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Final Report

(bj ect i ve:

The main objective of this project was the devel opnent of wel ding
t echni ques and procedures to economcally weld fabricate pipe.
X-ray quality full penetration square butt weld joints were
expected.  Significant cost savings can be achieved through the
reduction in pipe fitting and welding man-hours by utilization of
a saw cut square butt joint design. The investigation of the
various wel d techniques and joint configurations are detailed in
this final report to the National Shipbuilding Research Progranis
SP-7 committee on Wl ding.
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Backgr ound:
The square butt joint design (Figure 1)) is a weld joint
where the pipe is butted together without a bevel. This type of

joint design is easily prepared without a machine or hand ground
bevel .

SQUARE BUTT JO NT W THOUT | NSERT

¢ —»—{ (—4— ROOT GAP = 0.000" TO 0.125"

SAW CUT OR MACHINED PREPARED

PIPEWALLTHICKNESS

FI GURE 1

In thin wall tubing applications (< 0.125" wall thickness)
automatic orbital gas tungsten arc welding ( GIAW nachines
routinely weld squre butt joint tubing for a variety of
commercial applications and materials. An exanple is Wllons in
Sherwood, O egon, a manufacturer of boilers and kil ns. Vel | ons

routinely welds plain carbon and stainless steel Bi ing 1 to 3*
OD with wal |l thickness up to 0.140".  Over 120,000 square butt
joints have been welded using a Dinetrics Inc. “Centaur I|II,

Portabl e Mbdel 150 PTW conputer controlled orbital tube welding
system with “Mbdel 5000 Series Heads”. The pipe is single pass
wel ded to nmeet the ASME Boiler and Pressure Vessel Code, Section

1l for |ow pressure piping. These pipe wel ds have control | ed
pi pe wal | thickness of plus or mnus 0.003” and square butt joint
fit-up of 0.0 to 0.010" gap. The wel ds are autogenous and a

second manual filler pass is added only if excessive concavity is
visually found. Msmatch of 25%wall thickness can be wel ded but
an additional weld pass may be needed to fill concavity.

Nor f ol k Naval Shipyard has qualified up to 0.147" wall
t hi ckness for GIAW on P-2 Copper Nickel piping single |ayer
Work by Puget Sound Naval Shipyard (PSNS), Wl ding Engi neering
Di vi sion successfully denonstrated six inch dianmeter, 0.250" wall
t hi ckness square butt one pass welds with no filler material in
the horizontal rolled position. This project was undertaken to
increase the use of square butt welding for thicker wall pipe in
the fixed position and to evaluate field welding.
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Techni cal Approach:

Four base materials comonly used in Naval pipe applications
were chosen for this project. They are carbon steel (S-1), 304
stainless steel (S-8), 90% 10% and 70% 30% copper nickel (s-34),
and 70% 30% ni ckel copper (S-42, Monel) . TABLE | of ML-STD 248
groups the base materials equivalents by “S" nunber. Pipe wall
t hi ckness from 0.072” class 700 copper nickel up to 0.438", 3
inch schedule 160 stainless steel were weld tested. Three basic
square butt weld joint designs were evaluated: square end w thout
insert (see|Figure 1)) square end with insert (Ginell style) and
a nodi fied square end butt wth a[fiiffgfie V-groove for wall
t hi ckness 0. 250" and greater (see|Figure 2)| . The wel d test
joints were prepared by machining or were used in the as saw cut
condi tion. Root gaps up to 0.300" and m smatch up to 25 percent
of the wall thickness were tested to evaluate fit-up tol erance
effect on weldability.

Automati ¢ and manual pipe welds were eval uated for square
butt joint design. Automatic welding was perfornmed with an Arc
Machine Inc. (AM) systemon a Mdel 15 and 81 wel d heads.
Manual welding utilized a MIller Arc-Pak 350 with a Tig-Rig 2S
controller and Digi-Mter 600 anperage and volt meter. Pulse arc
and steady arc schedules were evaluated on both manual and
automati c.

In addition to the above elenments, three nmain weld variabl es
were evaluated for successful thick square butt welds: 1) Pulse
purge versus steady purge, 2) 95% Argon 5% Hydrogen versus 100 %
Argon shielding gas, 3) Blunt tungsten electrode versus four to
one tapered tungsten el ectrode.

After all evaluations of weld techniques for square butt
pi pe welding, weld procedures were developed for carbon steel
stainless steel and Mnel. These procedures have been submtted
to NAVSEA 03M2 for approval.

Test Results and Evaluations:;

Manual :

Joint Design Eval uati ons

The 1nitral evaluations and tests were conducted from July
1993 to July 1994. Three weld joint designs were manually weld
eval uated on the four selected base materials; carbon steel, 304
stainless steel, 70% 30% Monel and 90% 10% and 70% 30% copper
ni ckel s. Figures 1 and 2 depict the typical joint designs used
in these early trials. A fourth joint design, a self aligning
nodi fied square butt with 10 degree bevel 2§i :i:? successful ly
in place of the straight square butt (see|Figure 3)|. This 10
degree bevel joint design reduced m smatch aligned the




SQUARE BUTT PIPE WELDI NG PAGE 4

SQUARE BUTT JO NT W TH | NSERT

| IRING THCKNESS = 1/16-

Y

A

ROOT GAPS = 0.000" TO 0.030"
PIPE WALL THICKNESS SAW CUT OR MACHINED PREPARED

MODI FI ED SQUARE BUTT JO NT

»} ‘ ROOT GAP = 0.000 To 0.030™
WITH OR WITHOUT AN INSERT

PIPE WALL THICKNESS (T
M SAW CUT OR MACHINED PREPARED

FI GURE 2

two pipe segnents but was not pursued further in this study due
to the need for machine preparation for this joint. Initial
trials also showed no advantage in pipe wall weld penetration
for: Machine preparation on straight square butt; Square butt
wth insert versus plain saw cut; or Deburred end preparation.
An insert square end butt pipe wall weld penetration was the sane
as straight square end butt welds. For carbon steel and stainless
steel maxi mum through wall thickness producing satisfactory
internal weld contour was 4“ inch schedul e 40, 0.237" wall
t hi ckness.
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10° SQUARE BUTT JOI NT DESI GN

-

%

ROOT GAP= 0.000”7-0.030"

PIPE WALL TRI CKNESS

Figure 3
Tbis was true for all machi ned or saw prepped pipe, whet her with
a 10 degree bevel, a straight square end or a square butt with
insert joint design. Pi pe wall thicknesses above 0.250" require
use of a bevel joint design (depicted at the bottom of Fi gure
For Monel , the maxi mum pipe wall thi ckness satisfactory both
for vi sual and cross sectioning, was 2¢ schedule 40, 0. 154" wal |
thickness. Through weld penetration up to 0.180" was possible on
copper nickels, no cross sections were satisfactory due to fusion
line porosity. Thi s problem is di scussed under mat eri al

variations.

Single Pass versus Two Pass Welds
The joint design used was found to affect the number of

passes required to complete a weld. Square end machined joints
with no gap and mnimal m smatch needed only one pass to achieve
satisfactory weld contour and X-ray satisfactory welds. Squar e
end saw cut joints resulted in fit up end gaps and msmatch that
required two pass welds to achieve satisfactory wel d contour.
This is a root pass wth through wall fusion and a cover |ayer.

| f properly fit—-up square end pipe with an insert, machi ned
or Saw cut pipe weld joints required only one pass for
satisfactory weld contour and X-ray quality. Mi ni mal test wor k
on square end with an oversized insert and the 10 degree bevel
sel f aligning joint produced satisfactory single pass wel d
contours. Two passes were required on the thick wall bevel
joints tested to fill in the bevel and provide sufficient weld

reinforcement.
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Based on the economcs of the cost of manuf acturing inserts,
machi ning end preps versus weld time of two pass welds over one
pass it was decided to <concentrate further tests on two pass, saw
cut and deburred joint design only. Also it was anticipated that
mo s t field welds woul d not fit up as closely as needed to
guarantee satisfactory single pass finished welds. PSNS pipe
wel d applications are made to M L-STD-278 which require two pass
wel ds on high temperature and pressure weld joints. Though for
some applications single pass welds may be sufficient, the

direction for the balance of the program was directed to qualify
M L-STD-278 and M L- STD-248 weld procedures.

Tungsten Shape

A 90 degree included angle blunt, tungsten electrode was
found to enhance the depth of the weld pool penetration as
compared to the 4 to 1 taper tungsten tip that is normally wused
for GTAW (see . The fan shaped arc plasma produced by
the 4 to 1 tapered tungsten is inclined to enlarge the size of
the wel d pool and di mi nish its depth of penetration.
Concentration of the arc heat with the tapered tip requires a
very short arc |length, increasing the potential for the tungsten
tip to come in contact with the weld pool. The shaft shaped arc
plasma produced by the blunt tungsten tip was found to improve
through wal | fusion due to the more concentrated arc heat,
wi t hout the necessity of an excessively short arc |l ength.

TUNGSTEN TI P SHAPES

0.005” T0 0.015»

0.005” TO 0.015”

o
T
;g, i
(o

BLUNT TUNGSTEN

Figure 4
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Shi el ding Gas

95% Argon with 5% Hydrogen was used as a torch shielding gas
because of its capacity to inprove the depth of weld pool
penetration conpared to 100% argon. It also intensified the heat
of the arc so that |ower anperages, 15 to 20 percent |ess than
wth 100% Argon, were needed to penetrate the sane pipe wall
t hi ckness. This decreased anperage al so reduced the heat input
to the general weldment resulting in a smaller heat affected zone
and nore rapid cooling. Phot ograph 1 | (see [Attachment 23) |
conpares the through stainless steel pipe wall fusion cross
sections of 4 to 1 tapered tungsten using 100% Argon to bl unt
tungsten tip weld sections using 95% Argon with 5% Hydrogen, at
various pipe wall thicknesses. The comnbi ned beneficial effects
of blunt tungsten tip electrodes and 95% Argon wi th 5% Hydrogen
produced a narrower, straighter weld root bead.

Maxi mum pi pe wal | thickness for carbon steel and stainless
steel producing acceptable results using 100% Argon was 0.150"
The increased weld anperage required for greater wall thickness
resulted in excessive heat buil dup and produced unsatisfactory
internal weld contour.

95% Argon with 5% Hydrogen inproved the weld puddle
properties of copper nickel and nickel copper, making their welds
nore |ike stainless steel and produce acceptable weldnents to a
greater depth or larger wall thicknesses. However 95% Argon with
5% Hydr ogen shield gas did result in fusion line porosity in
copper nickel welded pipe joints.

Pul se Purge

When welding with steady current GTAW a purge with an inert
at nosphere is necessary for full wall thickness root fusion. The
quality of the purge gas on the root face of the nolten pool is a
key elenment in producing a satisfactory pipe butt weld. Pur ge
quality is determned by the purity of the purge gas, void of
oxygen and noisture, and control of internal pressure is
acconpl i shed by proper inlet flow and exit orifice size.

Initial through wall fusion is visually detectable with a
steady purge, but these visual characteristics quickly disappear
as the weld pool is progressed. For carbon and stainless steel
during weld pool formation with 95% Argon with 5% Hydrogen

shielding gas, the arc plasma will rotate in a slow circular
nmotion. This circular movement stops and the arc stabilizes when
t hrough wal |l fusion occurs. During subsequent welding the arc

remai ns notionless and gives no clue to whether or not through
wal | fusion is occurring.

