovedi kaljivosti posameznega jekla.

Drugi program vsebuje vrsto funkcij in ima obSiren
osnovni menu, kot to kaze slika 5.

MENU

1 -Napoved Jomwy krivulje trdot

Z-Nopoved trdot po preseku kaljene palice

3-Napoved krtnih trdot in premerav

L-Napoved trdote i prevoine tocke J-krividye

5-Napoved Ms tocke in premenske tocke Ac3

6-Risane pricakovanega obmodia kaljvosti za analizri predps
7-Risanje pricakovane Jominy krivulje kaljivosti

8-Risanje prcakovane ‘U’ krivulje kelpvosti

S-lzpes predpisane kaljivosti n teh.onaliznega predpsa
K-Konec (ali peitisk na tipko RETURN)

Slika 5
Primer osrednega menuja programa HARD-QC za napoved ka-
ljivosti

Povezovanje trdote, izmerjene na Jominy preizku-
sancu (J-krivulja), in trdote, dosezene pri kaljenju v prak-
si po preseku razliénih izdelkov (U-krivulja), dosezemo
na osnovi enakih hitrosti ohlajevanja. J-krivulje se lahko
pretvorijo v U-krivulje, grafi¢tno s pomo¢jo nomogramov
ali neposredno s pomocjo raéunalnika, kot je to reSeno
s programskim paketom HARD-QC.

3.3 Krmiljenje kaljivosti v procesu izdelave jekla

Pristop k neposrednemu krmiljenju kaljivosti v proce-
su izdelave jekla v elektro jeklarni temelji na prepreceva-
nju in odpravljanju vzrokov neprave kaljivosti pri izvoru.
To je eden od osnovnih principov tudi znane japonske
metode POKA YOKE (11).

Brez dvoma ima kemi¢na sestava odlocilen, ne pa
edini vpliv na kaljivost. Zato je pravi ¢as in mesto reguli-
ranja kaljivosti jekla v procesu izdelave jekla, ko je Se
mogoce spreminjati kemiéno sestavo SarZe.

Sedaj ze konvencionalni postopki uporabe ra¢unalni-
ka v fazi legiranja se dopolnijo z modelom krmiljenja ka-
liivosti. Takéni modeli imajo predvsem nalogo:

— preveriti, ali je kemicna sestava taline taksna, da
je mogoce doseci nacrtovano kaljivost, in e ni,

— izvr$i korekturo permanentnih ciljev kemi¢ne se-
stave jekla v nove dinami¢no postavijene cilje.

Nujnost korekture nacrtovane sestave pride v postev
yedno, kadar odstopajo vplivni oligoelementi in ¢e ima
eden ali ve¢ vplivnih legirnih elementov previsoko vseb-
nost Zze pred konénim legiranjem.

Dinamiéna sprememba nacrtovane kemi¢ne sestave
je veéstopenjska. Najprej izratunamo novi cilj za cenej-
e legirne elemente, in &e to e ni dovolj, poiscemo nove

3.2. Computer Model of Hardenability Prediction

The program package of hardenability prediction for
quality control (HARD-QC) is necessary for reaching of
more reliable guaranteed hardenability. Such program
packages are necessary for researches, for hot working,
technicians, mechanical engineers and steel consumers.
They consist of two programs.

The first one is used for entering, changing and print-
ing of the hardenability prediction model for each indi-
vidual steel grade. The second program contains numer-
ous functions and an extensive basic menue as shown
in Figure 5.

( MENUE

1~ Jominy hardness curve prediction

2- Hardness along quenched rod cross section predicton
3~ Critical hardnesses and diameters prediction

4L- Hordness and turning point of J-curve prediction
5-Ms point and Ac 3 transition point prediction

6= Drawing of expected hardenability area for
analysis specification

7-Drawing of expected Jominy curve of hardenability
8-Drawing of expected "U” curve of hardenability
9-Print of hardenability and techn. specification
K-End [push button RETURN)

5
Sample of main menue of HARD-QC program for hardenability
prediction.

The hardness estimated on a Jominy sample (J
curve) and the one reached on the cross-sections dur-
ing quenching (U curve) can be compared to each other
when they are cooled by the same means. J curves can
be turned into U curves graphically by nomograms or di-
rectly by computer e. g. by program package HARD-QC.

3.3. Hardenability Control in Steel Making Process

Application of direct hardenability control in the steel
manufacture process in an electric steel plant is based
on prevention and abolishment of incorrect hardenability
at the source. This is one of the basic principles of the
well known Japanese method called POKA JOKE (11).

Chemical composition affects hardenability in an es-
sential yet not the only way. Thus the steel hardenability
has to be regulated during the steel making process
while melt is still able to change in chemical composi-
tion.

To the computer proceedings controlling the alloying
phase (which have already become conventional) the
hardenability control model is added. The task of such
models is the following:

— to check the chemical composition in capability
of producing the aimed hardenability and if not,

— to supplement the permanent chemical composi-
tion of steel with dynamic one. Correction of aimed com-
position is necessary when an appearance of deviation
in the effective accompanying elements is present or the
contents of one or more of these alloying elements are
too high in the preliminary sample.

