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Kaljivost je ena od pomembnih lastnosti jekla, zato 
ima vidno mesto v sistemu zagotavljanja kakovosti jekla. 
Predstavljena celovitost obvladovanja zagotovljene ka-
kovosti jekla od konvencionalnega modela do sodobne-
ga temelji na sistemu »POKA-YOKE« (11), to je na pre-
prečevanju in odpravljanju vzrokov neprave kaljivosti v 
procesu izdelave jekla v elektro peči ali po postopku po-
novčne metalurgije (VAD). 

Predstavljena je računalniška podpora zagotavljanju 
kaljivosti jekia od izdelave matematičnega modela napo-
vedi kaljivosti do integracije in uporabe napovedi v raču-
nalniško krmiljenem procesu izdelave jekla v eiektroje-
kiarni. Podani so tudi večletni rezultati in izkušnje. 

Samostojni računalniški programski paketi napovedi 
kaljivosti jekla so namenjeni raziskovalcem, tehnologom 
toplotne obdelave, kontroli kakovosti in uporabnikom je-
kla. 

1. Cilj i 

Namen raz iskovanja, model i ran ja , upo rabe računalni-
ka je izbol jšat i ce lov i to obv ladovan je kakovos t i jekla na 
p o d r o č j u kal j ivost i . Na kal j ivost ima m o č a n vpl iv kemična 
sestava jekla, vendar nam s tandardn i in kupčev i predpis i 
kemične sestave vedno ne zagotav l ja jo obv ladovan ja za-
gotov l jene kal j ivost i . Zanesl j ivost s i s tema zagotav l jan ja 
kakovos t i kal j ivost i jek la se ugotav l ja per iod ično s š i r ino 
d is t r ibuc i je Jominy krivul je in de ležem šarž zunaj zago-
tov l jene kal j ivost i . 

Ta delež je s icer majhen, vendar že l imo, da je še 
manjši . Do lgo ročn i cil j je »ZERO DEFECT«. 

2. RAČUNALNIŠKA PODPORA ZAGOTAVLJANJU 
KAKOVOSTI KALJIVOSTI (1) 

Obdelava poda tkov Jominy p re izkusov je v železarni 
Ravne že o d leta 1975 del k o m p l e k s n e g a in formac i jske-
ga s is tema av tomatske obde lave p o d a t k o v tehn ične 
kont ro le in raziskav (AOP-TKR). Ce lo ten s is tem obrav-
nava poda tke : 

— fazne kon t ro le v obra tu , 
— kemi j skega laborator i ja, 
— labora tor i j ske kali lnice, 
— m e h a n s k e g a laborator i ja in 
— poda tke o neuspel i pro izvodnj i . 
Podatk i o Jominy p re izkusu spada jo v skup ino 

poda tkov labora tor i j ske kali lnice in j ih lahko obravnava-
m o s a m o s t o j n o ali v povezavi z d rug im i v rs tami poda-
tkov in mer i tev. 
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Hardenability is one of the most important steel pro-
perties taking up an essentiai 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 vvith 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 vvorks. 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 vvith 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 chemical 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 vvithout guaranteed harden-
ability. 

This share is small, yet in this čase 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 quaiity control 
and research department (AOP-TKR). The vvhole system 
is engaged in processing the follovving data of: 

— shop floor quality control, 
— chemical laboratory, 
— heat treatment sample preparation, 
— unsuccessfui products data. 
Jominy experiment data belong to the heat treatment 

sample preparation data group and could be processed 
independently or together vvith other data and measure-
ments. 

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

— data entry to the data bank, 
— regular data processing to check the quality le-

veI. 



Tekočo av toma tsko obde lavo p o d a t k o v obravnava-
nega pod roč j a lahko razde l imo v dve skup in i : 

— poln jen je banke poda tkov in 
— redne obde lave poda tkov za prever jan je nivoja 

kakovost i . 
Prva skup ina obde lav poda tkov vsebu je že k las ično 

kon t ro lo in p renos poda tkov v eks tern i de l računaln iške-
ga spomina. Za p o d r o č j e analiz kakovos tnega nivoja in 
vz rokov neprave kal j ivost i jekel je p r imerna vrsta rednih 
obde lav in ce la vrs ta matemat ično-s ta t i s t i čn ih analiz. 
S h e m o druge skup ine obde lav poda tkov kaže s l i ka 1. 

