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Uporaba instrumentiranega Charpyja pri razvoju jekel 

Application of Instrumented Charpy Tester in Developing Steels 

D. Dobi, Železarna Ravne, Ravne na Koroškem 

Prikazana je uporaba instrumentiranega preizkušanja na Charpyjevem kladivu pri industrijskem 
razvoju novega cementacijskega jekla sestave: 0.22-0.27% C, 0.15-0.35% Si, 1.20-1.50% Cr, 
2.50-3.00% Ni, 0.50-0.70% Mn, 0.15-0.25% Mo. 
Za različno toplotno obdelana stanja (sredstvo, temperatura popuščanja) kot tudi za različne smeri 
izreza preizkušancev so prikazani rezultati preizkušanja na instrumentiranem Charpyju v obliki 
diagramov F-t-s-E. 
Na osnovi teh diagramov so podane možnosti posameznih analiz za boljše spoznavanje jekla 
oziroma za pravilnejšo izbiro toplotne obdelave glede na končno uporabo. 

Paper presents the application of instrumented Charpy tester in industrial development of a new 
case-hardenable steel with the composition: 0.22-0.27% C, 0.15-0.35% Si, 1.20-1.50% Cr, 
2.50-3.00% Ni, 0.50-0.70% Mn, and 0.15-0.25% Mo. 
Testing results with instrumented Charpy tester of variously heat treated (various media, tempering, 
temperatures), and in various directions cut samples are presented in F-t-s-E plots. 
These plots enable the analyses in order of better knovving of steel characteristics and choose more 
adeguate heat treatment in the regard to final use. 

1 U v o d 

Z d o l o č a n j e m ž i l a v o s t i ( u d a r n e g a d e l a ) j e k e l ž e l i m o k l a s i -
f i c i r a t i p o s a m e z n e o b l i k e l o m o v . N a j v e č p o z o r n o s t i 
p o s v e č a m o t i s t i m l o m o m , ki s o p o p o l n o m a n a s p r o t n i . G o v -
o r i m o n a m r e č o k r h k e m in ž i l a v e m l o m u . 

K r h k i l o m n a s t a j a pr i d e f o r m a c i j a h , k i i m a j o č i s t o 
e l a s t i č n i k a r a k t e r . L o m n a s t a j a i z k l j u č n o s c e p l j e n j e m in 
u s t r e z a r a v n i n s k e m u s t a n j u d e f o r m a c i j . V m i k r o s k o p s k e m 
p o d r o č j u l o m n i m a p l a s t i č n i h d e f o r m a c i j , p o v r š i n a l o m a j e 
s v e t l i k a s t a . Z a k r h k i l o m j e k a r a k t e r i s t i č n o , a to j e tud i 
n a j n e v a r n e j š i m o m e n t , d a n a s t o p i p r i n a p e t o s t i , k i j e n i ž j a 
o d s t a t i č n o d o l o č e n e d o g o v o r j e n e n a p e t o s t i t e č e n j a . Ta 
n a p e t o s t j e r e z u l t a t r a z l i č n i h v p l i v n i h f a k t o r j e v ( g e o m e t r i j -
s k e o b l i k e , n a p e t o s t n a s t a n j a , t e m p e r a t u r a , h i t r o s t d e f o r m a -
c i j , o k o l j e . . ). 

B o j p r o t i k r h k e m u l o m u se d e j a n s k o z a č e n j a le ta 1 9 0 1 , 
k o s o se n a p o s a m e z n i h s e m i n a r j i h p r v i č p r i k a z a l i s i s t e m i z a 
p r e i z k u š a n j e n a C h a r p y j e v e m k l a d i v u , d a n e s d o b r o z n a n o 
m e t o d o za p r e i z k u š a n j e ž i l a v o s t i . 

2 Pre izkušanje na C h a r p v j e v e m kladivu 

K l a s i č n a p r e i z k u š a n j a n a C h a r p y j e v e m k l a d i v u s o v r e d n e m 
p r e i z k u š a n j u j e k e l . P r i t e m d o b i m o le o d g o v o r n a v p r a š a n j a , 
k a t e r o p r e i z k u š a n o j e k l o j e b o l j š e : j e k l o A a l i j e k l o B , t j . 
d o b i m o le i n f o r m a c i j o o p o r a b l j e n i e n e r g i j i K V ( K U ) za 
z l o m ž i l a v o s t n e g a p r e i z k u š a n c a 1 . 

