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Similar	to	the	specification	of	conditions	which	have	to	be	respected	if	a	tube/	
tube connection with a J-preparation shall be welded in the following the 

elements	necessary	to	establish	a	welding	procedure	specification	for	a	tube/	
elbow connection with a mixed J/V-preparation will be brought together

At	first	the	theoretical	approach	of	the	preparations	is	presented.

At	 the	 tube	 side,	 a	 J-preparation	
similar to that one used for a tube/

tube	connection	shall	be	applied,	only	
the dimensions have to be adapted

For the required assembly with mixed 

preparation	the	original	design	(edge	
thickness	of	1.5	mm	+	V	37°)	has	to	
be	modified.
The necessity to modify the inside 

trimming depends on the quality of 

the	original	preparation	(principally	on	
the concentricity of the edge and the 

inside	geometry)

In	 the	 following,	 the	½	 J-preparation	
will	 be	 specified	 with	 regard	 to	 the	
particular application whereas all 

½ V-preparations will be machined 

at	 45°	 (identical	 preparation	 for	 all	
applications with a mating surface 

tolerated	between	0.1	and	0.5	mm).
Obviously,	 an	 opening	 angle	 of	 45°	
can be disadvantageous in case of 

medium	 wall	 thickness,	 therefore	
a preparation with a double angle 

of inclination can be applied if the 

dimension	 y	 (see	 adjacent	 drawing)	
approaches 10 to 12 mm.

10 à 25°

1,1 to 

0,5 mm

1,1 to 

0,5 mm
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ORBITAL TIG WELDING: TUBE-ACCESSORY CONNECTIONS

Generally,	joining	of	tubes	by	orbital	welding	is	carried	out	without	any	passes	
being	 laid	 from	the	 inside.	Therefore,	 the	machining	operations	must	 include	
the	internal	profile	of	the	tube	or	accessory.	This	operation	is	called	‘trimming’,	
it enables the inner diameter at the tube extremity to be made exactly round. 

Properly	executed	 trimming	 is	an	essential	prerequisite,	 in	order	 to	maintain	
uniform thickness of the lip.

For perfect bevelling the following instructions should be observed thoroughly.

9.1. The different faces of joint preparation

Below	are	the	different	faces	that	make	up	the	½	V-bevel	on	the	bend	(or	other	
accessories)	as	well	as	the	J-preparation	on	the	pipe.

Chamfering

Trimming

Facing

Fig. 7 - Schematic of two end preparations for orbital welding purposes. Each ½ 
preparation is composed of a chamfering, facing and trimming operation

Chamfering 

Chamfering	 is	 carried	 out	 to	 get	 a	 flattened	 surface	 of		
the tube end so that the torch can reach the complete 

thickness of the tube. Due to the applied welding technique 

(stringer	bead	technique	or	oscillation)	and	the	particular	
welding	 position,	 the	 opening	 angle	 of	 the	 weld	 groove	
(composed	 of	 simple	 or	 multiple	 faces)	 improves	 the	
correct	superposition	of	welding	layers	to	a	uniform	joint,	
ensuring the mechanical strength of the assembly. A root 

pass is laid at the ground of the weld groove; it constitutes 

the	 base	 of	 the	 joint.	 The	 hot	 pass,	 which	 ensures	 the	
correct	fusion	of	the	walls,	is	the	most	delicate	operation	of	
automatic	welding	and	isvery	important.	One	or	more	filler	
passes	are	welded	into	it,	before	the	weld	is	finished	by	the	cap	pass	forming	a	
perfect cover between both workpiece surfaces.
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9.2. How to make a perfect weld preparation 

X Use a suitable machine. The cold machining process is the only way to get

a perfect weld preparation. The product range of Protem includes bevelling

machines	for	all	workpiece	diameters,	wall	thicknesses	and	materials.

