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FOREWORD

The purpose of this report is to describe the methods used
to weld the test sanples and to present the results of the physical
and metallurgical tests performed in this research and devel oprment
program  This report covers the investigation of the operating
characteristics of tubular welding electrodes designed for Sub-
nmerged Arc Welding applications. The effort of this program
was directed toward conparing the relative merits of tubular
submerged arc wel ding el ectrodes as opposed to solid subnerged

arc wel ding el ectrodes.

The Subrmerged Arc Wel ding Process (SAW using conventiona
el ectrodes (solid wire) enjoys a prom nent niche, as a welding
process, due to high filler wire deposition rates and excel | ent
quality of the deposited weld metal. The Subnerged Arc Wl ding
Process is limted to the flat position for butt welds and the
hori zontal position for fillet welds. These limtations have |,
not detracted fromthe popularity of the process as a fabricating
tool . The process is normally used with nechanized wel ding

equi pment; however, it can be used as a manual process.

In recent years electrode manufacturers have developed
tubul ar el ectrodes designed for subnerged arc wel ding applications.
This “new generation” of electrodes prom ses several areas of
i nprovenment over the solid electrodes that may have  sjgnificant
econom ¢ inpact on welding costs. In addition, electrode chemstry
may be altered to inprove the physical properties of weld netal

deposits to suit individual welding requirenents.
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| NTRCDUCTI ON

The primary objective of this project was to evaluate the
operating characteristics of flux core and netal core electrodes
designed for use with the Subnmerged Arc Wl ding Process. These
el ectrodes have been described, in vendor literature, as the
“new generation” of submerged arc wel ding el ectrodes that can
be tailored to suit alnost all base netal chemstries, thus
capabl e of producing superior weld netal deposits. |n view of
the fact that shipbuilding and ship related steel fabrication
utilizes the Submerged Arc \Welding Process, it was determned
that these electrodes were worthy of investigation. |In the
initial investigation of these electrodes, we discovered that
availability of tubular flux core and/or netal core electrodes
designed for submerged arc welding were not readily avail able.
Several nmajor electrode manufacturers do not nmake this type of
el ectrode due to lack of demand by steel fabricators. |n ad-
dition, electrode manufacturers have found that fabricated

el ectrodes have a tendency to devel op deposit inconsistencies
due to the difficulty in maintaining the elements in the flux
powder honogeneously and elimnating hydrogen in the powder
deposit. These problens have been solved by sone el ectrode
manuf acturers; however, not all manufacturers have opted to

devel op this technology into a new product Iine.
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THE SUBMERGED- ARC PROCESS

Subnerged-arc welding differs from other arc wel ding proc-
esses in that a blanket of fusible, granular material - commonly
called flux - is used for shielding the arc and the nolten netal.
The arc is struck between the workpi ece and the bare wire” elec-
trode, the tip of which is subnerged in the flux. Since the
arc is conpletely covered by the flux, it is not visible and
the weld is run without the flash, spatter, and sparks that
characterize the open-arc processes. The nature of the flux

iIs such that very-little snoke or visible fumes are devel oped.

THE MECHANI CS OF FLUX SHI ELDI NG

The process is either semautomatic or full automatic, with
el ectrode fed nmechanically to the welding gun, head, or heads.
In sem automatic welding, the welder noves the gun, usually
equi pped with a flux-feeding device, along the joint. Fl ux feed
may be by gravity flow through a nozzle concentric” with the
el ectrode froma snall hopper atop the gun, or it may be through
a concentric nozzle tube-connected to an air-pressurized flux
tank. Flux may also be applied in advance of the welding opera-
tion or ahead of the arc froma hopper run along the joint. In
fully automatic submerged-arc welding, flux is fed continuousl,
to the joint ahead of or concentric to the arc, and full-auto-
matic installations are commonly equi pped with vacuum systens
to pick up the unfused flux left by the welding head or heads
for cleaning and reuse.

During welding, the heat of the arc nelts sone of the flux

along with the tip of the electrode. The tip of the electrode



and the wel ding zone are always surrounded and shielded by nolten
flux, surmounted by a layer of unfused flux. The electrode is
hel d a short distance above the workpiece, and the arc is between
the el ectrode and the workpiece. As the electrode progresses
along the joint, the lighter nolten flux rises above the nolten
metal in the formof a slag. The weld netal, having a higher
melting (freezing) point, solidifies while the slag above it
Is still nolten. The slag then freezes over the newy solidified
wel d netal, continuing to protect the metal from contam nation
while it is very hot and reactive with atnospheric oxygen and
nitrogen. Upon cooling and renmoval of any unnelted flux for
reuse, the slag is readily peeled fromthe weld.

There are two general types of subnerged-arc fluxes, bonded
and fused. In the bonded fluxes, the finely ground chem cals
are mxed, treated with a bonding agent and nanufactured into
a granular aggregate. The deoxidizers are incorporated in the
flux. The fused fluxes are a form of” glass resulting from
fusing the various chemcals and then grinding the glass to a
granular form Fl uxes are available that add alloying el ements
to the weld nmetal, enabling alloy weld metal to be nmade with

mld steel electrode. -

ADVANTAGES OF THE PROCESS

H gh currents can be used in submerged-arc wel ding and
extremely high heat devel oped. Because the current is applied
to the electrode a short distance above its tip, relatively
hi gh anperages can be used on small dianeter electrodes. This

results in extrenely high current densities on relatively small

rrnee ceartinne nf al ertrnde Nirrente acec hinh ac ANN amer ec



can be carried on electrodes as small as 5/64 in., giving a
density in the order of 100,000 anperes per square inch - six
to ten tinmes that carried on stick el ectrodes.

Because of the high current density, the nelt-off rate is
much higher for a given electrode diameter than with stick-
electrode welding. The nelt-off rate is affected by the
el ectrode material, the flux, type of current, polarity, and
length of wre beyond the point of electrical contact in the .
gun or head.

The insulating blanket of flux above the arc prevents
rapi d escape of heat and concentrates it in the welding zone.
Not only are the electrode and base netal nelted rapidly, but
the fusion is deep into the base metal. The deep penetration
allows the use of small welding grooves, thus mnimzing the
amount of filler netal per foot of joint and permtting fast
wel ding speeds. Fast welding, in turn, mnimzes the total heat
Input into the assenbly and, thus, tends to prevent problens
of heat distortion. Even relatively thick joints can be wel ded
In one pass by the subnerged arc process.

Wl ds made under the protective |ayer of flux have good
ductility, inpact resistance and uniformty in bead appearance.
Mechani cal properties at |east equal to those of the base neta
are consistently obtained. In single-pass welds, the fused
base material is large conpared to the amount of filler netal
used. Thus, in such welds the base metal may greatly influence
the chem cal and nechanical properties of the weld. For this
reason, it is sonetines unnecessary to use electrodes of the

same conposition as the base netal for welding many of the |ow



pass welds are less affected by the base netal and depend to
a greater extent on the conposition of the electrode, the ac-
tivity of the flux, and the welding. conditions.

Through regul ation of current, voltage, and travel speed,
the operator can exercise close control over penetration to
provide any depth ranging from deep and narrow with high-crown
reinforcenent, to wide, nearly flat beads with shallow penetra-
tion. Beads with deep penetration may contain on the order of”
70% nel ted base netal, while shallow beads may contain as little
as 10% base metal. In some instances, the deep penetration
properties of the submerged arc wel ding process can be used *
to elimnate and reduce the expense of edge preparation.

Mul tiple electrodes may be used, two side by side or two
or more in tandem to cover a large surface area or to increase
wel ding speed. If shallow penetration is desired with nultiple
el ectrodes, one electrode can be grounded through the other
(instead of through the workpiece) so that the arc-does not
penetrate deeply.

Deposition rates are high - up to ten tines those of stick
el ectrode wel di ng.

Submer ged-arc wel ding nay be done with either DC or AC
power. Direct current gives better control of bead shape,
penetration, and wel ding speed, and arc starting is easier wth.
it. Bead shape is usually best with DC reverse polarity (electrode
positive), which also provides maxinmum penetration. H ghest
deposition rates and m nimum penetration are obtained with DC
straight polarity. Alternating current mnimzes arc blow and

gi ves penetration between that of DCRP and DCSP

-



APPLI CATIONS  ano ECONOM ES

Wth proper selection of equipnent, subnerged-arc is wdely
applicable to the welding requirenents of industry. |t can be
used with all types of joints, and permts welding a full range
of carbon and lowalloy steels, from 16-gage sheet to the thickest
plate. It is also applicable to some high-alloy, heat-treated,
and stainless steels, and is a favored process for rebuilding
and hardsurfacing. Any degree of mechanization can be used -
from the hand-held sem -automatic gun to boom or track-carried
and fixture-held multiple welding heads.

The high quality of subnerged-arc welds, the high deposi-
tion rates, the deep penetration, the adaptability of the process
to full nechanization, and the confort characteristics (no glare,
sparks, spatter, snoke, or excessive heat radiation) make it
a perferred process in steel fabrication. It is used extensively
in ship and barge building, railroad car building, pipe nmanufacture,
and in fabricating structural beans, girders, and colums where
long welds are required. Automatic subnmerged-arc installations
are also key features of the welding areas of plants turning out
mass- produced assenblies joined with repetitive short welds.

The high deposition rates attained with subrmerged-arc are
chiefly responsible for the econom es achieved with the process.
The cost reductions when changing from the manual shiel ded netal -
arc process to subnerged-arc are frequently dramatic. Thus, a
hand- hel d submerged-arc gun with nmechanized travel may reduce
wel ding costs nore than 50% wth fully automatic nultiarc equip-
nment, it is not unusual for the costs to be approxinmately 10 per-

cent of those attained with. stick-electrode welding.



Factors other than deposition rates enter into the reduction
of welding costs. Continuous electrode feed fromcoils, ranging
in weight from60 to 1,000 pounds, contributes to a high operating
factor. \Were the deep-penetration characteristics of the proc-
ess permt the elimnation or reduction of joint preparation,
expense is lessened. After the weld has been run, cleaning
costs are mnimzed because of the elimnation of spatter by
the protective flux.

\When subnerged-arc equipnent is operated properly, the weld
beads are smooth and uniform so that grinding or machining
Is rarely required. Since the rapid heat input of the process
mnimzes distortion, the costs for straightening finished as-
senblies are reduced, especially if a carefully. planned welding
sequence has been fol | owed. Submerged-arc welding, in fact,
often allows the premachining of parts, further adding to fab-
rication cost savings.

A limtation of subnerged-arc welding is-that inposed by
the force of gravity. In nost instances, the joint nust be
positioned flat or horizontal to hold the granular flux. To
deal with this problem weldnent positioners are used to turn
assenblies to present joints flat or horizontal - or the assenblies
may be turned or rotated by a crane. Substantial capital invest-
ments in positioning and fixturing equipment in order to use
subnerged-arc welding to the fullest extent, and thus gain ful
advant age of the deposition rate, have proved their worth in
numerous industries. Special fixturing and tooling have been
devel oped for the retention of flux and nolten nmetal in some
applications, so that “three-o’clock” and even vertical-up welding

IS possible. 9



Al though they are not truly linitations, problens can arise
in the use of subnmerged-arc resulting from inproper joint pre-

paration and inproper procedures. Thus . “flash-through” of the

arc, burn-through, and weld porosity result from such factors

as inproper procedures, poor fitup and joint contam nants.
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SUBMERGED ARC VEELDI NG EQUI PMENT

The power source used in this programwas a Lincoln
DC-1500 three phase rectifier type, set in the Constant
Vol tage control node. This power source has input |ine
vol tage conpensation which will maintain constant secondary
output up to a #10% line fluctuation value. It is also
equi pped with an SCR-type control circuit which provides
preci se control of voltage and anperage setting as well
as having excellent starting characteristics needed for

subnerged arc wel ding.