The change in dynamics of the aimed chemical com-
position consists of various steps. A new aim for the
cheaper alloying elements is calculated first. If this
proves insufficient, aims for more expensive alloying ele-
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cilie e za draZje legirne elemente. Skratka, prednost
ima takéna sprememba ciljev, da so stroki legiranja v
okviru moznosti ¢imnizji. Pri tem seveda ne smejo po-
slab3ati druge lastnosti jekla.

4. REZULTATI IN ZAKLJUCKI

Ze na sliki 2 vidimo ugoden trend izboljsanja kakovo-
sti kaljivosti jekla. Zanesljivost doseganja zagotovijene
kaljivosti je iz leta v leto bolja (12). To dokazujejo tudi
tri naslednje slike.

Slika 6 prikazuje primerjavo med uporabo perma-
nentnega in dinamiénega modela kaljivosti. Vrisano je
obmocje 95 % statistiéne zanesljivosti. Kljub temu, da je
delez Sarz zunaj zagotovljene kaljivosti razmeroma ni-
zek, zelimo, da je Se nizji. Dolgoro€ni konéni cilj je Ze
omenjeni »ZERO DEFECT«. Na sliki 7 vidimo kontinuira-
no izboljevanje stanja deleZza $arZ zunaj zagotovijene
kaljivosti. Stanje v letu 1984 smo postavili kot indeks

E:

55

Hardness {HRC)

45

Trdota (HRC)

—_——

dinamgen
dynamic

——

35

A L

25 i " i A
0 5 0 B 20 25 0 3B &
Jominy globna (mm)
Jominy distance (mm)
Slika 6

Primerjava rezultatov uporabe permanentnega in dinamiénega
modela napovedi kaljivosti jekla

Figure 6
Results of permanent model on steel hardenability prediction
compared with a dynamic one.
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Indeks znizanja deleZa 3arZ zunaj me| zagotovljene kaljivosti
Figure 7

Reduction index of heats outside of guranteed hardenability.

ments are calculated. From there result reductions in al-
loying costs, while the steel properties must be correct.

4. RESULTS AND CONSLUSIONS

Figure 2 is the first to show the trend of steel grade
hardenability quality towards improvement. From year to
year the attainment of guaranteed hardenability quality is
improved (12).

This is proven by the following three Figures.

Figure 6 shows the appiication of the permanent
hardenability model compared to the dynamic one, and a
range of 95 % statistic probability. The share of changes
outside the guaranteed hardenability is low though, the
final effect striven for is “ZERO DEFECT" as mentioned.
Figure 7 shows a continuous reduction of melts outside
the quaranteed hardenability range. The year 1984 was
attached the index 100. Within a few years it diminished
to 50. Some steels such as e.g. C.4732 lowered their in-
dex to 6. Figure 8 shows the improvement on Cpk pro-
cess capability. If the year 1969 is alloted the index 100
the improvement of Cpk is clearly seen in the following
years with better results at shorter distances.

Thus it can be concluded that good resuits are ob-
tained by continuous striving for hardenability quality. In
the alloying process aided by a standard process com-
puter even better results are attained by the application
of the dynamic model. Useful for quality assurance of
real hardenability of steel are the technological chemical
specifications ranges obtained by specific proceedings.
Computer aid is necessary in quality control assurance,
mathematical statistical analyses, preparation of a hard-
enability prediction model and directly in the steel mak-
ing process.
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Slika 8
Indeks izboljanja koeficienta sposobnosti procesa Cp pri jeklu

¢ 4732

Figure 8
Improvement index of CP process ability coefficient in C.4732

steel
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100. Stanje se je izbolj3alo na indeks 50. Pri posameznih
jeklih, npr. C 4732, se je indeks zniZal s 100 na 6! Tudi
koeficient sposobnosti procesa Cpk se izboljsuje (slika
8).

Ce postavimo stanje leta 1969 na indeks 100, vidimo,
da je izboljsanje Cpk v naslednjih letih prepriéljivo. Ven-
dar so boljsi rezultati dosezeni pri manjsih globinah.

Zakljucimo lahko, da dajejo dobre rezultate kontinui-
rana prizadevanja za boljo kakovost kaljivosti. Se pose-
bej dobre rezultate daje uporaba dinamiénega modela
napovedi kaljivosti v procesu leégéiranja ob standardni
uporabi procesnega racunalnika. Se posebej v okviru za-
gotavljanja prave kaljivosti jekla je v praksi koristna upo-
raba tehnolo3kih analiznih predpisov, do katerih pridemo
po dolo¢enem postopku. Uporaba racunalnika je potreb-
na pri spremljanju kakovostnega nivoja, matemati¢no-
statistiénih analizah, pripravi modela napovedi kaljivosti
in $e posebej neposredno v procesu izdelave jekla.
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