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Tema našega prispevka je raziskava vpliva temperaturnega polja v plašču valja pri kombiniranem livarsko valjarniškem postopku 
na jeklo plašča valja. Periodično spremenljivo temperaturno porazdelitev na površini delovnega valja pri livarsko valjarniškem 
postopku izdelave aluminijevih trakov smo merili v sodelovanju s švicarsko firmo Lauener Engineering na delovnih valjih v Talumu, 
Kidričevo. Material plaščev delovnih valjev je jeklo 30CD12. V delu so prikazane tudi mehanske in toplotne lastnosti tega jekla kot 
temperaturne funkcije. 

Ključne besede: plašč valja, livarsko vaijarniški postopek, jeklo 30CD12, popuščanje, temperaturno utrujanje 

The main topic of our our work is an investigation of the influence of the temperature field, on the steel of the shell, in the roll shell 
of the vvorking roll at the combined continuous casting - rolling process. The periodic variation of the temperature distribution on 
the vvorking roll surface was measured on working rolls in aluminium production factory Talum Kidričevo, Slovenia in contribution 
vvith firma Lauener Engineering from Swiss. The material of the roll shell steel is 30CD12 steel. In the work are also presented 
mechanical and thermical properties of this steel as a functions of the temperature. 

Key vvords: roll shell, combined continuous casting - rolling process, 30CD12 steel, tempering, temperature fatigue 

1 Uvod 

Pri l i v a r s k o v a l j a r n i š k e m p o s t o p k u i z d e l a v e a l u m i n i -
j e v i h t r a k o v p r i h a j a z a r a d i s a m e g a p r o c e s a i z d e l a v e , v 
d e l o v n i h v a l j i h d o s p r e m e n l j i v e g a n e h o m o g e n e g a t e m -
p e r a t u r n e g a po l ja 4 - 5 - 6 . 

S p r e m e n l j i v o n e h o m o g e n o t e m p e r a t u r n o p o l j e v 
v a l j u v p l i v a n a j e k l o p l a š č a d e l o v n e g a v a l j a n a d v a 
n a č i n a : n a s p r e m e m b o m e h a n s k i h l a s t n o s t i z a r a d i 
p o p u š č a n j a 7 in n a t e m p e r a t u r n o u t r u j e n o s t 8 . V p l i v t e m -
p e r a t u r e n a o b a p o j a v a j e k u m u l a t i v e n . T o p o m e n i , d a se 
u č i n k i s e š t e v a j o , n e g l e d e n a v e l i k o s t in t r a j a n j e . 

K v a l i t a t i v n o n a j b o l j p o m e m b n i u č i n k i s o n a s t a l i pr i 
n a j v i š j i h t e m p e r a t u r a h ( p o p u š č a n j e ) in n a j v e č j i h t e m -
p e r a t u r n i h s p r e m e m b a h ( t e m p e r a t u r n a u t r u j e n o s t ) . 

V j e k l u n o s i l n e g a s r e d n j e g a d e l a v a l j a t e h p o j a v o v n i , 
k e r g a p r e d t o p l o t o , ki p r e h a j a z o b d e l o v a n e k o v i n e , šč i t i 
h l a d i l n i s i s t e m n a m e j i s p l a š č e m . 

2 Površinske temperature in matematično modeli-
ranje 

M e r i t v e t e m p e r a t u r n a p o v r š i n i d e l o v n e g a v a l j a s m o 
o p r a v i l i n a s i s t e m u 3 C 2 v T a l u m u , K i d r i č e v o v s o d e -
l o v a n j u s s t r o k o v n j a k i iz T a l u m a in š v i c a r s k e f i r m e 
L a u e n e r E n g i n e e r i n g . 

M a k s i m a l n e i z m e r j e n e v r e d n o s t i t e m p e r a t u r v 

p o s a m e z n e m t e m p e r a t u r n e m k r o g u , k i se s p r e m i n j a s p e -

r i o d o 2 • JI, s o p r i k a z a n e n a d i a g r a m u n a s l ik i 1. 

' Mag. Boml KOSEC, dipl.inž.slroj. 
NTF. Oddelek za materiale in metalurgijo 
I0(X) Ljubljana. Aškerčeva 12 

T e m p e r a t u r e n a n o t r a n j i p o v r š i n i p l a š č a s o z a r a d i 
n o t r a n j e g a v o d n e g a h l a j e n j a v a l j a r e l a t i v n o n i z k e ( d o 
m a k s i m a l n o 3 0 3 K ) . 

