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Prihodnost izdelave orodij je v oplemenitenju delovnih površin in robov. Postopki navarjanja omogočajo izdelavo obremenjenih 
delov orodja (n.pr.: rezilnih robov) iz posebnih jekel in zlitin izbrane sestave glede na mehanske in toplotne obremenitve med 
obratovanjem. Rezilne robove je priporočljivo navarjati po postopkih z majhnim vnosom energije (n.pr • TIG in ročno obtočno) Pri 
produktivnejših postopkih nastopijo poleg razredčenja navara zaradi intenzivnega taljenja osnove še težave zaradi velike taline 
navara. Problem rešimo tako, da iztekanje taline omejimo s Cu-kokilo. Pri uporabi Cu-kokile pri navarjanju rezilnih robov dobimo 
lepo oblikovane navare. Stroški za mehansko obdelavo nožev po navarjanju so zato manjši. Navarjanje rezilnih robov z uporabo 
Cu-kokile je ekonomičnejše tudi zaradi manjše porabe dragih dodajnih materialov. 

Ključne besede: orodna jekla, rezilna orodja, navarjanje robov s Cu-kokilo, ročno obtočno, TIG, MIG/MAG in EPP-navarjanje-
oplaščene elektrode, iegirani aglomerirani praški in strženske žice 

Tool manufacutre has a future in refining of working surfaces and edges. Surfacing processes permit manufacutre of tool parts 
subject to strain, e.g. cutting edges. from special steels and alloys having a composition selected vvith regard to mechanical and 
thermal strains during service. It is recommended to surface sutting edges by processes vvith low heat input, e.g. TIG vvelding 
manual are welding. In more produetive surfacing processes, namely, not only the surfacing gets diluted due to an intensive fusion 
of the parent metal, but we also come up a difficulty due to a large molten pool. The problem can be solved by restrieting the 
outflovv of the molten pool by a copper mould. When using a copper mould in surfacing of cutting edges, nicely shaped surfacings 
are obtamed. Cost of mechanical treatment of knives after surfacing is consequently lower. Surfacing of cutting edges with copper 
mould is more economic also due to lower consumption of expensive filler materials. 

Key words: tool steels, cutting tools; surfacing of edges vvith copper mould: manual are surfacing, TIG surfacing MIG/MAG 
surfacing, submerged are surfacing: covered electrodes, alloyed agglomerated fluxes and flux-cored ivires 

1 Splošno o varjenju in navarjanju orodnih jekel 

O r o d n a j e k l a s o p o g o j n o v a r i v a . Z a r a d i v i š j e 

v s e b n o s t i o g l j i k a i n I e g i r n i h e l e m e n t o v ( C r , M o , V, W . . . ) 

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

p o v z r o č i m o z v a r j e n j e m in n a v a r j a n j e m . P r i t e m j e p o s e -

b n o p o m e m b n a h i t r o s t o h l a j a n j a , k i j e n a j v e č j a n e p o s -

r e d n o p o d v a r o m o z . n a v a r o m . P r i p r e h i t r e m o h l a j a n j u 

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

tur , v i s o k i h n o t r a n j i h n a p e t o s t i in r a z p o k . S p r e d g r e v a n -

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

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

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

g o v i o k o l i c i - t o p l o t n o v p l i v a n e m p o d r o č j u 1 " 4 . 

D o l o č a n j e t e h n o l o g i j e o b n a v l j a n j a i z r a b l j e n i h in 

p o š k o d o v a n i h o r o d i j z v a r j e n j e m in n a v a r j a n j e m j e p o -

g o s t o z e l o z a h t e v n o . L e r e d k o si l a h k o p o m a g a m o z 

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

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

m e d v a r j e n j e m p a d o b i m o i z d i a g r a m o v C C T ( c o n t i n u -

o u s c o o l i n g t r a n s f o r m a t i o n ) 5 - 8 . 

