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Within the scope of the HTR-Project, some welded joints were produced by Narrow 
Gap TIG welding. 

The first seam was performed for welding test and mechanical characterization by 
FRAMATOME-ANP, the second one is the contractual seam intended for tensile 
testing, creep testing and instrumented impact testing performed before and after 
irradiation testing. 
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1 .  F O R E W O R D  

Within the scope of the HTR-Project, some welded joints were produced by 
Narrow Gap GTAW automatic process. 

The first seam was performed for welding test and mechanical characterization 
by FRAMATOME-ANP, the second one is the contractual seam intended for 
tensile testing, creep testing and instrumented impact testing performed before 
and after irradiation testing. 

 

2 .  M A T E R I A L S  

2.1. Base Material 
The coupons were taken from a 150mm thick plate manufactured by 
MARREL (INDUSTEEL) 

Heat Number  88295  -  plate Number 88295-1 

The following  heat treatments were performed  : 

• Austenitization 1070°C, then water quenching. 

• Tempering 765°C-6h45 

The acceptance tests of the plate were carried out after Austenitization + 
tempering and after the following Stress Relieving heat treatment 750°C-
15h. 

The APPENDIX 1 gives the chemical analysis and the mechanical 
properties of the plate. 

 

2.2. Filler metal 
KOBE wire – product name TGS-9CB – diameter of wire 12mm. 

Lot EZ00773. 

The chemical analysis is given hereafter.  

C Mn P S Si Ni Cr Mo Nb V N2 Cu 
0.08 1.00 0.004 0.005 0.18 0.71 9.03 0.90 0.04 0.18 0.0189 0.17 

 

 

3 .  W E L D I N G   
Both welded joints are performed in the same conditions. 

MC/TS 1973 Seam is intended for welding test and mechanical 
characterization 

TFCW  2056 seam  is the contractual seam. 
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3.1. Chamfer  
The APPENDIX 2 shows the chamfer used. 

3.2. Welding parameters 
• GTAW Process  

• Narrow gap ( 2 passes/layer ) 

• Welding position PA/1G (flat) 

• Pulsed current 

• Average welding current 200A 

• Arc voltage 12V 

• Travel Speed 13cm/mn 

• Heat Input 11KJ/cm 

• Shielding gas He-Ar. 

3.3. Heat parameters 
• Preheating 150-200°C 

• Interpass temperature  ≤ 200°C 

• Post heating 300-350°C  / 2 h 

 

 

4 .  N O N - D E S T R U C T I V E  E X A M I N A T I O N S  

4.1. Liquid penetrant testing 
Specifications COPSLA/NXX 0300 revision B and COPSLA/NXX 0302 revision 
B. 

• MC/TS1973 seam   no defect 

• TFCW 2056 seam    no defect 

 

4.2. Radiographic testing 
Specifications CORSRU/NGV 0100 revision B and CORSRU/NGV 0105 
revision C. 

• MC/TS1973 seam   no defect 

• TFCW 2056 seam    no defect 
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4.3. Ultrasonic testing 
Specifications COUSRU/NGV 0200 revision A and COUSRU/NGV 0208 
revision A. 

• MC/TS1973 seam   no defect 

• TFCW 2056 seam    no defect 

 

 

5 .  M E T A L L U R G I C A L  C H A R A C T E R I Z A T I O N  
The characterization was performed on the MCTS 1973 seam after Stress 
Relieving heat treatment. 

5.1. Heat treatment 
The stress relieving heat treatment applied is given below: 

 Heating rate : ≤ 25°C / h (from 300°C)  

 Holding time : 760±5°C – 10 h 30 

 Cooling rate : ≤ 25°C / h (down to 300°C) 

 

5.2. Chemical composition 
The table below shows the chemical composition of the weld. 

 

C Mn P S Si Ni Cr 

0.072 0.922 0.0067 0.005 0.18 0.71 8.94 

Mo Nb V Cu Al N2 O2 

0.913 0.045 0.199 0.145 0.007 0.020 0.0011 
  

5.3. Tensile properties 
The specimens were fully taken from the weld metal at 20mm below the 
outside surface (longitudinal specimens). The tests were performed at 
room temperature, 450°C and 550°C. 

