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Postopki navarjanja in metalizacije omogočajo, da izdelamo iz posebnih obrabno odpornih jekel in zlitin le tiste 
obremenjene ploskve in robove, ki se med obratovanjem obrabljajo zaradi mehanskih in toplotnih obremenitev. 
Pri oplemenitenju jekel z navarjanjem in metalizacijo je izredno pomembno, da je nanos kvalitetno spojen z 
osnovo. Kvalitetno spajanje dosežemo pri navarjanju s taljenjem osnovnega materiala, pri metalizaciji pa z 
difuzijo. Pri metalizaciji problema razredčenja metaliziranega sloja ni. Ta problem je posebno izrazit pri 
navarjanju močno legiranih prevlek na konstrukcijsko jeklo. Zaradi mešanja navara z osnovnim materialom 
moramo močno legirane prevleke praviloma navarjati na konstrukcijsko jeklo večslojno. Navarjanje pod 
legiranimi aglomeriranimi praški pa omogoči, da že enoslojno dobimo željeno sestavo navarjenega sloja tudi 
kadar navarjamo na konstrukcijsko jeklo. Razredčenje navara, ki ga povzroči taljenje osnovnega materiala ter 
odgorevanje legirnih elementov, moramo nadomestiti z legiranjem navara preko legiranega aglomeriranega 
praška. 
Pri navarjanju pod legiranimi aglomeriranimi praški je sestava enoslojnega navara odvisna tako od intenzivnosti 
taljenja aglomeriranega praška (kovin v prašku) in osnovnega materiala (uvar), kot tudi od hitrosti odtaljevanja 
varilne žice. 
Razmerje med odtaljeno varilno žico in kovinami, ki pridejo v navar iz varilnega praška, določa izkoristek 
varjenja // in sestavo čistega vara. Sestava enoslojnih navarov pa je razen od izkoristka varjenja r) odvisna tudi 
od taljenja osnovnega materiala, na kar odločilno vplivajo varilni parametri in temperatura predgretja 
osnovnega materiala. Pogoj za doseganje kvalitetnih in pravilno legiranih navarov je strogo spoštovanje 
predpisane tehnologije navarjanja, če platiramo konstrukcijska ali nizkolegirana orodna jekla z navarjanjem pod 
legiranimi aglomeriranimi praški. 
Pri metalizaciji in enoslojnem navarjanju posebnih obrabno odpornih jekel maksimalno izkoristimo drage in 
pogosto uvozne tehnične kovine, saj je celoten nanos praktično enake sestave in kvalitete ter ga zato lahko v 
celoti izkoristimo, po obrabi ali uničenju pa ponovno obnovimo. Metalizacija je primerna za platiranje manj 
obremenjenih površin s tanjšimi prevlekami. Navarjeni sloji pa so običajno debelejši ter namenjeni oblaganju 
bolj obremenjenih površin in robov. 

Surfacing and metallization processes permit that only those surfaces and edges vvhich are subject to 
mechanical and thermal stresses are made of special wear-resistant steels or alloys. 
In retining of steels by sudacing and by metallization, it is extremely important that the deposited layer is well 
joined to the parent metal. In sudacing, quality joining can be achieved by melting of the parent metal, while in 
metallization, it is achieved by diffusion. In metallization, there is no problem of dilution of the metallized layer. 
This problem is strongly evident in sudacing of high alloyed layers on a structural steel. Because of mixing of 
the sudacing with the parent metal, high alloyed claddings should be, as a rule, sudaced on a structural steel 
in several layers. Surfacing in alloyed agglomerated povvders permits to obtain a required composition of the 
sudaced layer already in the first layer even when sudacing is pedormed on a structural steel. Sudacing 
dilution, caused by melting of the parent metal as well as by the loss of alloying elements, should be 
compensated by alloying of the sudacing with alloyed agglomerated povvder. 
In sudacing with alloyed agglomerated povvders, the composition of a one-layer sudacing depends on the 
intensity of melting of the agglomerated powder (metals in powder) and of the parent metal (penetration) as 
well as on the burn-off rate of the welding wire. 
The ratio betvveen the melted vvelding wire and the metals which come into the sudacing from the welding 
povvder determines the welding efficiency // and the composition of the deposited metal. On the other hand, 
the composition of one-layer sudacings depends on the vvelding efticiency // as well as on the melting of the 
parent metal, which is ali together strongly intluenced by vvelding parameters and preheating temperature of 
the parent metal. In čase of cladding structural or low-alloy tool steels by sudacing with alloyed agglomerated 
povvders, the prerequisite for achieving correctly alloyed sudacings of good quality is strict implementation of 
the sudacing technology prescribed. 
In metallization and in one-layer sudacing of special wear-resistant steels, expensive and mostly imported 
technical metals should be exploited to the maximum, as the complete deposition is of practically the same 
composition and quality and can be as such exploited completely, and after wear or destruction it can be 
renewed. Metallization is suitable for cladding of sudaces vvhich are less subject to wear by thinner layers. 
Sudaced iayers are usually thicker and suitable for cladding sudaces and edges vvhich are more subject to 
vvear. 