Fig. 13 - Protem bevelling machine 
US25CH with insert holders at 30° and 
at 90°

Fig. 14 - To obtain the required thickness 
of the lip the position of the particular 
insert holder must be adjusted

Fig. 15 - Insert holders for 
chamfering and trimming

Fig. 16 - Reliable fixing between the 
tool holders and the insert holders is 
guaranteed by wedges

X Use appropriate tools. After

a suitable machine has been

selected it must be equipped with

appropriate tools. Cutting inserts

must	 be	 well	 sharpened,	 they
must have the right geometry and

the coating must match with the

workpiece material.

The	 cutting	 speed	 of	 the	 PROTEM	
bevelling machines of the types 

US25CH and US40 for tubes as 

well as of the bank for elbows varies 

between approximately 10 and 15 m/

min. It is recommended to use cutting 

tools made of HSS or inserts of similar 

material.

Tools	made	of	HSS	 (8	%	 cobalt)	 are	
manufactured from solid block material. 

Used,	dull	tools	can	be	re-sharpened.	
HSS inserts are available with different 

coatings	 (TiN,	 TiALN	 or	 TiSiN).	 Due	
to these coatings an extended service 

life can be obtained and chips are 

prevented from adhering to the cutting 

tool. Inserts usually come with two 

cutting edges.
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Fig. 27 - Result of the optimization of the WPS 168X13-JV intended for a mixed 
preparation assembly with a 168.3 mm tube made of unalloyed steel

Position 12h

Position 6h

Position 3h

Position 9h

11. Welding of the hot pass

Generally,	 the	 hot	 pass	 is	 a	 delicate	 orbital	welding	 operation	 because	 any	
re-penetration,	 even	 if	 occurring	 only	 locally,	 can	 destroy	 the	 inside	 profile		
(meltdown,	local	concavity	or	undercut	at	the	edges	of	the	welding	bead	of	the		
root	pass).
In case of mixed J/V-assemblies the ½ V increases the heat dissipation 

considerably so the realization of the weld becomes easier to be executed. 

Attention	is	needed	about	remelting	of	the	edges	at	the	side	of	the	J-preparation,	
the	 profile	 of	 the	 weld	 bead	 has	 to	 be	 regenerated	 to	 enable	 the	 following	
realization	of	filler	passes.
The	technical	approach	remains	the	same	for	all	applications,	only	the	variables	
have to be adapted to the differing dimensions and materials.
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For	 the	 AVC	 control,	
identical values are set 

for the high and low arc 

voltage

For	the	AVC	control,	the	
value set for the low arc 

voltage is greater than 

that one set for the high 

voltage

For	the	AVC	control,	the	
value set for the low arc 

voltage is smaller than 

that one set for the high 

voltage

Note: The right choice of one of the three possibilities depends on the 
materials to be welded together, the gravity effects, the design of the welding 
preparation, and the desired wetting at the sides, which can be improved in 
places by exploiting the arc pressure.

13. Welding of the cap pass

Welding of the cap pass is used when there is a substantial difference between 

tubes with small diameters and others.

This	difference	(see	detailed	explication	on	the	following	pages)	is	provoked	by	
the	reduced	heat	dissipation	of	smaller	workpieces,	the	behaviour	of	the	weld	
pool can only be controlled if pulsed welding current is applied.

Cap	passes	are	considered	to	be	welded	properly	if	filling	has	been	completely	
finished	 by	 the	 preceding	 passes	 (i.e.	 the	 sides	 have	 already	 been	 entirely	
covered).	 The	 oscillation	 amplitude	 has	 to	 be	 increased	 and	 the	 pauses	 at		
the sides become very short without synchronisation with the welding current 

pulses	at	the	sides.	The	important	amplitude,	the	fast	oscillation	speed,	the	short	
pauses	at	 the	sides,	and	the	absence	of	synchronisation	between	oscillation	
and welding current allow a more substantial weld pool without undercut in 

vertical upl position. Due to a pause time of 0.2 s and an optimised recovery 

rate a very smooth transition between workpiece surface and weld bead can 

be obtained.

There are three parameter combinations which can be programmed:

Straight horizontal 

movement

Movement descending 

at the sides

Movement climbing 

at the sides


