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1.0 SCOPE

Acceptance criteria and repair procedure for Foundry defects in castings observed
after machining of PSL 1,2,3 & 3G OFE components manufactured to APl Spec 6A

2.0 DEFECT IDENTIFICATION

2.1 No defects are allowed on critical and sealing surfaces as shown in the enclosed
sketches. If defects are noticed in the critical and sealing areas, such areas to be
examined by Magnetic Particles Inspection(MPI) as per ASTM E709 and/ or Liquid
Penetrant Inspection(LPl) as per ASTM E165 for Ferromagentic material as
applicable. LPI shall be done on Non- Ferromagnetic materials. Repair on relevant
indication shall be carried out as per Cl.4.0.

2.2 If defects are noticed in other than critical and sealing areas, such areas to be
examined by Visual Inspection as per MSS SP-55 and Liquid Penetrant Inspection as
per ASTM E165. Repair on relevant indication shall be carried out as per Cl.4.0.

2.3 If any indications are believed to be non-relevant on the basis that they are not
associated with a surface rupture, they shall be examined by liquid penetrant surface
NDE methods, or removed and re-inspected, to confirm their non-relevancy.

2.4 Relevant Indication(as per ASME B16.34,2013 edition):
Surface NDE indications with major dimension greater than 1.6mm
Linear Indication : Relevant indications where length >/= 3 x Width
Rounded Indication : A surface NDE indication circular or elliptical with its length < 3 x
Width
3.0 ACCEPTANCE CRITERIA
3.1 Critical and pressure contact sealing surfaces: No relevant indications is permitted.

3.2 Other than Critical and pressure contact sealing surfaces: As per Table-1

TABLE-1

Acceptance Norms Ferromagnetic Non  Ferromagnetic
material material

Four or more relevant indications in a line N N
separated by less than 1,6 mm (1/16 in)
(edge to edge) are unacceptable
No relevant linear indication - \
No relevant rounded indication with a major N N
dimension equal to or greater than 56 mm
(3/16 in).
No more than ten relevant indications in any N --
continuous 40 cm2 (6 in2) area.

4.0 REPAIR OF RELEVANT INDICATIONS:

4.1 Indications to be removed by grinding and the defect removal confirmed by MPI / LPI
Prods are not permitted on well-Fluid surfaces or sealing surfaces while doing MPI.

4.2 Repair welding by qualified procedures and qualified welders as per ASME Sec IX. All
repair welds shall be examined using the same methods and acceptance criteria as
used for examining the base metal ie.,original casting.
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4.3 Post Weld Heat Treatment (PWHT) shall be carried out as specified in the Welding
Procedure Specification(WPS).

4.4 All surface NDE methods(LPI/MPI) shall be performed after final heat treatment and
final machining operations in case of all accessible wetted surfaces and sealing
surfaces of each finished part.

4.5 The examination shall include 13mm of adjacent base metal on all sides of weld.

4.6 The following NDE shall be done in general on all repair welds as a minimum.

i) Visual Inspection
i) LPI and or MPI.

4.7 Wet MPI shall be carried out for PSL 3 & 3G.

4.8 All repair welds where the repair is greater than 25 % of the original wall thickness or 25
mm (1 in), whichever is less, shall be examined by either Radiography or Ultrasonic

methods after all welding and post-weld heat treatment.

5.0. DOCUMENTATION

The Reports of minor repair on casting shall be documented and maintained.
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RECORD OF REVISIONS

Details of revision

This replaces PR:QE:195/00
Specification A217 C12A added.
Revised.

C12A requirement added

ROH & ROC requirements added

Modified and details of Specification A217 C12A added

Added
Revised

Changed to CI.5.16 and sub clause 5.16.1 to 5.16.4 added.
Details on C12A added.

Changed to C1.5.15

Note-1 change to C1.5.16.2

Revised. Ni+Mn content restricted for C12A welding consumable.
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SCOPE

This procedure details out the requirements for repair of Steel castings used in Valves
covering the following specifications.