During weld pool formation welding copper nickel or nicke
copper pipe with 95% Argon and 5% Hydrogen shielding gas, the
wel d pool is slightly convex. Wien through wall fusion does
occur the convex surface changes to a slightly concave surface.
During subsequent welding the surface remains concave giving no
hint of successful through wall fusion.
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The thicker root |and of square butt pipe weld joints was
found to need a better method to determ ne through wall fusion
especially in the fixed horizontal welded pipes. Pulsed purging
provided the manual welder with a positive indicator of when
t hrough wall fusion occurred throughout the weld progression.

Pul se purge is a nodification of the normal purge process
where a sol enoid or nechanical valve is used to introduce through
flow of the purge gas into the inner pipe. Rat her than a
constant flow and pressure in a normal straight purge, the
solenoid or nechanical valve is opened and closed, Ccreating a
pressure wave that travels through the purge pipe system \Were
a normal purge at pressures greater than 0.5 inches of water as
measured, with a Magnehelic Gage, may result in excessive root
concavity, the peak pressure of the pulsed purge wave reaching
2.5 inches of water wll result in satisfactory root contours.
Wien the weld pool has fully penetrated the pipe wall, it wll
nove in and out in response to the changing internal pressure as
the pressure wave passes through the pipe. This notion is easily
visible to the welder or an observer and serves as a positive
i ndicator of full weld bead penetration of the pipe wall. If the
wel d pool stops pulsing it signals the welder to stop forward
progression until pulsing of the weld pool restarts, at which
tinme forward wel d progression can conti nue. In the horizonta
fixed position the(fulse purge is varied as pipe root weld bead
segnents are welded around the circunference. Low pulse purge
pressure peaks are used on the pipe bottom and high peak
pressures are used on the top of pipe welded in the horizontal
fixed position. _ _ _ _

The optinmm pul se purge determned in earlier studies
consist of a pulse time of 125 mlliseconds with a pulse rate
between 2 and 3 cycles per second. Figure 5 depicts a typical
pul se purge arrangenent. As this project developed the pul se
purge generator was replaced by an inexpensive mechanical swtch
systembuilt by the Dwi ght Conpany called the “Root Hog, Weld
Root Purge Gas Device”.

Pul se Current Arc
Pul se current allows intermttent use of elevated anPerages

to inprove wel dability of pipe. I't maintains acceptable weld
contour while maxinmizing penetration in the horizontal fixed
position. Successful welds were made on up to 0.216" wall
t hi ckness for carbon and stainless steel pipe. But the pipe
t hi ckness and fit-up had to be consistent for controlled timng
wel di ng. Wl d pool characteristics with pulse arc will not

i ndicate through wall fusion. _

Pul se purging was found to be ineffective Wwth pulse
current. The nonmentary el evated anperage pulse intensified the
wel d pool action, masking the distinguishing characteristics of
the pulse purge for determ ning when through wall fusion has
occur ed.
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TYPI CAL PULSE PURGE ARRANGEMENT

/[ ROOT PASS \

A
SO

TYPURG CGM

PULSE PURGE SOURCE

FIGURE 5

Square Butt Data

Based on the early evaluations a series of test pipe welds
were nade to determne the limts of square butt welding. Taple
| lists the “Manually Welded Square Butt Test Matrix”. Al pipe
joints were stainless steel brushed or enery wheel cleaned of
oxi de and tack wel ded. A purged GTA seal weld pass was made
circunferencially to make the joint air tight. Mnor amounts of
filler material were added to the seal pass when joint fit-up gap
exceeded 0.030". A typical time to seal pass a 2 schedule 80
carbon steel joint was 3 m nutes. Joints with |arge root gaps,
exceeding 0.125", required larger amounts of filler material to
seal. Al pipe joints were GTAWin the horizontal fixed position
pipe, vertical weld (5G position using 95% Argon with 5%
Hydrogen and a 90 degree blunt tungsten electrode. Al wel ds
were evaluated visually after the root pass for acceptable
external weld and root contour. Large root gaps and thicker wall
joints required one cover pass to achieve acceptable weld
rei nforcenent.
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TABLE |

MANUALLY WELDED SQUARE BUTT TEST MATRI X

PIPE | WALL PIPE STAINLESS STEEL CARBON STEEL CUNI NICU
SIZE SIZE
IDENT

SAPP SAISP PAJSP SAPP SAISP PAISP SA/PP SA/SP SAIPP SAISP
{note 1) (note 2) (note 3) (note 1) (note 2) (note 3) ({note 1) (note 2) {note 1) I (note 2)

Ce 0.072" 12" Cls 700 45A/1.9° 50A/1.0° SR

A 0.095" 1* Cls 700 50A/1.5° 508/1.2°

Aa 0.109° 1/2" Sch 40 50A/1.2 52A/3

Od 0.120" 112" Cls 3300 55A/1.8° 55A/1.0°

Y 0.125° 5" Cls 200 80A/1.7 note7

Fi 0.130° 2* Cls700

c 0.133° 1* Sch 40 52A/1.2 56A/0.10 55A/3 56A/1.2 56A.01 55A/3

8b 0.147 1/2" Sch 80 60A/1.2 60A/3 90A12,9

E 0.154° 2 Sch40 65A/1.4¢ 67A/0,01 67A/3 67A3 95A/1.8

w 0.165 3" Cls 700 115M/1.3 note?

F 0.179° 1" Sch 80 65A/1.4 66A/0.01 66A/3 note 7

Ee 0.180 1" Cls 3300 105A/1.3 note7

| 0.216" 3" Sch4o 100A/1.5° S0A2 120A72,0° 125A.01 120A73

K 0.237 4" Sch4o | B

N 0.300" 3" Sch8o 115713

v 0.438" 3" Sch160 note7
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NOTES FOR “MANUALLY WELDED SQUARE BUTT TEST MATRI X’

1. Data in colums referencing this note relates to welds
made wth a Steady Arc (SA) constant current, Pulsing
Purge (PP) and 95% Argon wi th 5% Hydrogen shi el ding gas
(95/5) . This colum docunents the weld anperage used
(i.e. 52A) and the peak pul se pressure neasured in
“inches of water” (i.e. 1.2) .

2. Data in colums referencing this note relates to welds
made wth a Steady Arc (SA) constant current, Steady
Purge Flow (SP) and 95% Argon with 5% Hydrogen
shielding gas (95/5) . This colum docunents the weld
amperage used (i.e. 56A) and the constant purge
pressure used in “inches of water”.

3. Data in colums referencing this note relates to welds
made with a Pulsing Arc (PA) pulsing current, Steady
Purge Flow (SP) and 95% Argon with 5% Hydrogen

shielding gas (95/5) . This col um docunents the
average wel d anperage used (i.e. 55A) and the Arc Pack
350 Pul se Control Program Nunber (i.e. 3). Program

nunber 3 requires a peak anperage of 69 anps (peak tine
of .80 seconds and background time of .53 seconds)
average 55 anps.

4. This weld was made using a 1/16” square ended tungsten.

5. These settings were used on a weld that passed X-Ray
and destructive testing.

6. These settings were used on weld joints that had a 45°
bevel and a 0.200” root face. One used a flat insert
and the other used no insert.

7. Full| penetration could not be achieved on this wall
t hi ckness.

8. This weld was made using a 1/16” 90° blunt tungsten.

9. Unl ess otherwi se noted, all welds were nade using a

3/32" 90° blunt tungsten.

10. Al welding was done in the horizontal fixed position.

MVat eri al Effects
Carbon steel and stainless steel pipe joints welded equally

as well. The only significant difference between the two
materials was that carbon steel required about 15 percent nore

wel di ng anperage. Manual wel ding of the square butt design, wth
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or without inserts, was satisfactory for up to 0.218" wall

thickness on both material types. Through wall fusion was
attainable with steady arc both pul se purge and straight purge,
and with pulsed arc wth steady purge. Consistent  and

predictable results could only be obtained with the pul se purge
wel ded joints. The use of consumable inserts in carbon steel and
stainless steel joints had no visual beneficial effects on weld
quality or penetration.

The nodified 45 degree square butt joint used on stainless
steel pipe, allowed through wall fusion on pipe wall thicknesses
0. 250" and greater. Even wth this nodified 45 degree square
butt joint, fused wall concavity was prone to occur on wall
t hi cknesses greater than 0.300", which necessitated added filler
wire on the cover pass.

Aut ogenous manual wel ds perfornmed on 70% 30% and 90% 10%
copper nickel produced visually acceptable weld face and root
surfaces, but radiographic testing and cross sections disclosed
subsurface porosity. Use of consumable M L-67 copper nickel and
ML- 60 nickel copper inserts resulted in |less porosity but did
not elimnate the porosity especially in the weld base netal
i nterface. The thermal conductivity of copper nickel alloys
prevented through wall fusion with the square butt joint beyond
0. 150" wal |l thickness.

The limted test work conducted on Mnel found it to perform
better than copper nickel alloys but not as well as carbon or
stainless steel. The maximum depth of penetration of
satisfactory welds was 0.154".

Test Matrix Testing Results

Al visually acceptable Mnel, carbon steel and stainless
steel welds were liquid dye penetrant tested satisfactory.
Liquid penetrant tests were perforned in accordance with ML-STD
2035, C ass 1. The copper nickel weld joints displayed rounded
I ndi cations. Several square butt joints were submtted for
radi ographic evaluation to ML-STD 2035, Cass 1:

Two 304 stainless steel pipe autogenous wel ded, 3“ Schedul e
40 (0.216" wall thickness), tested satisfactory.

One carbon steel pipe autogenous wel ded, 3* Schedul e 40
(0.216" wall thickness), test satisfactory.

Two 70/ 30 nickel copper pipe autogenous wel ded, 2 Schedul e
40 (0.154" wall thickness), tested satisfactory.

Two 90/ 10 copper nickel pipe, one autogenous and one wth a
consumabl e insert, 5 Cass 200 (0.109” wall thickness),

tested unsatisfactory due to rounded porosity and pipe
porosity.
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The satisfactory radi ographic test sanples were destructive
tested per ML-STD 248C and conpared to their base materi al
speci fication. Results are attached (Attachments 1,2 & 3) |and
sumarized bel ow

Carbon steel; Two root and two face bend tests satisfactory
with no visible cracks or open defects. The two tensile
tests were satisfactory with failure outside the weld area.

Stainless steel; Two root and two face bend tests
satisfactory with no visible cracks or open defects. The
two tensile tests were satisfactory with failure in the weld
area.

70/ 30 Ni ckel copper; Two root and two face bend tests
satisfactory with two sanples, one face and one root,
di splaying small acceptable fissures. The one tensile test
was satisfactory with the fracture running across the weld
area fromand into the opposite base naterial.

Aut ogenous Weld Chemstry

The question of thick square butt autogenous welds chemstry
and effects on weld properties were investigated. As shown above
destructive tensile and bend results were acceptable for plain
carbon steel, stainless steel and Monel pipe wel dnents. The
fracture of stainless steel in the weld could be expected since
the renelted anneal ed stainless pipe weld woul d have a slightly
| ower yield strength than the wought pipe structure. Autogenous
wel d chem stry was conpared to the adjoining pipe base materia
on five pipe naterials; carbon steel, stainless steel, Mnel, 70%
30% copper nickel and Inconel 600. [Aftachnments 4 |t hrough|8 pive
the chem cal analysis of the autogenous wel'd, the adjace pi pe
and the base material specification chemstry. No significant
chem cal changes were observed.