1 Uvod 

P o s t o p k i n a v a r j a n j a in m e t a l i z a c i j e o m o g o č a j o , d a i z d e l a m o 
iz p o s e b n i h o b r a b n o o d p o r n i h j e k e l i n z l i t i n le t i s t e o b r e -
m e n j e n e p l o s k v e in r o b o v e , k i s e m e d o b r a t o v a n j e m o b r a b -
l j a j o z a r a d i m e h a n s k i h in t o p l o t n i h o b r e m e n i t e v ( 1 - 5 ) . 

P r i o p l e m e n i t e n j u j e k e l z n a v a r j a n j e m i n m e t a l i z a c i j o 
j e i z r e d n o p o m e m b n o , d a j e n a n o s k v a l i t e t n o s p o j e n z o s -
n o v o . K v a l i t e t n o s p a j a n j e d o s e ž e m o p r i n a v a r j a n j u s t a -
l j e n j e m o s n o v n e g a m a t e r i a l a , p r i m e t a l i z a c i j i p a z. d i f u z i j o . 
P r i m e t a l i z a c i j i p r o b l e m a r a z r e d č e n j a m e t a l i z i r a n e g a s l o j a 
n i . T a p r o b l e m j e p o s e b n o i z r a z i t 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 p r e v l e k n a k o n s t r u k c i j s k o j e k l o . Z a r a d i m e š a n j a 
n a v a r a z o s n o v n i m m a t e r i a l o m m o r a m o m o č n o l e g i r a n e p r e -
v l e k e p r a v i l o m a n a v a r j a t i n a k o n s t r u k c i j s k o j e k l o v e č s l o j n o 
( g l e j t a b e l o 1). 

2 Perspekt ive navar janja pod legiranimi ag lomeriran-
imi var i ln imi praški 

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

P r i n a v a r j a n j u 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 v a r i l n i m i 
p r a š k i p o g o s t o u p o r a b l j a m o n e l e g i r a n e v a r i l n e ž i c e — n a v a r 
l e g i r a m o p r e k o v a r i l n e g a p r a š k a , k i v s e b u j e v s e l e g i m e e l e -
m e n t e z a l e g i r a n j e n a v a r a . L e g i r a n i h a g l o m e r i r a n i h p r a š k o v 
p a n i p r i p o r o č l j i v o i z d e l o v a t i z d o d a j a n j e m t e ž k o t a l j i v i h 
k o v i n v p r a h u . T u d i v e č j e k o l i č i n e f e r o v o l f r a m a n i s o p r i -
p o r o č l j i v e . 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 s l o j e v n a k o n -
s t r u k c i j s k o j e k l o b o m o d o b i l i k v a l i t e t n e in h o m o g e n e n a v a r e 
b r e z k o v i n s k i h v k l j u č k o v , č e b o m o d e l l e g i r n i h e l e m e n t o v 
( p r e d s e m v o l f r a m ) l e g i r a l i v n a v a r t u d i p r e k o v a r i l n e ž i c e 
( 7 - 9 ) . 

P r i n a v a r j a n j u 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 v a r i l n i m i 
p r a š k i j e s e s t a v a e n o s l o j n e g a n a v a r a o d v i s n a t a k o o d i n t e n -
z i v n o s t i t a l j e n j a a g l o m e r i r a n e g a p r a š k a ( k o v i n v p r a š k u ) i n 
o s n o v n e g a m a t e r i a l a ( u v a r ) , k o t t u d i o d h i t r o s t i o d t a l j e v a n j a 
v a r i l n e ž i c e ( 1 0 - 1 3 ) . 

R a z m e r j e m e d o d t a l j e n o v a r i l n o ž i c o i n k o v i n a m i , ki 
p r i d e j o v n a v a r iz v a r i l n e g a p r a š k a , d o l o č a — o b u p o š t e v a n j u 
o d g o r e v a n j a d e z o k s i d a n t o v in l e g i r n i h e l e m e n t o v — s e s t a v o 
č i s t e g a v a r a . R a z m e r j e m e d n a v a r o m ( o d t a l j e n a ž i c a + 
k o v i n e iz l e g i r a n e g a a g l o m e r i r a n e g a p r a š k a ) in o d t a l j e n o 
v a r i l n o ž i c o i m e n u j e m o i z k o r i s t e k v a r j e n j a i/. Ta j e m o č n o 
o d v i s e n o d v s e b n o s t i k o v i n v v a r i l n e m p r a š k u in i z b i r e v a r i l -
n i h p a r a m e t r o v ( g l e j t a b e l o 2 ) . 