The results are given in the table below. 



 
Centre Technique 

TFCW R03.3566 
INDICE  A 

PAGE 7 

 
   
 

 

 

 

 

 

 

 

 

(1) the requirements for the base material are in accordance with the 
RCC-MR RM2432 specification 

 

5.4. Impact test 
AFNOR Charpy V notch specimens were taken at ~ ½ T location. The notch 
was normal to the surface and on the weld centreline. 

The tests were performed at room temperature, -20°C and +20°C. 

The results are given in the table below. 

The requirements for the base material are in accordance with the RCC-
MR RM2432 specification 

+ 20° C 0° C - 20° C 

single value 
≥ 72 J  

Average value. ≥ 58 J  
single value ≥ 40 J 

Average value. ≥ 40 J  
single value ≥ 28J 

 

+ 20° C 0° C - 20° C 

Impact 
Energy  
joules 

Lateral 
expansion 

mm 

Shear 
% 

Impact 
Energy  
joules 

Lateral 
expansion 

mm 

Shear 
% 

Impact 
Energy  
joules 

Lateral 
expansion 

mm 

Shear 
% 

262 2,48 100 273 2,23 100 262 2,25 100 
268 2,48 100 276 2,51 100 264 2,24 100 
263 2,49 100 284 2,47 100 257 2,24 100 

264 (1) 2,48 100 278 2,4 100 261 2,24 100 
(1) Average value 

 

5.5. Bend test 
Three side bend test specimens, transverse direction, were taken across 
the thickness. 

The test conditions were the following : 

• Mandrel  ∅40mm 

• Angle 180° 

The results were : no defect 

 Test      
temp 

Tensile 
Strength 

MPa 

Yield 
Strength 

MPa 

Elongation
% 

Reduction  
of area % 

20° C 580 – 700 ≥ 400 ≥ 20 Ind. Requirements
(1) 550° C ind. ≥ 260 ind. Ind. 

20° C 669 546 27,5 78 

450° C 490 416 18 79 results 

550° C 393 260 24 86 
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5.6. Metallographic examination 
The examinations were performed before and after the Post Welding  Heat 
Treatment.  

The Appendix 3 shows the macrography  

The examinations revealed micro cracks in the weld deposit .The 
Appendices  4 to 7  show examples of micro cracks.  

Micrographic examinations using an optical microscope are performed in 
As-welded condition and after Post Weld heat treatment and in various 
regions : basaltic zone and  refined zone for the weld metal, HAZ and base 
material (see Appendices 8 to 11). 

 

5.7. Hardness tests 
Vickers hardness tests under a load of 5 kg were performed in the as-
welded and PWHT conditions. 

Various hardness lines are obtained parallel to the welded seam through 
the base material, the HAZ and the weld metal : a hardness line at 2 mm 
under the surface and a hardness line at mild-thickness of the seam. A 
third line was performed across the thickness of the weld metal (see 
Appendix 12). 

The Appendix 12 shows a table of results, the Appendix 13 presents the 
hardness curve obtained. 

The following table summarizes the maximum and average values 
obtained per area. 

 HAZ Weld metal 
 max. value max. value average value 
As-welded condition 376 396 342 
760°C-10h 227 232 216 

 

 

6 .  C O N T R A C T U A L  S E A M  -  T F C W   2 0 5 6  
The welding conditions and the non destructive examinations are presented in 
paragraphs 3 and 4. 

6.1. Heat treatment 
The stress relieving heat treatment applied is given below: 

 Requirement Achievement 
Heating ≤ 25°C / h (from 300°C)  25°C/h 
Holding 760±5°C – 10 h  -0 +  30mn 761°C – 10h26 mn 
Cooling ≤ 25°C / h (down to 300°C) 24,8 °C/h 
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6.2. Cutting of the seam 
The seam was cut and six plates were taken. The Appendices 14 and 15 
show the location and identification of these plates. 