During final weld procedure qualifications one heat of
stainl ess steel pipe and one heat of carbon steel pipe wel ded
significantly different fromall other heats tested until that
time. Though these two heats did weld successfully the time for
the weld to penetrate the wall was three tinmes as |ong as other
heats of material with the sane wall thickness. The wel d pool
activity described earlier in the Pulse Purge section for carbon
and stainless steels was absent fromthe start of the weld pool.

The resulting arc did not maintain a narrow plasnma but enl arged
wth a growing weld pool Size. This resulted in poorer
penetration and w der finished weld beads.

In the AM General CGuidelines for Fusion Wlding, Rev. July,
1991, Section “Variations in weld penetration in different heats
of stainless steel:” discusses this phenonmenon extracted from
Burgardt and Heiple, 1986. The direction of flow in the weld
puddl e is believed to be fundanentally different in | ow sul fur
heats, 0.001-0.007% (or |ow oxygen to a |esser extent) than when
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sone sulfur is present. The direction of fluid flow is outwards
and thus the puddle is wide and shall ow I n normal sul fur
content heats, 0.008-0.030%the fluid flowis inward and down
resulting in deeper weld bead penetrations.

Chem stries for the poor acting heats were conpared to
normal wel dabl e pi pe heats that penetrated easilg. The one poor
wel ding heat of stainless steel pipe had the sane typical
chenmistry as the nornal meldin% pi pe heats~ except it had only
0.001% sul fur. The one pi pe heat of carbon steel that wel ded
poorly tested <0.003% sul fur. One mar gi nal wel dabl e heat of
carbon steel tested 0.004% sulfur. Al nornmal welding pipe heats
of carbon and stainless steel had at least 0.007% sulfur

[Attachnents 9 Jthrough[14 Jare the full chenical analyses for the
poor and margi nal wel dabl e pipe heats and a typical chemstries
of good wel dable pipe heats for carbon and stainless steel

To denonstrate this sulfur effect on welding, a single weld
bead on pipe wall was run on a | ow sul fur(<O 003% content carbon
steel pipe and a normal sulfur (0.023% content pipe. The heat
inputs were the same. Al paranmeters were consistent. Anperage
voltage hold start time and travel speed were identical.

[ Phot ograph 2 ishows the surface weld bead difference between the
low sulfur carbon steel pipe and the normal sulfur carbon stee
pi pe. [ Photograph 3 |s the low sulfur content pipe weld profile
and [Photograph 4 s the normal sulfur content pipe. he | ow
sul fur content carbon steel pipe results in a wde non-
penetrating wel d bead and the normal sulfur carbon steel pipe
results in a narrow penetrating weld bead under the sane
condi tions.

WELD BEAD SURFACE
LOV SULFUR (<0.003%  NORMAL SULFUR (0.023%

Phot ograph 2
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LOWV SULFUR VWELD BEAD PROFI LE

Phot ograph 3
NORMAL SULFUR WELD BEAD PROFI LE

Phdtograph 4

The effect of sulfur content in the base pipe nmateria
appears to be a magjor factor in tinme to penetrate the wal
t hi ckness in welding and the resulting weld bead w dth. Only
extremely |ow sulfur contents, <0. 004% sul fur, affect weld
quality for the manual square butt pulse purge techniques
qual i fied because of their flexibility. As discussed later in
the report, this sulfur content effect on penetration timng
prevents consistent weld techniques for autonatic thick wall
square buif welding.
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Manual Wel d Procedure Qualifications

Three sets of manual pipe weld procedure qualifications were
wel ded and tested to ML-STD 248C (al so neets M L-STD 248E and
S9074- AQ G B-010/248 Rev. O requirenents) . Carbon steel,
stai nl ess steel and Monel pipe materials were square butt wel ded
using pulse purge. Al pipe joints were saw cut, stainless steel
brushed or enery wheel cleaned of oxide and tack welded. A
purged GTA seal weld pass was made circunferencially to nake the
joint air tight. Filler material was added to the seal pass when
the joint fit-up gap exceeded 0.030". The time to make this seal
pass was less than 3 minutes. Al pipe joints were GTAWin the
hori zontal fixed position pipe, vertical weld (5G position using
95% Argon wth 5% Hydrogen torch gas and a 90 degree included
angl e blunt tungsten electrode for the root and seal pass. A
four to one taper tungsten electrode was used with filler
material on the cover pass. For the seal and cover pass a
strai ght inner pipe Argon purge was used. For the root pass the
pul se purge was utilized as described earlier in the report.
Four Schedule 80 pipe assenblies for carbon steel and
stainless steel were welded and tested for the procedure
qualifications. Three 2“ Schedule 40 Mnel pipes were welded for
procedure qualifications.

Al test assenmblies were visually inspected to PSNS
[ ndustri al Process Instruction (IPl) 0074-905 Rev. A for
conpliance with pipe classes P-1 and P-2 for ML-STD- 278 and M L-
sTD-248c requirenents. Al were satisfactory, neeting the weld
reinforcement, convexity and concavity requirenents for both
inner and outer surfaces. The carbon steel pipe assenblies were
magnetic particle inspected while the stainless steel and Mnel
pi pe assenblies were liquid penetrant inspected per M L-STD 2035,
d ass 1. Al assenmblies were satisfactory. Finally all pipe
wel d assenblies were radi ographed per ML-STD-2035, Cass 1. A1l
pi pe weld assenblies radiographed satisfactory.

As per ML-sTD- 248, two of the 2“ pipe weld assenblies from
each material type were tensile tested as full pipe weld
assenbl i es. In addition a third assenbly was sectioned to
provide two face bends, two root bends and two macro sanpl es.
Fourth assenblies were sectioned for sanples. Al tensile, bend
tests and macros were satisfactory and neet the requirenments of
M L- STD- 248C and M L- STD- 278. For the stainless steel, tw
addi tional root bend sanples were tested satisfactory per ML-
sTD-248C requirenents for corrosign sensitivity per Practice E of
ASTM A262. Attachments 15, | [16 |and [I7 teport the destructive
testing results sunmarized above.

For carbon steel and stainless steel a matrix of additional
pi pe sizes and wall thicknesses were prepared as the 2“ dianmeter
pi pe assenblies and welded to determne the full range of welding

anperages for various wall thicknesses. Root openi ngs were
varied fromO0.0 up to 0.125". Filler netal was added to the seal
pass with root gaps exceeding 0.030". Al test assenblies were

visually inspected to PSNS Industrial Process Instruction (IPl)
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0074-905 Rev. A for conpliance with pipe classes P-1 and P-2 for

M L- STD- 278 and M L- STD- 248C requirenents. Al l wer e
satisfactory, neeting the weld reinforcenent, convexity and
concavity requirenents for both inner and outer surfaces. The

carbon steel pipe assenblies were magnetic particle inspected
while the stainless steel pipe assenblies were liquid penetrant
i nspected per ML-STD-2035, dass 1. Al assenblies were
satisfactory. Finally, al | pipe weld assenblies were
radi ographed per M L-STD 2035, Cass 1- Al pipe weld assenblies
radi ographed satisfactory. Pipe assenblies with msmatch of pipe
wal | fit-up exceeding 25% of the wall thickness were also wel ded.
These mismatch square butt weld assemblies were visually
acceptabl e and cross sectioned to confirmcontour acceptability.
Phot ograph 5 shows the profile and cross section of a typical
root _pass on a 40% m smatch square butt joint.

[ Attachments 18,||19 BAnd|20 sunmmarize the square butt, pulse
purge pipe weld procedures submtted to NAVSEA for approval for
carbon steel, _stainless steel and Mnel pipe nmaterials.
[Phot ographs 6] 7 |and[8 Jare etched cross sections of the
qualification pirpes showng the root pass (and its consunption of
the seal pass) and the cover pass.

40% M SVATCH ASSEMSLY CARBON STEEL

Phot ograph 5 Phot ograph 6
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STAI NLESS  STEEL MONEL

5 .

Phot ograph 7 Phot ogr aph 8

Aut omati c:

A limted nunber of automatic square butt weld assenblies were
made. Al square butt pipes were welded with an Arc Machine Inc
Obital welder. The AM welder maintains the tungsten el ectrode
arc length through utilization of an Automatic Voltage
CbntrolﬁAwKD function. When the pul se purge was used with the
AM  welder the pulsating weld pool would cause instant
term nation of the arc when the tungsten el ectrode contacted the
wel d pool . The AVC sustaining the arc length could not react
qui ckly enough to the weld pool novenent. For this reason al
aut omated pipe welds wutilized a steady purge with a pul sed
current. Initial evaluations, run on the AM Mbodel 15 head,
found as in manual welding that 95% Argon with 5% Hydrogen
shi el ding provided deeper penetration than 100% Argon. Both a 4
to 1 taper design and a blunted 90 degree tungsten el ectrode were
eval uat ed.

Al first trial test welds used the 95% Argon 5% Hydrogen
shield gas and the blunt 90 de?ree tungsten el ectrode. Table 11
“AM Square Butt Data Chart Ilist the joint types and settings
t hat produced visually satisfactory pipe welds. Al were single
pass welds with either with aT insert or no insert square butt
joint design (see|Figure 6)| welded in the horizontal pipe
position (5G. Root gap fit—-up was tighter than manual and pipe
wal | msmatch were mnimzed for consistent weld penetration.




SQUARE BUTT PIPE VELDI NG PACE 19

TABLE 1 |

AM  SQUARE BUTT DATA CHART

0.150" WALL 0.200" WALL 0.250" WALL 0.300" WALL

Jt 1 Jt 2 Jt 3 Jt 1 Jt 2 Jt 3 Jt 1 Jt 2 Jt 3 Jt 1 Jat 2 Jt 3
STAINLESS :3;/:5 :fg/:s :?2/:5 1“?/? :si/as 1'53“5 ;ff,”i°
STEEL 7 1.7 7.5 6.3 6.5 3.2
CARBON il Il I
STEEL 6 [ I3
COPPER
IIICKEL
HICKEL
COPPER

1. Each space on the chart

2. Al Jt 1 & Jt 2 welds w il

wel d end prep,
made on this end prep to confirmrepeatability of weld
results.

3. Jt 3 welds will

to or slightly greater than the wall

see Figure 9.

4, Data entries in each space wll
Acceptable tests w il
background anps [i.e.

pi pe,

5. All welding will

represents a test weld.

see Figure 9

be made on a saw cut square butt

Two consecutive welds will be

be made on a saw cut square butt weld end prep
with a 1/16” thick flat consumable insert with a depth equa

t hi ckness of the test

docunent wel ding results.

list the weld anperage (primary anps and
) and the travel
inches per mnute (slowest to the fastest [i.e.
that were used.

155/ 45]

be done in the horizontal
unl ess ot herw se not ed.

speeds in
5.3 - 6] )

fixed position,
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AUTOVATI C SQUARE BUTT JO NT DESI GN

ROOT GAP=0.000"- 0.030"

PIPE WALL THICKNESS

JO NTS #1 AND # 2

RING THICKNESS
1/16"

AN

ROOT GAP=0.000"- 0.030"

PIPE WALL THICKNESS

JO NTS #3

FIGURE 6
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A pulsing arc operating in the “step node” was utilized. In
the step node, the torch noves ahead while on the background
current and remains stationary while on the primary current
setting. Typi cal schedules for carbon and stainless steel pipe
welds are attached (see|Attachnents 21 |and|22) Anper age
settings would remai n constant around the circumference of the
pi pe weld and the travel speed varied during weld progression to
compensate for weld bead position and heat buildup. The interna
root contour of these weld joints is slightly convex on the top
(less than 1/16”) and slightly concave on the bottom (|l ess than
1/16") . The working range of paraneters (primary anperage,
background anperage and travel speed) narrows to produce
acceptable internal root contour as the wall thickness increased.