I z t a b e l e 2 j e l e p o r a z v i d n o , d a s o i z k o r i s t k i v a r j e n j a 
p r i n a v a r j a n j u p o d t a l j e n i m i in n e 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 k o l i 1 0 0 % - n i , p r i l e g i r a n i h a g l o m e r i r a n i h p r a š k i h p a 
o d v i s n o o d v s e b n o s t i k o v i n v p r a š k u z n a t n o p r e k o 1 0 0 % - o v . 

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

S e s t a v a e n o s l o j n i h n a v a r o v j e r a z e n o d i z k o r i s t k a v a r j e -
n j a i j o d v i s n a t u d i o d t a l j e n j a o s n o v n e g a m a t e r i a l a , n a k a r 
o d l o č i l n o v p l i v a j o v a r i l n i p a r a m e t r i in t e m p e r a t u r a p r e d g r e -
v a n j a T p ( g l e j t a b e l o 3 ) . 

Iz t a b e l e 3 j e r a z v i d n o , d a i m a j o n a j p o m e m b n e j š i v p l i v 
n a t a l j e n j e o s n o v n e g a m a t e r i a l a , k i g a o p i s u j e m o s " % 
u v a r a " ; s e s t a v a p r a š k a in r a z m e r j e m e d v a r i l n o n a p e t o s t j o 
i n j a k o s t j o v a r i l n e g a t o k a t e r t e m p e r a t u r a p r e d g r e t j a o s -
n o v n e g a m a t e r i a l a . P r i v a r j e n j u z n e 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 j e d e l e ž u v a r a p r a v i l o m a v i š j i k o t p r i v a r j e -
n j u z 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 . Z v i š e v a n j e j a k o s t i 
v a r i l n e g a t o k a " % u v a r a " p o v e č u j e , z v i š e v a n j e n a p e t o s t i p a 
z m a n j š u j e . V p l i v v a r i l n i h p a r a m e t r o v j e š e p o s e b n o i z r a ž e n 
p r i n a v a r j a n j u 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 . P r i 
n j i h j e " % u v a r a " s k o r a j o b r a t n o s o r a z m e r e n z i z k o r i s t k o m 
v a r j e n j a rj. N e s k l a d j a l a h k o r a z l o ž i m o z u p o š t e v a n j e m d e -
j s t v a , d a t e m p e r a t u r a p r e d g r e v a n j a o s n o v n e g a m a t e r i a l a T p 
z n a t n o p o v e č a t a l j e n j e o s n o v n e g a m a t e r i a l a ( % u v a r a ) t e r 
d a p o d o b n o v e n d a r m a n j i z r a z i t o v p l i v a t u d i p o č a s n e j š e v a -
r j e n j e ( t V a r j ) - O b o j e — t e m p e r a t u r a p r e d g r e t j a in p o č a s n e j š e 
v a r j e n j e — p a p o v z r o č i t a t u d i n e k o l i k o i n t e n z i v n e j š e t a l j e n j e 
v a r i l n e g a p r a š k a t e r p r i u p o r a b i l e g i r a n i h a g l o m e r i r a n i h 
p r a š k o v m a l e n k o s t n o p o v e č a n j e i z k o r i s t k a v a r j e n j a 

Iz t a b e l e 3 j c r a z v i d n o , d a s p r a v i l n o i z b i r o v a r i l n e 
ž i c e in l e g i r a n e g a a g l o m e r i r a n e g a p r a š k a z a n a v a r j a n j e 
t e r v a r i l n i h p a r a m e t r o v g l e d e n a t e m p e r a t u r o p r e d g r e -
v a n j a o s n o v n e g a m a t e r i a l a l a h k o d o b i m o ž e l j e n o s e s t a v o 
in k v a l i t e t o e n o s l o j n o n a v a r j e n e m o č n o l e g i r a n e p r e v l e k e 
n a i z b r a n e m k o n s t r u k c i j s k e m al i c e n e n e m n i z k o l e g i r a n e m 
o r o d n e m j e k l u . V i d i m o p a t u d i , k a k o p o m e m b n o j e , 
d a s e s t r o g o d r ž i m o p o s t a v l j e n e t e h n o l o g i j e n a v a r j a n j a — 
i z b r a n i h v a r i l n i h p a r a m e t r o v i n t e m p e r a t u r e p r e d g r e v a n j a — 
k i z a g o t a v l j a p r a v i l e n i z k o r i s t e k v a r j e n j a i/ i n " % u v a r a " z a 
d o s e g a n j e i z b r a n e s e s t a v e e n o s l o j n e g a n a v a r a . 

N a v a r j a n j e z l e g i r a n i m i ž i c a m i d a j e b o l j š e r e z u l t a t e — 
t a k o g l e d e k v a l i t e t e ( n a v a r i n i m a j o k o v i n s k i h v k l j u č k o v W . 
M o al i F e W ) k o t t u d i g l e d e p r o d u k t i v n o s t i v-j- in p o r a b e 
e n e r g i j e ( ' / • : ( g l e j t a b e l o 4 ) . Š e b o l j š e r e z u l t a t e p a s m o 
d o b i l i p r i n a v a r j a n j u s t r o j n o e l e k t r o d o 1 4 l n 1 5 . 