I z d i a g r a m o v C C T j e l e p o v i d e n v p l i v h i t r o s t i o h l a -

j a n j a n a m i k r o s t r u k t u r o in t r d o t o i z b r a n e g a o r o d n e g a 

j e k l a . P r i p r e v e l i k i h h i t r o s t i h o h l a j a n j a n a s t a j a j o v n a v a r u 

( č e n a v a r j a m o z d o d a j n i m m a t e r i a l o m e n a k e s e s t a v e , k o t 

j o i m a o s n o v n o o r o d n o j e k l o ) in n j e g o v i o k o l i c i ( T V P -

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

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

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

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

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

O r o d j a l a h k o o b n a v l j a m o n a d v a z e l o r a z l i č n a n a č i n a : 

O r o d n o j e k l o z a d e l o 
v v r o č e m - U T O P M 0 6 

K e m i j s k a s e s t a v a ( % ) O r o d n o j e k l o z a d e l o 
v v r o č e m - U T O P M 0 6 C 1 Si | M n 1 P 1 S 1 Cr i N i 1 V | W I C u l M o 

Č. 4 7 5 8 

Slika 1: Diagram CCT za orodno jeklo Č.4758; Utop Mo68 

Figure 1: CCT diagram of tool steel Č.4758; Utop Mo68 



a) b r e z p o s e b n e t o p l o t n e o b d e l a v e p r e d n a v a r j a n j e m in 

p o n j e m 

b ) s s f e r o i d i z a c i j s k i m ž a r j e n j e m p r e d n a v a r j a n j e m in p o 

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

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

r o b o v . 

O b n a v a l j a n j e o r o d i j b r e z t o p l o t n e o b d e l a v e p r e d 

n a v a r j a n j e m in p o n j e m j e z e l o p r o b l e m a t i č n o . P r i m e r n o 

j e l e z a m a n j z a p l e t e n a o r o d j a . N a v a r j a t i p a m o r a m o 

p r e k o c e l o t n e g a d e l o v n e g a r o b u , k e r o k o l i c o n a v a r a z 

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

F i r m a B o h l e r p r i p o r o č a v n a v o d i l i h z a n a v a r j a n j e 

o r o d i j n a s l e d n j e p r e d g r e v a n j e g l e d e n a v r s t o i n s e s t a v o 

o r o d n e g a j e k l a 9 : 

1 o r o d n a j e k l a , k a l j i v a v v o d i 1 0 0 - 2 5 0 ° C 

2 o r o d n a j e k l a , k a l j i v a v o l j u 1 0 0 - 3 0 0 ° C 

3 o r o d n a j e k l a , k a l j i v a n a z r a k u ( 5 % C r ) 1 5 0 - 2 5 0 ° C 

4 ( 1 2 % C r ) 4 0 0 - 5 0 0 ° C 

5 o r o d n a j e k l a z a d e l o v v r o č e m 2 0 0 - 4 0 0 ° C 

6 h i t r o r e z n a j e k l a 4 0 0 - 5 0 0 ° C 

Pr i n a v a r j a n j u s p r e d g r e v a n j e m p o p r i p o r o č i l i h firme 

B o h l e r d o b i m o t r d e z a k a l j e n e n a v a r e , ki j i h l a h k o o b -

d e l u j e m o s a m o z b r u š e n j e m . P o n a v a r j a n j u l a h k o n a v a r e , 

č e j e p o t r e b n o , š e p o p u š č a m o n a ž e l j e n o t r d o t o ( s l i k a 2) . 

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

s f e r o i d i z a c i j s k o ž a r i m o , d a o d p r a v i m o n e p r i m e r n o m i k -

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

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

n a v a r a in T V P , d a o n e m o g o č i m o n a s t a j a n j e n e ž e l j e n i h 

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

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

z a h t e v a n i h m e h a n s k i h l a s t n o s t i . 

2 Navarjanje rezilnih robov 

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

o b r a b n o o b r e m e n j e n i h p o v r š i n in r o b o v . N a v a d n o j e 

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

o b r a b n o o d p o r n e l e d e l o v n e p o v r š i n e in r o b o v e , v e s 

p r e o s t a l i de l o r o d j a p a j e iz u s t r e z n e g a k o n s t r u k c i j s k e g a 

a l i c e n e n e g a o r o d n e g a j e k l a . T a k o i z d e l a n o o r o d j e j e 

v e č i n o m a k v a l i t e t n e j š e o d t i s t e g a , k i j e v c e l o t i i z d e l a n o 

iz o r o d n e g a j e k l a , s a j i m a t r d e in o b r a b n o o d p o r n e d e -

l o v n e p o v r š i n e i n r o b o v e n a ž i l a v i o s n o v i - n o s i l n e m 

k o n s t r u k c i j s k e m j e k l u . 