The first trial set produced acceptable square butt weld
joints but was obtained on pipes wth consistent wall thickness
and fit-up tol erance. As in square butt manual welding, a weld
procedure qualification test series was attenpted. Two inch
schedul e 40 stainless steel pipe with a nomnal wall thickness of
0. 154" was selected as the first and nost likely qualification
candi dat e.

The heat chemstry of the schedule 40 stainless steel pipe
was extrenely low sul fur (0.001% . As discussed in the manual
pi pe weld chemstry effects, this low sulfur chemstry resulted
in weld beads that were wi de and shall ow. Through penetration
time was inconsistent and no single weld schedul e woul d give
accept abl e wel d contour and penetration.

Additional heats of stainless steel pipe were successfully
wel ded without shallow penetration problens but the schedul es
devel oped varied with each heat of material. As discussed in the
background section, Wellons controlled seam wel ded pi pe wal
thi ckness to plus or minus 0.003” and square butt joint fit-up
from 0.0 to 0.010" gap. Wth these tight tolerances the
aut omat ed schedul e was divided into seven weld power and speed
control segnents that vary only 3% in magnitude. Puget Sound
Naval Shi pyard (PSNSY) uses seanmless pipe with a |arger variance
in wall thickness. Pipe joint fit-up tolerances at PSNSY are
generally allowed up to 0.030". It was determned that for a
gi ven heat chem stry, consistent wall thickness and a nmachined
fit-up, less than 0.015" gap, a automated weld schedule for the
AM coul d be made. But a general schedule for all heat lots wth
varying chemstry, varying wall thickness and non-machined
tol erances could not be devel oped for production welding of thick
square butt joints.

Di scussi on;

A technique for manually wel ding square butt thick pipe
sections up to 0.250" was devel oped. The use of pulse purge was
necessary in order to ensure conplete penetration with no
excessive concavity or convexity. The pulse intensity was varied
for horizontal fixed pipe joints around the perineter. For
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vertical fixed and horizontal roll positions the pul se need not
be varied in intensity.

The econom ¢ advant ages of using pul se purge square butt are
many. First the joint preparation tine of saw cut versus cut and
angl e machine or grind is an order of magnitude in tine. The
cost of the pulse purge unit (<$200) is much cheaper than the
tools or machinery for end preparation on conventional joints.
No insert costs and the reduction of filler material needed also
reduces costs. The total weld tinme for a typical 2 schedule 80
joint with seal, root and cover pass is one half hour including
cool down time between segments. Fit-up time could be reduced as
well due to the looser fit-up tolerances of the square butt joint
than an insert joint. A conventional plain carbon v-groove
insert joint fit-up and weld is allotted 4.2 hours by PSNSY
standards. A reduction of one to two hours would be expected if
the square butt joint design were substituted. Wth reduced weld
times consunption of purge gas would also be reduced.

The tine to retrain pipe welders to use pulse purge was
found to be |l ess then one day. After welding several practice
joints, the visual observation of the pool pulsing and sl ower
root pass was learned. The time to train new pipe welders should
be reduced over conventional pipe joints, since the pulse purge
technique relies on visual observation only and not tinme counting
or experience for various materials, thicknesses and joint
configurations.

Concl usi ons:

Accept abl e manual thick section square butt pipe welds can
be made in carbon steel, stainless steel and Monel base
materials. Wl ded copper nickel pipe base materials produced
unacceptable defects in the fusion line and could not pass
nondestructive testing (i.e. porosity) . Carbon steel, stainless
steel and Monel could be square butt welded up to 0.154” with or

‘Wi thout an insert with 100% Argon shield gas and an inner pipe
pur ge. The use of a inner pipe pulse 100% Argon purge and 95%
Argon 5% Hydrogen shield gas all owed consi stent acceptabl e pipe
wel di ng for carbon and stainless steel up to 0.250" pipe wall
t hi cknesses.  Thi cker sections could be welded with a nodified 45
degree bevel square butt joint. Square butt joints with weld
fit-up gaps up to 0.250" and wall msmatch up to 25% were
successfully welded with the pul se purge technique. The effect
of base material sulfur content was found on the tine to
penetration the pipe wall; resulting in increased bead wdth and
poor weld root contour.

Manual squrarebut pul sesl se purge weld procedures for carbon
steel and stainless steel pipe up to 0.250", and Mnel pipe up to
0.154” were qualified per ML-STD 248 and M L-STD 278 | at est
revisions. Aut omatic procedures were not consistent due to
varying wall thickness and sulfur chemstry effects on tinme for
t hrough wall penetration.



CARBON STEEL TEST DESTRUCTI VE RESULTS

JAN. 28 1994 PUGET SOUND NAVAL SHI PYARD Report: 94 PSOL805
QUALI TY ASSURANCE OFFI CE
Laboratory Division

Job Order: 8134590001001 Date Recei ved: . 940124
submt Shop-: Code 138.2 Specification: Sl PER ASTM A106
Subnmit Ship: Code 138 Conposi tion: B
Test: Bend Laboratory Branch: 134.6

N~ Samples: 6 Traceability: WELD JO NT #l AH4
Description: TENSION SPECI MENS ROOT/ FACE BENDS Pl PE

SI X SAMPLES, (Z2ea.face bends, 2ea.root bends, 2ea.tension) WERE TESTED

AS REQUESTED BY (/138. RESULTS ARE AS FOLLWE:

TENSI LE SPEC!I MENS: ACTUAL REQUI RED
AREA

(.1034)  #l =77, 000psi

60, 000psi . m n.
(.0994) #2=76, 000psi

BOTH FAI LURES OCCURED QUTSI DE OF THE WVAELD.

BEND SPECI MENS: TW Rti AND TWO FACE BENDS WERE MADE W TH A BEND
RADI US OF 3/8"(3/4” NMANDREL).
SPECI MENS HAD A THI CKNESS 13/ 64".

ALL FOUR SPECI MENS CONTAI NED NO VI SI BLE CRACKS OR
OPEN DEFECTS.

Remarks: | TEM5S WERE TESTED PER M L- STD-248C

Compl ete: Sanple(s) meet specification

/ [frey Aleael A A [ WK fezclh22h 1l 1/ L3/ 557

Operator (C/134.6) Date Reviewer (C/134.6) Date

Distribution: Code 138.2, LANGHELM 6-8808

“The person designated to sign for an action verifies, -based on personal

observation, and certifies by his/her signature that the action has been
performed in accordance with the specified requirements -"

Attachnent 1
Page 1 of 1



STAINLESS STEEL DESTRUCTIVE TEST RESULTS

JAN. 26 1994 PUGET SCUND NAVAL SHI PYARD Report: 94 PS01806
QUALI TY ASSURANCE OFFI CE
Laboratory Division

Job Order: 8134590001001 Dat e Received: 940124
Subm t Shop: Code 138.2 Specification: SA PER M LT23226
Submt Ship: Code 138 Conposi tion:
Test: Bend Laboratory Branch: 134.6’
Num Sanpl es: 6 Traceability: WELD Jd nt #l BG

Description: TENSI ON SPECI MENS ROOT/ FACE BENDS PI PE

SI X SAMPLES, (2ea. face bends, 2ea-root bends, zea. tension) WERE TESTED
AS REQUESTED BY. (C/138. RESULTS ARE AS FOLLOAS:

TENSI LE SPEC VENS: ACTUAL REQUI RED
(.1134) #1= 85, 000pS]

_ 75,000 psi mn.
(.1151) #2= 85, 000psi

BOTH FAI LURES OCCURED IN THE wELD.

BEND SPECI MENS: TWO ROOT AND TWO FACE BENDS WERE MADE W TH A BEND
RADIUS OF 3/8"' (3/4” MANDREL).
SPECI MENS HAD A’ THI CKNESS OF 13/ 641 .
ALL FOUR SPECI MENS CONTAI NED NO VI SI BLE CRACKS OR
OPEN DEFECTS.

Remarks: | TEMS WERE TESTED PER M L- STD-. 248C

Compl ete: Sanpl e(s) neet specifi/(%ati.o;g

[gmner Nat? — Hoghors &/ /at&%%( el 4
te

Ooperatof (C/134.6) Date. Reviewdr (C/134.6) Da

Distribution: Code 138-2, LANGHELM 6-8808

"The person designated to sign fOr an action Verifies, pased on personal

observation, and certifies by his/her signature that the action has been
performed in accordance with the specifiéd requirenents.”

Attachnent 2
Page | of 1




70/30 N Co

APR. 26 1995 PUGET SOUND NAVAL SHI PYARD Report  95PS05683
QUALI TY ASSURANCE OFFI CE
Laboratory Division

Job order 8134590001001 Date received 950419
Subnmit shop Code 138.2 Specification MLT23520
Subnit ship Code 138 Conposition M SC
Test Tensile, Lab Proc. 005 Branch 134.6
Num sanples 1 Trace nunber WVELD JO NT#EDH 4

Description AUTOGENQUS PI PE WELD SAMPLE

THE PI PE WELD SAMPLE WAS TENSI LE TESTED AS REQUESTED BY C/ 138, THE
RESULTS ARE AS FOLLOWE:

CR(BEREECT | ONAL ACTUAL U T.S REQU RED U T.S. FOR THE PIPE
1.116 81, 500 psi 70, 000 psi mn.

THE FRACTURE OCCURED | N THE UPPER PI PE RUNNI NG THROUGH THE WELD I NTO
THE LOAER PI PE.

Renar ks:
Complete: For information only o
/ larty i YA IS | I K i e ey
. Reviewer (C/134.6)
Distribution: Code 138.2, LANGHELM 6- 8808

“The person designat ed to sign for an action verifies, based on personal
observation, and certifies by his/her signature that the action has been
perforned in accordance with the specified requirenments.”