3 Tribološko test iranje navarjen ih in meta l iz iranih slo-
jev 

P r i m e t a l i z a c i j i in e n o s l o j n e m n a v a r j a n j u p o s e b n i h o b r a b n o 
o d p o r n i h j e k e l m a k s i m a l n o i z k o r i s t i m o d r a g e in p o g o s t o 
u v o ž e n e t e h n i č n e k o v i n e , s a j j e c e l o t e n n a n o s p r a k t i č n o 
e n a k e s e s t a v e in k v a l i t e t e t e r g a z a t o l a h k o v c e l o t i i z k o r i -
s t i m o , p o o b r a b i a l i u n i č e n j u p a p o n o v n o o b n o v i m o . 

U p o r a b n o s t i z b r a n i h m e t a l i z i r a n i h i n n a v a r j e n i h p r e v l e k 
s m o t r i b o l o š k o t e s t i r a l i . K e m i č n e s e s t a v e s o p o d a n e v t a b e l i 
5 , r e z u l t a t i t r i b o l o š k e g a t e s t i r a n j a p a v t a b e l i 6 . 

O b r e m e n i t v e 2 0 0 0 N m e t a l i z i r a n i s l o j i n e p r e n e s e j o — 
m e t a l i z i r a n i s l o j s e p r i č n e l u š č i t i . I z t a b e l e 6 j e r a z v i d n a 
z n a t n o v i š j a o b r a b n a o d p o r n o s t m e t a l i z i r a n i h in n a v a r j e n i h 
s l o j e v v p r i m e r j a v i z n e n a v a r j e n i m v z o r c e m ( k o l o ž e r j a v a ) . 
P r e s e n e t l j i v a j e t u d i m a j h n a o b r a b a t i r n i c e , k i j e v k o n t a k t u 
z n a v a r j e n i m v z o r c e m ( 1 6 ) . R a z l o ž i m o j o l a h k o z n i z k i m 
k o e f i c i e n t o m t r e n j a , k i s e m e d o b r a t o v a n j e m z e l o p o č a s i 
s p r e m i n j a ( g l e j s l i k o 1). 

4 Zaključek 

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

E n o s l o j n o n a v a r j a n j e m o č n o l e g i r a n i h j e k e l n a n e l e g i -
r a n o a l i m a l o l e g i r a n o o s n o v o o m o g o č a j o l e g i r a n i a g l o m -
e r i r a n i v a r i l n i p r a š k i . R a z r e d č e n j e n a v a r a , k i g a p o v z r o č i 



T a b e l a 1. P o t r e b n o š tevi lo nava r j en ih s lojev pri nava r j an ju na kons t rukc i j sko j e k l o (pogoj : %Mcn > n.95%Me fv; l eg i ranje navara s a m o p reko 
leg i rane var i lne žice). 

P o s t o p e k 

n a v a r j a n j a 

T 1 G R . o b l . M I G E P P 

% u v a r a ( K ) 

P o t r e b n o š t e v i l o 

s l o j e v 

n _ l ° g o 05 * 
lofi K 

1 0 - 3 0 ( 0 . 2 ) 

1 . 8 6 ( 2 ) 

2 0 - 4 0 ( 0 . 3 ) 

2 . 4 9 ( 3 ) 

3 0 - 5 0 ( 0 . 4 ) 

3 . 2 7 ( 4 ) 

5 0 - 7 0 ( 0 . 6 ) 

5 . 8 6 ( 6 ) 

* R a z . r e d č e n j e n a v a r a z o s n o v n i m m a t e r i a l o m r a č u n a m o p o n a s l e d n j i h e n a č b a h : 

• s e s t a v o n a v a r a 

% M e n = % M e č v - K n ( % M e č v - % M e O M ) 

• p o t r e b n o š t e v i l o n a v a r j e n i h s l o j e v p r i p o g o j u : % M e n > 0 . 9 5 % M e i v ( k e m i j s k a s e s t a v a z g o r n j e g a n a v a r j e n e g a s l o j a 
o d s t o p a o d s e s t a v e č i s t e g a v a r a o z . s e s t a v e l e g i r a n e v a r i l n e ž i c e n a j v e č 5 % ) 

l o g ( 0 . 0 . ~ ) • % M e ,> v ) — l o g ( % M e , v - % M c o m ) 

l o g I \ 

l o g 0 . 0 5 
n = — —— ( 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 ) 

l o g A 

(N 

15 

D r s n o t r en j e : k o l o / t i r n i c a 

N e n a v a r i e n v z o r e c 

P n t i s n a s i l a = 1200 N 

P n t i s n a s i l a = 600 N 

1 1 — i — i — i — i — i — 
(min) 24 20 16 12 

N a v a r , , Ulop M o l ' 

fUjTHr-YI 

' 1 1 1 1 1 1 1 1 i l i i I l I l 1 1 1 r — i 1 1 1 1 0 
4 20 16 12 8 U 20 16 12 8 U 

N a v a r . . U I O D M O 6 " 

12 

t ( m i n ) 

S l i k a 1. S p r e m i n j a n j e m o m e n t a t renja med ob ra tovan jem pri ob remen i tvah 6 0 0 in 1200 N. 