The first group of data processing is controlied in the 
ciassicai way and its data transferred to the externai part 
of the computer memory. To analyse the quaiity and 
causer for irregular hardenabiiity of steels a series of re-
guiar processings and mathematical-statistical anaiyses 
are provided for. Figure 1 shovvs the outiine of the other 
data processing group. 

Slika 1 
O b d e l a v a p o d a t k o v n a d z o r a k a k o v o s t i in raz i skav v j ek l a r s t vu 

Kont ro lne kar te (p redvsem X-Rp) nam služi jo za sli-
kovn i k rono lošk i pr ikaz kal j ivost i d o l o č e n e g a jekla in nas 
opozar ja jo na t is te šarže, ki so zunaj kon t ro ln ih mej. 
Uporaba kart je p r imerna za p o d r o b n o anal izo kakovost i 
posameznega jekla. 

S p o m o č j o analize porazdel i tve lahko ob jek t i vno def i -
n i ramo pasove zagotov l jene kal j ivost i . To pod roč j e je še 
posebe j p o m e m b n o . 

Ma temat i čno -s ta t i s t i čno m e t o d o pr imer jav srednj ih 
v rednos t i in s tandardn ih deviaci j lahko uporab l j amo za 
pr imer jan je p o m e m b n o s t i razlik m e d ka l j ivost jo so rodn ih 
jekel in p o m e m b n o s t j o razlik v kal j ivost i jekla, ki s m o mu 
spremeni l i t ehno lošk i p o s t o p e k izdelave, to re j za pr imer -
javo kakovost i jekla, izde lanega po star i in novi tehno lo -
giji-

Kako lahko upo rab imo pr imerno organ iz i rano banko 
poda tkov za povezovan je poda tkov Jominy po izkusov z 
d rug im i v rs tami poda tkov , nam kaže anal iza vpl iva 
kemične sestave na kal j ivost jek la s p o m o č j o analize ko -
relaci je in regres i je . Regres i j ske in d ruge ma temat i čno -
s ta t is t ične anal ize lahko oprav l jamo na razl ičnih računal-
nikih z en im od ma temat i čno s ta t is t ičn ih paketov, ki 
o m o g o č a j o iskanje tudi nel inearnih regres i jsk ih enačb. 

Računaln išk i mode l i napoved i kal j ivost i so izdelani za 
osebne računaln ike in računaln ike DEC. Napoved bazira 
na mode lu regres i jsk ih enačb in na poznan i ali p r ičako-
vani kemičn i sestav i jekla. 

Redne obde lave poda tkov neuspe le p ro izvodn je so 
razdel jene tako, da je m o g o č e p rob lemat i ko obravnavat i 
z naslednj ih v id ikov: 

— izdelek 
— jek lo 
— peč ali s t ro j 
— vrs ta napake 
— delavec. 
Za p o d r o č j e kal j ivost i jek la še p o s e b e j sp rem l j amo 

v rs to napake, t o je kal j ivost zunaj p redp isanega o b m o č -
ja jekla. Pravi loma se obravnava vsako jek lo posebe j in 
le v raziskovalne namene zd ružu jemo in raz isku jemo so-
rodne skup ine jekel . Kajt i pri ob l ikovan ju in uporab i mo -

Figure 1 
Quaiity assurance control data processing. 

Control cards (above ali X-Rp) shovv pictures and 
chronoiogical view of a definite steel hardenabiiity and 
point out the heat outside the specification range. These 
cards are used for detailed quaiity analysis of a specific 
steel. 

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

The mathematical-statistical comparative method of 
average vaiue and standard deviations determination 
couid be used to compare the hardenabiiity of steel 
made by the oid technological procedure to the one 
made by new technological procedure. 

A correctiy prepared data bank can be used to iink 
the Jominy tests data to other data as is shovvn by the 
anaiysis of chemical composition effects on steel hard-
enabiiity by means of correlation and regressive anaiy-
sis. 

Regression and other mathematical-statistical ana-
iyses couid be performed by any computer vvith one of 
the mathematical-statistical packages vvhich 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 knovvn or expected 
chemical composition of steel. 