Attachment 3
Page 1 of 2



LABORATORY DIVISION REPORT, CODE 134.6 (METALLURGY)
13ND PSNS 4730/266 (10-73)

QODE/ sHOP NAME
"’I 135. 2. Lang helm
\ A [

SUBJECT l,()({[,;( JO,AT- No' /EDG—Z

SUBJECT MATERIAL

N/ Co p,pe - NIL-T-28510
{

DRAWING NO. |

RECORD NO.

g5 PS 06794

JOB ORDER

e Viw

PIECE NO. ACCEPTANCE SPEGIFIGATION | PROCEDURE

resT (] cuemieaL [ spot 1esT [[] waroness [] rensie /gasuo [ macro
STS
[ micro [} sering Loso [} eroor Loao [] ereaxine Loan [ oer

DESCRIPTION AND/OR SKETCH
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Ren’la/‘kj : /‘“( Je{ec_'("j o[m'e/‘l/ec( on ’Me X J?J/‘—ch“c"ej o'lc
the jolcfec( bead Jrecrﬂ[f’/zj q¢e /é’ff 7%«{ Vg” Am.q,

—
ﬁe gulc/ei Le/\c/ FPpecimMenNs /}{ee]’\ 7{’{6 OICCC’/ZCLMCC,
C/ﬂ(e/’/a\ o'(f n{/(—jTﬂ—ﬂ{&C) Fal'c\. 7,9/,1.5.-1 -

3 —_—————— —
OPERATOR (§ NAT‘(}E}S . D?E’ = I/. == > &r

l ?) 8 p ﬁ_\ Attachment 3
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CARBON STEEL WELD CHEM CAL ANALYSI S

PUGET SCUND NAVAL SHI PYARD
QUALI TY ASSURANCE OFFI CE
LABORATORY DI VI SI ON

Report nurber 95PS07491

Sample(s) submitted by C/138 Weld Engr End user Code 138

Sample logged in 950524 Job order 8134590001001
Sample identification PIPE WELD
Lab procedure 149

JASTM A106-94 A

[

| Sample number, 1D . lSpecification

| |Requirements, X

jeo1 |602 | | | | [Min Hax
Element | BASE | wew | | | ] |

1 l | | l l l
an._2_ . __ 1 1 1 [] N . .
Aluminum | | I | | i |
Carbon | .13 | -1 | | | | | .25
Chromium | .01 | .01 ] | | ] | .40
Copper | .01 | .01 ] | ] | | .40
Manganese | .43 | .42 | | ] ] | .27 .93
Holybderum {<.01 |<.01 | ] ] | ] .15
Nickel | .01 | .01 | i | | ] .40
Wicolum | 1 l | | l |
Phosphorus  |.007 |.006 ] | | | | .035
Silicon j.i3 | .13 i i i i | .10
sul fur |.020 |.014 [ | i [ I .035
Titaniun | | | l l l |
Vanadium  [<.01 J<.01 | | | | ] .08
Remarks: Complete: For information only

Note: For each reduction of .01X below the specified carbon maximum an increase of 0.06X Mn above the
specified maximum will be permitted up to a maximum of 1.35X.

MAY 26 1995
Code 134.1 analyst, Merkt Code 134.1 reviewer
i 7/ A A /
Distribution: €/138 Weld Engr ﬂ7"”//w O'S’y;/ J/{MM
LANGHELM /0762 (/Z‘/f s ¢ 6%[6 »

Attachment 4
Page 1 of 1



STAINLESS STEEL WELD CHEM CAL ANALYSI S

PUGET SOUND NAVAL SH PYARD
QUALI TY ASSURANCE OFFI CE
LABORATORY DI VI SI ON

Report nunber 95PS07581

Sanple(s) submtted by C/138 Veld Engr End user
Sanpl e 1ogged in 950525 job order 8134590001001

Sample identification PIPE VELD

| |MILT23226A 304

| Sample number, 10 |Specification

| |Requirements, percent

|oo1 |002 | | | |Min Max
Element | BASE | wEw | [ | |

[ | | | [ |
Boron | .802 | .002 ] | | ] .005
Carbon | -05 | .05 | | | | .08
Chromiumn [19.69 |19.72 | | I | 18.00 20.00
Cobalt | .10 [ .10 ] [ | i .10
Copper j .23 | .22 [ I | |
Manganese [1.46 |1.45 | ] | | 2.00
Molybdenum 33 | .33 | | | |
Nickel 10.28 [10.51 [ [ | | 8.00 12.00
Niobium 1 | 1 1 |
Phosphorus .028 j.029 ] | ] | .030
silicon .54 | .53 | | [ | .75
sul fur .009 |.011 | ] | | .030
Titanium | | | | |
Vanadium | | I I l

I | | | l
Remarks: Conplete: For informtion only Lab procedure 300
HAY 26 1995
Code 134.1 analyst, J. Haynes 154258 Coden134c) Reviewer

Distribution: C/138 weld Engr 7))

LANGHELM CBEL L AN T LT

Z

207

Attachment 5
Page 1 of 1



70/30 NICKEL COPPER WELD CHEMICAL ANALYSIS

T = = v = =

PUGET SOUND NAVAIL SHIPYARD
QUALITY ASSURANCE OFFICE

Repart mumber 95PS07583

-

Sample(s) submitted by C/138 Weld Engr End user

Sample logged in 950525 Job order 8134590001001
Sample identification PIPE WELD
Lab procedure 305

| IM1LT235204

| Sample number, 1D |Specification

b _ lrequirements, percent

joo1 jog2 | | | [Min Max
Elemsnt | BASE | wEw ] ] | |

| | I | [ |
Aluminum J<.1 J<.1 | | ] | .50
Carbon i i [ -1 i i i i .20
Chromium | .3 | .3 | | ] |
Cobalt | .09 | .10 ] ! ! i .28
Copper 133. I33. | | ] |  Remainder
Iron [1.00 11.04 | | | ] 2.50
Lead J<.006 |<.006 | | | | .086
Hanganese | 1.09 | 1.16 | | ] | 1.25
Kolybdeum | l | l | |
Nickel | 6. | 64. I I l |63. 70.
Phosphorus | .01 j -0 | ] | | .02
Siticon ] .21 | .22 | | | | .50
Sul fur 1,081 }.004 i | i { .015
Tin |<.006 |<.006 | | | | .006
Titanium | | | I | ]
Zinc [ I* l l [ |

l l ! ! L. !
Remarks: Complete: For information only

* Unable to analize for Zinc in this alloy.

Code 134.1 analyst, J. Haynes 154258 Code 134.1 Reviewer
JUNE 7 1995 /52‘/8"%

Distribution: C/138 Weld Engr
LANGHELM %%«é// 4/8//%
- — AN

Attachment 6
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70/30 COPPER NICKEL WELD CHEM CAL ANALYSI'S

PUGET SOUND NAVAL SHI PYARD
QUALI TY ASSURANCE OFFI CE
LABCRATORY DI VI SI ON

Report number 95PS07582

Sanple(s) submtted by (/138 Vel d Engr End user
Sampl ee legged in 950525 Job order 8l3459000L00L
Sample identification PIPE UELO

] [MILT16420K  70-30
| sample number |Specification
| |Requirements, percent
El ement |oot Joo2 [ [ {Min Max
| BASE | e | ] |
, | I | | l
Alum num [ | | [
Car bon [<.01 <.01 [ [ .05
Cobal t | | [ [
Copper |67.7 |67.7 [ | 65.0
[ron | .57 | .58 | | .40 1.0
lead [<.01 [<.01 I | .05
Magnesim I | I
Manganese | .7 .7 1 { | 1.0
N ckel {30.8 30.7 | | | 29.0 33.0
Ni obi um I [ [ |
Phosphorus | .01 .01 [ | | .05
Silicon | | l |
Sul fur | .01 .01 I [ | .05
Tin I | I I
Zinc | .18 .13 | | | .50
[ I | l I
Cu + elements with | | | | ]
speciific limts [100.0 [ 99.9 i [ | 99.5
Remarks: Complete: For information only
Lab procedure 304 Code 134.1 analyst, Herkt
. (&4
Distribution; C/138 Wld Engr (/7,,4//!%/0\ e (AR LULUL U=

LANGHELM /0757 S/t

Attachment 7
Page 1 of 1



I NCONEL 600 WELD CHEM CAL ANALYSI S

PUGET SOCUND NAVAL SHI PYARD
QUALI TY ASSURANCE OFFI CE
LABORATORY DI VI SI ON

Report 95ps07584

Sample(s) submtted by (/138 eld Engr End user
Sample logged in 950525 Job order 8134590001001
Sample identification PIPE VELD

[MILT23227 Modified
Sample number, 1D |Specification
{Requirements, percent
[Min Hax

Element

I

|

|

i

I

|
Aluminum |
Boron |
Carbon i
Chromium ]
Cobalt !
I

[

!

I

|

.15
14.00 17.00

.
oD s

Copper
Iron
Magnesium
Manganese

Mal o dvlnm en
AVL YIS ral

Nickel+ Cobalt = T
N obi un
Phosphor us
Silicon
Sul fur
Tantai un
Titaniun

.50
6.00 10.00

.
W N
O O

1.00

— — —— — . . Gm— Gt S— G— T ——— —

!
!
I
l
I
|
I
l
[
l
i

wvi oW
N
| — —— — A G — f— — AT faon —

Remarks: Complete: For informtion only Lab procedure 150

June 7 1995
Code 134.1 analyst, J. Hayms 154258  code 134.1 Reviewer
|

Distribution: C/138 Veld Engr Y;E;.E 1527
g /ﬁé@b/ i

7 cC

Attachnent 8
Page 1 of 1



POCR VELDI NG STAINLESS STEEL CHEM CAL ANALYSI S

PUGET SOUND NAVAL SH PYARD
QUALI TY ASSURANCE OFFI CE
LABORATORY DI VI SI ON

Report number 95PSI5629

Sample(s) submitted by C/138 Weld Engr End user C138
Sample logged in 951212 Job order 8134590001001
Trace number N002514346K428-K002515097K825 Sample identification WELD QUAL
| |KIL-P-1144 304
] Sample runber, 1D |Specification
| |Requirements, percent
R l | | | [Min Max
Element | ppss-6 | | | | |
Alumirwm | [ ] | l |
Carbon | .04 | | | | | .08
Chromium ]18.0 | | | | | 18.0 20.0
Cobalt | ! | ] | !
Copper I | I I
Manganese 1.90 | | ] | 2.00
Molybdenum | ] ] {
Nickel 10.13 | | | | 8.00 11.00
Niobium | | | |
Phosphorus .027 | | { | .040
Silicon RY4 | | ] | .75
sul fur }.001 } | | ] ] .030
Titanium | | | | | |
Vanadium [ I I | | |
‘I l | | l |
Remarks: Complete: Sample(s) meet specifications Lab procedure 300,134
DEC. 15 1995
Code 134.1 analyst, D. Vincent 155054 34.% Reviewer
pistribution: C/138 Weld Engr @ /}/ >, fsatl‘#
SCHECTENS . z 7

Attachment 9
Page 1 of 1



GOOD VELDI NG STAINLESS STEEL CHEM CAL ANALYSIS

PUGET SOUND NAVAL SHI PYARD
QUALI TY ASSURANCE OFFI CE
LABORATORY DI VI SI ON

Report number 95P$15057

Sample(s) submitted by €C/138 Weld Engr End user Code 138
Sample logged in 951129 Job order 8134590001001
Trace number 42437001 Sample identification WELD QUAL 2% PIPE

|MILP24691/3  TP304

{ Sample number, 10 ISpecificatjgn
| [Requirements, percent
| | l l l in  max
Element | PPSS-1 | ] i ] ]
] | l l ] ]
Aluminem | I ! I l |
Carbon | .05 | | | | | .08
Chromium [18.1 | ] ] | | 18.0 20.0
Cobalt ! | I l l l
copper | ! ! | a |
Manganese |1.77 | ] ] | | 2.00
Kolybdenum | | | | | !
Nickel j10.2 i i i i | 8.00 11.0
Kiobium | | | | | |
Phosphorus |.028 | | | | ] .040
Silicon | .s2 | ] i i ] 75
Sul fur | -007 | | | | | .030
Titanium { { ] | | |
Vanadium | | l l I l
! ! | ! i I
Remarks:

Complete: Sample(s) meet specifications Lab procedure 300,134

DEC. 6 1995

Code 134.1 snalyst, D. Vmcent 155054 134. evxcuer
Distribution: €/138 Weld Engr @
SCHELTENS L4

/;k/éﬁ

Attachnent 10
Page 1 of 1



MORE GOOD WELDI NG STAI NLESS steeL cHEM cAL ANALYSES

PUGET SCUND NAVAL SHI PYARD
QUALI TY ASSURANCE OFFI CE
LABORATORY DI VI SI ON

Report number 96Ps00969

Sample(s) submtted by C/138 Weld Engr End user Code 138
Sampl e logged in 960122 Job order 8134590001001
Trace nurrger P-1,2,3 Sampl e identification PIPES, CRES
| [ASTH A312-94  TP304
| Sample number, 10 {Specification
{ |Requirements, percent
joot {002 [003 | | [Min Max
Element | p-1 | p-2 | p-3 I I I
| | ] i | i
Aluminum | | ! [ l [
Carbon | .04 | .04 [ .02 ] { | .08
Chromium [19.4 |19.0 {18.5 | ] | 18.0 20.0
Cobalt | | | | |
Copper ! [ l ! l
HManganese {1.72 {1.53 [1.85 | { 2.00
Holybdenum | -12 | .25 | .04 | [
Nickel {10.3 [10.0 [10.4 | | 8.00 11.0
Hiobium | | | | |
Phosphorus |.033 {.029 1.014 i | .040
Siticon | -46 | -55 | -28 | i | .75
Sul fur |-024 {.011 {.006 | | | .030
Titanium | { | { [ [
Vanadium | | . | | | |
| ! ! ! ! !
Remarks: Complete: Sample(s) meet specifications Lab procedure 300

MIL-P-1144 refers to ASTHM A312 for chemical requirements.

