
WELDING OF AUSTENITIC MANGANESE STEEL 

A u s t e n i t i c  Manganese s t e e l ,  c a l l e d  "SLL" by M.C.S.D. o r  Hadf ie ld  Manganese 
! S t e e l  by t h e  m a t e r i a l s  community is an  extremely tough non-magnetic a l l o y  

i n  which the usua l  hardening t r ans fo rmat ion  t h a t  occurs  i n  l o w  a l l o y  s t e e l  
has  been suppressed by t h e  high manganese content .  It is c h a r a c t e r i z e d  by 
h igh  s t r e n g t h ,  high d u c t i l i t y  and good wear r e s i s t a n c e .  

The welding of "SLL" r e q u i r e s  cons ide rab le  care .  Though it is very  tough, 
it is  s e n s i t i v e  t o  r ehea t ing ,  so c a u t i o n  is necessary  t o  avoid  e m b r i t t l e -  
ment. A r c  welding is  e n t i r e l y  p r a c t i c a l  and many tons  of a u s t e n i t i c  man- 
ganese s t e e l  e l e c t r o d e s  a r e  used annual ly .  Experience and r e s e a r c h  have 
shown t h a t  t h e  fol lowing procedures a r e  he lp fu l :  

1. Welds i n  which both  p a r t s  a r e  "SLL" should be made w i t h  covered man- 
ganese steel  e l e c t r o d e s  t h a t  meet t h e  requirements  of AWS Spec. A 5 . 1 3  
C l a s s i f i c a t i o n  EFeMn-A. 

2 .  Welds i n  which  one part i s  "SLLw and t h e  o t h e r  p a r t  is carbon o r  low 
a l l o y  s t e e l  should be made with covered s t a i n l e s s  steel e l e c t r o d e s  
t h a t  meet t h e  requirements of AWS Spec. A 5 . 4  - C l a s s i f i c a t i o n  E309. 

3. Never we ld  "SLL" w i t h  carbon or low alloy s t ee l  electrodes. 

4. I n  manual welding, t h e  e l e c t r o d e  is always i n c l i n e d  i n  t h e  d i r e c t i o n  
of  t h e  w e l d  bead t r a v e l .  pushing t h e  a r c  might give gassy ,  unsound 
d e p o s i t s .  

5 .  Oxy-acetylene welding of "SLL" should  be avoided s i n c e  it is l i k e l y  
t o  cause marked embr i t t lement  of t h e  base metal .  

6. The energy  i n p u t  p e r  inch should be k e p t  t o  minimum va lues  c o n s i s t e n t  
wi th  sound welds. 

7. The maximum suggested h e a t  input  f o r  "SLL" is 65,000 joules. Heat i n p u t  
can be c a l c u l a t e d  a s  fol lows:  

Heat Input ( ~ o u l e s / ~ n c h  of Weld) = A m p s  x Vol ts  x 60 
Travel Speed (in./rnin.) 

8. Temperature a d j a c e n t  t o  welds should never  e x c e d  600° F one minute 
a f t e r  bead is deposited. It may e a s i l y  be determined by us ing  temp- 
e r a t u r e  i n d i c a t i n g  crayons such a s  "Tempi ls t iks" .  
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WELDING OF AUSTENITIC MANGANESE STEEL 

Factors  t h a t  w i l l  help reduce energy input  and heat  bui ldup inc lude  
t h e  following: 

a.) ~ a i n t a i n  a s h o r t  arc: a long arc inc reases  v o l t s .  
b.) ~ i n i m i z e  puddling: it lowers t r a v e l  speed. 
c.) Do no t  preheat  "SLL" unless  t he  temperature is below 20° F; 

then only enough t o  take t h e  c h i l l  out .  
d.) U s e  s k i p  welding of beads i n  var ious  loca t ions  o r  on d i f f e r e n t  

p a r t s  t o  d i s t r i b u t e  heat. 
e.)  Allow time f o r  cooling. The judicious use of water quenching 

is  he lp fu l  i n  some app l ica t ions .  

Welding e l ec t rodes  should be s to red  i n  a d ry  place.  

Manufacturers '  i n s t r u c t i o n s  accompanying welding e lec t rodes  should be 
followed regarding p o l a r i t y  and handling. 

Rust,  grease and other fore ign mat ter  should be removed from work p ieces  
be fore  welding. 

Wherever poss ib l e  , work-hardened "SLIP should be removed before  welding 
because of its greater suscept ib i l i ty  to embrittlement thaa in the acft 
condit ion.  Areas that cannot e a s i l y  be indented with a cen t e r  punch 
should be ground o r  air-carbon arced out.  

Any de fec t i ve  a r ea s  such a s  those conta in ing sand inc lus ions ,  shrinkage 
po ros i t y .  s l a g ,  c racks ,  etc., should be removed before  welding. 

Immediate peening of h o t  beads w i l l  a s s i s t  i n  reducing warpage and 
t e r n a l  stresses from con t rac t ion  during cooling.  

I n  mul t ip le  l a y e r  weld depos i t s  o r  groove welds t h e  slag should be 
p l e t e l y  removed before  applying a d d i t i o n a l  l ayers .  

Do no t  peen t h e  last pass. 

in-  . 
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AUSTENITIC MANGANESE STEEL ( "SLL " ) WELDING ELECTRODES 
PER A,W 3, SPECIFICATION A5.13 - CLASSIFICATION EFeMn-A 

A i r c o  Welding Products 

A m  de Mexico, S ,  A ,  

A m e r i c a n  Manganese S t e e l  C o .  

Champion Hobart, S. A. de D. V. 

Ford Steel Company 

H o b a r t  B r o t h e r s  Company 

Mt-Kav "-#..-A 

Murex 

National Cyl inder  Gas 

R e x  Arc 

S toody Company 

Stulz-Sickles Company 

TRADE NaME 

N i c k e l  Mang "C" 

AGA B-81 

W e a r - A r c  

Champion 

N i c k e l  Manganese 

Duron M n  

Coated Mangalloy 

Chro-Nimang 

Hardalloy 118 

Wardex 110 

W e a r - A r c  N i c k e l  Manganese 

S3  

T w i n - C o t e  Ni-Mn 

Manganal F l o - K o t e  


