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1 May 2015

Annex A  (normative) 
Welding Procedure Specification (WPS) - DRD
A.1.1 Requirement identification and source document

This DRD is called from the ECSS-Q-ST-70-39, requirement 5.1d.
A.1.2 Purpose and objective
The purpose of the Welding Procedure Specification is to ensure that all relevant information relating to the production of each welded joint is documented in sufficient detail such that this information can be subsequently used to reproduce the welded joint.
A.2 Expected response
A.2.1 Scope and content
<1> General

<1.1> General information

a. The WPS shall include the date, issue and revision number.
b. The WPS shall contain the following information:

1. Welding process,
2. Welding direction,
3. Welding position,
4. Material combination,
5. Joint type,
6. Pre-weld cleaning procedure.
<1.2> Drawings
c. Every drawing that shows a weld seam shall contain the following information:

1. Base material type and thermal condition at the time of welding,

2. Filler metal type,

3. Post weld mechanical or thermal treatment,

4. Welding process number in accordance with ISO 4063:2009,

5. Welding Safety Class: 1, 2 or 3,

6. Welding Sensitivity Class: A, B or C,

7. Inspection methods, and

8. Acceptance criteria.
b. For weld preparation joint design and dimension shall be specified in the engineering drawing.

c. The weld run sequence shall be given on the engineering drawing. 

<1.3> Manufacturer
d. The WPS shall define the manufacturer as follows:

1. Identification of the lower tier supplier who performs the welding,
2. Reference to the WPVR or other applicable documents.

<1.4> Equipment

e. The WPS shall include the identification of the equipment, model and serial number, used to perform the welding.

NOTE  1
In the WPS sufficient details are provided to identify the welding machine.

NOTE  2
Examples of equipment include robots, welding torch, laser welding head etc.

<1.5> Backing and shielding gas

f. The following backing and shielding gas data shall be included in WPS:

1. The method and type of backing, 
2. Backing material and dimensions,
3. The composition,

4. Shield gas type,
5. Shield gas flow rate,
6. Location of the shield gas,
7. Duration of the shield gas.
<1.6> Pre-heating and post-weld heat treatment
g. In case pre-heating is applied, the temperature, and the time at temperature, shall be included in the WPS.

NOTE This includes a description of any other instructions related to the heat treatment.

h. In case a post weld heat treatment is applied, the temperature and the time at temperature shall be included in the WPS.

NOTE This includes a description of any other instructions related to the heat treatment.

c. In the case when the laser beam used for the welded joint is used for preheating or post-weld heat treatment, the relevant parameters for the preheating or post-weld heat treatment shall be recorded in the WPS.
<1.7> Tooling and fixtures
i. Tooling and fixtures shall be identified in the WPS.
j. Justification to deviation from the requirement 7.3.4h shall be specified.
<1.8> Non-destructive inspection 

k. All non-destructive inspection techniques shall be identified in the WPS including the following acceptance criteria:
8. Radiographic Inspection,
9. Ultrasonic inspection,
10. X-Ray tomography (CT Scan).
<2> Additional requirements for various welding processes

<2.1> Mechanised metal arc welding

l. In addition to the requirements specified in the clause A.2.1<1>, the WPS for mechanised arc welding shall contain as a minimum, the following additional information:

1. Electrical parameters:

(a) Type of current: AC or DC and polarity,

(b) Pulse welding details: machine settings, programme selection,
(c) Current range,
(d) Voltage range,

(e) Slope profile.
2. Mechanical parameters:

(a) Travel speed range,
(b) Wire or strip feed speed range.

3. In case the equipment does not permit control of one of either variable specified in the requirements A.2.1<2.1>a1 and A.2.1<2.1>a2, the machine settings are specified instead.

4. Other parameters:

(a) Torch, electrode or wire angle,
(b) For mechanized and automatic welding maximum weaving or amplitude, frequency and dwell time of oscillation.

NOTE For the requirement A.2.1<2.1>a3 the range of application for the WPS is then limited to equipment of that particular type.
<2.2> Gas-shielded metal arc welding: process 13

m. In addition to the requirements specified in the clausesA.2.1<1> and A.2.1<2.1>, the WPS for gas-shielded metal arc welding shall contain as a minimum, the following additional information:

1. Shielding gas flow rate and nozzle diameter,

2. Number of wire electrodes,

3. Additional filler material,

4. The distance from the contact tip or contact tube to the surface of the workpiece,

5. Arc voltage range, and

6. Mode of metal transfer.

<2.3> Gas-shielded welding with non-consumable electrode: process 14

n. In addition to the requirements specified in the clauses A.2.1<1> and A.2.1<2.1>, the WPS for gas-shielded welding with non-consumable electrode shall contain as a minimum, the following additional information:

1. Tungsten electrode: the diameter, and codification in accordance with of ISO 6848:2004,
2. Shielding gas flow rate and nozzle diameter,
3. Additional filler materials,
4. Welding direction, backhand or forehand,
5. Application of AVC.
NOTE Thoriated electrodes are not usually used due to health reasons.