Regular data processing of unsuccessful products is 
arranged in such a way, that the problems causes can 
be treated from the follovving points of vievv: 

— final product, 
— steel grade, 
— furnace of machine 
— error, 
— foreman. 
An error in steel hardenability i. e. the hardenabiiity 

outside the specification range is fotiovved aH the way 
aiong. Usuaiiy each steel is anaiysed separately. Some-
times analogne steeis are researched as a group of 
steels but for strictiy development reasons, as the crea-
tion and appiication of prediction models shovved that 
reliable models for a real heat-steel are based on data of 
one and the same grade. Detailed description is to be 
found iater in this paper. 

Hardenability quaiity grade analysis contains results 
of regular Jominy test data processing. Data processing 



delov napoved i se je pokazalo , da d o b i m o zanesl j ive jše 
mode le za konk re tno šaržo- jek lo , če je mode l izdelan 
samo iz poda tkov enega jekla. Vendar več o tem kasne-
je. Anal iza kakovos tnega nivoja kal j ivost i vsebu je rezul-
tate obde lav poda tkov rednih Jominy pre izkusov. Prika-
zane so po odda l jenos t i od ka l jenega čela in podane 
tud i v o d s t o t k i h ods topan ja od predp isa. 

Posebno novos t predstav l ja uvedba ocen jevan ja veli-
kost i ods topan ja od p redp isa (12). Imenuje se A B C me-
toda in je p o d o b n a tisti, ki se uporab l ja pri ocen jevan ju 
ods topan ja kemične sestave. Vsak Jominy pre izkus dob i 
po vnosu poda tkov v računalnik o c e n o zadet ja kal j ivost i 
in s icer : 

A — vse v me jah garant i ranega pasu kal j ivost i 
B — man jša ods topan ja od predp isa. To so ods topan ja , 

ki so man jša o d 10 % šir ine p redp isa na posamezn i 
g lobin i . O c e n o B dob i mer i tev za ods topan je na eni 
ali več g lob inah. 

C — več ja ods topan ja od predpisa. To so ods topan ja , ki 
so več ja od 10 % šir ine p redp isa na posamezn i g lo-
bini. 
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Figure 2 

Estimation of hardenability defects of aH actual steel grades. 

resuits show hardenability and deviations for ali Jominy 
distances. The estimation of reguiation deviation (12) is 
a special novelty. It is ca/led ABC metod and is similar to 
the one used in estimation of misfits in chemical anaty-
sis. After the data are entered the hardenability of each 
Jominy testriments is valued as to its accuracy as fol-
lows: 

A = vvithin guranteed hardenability band. 

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

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

Hardenability leve I change t rac ki n g in each individual 
and ali steels together during certain periods is made 
exacter by the ABC method of vaiuation. The guaran-
teed hardenability of each steel is subject to severa! na-
tional and customer specifications. In quality, in the 
course of tirne they become more uniform. Therefore 
the ABC classification of the required hardenability has 
to be done for each order separately and in agreement 
vvith the customer. Thus one of the ABC estimation is 
reached. 

The regular data processing resuits could be shovvn 
as a graph as shovvn in Figure 2. 

Figure 2 shovvs an extremeiy satisfying trend of B or 
C marked heat appearance reduction. To prove this the 
year 1984 vvas compared to the follovving years up to 
1989. 1984 vvas indexed vvith 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 quatity. 

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

p r o c e s 
i zde lave jek la 

Slika 3 
Računa ln i ška p o d p o r a zago tav l jan ju kal j ivost i jek la 

p r o c e s s 
o f s t e e l making 

Figure 3 
Computer aided steel hardenability assurance. 



Ocenjevan je po me tod i A B C nam o m o g o č a ob jek t iv -
ne jše spreml jan je s p r e m e m b e nivoja zagotav l jan ja kalj i-
vos t l p o s a m e z n e g a jekla in vseh jekel skupa j po pr imer-
nih časovn ih obdob j i h . 