 

7 .  C O N C L U S I O N S  
Within the scope of the HTR-Project, some welded joints were produced by 
Narrow Gap TIG welding. 

The first seam was performed for welding test and mechanical characterization 
by FRAMATOME-ANP, the second one is the contractual seam intended for 
tensile testing, creep testing and instrumented impact testing performed before 
and after irradiation testing. 
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APPENDIX 1 
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APPENDIX 1.1 
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APPENDIX 1.2 
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APPENDIX 1.3 
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APPENDIX 1.4 
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APPENDIX 1.5 
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APPENDIX 1.6 
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APPENDIX 1.7 
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APPENDIX 2 

 
Chamfer shape 
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APPENDIX 3 
MCTS 1973 seam  
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APPENDIX 4 
MCTS 1973 seam  

 
Location of the micrographic indications – cross section 2 
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APPENDIX 5 
MCTS 1973 seam - cross section 2 

   

Weld metal Base 
material

HAZ 

  
x 7 

 
 

 
Indication n°1 length 225 µm - x 100 
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APPENDIX 6 
MCTS 1973 seam - cross section 2 

Weld metal 

 x5,5 

Indication n°2 - length 100µm 
x100 

Indication n°3 - length 200µm x100 

2

3



 
Centre Technique 

TFCW R03.3566 
INDICE  A 
PAGE 23 

 
   
 

 

APPENDIX 7 
MCTS 1973 seam - cross section 2 

 

Weld metal 

 
x 7 

 

 
 

Indication n°4  length 75µm -  x 100  

4
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APPENDIX 8 
MCTS 1973 seam - cross section 1 

 
micrographic examination- As welded condition 

 

 
Weld metal - basaltic zone 

 

 
Weld metal – refined zone  
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APPENDIX 9 
MCTS 1973 seam - cross section 1 

 
micrographic examination- As welded condition 

 

 
HAZ 

 

 
Base material 
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APPENDIX 10 
MCTS 1973 seam - cross section 3 

 
micrographic examination- PWHT condition 

 

 
Weld metal - basaltic zone 

 

 
Weld metal– refined zone  
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APPENDIX 11 
MCTS 1973 seam - cross section 3 

 
micrographic examination- PWHT condition 

 

 
HAZ 

 

 
Base material 
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APPENDIX 12 
Vickers Hardness HV5kg 

 
 

Ligne  As-welded condition PWHT 760°C-10h 

1 

base material  208-203-203-204-203-197 
ZAT 341-376 
weld metal 358-362-396-362-362-381-321-353-
362-358-367-362-362-341 
HAZ 345-358-362-304-301 
base material  204-212-204-204 

base material  192-195-193-185-175 
HAZ 190-201 
weld metal 225-216-216-219-214-214-216-221-
210-206-210-216-221-216-210-212 
HAZ 214-206-190-192 
base material  187-190-188-190-197 

2 
base material  201-203-195 
HAZ 210-332-336 
weld metal 321-313-303 

base material  201-201-195 
HAZ 183-192-227 
weld metal 206-210-221 

3 349-341-313-293-310-293-303-306-362 212-210-216-214-221-221-232-219-219 

 

1 
 
 
 
 
 
 
 
2 

3 
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APPENDIX 13 
 

Hardness curve – location 2mm under the skin (line n°1) 
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APPENDIX 14 
 

 
 

205 205 

410 

≈500 

rolling direction 
welding direction 

15
0 

Symmetry plane 

≈500 

Cutting plane t=15 mm 

t=15 mm 

t=20 mm 

Plate 1

Plate 2 

Plate 3

Plate 4Plate 5

Plate 6 

30
 

30
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Centre Technique 

TFCW R03.3566 
INDICE  A 
PAGE 31 

 
   
 

APPENDIX 14 
 

 
 

Identification and marking of the plates 
 

 

Identification of plates
TFCW 2056.1 to 6 

Welding direction 

  
 
 
HAZ top 
 
 
 
HAZ bottom 
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Subplate A 
 
Subplate B 
 
For plates 5 
and 6 only 
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