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desirable to soft anneal the weld 
prior to hardening and tempering 
of the tool. The soft annealing 
cycle used is that recommended 
for the base steel. The welded 
area can then be machined and 
the tool may be finished and heat 
treated as usual. However, even if 
the tool can be finished by merely 
grinding the weld, soft annealing 
is first recommended in order 
to mitigate cracking during heat 
treatment. 

STRESS RELIEVING
Stress relieving is sometimes  
carried out after welding in order 
to reduce residual stresses. For 
very large or highly-constrained 
welds, this is an important precau-
tion. If the weld is to be temp- 
ered or soft annealed, then stress 
relieving is not normally necessary. 
However, pre-hardened tool steel 
should be stress relieved after 
welding since no other heat treat-
ment is normally performed.

The stress relieving temperature 
must be chosen such that neither 
the base steel nor the welded 
area soften extensively during the 
operation. 

Very small weld repairs or adjust-
ments will normally not require a 
stress relieving treatment.

FURTHER  
INFORMATION

Information concerning heat treat-
ment of the tool subsequent to  
welding can be obtained from the 
brochures for the welding consu-
mable and/or the tool steel in 
question.

HEAT TREATMENT 
AFTER WELDING

Depending on the initial condition  
of the tool, the following heat  
treatments may be performed 
after welding:

• tempering

• soft annealing, then hardening  
   and tempering as usual

• stress relieving

TEMPERING
Fully-hardened tools which are 
repair welded are recommended 
to be tempered after welding.

Tempering improves the tough- 
ness of the weld metal and the 
heat affected zone (HAZ).

The tempering temperature should 
be chosen so that the hardness of 
the weld metal and base steel are 
compatible. An exception to this 
rule is when the weld metal exhi-
bits appreciably improved temper 
resistance over the base material 

Heat treatment of a die-casting die after welding.

(e.g. Uddeholm Orvar Supreme 
welded with Uddeholm QRO 
90 Weld); in this case, the weld 
should be tempered at the highest 
possible temperature concomi-
tant with the base steel retaining 
its hardness (typically 25°C/50°F 
under the previous tempering 
temperature).

Product brochures for Uddeholm 
welding consumables and tool 
steels give tempering curves from 
which the tempering conditions for 
welded tools can be ascertained.

Very small repairs may not need 
to be tempered after welding; 
however, this should be done if at 
all possible.

SOFT ANNEALING
Tools which are welded to accom-
modate design changes or machi-
ning errors during toolmaking, and 
which are in soft-annealed condi-
tion, will need to be heat treated 
after welding. Since the weld 
metal and HAZ will have hardened 
during cooling, it is highly  
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WELDING IN HOT WORK TOOL STEEL – MMA (SMAW) 

GUIDELINES FOR WELDING IN UDDEHOLM TOOL STEEL
The tables, on following pages, give details concerning weld repair or adjustment of tooling made from  
Uddeholm steel grades for hot work, cold work and plastic moulding applications.

WELDING IN HOT WORK TOOL STEEL – TIG (GTAW) 

VIDAR SUPERIOR	   Soft annealed	 TIG	 QRO 90 TIG Weld	 Min. 300°C	 48–53 HRC	 Soft annealing	    Soft annealing, 
VIDAR 1		    (GTAW)	 QRO 90 MIG Weld	 (570°F)			      see product
VIDAR 1 ESR	   Hardened	 MIG	 Dievar TIG Weld			   Tempering	    brochure 
		    (GMAW)	 Dievar MIG Weld	  

		  Laser	 Dievar Laser Weld	 None	 48–53 HRC	 Temper 250°C
						      (480°F) 2 h	    

UDDEHOLM		  WELDING		  PREHEATING	 HARDNESS 	 POST 
STEEL GRADE	 CONDITION	 METHOD	 CONSUMABLES	 TEMPERATURE	 AS WELDED	 TREATMENT	 REMARKS

VIDAR  
  SUPERIOR	
VIDAR 1	 Soft annealed	 MMA	 QRO 90 WELD	 Min.	 48–53 HRC	 Soft annealing	