Za p o s a m e z n o jek lo obs ta ja jo razl ični državni in kup-
čevi predpis i zago tov l jene kal j ivost i . V let ih se spremin ja -
jo v smer i zahtevne jše , enakomerne jše kakovost i . Zato 
je v odv isnos t i o d posameznega naroč i la in kupčev ih 
zahtev p o t r e b n o tako j opredel i t i , ali je pri jek lu dosežena 
zahtevana kal j ivost . Torej dob i eno o d o c e n A, B ali C. 

Dob l jene rezul ta te rednih obde lav poda tkov pr ikazu-
j e m o tud i na računaln iku v graf ični obl ik i , ko t to kaže s l i -
ka 2. 

Na sliki 2 v id imo izrazi to ugoden t r end zman jšan je 
de leža šarž z o c e n o B in C. Kot o s n o v o vzamemo leto 
1984 z i ndeksom 100. Vsako leto se je s tan je izbol jšalo. 
Skupa j se je d o leta 1989 stanje izbol jša lo dvakrat do tr i-
k ra t ! Oč i tno se takšen rezul tat ne doseže z enk ra tno ak-
ci jo, t emveč s kon t inu i rn im pr izadevan jem za izbol jšanje 
kakovos t i zagotav l jan ja kal j ivost i . 

Shema ce lo tnega razvo jnega in fo rmac i j skega s is te-
ma kon t inu i rnega obv ladovan ja in izbol jševanja kal j ivost i 
jek la je pr ikazana na s l i k i 3. Vsebu je št ir i osnovne delov-
ne in tudi p r o g r a m s k e sk lope, ki so m e d sabo povezani 
in si log ično s led i jo po pr inc ipu k roga uvajanja izbol jšave 
kakovos t i izdelka ali pos topka . 

3. METODE O B V L A D O V A N J A KALJ IVOSTI J E K L A 

3.1 U p o r a b a t e h n o l o š k i h ana l i zn ih p r e d p i s o v in ma te -
m a t i č n o - s t a t i s t i č n i h ana l iz 

Računaln išk i mode l napoved i kal j ivost i temel j i na ne-
l inearnih regres i j sk ih enačbah. M e d jekl i in g lob inami Jo-
miny pre izkusa upoš tevamo razl ične vpl ive kemičn ih ele-
mentov . Pr imer spremin jan ja koef ic ien ta determinac i je 
za jek lo C 44732 v id imo na s l i k i 4. M e d 20 in 35 m m do-
b imo razmeroma v isok koef ic ient determinac i je , pr ib l ižu-
je se 0,80, vendar pri 40 in 50 m m zope t pade. 

Osredn ja znač i lnos t računa ln iškega mode la kal j ivost i 
je v tem, da imamo zaradi izbol jšanja t očnos t i napoved i 
za vsako jek lo p o s e b e n mode l . V raz iskovalne namene 
pr i iskanju sp lošn ih zakon i tos t i so rodn ih jekel zd ružu je -
m o in d o b i m o g rupn i mode l . 

Mode l napoved i t rdo te na posamezn i g lob in i Jominy 
pre izkusa lahko p r i kažemo graf ično z n o m o g r a m i vpliva 
variaci j kemičn ih e lementov na t rdo to . Slaba st ran no-
m o g r a m o v je v tem, da je p o t r e b n o vel iko časa za izdela-
vo. Se večj i p r o b l e m je nep reg lednos t pr i več j em števi lu 
kemičn ih e lemen tov v e n e m d iagramu. 

S is temat ične regres i j ske analize in prever jan je rezul-
ta tov v praks i nas vod i jo k vse t o č n e j š e m u mode lu napo-
vedi kal j ivost i in vse man jš im o d s t o p a n j e m od zago tov -
l jene kal j ivost i , to je k bo l j šemu obv ladovan ju kakovost i 
jekla. 

Napoved kal j ivost i jek la na osnov i kem ične sestave 
predstav l ja na j pomembne j š i del napoved i kal j ivost i , ven-
dar je v praks i t op lo tne obde lave t reba upoštevat i še 
d ruge tehno loške dejavnike, kot t empera tu ro avsteni t i -
zaci je in popuščan ja . Osnovn i s is tem kal j ivost i jek la 
predstav l ja Jominy po izkus in me todo log i j a pasov zago-
tov l jene kal j ivost i . 