Carbon steel: ASTM A 216 WCB & WCC

Alioy steel: ASTM A217 C5, C12A, WC6, WC9 & CSN 4227446
Martensetic Stainless steel: ASTM A 217 CA15,

Austenitic Stainless steel: A 351 CF3M, CF8, CF8M & CF8C

DEFECTS THAT DO NOT REQUIRE WELD REPAIR

Machinable surfaces

Foundry defects other than 6racks, shrinkages and cold shuts can be left without weld repair
on machinable areas provided that the depth of such defects is less than 75% of the

machining allowance provided.

After machining, if any sand inclusions or blow holes are found, which are less than 3 mm in
size and separated from the adjacent defect by at least 256 mm, they can be left without repair.

This should be judiciously decided when defects are noticed on sealing surfaces.

Non-machinable surfaces

Foundry defects other than cracks, shrinkages and cold shuts can be dressed smoothly by
grinding provided that the depth of such defects is less than 5% of the specified wall thickness
with size less than 10 mm, separated from one another by at least 100 mm and maintaining
minimum wall thickness at those locations.

DEFECTS THAT REQUIRE WELD REPAIR

All the defects, which are not acceptable as per the respective standards of Visual inspection
and NDE excluding those listed in clause 2.0, and defects detected during machining or
hydraulic test can be salvaged by sound welding practices, provided that the defects are not
extensive and are accessible for repair.

SURFACE PREPARATION

The defective areas shall be identified and marked for repair.

Defects shall be removed by grinding, machining or air arc gouging to obtain a sound base for
welding. If air arc gouging is employed, it shall be done with preheating as given in Table 1.
The gouged area shall be ground to remove all black spots. Gouging is not permitted for C12A
materials. The ground/machined area shall be tested by LPI/MPI to ensure defect removal.

The defective area must be adequately prepared to permit correct manipulation of the
electrode.

The area to be welded shall be free from sand, oil, paint, grease etc.
WELDING PROCEDURE
The repair welding shall be done only by IBR approved works.

The procedure used for welding shall be qualified in accordance with ASTM A 488/ASME
Section IX.
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511
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516

5.16.1

5.16.2

The welders employed for repair work shall be qualified in accordance with IBR.

The welding consumables and parameters shall be as per the qualified procedures. The
recommended welding consumables are given in Table 1. Only BHEL approved brands of
Electrodes are to be used. The use of other welding filler material is only allowed after prior
agreement with the BHEL.

Before welding, the electrodes shall be baked at 150-200 deg. C for 1 hour for stainless steel
and 250-300 deg. C for 1 hour for others and stored at 150 deg. C tili use.

Preheating for welding shall be as given in Table 1.

The welding current should be kept as low as possible consistent with smooth operation and
a good wash at the sides.

~ Wherever possible, the casting should be positioned for down hand welding operation. When

extralong welds or several repair positions are involved, it is preferable to stagger the
welding operation to distribute the heat and to minimise the distortion.

Welding shall be done using stringer bead technique, with beads not more than 50-75 mm in
length.

After completing each layer, the weld surface shall be thoroughly cleaned to ensure complete
slag removal before depositing the next layer.

When restriking, the arc should be started ahead of the previous weld run, moved back over
the tapered portion and then continued forward.

After completion of welding and during interruptions, the job shall be post heated at
temperatures as given in Table 1.

The weld profile shall merge smoothly with the contour of the casting and shall be free from
slag, spatter and notches. The weld reinforcement shall be dressed up.

All major repaired castings shall be post weld heat treated.

For CS & AS, A major repair is defined as the repair on castings that have leaked during
hydraulic test or where the depth of repair exceeds 20% of the wall thickness of the casting or
25 mm whichever is less or the extent of repair exceeds 65 Sq.cm.

After welding, post weld heat treatment shall be done at temperatures indicated in Table-1,
with a minimum soaking time as specified in WPS (or 1 hour per inch of the weld thickness if
no where specified) and cooled in furnace up to 400 deg. C. Rate of heating and cocling shall
be as per Table-2

Weld repair in P15E Group-1 (C12A) material to be done only after approval by BHEL. All
repaired C12A castings to be Post weld heat treated irrespective of depth or size of repair.

The welding filler materials shall be in accordance to the WPS. The available welding filler
materials are :

Cromocord 9 M (Oerlikon)

Fox C 9 MV (Bohler)

Cromo 9V (Thyssen)
In addition, the sum of the Ni+Mn content, in all welding consumables used to weld repair
C12A castings,shall not exceed 1.0%.