D a p o v e č a m o s p o s o b n o s t p r i k a z a u d a r n e g a d e l a , j e 
p o t r e b n o d e l o r a z č l e n i t i na s e s t a v n e k o m p o n e n t e : n a s i l o 
in d e f o r m a c i j o . V t e k u p r e i z k u š a n j a j e t r e b a te k o m p o -
n e n t e k o n t i n u i r a n o z a p i s o v a t i . T a z a p i s j e m o ž e n le z 
i n s t r u m e n t i r a n j c m , o z i r o m a z. o p r e m o k l a d i v a z u s t r e z n o 
e l e k t r o n i k o 2 , 3 ' 4 ' 5 . P o e n o s t a v l j e n p r i k a z s o d o b n e g a i n s t r u -
m e n t i r a n e g a C h a r p y e v a k l a d i v a p r i k a z u j e s l i k a 1. 

Š t e v i l k e s e n a n a š a j o n a : ( 0 ) — k l a d i v o , ( 1 ) — m e r i l n i k 
k o t a , ( 2 ) — o j a č e v a l n i k , ( 3 ) — s e k a l o z, m e r i l n i k o m s i l e , 
( 4 ) — m e r i l n i k p o t i , ( 5 ) — o j a č e v a l n i k , ( 6 ) — t r a n z i e n t n i o s -
c i l o s k o p , ( 7 ) — r a č u n a l n i k , ( 8 ) — p o m n i l n i k i , ( 9 ) — r i s a l n i k , 
( 1 0 ) — t i s k a l n i k . T a k š n a k o n f i g u r a c i j a j e i n s t a l i r a n a v l a b -
o r a t o r i j u za p r e i z k u š a n j e m e h a n s k i h l a s t n o s t i v Ž e l e z a r n i 
R a v n e . 

Z a i z v e d b o i n s t r u m e n t i r a n j a o b s t a j a j o p o s a m e z n i p r e d -
p i s i in p r i p o r o č i l a ' 5 . 

Z m e r j e n j e m d v e h v e l i č i n : F — s i l a in s — p o t d o l o č a m o 
e n e r g i j o , p o t r e b n a za z l o m p r e i z k u š a n c a , o z i r o m a t a k o 
i m e n o v a n o " ž i l a v o s t " , k o t s l e d i : 

K V = j Fds 
o 

Z g o r a j p r i k a z a n i n t e g r a l p r e d s t a v l j a p o v r š i n o p o d 
k r i v u l j o , k i j e p r i k a z a n a n a s l ik i 2. 

T a p r i k a z j e z a p i s r e a l n e g a p o t e k a m e r j e n e s i l e v o d v i s -
n o s t i o d p o t i ' . V d i a g r a m s o v r i s a n e k a r a k t e r i s t i č n e t o č k e : 
Fgy—sila na m e j i t e č e n j a , Fm—maksimalna s i l a , Fu—sila 
l o m a , Fa—sila a r e t i r a n j a . N a o s n o v i t a k š n i h d i a g r a m o v s e 
d o l o č a j o p o s a m e z n e k o m p o n e n t e s i l e , p o t i , č a s a in e n e r -
g i j . O d v i s n o o d k v a l i t e t e j e k l a , t o p l o t n e o b d e l a v e i n p o g o -
j e v o k o l j a l a h k o d o b i m o z e l o r a z l i č n e d i a g r a m e s i l a - p o t . 
N e k a t e r e o b l i k e p r i k a z u j e s l i k a 3 ' . 

3 Eksper imenta lno pre izkušanje na i n s t r u m e n t i r a n e m 
C h a r p v u 

Z a e k s p e r i m e n t a l n o p r e i z k u š a n j e s m o i z b r a l i j e k l o C T 198 
( i n t e r n a o z n a č b a Ž e l e z a r n e R a v n e ) . T o j e N i - C r - M o j e k l o z 
n i z k o v s e b n o s t j o P in S , k i se v v e č i n i p r i m e r o v u p o r a b l j a 
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Slika 1. Prikaz sistema instrumentirani Charpy. 