JAN. 30 1996
Code 134.1 analyst, D. Vincent 155054 Code 134.1 Reviewer

pistribution: /138 Weld Engr M 22 ron
SCHELTENS @mﬁa& //;/Z//

Attachnent 11
Page 1 of 1



POOR VELDING CARBON STEEL CHEM CAL ANALYSI S

PUGET SOUND NAVAL SH PYARD
QUALI TY ASSURANCE OFFI CE
LABORATORY DI VI SI ON

Report number 965PSC0967

Sample(s) submitted by £/138 Weld Engr End user Code 138
Sample logged in 960122 Job order 8134590001001
Trace number NA : Sasple identification PIPE,SCA 80,2%

Lab procedure 149

[ASTH A106-9% A

|

| Sample number, 1D |Specification

| |Requirements, X

|00t | | | | | [Hin Max
Element | I | I ! | I

| ] ] ] ] ] ]
Aluminum | ! I | | | |
Carbon | .14 | ] | | | | .25
Chromium | .05 ] { | i ] | .40
Copper | .07 l I | ! | | -40
Manganese | .69 | i | ] | | .27 .93
Molybdenum | .02 I l i 1 1 l .15
Nicket | .06 | ] ] | ] | .40
Hiobium | | I | ! [ [
Phosphorus  |.004 i I | i I [ .035
Silicon ] -11 | ] | i | | .10
Sul fur |<.003 i ] ] | | | .035
Titeniun | 1 | | | l |
Vanadium |<.01 | | | i | l .08
Remarks: Complete: Sample(s) meet specifications

MIL-P-24691/1 refers to ASTM A106 for chemical requirements.

JAN. 23 1996
Code 134.1 analyst, D. Vincent 155054 Code 134.1 reviewer
; s 1545 F
Distribution: C/138 Weld Engr N ORY Y ST , 19
SCHELTENS ! l”

Attachnent 12
Page 1 of 1



MARG NAL WELDING CARBON STEEL CHEM CAL ANALYSIS

PUGET SOUND NAVAL SH PYARD
QUALI TY ASSURANCE OFFI CE
LABORATORY DI VI SI ON

Report number 96PSC0968

Sanple(s) submtted by C/138 Veld Engr End user Code 138

Sampl e l'ogged in 960122 Job order 8134590001001
Sample identification PIPE SCA 80,2
Lab procedure 149

JASTH A106-% 8

|

| Sample nusber, 1D |Specification

| |Requirements, %X

|oo1 i ! ] ! ] Min Max
Element | | I ! | | I

| | | i | | !
Alumioum | | | | | | I
Carbon | .16 | | | | | ] .30
Chromium | .03 ] | | ] | | .40
Copper <. 02 | | | ] | | .f.O
Manganese .98 | | ] i | | .29 1.06
Holybdenum .02 | | ] | | | .15
Nickel .04 ] ] | | ] | .40
Nicbium i | [ | i |
Phosphorus  .006 | | | | i | .035
Silicon 24 | | | | ] | .10
sul fur .004 { ] | | | | .035
Titanium | ] | | ] |
Vanadium |<.01 ] | ] ] ! | .08
Remarks: Complete: Sample(s) meet specifications

MIL-P-24691/1 refers to ASTM A106 for chemical requirements.

JAN. 23 1996
Code 134.1 analyst, D. Vincent 155054 Code 134.1 reviewer
o 7 - S
Distribution: C/138 Weld Engr 4 Mc«:& .
SCHECTENS ZSLHa

Attachnent 13
Page 1 of 1



ADDI TI ONAL GOCD AND MARG NAL VELDI NG CARBON STEEL CHEM CAL ANALYSI S

PUGET SOUND NAVAL SHI PYARD
QUALI TY ASSURANCE OFFI CE
LABORATORY DI VI SI ON

Report number 96PS01263

Sample(s) submitted by C/138 Weld Engr

Sample logged in 960126

Trace nuwber PPCS 5,6,7,8,9

End user Code 133

Job order 8134590001001

Sample identification WELD QUAL.,STEEL
Lab procedure 149

|ASTH A106-9%% B

Sample number, 10 |Specification
|Requirements, X
001 joo2 [o03 |oc4 loos | [Min Max
Element PPCS-5 | Pppcs-6 | ppcs-7 | epcs-8 | Pppcs-9 | |
| I ] | | |
Aluminum | 1 ! | | |
Carbon .19 .18 | .22 | .20 14 ] i .30
Chromium .03 .08 [ .02 | .03 .10 ] | .40
Copper <.02 .28 | .02 j<.02 .14 l | 40
Manganese .99 .83 | .77 | .63 .12 | | .29 1.06
Molybdenum  <,01 .04 |<.01 [<.01 .06 | | .15
Hickel <.02 A7 | .02 | .02 .14 | ] 40
Niobium | | | |
phosphorus  .010 .005 {.012 [.011 .004 | i .035
Silicon .23 .25 | .25 | -16 22 [ [ .10
Sul fur .006 .021 |.016 ].004 .005 | | .035
Titanium | | | |
Vanadium |<.01 |<.01 J<.01 | .03 ]<.01 | | .08
Remarks: Complete: Sample(s) meet specifications
MIL-P-24691/1 refers to ASTM-A106 -for chemical requirements.
JAR. 30 1996
Code 134.1 analyst, D. Vincent 155054 Code 134.} reviewer
SRY T

Distribution: C/138 ueld Engr

SCHELTENS

CRVewernd

//Kf'/ﬂa

Attachment 14
Page 1 of 1



CARBON STEEL DESTRUCTIVE TEST RESULTS

FEB. 5 1996 PUGET SOUND NAVAL SHI PYARD Report  96PS(00966
QUALI TY ASSURANCE OFFI CE
Laboratory D vision

Job order 8134590001001 Date received 960122
Submt shop /138 Weld Engr Specification M LP24691/1
Submt ship Code 138 Conposition 1
Test Tensile, Lab Proc. 005 Branch 134.6
Num sanpl es 2 Trace number PPCS-2, PPCS-4

Description SQUARE BUTT WELD QUAL 2 SC

TWO PI PES (PPCS-2, PPCS-4) WERE TENSILE TESTED AS REQUESTED BY C/ 138.
THE PIPE SPECI FI CATION IS ML-P-24691/1 (ASTM A106). THE WELDMENT SPEC. IS
M L- E- 23765, 70S2. THE RESULTS ARE AS FOLLOWG:

PPCS -2 PPCS-4 REQUI RED

BREAKI NG LQOAD( | bs) 109, 600 110, 200

_ Pl PE VELD
TENSI LE STRENGTH( psi ) 73, 500 72,000 60, 000 70, 000

psi mn psi mn

FRACTURE LOCATI ON Pl PE Pl PE
ELONGATI ON (% 45 46 22 mn 22mn
Renmar ks:

Conpl ete: Sanple(s) meet specifications

y D°“ i M 25/t Q{ kil 2/

o) erat (C/134.6) Date viewer (C/134.6) Date

‘ Distribution: 138 Wld Engr, SCHELTENS 6-8808

"The person designated to sign for an action verifies, based On personal
observation, and certifies by his/her signature that the action has been

performed in accordance with the specified requirements. “ Attachnent 15
Page 1 of 2




FEB. 6 1996 PUGET SOUND NAVAL SHI PYARD Report 96 PS01371
QUALI TY ASSURANCE OFFI CE
Laboratory Division

Job order 8134590001001 Date received 960130
Submit shop (/138 Weld Engr Specification ML STD 248
Subnmit ship Code 138 Composi tion CARBON STEEL

Test Miltiple Tests Branch 134.6

Num sanpl es 6
Description ROOT BENDS, FACE BENDS AND MACROS

TWO MACROS WERE EXAM NED AND EVALUATED | N ACCORDANCE W TH THE REQUI REMENTS
OF M| -STD- 248C AND FOUND TO MEET THE REQUI REMENTS OF PARAGRAPH 4.5.2.6

4.
TWO FACE AND TWO ROOT BEND SPECI MENS WERE TESTED AND EVALUATED | N ACCORDANCE
WTH M| -STD- 248C AND FOUND TO MEET THE REQUI REMENTS OF PARAGRAPH 4.5.2.3.1

Renmar ks: Pl PE SPECI FI CATION: M | - P-24691/1 TYPE 1.
VELD FILLER M -E-23765, 70S2

Compl ete: Sanple(s) neet specifications

BT e | (Wt bl St

Operator (C/134.6) . Date Reviewer (C/134.6) Date

Di stribution: C/ 138 Weld Engr, SCHELTENS 6-8808

" The person designated to sign for an action verifies, based on personal

observation, and certifies by his/her signature that the action has been

performed in accordance with the specified requirenents. ” Attachment 15
Page 2 of 2




STAINLESS STEEL DESTRUCTIVE TEST RESULTS

DEC. 6 1995 PUGET SCUND NAVAL SH PYARD Report  95PS15340
QUALI TY ASSURANCE OFFI CE
Laboratory Division

Job order: 8134590001001 Date received: 951205
Submt shop: (/138 Weld Engr Specification: M LP24191/3
Submt ship: Code 138 Conposition: 304
Metals test: Tensile, Lab Proc. 005 Branch:  Metal l urgy Cl34.6
Num sanpl es: 2 Trace nunber: PPSS 1 & 2
Descri ption: SQUARE BUTT WELD QUAL 2“SCH 80
_ | NFO ONLY | NFO ONLY
Utimte Yi el d El ongati on FRACTURE
Tensil e Strength @ FRACTURE LOCATI ON
Strength @ 0.2% (%
(PSI) (PSI)
001 93, 000 45, 500 65 ADJACENT TO VELD IN HAZ
002 91, 500 46, 200 70 ADJACENT TO WELD I N HAZ
Weld metal - MI-E-19933/308L requirenent:
75,000 mn na 35 mn na
Pi pe base netal - MI-P-24691/3 -- ASTM A312 requirenent:
75,000 mn 30,000 mn 35 mn

TWO TENSI ON SPECI MENS WERE TESTED | N ACCORDANCE WTH AWS B4. O AND MEET THE

REQUI REMENTS OF M L- STD-248C P- GRAPH 4.5. 2. 1. _
The values provided for yield strength and elongation are not required and are
apporxi mated using a non standard test method. The elongation was neasured

across the fracture.