<2.4> Plasma arc welding: process 15

o. In addition to the requirements specified in the clauses A.2.1<1> and A.2.1<2.1>, the WPS for plasma arc welding shall contain as a minimum, the following additional information:

1. Plasma nozzle design,
2. Plasma gas parameters,
3. Shielding gas flow rate and nozzle diameter,
4. Type of torch,
5. Distance contact tube or work piece,
6. Welding direction, hand orientation,
7. Application of AVC.
NOTE  1
For the requirement A.2.1<2.4>a2 parameters include composition, nozzle diameter, and flow rate.

NOTE  2
For the requirement A.2.1<2.4>a5 the distance defined as the distance from the nozzle to the surface of the work piece.

<2.5> Electron beam welding: process 51

p. In addition to the requirements specified in the clause A.2.1<1>, the WPS for electron beam welding shall contain as a minimum, the following information:

1. Equipment:
(a) Model and make,
(b) Electron gun type, and

(c) Cathode type.

2. A schematic diagram showing the design, position of the filler material feeding system in relation to joint, welding direction and welding point.

3. Electrical parameters:

(a) Accelerating voltage in kV,
(b) Beam current in mA, 

(c) Focusing lens current(s) in A, current control device setting(s) (arbitrary units) or focus position with respect to workpiece surface,
(d) Beam deflection,
(e) DC deflection, dimensions at work piece surface,
(f) AC oscillation: shape, and orientation with respect to the welding direction, frequency in Hz, dimensions (mm of deflection),
(g) Overlap, slope up, slope down [in seconds (s), millimetres (mm) or degrees (deg)],
(h) Slope profile.

4. Mechanical parameters:

(a) Travel direction,
(b) Surface travel speed (mm/min or mm/s),
(c) Travel speed ramping details,
(d) Wire or filler feed rate, direction, position and angle.

5. Other parameters:

(a) Working distance in mm or gun to work distance,
(b) Pressure in the gun in Pa or mbar,
(c) Pressure in the chamber in Pa or mbar.

NOTE For the requirement A.2.1<2.5>a3(b) pulse parameters to be specified if pulsing is used. 

<2.6> Laser beam welding: process 52

q. In addition to the requirements specified in the clause A.2.1<1>, the WPS for laser beam welding shall contain as a minimum, the following information:

1. Equipment:
(a) Type of source, model and make,
(b) Nominal power,
(c) Continuous wave or pulsed,
(d) Number of lasers combined.
2. Manufacturer’s or measured values for the beam quality parameters:

(a) Beam transverse electro-magnetic mode,
(b) Beam divergence,
(c) Wavelength,
(d) Beam polarization and orientation,
(e) Beam parameter product.
3. Beam delivery and Focusing System:

(a) Method of transmission,
(b) Method of beam shaping,
(c) Distance from beam source to focusing system,

(d) Beam diameter on entrance to focusing system,
(e) Focusing optics,
(f) Focal length,
(g) Nominal focal spot size and method of measuring,

(h) Beam path protection system.

4. Process gas supply system:

(a) A description, schematic diagram, showing design, position of nozzle(s) for plasma suppression gas in relation to the joint, welding direction and welding point.

(b) Operation(s) and dimensions of the molten pool protection.

(c) In the case of overlay welding, the composition and flow rate of the gas stream carrying the powder metal.

5. A schematic diagram showing the design, position of the filler material feeding system in relation to the joint, welding direction and welding point.

6. Laser beam power at the workpiece.
7. Laser beam orientation, polarization and position in relation to joint and welding direction:

(a) angles in two directions,
(b) position in transverse direction.
8. Pulse parameters, including:
(a) Peak power,

(b) Pulse energy,

(c) Repetition rate,

(d) Pulse duration, 

(e) Pulse shape,
(f) Power ramping details including slope down or slope up procedure,
(g) Tacking pass details,
(h) Oscillation pattern, amplitude, frequency and dwell time.
9. Mechanical parameters:

(a) Travel speed,
(b) Travel speed ramping details,

(c) Wire or filler feed rate, direction, position to be specified and angle.

10. Plasma suppression gas, shielding and backing gas parameters:

(a) Gas flow rate,
(b) Checking of gas purity,
(c) Purge procedure.

11. Run geometry and sequence for overlay welding.
12. For overlay welding, the description of the sequence of runs includes:
(a) Width and the height of the single run, and

(b) Distance or percentage of the overlap.