F i g u r e 1. C h a n g i n g of fr ict ional momen t dur ing opera t ion at loads of 6 0 0 and 1200 N. 

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

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

n a v a r j a n j a 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 . 

M e t a l i z a c i j a j e p r i m e r n a z a p l a t i r a n j e m a n j o b r e m e n j e -

n i h p o v r š i n s t a n j š i m i p r e v l e k a m i . N a v a r j e n i s l o j i p a s o 

o b i č a j n o d e b e l e j š i t e r n a m e n j e n i o b l a g a n j u b o l j o b r e m e n j e -

n i h p o v r š i n i n r o b o v . 



E P P 2 n e l e g i r a n a ž i c a ( 0 . 1 % C ; 0 . 1 % S i ; 1 . 0 % M n ; o s n o v a F e ) 

B R M 2 l e g i r a n a ž i c a ( 0 . 9 % C ; 4 . 0 % . C r ; 5 . 0 % M o ; 6 .5%. W ; 1 . 9 % V; o s n o v a F e ) 

E P 3 5 t a l j e n i v a r i l n i p r a š e k 

1 0 0 S M n e l e g i r a n i a g l o m e r i r a n i v a r i l n i p r a š e k 

U M o l l e g i r a n i a l g o m e r i r a n i p r a š e k z a n a v a r j a n j e 

B M 2 n t o č n o l e g i r a n i a g l o m e r i r a n i p r a š e k z a n a v a r j a n j e 

Tabela 2. Vpliv sestave varilnega praška, varilne žice in varilnih parametrov na izkoristek var jenja /j, produktivnost vT ter porabo energije C'E 

V a r i l n a / V a r i l n i I U ' '2ice V vT CE Gp Gn 

ž i c a / p r a š e k ( A ) ( V ) ( e n t / s ) (%) ( g / s ) ( W h / g ) ( g / g v a r ) ( g / g v a r ) 

E P P 2 . 0 3 / E P 3 5 4 0 0 3 5 4 . 2 9 8 2 . 1 2 1 . 8 4 1 . 4 3 0 . 7 2 

( n e l e g i r a n a ž i c a / 6 5 0 3 5 6 . 1 9 8 3 . 3 5 1 . 8 9 1 . 2 7 0 . 6 9 

t a l j e n i p r a š e k ) 7 5 0 4 5 6 . 2 9 8 3 . 3 7 2 . 7 8 1 . 6 2 1 . 2 2 

E P P 2 . <p 3 / 1 (X) S M 4 5 0 3 5 3 . 4 9 8 1 . 5 9 2 . 7 6 2 . 3 0 1 . 4 5 

( n e l e g i r a n a ž i c a / 5 7 0 3 4 4 . 8 1 0 1 2 . 4 0 2 . 2 4 1 . 3 6 0 . 8 0 

n e l e g i r a n i a g l . p r . ) 6 5 0 4 2 4 . 8 101 2 . 5 2 3 . 0 1 2 . 0 7 1 . 3 3 

E P P 2 . <j> 3 / 1 0 0 S M 4 7 0 3 5 3 . 5 1 0 0 2 . 2 1 2 . 0 6 1 . 4 7 1 . 0 4 

( l e g i r a n a ž i c a / 6 5 0 3 5 6 . 1 1 0 3 3 . 4 1 1 . 8 6 0 . 8 7 0 . 5 4 

n e l e g i r a n i a g l . p r . ) 6 6 0 4 6 4 . 6 9 7 2 . 8 1 3 . 0 0 2 . 2 7 1 . 5 7 

E P P 2 . <P 3 / U M o l 4 2 0 3 5 3 . 0 1 1 8 2 . 0 0 2 . 0 4 2 . 5 0 1 . 2 6 

( n e l e g i r a n a ž i c a / 6 6 0 3 5 5 . 6 1 1 0 3 . 3 3 1 . 9 3 0 . 9 0 0 . 4 1 

l e g i r a n i a g l . p r . ) 6 6 0 4 6 4 . 8 1 4 2 3 . 9 4 2 . 1 4 2 . 0 0 0 . 9 4 