Renmar ks:

Conpl ete: Sanple(s) meet specifications

Aj;%Z' resnis 12/7/95 K /§/7//%5\

Operator iC.134.6) Date Reviewer (C/134.6) Date
Distribution: C/ 138 Weld Engr, SCHELTENS 6-8808

“The person designated to sign for an action verifies, based on personal
observation, and certifies by his/her signature that the action has been

performed in accordance with the specified requirenents.”

Attachnment 16
Page 1 of 2



DEC. 7 1995 PUGET SOUND NAVAL SHI PYARD Report  95PS15339
QUALITY ASSurance OFFI CE
Laboratory Division

Job order 8134590001001 Date received 951205
Submt shop C/138 Wl d Engr Specification M L-STD 248, ANS B
Submt ship Code 138 Conposi tion
Test Multiple Tests Branch 134.6
Num sanpl es 8 Trace nunber PPSS 3

Description SQUARE BUTT WELD QUAL 2“SCH

1. TWO FACE BEND AND TWO ROOT BEND SPECI MENS TESTED AND EVALUATED TO
M L- STD-248C WERE FOUND TO MEET THE REQUI REMENTS OF PARAGRAPH 4.5.2.3.1

2. TWO ROOT BEND SPECI MENS WERE SUBJECTED TO PRACTICE E OF ASTM A262 AND
SUBSEQUENTLY TESTED AND EVALUATED TO M L- STD-248C WERE FOUND TO MEET
THE REQUI REMENTS OF PARAGRAPH 4.5.2.3.1

3. TWO MACRO- ETCH SPECI MENS WERE PREPARED AND EVALUATED TO M L- STD-248C WERE
FOUND TO MEET THE REQUI REMENTS OF PARAGRAPH 4.5.2.6

Remarks:  REFERENCE TENSI ON TEST REPORT 95PS95PS15340

Conpl ete: Sanpl e(s) neet specifications

s S
A. Greepp, 163115 12/ 7/ 95 P
D (O

Qperator (C 134.6) Dat e Reviewer (C/134.6) Dat e

Distribution: C/ 138 Wld Engr, SCHELTENS 6- 8808

"The person designated to sign for an action verifies, based on personal
observation, and certifies by his/her signature that the action has been

performed in accordance with the specified requirements."Attachment 16
Page 2 of 2




MONEL DESTRUCTI VE TEST RESULTS

FEB. 6 1996 PUGET SOUND NAVAL SHI PYARD Report  96PS01671
QUALI TY ASSURANCE OFFI CE AVEND. #l
Laboratory Division
Job order 9138040140000 Date received 960202
Submit shop (/138 Weld Engr Specification M L-STD 248C
Subnmit ship Code 138 Conposi ti on MONEL
Test Tensile, Lab Proc. 005 Branch 134.6

Num sanpl es 2 Trace nunmber PPNC-2 & 3

Description SQUARE BUTT WELDI NG PROD 2°

TWO PIPES ( PPNc- 2, PpNC-3) WRE TENSI LE TEstep As REQUESTED By c/ 138.
HE PIPE SPECI FI CATION IS M L-T-1368. THE WELDMENT SPEC. IS M L-E-21562,

N 60. THE RESULTS AREC AS FCOLLOWE:

PPNC- 2 PPNC- 3 REQUI RED
BREAKI NG LOAD( | bs) 88, 100 87, 100 PIPE & WELD
TENSI LE STRENGTH( psi ) 84, 000 81, 000 70,000
psi mn
ELONGATION (% " 22 22 35 30

THE LOCATION OF THE FRACTURES IN BOTH OF THE SAMPLES WERE DI AGONAL ACRCSS

HE VELD.

Remarks:  AMENDMENT #1 DUE TO | NCORRECT TRACE

Compl ete: FOR | NFORVATION ONLY  ------ okt
N. oll 152 W
M
Op rat (C/134 ate eviewer (C/134.6) Date

Distribution: C/ 138 Weld Engr, SCHELTENS 6-8808

“The person designated to sign for an action verifies, based on personal

observation, and certifies by his/her signature that the action has been

performed in accordance with the specified requirements. " Attachnent 17
Page 1 of 2




FEB. 6 1996 PUGET SOUND NAVAL SHI PYARD Report 96 PS01673
QUALI TY ASSURANCE OFFI CE
Laboratory Division

Job order 9138040140000 Date received 960202

Submit shop </ 138 Wld Engr Specification M L-STD 248
Subnit ship Code 138 Conposi tion

Test Miltiple Tests Branch 134.6
Num sanpl es 6 Trace nunber PPNC 1

Description SQUARE BUTT WELD PROD BENDS

TWO MACRO SPECI MENS WERE PREPARED AND EVALUATED | N ACCORDANCE W TH
M1 -STD-248C AND WERE FOUND To MEET THE REQUI REMENTS OF PARAGRAPH 4.5. 2. 6.

TWO FACE AND TWO ROOT BEND SPECI MENS WERE TESTED AND EVALUATED | N
ACCORDANCE WTH M | -STD-248C AND WERE FOUND TO MEET THE REQUI REMENTS Or
PARAGRAPH 4.5.2.3. 1.

Remar ks: Pl PE SPECI FI CATION: M| -T-1368
VELD FILLER M -E-21562, RN6O

Conpl ete: Sanple(s) neet specifications

A. %ﬁl ;L/é/% K/&W—}/é 7

Operator (C/134.6) Date Reviewer (C/134.6) Date

Distribution: /138 Wld Engr, SCHELTENS 6- 8808

"The person designated to sign for an action verifies, based on personal

observation, and certifies .b?; hi s/ her signature that the action has been
performed in accordance with the specified requirements.” Attachment 17
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JOINT DESIGN .......covceviivrrenienresnennnns
POSITIONS QUALIFIED ..................
PIPE WALL THICKNESS RANGE ...
BASE MATERIAL .......cccooverenieraanen.

FILLER MATERIAL ........ccooevenrnnnen.

(FOR SEAL OR COVER PASSES)

TUNGSTEN ELECTRODE ...............

TUNGSTEN EXTENSION/CUP

EDGE PREPARATION.........ccevuenee.

BASE METAL CLEANING...............

PREHEAT TEMPERATURE .............

INTERPASS TEMPERATURE .........

COOLING BETWEEN BEADS ........

GTAW OF CARBON STEEL (CFE)
SQUARE BUTT PIPE JOINT USING PULSE PURGE

SQUARE BUTT (SEE FIGURE 1) 0.125” MAX. GAP
ALL POSITIONS |

0.100” TO 0.250”

CARBON STEEL (S-1)

MIL-70S-2, 70S-3, 70S-4

1/16” AND 3/32” DIA., 2% THORIATED
90° BLUNT FOR SEAL AND ROOT PASS

A A NTAN ASaA - - 4N

4/1 TAPER FOR COVER PASS, SEE FIGURE 2
1/2” MAX. EXTENSION WITH #7 CUP
95% ARGON AND 5% HYDROGEN / 15 TO 20 CFH

ATIZINNT 7~ 107

ARGON (< 1% OXYGEN CONTENT) /8 TO 12 CFH

STRAIGHT, 0.0 TO 1.5 INCHES OF WATER
PULSE, 0.0 TO 2.5 INCHES OF WATER
SAW CUT AND DEBURRED

STAINLESS STEEL WIRE BRUSHED AND EMERY

. AATITY ATYOIT

CLOTHED 1” FROM JOINT, ISOPROPY
ALCOHOL CLEANED.

60°F MIN.
NO MAXIMUM (< 200°F PREFERRED)

FORCED AIR COOLING

Attachment 18
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PIPE WALL '
TBICKNESS: L SMATERIAT “%&ﬁ&iﬂ@ﬁ&&ﬂﬂ@iié&@Gﬂ@
SEAL* 1/16” DIA ** 50 TO 100
0.100” TO 0.190” ROOT NONE 60 TO 110
i COVER 1/16”, 3/32” 50 TO 90
SEAL* 1/16" DIA ** 50 TO 120
0.191" TO 0. 250" ROOT NONE 90 TO 150
COVER 116", 332 50 TO 110

* TACK WELD PIPE JO NT THEN SEAL WELD. BOTK TACK AND SEAL
VELDS ARE CONSUMED BY THE ROOT PASS.

** FILLER MATERITAL IS USED ON SEAL IF GAP EXCEEDS 0.030”. WIRE FEED
1 TO 3 INCHES PER M NUTE

TRAVEL SPEED:  SEAL -3 TO 6 | NCHES PER M NUTE
ROOT- 0.5 TO 1.5 INCHES PER M NUTE
COVER -1 TO 3 INCHES PER M NUTE

Attachnment 18
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JOINT DESIGN ......ccccocveeeunen.

POSITIONS QUALIFIED ..................

PIPE WALL THICKNESS RANGE ...

BASE MATERIAL ...................

FILLER MATERIAL ................

(FOR SEAL OR COVER PASSES)

TUNGSTEN ELECTRODE ......

PURGE TYPE AND PRESSURE
SEAL AND COVERPASS .....

ROOT PASS ..................

EDGE PREPARATION.............

BASE METAL CLEANING .....

PREHEAT TEMPERATURE ...

INTERPASS TEMPERATURE

COOLING BETWEEN BEADS

.........

GTAW OF STAI NLESS STEEL (300 SERIES CRES)
SQUARE BUTT PIPE JO NT USING PULSE PURGE

SQUARE BUTT (SEE FIGURE 1) 0.125" MAX. GAP
ALL POSI TI ONS

0.100" TO 0. 250"

300 SER'ES CRES (S-8)

1/16" and 3/32" DIA. OF M-E-19933, SEE
SELECTI ON CHART

1/16” AND 3/32" DA, 2% THORI ATED

90° BLUNT FOR SEAL AND ROOT PASS
4/1 TAPER FOR COVER PASS, SEE FI GURE 2

1/2" m EXTENSION WTH #7 CUP
95% ARGON AND 5% HYDROGEN 15 TO 20 CFH

ARGON (<1% OXYGEN CONTENT) / 8 TO 12 CFH
STRAIGHT, 0.0 TO 1.5 | NCHES OF WATER
PULSE, 0.0 TO 2.5 | NCHES OF WATER

SAW CUT AND DEBURRED

STAI NLESS STEEL W RE BRUSHED AND EMERY
CLOTHED 1° FROM JOI NT, | SOPROPYL
ALCOHOL CLEANED.

60'F M N,

350"F MAX,

FORCED Al R COCLI NG

Attachnent 19
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PIPEWALL -

THICKNESS ERIAL: MP
SEAL* 1/16” DIA.** 35TO 70
0.100” TO 0.190” ROOT NONE 40 TO 100
COVER 1/16", 3/32" 35 TO 80
SEAL* 1/16" DIA ** 50 TO 100
0.191" TO 0. 250 ROOT NONE 90 TO 130
COVER 1/16". 3/32" 40 TO 110

* TACK WELD PIPE JONT THEN SEAL WELD. BOTH TACK AND SEAL
VELDS ARE CONSUMED BY THE ROOT PASS.