N a v a r j a n j e n a k o n s t r u k c i j s k o j e k l o , t o j e p l a t i r a n j e z 

n a v a r j a n j e m pr i i z d e l a v i o r o d i j , j e z v i d i k a t e h n o l o g i j e 

n a v a r j a n j a z n a t n o m a n j z a h t e v n o k a k o r o b n a v l j a n j e 

o r o d i j z n a v a r j a n j e m . P r i i z d e l a v i o r o d i j b o m o , č e b o l e 

m o g o č e , i z b r a l i k o t n o s i l n i m a t e r i a l d o b r o v a r i v o k o n -

s t r u k c i j s k o j e k l o . 

P r i n a v a r j a n j u m o č n o l e g i r a n i h n a n o s o v n a k o n s t r u k -

c i j s k o j e k l o j e i z r e d n o p o m e m b n a i z b i r a d o d a j n e g a m a t e -

r i a l a in p o s t o p k a n a v a r j a n j a ( T a b e l a 1). 

Tabela 1: Produktivnost in uvarjanje v osnovo pri izbranih postopkih 
navarjanja 

Pos topek n a v a r j a n j a T I G R O M I G E P P 
Produkt ivnos t (kg/h) 0 ,3 -1 ,0 0 ,5 -2 ,5 1,5-6,0 3 , 0 - 2 0 , 0 
% uvara 10-30 2 0 - 4 0 3 0 - 5 0 2 0 - 8 0 

P r i n a v a r j a n j u n a k o n s t r u k c i j s k o j e k l o n e ž e l i m o ta l i t i 

o s n o v n e g a m e t e r i a l a , t e m v e č j e g l a v n i c i l j , d a n a d e l o v n o 

p o v r š i n o a l i r e z i l n i r o b o r o d j a n a n e s e m o o b r a b n o o d -

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

n o v o 10-16 

u 64 cc 
Z 62 <A 01 
C 

"E a 
:e 

a 5 8 
-4— 
O 
2 56 

60 

54 

6) ( £ ( p 
i 2 r i 2 r 

\ 

5) 
v v^ \ i 

— \ * 
- i ) \ 

\ \ 

S 100 200 300 400 500 600 

— Temp. popuščanja I Temp. of tempering(°C) 
Op.: S - t rdota po navarjanju / Hardness after surfacing 

Slika 2: Trdote po navarjanju in popuščanju pri izbrani temperaturi8 '9 

Figure 2: Hardness values after surfacing and tempering at the 
temperature selected8 '9 

2.1 Navarjanje po postopku TIG 

R e z i l n e r o b o v e j e p r i p o r o č l j i v o n a v a r j a t i p o p o s t o p -

k ih z m a j h n i m v n o s o m e n e r g i j e . P o l e g m a j h n e g a u v a r a 

s o p r e d n o s t i n a v a r j a n j a p o p o s t o p k u T I G t u d i m a j h n a 

v a r i l n a k o p e l , z a t o n a v a r j a n j e r o b o v n i p r o b l e m a t i č n o . 

K o t d o d a j n i m a t e r i a l z a n a v a r j a n j e u p o r a b l j a m o l e g i r a n e 

žice (tabela 2). 

e* ( k o e f i c i e n t r e l a t i v n e o b r a b e ) = 

O b r a b a n a v a r a ( m g ) 1 0 0 

O b r a b a p r i m e r j a l n e g a v z o r c a ( m g ) 

O b r a b a p r i m e r j a l n e g a v z o r c a ( k o n s t r u k c i j s k o j e k l o ) : 

1 ,7 ; 1 ,4 . . . - p o v p . 1 ,55 m g . 

P r e s e n e č a n a s s l a b a o b r a b n a o d p o r n o s t n a v a r o v z 

ž i c o B R M 2. 