F i z i k a l n i in m a t e m a t i č n i m o d e l t e m p e r a t u r n e g a p o l j a 
v n o t r a n j e v o d n o h l a j e n i h r o t i r a j o č i h v a l j i h z a k o n -
t i n u i r n o l i t j e a l u m i n i j e v i h t r a k o v s m o i z d e l a l i in o p i s a l i v 
že o b j a v l j e n i h č l a n k i h in d e l i h 5 ' 6 . I z d e l a l i s m o d v o d e l n i 
m o d e l , ki j e o b r a v n a v a l l o č e n o j e d r o in p l a š č v a l j a , 
p o v e z a n a l e p r e k o r o b n i h p o g o j e v . Z a n u m e r i č n o 
r e š e v a n j e s m o z a r a d i r e l a t i v n o p r e p r o s t e g e o m e t r i j e u p o -
r ab i l i M K D 5 . 

P o k a z a l i s m o , d a j e n a j b o l j k r i t i č n o t e m p e r a t u r n o 
p o l j e v d e l u p l a š č a v a l j a , k i j e v d a n e m t r e n u t k u v n e p o s -
r e d n e m s t i k u s k o v i n o (v t . i . p r i m a r n i p r e o b l i k o v a l n i 
c o n i ) . 

Kot zasuka valja (o) 

Slika 1: Temperaturni krog pri litju aluminijevih trakov 
Figure 1: Temperature cycle by aluminium strip casting 



T e m p e r a t u r e v p l a š č i h v a l j e v s o m e d 2 9 3 in 9 0 3 K . 

D e b e l i n e p l a š č e v v a l j e v s o r e l a t i v n o z e l o m a j h n e ( m e d 

5 0 in 2 5 m m ) , z a t o p r i h a j a v p l a š č i h d o v e l i k i h t e m p e r a -

t u r n i h g r a d i e n t o v , k a r v o d i d o p o j a v a v e l i k i h t e r m i č n i h 

n a p e t o s t i . T e m p e r a t u r n i g r a d i e n t i s e v e d a n a r a š č a j o z 

m a n j š a n j e m d e b e l i n e p l a š č a p o o b n o v i v a l j e v . 

Tabela 1: Kemijska sestava jekla 30CD12 
Table 1: Chemical composition of the 30CD12 steel 

e l emen t (%) 
C 0 . 3 8 

S 0 .021 

Si 0 . 3 0 
Cr 3 .50 

Ni 0 . 4 0 

Cu 0 .17 
M n 0 .60 

M o 1.10 

P 0 . 0 1 2 
V 0 . 3 0 

Al 0 .11 

4 Kinetika popuščanja jekla 30CD12 

K i n e t i k a p o p u š č a n j a j e k l a 3 0 C D 1 2 , k i s e d a n e s z e l o 

v e l i k o u p o r a b l j a z a p l a š č e v a l j e v p r i l i v a r s k o 

v a l j a r n i š k e m p o s t o p k u i z d e l a v e a l u m i n i j e v i h t r a k o v , j e 

p r i k a z a n a n a s l i k i 6 . 

J e k l o j e b i l o p r e d d o l g o t r a j n i m z v e z n i m p o p u š č a n j e m 

pr i t e m p e r a t u r i 9 0 3 K ( n a j v i š j i d e l o v n i t e m p e r a t u r i p r i l i -

v a r s k o v a l j a r n i š k e m p o s t o p k u i z d e l a v e a l u m i n i j e v i h 

t r a k o v ) k a l j e n o i n 1 u r o p o p u š č a n o p r i t r e h r a z l i č n i h 

t e m p e r a t u r a h . 

3 Toplotne in mehanske lastnosti jekla 30CD12 

T o p l o t n e i n m e h a n s k e l a s t n o s t i j e k l a 3 0 C D 1 2 1 ' 7 ' 9 s m o 

a n a l i z i r a l i z a t e m p e r a t u r n o o b m o č j e m e d 2 7 3 in 9 0 3 K . 

O s n o v n i v z r o k z a i z b i r o t a k e g a t e m p e r a t u r n e g a i n t e r v a l a 

j e , d a m a k s i m a l n a t e m p e r a t u r a v s i s t e m u p r i l i v a r s k o 

v a l j a r n i š k e m p o s t o p k u i z d e l a v e a l u m i n i j e v i h t r a k o v n e 

p r e s e g a z g o r n j e t e m p e r a t u r e t e g a i n t e r v a l a . 