Za izbol jšanje dosegan ja zagotov l jene kal j ivost i s po-
m o č j o tehno lošk ih ( internih) anal iznih p redp isov je zna-
či len dvos topen j sk i p o s t o p e k : 

1. — zožen je porazde l i tve kemične sestave in kal j ivost i z 
upo rabo p r o c e s n e g a računaln ika pri legiranju jekla, 

2. — centr i ran je porazde l i tve kal j ivost i v s red ino pasu. 

3. STEEL HARDENABILITV 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 exampie of Č.4732 steel 
determination coefficient change. At the distance be-
tvveen 20 and 35 mm the determination coefficient is rel-
ative.Iy high approaching number 0,80; at the distances 
of 40 and 50 mm it is iovver again. 

Oddal jenost cd ka l jenega če la (mm) 
J o m i n y d i s t a n c e ( m m ) 

Slika 4 
Vp l i v k e m i č n i h e l e m e n t o v na ka l j i vos t j e k l a C 4 7 3 2 

Figure 4 
Effect of chemical elements on Č.4732 steel hardenabitity. 

The most important characteristic of the computer 
aided hardenability model is that for each grade a specif-
ic model is created vvhich 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 model 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 
shovv a vveakness vvhich lies in their tirne consuming 
preparations. Even more problematic is lack of clear-
ness vvhen one diagram consists of numerous chemical 
elements. 

Systematic regresion anaiyses 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 follovv-
ing tvvo-step process is to be performed: 

1. Narrovving of chemical elements distri but ion 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. 



Pri zanesl j iv ih mode l ih napoved i lahko p r i s top imo ta-
ko j k drug i s topn j i , to je cent r i ran je porazdel i tve kal j ivo-
sti. Pri t em d o s e ž e m o , da je p r o c e s s ta t i s t i čno nadzoro-
van. 

3.2 R a č u n a l n i š k i m o d e l n a p o v e d i ka l j i vos t i 

Programsk i paket napoved i kal j ivost i za kon t ro lo ka-
kovos t i (HARD-QC) je po t reben za zanesl j ive jše dose -
ganje zagotov l jene kal j ivost i , raziskave, t e h n o l o g o m to -
p lo tne obdelave, kons t ruk te r j em in upo rabn i kom jekla. 
Sestav l jen je iz dveh p rogramov . 

Prvi je namen jen vnosu, sp remin jan ju in izp isovanju 
mode la napoved i kal j ivost i p o s a m e z n e g a jekla. 

Drugi p r o g r a m vsebu je v rs to funkc i j in ima obš i ren 
osnovn i menu, kot to kaže s l i ka 5. 

/ M E N U 

1-Napoved Jominy krivulje trdot 

2-Napoved trdot po preseku kaljene palice 

3-Napoved kritičnih trdot in premerov 

4-Napoved trdote in prevojne točke J -k r ivu l je 

5-Napoved Ms točke in premenske točke Ac3 

6-Risanje pričakovanega območja kaljivosti za analizni predpis 

7-Risanje pričakovane Jominy krivulje kaljivosti 

8-Risanje pričakovane 'U' krivulje kaljivosti 

9-Izpis predpisane kaljivosti in teh.analiznega predpisa 

^ K-Konec (ali pritisk na tipko RETURN) j 

Slika 5 
P r i m e r o s r e d n e g a m e n u j a p r o g r a m a H A R D - Q C z a n a p o v e d k a -

l j i vos t i 

Povezovan je t rdo te , i zmer jene na Jominy pre izku-
šancu (J-kr ivul ja), in t rdote, dosežene pri ka l jenju v prak-
si po p reseku razl ičnih izdelkov (U-kr ivul ja) , d o s e ž e m o 
na osnov i enakih h i t rost i ohla jevanja. J-kr ivu l je se lahko 
pre tvor i jo v U-kr ivul je , g ra f ično s p o m o č j o n o m o g r a m o v 
ali n e p o s r e d n o s p o m o č j o računaln ika, kot je to rešeno 
s p r o g r a m s k i m pake tom HARD-OC. 

3.3 K rm i l j en je ka l j i vos t i v p r o c e s u i zde lave jek la 

Pr is top k n e p o s r e d n e m u krmi l jen ju kal j ivost i v p roce-
su izdelave jek la v e lek t ro jek larni temel j i na p reprečeva-
nju in odprav l jan ju vz rokov neprave kal j ivost i pri izvoru. 
To je eden od osnovn ih pr inc ipov tud i znane japonske 
me tode POKA YOKE (11). 