Control was provided by a Lincoln NA-3 solid state
w re feeder-head equipped with an optional start control
board, and full metering capabilities for Voltage, Anmperage
and Wre Feed Speed in inches per mnute. The control head
was set for reverse polarity operation (electrode +) in the
constant voltage nmode. The head was coupled to a Lincoln
wire feed nmotor and gear box to which a nechanical wre
strai ghtener and Lincoln nmodel K-148 torch were attached.
This torch has a tang contact system which provides positive

el ectrical contact at the nozzle of the assenbly.

All meters were calibrated at the start of the program
and were checked at 90 day intervals. The wire feed speed
meter was also verified on each pass by the use of a Lincoln

hand held digital wire feed speed neter.



Submerged Arc Welding - Page 2

Only one correction was nmade during the length of the
program  This was to the anperage neter to correct a 20 to
25 anp error on April 25, 1985. There were only three
procedures run subsequent to this date: HY-8-ACI,
HY-8-AC-HH -1 and HY-O-AC-1. Because the programwas dependent
on all electrodes operating at the exact same anperage there
may be a 4 to 5 percent difference due to meter drift on

t hese procedures.
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BASE MATERI ALS WELDED

The specific steels selected for this program cover
the shipbuilding industry as a whole, both commercial
and mlitary. They were selected to reflect the current
technol ogical level in steels on the higher end of the
spectrumin tensile strength and inpact resistance or

corrosion resistance requirenents.

Amrerican Bureau of Shipping steel EH 36 was sel ected
to represent typical steels used in comrercial construction
applications where higher strength or inpact resistance is

required.

A 316L stainless steel was selected to represent

applications where corrosion resistance is a prinmary concern.

™W grades of steel were selected to represent mlitary
applications, HY-80 and HY-100 conformng to ML-S-16216 J.

The physical test reports on these naterials are

i ncluded for conparison purposes and information.
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SECTION 8

ELECTRODE/FLUX - DESIGNATION CODES



6/5/85

MARAD PROJECT 3205 - CORED S.A.W. ELECTRODES

MATERIAL

EH-36

Plate Code Wire Flux

EH-6-CS Linde 36 Linde 20 (Solid Wire)
EH-6-FC Speed Alloy 70-S Linde 80

31l6L Stainless

Plate Code Wire Flux

SS-L-CS Linde 316L ' Linde 80 (Solid Wire)
SS~-L-FC In-Flux 316L G/S Oerlikon OP-76

HY-80

Plate Code Wire Flux

HY-8~CS Linde 95 Linde 709-5 (Solid Wire)
HY-8-FC Speed Alloy 90-S Linde 80

HY-8-MC Metal Core 100S-2 Oerlikon OP 121 +%
HY-8-AC Alloy .Cored 100S-1 Oerlikon OP 121tt
HY-8-AC-HHI High Heat Input - Alloy Cored 100S-1

HY-8-AC-1 Reformulation - Alloy Cored 100S-1
HY-8-AC-HHI-1 High Heat Input - Reformulated A.C. 100S-1
HY-100

Plate Code Wire Flux

HY-0-CS Linde 120 Linde 709-5 (Solid Wire)
HY-0-AC Alloy Cored 120S-1 Oerlikon OP 121+t

HY-0-AC-1 Reformulation - Alloy Cored 120S-1



TRADE NAMES BY MANUFACTURER

8/22/85

MARAD PROJECT 3205 - FLUX CORED S.A.W. R&D ELECTRODES

SOLID WIRES/CONTROL

TELEDYNE MCKAY
Crimnd AT Tamer TNA_O
oyccu ALLUY L i~

Speed Alloy 110-S

In~Flux 316L G/S

ALLOY RODS

Alloy Cored 100S-1
Alloy Cored 1205-1
TRI-MARK

Metal Core 100S-2

* (German Made Flux)
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HY-8-MC
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WELD JOINT DESIGN AND PROCEDURE LIMITS
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WELDING PROCEDURE SPECIFICATION

BAY SHIPBUILDING CORP.

Department of
Welding Engineering

JOINT FIT UP TOLERANCES
BASE MATERIAL__ ams Em-25
' ELECTRODE CLASS EH=14
i STICKOUT 5 —
PULARITY Reverse 4_50:50
MUDE Constant Voltage ) ~ .
. . l N &
PREHEAT TEMP. _sq°r  MINIMUM . 1* .
. INTERPASS TEMP. aoger MAXINUM ( L. \ :
TRAVEL SPEED__ ;s I.P.M.. : |a — | .
. A e 3/']6"_7/3211 .
., . R -
/81 4 1 4 00t gap
i : Baclkzing bar
FILLER METAL CURRENT
WELD VOLTAGE | TRAVEL
PROCESS
LAYER(S TYPE AMPERAGE SPEED
(S) CLASS | DIA. | poian .
1-4 S.A.W EH-14 3/32' Reverse 350 30 18
5-Face S.A.W EH-14 3/32)' Reverse 500 32 18
BASE METAL PREPARATION — EDGES OF SURFACEé TO BE WELDED SHALL BE PREPARED BY SHEAR-
ING, MACHINING, GRINDING OR THERMAL CUTTING, AND FREE OF ALL FOREIGN MATERIAL SUCH AS
OIL, GREASE AND EXCESSIVE SCALE OR RUST. :
WELD LAYER METAL DEPOSIT APPEARANCE — UNDERCUTTING ON SIDE W
ADJOINING BASE METAL SHALL NOT BE PERMITTED. ALLS OF GROOVE OR
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WELDING PROCEDURE SPECIFICATION

BAY SHIPBUILDING CORP.

Department of
Welding Engineering

316L

BASE MATERIAL

ELECTRODE CLASS 316L
STICKQUT___ - 1
PULARITY__ Reverse

MUODE constant Voltage

PREHEAT TEMP.__1s0°F MINIMUN
INTERPASS TEMP. 350°F MAXIMUM
TRAVEL SPEED__12 I.P.M. -

JOINT FIT UP TOLERANCES

45°4+5°

ke z/qfn 7/32u

- 13/32!

: Root g
| 1/89 % 1 '1/zw gap
: Baclking bar
FILLER METAL CURRENT
WELD TRAVEL
LAYER(s) | PROCESS ctass | oia TYPE | AMPERAGE | 'O CE | speEp
: | POLAR. :
l-Face S.A.W 316L Reverse 350 30 12

BASE METAL PREPARATION — EDGES OF SURFACES TO BE WELDED SHALL BE PREPA
RED -
ING, MACHINING, GRINDING OR THERMAL CUTTING, AND FREE OF ALL FOREIGN MATERIAEEYsﬁgiTS

OIL, GREASE AND EXCESSIVE SCALE OR RUST.

WELD LAYER METAL DEPOSIT APPEARANCE — UNDERCUTTING ON SID
ADJOINING BASE METAL SHALL NOT BE PERMITTED. E WALLS OF GROOVE OR
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WELDING PROCEDURE SPECIFICATION

BAY SHIPBUILDING CORP.

Department of
Welding Engineering

JOINT FIT UP TOLERANCES
BASE MATERIAL__ mv-so
t ELECTRODE CLASS____100s=1
STICKOUT__- 4y —
PULAR ITY Reverse 4_50i50
MUDE Constant Voltage T ~ .
PREHEAT TEMP. _200°r MINIMUM N\ A .
INTERPASS TEMP. anger MAXINUN [ 1 \
TRAVEL SPEED___18 [I.P.M.- |2 - ! :
o  —k 3/16"~7/32"
/81 1 A/ Root gap
Baclzing bar
FILLER METAL CURRENT
WELD TRAVEL
Laver(s) | PROCESS | o nos | pia | IYPE | AMPERAGE VOLTAGE SPEED
1 -4 | s.A.w. | 100s-1.[3/32] Reverse| 350 30 18
5-Face | S.A.W. 100s-1 [3/32' Reverse| 500 32 18

BASE METAL PREPARATION — EDGES OF SURFACE.S TO BE WELDED SHALL BE PREPARED BY SHEAR-

ING, MACHINING, GRINDING OR THERMAL CUTTING, AND FREE OF ALL FOREIGN MAT
OIL, GREASE AND EXCESSIVE SCALE OR RUST. : ERIAL SUCH AS

WELD LAYER METAL DEPOSIT APPEARANCE — UNDERCUTTING ON SIDE WA
ADJOINING BASE METAL SHALL NOT BE PERMITTED. LLS OF GROOVE OR




WELDING PROCEDURE SPECIFICATICH

BAY SHIPBUILDING CORP.

" Department of

Welding Engineering

MODE

BASE MATERIAL
' ELECTRODE CLASS
| STICKOUT

HY-100

120S-1

'1:1

PULARITY

Reverse

Constant Voltage

PREHEAT TEMP._o00°r MININUM
INTERPASS TENP._sonesMAXIMUN
| TRAVEL SPEED__1a  I.P.M.-

N/
111

JOINT FIT UP TOLERANCES

4_50:50

3
!

J

//// i e

3/1 6."—'7/ z2"

. Root ga
1/4% x 1 1/4" gap
Baclzing bar
FILLER METAL CURRENT
WELD v TRAVEL
LAYER(s) | PROCESS | . ,ss |oia TYPE | AmPERAGE | 'O 2CE | sPeep
. * POLAR. .
1l - 4 S.A.W. 1208-1 [3/32" Reverse 350 . 30 18
5-Face S.A.W. 1208-1 3/32'% Reverse 500 32

18

BASE METAL PREPARATION — EDGES OF SURFACE.S TO BE WELDED SHALL BE PREPARED BY SHEA
ING, MACHINING, GRINDING OR THERMAL CUTTING, AND FREE OF ALL FOREIGN MATERIAL SUCH .
OIL, GREASE AND EXCESSIVE SCALE OR RUST. ) AS

WELD LAYER METAL DEPOSIT APPEARANCE — UNDERCUTTING ON SIDE W
ADJOINING BASE METAL SHALL NOT BE PERMITTED. ALLS OF GROOVE OR




SECTION 10

WELD TOOLING



VELD TOOLI NG

The hold down fixture used in this program was fabricated
froma piece of 3 x 24" x 42" ABS G ade A plate steel. a 1" x o»
slot was mlled in the fixture to allow a relief for the backing
bars on procedure test plates. Ten 3/4" high strength (HS.) bolts with dogs
were used to clanp the plate in place and prevent rotationa
distortion. Three 3/4” x 8“ x 24" strong backs were welded to
the underside of the fixture to provide a high level of restraint

to simulate job site conditions conmmon to shipbuilding fabrications.

The side beam carriage was a Pandjiris nodel VSGC 40-12
mounted on a Pandjiris nodel PBT-15/144 side beam The trave
mechani sm was a Pandjiris tachoneter control type which is solid
state controlled to regulate travel speeds precisely regardless
of differing resistance on the carriage guide rollers or cable

rack.

The voltage and wire feed speed settings were frequently
doubl e checked using a Lincoln Voltage Indicator, No. M 12421
and a Lincoln Wre Speed Meter, No. M 13367.

The scale used for all weight measurements on test plates
and wire spools was a Detecto Mddel 4570. It has a 130 Ib.

capacity with a % ounce accuracy.

Preheat and Interpass tenperatures were verified by a

Paci fic Transducer Corporation surface thernoneter, nodel PTC 313F
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HOLD DOWN FIXTURE (3" x 24" x 42")
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ELECTRODE SPOOL BEING WEIGHED PRIOR TO WELD OPERATION
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SECTION 11

PROCEDURE TEST RECORDS



TEST PLATE PROCEDURE MARAD 3205

I NSTRUCTI ONS TO OPERATOR

—

_ =
= o

12.
13.
14.

15.

16.

17.