Tabela 2: Kemična sestava in obrabna odpornost navarov po postopku TIG 

N a v a r Kem.ses tava enos lo jnega navara O b r a b a ; P ip-d isc (P N = I N ; v= =0,5 m/s ; s = 1 0 0 m) 
( 2 0 % - n i uvar) %C % C r % M o % W % V (mg) p o v p . e* ( % ) 
ž i c a : O C R 4 ex. 0 , 8 4 1,2 - - 0,9; 1,2 1,05 68 
žica: B R M 2 0 ,76 3,2 4 ,0 5 ,2 1,5 1,3; 1.2 1,25 81 



Slika 3: Videz preseka navara z enojno elektrodo ($ 3 mm) pod 
legiranim praškom: a) "U-Mo 6" in b) "BM-2 (I = 450 A, U = 40 V) 
Figure 3: Macrography of the cross-section of the submerged are 
surfacing made with single electrode (<t>wire = 3 mm) and with alloyed 
fluxes: a) "U-Mo-6" and b) "BM-2 (I = 450 A, U = 40 V) 

•f cm >«& ^ 

Slika 4: Videz preseka navara s trojno elektrodo (0 1,6 mm) pod 
legiranim praškom: a) "UMo-6" in b) "BM-2" (I = 185 A/žico, U = 44 V) 
Figure 4: Macrography of the cross-section of the submerged are 
surfacing made with triple electrode (cfiwire = 1 -6 mm) and with alloyed 
fluxes: a) "UMo-6" and b) "BM-2" (I = 185 A/wire, U = 44 V) 

2.2 Navarjanje pod legiranimi aglomeriranimi praški 

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

r a z r e d č e n j a n a v a r a z a r a d i i n t e n z i v n e g a t a l j e n j a o s n o v e , 

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

o b l o g o , v i s o k o p r o d u k t i v n i m i in m o č n o l e g i r a n i m i 

a g l o m e r i r a n i m i p r a š k i t e r s t r ž e n s k i m i ž i c a m i , š e t e ž a v e 

z a r a d i v e l i k e t a l i n e n a v a r a 1 7 - 2 4 . 

N a v a r j a n j e z v e č ž i č n o e l e k t r o d o p o d l e g i r a n i m i 

a g l o m e r i r a n i m i p r a š k i o m o g o č a e n o s l o j n o n a n a š a n j e 

m o č n o l e g i r a n i h z l i t i n i z b r a n e s e s t a v e n a n e l e g i r a n a i n 

m a l o l e g i r a n a k o n s t r u k c i j s k a t e r c e n e n a o r o d n a j e k l a . Z a 

r a z v o j t e h n i k e in t e h n o l o g i j e v i s o k o p r o d u k t i v n e g a n a v a r -

j a n j a r e z i l n i h r o b o v s m o i z b r a l i l e g i r a n a a g l o m e r i r a n a 

p r a š k a " U - M o 6 " in " B M - 2 " , k i s m o j u r a z v i l i z a e n o -

s l o j n o n a v a r j a n j e n a k o n s t r u k c i j s k o j e k l o z e n o j n o e l e k -

trodo "EPP 2" (tabela 3 in slika 3). 

Tabela 3: Kemijski sestavi enoslojnih navarov z enojno elektrodo pod 
močno legiranima praškoma "U-Mo 6" in BM-2" (žica: EPP 2, $ 3 mm; 
I = 450 A, U = 40 V) 

Varilni uvar C Si M n Cr M o W V 
prašek (%) (%) (%) (%) (%) (%) (%) (%) 

U - M o 6 4 6 0 .8 1,0 0 ,4 7 ,5 1,8 0,5 0 ,9 
B M - 2 4 2 1,0 0 ,4 0 ,4 5 ,5 5 ,0 6,5 2 ,0 

R e z u l t a t i n a v a r j a n j a s t r o j n o e l e k t r o d o " V A C 6 0 " p o d 

l e g i r a n i m a p r a š k o m a " U - M o 6 " in B M - 2 " s o p o d a n i v 

t a b e l i 4 , v i d e z n a v a r o v n a p l o š č i p a p r i k a z u j e s l i k a 4 . 