Figure 1. Presentation of the instrumented Charpy tester system. 

Pot 

Slika 2. Izrez preizkušancev. 

Figure 2. Cutting of test samples. 

k o t c e m e n t a c i j s k o j e k l o , z a r a d i n e k o l i k o p o v i š a n e v s e b n o s t i 
C p a g a l a h k o z e l o u s p e š n o u p o r a b i m o t u d i k o t j e k l o z a 
p o b o l j š a n j e 8 . 

K e m i j s k a s e s t a v a j e k l a š a r ž e 4 5 1 1 9 j c b i l a : 0 . 2 6 % C , 
0 . 0 1 2 % S , 0 . 2 6 % S i , i . 2 8 % C r , 0 . 0 2 % V, 0 . 6 % M n , 0 . 1 7 % 
M o , 0 . 0 0 8 % - P, o s t a n e k F e . 

K o t i z h o d i š č n i m a t e r i a l j e b i l a v a l j a n a p a l i c a o 8 0 m m . 
S h e m a i z r e z o v t r g a l n i h in ž i l a v o s t n i h p r e i z k u š a n c e v ( t i p a 
K U 3 0 0 / 3 ) j e p r i k a z a n a n a s l i k i 4 . V z d o l ž n i p r e i z k u š a n c i 
s o b i l i i z r e z a n i iz p o v r š i n s k i h ( P ) in s r e d i š č n i h ( S ) p l a s t i , 
m e d t e m k o s o b i l i p r e č n i p r e i z k u š a n c i ( A ) i z r e z a n i l e iz 
s r e d i š č n i h p l a s t i . P r e i z k u š a n c i s o b i l i i z r e z a n i iz t o p i o t n o 
o b d e l a n i h k o s o v . 

T o p l o t n a o b d e l a v a j e b i l a : 

• t e m p e r a t u r a a v s t e n i t i z a c i j e : 8 5 0 ° C , k a l j e n j e v o l j u . 

• t e m p e r a t u r a p o p u š č a n j a : o d 1 0 0 d o 7 0 0 ° C v t r a j a n j u 
1 u r o . 

R e z u l t a t i d o l o č a n j a m e h a n s k i h l a s t n o s t i s o p r i k a z a n i v 
p o p u š č n e m d i a g r a m u n a s l i k i 5. 

4 Anal iza pre izkušanja 

V d i a g r a m u n a s l i k i 5 s o p r i k r i v u l j a h v p i s a n e š t e v i l k e o d 
1 d o 6, k a r p r e d s t a v l j a m o ž n e a n a l i z e . V t e m č l a n k u j e 
p r i k a z a n a a n a l i z a , ki j e o z n a č e n a s š t e v i l k o 3. T o j o d e j a n -
s k o h o r i z o n t a l n i p r e s e k k r i v u l j e p o t e k a ž i l a v o s t i v o d v i s -
n o s t i o d t e m p e r a t u r e p o p u š č a n j a . 

Z a a n a l i z o s o i z b r a n e t o č k e , o z i r o m a t e m p e r a t u r e 
p o p u š č a n j a , p r i k a t e r i h s o v r e d n o s t i e n e r g i j e u d a r c a p r i -
b l i ž n o e n a k e . N a s l i k a h o d 6 d o 12 s o p r i k a z a n i d i a g r a m i 
s i l a - p o t - č a s z a s l e d e č a t o p l o t n o o b d e l a n a s t a n j a . 

M e h a n i z e m l o m a n a s l i k a h 6 in 7 j e p o p o l n o m a e n a k , 
l e d a i m a p r e i z k u š a n e c O S n e k a j v i š j o s i l o a r e t a c i j e . S i l e 
z a z l o m p r e i z k u š a n c e v s o o k r o g 2 8 k N , a K U 3 0 0 / 3 — 
v r e d n o s t se v v s e h p r i m e r i h s u č e m e d 4 5 J i n 4 9 J . V p l i v 
p o p u š č a n j a p r i t e m p e r a t u r i 2 5 0 ° C se v p r v i v r s t i v i d i v 
p o v e č a n j u s i l e a r e t a c i j e , k a r v e l j a z a o b a p r e i z k u š a n c a ( s l i k i 
8 in 9 ) . Z g o r n j i d e l k r i v u l j e j e m a l o d e f o r m i r a n , t j . p r i h a j a 
d o f o r m i r a n j a t a k o i m e n o v a n e g a p l a t o a . 
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Slika 3. Popuščni diagram za jeklo C T 198. 