Wigh Test Plate after fit up and wire brushing.
Veigh Wre Spool Assy. (Keep all wire clippings).
Bolt plate down and preheat - check with thernoneter
Wel d at root pass settings specified.

Check Volts, Anps, wire feed speed (WS), and Tine.
Check Interpass Tenperature and record.

Repeat 4,5,6 thru pass #4.

Rewei gh Test Plate and Wre Spool and record.
Re-install in fixture and preheat.

Deposit fill passes as required.

Mnitor Volts, Amperage and Wre Feed Speeds and record
for all passes. (Verify WF.S with hand nmeter.)

Record tine in seconds for all passes.
e shﬁetnetal tenplate to set Electrical Stick Qut (E S. Q)

or eac

Moni tor |nterpass tenperatures. Do not exceed maxinmum
specified tenperatures.

Record any observations or comrents that pertain to the
wire-flux conbination in use.

After plate cools to anbient tenperature, renove _
for final weight and stanping operations prior to mechanica
t esting.

C ean spatter and renove backing bar by mlling prior to
rel easing plate for radiographic testing.



PROCEDURE TEST RECORD

Plate Code  pu-_g-cg Date_ g-g—ga
Operator_y. phillips
Recorder p  Hijvercan
1 Wire Feed Travel Elapsed
Pass Speed Speed Time Heat
No. . | Voltage | Amperage (Inches) (Inches)] (Seconds) é?g?g.l.
Rl 30 350 66 18 103 35
R2 30 350 66 18 103 35
R3 30 350 66 18 103 35
R4 30 350 66 18 102 35
F5 32 500 105 18 103 53.3
F6 32 500 105 18 103 53.3
F7 32 500 105 18 104 53.3
F8 - 32 500 105 18 103 53.3
F9 32 500 105 18 103 53.3
F10 32 500 105 18 102 53.3
Fll 32 500 105 18 102 53.3
Fl2 32 500 105 18 102 53.3
F1l3 32 500 105 18 102 53.3
F14 32 500 105 .18 105 53.3
F15 32 500 105 18 102 53.3
Fl6 32 500 105 18 103 53.3
Fl7 32 500 105 18 102 53.3
Fl8 32~ 500 105 18 101 53.3
Weights

—

S

Test Plate Asssembly

Start114—]4Root]]5_9 Endj20-7
Deposited Metaljjgoz-Root

890z-Fill
Electrode Spool

Start75-3 Root74-7 Endgg-7
Expended Electrode_joz Root
a%2~~ Fill




PROCEDURE TEST RECORD

Plate Code__ EH-6-FC - Date_g-32-84 -
Operator_T, Madsen
KecoraerB Halverson .
] t1: e Paod | Tl ancead
Pass Speed | Speed .| Time Heat
No. . Voltage Ampe;age (Inches) (Inches)] (Seconds) I:Engug I
R1 30 350 75 18 101 35
R2 30 350 75 ) 18 102 35
R3 30 350 75 18 102 35
R4 30 350 75 18 101 35
F5 32 500 | 143 18 100 53.3
F6 32 500 142 18 100 53.3
F7 32 500 142 18 99 53.3
F8 .. 32 500 142 18 98 53.3
F9 32 500 142 18 99 53.3
F10 32 500 142 18 100 53.3
F1l 32 500 143 18 100 53.3
Fi2 32 500 142 18 99 53.3
F13 32 500 143 18 100 53.3
Fl4 32 500 143 18 100 53.3
F15 32 500 144 - 18 98 53.3
F16
F17
F18 —
Weights

Test Plate Asssembly

Startjja-1oRootjis5-6 End_j79-8
Deposited Metaljg,,-Root

r S TS rcm~e—F111
i o~ i shlhL o
v k&;;g;;% Electrode Spool
I ;3‘.’5' Start 75-10 Rooty4-13 End 70-7
N 1T . _ Expended Electrodej3,, Root

[:________. - 830z Fill

WRTNTANC CRAITTANCR



PROCEDURE TEST

Plate COde_Ss_L..CS

RECORD

Date 9-5-84
Operator_¥H. Phillips
Recorder B, Halverson

1 Wire Feed Travel Elapsed
Pass Speed Speed Time Heat
No. . Voltage | Amperage | (Inches) (Inches)| (Seconds) Input
) K.J.P.I.
R1 30 350 88 12 108 52.5
R2 30 350 88 12 125 52.5
R3 30 350 88 12 123 52.5
R4 30 350 88 12 120 52.5
F5 30 350 88 12 125 52.5
F6 30 350 88 12 120 52.5
F7 30 350 88 12 121 52.5
F8 - 30 350 88 12 122 52.5
F9 30 350 88 12 120 . 52.5
F10 30 350 88 12 122 52.5
Fl1 30 350 88 12 124 52.5
Fl2 30 350 88 12 120 52.5
F13 30 350 88 12 121 52.5
F14 30 350 88 12 120 52.5
F1l5 30 ° 350 88 12 120 52.5
Flé6 30 350 88 12 123 52.5
F17 30 350 88 12 120 52.5
F18 30 350 88 12 120 52.5
Weights
Test Plate Asssembly
Start j097-3 Root End]]3_Q
Deposited Metal -Root
r- Electrode Spool
I Start 57-74 Root End 51-¢
AV4

Expended Electrode Root
104 Fill



PROCEDURE TEST

Plate Code SS—-I,=FC

RECORD

Date__ g-27-g4

Operator _ o, Madsen

Recorder__ p, Hajversan

- Wire Feed Travel Elapsed
Pass Speed Speed .| Time Heat
No. Voltage | Amperage { (Inches) (Inches)| (Seconds)| Input
K.J.P.I
Rl 30 350 132 12 122 52.5
R2 30 350 132 12 123 52.5
R3 30 350 132 12 126 52.5
R4 30 350 132 12 120 525
F5 30 350 132 12 119 52_5
Fé 30 350 132 12 121 52.5
F7 30 350 132 12 121 52.5
F8 - 30 350 132 12 123 52.5
ﬁ9 30 350 - 132 12 122 52.5
F1l0 30 350 132 12 122 52.5
Fll 30 350 132 12 122 52.5
F12 30 350 132 12 120 52.5
F1l3 30 350 132 12 118 52.5
Fl4 30 350 132 12 118 52.5
Fl5 30 350 132 12 117 52.5
Fl6 30 350 132 12 118 52.5
Fl7
F18
Weights

=

Test Plate Asssembly

Start 107-0Root

End_113-8

Deposited Metal -Root

Electrode Spool

1040zFill

Start_59-13Root

End 53-3

Expended Electrode Root

1TNnA~~Fi11



PROCEDURE TEST

. Plate Code_py-g-cs

Y

RECORD

Date_g-14-84 b
Operator_ T. Madsen )
Recorder_B. Halverson

Wire Feed Travel Elapsed
Pass Speed Speed .| Time Heat
No. Voltage Amperage | (Inches) (Inches)| (Seconds) Input
K.J.P.I.
Rl 30 350 74 18 88 35.0
R2 30 350 74 18 88 35.0
R3 30 350 74 18 89 35.0
R4 30 350 74 18 90 35.0
F5 32 500 - 116 18 90 53.3
F6 32 500 117 18 89 53.3
F7 . 32 500 117 18 90 53.3
F8 - 32 500 117 18 90 53.3
F9 32 500 117 18 90 53.3
F10 32 500 117 18 89 53.3
Fll 32 500 117 18 90 53.3 ;
F12 32 500 117 18 88 53.3
F13 32 500 117 18 87 53.3
F14 32 500 117 18 87 53.3
F15 32 500 117 18 86 53.3
F16 32 500 117 18 87 53.3
Fl7 32 500 117 18 86 53.3
F18
Weights

—y

e

Test Plate Asssembly
Start 106-0 Root]106-12End110-15
Deposited Metal_ 75 -Root

_67 -Fill
Electrode Spool

Start 45-1] Root 44-13 End 40-8
Expended Electrode_34 Root
A9 Fil11




(s

PROCEDURE TEST

Plate Code HyY-8 FC

RECORD

Date 7-12-84
Operator_  H. Phillips
Recorder R, ®alverson

‘ Wire Feed Travel Elapsed
Pass Speed Speed .| Time Heat
No. Voltage | Amperage { (Inches) (Inches)| (Seconds) Input
K.J.P.I.
R1 30 350 717 18 90 35.0
R2 30 350 77 18 90 35.0
R3 30 350 77 18 90 35.0
R4 30 350 27 18 91 35.0
F5 32 500 135 18 90 53.3
F6 32 500 135 18 90 53.13
F7 32 500 135 18 89 53.3
F8 - 32 500 135 18 90 53.3
F9 32 500 135 18 90 53.3
F1l0 32 500- 136 18 89 53.3
Fll 32 500 136 18 89 33.3
Fl2 32 500 136 18 90 53.3
Fi3 32 500 136 18 8? 53.3
Fl4 32 500 135 18 89 53.3
Fl5 32 500 136 18 91 53.3
Flé6 32 500 137 18 91 53.3
F1l7 32 500 136 18 90 53.3
Fl8 32 500 137 18 89 53 .3
Weights

Test Plate Asssembly
Startggg-]zRootlgs_7 Endjipo-9

Deposited Metal 13 -Root

go -Fill
Electrode Spool

Startgo-9 Root73-35 Endgg—¢

Expended Electrode;y Root
- Fill



PROCEDURE TEST RECORD

Plate Code pv-g-mc - Dateg-14-84
Operator__ 7, Madsen
Recorder__ B, Halverson

1 Wire Feed Travel Elapsed
Pass Speed Speed Time Heat
No. Voltage | Amperage | (Inches) (Inches)| (Seconds) Input
K.J.P.I.
R1 30 350 82 18 90 35.0
R2 30 350 81 18 90 35.0
R3 30 350 82 18 90 35.0
R4 30 350 82 18 90 35.0
F5 32 500 140 18 90 53.3
F6 32 500 140 “18 90 53.3
F7 32 500 140 18 90 53.3
F8 - 32 500 140 18 90 53.3
F9 32 500 140 18 90 53.3
F10 32 500 140 18 90 53.3
Fll 32 500 140 18 90 53.3
F12 32 500 140 18 90 53.3
Fl3 32 500 140 18 90 53.3
F14 32 500 140 18 90 53.3
F1l5 32 500 140 18 90 53.3
Flé6 32 500 140 18 a0 53.3
F17 32 500 140 18 90 53.3
F18
Weights

Test Plate Asssembly
Startl07-15Rootl08-14 End 113-6

Deposited Metal; g -Root
72 -Fill

r' Electrode Spool
l Start_74-15Root73-13 End g9-2
2 Expended Electrode_ 18 Root

25 Fill



PROCEDURE TEST

Plate Code pvy-g-ac

RECORD

Date_7-26-84

Operator H. Phillips
Recorder_ g Halverson
Wire Feed Travel Elapsed
Pass Speed Speed .| Time Heat
No. Voltage | Amperage | (Inches) (Inches)| (Seconds) Input
K.J.P.I.
Rl 30 350 907 18 91 35.0
R2 30 350 90 18 91 35.0
R3 30 350 90 18 95 35.0
R4 30 350 90 18 96 35.0
F5 32 500 156 18 92 53.3
F6 32 500 157 18 91 53.3
7 32 500 156 18 92 53.3
F8 - 32 500 156 18 91 53.3
F9 32 500 157 18 94 53.3
Fl0 32 500- 157 18 91 53.3
Fll 32 500 156 18 94 53.3
Fl2 32 500 157 18 94 53.3
F13 32 500 157 18 94 53.3
F14 32 500 157 18 94 53.3
F1l5 32 500 156 18 98 53.3
Flé6 32 500 = 156 18 24 53.3
Fl7 32 500 156 18 94 53.3
Fl8
Weights

Test Plate Asssembly
Start]Q5-]2Root106-1lEnd112-1
Deposited Metaljs -Root

gg ~Fill
Electrode Spool

Start_74-4 Root73-4 End g7-11
Expended Electrode 16 Root
on 411




PROCEDURE TEST

Plate Code pv-8—AC—HHI

RECORD

Date 7-27-84
Operator_H. Phillips
Recorder B. Halverson

Wire Feed Travel Elapsed
Pass Speed Speed Time Heat
No. Voltage | Amperage | (Inches) (Inches)| (Seconds)| Input
' K.J.P.I.