Preheat shall be maintained for till welding is completed. Interpass temperature shall be
limited to 350 deg.C. After post heating, welds shall be slowly cooled to room temperature and
then PWHT shall be taken up within 72 hours. Heating and cooling rates for PWHT shall be as
Table-2,but shall not exceed 140 deg.C/ hour and controlled cooling shall be done up to 350
deg. C.
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Total holding time of all heat treatment performed (tempering and stress relieving) after
normalizing shall not exceed 40 hrs at = 730°C. If many heating cycles are necessary, the
temperature before last heating can be reduced to 730°C.

On each casting, weld hardness shall be checked random wise and documented accodingly.
Values of max 350 HV10 are allowed.

NON DESTRUCTIVE EXAMINATION
For minor defect, after completion of welding, the repair weld shail be tested by LPI/MPL.

For major defect, the repaired area shall be re-examined by the NDE method which originally
disclosed the defect. MT/PT shall be performed after PWHT if performed as above. Weld
repairs made as a result of RT shall be RT tested after welding. The acceptance standards
for porosity and slag inclusion shall be as per UW-51 of ASME Section VIII Division 1.

SURFACE TREATMENT AFTER WELDING

Austenitic stainless steel castings (A 351 CF3M, CF8, CF8C & CF8M) shall be acid pickled
and passivated after welding as per the following procedure.

Pickling

Pickling shall be done by immersing the castings in the pickling solution, which consists of
Nitric acid 15-20% by volume, Hydrofluoric acid 2-5% by volume and the rest water, for 2
hours. The pickling tank shall be of stainless steel material. After pickling, the entire
surface shall be bright. If any black patches are present, they shall be scrubbed using
stainless steel wire brushes and the effectiveness of pickling shall be checked.

After pickling, the castings shall be rinsed in running service water having chloride content
not exceeding 25 PPM. The rinsing shall be continued until there is no sign of free acid left
when tested with Methyl orange indicator.

Passivation

Passivation shall be done by immersing the castings in the passivation bath, which consists
of Nitric acid 15-20% by volume and the rest demineralised water, for 3 hours. The
passivation tank shall be of stainless material.

After passivation, the castings shall be rinsed in running service water having chloride
content not exceeding 25 PPM. The rinsing shall be continued until there is no sign of free
acid left when tested with Methyl orange indicator.

The satisfactory passivity of the surface shall be checked using stainless steel passivity test
kit.

After satisfactory completion of this test, the castings shall be again rinsed in demineralised
water having chloride content not exceeding 0.5 PPM and specific conductivity not exceeding
10 micro mhos. The rinsings shall be checked for chloride with 1% Silver nitride, which shall
not exceed 0.5 PPM.

DOCUMENTATION

The details of repair work carried out shall be documented and correlated to welder and NDE
reports.
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Table - 1

Welding procedure for repair of steel castings

Casting Electrode Minimum Minimum Post heat | PWHT
Material Specification | Preheat in ° C | Temperature in ° C | Temperature in ° C
A216 WCB, | E7018-A1 | 150 150 for 2 hours 595 to 625
A 216 WCC
A 217 WC6 E 8018 B2 220 220 for 2 hours 650 to 680
A 217 WC9, E 9018 B3 220 220 for 2 hours 675 to 705
A 217 C5, \
CSN 422744
A217C12A | ES015B9 | 550080 220-280 for 2 hrs | 750 to 770
E 9018 B9
A 217 CA15 | E410 220 220 for 2 hours 760 to 790
A 351 CF3M, | E 316 Nil Nil Nil
A 351 CF8M
A 351 CF8, E 347 Nil Nil Nil
A 351 CF8C
Table—2

Rate of heating / cooling shall be as below unless otherwise specified. Cooling shall be in furnace up

to 400 deg. C and further in Air.

Thickness of Material Maximum Rate of Heating & Cooling above 400 deg. C
(For A217 C12A it shall be 350 deg.C)

Up to 26mm 220°C/Hr (140°C/Hr max for A217 C12A)

Over 25 - 50mm 110°C/Hr

Over 50 - 75mm 75°C/Hr

Over 75mm 55°C/Hr
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