Figure 3. Tempenng plot for C T 198 steel. 
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N a d a l j n j e p o v e č a n j e t e m p e r a t u r e p o p u š č a n j a ( 4 5 0 ° C ) 
j e k a r a k t e r i z i r a n o z z n i ž e v a n j e m m a k s i m a l n e s i l e z a r a d i 
p l a s t i č n e d e f o r m a c i j e , t j . o b l i k o v a n j a v e č j e g a p l a t o a in 
n a d a l j n j i m p o v i š a n j e m s i l e a r e t a c i j e . P r e i z k u š a n e c 8 S ( s l i k a 
10) i m a v e č j o s i l o a r e t i r a n j a k o t p r e i z k u š a n e c 8 P ( s l i k a 11). 
D i a g r a m i i m a j o d r u g a č e n k a r a k t e r k o t d i a g r a m i , k i s o b i l i 
o b r a v n a v a n i p r e j . 

P o p o l n o m a d r u g a č n o o b l i k o i m a d i a g r a m n a s l ik i 12, 
k i p r i k a z u j e r e z u l t a t p r e i z k u š a n j a n a p r e č n e m p r e i z k u š a n c u 
( 1 0 A ) , p o p u š č a n e m pr i t e m p e r a t u r i 5 5 0 ° C . M a k s i m a l n a s i l a 
j e r e l a t i v n o m a j h n a . P a d e c s i l e j e p r a k t i č n o k o n t i n u i r a n , 
l a h k o r e č e m o , d a j e l o m l j e n j e s e s t a v l j e n o iz v e č n i v o j e v 
a r e t a c i j . 

5 Sklep 

N a o s n o v i p r i k a z a n i h d i a g r a m o v l a h k o r e č e m o , d a j e z e l o 
p o m e m b n o p o z n a v a n j e p o t e k a s i l e m e d s a m i m l o m l j e n j e m 
ž i l a v o s t n i h p r e i z k u š a n c e v in n e l e s a m o v r e d n o s t p o r a b l j e n e 
e n e r g i j e u d a r c a z a z l o m p r e i z k u š a n c a , o z i r o m a ž i l a v o s t . T o 
z a r a d i l e g a , k e r ni v s e e n o , al i p o d o s e ž e n i m a k s i m a l n i s i l i 
p r i d e d o z l o m a h i t r o a l i p a j e ta z l o m b o l j p o č a s e n ! 
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Sl ika 4. Realni diagram sila—pot. 

Figure 4. Real plot force—displacement . 

Slika S. Razl ične oblike kr ivul j sila-pot. 

Figure 5. Various shapes of force-displament curves. 
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Datum . . . . : 09-05-1990 
St.Narocilnice : CT.015 
Naziv preskusan: DVM 
Preskusanec : OS 

Material 
Temperatura 
EJLotal (Av) 
EJtotal (Et) 

CT.198 
20.0 GRAD 

47.22 J 
46.79 J 

F j y 
Fjd 
F_g 
Fjl 

24.65 kN 
28.46 kN 
26.81 kN 
5.61 kN 

Sl ika 6. Originalni zapis s i l e (E ) -po t i ( s ) -časa( t ) -energ i je (E) . 

F i g u r e 6. Original reeord of force(F)-d isp lacenient (s ) - t in ie(0-energy( is ) . 



S o f t w a r e H o l p e r t / P r o b a t P r o g r e s Q 

E, J 

T J SP—h**- ^ 

L m 

.30.M 

l iOJf i 

| 10.00 

J l J f i 

10.35 
2.00 

mm 
ms 

Datum . . . . : 09-05-1990 
St.Naročilnice :CT.001 
Naziv preskU9an: DVM 
Preskusanec : OP 

Material :CT.19B 
Temperatura : 20.0 GRAD 
EJtotal (Av) : 46.69 J 
EJtotal (Et) : 45.97 J 

FJV 
F j n 

F_U 
F j i 

25.17 kN 
28.08 kN 
26.70 kN 
4.61 kN 

Slika 7. Originalni zapis s i l e (F) -po t i ( s ) -časa(0-energ i je (E) . 