20/um | 

Slika 5: Mikrostruktura navara s t rojno elektrodo "VAC 60" pod 
legiranim praškom "BM-2" 
Figure 5: Microstructure of the submerged are surfacing made with 
triple electrode "VAC 60" and with alloyed flux "BM-2" 

Tabela 4: Kemijski sestavi enoslojnih navarov s trojno elektrodo pod 
močno legiranima praškoma "U-Mo 6" in "BM-2" (žica: VAC 60 <t> 1 6 mm-
1 = 185 A/žico, U = 44 V) 

Varilni uvar C Si M n C r M o W V 
prašek (%) (%) (%) (%) <%) (%) m (%) 

U - M o 6 10 1,5 1,5 0 ,5 14,3 3 ,4 0 ,7 1,7 
B M - 2 15 1,3 1,1 0 ,5 8,3 7 ,2 9 ,9 2 ,8 

Z a r a d i v e l i k e k o l i č i n e k a r b i d o t v o r n i h e l e m e n t o v ( C r , 

W in V ) v n a v a r i h s t r o j n o e l e k t r o d o - š e p o s e b n o p r i 

n a v a r j a n j u p o d p r a š k o m " B M - 2 " ( g l e j t a b e l o 4 ) - d o -

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

k r o s t r u k t u r o iz k a r b i d n e g a e v t e k t i k a ( z m e s k a r b i d o v , 

m a r t e n z i t a in z a o s t a l e g a a v s t e n i t a ) t e r f e r i t a ( s l i k a 5 ) . 
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a) ravna Cu-kobila. 
(a itraitjhi ccpper mouldj 

b) oblikovana U-kokila 
(a tJtaped ccpper trtsuldj 

Slika 6: Navarjen rezilni rob z uporabo Cu-kokile 
Figure 6: Surfaced cutting edge made with a copper mould 

V s e b n o s t o g l j i k a j e g l e d e n a k o l i č i n o k a r b i d o t v o r n i h 

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

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

o d p o r n o s t n a v a r o v . R e z u l t a t i m e r i t e v o b r a b n e o d p o r n o s t i 

n a v a r o v , k i s m o j o u g o t o v i l i n a t r i b o m e t r u " A m s l e r " 2 5 - 2 6 , 

s o p o d a n i v t a b e l i 5 . 

Tabela 5: Rezultati meritev trdote in obrabe enoslojnih navarov s 
trojno elektrodo pod legiranimi praški ("U-Mo 6" in "BM-2") in 
njihovi koeficienti relativne obrabe "e" 

Varilni 
p rašek 

T r d o t e O b r a b a (Brus - H10 ; P N = 2 0 0 N / c m , 
( H R C ) v = l m/s : t = l m i n ) 

T e m e Sred ina (mg) povp . e (%) 

U - M o 6 53 
B M - 2 4 1 

53 218 ,0 ; 126,1; 154,3 
33 637 ,4 ; 638 ,0 ; 5 7 9 , 4 

166,1 29 
6 1 8 , 3 108 

O b r a b a p r i m e r j a l n e g a vzo rca (kons t rukc i j sko j ek lo ) ; 513 ,6 ; 
632 .8 ... - povpr . 5 7 3 , 2 m g 

P r o b l e m v e l i k e k o p e l i p r i n a v a r j a n j u r e z i l n e g a r o b u 

l a h k o z e l o e l e g a n t n o r e š i m o z u p o r a b o C u - k o k i l e 2 7 , s 

k a t e r o o m e j i m o n a v a r - p r e p r e č i m o i z t e k a n j e t a l i n e t e r 

o b l i k u j e m o n a v a r j e n r e z i l n i r o b ( s l i k a 6 ) . 

3 Sklep 

I z d e l a v a r e z i l n i h r o b o v o r o d i j z n a v a r j a n j e m p o d l e g i -

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

P o s t o p e k j e p e r s p e k t i v e n z a o r o d j a r s t v o , p r e d v s e m p r i 

i z d e l a v i d o l g i h in r a v n i h r e z i l n i h r o b o v . I z p o p o l n i t i p a 

m o r a m o š e l e g i r a n j e n a v a r a - z m a n j š a t i k o l i č i n o k a r b i -

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

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

v m a r t e n z i t n i o s n o v i . 

P r i n a v a r j a n j u r e z i l n i h r o b o v z u p o r a b o C u - k o k i l e d o -

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

l a v o n o ž e v p o n a v a r j a n j u s o z a t o m a n j š i . N a v a r j a n j e r e -

z i l n i h r o b o v z u p o r a b o o b l i k o v a n e C u - k o k i l e j e š e 

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

d o d a j n i h m a t e r i a l o v - z a i z d e l a v o r e z i l n e g a r o b u j e p o t r e -

b n o o d b r u s i t i m a n j n a v a r a ( s l i k a 6 ) . 
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