** FILLER MATERIAL |S USED ON SEAL |F GAP EXCEEDS O 30", WRE FEED

1 TO 3 INCHES

TRAVEL SPEED:

PER M NUTE

SEAL -3 TO 6 | NCHES PER M NUTE
ROOT- 0.5 TO 1.5 I NCHES PER M NUTE
COVER -1 TO 3 INCHES PER M NUTE

FILLER METAL SELECTION CHART

BASE
METAL | 304 304L 310 316 316L 321 347
304 | 308,#1 [ 308 #1 | 308, #1 | 308, #1 [ 308,#1 | 308 #1 | 308,#1
304L 308L | 308,#1 | 308, #1 | 308L | 308L | 308L
310 310 | 316,#1 | 316, #1 | 308, #1 | 308, #I
316 316,#1 | 316,#1 | 308 #1 | 308, #1
316L 316L | 316L | 316L
321 347 347
347 347

# LOW CARBON GRADES OF THESE FI LLER MATERI ALS MAYBE USED
WHEN REGULAR GRADE FI LLER NMATERI ALS ARE NOT AVAI LABLE AT THE
WORK SI TE ELECTRODE STORAGE / HOLDI NG AREA.

Attachnment 19
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TITLE ..oiiiiiininccittneeececnneenns GTAW OF NICKEL COPPER (N cu)
SQUARE BUTT PIPE JO NT USING PULSE PURGE

JOINT DESIGN .....cccocormmeirurriucrinunnnnns SQUARE BUTT (SEE FIGURE 1) 0.125" MAX. GAP
POOITIOS QALIFIED . . . .. oo ALL PCSITIONS

PIPE WALL TH CKNESS RANGE . . . 0.100" TO 0.160"

BASE MATERIAL ..................., NICKEL COPPER (S-42)

FILLERMATERIAL ..., MIL-EN/RN60

(FOR SEAL OR COVER PASSES)

TUNGSTEN ELECTRODE ... ............ 1/16” AND 3/32” DIA., 2% THORIATED

90° BLUNT FOR SEAL AND ROOT PASS

4/1 TAPER FOR COVERPASS, SEE FI GURE 2..
TUNGSTEN EXTENSI ON/ CUP

SIZE ... 1/2” MAX. EXTENSION WITH #7 CUP
TORCH GAS/FLOWRATE ............ 95% ARGON AND 5% HYDROGEN/15 TO 20 CFH
PURGE GAS [FLOWRATE ............. ARGON (<1% OXYGEN CONTENT) /8 TO 12 CFH

PURGE TYPE AND PRESSURE .
SEAL AND COVERPASS STRAIGHT, 0.0 TO 1.5 INCHES OF WATER

ROOTPASS......ooo s, PULSE, 0.0 TO 2.5 INCHES OF WATER

EDGE PREPARATION ...................... SAW CUT AND DEBURRED

BASE METAL CLEANING.............. STAINLESS STEEL WIRE BRUSHED AND EMERY
CLOTHED 1" FROM JOINT, ISOPROPYL
ALCOHOL CLEANED.

PREHEAT TEMPERATURE ............. 60°F MIN.

INTERPASS TEMPERATURE ......... 350°F MAX.

COOLING BETWEEN BEADS . ........ FORCED AIr COOLING

Attachment 20
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CRAT * 1
(S S a N W) 1

0.100” TO 0.160” ROOT NONE 60 TO 110

COVER 1/
i/

NS Y Asd

* TACK WELD PIPE JONT THEN SEAL WELD. BOTH TACK AND SEAL
VELDS ARE CONSUMED BY THE ROOT PASS.

** FILLER MATERIAL IS USED ON SEAL | F GAP EXCEEDS 0.030", WRE FEED
1 TO 3 INCHES PER M NUTE

TRAVEL SPEED:  SEAL -3 TO 6 INCHES PER M NUTE
ROOT- 0.5 TO 1.5 INCHES PER M NUTE
COVER -1 TO 3 INCHES PER M NUTE

Attachnent 20
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MATERIAL: TYPE CARBON STEEL

CARBON STEEL SQUARE BUTT AM  SETTI NGS

SQUARE BUTT AM SETTI NGS

PIPE SIZE &

SCH 3” 5tH 4p WALL 0.z1¢"

JONT PRI scK R scxX osC 3,14 ret BCX

NO. AVC AVC AMPS AMPS AMPL TWME WIRE WIRE
1 In3l — 1155 51 — ~ e 2
2 10 = I1ss] 45 — - - - - - 0-94]0.4 ~oTE:__Z_
3 10 ~ 1/55145 - - - - - - 0.4 |04 vor3] 2
4 far——
5 e————
6 L
7 e ——
8 S

10 1

NOTES :
1.

Unless otherwise noted, all welding will be done in the horizontal fixed position.

Unless otherwise noted, travel direction will be counter clockwise

The travel speed was adjusted as welding progressed to compensate for the changing

weld position. The varying travel speeds for each weld joint are documented on their

respective figures below.

documented on the respective figure.

5.5

JOINT

NO L

W/o msERT | 53

START

JOINT

NO 2
W10 INSERT

S5
START

If a primary amperage change was made, it was also

59 5.3

Attachment 21
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STAINLESS STEEL SQUARE BUTT AM  SETTI NGS

SQUARE BUTT AM SETTI NGS

MATERIAL TYPE LRES PIPE SIZE & SCH 3" SCH 40  warno.21s”

v I e R e [ | | T e v o o | [ | |
== == bl b — .

Lol - 1045 - | = | -~ | - |- | - {o49]0.4 |ses| 2

2 §/0 ~ |13p] 45| - ~ i s =1 - lo.4]10.4lunes]| 2

3 10 - t30{ 45| - - - | - - - 0.410.4 nre 3| 2.

4

5

6

7

8

(I

| 10

NOTES

L Unless otherwise noted, all welding will be done in the horizontal fixed position,

130

JoinT
No 1

75 STARY

6.5

w/lo TNSIKT

Unl ess otherw se noted, travel direction will be counter clockw se

The travel speed was adjusted as welding progressed to compensate for the chan%ing
wel d position. The varying travel speeds for each weld joint are documented on their

respective figures below if a primary anperage change was made, it was also
documented on the respective figure

T35

7.3

JOINT

NO 2
W/o InSERT

JOINT

NO 3
WITH INSELT

6.9
75 STARY 75

4.5 7.3

8.5

Attachment 22.
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IWall Fusion Cross Sections |

4-1 Taper Blunt
Argon 95-5

2" SCH 40
Cres
0.145

2" SCH 80
Cres
0.218

3“ SCH 80
Cres
0.250

Attachment 23
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SQUARE BUTT JOINT WITHOUT INSERT

‘ —»—! '““‘ ROOT GAP = 0.000" TO 0.125"
Y

SAW CUT OR MACHINED PREPARED

|
PIPE WALL THICKNESS

FIGURE 1

—
=

TH INSERT

~.
ROOT GAPS = 0.000" TO 0.030"
PIPE WALL THICKNESS SAW CUT OR MACHINED PREPARED

n nnn ”
= ROOT GAP= 0.000 70 0.03¢

WITH OR WITHOUT AN INSERT
SAW CUT OR MACHINED PREPARED

1 »

PIPE WALL THICKNESS (T)

FIGURE 2




10 ° SQUARE BUTT JOINT DESIGN

10° —)lﬁ

ROOT GAP =0.000"- 0.030"

PIPE WALL THICKNESS

Figure 3



TUNGSTEN TI P SHAPES

I' 3 TO 4 TIMES Dia.

TAPERED TUNGSTEN

0.005” TO0 0.015”

45°
X \{ 0.005” TO 0.015”
Dia.

i

BLUNT TUNGSTEN

FIGQURE 4




TYPI CAL PULSE PURGE ARRANGEMENT

FLOW METER

SEAL PAS
AL PASS ROOT PASS

ARGON
SOURCE

PURGE CAP (TYP)

I -

ARGON PURGE OUT

TAPE (TYP)




AUTOMATIC SQUARE BUTT JOINT DESIGN

ROOT GAP=0.000"- 0.030"

PIPE WALL THICKNESS

JOINTS #1 AND #2

l
AN

‘——l*l |<_7 RING THICKNESS
I 1/16"

ROOT GAP=0.000"- 0.030"

PIPE WALL THICKNESS

JOINTS #3
FIGURE 6
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NOTES FOR “MANUALLY WELDED SQUARE BUTT TEST NMATRI X'

10,

Data in colums referencing this note relates to welds made with a Steady Arc
(SA) constant current, Pulsing Purge (PP) and 95% Argon with 5% Hydrogen
shielding gas (95/5). This colum documents the weld anperage used (i.e. 52A)
and the peak pul se pressure neasured in “inches of water” (i.e. 1.2).

Data in colums referencing this note relates to welds made with a Steady Arc
(SA) constant current, Steady Purge Flow (SP) and 95% Argon with 5%
Hydrogen shiel ding gas [95/5). This colum documents the weld anperage used
(i.e. 56A) and the constant purge pressure used in “inches of water”.

Data in colums referencing this note relates to welds made with a Pulsing Arc
(PA) pulsing current, Steady Purge Flow (SP) and 95% Argon with 5% Hydrogen
shielding gas (95/5). This colum documents the average weld amperage used (i.e.
55A) and the Arc Pack 350 Pulse Control Program Nunber (i.e. 3). Program
number 3 requires a peak anperage of 69 anps (peak time of .80 seconds and
background time of .53 seconds) to average 55 amps.

This wel d was made using a 1/16* square ended tungsten.

These settings were used on a weld that passed X-Ray and destructive testing.

These settings were used on weld joints that had a 45° bevel and a 0.200" root
face. e used a flat insert and the other no insert.

Full penetration could not be achieved on this wall thickness.
This weld was made using a 1/16" 90° blunt tungsten.
Unl ess otherwise noted, all welds were made using a 3/32" 90° blunt tungsten.

Al welding was done in the horizontal fixed position.



e 135145 JEIER] 130245 Iw 160:45 15248 152145 304
gIégzLESS §3.7 63.77 G675 -6 4.85 +-635 '1'.3’-5302

TABLE |1

AMI SQUARE BUTT DATA CHART

0.150" WALL 0.200" WALL 0.250" WALL 0.300" WALL

It It2 I3 -t 2 Jt3 | Il Jt2 n3 I/t t2 I3

CARBON 155845 155043 155045
STEEL 51-4 LERE 536

COPPER
NICKEL

NICKEL
COPPER

NOTES:

Each space on the chart represents a test weld.

Al Jt | &Jt 2 welds will be made on a saw cut square butt weld end prep, see Figure 9.
Two consecutive welds will be made on this end prep to confirmrepeatability of weld

results.

Jt 3 welds will be made on a saw cut square butt weld end prep with a 1/16" thick flat
consumable insert with a depth equal to or slightly greater than the wall thickness of the test
pipe, see Figure 9

Data entries in each space will docunent welding results. Acceptable tests will i
anperage (prinmary anps and background anps [i.e. 155/45] ) and the travel speeds in
per mnute (slowest to the fastest [i.e. 5.3 -6] ) that were used.

Al welding will be done in the horizontal fixed position, unless otherw se noted.
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Additional copies of this report can be obtained from the
National Shipbuilding Research and Documentation Center:

http://www.nsnet.com/docctr/

Documentation Center

The University of Michigan
Transportation Research Institute
Marine Systems Division

2901 Baxter Road

Ann Arbor, Ml 48109-2150

Phone: 734-763-2465
Fax: 734-936-1081
E-mail: Doc.Center@umich.edu
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