VIDAR 1 ESR	 Hardened	 (SMAW)	 UTP 673	 325°C (620°F)	 55–58 HRC	 Tempering	

ORVAR  
  SUPREME							     
ORVAR
  SUPERIOR

ORVAR 2 	 Soft annealed	 MMA	 QRO 90 WELD	 Min.	 48–53 HRC	 Soft annealing	
  MICRODIZED	 Hardened	 (SMAW)	 UTP 673	 325°C (620°F)	 55–58 HRC	 Tempering				  
						    
	 Soft annealed	 MMA		  Min.		  Soft annealing	

DIEVAR	 Hardened	 (SMAW)	 QRO 90 WELD	 325°C (620°F)	 48–53 HRC	 Tempering

QRO 90 							        
  SUPREME	 Soft annealed	 MMA				    Soft annealing	

HOTVAR	 Hardened	 (SMAW)	 QRO 90 WELD	 325°C (620°F)	 48–53 HRC	 Tempering	
			 
						      Tempering 	
	  	 MMA 		  225–275°C		  at 550°C 	 Stress relieve large
ALVAR 14	 Prehardened	 (SMAW)	 UTP 73 G4	 (430–520°F)	 38–42 HRC	 (1020°F)	 repairs		

	

Soft annealing, see
product brochure

Temper hardened
material 25°C/50°F 
below last tempering 
temperature

UDDEHOLM		  WELDING		  PREHEATING	 HARDNESS 	  POST 
STEEL GRADE	    CONDITION	 METHOD	 CONSUMABLES	 TEMPERATURE	 AS WELDED	  TREATMENT	    REMARKS

ORVAR SUPREME	  Soft annealed	 TIG	 QRO 90 TIG Weld	 Min. 300°C	 48–53 HRC	 Soft annealing	    Temper hardened 
ORVAR SUPERIOR		   (GTAW)	 QRO 90 MIG Weld	 (570°F)			      material 25°C (50°F)
ORVAR 2 M	   Hardened	 MIG	 Dievar TIG Weld			   Tempering	    below last tempering 
		    (GMAW)	 Dievar MIG Weld				       temperature 

		  Laser	 Dievar Laser Weld	 None	 48–53 HRC	 Temper 250°C
						      (480°F) 2 h	    

DIEVAR	   Soft annealed	 TIG	 QRO 90 TIG Weld	 Min. 300°C	 48–53 HRC	 Soft annealing	     
		    (GTAW)	 QRO 90 MIG Weld	 (570°F)			      
	   Hardened	 MIG	 Dievar TIG Weld			   Tempering	     
		    (GMAW)	 Dievar MIG Weld				        

		  Laser	 Dievar Laser Weld	 None	 48–53 HRC	 Temper 250°C
						      (480°F) 2 h	    

QRO 90 SUPREME	  Soft annealed   48–53 HRC	 QRO 90 TIG Weld	 Min. 300°C	 48–53 HRC	 Soft annealing	     
HOTVAR			   QRO 90 MIG Weld	 (570°F)			      
	   Hardened		  Dievar TIG Weld			   Tempering	     
			   Dievar MIG Weld				        

		  Laser	 Dievar Laser Weld	 None	 48–53 HRC	 Temper 250°C
						      (480°F) 2 h	    

ALVAR 14	   Pre hardened	 TIG 	 UTP A 73 G4	 225–275°C	 38–42 HRC	 Tempering at	    Stress relieve 
		    (GTAW)	    	 (430–520°F)		  550°C (1020°F)    large repairs
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UDDEHOLM		  WELDING		  PREHEATING	 HARDNESS 	 POST
STEEL GRADE	 CONDITION	 METHOD	 CONSUMABLES	 TEMPERATURE	 AS WELDED	 TREATMENT	   REMARKS

							       Tempering
ARNE			   Type AWS E312		  300 HB	 25°C
RIGOR			   ESAB OK 84.52		  53–54 HRC	 (50°F)
VIKING	 Hardened	 MMA	 UTP 67S	 200–250°C	 55–58 HRC	 below last
FERMO*	 Prehardened	 (SMAW)	 UTP 73 G2	 (390–480°F)	 55–58 HRC	 tempering temp.	

			   MMA		  200–250°C		  Tempering at 

CALDIE*	 Hardened	 (SMAW)	 UTP 673	 (390–480°F)	 58–62 HRC	 510°C (950°F)

							       Tempering 
							       25°C 
							       (50°F) 
			   MMA				    below last 
SLEIPNER	 Hardened	 (SMAW)	 UTP 690	 250°C (480°F)	 60–64 HRC	 tempering temp.