R1 30 350 84 _ 18 90 35.0
R2 30 350 84 18 91 35.0
R3 30 350 84 18 91 _ 35.0
R4 20 350 g4 18 91 35.0
F>5 32 500 149 10 129 96.0
F6 32 500 154 10 129 96.0
F7 32 500 154 10 129 96.0
F8 - 32 500 154 10 129 96.0
F9 32 500 154 10 132 96.0
F10 32 qnd 154 10 135 96.0
Fll 32 500 154 10 129 96.0
Fl2 32 500 154 10 130 96.0
Fl3 32 500 154 10 130 96.0
Fl4

Fl5

Fl6

F17

F18

Weights

\-/

Test Plate Asssembly

Start_105-9 Root _106-6 End 111-11
Deposited Metal ;3 -Root

.85 -Fill
Electrode Spool
Start_g7-7 Rootgg-9 End 61-3
Expended Electrode 14 Root

[ ¥~ 411




PROCEDURE TEST RECORD

Plate Code_pv-g-ac-1

Date_5-2-85

Operator__y Phillips
Recorder_ p. Hajyerson

Wire Feed Travel | Elapsed
Pass Speed Speed | Time Heat
No. Voltage | Amperage | (Inches) (Inches)] (Seconds) Input
K.J.P.I.

R1 30 350 90 18 97 35.0
R2 30 350 90 18 96 35.0
R3 30 350 90 18 98 35.0
R4 30 350 90 18 100 35.0
F5 32 500 156 18 100 53.3
F6 32 500 156 18 100 53.3
F7 32 500 156 18 100 53.3
F8 - 32 500 156 18 103 53.3
F9 32 500 156 18 100 - 53.3
F10 32 500 156 18 101 53.3
Fll 32 500 156 18 100 53.3
Fl2 32 500 156 18 94 53.3
F13 32 500 156 18 105 53.3
F14 32 500 156 18 97 53.3
F1l5 32 500 156 18 103 53.3
Fl16

F17

F18

Weights

K

LIDT I Tir~ ~™

AATTTIAY v

Test Plate Asssembly
Start 105-1(Root 106-8 End111-12
Deposited Metal ; 2 —Root

84 -Fill
Electrode Spool

Start 55-6 Root 54-9 End 49-3
Expended Electrode 13 Root

_84  Fill




PROCEDURE TEST RECORD

IV _Q_ A ﬁ=rn:r1-_l

Dcu.::_:, z 85
Operator

—H. Phillips
Recorder_ Rr. Miller

Wire Feed Travel Elapsed
Pass Speed Speed Time Heat
No. Voltage | Amperage | (Inches) (Inches)| (Seconds)| Input
K.J.P.I.
R1 30 350 90 18 95 35.0
R2 30 350 90 18 100 35,0
R3 30 350 90 18 95 35.0
R4 30 350 90 18 91 35.0
F5 32 500 156 10 170 96.0
F6 32 500 156 10 169 96.0
F7 32 500 156 10 169 96.0
F8 - 32 500 156 10 200 96.0
F9 32 500 154 10 211 86.0
F10 32 500 156 10 239 96.0
Fl1l 32 500 156 10 255 96.0
Fl2 32 500 156 10 247 96.0
Fl3
Fl4 )
Fl5
Flé
F1l7
F18
Weights
Test Plate Asssembly
Start106-6R00t107—3Endll3—12
N, Deposited Metal 13 ~Root
K ) L_./’” / 105 ~Fill
I g_\/\-—q.\ _1.0.5_
r« - '5 Electrode Spool
i E§§§7Tﬁs— Start 48-312 Root 47-14 End 47-4
¢ 23 Expended Electrode 14  Root
l n_l 106 Fill

WETNATAT QAN



PROCEDURE TEST RECORD

Plate dee HY-0-CS : Date 7-3-84
Operator J. Dart
Recorder B. Halverson

1 Wire Feed Travel Elapsed
Pass Speed Speed Time Heat
No. Voltage | Amperage | (Inches) (Inches)| (Seconds) Input
K.J.P.I.
Rl 30 350 66 18 90 35.0
R2 30 350 67 18 90 35.0
R3 30 350 68 18 90 35.0
R4 30 350 68 18 90 35.0
F5 32 500 112 18 90 53.3
F6 32 500 112 " 18 90 53.3
F7 32 500 112 18 90 53.3
F8 - - 32 500 113 18 90 53.3
F9 32 500 112 18 90 - 53.3
F10 32 500 112 18 90 53.3
F1l1 32 500 113 . 18 88 53.3
Fl2 32 500 . 113 18 90 53.3
F13 32 500 112 18 88 53.3
Fl4 32 500 113 18 90 53.3
F15 32 500 112 18 90 53.3
Fle 32 500 112 18 88 53.3
F17 32 500 112 18 89 53.3
F18
Weights

Test Plate Asssembly

Start]QS_]QRootlﬂﬁzlgEnd]]Q_l9

Deposited Metaljs -Rooct

|‘ 68 -Fill

Electrode Spool

Start 47-0 Root 4¢-3 End4i-15
Expended Electrode ;3 Root
68 Fill




PROCEDURE TEST

Plate Code HY-0-FC

RECORD

Date_7-9-g4
Operator J. Dart
Recorder B. Halverson

Wire Feed Travel Elapsed
Pass Speed Speed Time Heat
No. Voltage | Amperage (Inches) (Inches)| (Seconds)| Input
K.J.P.I.
Rl 30 350 75 18 90 35.0
R2 30 350 75 18 90 35.0
R3 30 350 75 18 90 35.0
R4 30 350 75 18 990 35.0
F5 32 500 134 18 90 53.3
F6 32 500 134 ‘18 89 53.3
F7 32 500 133 18 89 53.3
P8 - 32 500 133 18 90 53.3
F9 32 500 133 18 90 53.3
F10 32 500 133 18 90 53.3
F1l1 32 500 133 18 89 53.3
Fl2 32 500 133 18 90 53.3
F1l3 32 500 133 18 90 53.3
Fl4 32 500 133 18 89 53.3
Fl5 32 500 134 18 90 53.3
Fl6 32 500 134 18 90 53.3
F17 32 500 133 18 89 53.3
F18 32 500 133 18 89 53.3
Weights
Test Plate Asssembly
Start]Qs—aRoot]Qﬁ_QEndllo_lo
Deposited Metal ;5 -Root
I‘ 74 -Fill
r' Electrode Spool
I Start_74-12 Root_73-15 End 9-2
v Expended Electrode 73 Root

77 Fill



RECORD

PROCEDURE TEST
Plate Code HY-0-AC Date 9-6-84
Operator_y, phijiipg
Recorder_ g, Halverson
Wire Feed Travel Elapsed
Pass Speed Speed . | Time Heat
No. Voltage | Amperage | (Inches) (Inches)| (Seconds) Inpat
K.J.P.I.
Rl 30 350 72 18 93 35.0
R2 30 350 72 18 94 35.0
R3 30 350~ 72 18 106 35.0
R4 30 350 72 18 107 35.0
FS 32 500 135 18 ) 97 53.3
Fé 32 500 135 18 94 53.3
F7 32 500 135 18 94 53.3
F8 -- 32 500 135 18 93 53.3
F9 32 500 135 18 110 53.3
F10 32 500 135 18 108 53.3
Fll 32 500 135 18 111 53.3
Fl2 32 500 135 18 95 53.3
F13 32 500 135 18 94 53.3
F14 32 500 135 18 91 53.3
F15 32 500 135 18 101 53.3
Fl6
Fl17
F18
Weights

—

Test Plate Asssembly
Start104~12Root105-9 End110-9

Deposited Metalj3 -Root
80 -Fill

Electrode Spool
Start 66-11 Rootg5-13 End60-11

Expended Electrodejy Root
82 Fill



PROCEDURE TEST

Plate Code HY-0-AC-1

RECORD

Date 4-29-85
Operator_H. Phillips

Recorder_B. Halverson
Wire Feed Travel Elapsed
Pass Speed Speed Time Heat
No. Voltage | Amperage | (Inches) (Inches)| (Seconds) Input
K.J3.P.I1
Rl 30 350 72 18 97 35
R2 30 350 72 | 18 103 35
R3 30 350 72 18 103 35
R4 30 350 73 18 102 35
F5 32 500 135 18 105 53.3
F6 32 500 135 “18 107 53.3
F7 32 500 135 18 107 53.3 -
F8 - 32 —“wgBO 135 18 105 53.3
59 32 500 135 18 101 53.3
F10 32 500- 135 18 113 53.3
Fll 32 500 135 18 110 53.3
Fl2 32 500 135 18 107 53.3
F1l3 32 500 135 18 110 53.3
F14 32 500 135 18 110 53.3
Fl5
Flé6
F17
Fl8
Weights

Test Plate Asssembly
Start_104-2 Root 105-0 End110-13
Deposited Metal j, -Root

93 -Fill
Electrode Spool

Start 72-4 Root 77-5 Endgs-g
Expended Electrode s Root

95 Fill




SECTION 12

WELD TEST RESULTS
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VELD TESTI NG

The finished procedure plates were visually inspected for
deficiencies before they were released for testing. After the
backing bars were mlled off they were radiographically tested

using either Iridium (IR 192 or a 300KV x-ray tube.

The first and second procedure plates run with solid 316L
wire were rejected for cracking in the center of the weld. This
cracking was elimnated on the third procedure plate by reducing
the parameter settings to 30 volts and 350 amps at 12 |.P. M.

It should be noted that satisfactory plates were produced by the

cored 316L wire at higher paraneter settings.

All other procedure plates were found to be satisfactory

by radi ographic testing.

Mechani cal test specinmens were then renoved fromthe
plates in the order depicted in Fig. 1. Al renmoval was acconplished
using a band saw to elimnate heat input effects associated with

thermal cutting processes.

Mechani cal tests on EH 36 and 316L stainless were prepared
and tested in accordance with the ABS Rules for Building and
Cassing Steel Vessels 1984. Specifications used for testing
HY-80 and HY-100 was M L- STD 418C.

Charpy tests were run with a variation in that 5 sanples
were tested at each |ocation. To elimnate scatter, the highest
and | owest values were not included in the average ft. Ibs.

reported in this report. Al actual values are included in Appendix B.



Radiographic Test (20" Min.)

FIGURE 1
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SPECTROGRAPHIC TEST - JAR&EL ASH MODEL
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Electrode Linde 36

Code

(EH-6-CS)

?
Physical Test Summary

Tensile Test No. Yield PSI Ult. Tensile $Elonag FPracture Location

Transverse Weld 1 58,008 81,108 17 Base

Transverse Weld 2 56,159 79,776 18 Base

All Weld (.505) 55,500 83,500 32 Weld

Base Plate (.505) 62,871 78,712 26  Base

180° Bend Tests No. Result

Trans. Side Bend 1 Passed

Trans. Side Bend 2 Passed .

Trans. Side Bend 3 Passed

Trans, Side Bend 4 Passed

Charpy Impact Tests Weld H.A.Z. Base

Average at _ -40 °F (Ft.Lbs)* i3.1 33.8 103

*Pest temperature/A.B.S. rules should have been -22°F. for automatic applications.

Lower +emnerature resulted in lower Charpy Impact Test ¥alues.