Brez d v o m a ima kem ična ses tava od loč i len , ne pa 
edini vpl iv na kal j ivost . Zato je pravi čas in mes to regul i -
ranja kal j ivost i jek la v p rocesu izdelave jekla, ko je še 
m o g o č e spremin ja t i kemično ses tavo šarže. 

Sedaj že konvenc iona ln i pos topk i upo rabe računalni-
ka v fazi legi ranja se dopo ln i jo z m o d e l o m krmi l jenja ka-
l j ivosti. Takšni model i imajo p redvsem na logo : 

— prever i t i , ali je kemična sestava tal ine takšna, da 
je m o g o č e doseč i načr tovano kal j ivost, in če ni, 

— izvrši k o r e k t u r o permanen tn ih ci l jev kemične se-
stave jek la v nove d inamično postav l jene ci l je. 

Nu jnos t ko rek tu re načr tovane ses tave pr ide v poš tev 
yedno, kadar ods topa jo vpl ivni o l igoe lement i in če ima 
eden ali več vpl ivnih legirnih e lemen tov p rev isoko vseb-
nost že p red končn im leg i ran jem. 

D inamična s p r e m e m b a načr tovane kemične sestave 
je večs topen jska . Najpre j i z računamo novi cil j za cene j -
še legirne e lemente , in če to še ni dovol j , p o i š č e m o nove 

3.2. Computer Model of Hardenability Prediction 

The program package of hardenability prediction for 
quaiity control (HARD-OC) is necessary for reaching of 
more reliable guaranteed hardenability. Such program 
packages are necessary for researches, for hot vvorking; 
technicians, mechanicai 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 shovvn 
in Figure 5. 

I M E N U E \ 

1 - J o m i n y h o r d n e s s c u r v e p r e d i c t i o n \ 

2 - H a r d n e s s a l o n g q u e n c h e d rod c ross sect ion predict ion 

3 - C r i t i c a l h a r d n e s s e s a n d d i a m e t e r s p r e d i c t i o n 
4 - H a r d n e s s a n d t u r n i n g po in t o f J - c u r v e p r e d i c t i o n 
5 - Ms po in t a n d A c 3 t r a n s i t i o n po in t p r e d i c t i o n 
6 - D r a w i n g of e x p e c t e d hardenab i l i t y a r e a fo r 

a n a l y s i s s p e c i f i c a t i o n 
7 - D r a v v i n g of e x p e c t e d Jonmny c u r v e of h a r d e n a b i l i t y 
8 - D r a w i n g of e x p e c t e d " U " c u r v e of h a r d e n a b i l i t y 
9 - P r i n t of h a r d e n a b i l i t y a n d t e c h n . s p e c i f i c a t i o n / 
K - E n d ( p u s h b u t t o n R E T U R N ) 

Figure 5 
S a m p l e o f m a i n m e n u e of H A R D - O C p r o g r a m f o r h a r d e n a b i l i t y 

p r e d i c t i o n . 

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 
vvhen they are cooled by the same means. J curves can 
be turned into U curves graphically by nomograms or di-
rect/y by computer e. g. by program package HARD-OC. 

3.3. Hardenabiiity 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 
vvell knovvn Japanese method ca/led 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 
vvhile melt is stili able to change in chemical composi-
tion. 

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

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

— to supplement the permanent chemical composi-
tion of steel vvith dynamic one. Correction of aimed com-
position is necessary vvhen 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 preiiminary 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-



cilje še za dražje legirne elemente. Skratka, prednost 
ima takšna sprememba ciljev, da so stroški legiranja v 
okviru možnosti čimnižji. Pri tem seveda ne smejo po-
slabšati druge lastnosti jekla. 

4. REZULTATI IN ZAKLJUČKI 

Že na sliki 2 vidimo ugoden trend izboljšanja kakovo-
sti kaljivosti jekla. Zanesljivost doseganja zagotovljene 
kaljivosti je iz leta v leto boljša (12). To dokazujejo tudi 
tri naslednje slike. 