V t a b e l i 1 j e p r i k a z a n a o k v i r n a k e m i j s k a s e s t a v a , v 

d iag ramih na s l i k a h 2 in 3 top lo tne , na s l ikah 4 in 5 pa 
m e h a n s k e l a s t n o s t i j e k l a 3 0 C D 1 2 k o t f u n k c i j e t e m p e r a -

t u r e z a t e m p e r a t u r n o o b m o č j e m e d 2 7 3 in 9 0 3 K . 
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Slika 3: Elastičnosti modul in linearni razteznostni koeficient 
Figure 3: Modul of elasticity and linear expansion coefficient 
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Slika 4: Napetost tečenja in natezna trdnost 
Figure 4: Yield strength and tensile strength 
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Slika 2: Toplotna prevodnost in specifična toplota 
Figure 2: Thermal conductivity and specific heat 
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Slika 5: Kontrakcija in razteznost 
Figure 5: Reduction of area and elongation 
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Slika 6: Kinetika popuščanja jekla 30CD12 
Figure 6: Kinetics of tempering the 30CD12 steel 

O d v i s n o s t t r d o t e ( H R c ) o d č a s a p o p u š č a n j a ( t ) s m o 

p o p i s a l i s s t a t i s t i č n i m p r o g r a m o m L I N E A R s f u n k c i j o , 

k i o p i s u j e t r d o t o k o t f u n k c i j o k v a d r a t a č a s a p o p u š č a n j a . 

P r i p o p u š č a n j u j e k l a s e s p r e m i n j a j o m i k r o s t r u k t u r a in 

m e h a n s k e l a s t n o s t i j e k l a . S p r e m e m b e s o o d v i s n e o d t e m -

p e r a t u r e in č a s a p o p u š č a n j a . S p r e m i n j a n j e t r d o t e v o d v i s -

n o s t i o d t e m p e r a t u r e in č a s a p o p u š č a n j a j e n a z o r n o p r i -

kazano na sliki 6. 
N o r m a l n e p o š k o d b e z a m e n l j i v e g a p l a š č a v a l j e v s o 

r a z p o k e z a r a d i t e m p e r a t u r n e u t r u j e n o s t i . R a z p o k e r a s t e j o 

v g l o b i n o , n a t e m e n u p a s e t o l i k o r a z š i r i j o , d a o s t a n e j o v 

t r a k u m r e ž e r a z p o k , k i j i h s h l a d n i m v a l j a n j e m n i 

m o g o č e i z b r i s a t i . K o d o s e ž e j o r a z p o k e d o l o č e n o g l o b i n o , 

j e p o t r e b n o c e l o t n o p o v r š i n s k o p l a s t p l a š č a o d s t r a n i t i ( z 

b r u š e n j e m ) d o g l o b i n e , k i j e v e č j a o d n a j g l o b j e r a z p o k e . 

H i t r o s t r a s t i r a z p o k e s e p o v e č u j e t u d i z n j e n o d o l ž i n o , 

z a t o j e t o d r u g i r a z l o g , d a j e p o t r e b n o p r i d o l o č e n i g l o -

b i n i p o š k o d o v a n o p o v r š i n o o d s t r a n i t i . 

T a k o o b n o v l j e n i v a l j s e p o p r v e m i n n a s l e d n j i h 

b r u š e n j i h p o š k o d u j e z a r a d i u t r u j e n o s t i h i t r e j e o d n o v e g a 

o z i r o m a k o t p o p r e d h o d n e m b r u š e n j u . V z r o k z a t o j e 

z m a n j š e v a n j e m e h a n s k i h l a s t n o s t i z a r a d i p o p u š č a n j a . 

Z a t o n a s t a n e j o r a z p o k e h i t r e j e in s e t u d i h i t r e j e š i r i j o . 

Z a t o s e t u d i m a s a u l i t i h t r a k o v p o v s a k e m b r u š e n j u v 

p r i m e r j a v i s p r e d h o d n i m z m a n j š u j e . 

5 Sklepi 

T e m p e r a t u r e v v a l j i h d o l o č a j o n a p e t o s t i in d e f o r m a -

c i j e v n j i h . O d t e g a s t a o d v i s n a p o j a v a : t e m p e r a t u r n a 

u t r u j e n o s t in p o š k o d b e z a r a d i t e m p e r a t u r n i h š o k o v . 

N a s l e d n j a l o g i č n a p r o b l e m a p r i k o n t i n u i r n e m l i t j u 

a l u m i n i j e v i h t r a k o v s t a i z r a č u n t e m p e r a t u r n i h n a p e t o s t i v 

p l a š č u v a l j a i n i n t e g r a l n a o c e n a p o p u š č n e o b s t o j n o s t i 

j e k l a p l a š č a v a l j a k o t p o s l e d i c a p o n a v l j a j o č e s e t e m p e r a -

t u r n e o b r e m e n i t v e j e k l a p l a š č a v a l j a m e d n a j n i ž j o i n n a j -

v i š j o t e m p e r a t u r o t e m p e r a t u r n e g a k r o g a . N a t a n a č i n b i 

s e p r i b l i ž a l i t u d i v n a p r e j š n j i n a p o v e d i z a č e t k a in h i t r o s t i 

r a s t i r a z p o k . 
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