F i g u r e 7. Original record of force(F) -d isp lacement (s ) - t ime(( ) -energy(E) . 
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JIM 

10.00 

0.00 

10.31 
2.00 

mm 
ms 

Datua . . . . : 09-05-1990 Material : CT.19B F_gy 22.63 kN 
St.Narocilnice : CT.019 Temperatura : 20.0 GRAD Fjn 28.38 kN 
Naziv preskusan: DVM EJtotal (Av) : 48.65 J F j i 24.82 kN 
Preskusanec : 4S EJtotal (Et) : 47.69 J F_a 6.55 kN 

Slika 8. Originalni zapis s i le (F)-pot i (s ) -časa(0-energi je( i?) . 

Figure 8. Original record of force(F)-displacenient( .s)-I ime(f)-energy(i?) . 



Datum . . . . : 09-05-1990 
St.Narocilnice : CT.005 
Naziv pneskusan: OVM 
Preskusanec : 4P 

Material :CT.198 
Temperatura : 20.0 GRAD 
EJtotal (Avl : 44.91 J 
EJtotal (Et) : 43.88 J 

F_gy 24.22 kN 
Fjn : 28.27 kN 
F j j : 24.20 kN 
F j> : 2.64 kN 

F . K N 

300 
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-M <<>W M - W h1 i 'M - f l 

Slika Originalni zapis s i le(F)-pot i (s)-časa(()-energi je( i?) . 

F i g u r e 9. Original reeord of foree(F)-displaeement(s)- t ime(f ) -energy(F) . 
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F. k N 

30.00 

Datum . . . . : 09-05-1990 
St.Narocilnice :CT.023 
Naziv preskusan: DVM 
Preskusanec : 8S 

Material : CT.198 
Temperatura : 20.0 GRAD 
EJtotal (Av) : 47.67 J 
EJtotal (Et) : 46.81 J 

F_gy 
Fj« 
FJJ 
F j 

21.69 kN 
24.25 kN 
21.74 kN 
12.60 kN 

Sl ika 10. Originalni zapis s i le(F)-pot i (s)-časa(() -energi je( iJ) . 

F i g u r e 10. Original record of force(F)-displacement( .s ) - t ime(()-energy(E) . 



Datum . . . . : 09-05-1990 
St.Nanocilnice :CT.009 
Naziv preskusan: DVM 
Preskusanec : BP 

Material 
Temperatura 
EJtotal (Av) 
E_total (Et) 

CT.198 
20.0 GRAD 

48.42 J 
48.60 J 

F_gy 
Fjn 
FJJ 
Fj> 

21.42 kN 
23.60 kN 
20.80 kN 
10.84 kN 
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Slika 11. Originalni zapis s i le(F)-pot i (s)-časa( i ) -energi je( i?) . 

Figure 11. Original record of fo rce(F) -d i sp lacemenl ( s ) - t ime(0-energy(£ ' ) . 
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F . k N E. J 
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F 
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20.00 

15.00, 
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* i 

F 
10.00 

V, A. 

-5.00 

" TTTBU-—• . . . . . 

0.00 

1 J 0.00 t 1*55 t J i M < M' 
I 7.27 , BJB i 9x33 10.35 s, mm 

'0.00 i M < M' M J + I.ar M.ar 2.00 t . ms 

Datum . : 09-05-1990 Material :CT.198 F_gy : 17.16 kN 
St.Narocilnice : CT.039 Temperatura : 20.0 GRAD FJB : 19.04 kN 
Naziv preskusen: DVM EJtotal (Av) : 49.10 J F J J : 18.07 kN 
Preskusanec : 10A EJtotal (Et) : 49.40 J F_a : 15.37 kN 

Slika 12. Originalni zapis sile(/ ' )-poli(s)-časa(()-energije(i?). 

Figure 12. Original record of foree(/ ' ) -displacenienl(s)- t ime(i ) -energy(£) . 