E P P 2 . 0 3 / B M 2 4 6 0 3 5 3 . 4 1 8 9 3 . 4 2 1 . 3 1 1 . 9 9 0 . 9 0 

( n e l e g i r a n a ž i c a / 6 2 0 3 3 4 . 9 1 2 0 3 . 3 3 1 .71 1 . 1 2 0 . 5 5 

l e g i r a n i a g l . p r . ) 6 8 0 4 2 5 . 0 1 5 8 4 . 3 3 1 . 8 3 2 . 0 2 0 . 9 8 

B R M 2 . <f> 3 / B M 2 4 7 0 3 5 3 . 4 1 6 6 3 . 5 8 1 . 3 5 1 . 9 1 0 . 8 2 

( l e g i r a n a ž i c a / 6 8 0 3 5 6 . 1 1 2 1 4 . 5 5 1 . 4 5 0 . 7 7 0 . 3 8 

l e g i r a n i a g l . p r . ) 6 8 0 4 5 4 . 9 1 5 1 5 . 2 2 1 . 6 3 1 . 7 5 0 . 8 9 

5 Li teratura 
1 E . P e r t e n d e r , E . N o n i n g e r ( P r e v o d L . K n e z ) : " B o r b a 

p r o t i o b r a b i z v a r j e n j e m " . V a r i l n a t e h n i k a , L j u b l j a n a , 2 3 
( 1 9 7 4 ) 3 / 3 , 6 7 / 7 1 . 

2 " W e l d S u r f a c i n g a n d H a r d f a c i n g " T h e W e l d i n g Ins t i t u t e . 
A b i n g t o n , 1 9 8 0 . 

3 R . K e j ž a r : " O d r ž a v a n j e n a v a r i v a n j e m " , O d r ž a v a n j e 
m a š i n a i o p r e m e — O M O 9 ( 1 9 8 0 ) 9 . 4 9 9 / 5 0 3 : " B u i l d i n g -
u p b y \ V e l d i n g M a i n t e n a n c e " , P r o c e e d i n g s of 5 th E u r o -
p e a n M a i n t e n a n c e C o n g r e s s , O p a t i j a , 1980 , 3 4 5 / 3 6 7 . 

4 R . K e j ž a r : " R a z v o j v a r i l n i h p o s t o p k o v o b n a v l j a n j a in 
o p l e m e n i t e n j a " . S t r o j n i š k i v e s t n i k — T r i b o l o g i j a . L j u b l -
j a n a , 3 1 ( 1 9 8 5 ) 7 /8 , 1 7 9 / 1 8 4 . 

5 R . K e j ž a r : " P l a t i r a n j e s t r o j n i h e l e m e n t o v z n a v a r j a n j e m 
za z a š č i t o p r o t i o b r a b i " . S t r o j n i š k i v e s t n i k — T r i b o l o g i j a , 
L j u b l j a n a . 3 4 ( 1 9 8 8 ) 7 /9 . 1 3 9 / 1 4 2 . 

6 R . K e j ž a r : " P e r s p e k t i v e a g l o m e r i r a n i h p r a š k o v " , 
X X X V i l I . P o s v e t o m e t a l u r g i j i in k o v i n s k i h g r a d i v i h . 
P o r t o r o ž / L j u b l j a n a 1 9 8 7 . 8 7 / 9 8 . 

7 R . K e j ž a r : " N e w P r o s p e c t i v e s o l C l a d d i n g b y S u b m e r g e d 
A r e B u i l d i n g - u p " , P r o c e e d i n g s of I n t e r n a t i o n a l C o n f e r -
e n c e o n W e l d i n g T e c h n o l o g y in D e v e l o p i n g C o u n t r i e s -
P r e s e n t S t a t u s a n d F u t u r e N e e d s . R o o r k e e , 1 9 8 8 . 

8 R . K e j ž a r : " A p p l i c a b i l i t y of B u i l d i n g - u p P r o c e s s e s to 
M a n u f a c t u r e a n d R e s t o r a t i o n of T o o l s " . P r o c e e d i n g s o f 
t h e I n t e r n a t i o n a l C o n f e r e n c e o n the J o i n i n g of M a t e r i a l s . 
J O M - 4 , H e l s i n g o r . 1 9 8 9 , 2 6 / 3 6 . 

3 R . K e j ž a r . " H a r d f a c i n g b y S u b m e r g e d A r e W e l d i n g " , P r o -
c e e d i n g s of the 2 n d I n t e r n a t i o n a l C o n f e r e n c e o n T o o l -
i n g , " N e u e W e r k s t o f f e u n d V e r f a h r e n f u r W e r k z e u g e " , 
B o c h u m . 1 9 8 9 , 3 0 1 / 3 1 4 . 

1 0 R . K e j ž a r : " Q u a l i t y o f S u r f a c e C o a t i n g b y S u b m e r g e d 
A r e W e l d i n g " . I n t e r n a t i o n a l C o n f e r e n c e o n S u r f a c e E n -
g i n e e r i n g : C u r r e n t T r e n d s a n d F u t u r e P r o s p e c t s , T o r o n t o . 
1990 . 