				    Type AWS E312			   Tempering 
				    UTP 6222 Mo		  280 HB	 25°C	  
				    UTP 73 G2		  55–58 HRC	 (50°F) 
SVERKER 21		  MMA	 UTP 67S		  55–58 HRC	 below last
SVERKER 3	 Hardened	 (SMAW)	 UTP 690	 250°C (480°F)	 60–64 HRC	 tempering temp.		

			   MMA	 CALMAX/CARMO  
CARMO*	 Prehardened	 (SMAW)	 WELD	 200–250°C 
					     (390–480°F)	 58–62 HRC	 Tempering

			   MMA        	         
CALMAX		  (SMAW)	          See “Welding guidelines for plastic mould steel”

							       Tempering 200°C 
VANADIS 8						      (390°F) or 505°C 
VANADIS 4			   Type AWS E312	 Type Inconel 625	 280 HB	 (940°F) depend-
EXTRA		  MMA	 UTP 73 G2	 200°C	 55–58 HRC	 ing on the last
SUPERCLEAN**	 Hardened	 (SMAW)	 UTP 690	 (390°F)	 60–64 HRC	 used temp. temp.

* Minor welding operations in Uddeholm Fermo and Uddeholm Carmo can be done at ambient temperature.

** Welding in Uddeholm Vanadis 4 Extra SuperClean should generally be avoided due to the risk of cracking.

	 					      
											         

WELDING IN COLD WORK TOOL STEEL – MMA (SMAW)

Initial layers with 
soft weld metal

Initial layers with 
soft weld metal

Initial layers with 
soft weld metal
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GUIDELINES FOR WELDING IN COLD WORK TOOL STEEL – TIG (GTAW)

UDDEHOLM		  WELDING		  PREHEATING	 HARDNESS 	 POST
STEEL GRADE	 CONDITION	 METHOD	 CONSUMABLES	 TEMPERATURE	 AS WELDED	 TREATMENT	   REMARKS

						    
ARNE						      Tempering
RIGOR			   Type AWS ER312		  300 HB	 25°C (50°F)
VIKING	 Hardened	 TIG	 UTP ADUR 600	 200–250°C	 55–58 HRC	 below last
FERMO*	 Prehardened	 (GTAW)	 UTP A 73 G2	 (390–480°F)	 53–56 HRC	 tempering temp.	

			   TIG		  200–250°C		  Tempering
CALDIE*	 Hardened	 (GTAW)	 CALDIE TIG-WELD	 (390–480°F)	 58–62 HRC	 510°C (950°F)

							       Tempering 
							       25°C 
							       (50°F) 
			   TIG	 CALDIE TIG-WELD		  58–62 HRC	 below last 
SLEIPNER	 Hardened	 (GTAW)	 UTP A 696	 250°C (480°F)	 60–64 HRC	 tempering temp.

							       Tempering 
				    UTP A 6222 Mo		  280 HB	 25°C	  
				    UTP A 73 G2		  53–56 HRC	 (50°F) 
SVERKER 21		  TIG	 UTP ADUR 600		  55–58 HRC	 below last
SVERKER 3	 Hardened	 (GTAW)	 UTP A 696	 250°C (480°F)	 60–64 HRC	 tempering temp.		

			   TIG	 CALMAX/CARMO  
CARMO*	 Prehardened	 (GTAW)	 TIG WELD	 200–250°C 
					     (390–480°F)	 58–62 HRC	 Tempering

			   TIG	         
CALMAX		  (GTAW)	          See “Welding guidelines for plastic mould steel”

							       Tempering 200°C 
							       (390°F) or 505°C 
VANADIS 4			   UTP A 6222 Mo	 Type Inconel 625	 280 HB	 (940°F) depend-
EXTRA		  TIG	 UTP A 73 G2	 200°C	 53–56 HRC	 ing on the last
SUPERCLEAN**	 Hardened	 (GTAW)	 UTP A 696	 (390°F)	 60–64 HRC	 used temp. temp.

							       Tempering 20°C  
							       (35°F) below last 
VANADIS 8		  TIG	 Type AWS ER312	 375°C		  tempering  
SUPERCLEAN	 Hardened	 (GTAW)	 UTP A 696	 (710°F)	 60–64 HRC	 temperature

* Minor welding operations in Uddeholm Fermo, Uddeholm Caldie and Uddeholm Carmo can be done at ambient temperature.