Hardness Survey Weld H.A.Z. Base

Average R30N 27.9 38.0 25.7

Spectrographic Deposit Analysis

[4 My ? s sT NI [:3
<.108 .814 .010 .021 .767 .186 <.050

Mo v co H T cu AL
.026 .007 <.015 .015 <.016 .038 - K.01ls
Note: Actual test data and explanation of test procedures are contained in

appendix.

o

72



Flux Linde 80
Physical Test Summary
Tensile Test No. Yield PSI Ult. Tensile $Elong Fracture location
Transverse Weld 1 57,453 86,749 28 Base
Transverse Weld 2 56,352 85,655 28 Base
All Weld (.505) 52,763 83,919 32 Weld
Base Plate (.505) 77,114 92,039 27 Base ’
180° Bend Tests No. . Result
Trans. Side Bend 1 Passed
Trans:. Side Bend 2 Passed
Trans, side Bend 3 Passed
Trans, Side Bend 4 Passed
Charpy Impact Tests Weld H.A.Z. Base
Average at _-40 °F (Ft.Lbs) x 73.0 106.3 125.3
*ABS Rules Specify -22°F. Test Temperature for automatic applications, -40° for manual
applications.
Hardness Survey Weld H.A.Z. Base
Average R30N 37.3 43.8 25.7

Spectrographic Deposit Analysis

c My ® s st NI R

L1185 1.34 .016 _ .016 .412 .303 .063
o ¥ co ¥ id o AL
.029 .024 .015 .028 <.016 <.027 <.016

Note: Actual test data and explanation of test procedures are contained in
appendix.



Electrode Linde 316L

Code

(Ss_ 1 ¢s)

Flux Linde 80

Physical Test Summary

Tensile Test No. Yield PSI Ult. Tensile $Elong Fracture Location
Transverse Weld 1 54,602 83,368 22 C.L. Weld
Transverse Weld 2 55,851 86,170 37 C.L. Weld
All Weld (.505) 52,272 87,121 51 Weld
Base Plate (.505) 58,823 85,294 32 Base

180° Bend Tests No. Result
Trans. Side Bend 1 Passed
Trans. Side Bend 2 Passed
Trans. Side Bend 3 Passed
Trans., Side Bend 4 Passed
Charpy Impact Tests Weld . H.A.Z. Base
Average at °F (Ft.Lbs) N/A
Hardness Survey Weld BH.A.Z. Base
Average R30N 35.6 34.5 26.5
Spectrographic Deposit Analysis

c My ? s ST NI f:3
<.039 1.58 .020 .020 .973 12.4 16.9

M0 v co jif T cu AL
2.32 N/A N/A N/A N/Aa 0 N/A
Note: Actual test data and explanation of test procedures are contained in

appendix.



Code (SS_1._FC)
Electrode McKay Influx 316L G/S
Flux Qerlikon QP-76
Physical Test Summary
Tensile Test No. Yield PST Ult. Tensile %$Elona Fracture l.ocation
Transverse Weld 1 56,113 ) 86,131 42 C.L. Weld
Transverse Weld 2 55,963 85,321 38 C.L. Weld
All Weld (.505) 50,000 85,750 53 Weld
Base plate (.505) 58,750 80,500 41 Base
180° Bend Tests No. Result

Trans. Side Bend 1 Passed
Trans. Side Bend 2 Passed
Trans. Side Bend 3 Passed
Trans. Side Bend 4 Passed
Charpy Impact Tests Weld H.A.Z. Base
Average at °F (Ft.Lbs) N/A
Hardness Survey Weld H.A.2. Base
Average R30N 35 34.0 26.7
Spectrographic Deposit Analysis

c iy ® s s1 NI SR
<.039 1.93 .015 .018 .531 13.0 17.8
Mo v co u L <o AL
2.57 N/A N/A N/A N/A 0 N/A
NAatra. ARmtessm? bmmi Aodbn a3 meemT nmadtom ~f lacd smemmommaTsanemom  maa . . ~ s
SO Atluda TEST Gdata aliG €Xpiadlidcilnl Ox TEST pIroidures are containea in

appendix.
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Code ( HY8cs)

El ectrode Linde 95

Fl ux Li nde 709-5
Physi cal Test Sunmary
Tensi | e Test No. Yield PSI Ut. Tensile %Elong Fracture Location
Transverse \Weld 1 89, 843 111,718 20 Base
Transverse Wl d 2 91, 324 113,013 21 Base
Al Veld (.505) 89, 847 109, 340 26 Vel d
Base Plate (.505) 91,414 109, 848 21 Base
180° Bend Tests No. Resul t

Trans. Side Bend 1 Passed
Trans. Side Bend 2 Passed
Trans. Side Bend 3 Passed
Trans. Side Bend 4 Passed
Charpy | npact Tests el d H A Z Base
Average at -60° °F (Ft.Lbs) 37.0 125.6 138. 3
Har dness Survey Vel d E A Z Base
Average R30N 43.1 57.75 41.0
Spectrographic Deposit Analysis

C MN P S S| NI CR
<.108 1.06 . 012 . 009 .418 2.13 . 509

MO \4 co w Tl cu AL

. 359 . 007 . 020 .019 <.016 .030 <. 016
Note: Actual test data and explanation of test procedures are contained in

appendi x.



Code (HYSFC)
Electrode_ Mckay Speed Alloy 90-S

Flux__t1inde 80

Physical Test Summary

Tensil e Test No. Yield PS| Ut. Tensile 9%l ong Fracture Location
Transverse W\l d 1 91, 379 113, 448 24 Base
Transverse W\l d 2 89, 431 111, 818 21 Base
Al Weld (.505) 88, 190 107, 035 26 Vel d
Base Plate (.505) 109, 848 119, 444 20 Base
180° Bend Tests No. Resul t_
Trans. Side Bend 1 Passed
Trans. Side Bend 2 Passed
Trans. Side Bend 3 Passed
Trans. Side Bend 4 Passed

Charpy | npact Tests Vel d H A Z Base

Average at .60° °F (Ft.Lbs) 48. 3 141.0 135.0

Har dness Survey Vel d HAZ Base

Average R30N 47 52.5 41.8

Spect rographi c Deposit Anal ysis
C MN P S S| NI CR

<. 108 1: 18 .016 .018 . 382 2.15 . 273

MO \4 co W Tl Cu AL

. 253 .018 . 020 .008 <. 016 . 047 <. 016

Note: Actual test data and explanation of test procedures are contained in
appendi x.



Code  (HYSMC)
Electrode Mod Masvl MO 10A OO
Flux QDerliken 0P121tE(G)
Physical Test Summary
Tensile Test No. Yield PSI Ult. Tensile 3$Elong Fracture Location
Transverse Weld 1 84,600 106,800 25 Base
Transverse Weld 2 -~ -:,-—\ v e s -
seeRstveLes nels 80,262 107,777 26 Base
All Weld (.505) 85,786 105,837 29 Weld
Base Plate (.505) 94,191 106,060 25 Base
180° Bend Tests No. Result
Trans. Side Bend 1l Passed
Trans. Side Bend 2 Passed
Trans. Side Bend 3 Passed
Trans, side Bend 4 Passed
Charpy Impact Tests Weld H.A.Z. Base
Average at -6(0°F (Ft.Lbs) 54.6 141.6 149.3
Hardness Survey weld H.A.2. Base
Avararna RAN - PO - - AP
average Koul : 43.3 56.25 41.7
Spectrographic Deposit Analysisg
c My ® s 54 NI cR
<.108 1.21 .016 .012 .352 2.16 .380
Mo v co W TI cu AL
.240 .016 .021 .018 <.01l6 <.027 <.01l6
Note: Actual test data and explanation of test procedures are contained in

appendix.



Code___ (HYS8AC)
El ectrode A ] qy Rods 100S- 1
FI ux Cerliknon oP121tt (G
Physi cal Test Summary

Tensi |l e Test No. Yield PSI Ut. Tensile %l ong Fracture Location
Transverse Veld 1 86, 009 96, 330 8 C.L weld
Transverse \eld 2 80, 156 95,179 8 C L Wwveld
Al Veld (.505) 88, 383 108, 585 26 Vel d
Base Plate (.505) 82, 564 93, 589 21 Base

180° Bend Tests No. Resul t

Trans. Side Bend 1 Fractured al ong Fusion Line
Trans. Side Bend 2 Fractured al ong Fusion Line
Trans. Side Bend 3 Fractured al ong Fusion Line
Trans. Side Bend 4 Fractured al ong Fusion Line
Charpy Inpact Tests Vel d H A Z Base
Average at -6f °F (Ft.Lbs) 17.6 118.3 145.0
Har dness Survey el d HAZ Base
Average R30N 35.5 58.0 42.2
Spect rogr aphi ¢ Deposit Anal ysis

C MN P S S| NI CR
<. 108 . 964 . 015 . 019 . 105 >2. 22 . 213

MO \% co w Tl cu AL
. 379 .016 . 021 .021 <. 016 . 029 <. 016
Note: Actual test data and explanation of test procedures are contained in

appendi x.
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HY 8 AC HWHI)D
Electrode  237.4 bDade 100G-1
Flux Oerlikon OP121++(G)
Physical Test Summary
Tensile Test No. Yield PSI Ult. Tensiie $Elong Fracture Location
Transverse Weld 1 80,3393 56,270 S C.L. Weld
Transverse Weld 2 79,016 94,779 9 C.L. Weld
All Weld (.505) 85,678 106,281 27 Weld
Base Plate (.505) 84,079 95,024 i3 Base
180° Bend Tests No. Result
Trans. Side Bend 1 Fractured at Center of Weld
Trans. Side Bend 2 Fractured along Fusion Line
Trans. Siae Bend 3 Fractured at Center of Weld
Trans. S5ide Bend 4 Fractured at Center and F.L.
Charpy Impact Tests Weld H.A.Z. Base
Average at _-60 °F (Ft.Lbs) 15.6 50.3 150.0
Hardness Survey Weld H.A.Z. Base
Average R30N 38.5 56.25 39.0
Spectrographic Deposit Analysis
c MN P s sI NI CR
<.1l08 10 .014 .019 .106 >2.22 .253
Mo v co H 24 cu AL
.379 .015 .022 .017 <.01le6 .031 <.016
Note: Actual test data and explanation of test procedures are contained in



Electrode __alloyv Rods 100S-1

Code (HY 8 AC-1)

Flux Qerlikon OP 121tt(G)

Physical Test Summary

Tensile Test No. Yield PSI Ult. Tensile $Elong Fracture Location
Transverse Weld 1 92,602 111,030 19.6 C.L. Weld
Transverse Weld 2 91,428 110,950 23.4 Base
All Weld (.505) 93,216 97,740 8.1 Weld
Base Plate (.505) 86,432 104,010 27.9 Base

180° Bend Tests No. Result
Trans. Side Bend 1 Passed
Trans., Side Bend 2 Passed
Trans. Side EBend 3 Passed
Trans. Side Bend 4 Passed
Charpy Impact Tests Weld H.A.Z. Base
Average at -gq °F (Ft.Lbs) 55.6 64.3 143.3
Hardness Survey Weld H.A.Z. Base

45.7 - 56.5 40.0
Average R30N
Spectrographic Deposit Analysis
c my ? s ST NI CR
<.108 1.65 .013 .011 .270 »2.22 .491
Mo v co Jif I cu AL
.432 .013 <.015 <.008 <.016 .029 .016

Note: Actual test data and explanation of test procedures are contained in

appendix.