1 1 R . K e j ž a r : " P r o d u k t i v n o n a v a r j a n j e o r o d i j " . S t r o j n i š k i 
v e s t n i k , T r i b o l o g i j a , L j u b l j a n a 3 6 ( 1 9 9 1 ) 1 0 / 1 2 . 2 1 7 / 2 2 0 . 

1 2 R . K e j ž a r : " R a f i n e m e n t of W o r k r n g S u r f a c e s b y S u b -
m e r g e d A r e H a r d f a c i n g " , P r o c e e d i n g o f t h e I n t e r n a t i o n a l 
C o n f e r e n c e o n the J o i n i n g o f M a t e r i a l s . J O M 5. H e l s -
ingor , 1 9 9 1 , 1 1 7 / 1 2 6 . 

1 3 R . K e j ž a r : " L e g i r a n i a g l o m e r i r a n i p r a š k i z a p o s e b n a 
n a v a r j a n j a " , R u d a r s k o - m e t a l u r š k i z b o r n i k . L j u b l j a n a . 38 
( 1 9 9 1 ) , 2, 2 7 5 / 2 9 0 . 

1 4 J . T u š e k : " Š t u d i j p r o c e s o v p r i v a r j e n j u in n a v a r j a n j u p o d 
p r a š k o m z d v o j n o in t r o j n o e l e k t r o d o " . M a g i s t e r i j na F S 
L j u b l j a n a 1 9 8 7 . 

1 1 V. K r a l j . J . T u š e k : " S o m e F i n d i n g s a n d C h a r a c t e r i s t i c s 
a b o u t the S u b m e r g e d A r e W e l d i n g w i t h P a r a l l e l W i r e s " , 
I I W D o c . 2 1 2 - 6 9 5 - 8 8 . 

1 6 A . Vese l , R . K e j ž a r , L . K o s e c . J. V i ž i n t i n : " K v a l i t e t a 
n a v a r j e n i h t e k a l n i h k o l e s ž a r j a v o v " . P o r o č i l o Z R M K za 
U R P C 2 - 1 5 2 8 - 2 2 7 - 9 0 , " K o n s t r u i r a n j e d e l o v n i h s t r o j e v in 
m o t o r j e v " , L j u b l j a n a 1 9 9 0 . 1 /26. 



Tabela 3. Vpliv varilnih parametrov in temperature predgrevanja (!'/>) na taljenje osnovnega materiala (% uvara) in sestavo enoslojnih navarov 
pri navar jan ju pod nelegiranimi in legiranimi aglomeriranimi praški. 

V a r i l n a / V a r i l n i I U TP ^ v a r j V U v a r C C r M o V W 

ž i c a / p r a š e k ( A ) ( V ) ( ° C ) ( m / h ) (%) (%) (%) (%) (%) (%) (%) 
E P P 2 . 0 3 / 1 0 0 S M 6 5 0 3 5 4 0 0 2 5 9 7 8 1 0 . 1 0 0 . 4 5 0 . 2 2 - -

( n e l e g i r a n a ž i c a / 6 2 0 3 3 2 0 2 0 9 6 6 8 0 . 0 9 0 . 4 1 0 . 2 0 -

n e l e g i r a r t i a g l . p r . ) 5 7 0 3 4 1 5 0 2 5 1 0 1 5 8 0 . 0 9 0 . 4 3 0 . 2 0 

4 5 0 3 5 2 0 2 5 9 8 5 6 0 . 1 0 0 . 4 3 0 . 1 9 - -

B R M 2 . o 3 / 1 0 0 S M 6 4 0 3 5 4 0 0 2 5 9 7 6 8 0 . 3 1 1 . 4 3 1 . 6 0 0 . 3 2 1 . 9 0 

( l e g i r a n a ž i c a / 6 3 0 3 4 1 5 0 2 0 1 0 1 6 4 0 . 3 3 1 . 6 0 1 . 8 0 0 . 4 1 2 . 2 1 

n e l e g i r a n i a g l . p r . ) 6 5 0 3 5 1 5 0 2 5 1 0 3 5 6 0 . 3 4 1 . 6 6 1 . 8 5 0 . 4 4 2 . 2 8 

4 7 0 3 5 2 0 2 5 1 0 0 5 0 0 . 3 4 1 . 6 7 1 . 8 7 0 . 4 4 2 . 2 8 

E P P 2 . o 3 / B M 2 6 4 0 3 4 4 0 0 2 5 1 3 6 6 3 0 . 3 6 1 . 7 2 1 . 8 4 0 . 5 9 1 . 9 3 

( n e l e g i r a n a ž i c a / 6 1 0 3 3 2 0 2 0 1 3 9 6 0 0 . 5 5 2 . 8 2 3 . 1 2 1 . 1 9 3 . 4 5 

l e g i r a n i a g l . p r . ) 6 2 0 3 3 1 5 0 2 5 1 2 0 5 6 0 . 3 2 1 . 7 6 1 . 8 2 0 . 7 5 2 . 0 9 