** Welding in Uddeholm Vanadis 4 Extra SuperClean and Vanadis 8 should generally be avoided due to the risk of cracking.			 
			    

		  									       

Initial layers with 
soft weld metal

Initial layers with  
soft weld metal

Initial layers with 
soft weld metal
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EXAMPLE OF LASER WELDS
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GUIDELINES FOR WELDING IN PLASTIC MOULD STEEL – MMA (SMAW) 

UDDEHOLM		  WELDING		  PREHEATING	 HARDNESS 	 POST
STEEL GRADE	 CONDITION	 METHOD	 CONSUMABLES	 TEMPERATURE	 AS WELDED	 TREATMENT	 REMARKS

						      Stress relieve 
IMPAX 		  MMA		  200–250°C		  large repairs 
SUPREME*	 Prehardened	 (SMAW)	 IMPAX WELD	 (390–480°F)	 320–350 HB	 550°C (1020°F)

							       Heat treatment 
	 Soft annealed					     Soft annealing	 see product brochure

		  MMA	 UTP 73 G2	 200–250°C		  Tempering 
UNIMAX	 Hardened	 (SMAW)	 UTP 67 S	 (390–480°F)	 55–58 HRC	 510°C (950°F)

			   Austenitic stainless 	
		  MMA	 steel	 200–250°C 
RAMAX HH*	 Prehardened	 (SMAW)	 Type AWS E312	 (390–480°F)	 28–30 HRC	 Tempering			 

				    200–250°C			    
	 Soft annealed			   (390–480°F)		  Soft annealing	  
 
		  MMA	 CALMAX/CARMO	 180–250°C			   Heat treatment 
CALMAX	 Hardened	 (SMAW)	 WELD	 (360–480°F)	 59–62 HRC	 Tempering	 see product brochure

						      Stress relieve 
		  MMA		  150–200°C		  large repairs 
HOLDAX*	 Prehardened	 (SMAW)	 IMPAX WELD	 (300–390°F)	 320–350 HB	 550°C (1020°F)

ORVAR 	 Soft annealed				                            Soft annealing
  SUPREME		  MMA		  Min.	                         	

VIDAR 1 ESR	 Hardened	 (SMAW)	 UTP 673	 325°C (620°F)	 55–58 HRC       Tempering	

		  MMA		  250–300°C	 280 HB	 Tempering
ELMAX**	 Hardened	 (SMAW)	 UTP 6222 Mo	 (480–570°F)	 54–57 HRC	 200°C (390°F)

* Minor welding operations can be done at ambient temperature.

** Welding should generally be avoided due to the risk of cracking.

Soft annealing, see
product brochure.
Temper hardened
material 25°C
(50°F) below last
tempering temperature
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GUIDELINES FOR WELDING IN PLASTIC MOULD STEEL – TIG (GTAW), MIG (GMAW) AND LASER

* Welding should generally be avoided due to the risk of cracking. 
** Minor welding operations can be done at ambient temperature.

UDDEHOLM		  WELDING		  PREHEATING	 HARDNESS 	  POST 
STEEL GRADE	    CONDITION	 METHOD	 CONSUMABLES	 TEMPERATURE	 AS WELDED	  TREATMENT	    REMARKS

STAVAX ESR	   Soft annealed  TIG (GTAW)	 Stavax TIG Weld	 200–250°C	 54–56 HRC	 Soft annealing	    Heat treatment, 
POLMAX	                           MIG (GMAW)	 Stavax MIG Weld	 (390–480°F)			      see product	
							          brochure
	                           Laser	 Stavax Laser Weld	 None	 48–52 HRC	 None

MIRRAX ESR	   Soft annealed  TIG (GTAW)	 Mirrax TIG Weld	 200–250°C	 54–56 HRC	 Annealing 700–750°C    
	                           MIG (GMAW)	 Mirrax MIG Weld	 (390–480°F)		  (1290–1380°F) 5h 	
							          
	                           Laser	 Mirrax Laser Weld	 None	 48–52 HRC	 None

MIRRAX 40	   Prehardened    TIG (GTAW)	 Mirrax TIG Weld	 200–250°C	 54–56 HRC	 Temper 560°C 	   Weld metal hardness 
	                           MIG (GMAW)	 Mirrax MIG Weld	 (390–480°F)		  (1040°F)	    after temp
							          38–42 HRC