Code (HY 8 AC HHI-1)
Electrode  Al| oY Rods 100S-1
Flux___ cerlikon  op1o1 tt(Q
Physi cal Test sumary
Tensil e Test i
densile lest No. yield PSI yt. Tensile %Elong Fracture Location
Transverse Vel d 1 85, 075 107, 970 23,4  cL wld
Transverse Wl d 2 84, 661 108, 570 20,3 L weld
Al Veld (.505) 83, 100 110, 330 25.0 veld
Base Plate (.505
(.505) 89, 800 108, 160 28.0  Base
180° Bend Tests No Result
- esu
Trans. Side Bend 1 d
Passe
Trans. sjde Bend 2 passed
Trans. Side Bend 3 d
Passe
Trans. Side Bend 4 d
Passe
Charpy |npact Tests I d H Az B
Wela A ase
Average at -60° °F (Ft.Lbs) 32,6
. 141.0 85.3
Har dness Survey
el d H A z Base
Average RBON 41.5 55 40.5
Spectrographi ¢ Deposit Anal ysis
C MN
P S
<, 108 " o
1.26 .019 .012 . 250 >2.22 c§;7
MO V
co w Tl Cu AL
. 355
.014 <. 015 . 010 <. 016 040 016
. <,
Note: Actual test data and explanation of test procedures are
contained in

appendi Xx.



El ectrode Linde 192g

code(HY O CS)

FI ux Linde 709-5
Physi cal Test Summary
Tensi | e Test No. Yield PSI Ut. Tensile %l ong Fracture Location
Transverse Wl d 1 103, 954 123, 587 21 Base
Transverse Wl d 2 102, 435 118, 194 NA* C. L. Wld
*Ret est 3 104, 225 123, 802 17 Base
Al \Weld (.505) 111, 940 123, 383 22 Vel d
Base Plate (.505) 1 105, 000 126, 000 18.5 Base
180° Bend Tests No. Resul t
Trans. Side Bend 1 Passed
Trans. Side Bend 2 Passed
Trans. Side Bend 3 Passed
Trans. Side Bend 4 Passed
Char py |npact Tests Vel d H A Z Base
Average at -60 °F (Ft.Lbs) 38* 123.3 129

*Linde has devel oped a new flux (651-VF) to meet Charpy inpact requirenents of 45 ft.
included on the U S. Navy Quality Products List (QPL).

@ -60°F to have it

Har dness Survey Vel d HA Z Base

Average R30N 48.72 57.75 45.8

Spactrographi ¢ Deposit Anal ysis
C MN P S S NI CR

<. 108 1.16 .020 . 012 . 431 >2.22 .599
MO \% co w Tl CcuU AL

. 440 . 007 . 063 . 019 <. 016 . 033 <. 016

Note: Actual test data

appendi x.

and explanation of test

procedures are contained in

| bs.



Code (HY-0 FC)
Electrode __ McKay Speed Alloy 110-S
Flux Linde 80
Physical Test Summary

Tensile Test No. Yield PSI Ult. Tensile $Elong Fracture Location
Transverse Weld 1 103,879 125.431 19 Base
Transverse Weld 2 106,388 123,611 19 Base
All Weld (.505) 113,451 124,365 24 Weld
Base Plate (.505) 124,875 135,074 18 Base

180° Bend Tests No. Result
Trans. Side Bend 1 Passed
Trans . Side Bend 2 Fractured at Corner N/A - Retest*
Trans . Side Bend 3 Passed
Trans . Side Bend 4

*4 Sidebends Retested - All Passed

FPractured - L.0O.F. in Root - Retest*

Charpy Impact Tests

Weld H.A.Z2. Base
Average at __-gn °F (Ft.Lbs) 24.6 121.6 129.6
Hardness Survey Weld H.A.Z. Base
Average R30N 52.5 56.0 46.3
Spectrographic Deposit Analysis
c My ® s NI crR
<.108 - >1.65 .023 .020 >2.22 .363
M0 v <o o} cu AL
.441 .022 .024 .019 <.01l6 .042 <.016

Note: Actual test data and explanation of test procedures are contained in

appendix.
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Electrode

Flux

Code (HY 0 _AC)

Alloy Rods Mil-120S-1

-

Oerlikon OP121++(G)

Physical Test Summary

Tensile Test Yield PSI Ult. Tensile $Elong Fracture Location
Transverse Weld 102,702 123,198 21 Base
Transverse Weld 110,011 122,022 23 Base
All Weld (.505) 109,547 122,864 22 Weld
Base Plate (.505) 105,500 124,000 21 Base
180° Bend Tests No. Result
Trans. Side Bend 1l Passed
Trans. Side Bend 2 Fractured along Fusion Line
Trans . Side Bend 3 Fractured along Fusion Line
Trans . Side Bend 4 Passed
Charpy Impact Tests Weld H.A.2. Base
Average at -60 °F (Ft.Lbs) 37.0 106.0 137.6
Hardness Survey Weld H.A.Z. Base
Average R30N 47.0 54.0 45.8
Spectrographic Deposit Analysis
c MN 4 s s1 N CR
<.108 >1.65 .021 .013 .261 >2.22 .567
Mo v co i} T cu AL
.434 .016 .028 .032 <.016 .034 .019
Note: Actual test data and explanation of test procedures are contained in

appendix.



NAala fryer A AA_T A
oGS LN U &8a.—4)
RPlartrada A1V aer P~ 19ACT
i e ot Nt et e o? ol N £l LUy RNOG LLUOo™ L —
Flux Oerlikon OP 121%tE(G)
Physical Test Summary
Tensile Test No. Yield PSI Ult. Tensile $Elong Fracture Location
Transverse Weld 1 102,974 123,650 19.9 C.L. Weld
Transverse Weld 2 104,166 122,930 20.9 C.L. Weld
All Weld (.505) 105,223 122,840 21,5 Weld
Base Plate (.505) 114,141 124,050 22.0 Base
180° Bend Tests No. Result

Trans. Side Bend 1 Passed
Trans, Side Bend 2 Passed
Trans, Side Bend 3 Passed
Trans. Side Bend 4 Passed
Charpy Impact Tests Weld H.A.Z. Base
Average at __-gg °F (Ft.Lbs) 55 57.6 130.6 (Ft.lbs)
Hardness Survey Weld H.A.Z. Base
Average R30ON 47.5 53.0 43.0

Spectrographic Deposit Analysis

c ny ? s 54 NI for:3

<.108 >1.65 .013 .011 .270 >2,22 .491

Mo b4 co it T cu AL
432 ,013 <.015 <,008 <.016 .029 .016
Note:

appendix.

Actual test data and explanation of test procedures are contained in



SECTIUN 13

EVALUATION OF TEST RESULTS

* See Footnote

*FOOTNOTE

Due to the late arrival of the "AC" reformulated electrode

and project schedule restraints, an equal number of photo-
micrographs were not produced for test samples HY-8-AC-1,
HY-8-AC-HHI-1 and HY-0-AC-1. A limited number of photomicro-
graphs were produced and evaluated in the Anderson Laboratories

Reports on the above weld test samples.
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July 31, 1985

Bay Shi pbuil di ng Corp. B023
605 North 3rd Ave.

Sturgeon Bay, W 54235-2324
Attn: M. Bruce Hal verson

Dear M. Hal verson

we have conpl eted our evaluation of the weld sanples

identified as EH6CS and EH6FC submtted to us on your Job
#3205-204. The objective of this investigation was to

compare the inclusion level in the weld filler material, the
heat affected zone (HAZ) and the level of segregation in the
weld filler material of the two sanpl es.

A netal | ographi c exam nation was conducted on two transverse
sections (wWwth respect to the Iength of the weld seam of
approxi mately one square centinmeter in area renoved from
each of the sanples. One section contained filler mnetal

HAZ and base material froman area near the mddle of the
plate. The other section contained only filler netal.

An inclusion rating was then conducted on the sections of
weld filler metal. The inclusion rating per ASTM E45 met hod
A (worst field reported) was limted to the D category

(gl obul ar oxi des) of inclusion-because of the norphol ogy of
the inclusions found in the welds. The inclusion ratln? for
sanpl e EH6CS was D1 heavy and D4 thin (see Photograph #l)
and the inclusion rating for sanple EHoFC was DO heavy and
D2 thin (see photograph +2).

An exam nation of the etched sections of both sanples
revealed that the filler netal of the HY6CS sanple (see
Photograph #3) exhibited | ess severe se%regatlon than the

iller netal of the EH6FC sanple (see photograph #4). The
HAZ of the welds were then exam ned and no significant
metal lurgical defects were found. The width of the HAZ of
the wel ds was then estinmated by taking ten readings al ong
lines normal to the tangent of the base netal/filler netal
}anrface. The results of these neasurenments are as

ol | ows:

Sanpl e EH6CS- _
.06, .06, .06, .05, .06, .05, .06, .06, .06, .06 in.
Aver age: .06 in.
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Sample EH6FC-
.06, .05, .06, .06, .06, .06, .06, .05, .05, .06 in.
Average: .06 in.

CONCLUSION:

Neither of the samples exhibited any significant
metallurgical defects in the HAZ's. Sample EH6CS had a
higher level of inclusions than sample EH6FC. However,
sample EH6CS exhibited less severe segregation in the weld
filler metal than sample EH6FC. The width of the HAZ's of
both samples were found to be similar.

-

Very truly vours,

ANDERSON ZABQRAT ES, INC. - -
W%//o

Ralph B. Meyer, Manager

RBM/trs
M5-562
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July 31, 1985

Bay Shi pbui | di ng Cor p. B023
605 North 3rd Ave.

St ur geon Ba)é, W 54235-2324
Attn: M. Bruce Halverson

Dear M. Hal verson

W have conpleted our evaluation of the weld sanples
identified as SSLCS and SSLFC submitted to us on your Job
#3205-204. The objective of this report is to conpare the
inclusion level inthe weld filler material, the heat
affected zone (HAZ) and the level of segregation in the weld
filler material of the two sanples.

A netal | ographi ¢ exam nation was conducted on two transverse
sections (W th respect to the length of the weld sem?,
approxi mately one square centimeter in area, renoved from
each of the sanples. One section contained filler netal,
HAZ and base material froman area near the mddle of the
plate. The other section contained only filler netal.

An inclusion rating was then conducted on the sections of
weld filler metal.  The inclusion rating ﬁer ASTM E45 net hod
A ﬁmorst field reported) was limted to the D cateﬂory

gl obul ar oxides) of inclusion because of the norphol ogy of
the inclusions found in the welds. The inclusion rating for
sanpl e SSLCS was D2 heavy and D4 thin (see photograph #l)
and the inclusion rating for sanple SSLFC was DO heavy and
D1 thin (see photograph #2).

An exam nation of the etched sections of both sanples
revealed that the filler metal of the SSLCS sanple (see
phot ogr aph #3) exhibited Iarge I sl ands of segregated
material while smaller islands of se%regated material were
observed in the filler nmetal of the SSLFC sanple (see

phot ograph #4). The HAZ of the welds were then exanmi ned and
no significant netallurgical defects were found. The wdth
of the HAZ of the welds was then estimated by taking ten
readings along lines normal to the tangent of the base
metal /filler metal interface. The results of these
measurements are as follows:

SSLCS sanpl e-
.011, .012, .014, .024, .026, .019, .015, .009,
015, .014 in. Average: .016 in.



SSLFC sample-
.006, .011, .014, .005, .012, .008, .007, .0l5,
.005, .006 in. Average: .009 in.

CONCLUSION:

Neither of the two samples exhibited any significant
metallurgical defects in the heat affected zones. Sample
SSLCS exhibited a significantly higher level of inclusions
than sample SSLFC and also exhibited larger islands of
segregation in the filler material. The width of the HAZ of
sample SSLCS was considerably greater than that found in
sample SSLFC.

Very truly yours,

ANDERSON LABORATORIES, INC.

Ralp . Meyer ,/ Manager

RBM/trs
M5-562
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July 30, 1985

Bay Shi pbuil di ng Corp. B023
605 North 3rd Ave.