Slika 6 prikazuje primerjavo med uporabo perma-
nentnega in dinamičnega modela kaljivosti. Vrisano je 
območje 95 % statistične zanesljivosti. Kljub temu, da je 
delež šarž zunaj zagotovljene kaljivosti razmeroma ni-
zek, želimo, da je še nižji. Dolgoročni končni cilj je že 
omenjeni »ZERO DEFECT«. Na sl iki 7 vidimo kontinuira-
no izboljševanje stanja deleža šarž zunaj zagotovljene 
kaljivosti. Stanje v letu 1984 smo postavili kot indeks 
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dinamičen 
dynamic 

ali steels t o g e t t ^ g j j ^ ^ 

I J 
1984 1986 1988 
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Leto Year 
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Indeks zn ižan ja de leža šarž zunaj me j zago tov l j ene kal j ivost i 
Figure 7 Reduction index of heats outside of guranteed hardenabi!ity. 

ments are caicutated. From there resuit 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 
hardenabi/ity quality tovvards improvement. From year to 
year the attainment of guaranteed hardenability quality is 
improved (12). 

This is proven by the follovving three Figures. 
Figure 6 shows the application 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 str/ven 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. VVithin a few years it diminished 
to 50. Some steels such as e.g. Č.4732 towered their in-
dex to 6. Figure 8 shovvs the improvement on Cpk pro-
cess capability. If the year 1969 is ailoted the index 100 
the improvement of Cpk is clearly seen in the follovving 
years vvith better results at shorter distances. 

Thus it can be concluded that good results 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. Usefui for quality assurance of 
real hardenabiiity 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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1974 1987-89 
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Slika 8 
Indeks izbo l jšan ja koef ic ien ta s p o s o b n o s t i p rocesa Cp pri jek lu 

Č 4732 
Figure 8 

Improvement index of CP process abiiity coefficient in Č.4732 
steel. 
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Pr imer java rezu l ta tov u p o r a b e p e r m a n e n t n e g a in d i nam ičnega 
m o d e l a napoved i kal j ivost i jek la 

Figure 6 
Results of permanent mode/ on steel hardenabit/ty prediction 

compared vvith a dynamic one. 



100. S t a n j e se je i zbo l j ša l o na i n d e k s 50. Pr i p o s a m e z n i h 
jek l ih , np r . C 4732 , se je i n d e k s zn iža l s 100 na 6! T u d i 
k o e f i c i e n t s p o s o b n o s t i p r o c e s a C p k se i z b o l j š u j e ( s l i k a 
8>- -

Če p o s t a v i m o s t a n j e le ta 1969 na i n d e k s 100, v i d i m o , 
d a je i z b o l j š a n j e C p k v n a s l e d n j i h le t ih p rep r i č l j i vo . V e n -
da r s o bo l j š i r ezu l t a t i d o s e ž e n i pr i m a n j š i h g l o b i n a h . 

Z a k l j u č i m o l ahko , d a d a j e j o d o b r e r e z u l t a t e k o n t i n u i -
r ana p r i z a d e v a n j a za b o l j š o k a k o v o s t ka l j i vos t i . Še p o s e -
b e j d o b r e r e z u l t a t e da je u p o r a b a d i n a m i č n e g a m o d e l a 
n a p o v e d i ka l j i vos t i v p r o c e s u l e a i r a n j a o b s t a n d a r d n i 
u p o r a b i p r o c e s n e g a r a č u n a l n i k a . S e p o s e b e j v o k v i r u za -
g o t a v l j a n j a p r a v e ka l j i vos t i j e k l a je v p r a k s i k o r i s t n a u p o -
r a b a t e h n o l o š k i h ana l i zn ih p r e d p i s o v , d o k a t e r i h p r i d e m o 
p o d o l o č e n e m p o s t o p k u . U p o r a b a r a č u n a l n i k a je p o t r e b -
na pr i s p r e m l j a n j u k a k o v o s t n e g a n i vo ja , m a t e m a t i č n o -
s t a t i s t i č n i h ana l i zah , p r i p rav i m o d e l a n a p o v e d i ka l j i vos t i 
in še p o s e b e j n e p o s r e d n o v p r o c e s u i zde lave jek la . 
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