	                           Laser	 Mirrax Laser Weld	 None	 48–52 HRC	 None

ORVAR SUPREME	  Soft annealed
VIDAR 1		  See “Guidelines for Hot work tool steel”
VIDAR 1 ESR	   Hardened

UNIMAX	   Soft annealed  TIG (GTAW)	 Unimax TIG Weld	 200–250°C	 54–58 HRC	 Soft annealing, see product brochure
				    (390–480°F)		
	   Hardened					     Tempering 25°C below last tempering

IMPAX SUPREME	   Pre hardened   TIG (GTAW)	 Impax TIG Weld	 200–250°C	 320–350 HB	 Stress relieve
				    (390–480°F)		  large repairs
						      550°C (1020°F)

HOLDAX	   Pre hardened   TIG (GTAW)	 Impax TIG Weld	 150–200°C	 320–350 HB	 Stress relieve
				    (300–390°F)		  large repairs
						      550°C (1020°F)

RAMAX HH**	   Pre hardened   TIG (GTAW)	 Mirrax TIG Weld	 200–250°C	 54–56 HRC	 Tempering
	                           MIG (GMAW)	 Mirrax MIG Weld	 (390–480°F)			 
			   Stavax TIG Weld 
			   Stavax MIG Weld

CORRAX	   Solution           TIG (GTAW)	 Corrax TIG Weld	 None	 30–35 HRC	 Ageing
	   Treated Aged					   
						    

NIMAX	   Pre hardened   TIG (GTAW)	 Nimax TIG Weld	 None	 360–400 HB	 Stress relieve
	                           MIG (GMAW)	 Nimax MIG Weld			   large repairs
						      450°C (840°F)

	                           Laser	 Nimax Laser Weld			   None

CALMAX	   Soft annealed  TIG (GTAW)	 Calmax/Carmo	 200–250°C	 58–61 HRC	 Soft annealing	   Heat treatment, see
	                           MIG (GMAW)	 TIG Weld	 (390–480°F)			     product brochure

	   Hardened		  Calmax/Carmo	 180–250°C		  Tempering	
			   MIG Weld	 (360–480°F)

TYRAX ESR	   Soft annealed  TIG (GTAW)	 Tyrax TIG Weld	 310–350°C	 56–58 HRC	 Soft anneal 	     
	                           MIG (GMAW)	 Tyrax MIG Weld	 (575–675°F)		  860°C (1580°F)	   
							         
	                           Laser	 Tyrax Laser Weld	 None	 54–58 HRC	 None

	   Hardened        TIG (GTAW) 	 Tyrax TIG Weld	 310–350°C	 56–58 HRC	 Tempering 25°C below last	
	                           MIG (GMAW)	 Tyrax MIG Weld	 (575–675°F)		  tempering temperature    
	                         
	                           Laser	 Tyrax Laser Weld	 None	 54–58 HRC	 None

ELMAX*	   Soft annealed  TIG (GTAW)	 Tyrax TIG Weld	 250–300°C	 56–58 HRC	 Soft annealing, see product brochure 
	                          			   (480–570°F)		  860°C (1580°F)	   
							         
	                           Laser	 Tyrax Laser Weld		  54–58 HRC	

	   Hardened        TIG (GTAW) 	 Tyrax TIG Weld	 310–350°C	 56–58 HRC	 Tempering	
	                           			   (575–675°F)		  200°C (390°F)		   
	                         	
	                           Laser	 Tyrax Laser Weld		  54–58 HRC	

	   Hardened        TIG (GTAW)	 Stavax TIG Weld	 200–250°C	 54–56 HRC	 Tempering	     
	                           MIG (GMAW)	 Stavax MIG Weld	 (390–480°F)		  200–250°C	    	
						      (390–480°F)	    
	                           
	                           Laser	 Stavax Laser Weld	 None	 48–52 HRC	 None

	   Hardened        TIG (GTAW)	 Mirrax TIG Weld	 200–250°C	 54–56 HRC	 Tempering 25°C below last	     
	                           MIG (GMAW)	 Mirrax MIG Weld	 (390–480°F)		  tempering temperature    	
						         
	                           Laser	 Mirrax Laser Weld	 None	 52–56 HRC	 None	                           