Sturgeon Bay, W 54235-2324
Attn M. Bruce Halverson

Dear M. Hal verson

We have conpl eted our eval uation of the weld sanples

identified as HY8CS, HYBACL, HYS8MC, HYBAC, HY8FC, HY8HHI 1

and HYBACHHI recently submtted to us (Reference Job

#3205-204). The objective of this investigation was to

conpare the inclusion level in the weld filler material, the
heat affected zone (HAZ) and the |evel of segregation in the
weld filler material of the sanples.

A metal | ographi c exam nati on was conducted on two transverse
sections ?mnth respect to the length of the weld seam of
approxi mately one square centineter in area renmoved from
each of the sanples. One section contained filler netal

HAZ and base naterial froman area near the mddle of the
plate. The other section contained only filler netal

An inclusion rating was then conducted on the sections of
weld filler metal.  The inclusion rating per ASTM E45 net hod
A ﬁmorst field reported) was limted to the D cateﬂory
(gl obul ar oxides) of inclusion because of the morphol ogy of
the inclusions found in the welds. Al sanples except HYSAC
and HYBACHH exhibited levels of inclusions |ower than or
equal to 1 (see ﬂhotographs #, #2, #3, #6 and #7). The
sanpl es which exhibited | ow | evel s of inclusions did exhibit
relatively unlforn1¥.d|str|buted smal | inclusions which were
resolvabl e at magnifications of 400 dianmeters or greater
Sampl es HY8ACL, Hv8mc, HY8Fc and HY8hHl 1 exhi bite

margi nal |y | ower concentrations of small inclusions than
sanple HY8CS. The inclusion rating of sanple HYSBAC was D2
heavy and D2 thin (see photograph #4). The HY8AC sanple

al so” contai ned one large inclusion which was probably slag
(see photograph #5). The inclusion rating of sanple

Hv8ackHl was D2 heavy and D3 thin (see photograph #8).

(N aYal



An exam nation of the etched sections reveal ed that the

segregation in the filler netals of sanples Hy8AC, HY8HHI 1
was | ess severe than that found in sa
(seﬁcfhoto raphs #9, #10, #11 and #12). _

8FC exhi bited segregation in the weld filler
| e HY8CS.

an SACHHI

HY8BKZ and

metal which was simlar to that found in sanp

Sanpl es

| e HY8CS

8ACl1,

HAZ of the welds were then exam ned and no significant

metal | urgi ca

t he wel

defects were found.

; The width of the HAZ of
s was then estimated by taking ten readings al ong

lines normal to the tangent of the base netal/filler metal
|

Lnterface.
fO 1 Ons:
Sanpl e HY8CS-
.09, .09, .IQ
Sanpl e HY8AC -
np.lz, .10, .09,
Sanpl e HY8MC-
J13, .12, .12,
Sanpl e HYBAC
.08, .07, .07,
Sampl e HY8FC-
v .08, .08, .07,
Sanmpl e HY8HHI | -
wp.16, J12, .12,

Sanpl e HYBACHHI -
.08, .09, .10,

.09, .08,
Aver age:

.09, .08,
Aver age:

.10, .10
Aver age:

.07, .07,
Aver age:

.08, .07,
Aver age:

.13, .13,
Aver age:

.10, .09,
Aver age:

.07, .06,

.09 in.

.08, .07,

.08 in.

.08, .07,

.09 in.

.10, .11,

09 in.

.06, .06

.07 in.

.14, .15

14 in.

.08, .09

09 in.

. 08,

. 07,

. 06,

11,

. 06,

. 15,

. 08,

. 09,

. 06,

. 06,

.12,

.09,

.14,

.09,

The results of these neasurenents are as

.10 in.

.06 in.

.05 in.

.12 in.

.08 in.

.13 in.

.11 in.



SUMARY :  The following table is a conparison of the

a
incrusion |evel, s%gr?ggtion and width of HAZS of sanples
HYBAC! HY*MC, HY*AC, *FC, HY*HHI| and HYBACHH to sanple

HY8CS.

Sanple ID I ncl usi on Segregation  Wdth
| evel of weld of HAZ

Hy8CS tmommommm o mmmmmmes .09 in.

HYSAC1 Mar gi nal | y Equal .08 in.
cl eaner

HY8MC Marginal |y Equal .09 in.
cl eaner

HYSAC Dirtier Less .09 in-.

HY8FC Mar gi nal | 'y Equal .07 in.
cl eaner

HY8HHI 1 Margi nal |y Less .14 in.
cl eaner

HYSACHHI Dirtier Less .09 in.

Concl usi on:

None of the sanakgs exhibited any significant metallurgical
defects in the . Sanpl es HYSBAC and HY8ACHHI exhi bited
inclusion |evels which were greater than sanple HY8CS while
t he remai nder of the sanples exhibited inclusion |evels
which were narglnally | ower than that found in sanple HY8CS
The severity of the segregation found in the filler material
of sampl es HYBAC, HY8HHI| an HYSBACHH was |ess than the
segregation found in sanple HY8CS and the remai nder of the
sanpl es exhi bited segregation simlar to that found in

sanpl e HY8CS. The w dths of the HAZ'S of sanples HYBACL and
HYSBFC were smal | er than sanple HY8CS while the the width of
the HAZ of sanple HY8HHI| was larger. The other sanples had
widths simlar to sanple HY8CS.

Very truly yours,
ANDERSON LABCRATORI ES, | NC.

2

Ralph/B. Meyef, Manager

RBMtrs
Mb- 562
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July 31, 1985

Bay Shi pbui I ding Corp. B023
605 North 3rd Ave.

Sturgeon Bay, W 54235-2324
Attn: M. Bruce Hal verson

Dear M. Hal verson:

We have conpl eted our eval uation of the weld sanples
identified as HYOCS, HYOAC, HYQOACL, and HYOFC submitted to
us on your Job #3205-204. The objective of this

I nvestigation was to conpare the inclusion level in the weld
filler material, the heat affected zone (HAZ) and the |evel
of segregation in the weld filler material of the sanples.

A netal | ographi c exam nation was conducted on two transverse
sections ?mﬁth respect to the length of the weld seam
approxi mately one square centineter in area removed from
each of the sanples. One section contained filler netal,
HAZ and base material froman area near the mddle of the
plate. The other section contained only filler netal.

nclusion rating was then conducted on the sections of
filler metal. ~ The inclusion rating per ASTM E45 net hod
limted to the D categor fglobular oxi des) of

sions because of the norphology of the inclusions found
he sanples. Al of the sanples exhibited an inclusion

|l evel less than or equal to 1. Al of the sanples exhibjited
relatively uniformconcentrations of small inclusions which
were resolvable at a magnification of 400 dianeters or
greater (see ﬁhotographs #1, #2, #3 and #4). Sanples HYOAC
and HYOAC1 exhibited a | ower concentration of small

i nclusions than sanple HYCCS while sanmple HYOFC exhibited a
simlar concentration of small inclusions when conpared to
sanpl e HYCOCS.

An exam nation of the etched sections of the sanples
reveal ed that the degree of segregation in the weld filler
metal of all of the sanples was simlar. The HAZ S of the
wel ds were then exam ned and no significant netallurgical
defects were found. The width of the HAZ'S of the welds was
t hen esti mated bx taking ten readings along lines normal to
the tangent of the base metal/filler netal interface. The
results of these neasurenents are as follows:

HYCCS sanpl e-
.08, .06, .07, .07, .08, .07, .09, .07, .07, .09 in.
Aver age: .08 in,
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HYCAC sanpl e-
.10, .10, .10, .07, .06, .06, .06, .07, .07, .08 in
Aver age: .08 in.

HYCACL sanpl e-
.14, .15, .13, .13, .13, .12, .13, .13, .13, .13 in.
Aver age: 213 0.

HYOFC sanpl e-
.07, .08, .10, .11, .07, .06, .06, .06, .07, .08 in.
Aver age: .08 in.

CONCLUSI ON

Al of the sanples exhibited | ow inclusion |evels when rated
per ASTM E45. However, sanples HYOAC and HYOACLl exhibited

margi nal |y | ower concentrations of small inclusions than
sanpl e HYCCS whi |l e sanpl e HYOFC exhi bited approxi mately the
sane concentration of small inclusions as sanple HYCCS. The

severity of segregation in the weld filler netals present in
all of the sanples was also found to be similar

significant metal lurgical defects were found in the HAZ of
any of the sanples and the width of the HAZ’S of all sanples
except HYOACL were found to be simlar. The width of the
E@é}gf sanmpl e HYOACL was found to be greater than sanple

Very truly yours,

ANDERSON LABORATORIES, INC.

15 e

Ralph B. Meyer, Manager

RBM/trs
M5-562
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CONCLUSI ONS

The following is a conparison of operating character-
Istics between solid electrodes and the new famly of flux

core - nmetal core electrodes designed for submerged arc wel di ng:

The flux core type electrodes investigated in this
project denonstrated several areas of inprovenent related to
ease of operation. Flux core electrode types were easier to
cut to renew the electrode end prior to starting a weld.
This was particularlY true in regard to the higher strength
el ectrodes. The high strength solid electrodes are a probl em
to cut using bolt cutters and if proper care is not used in
this operation, the electrode may be dislodged fromthe contact
tine inside the subnerged arc welding head. Wen the above
condition exists, an attenpt to restart the arc results in no
contact, thus no arc start: or accidental contact inside of the
head, destroying the tine. Destruction of the contact tine usually
results in an erratic short arc initiation and the introduction
of foreign naterial fromthe tine being introduced into the weld
puddl e, thus causing a serious weld defect. Failure of the arc
toinitiate on contact wwth the work piece can also result in
ms-alignment of the electrode in relation to the desired arc
path, thus resulting in poor weld bead placenent. This can be
particularly damaging to weld quality in nultipass welds of |ong

durati on.

Anot her inprovenent noted in using the flux core el ectrode
is arc initiation. Arc initiation is exceptionally smoth and

consistent; during the Iife of this project the flux core type
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el ectrode far out-performed the solid electrodes in this respect.
Formul ti pass welds on heavy steel plate this ease of starting is
extremely inmportant. Again weld bead placenment, due to the
nature of the process, is obscured fromthe operator’s view

until the solidified flux can be renoved from the weld deposit.
If the arc initiation is poor or causes the welding head to be
pushed off the joint, the operator will not be able to correct
this msalignment until he has deposited 12" to 18" inches of
wel d. Poor arc starting is responsible for many submerged arc

wel ding defects that can be extremely costly to repair.