4 6 0 3 5 2 0 2 5 1 8 9 4 7 0 . 8 8 4 . 6 1 5 . 4 4 2 . 2 7 6 . 0 4 

4 6 0 3 8 4 0 0 3 0 2 3 9 4 3 1 . 4 5 7 . 6 6 5 . 9 5 2 . 7 3 9 . 2 1 

B R M 2 . o 3 / B M 2 6 4 0 3 5 4 0 0 2 5 1 2 8 6 7 0 . 5 6 2 . 6 8 3 . 1 1 1 . 0 5 3 . 6 6 

( l e g i r a n a ž i c a / 6 8 0 3 5 1 5 0 2 5 1 2 0 6 6 0 . 5 2 2 . 6 4 3 . 1 5 1 . 0 2 3 . 8 0 

l e g i r a n i a g l . p r . ) 4 7 0 3 5 2 0 2 5 1 6 6 4 1 1 . 2 8 7 . 0 3 7 . 0 3 2 . 8 4 8 . 1 0 

4 6 0 3 8 4 0 0 3 0 2 3 7 4 5 1 . 3 3 6 . 9 5 6 . 1 7 2 . 5 8 8 . 3 2 

Tabela 4. Varilnotehnični podatki in kemične sestave enoslojnih prevlek pri platiranju konstrukci jskega jekla (Tp = 4 0 0 ° C ) pod legi ranim 
aglomeri ranim praškom " B M 2 " . 

V a r i l n a j V a r i l n i / U 1>T CE U v a r C C r M o V W 

ž i c a / p r a š e k ( A ) ( V ) ( g / s ) ( W h / g ) (%) (%) (%) (%) (%) (%) (%) 
E P P 2 , o 3 / B M 2 4 6 0 3 8 3 . 3 1 1 . 4 6 2 3 9 4 3 1 . 4 5 7 . 6 6 5 . 9 5 2 . 7 3 9 . 2 1 

B R M 2 , o 3 / B M 2 4 6 0 3 8 3 . 5 7 1 . 3 9 2 3 7 4 5 1 . 3 3 6 . 9 5 6 . 1 7 2 . 5 8 8 . 3 2 

E P P 2 , o 2 / B M 2 2 7 0 / ž i c o * 3 9 6 . 6 0 1 . 3 3 2 2 0 31 1 .61 8 . 5 8 7 . 4 1 3 . 0 6 9 . 7 7 

* n a v a r j a n j e s t r o j n o e l e k t r o d o — t r e m i ž i c a m i E P P 2 , <p 2 m m 

Tabela 5. Kemična sestava izbranih metaliziranih slojev in enoslojno navarjenih prevlek. 

D o d a j n i m a t e r i a l C S i C r V M o W 

( p r e v l e k a ) (%) (%) (%) (%) (%) (%) 
M e t a l i z i r a n i s l o j i : 

S 2 0 . 0 9 1 3 . 5 - -

P Z - 7 0 0 . 1 6 - 0 . 2 - - -

N a v a r i : 

U 2 R ( U t o p M o l ) 0 . 5 2 0 . 5 7 7 . 0 0 . 8 1 .7 -

U M o 6 R ( U t o p M o 6 ) 0 . 6 2 0 . 8 1 6 . 7 2 . 0 1 . 7 1 . 2 



Tabela 6. Rezultati tribološkega testiranja obrabe po 24 minutnem poizkusu (200 obr./min.) 

P r e v l e k a O b r a b a v 1 0 4 g ( p r i n a s l e d n j i h o b r e m e n i t v a h ) 

V r s t a o b r a b e K o t a l j e n j e D r s e n j e 
O b r e m e n i t e v 6 0 0 N 1 0 0 0 N 1 2 0 0 N 6 0 0 N 1 0 0 0 N 1 2 0 0 N 

M e t a l i z i r a n i 

s l o j i : 

S 2 1 6 0 9 2 1 6 5 9 7 2 

P Z - 7 0 - 1 5 8 4 2 1 5 3 - 8 0 2 

N a v a r i : 

U t o p M o 1 3 0 118 1 3 5 9 5 2 0 3 2 1 8 

( t i r n i c a ) 1 2 6 8 2 4 5 4 2 5 4 1 9 8 2 1 8 2 7 6 

U t o p M o 6 2 5 4 0 121 9 0 1 2 2 2 4 1 

( t i r n i c a ) 1 7 9 6 8 1 8 4 2 8 3 2 1 9 3 0 2 

N e n a v a r j e n 

v z o r e c : 

K o l o ž e r j a v a 2 6 7 3 3 8 8 1 3 3 2 0 5 1 3 9 6 0 8 2 

( t i r n i c a ) 3 2 7 1 3 7 5 - 6 8 5 1 4 4 2 2 1 8 9 