13. Other parameters:

(a) Working distance,

(b) Shape and dimensions of the beam on the workpiece, and

(c) Location and orientation of the shielding gas nozzle with respect to the workpiece.

NOTE  1
For the requirement A.2.1<2.6>a1(a) example source type includes Nd: YAG or CO2.
NOTE  2
For the requirement A.2.1<2.6>a2(a) examples of methods of transmission includes fibres, mirrors, including beam collimators.
NOTE  3
For the requirement A.2.1<2.6>a2(b) examples of beam shaping includes scanner, integrator, diffractive lenses.
<2.7> Friction stir welding: process 43

r. In addition to the requirements specified in the clause A.2.1<1>, the WPS for friction stir welding shall contain as a minimum, the following information:

1. Equipment:

(a) Model,
(b) Serial number,
(c) Manufacturer,
(d) Tool identification,
(e) Material,
(f) Drawing or drawing number,
(g) Trade name.
2. Clamping arrangement:

(a) Method and type of jigging, fixtures, rollers, and anvil,
(b) Fusion tack welding in accordance with ISO 15614-2:2005 or friction stir tack welding process and conditions,
(c) Indication of applicable tack welding or indication of the case if tack welding is prohibited.

3. Weld start and termination:

(a) Weld start location and exit hole location,
(b) Run-on and run-off plates, and parent material and reference standard.

4. Welding parameters:

(a) Tool motion, 

(b) Heel plunge depth, axial force, 

(c) Tilt angle,
(d) Side tilt angle,
(e) Dwell time,
(f) Joint configuration,
(g) Lapped length between start and end of welds for a butt joint in tube,
(h) Lap joint: advancing or retreating side near the top sheet edge, direction of welding,
(i) Weld run sequence and direction given on the sketch.
5. Welding speed

(a) Welding speed, including details of any changes,
(b) Ramp up or ramp down speed.
6. Pre-heating:
(a) Pre-heating of friction stir welding tool, 

(b) Pre-heat maintenance temperature.
7. Working temperature.
NOTE For the requirement A.2.1<2.6>a4(a) examples of tool motion are rotation in either the clockwise or anti-clockwise direction, rotation speed including ramp-up or ramp-down.
<2.8> Rotary friction welding: process 42

s. In addition to the requirements specified in the clause A.2.1<1>, the WPS for rotary friction welding shall contain as a minimum, the following information:

1. Welding parameters:
(a) Rotation Speed: peripheral velocity,
(b) Axial force: Approach, Friction and Forge,
(c) Burn-off: rubbing distance or time,
(d) Burn-off rate: force application rate during friction,
(e) Forge application rate,
(f) Spindle deceleration rate or efficiency, 
(g) Braking,
(h) Flywheel mass,
(i) Motor power.
2. Other parameters:
(a) Squareness,
(b) Concentricity.
<2.9> Linear friction welding: process 42

t. In addition to the requirements specified in the clause A.2.1<1>, the WPS for linear friction welding shall contain as a minimum, the following information:

1. Welding parameters:
(a) Oscillation frequency [Hz],
(b) Oscillation amplitude [+/- mm],
(c) Normal friction pressure [MPa],
(d) Normal forge pressure [MPa],
(e) Forge trigger mode,
(f) Burn-off distance [mm], 

(g) Absolute distance [mm], time [s]), 

(h) Forge duration [s],
(i) Shape of the waveform [sine],
(j) Oscillation amplitude ramps [mm/s],
(k) Forge ramps [MPa/s].
<2.10> Magnetic pulse welding: process 442

u. In addition to the requirements specified in the clause A.2.1<1>, the WPS for magnetic pulse welding shall contain as a minimum, the following information:

1. Welding parameters:
(a) Magnetic force, field intensity,
(b) Collision angle,
(c) Duration of discharge,
(d) Initial stand-off distance between the mating surfaces,
(e) Overlapping distance,
(f) Coil geometry.

<2.11> Hybrid laser-MIG welding

v. In addition to the requirements specified in the clause A.2.1<1>, the WPS for hybrid laser-MIG welding shall contain as a minimum, the following information:

1. For the laser beam welding part of the process, the requirements of clause A.2.1<2.6>.

2. For the arc welding part of the process, the requirements of clause A.2.1<2.2>.
3. Additional parameters:
(a) Welding direction, 

(b) Distance between laser beam and electrode axis on workpiece surface related to weld centre line,
(c) Angle between laser beam and electrode axes.

NOTE For the requirement A.2.1<2.11>a3(a) welding direction includes the relative position of the arc and laser beam welding equipment. For example, is the laser leading or trailing the arc.

A.2.2 Special remarks
None.
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