The flux core type electrodes, because of their design
are nuch easier to straighten prior to entry into the weld pool
The cast and helix of solid spooled sub arc el ectrode influences
the amount of pressure required to straighten the el ectrode
prior to welding. The cast and helix of solid sub arc wires
does change significantly between the top |layers on a spool
and the bottom layers. This change, particularly on higher
strength solid electrodes will cause the electrode to change
the location of the weld pool. This change can be significant
in width in relation to the weld bead placement. The obvious
advantage of the flux core type electrodes is the relative ease
of straightening due to the lower columar strength of the
el ectrode sheath. In this investigation we found that repeatable
control of the electrode location, in maintaining alignment on
straight nultipass welds, was excellent with the flux core type

el ectrodes.
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In regard to horizontal fillet welding with the flux core
el ectrodes, our investigation showed better arc initiation and
a more uniformfillet bead shape. The fillet welds were produced
using a “Lincoln Electric Co.” hand held submerged arc welding
package. The fillet weld cross-sectional etched sanples proved that
the solid sub arc electrodes produce a nmuch deeper penetration
at the root of the weld faying surfaces. The flux core el ectrodes
do not have the deep penetrating capability of the solid
el ectrodes; however both types produce satisfactory root pene-
tration. The fillet weld break tests indicated that the fl ux
core electrodes produce fillet welds that exhibit |ess porosity
in the root of the weld than the solid electrodes. Producing
fillet welds over mll scale or prined plate (weld through priners)
indicated that the flux core electrodes and the solid electrodes
wi Il not tolerate excessive mll scale or uncontrolled anounts
of primer on the faying surfaces to be joined. Wld through
primers cannot exceed a conbined thickness of over 2 roils on
faying surfaces w thout serious porosity developing in the root
of the weld and al so porosity that is visible on the surface
of the fillet welds. MIIl scale is not as devastating to weld
quality in fillet welds as conpared to excessive weld through

priner when mllage of the priner thickness is not scrupul ously
control |l ed.
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MARAD 3205 PROGRAM - DEPOSITION/EFFICIENCY RESULTS

Plate Code

A.B.S EH-36

EH-6-CS

EH-6~FC

316L STAINLESS

SS-L-CS

SS-L-FC

HY-80

HY-8-CS
HY-8-FC
HY-8-MC
HY-8-AC

*HY-8~-AC-1

HY-100

HY-0-CS
HY-0-FC
HY-0-AC

*HY-0-AC-1

* Reformulation

Dep/Eff @ 350 Amps

lbs.hr/91.66%

lbs.hr/76.92%

lbs.hxr/89.42%

1bs.hr/100%

l1bs.hr/85.71%
lbs.hr/84.61%
lbs.hr/83.33%
lbs.h£/93.75%

1bs.hr/92.30%

lbs.hr/92.30%
lbs.hr/92.30%
lbs.hg/92.85%

lbs.hr/93.33%

Dep/Eff @ 500 Amps

12.21

13.58

13.12
14.70
13.84
15.95

17.08

13.15
13.27
16.54

19.46

1bs.hr/96.73%

1bs.hr/94.28%

lbs.hr/97.10%
lbs.hr/95.34%
lbs.hr/96.00%
1lbs.hr/96.62%

lbs.hr/97.67%

lbs.hr/100%
lbs.hr/96.10%
lbs.hr/97.56%

lbs.hr/97.89%



Bay Shipbuilding Corp.
Sample SSLCS
Photograph #1

M5-562-1 Magnification: 100 Diameters Etch: None

The photomicrograph shows the worst area of inclusions found
in the weld filler metal of the sample.



Bay Shipbuilding Corp.
Sample SSLFC
Photograph #2

M5-562-2 Magnification: 100 Diameters Etch: None

The photomicrograph shows the worst area of inclusions found
in the weld filler metal of the sample.



Bay Shipbuilding Corp.
Sample SSLCS
Photograph #3

M5-562-1 Magnification: 12.5 Diameters Etch: 10% Oxalic
electrolytic

The photomacrograph shows the typical structure found in the
weld filler metal.



Bay Shipbuilding Corp.
Sample SSLFC
Photograph #4

M5-562-2 Magnification: 12.5 Diameters Etch: 10% Oxalic
electrolytic

The photomacrograph shows the typical structure found in the
weld filler metal.
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Bay Shipbuilding Corp.
Sample HYOCS
Photograph #1

M5-562-3

The photomicrograph shows the t
inclusions found in the sample.

Magnification: 400 Diameters

Etch: None
ypical level of small
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Bay Shipbuilding Corp.
Sample HYOAC
Photograph #2

M5~562~4 Magnification: 400 Diameters Etch: None

The photomicrograph shows the typical level of small
inclusions found in the sample.
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Bay Shipbuilding Corp.
Sample HYOAC1
Photograph #3

M5-562-5 Magnification: 400 Diameters Etch: None

The photomicrograph shows the typical level of small
inclusions found in the sample.
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Bay Shipbuilding Corp.
Sample HYOFC
Photograph #4

M5-562-6 Magnification: 400 Diameters Etch: None

The photomicrograph shows the typical level of small
inclusions found in the sample.



Bay Shipbuilding Inc.
Sample HY8CS
Photograph #9

M5-562-7 Magnificat

The photomicrograph sh
segregation found in t

ion: 10 Diameters Etch: 2% Nital

ows the typical severity of
he weld filler metal of the sample.
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Bay Shipbuilding Inc.
Sample HY8CS
Photograph #1
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M5-562-7 Magnification: 400 Diameters Etch: None

The photomicrograph shows the typical level of inclusions
found in the sample.



m"

L

PSRN LB 2 o 2 T LI NIEPIE LA S 113, L I Bl 22 S

-

I S

=1

=y
[ TR

-
S

[

.'__'. — r_rn-—j

P

o —

| -
R

V4

Bay Shipbuilding Inc.
Sample HY8AC1
Photograph #2

M5-562-8 Magnification: 400 Diameters Etch: None

The photomicrograph shows the typical level of inclusions
found in the sample.
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Bay Shipbuilding Inc.
Sample HY8MC
Photograph #3

M5-562-9 Magnification: 400 Diameters Etch: None

The photomicpegraph shows the ty@ical level of inclusions
found in the-sample. i
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Bay Shipbuilding Inc.
Sample HYS8AC
Photograph #5

M5-562-10 '@agnification: 100 Diameters Btch: None

The photomicrograph shows the large inclusion found in the
sample. The-inclusion was .02Z1 in. long and .008 in. wide.



Bay Shipbuilding Inc.
Sample HY8AC
Photograph #4

M5-562~10 Magnification: 100 Diameters Etch: None

The photomicrograph shows the worst field of inclusions
found in the sample.



Bay Shipbuilding Inc.
Sample HYS8AC
Photograph #10

M5-562-~10 Magnification: 10 Diameters Etch: 2% Nital

The photomicrograph shows the typical severity of
segregation found in the weld filler metal of the sample.



Bay Shi pbuil ding Inc.
Sanpl e HYBFC
Phot ogr aph #6

Mb-562- 11 Magni fication: 400 Dianeters Et ch: None

The phot om crograph shows the typical |evel of inclusions
found in the sanple.



Bay Shi pbuilding Inc.
Sanpl e HY8HH 1
Phot ogr aph #7

MS- 562- 12 Magni fication: 400 Diameters  Etch: None

The phot om crograph shows the typical |evel of inclusions
found in the sanple.



Bay Shipbuilding Inc.
Sample HYS8HHI1
Photograph #11

M5-562-12 Magnification: 10 Diameters Etch: 2% Nital

The photomicrograph shows the typical severity of
segregation found in the weld filler metal of the sample.



Bay Shipbuilding Inc.
Sample HY8BACHHI
Photograph #8

M5-562-13 Magnification: 100 Diameters Etch: None

The photomicrograph shows the worst field of inclusions
found in the sample.



Bay Shipbuilding Inc.
Sample HY8SACHHI
Photograph #12

"‘i.

M5-562~13 Magnification: 10 Diameters Etch: 2% Nital

The photomicrograph shows the typical severity of
segregation found in the weld filler metal of the sample.



Bay Shipbuilding Corp.
Sample EH6CS
Photograph #3

M5-562-14 Magnification: 10 Diameters Etch: 2% Nital

The photomicrograph shows the typical severity of the
segregation found in the filler metal of the sample.



Bay Shipbuilding Corp.
Sample EH6CS
Photograph #1

M5-562-14 Magnification: 100 Diameters Etch: None

The photomicrograph shows the worst field of inclusions
found in the sample.



Bay Shipbuilding Corp.
Sample EH6FC
Photograph #4

M5-562-15 Magnification: 10 Diameters Etch: 2% Nital

The photomicrograph shows the typical severity of the
segregation found in the filler metal of the sample.



Bay Shipbuilding Corp.
Sample EH6FC
Photograph #2

M5-562-15 Magnification: 100 Diameters Etch: None

The photomicrograph shows the worst field of inclusions
found in the sample.



WELD METAL - LARGE GRAIN STRUCTURE

WELD METAL AT FUSION LINE BASE METAL H.A.Z. - LARGE GRAIN

BASE METAL H.A.Z. - FINE GRAIN BASE METAL AWAY FROM H.A.Z.

EH-6-CS



FINE GRAIN STRUCTURE

WELD METAL

LARGE GRAIN STRUCTURE

WELD METAL
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WELD METAL AT FUSION LINE
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SUMMARY

The nost significant result in regard to the data gathered
in this project was an inprovenent in the weld netal charpy
i npact results using fabricated el ectrodes on HY-80 and HY-100
steel test sanples as opposed to the solid el ectrode Charpy
I npact values. It should be-noted that the solid electrode
manuf acturer (Linde) has devel oped a new flux (651 VF) to
meet the new U .S N. -QP.L. requirenent for higher inpact strength
on HY type steel.

Anot her significant result-noted when conparing solid
vs. flux core type electrodes is the inproved deposition rates
of the flux core electrodes as neasured at the same anperage
and voltage. In the |lower anperage range, used for root passes
agai nst the backing bar (350 anps), the overall average of
the deposition inprovenent was 3.5% of all sanples tested.
At the manufacturer’s reconmended wel ding anperage (500 anps),
the average inprovenent in deposition rates was 19% of al
samples tested. W feel that this is a significant inprovenent
that denonstrates an econom c advantage in favor of the flux

core type electrodes.

El ectrode cost conparison for the high strength type
el ectrodes is also a very significant factor that inpacts
operating costs. Flux core - netal core fabricated el ectrodes
for HY-80 and HY-100 subnerged arc wel ding applications are
as nmuch as 50% lower in price/lb. than the solid electrodes

designed for the same applications. |In sone cases, fabricated
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electrodes are designed for gas shielded flux core welding
as well as submerged arc welding applications. This latter
item is, in itself, important by allowing a manufacturer to

reduce electrode inventories.

In conclusion, we feel that this investigation has pro-
duced conclusive data that fabricated electrodes have several
advantages in operating characteristics that improve welgd
quality and at the same time, reduce costs. There is one
area, however, that must be addressed in this final conclusion.
A point to consider is the difference in the penetrating ca-
pabilities of the two electrode types. If a weld joint design
requires a deep pPenetrating arc, the solid electrode has a
definite advantage over the fabricated electrodes. The type
of joint design that requires a deep pPenetrating arc is a
Square butt joint, without edge Preparation, welded from two
sides. For this type weld joint design we recommend the solig
electrodes be used. For all other submerged arc welding,
weé recommend strong consideration be given to the use of fab-

ricated electrodes.
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APPENDIX A - TENSILE TEST FORMS



Work No. tH la ! S NORTHEAST WISCONSIN TECHNICAL INSTITUTE White-Company

Trades and Industry Division ! Yellow-NWTI
Test Samples prepared by: 2740 West Mason Street, Green Bay, WI 54303 Pink-Performer
Contractor ‘
NWTI —X— TENSILE TEST WORKSHEET
DIAMETER
OR YIELD ULTIMATE YIELD TENSILE GAGE ] L
ONG.
1TEM THICKNESS WIDTH csa LOAD LOAD STRENGTH STRENGTH LENGTH ELON ELONG.

Tenn 1| -363 | 565 | 437 |28280| $9S90 |9 00| 81, 10% | 2" .35 |17

Ten. 2.1 .86 | 572 |.492 | 27,650| 39 250(56,199 179,776 | 2" [.365] )9

Racp 505 | 7 1.200 | 11,100 | )6 700! 55,500| 83,500 7" | .eue |32

Ween 507 | 7 |.202]12,7001/5900! 62,871 178,712] 2" |.534]72¢

Test Performed by: 00/4/ %///%l\ Date: 5)/11/\9:5/

Witnessed by: W Date: Sv('/?‘z//f(l-/
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Work No. EH b ES , NORTHEAST WISCONSIN TECHNICAL INSTITUTE vhite-Company
Trades and Industry Division Yellow-NWTI
Test Samples prepared by: 2740 West Mason Street, Green Bay, WI 54303 pPink-Per former
Contractor
wrr X TENGYLE TEST WORKSHEET
DIAMETER
ITEM OR WIDTH CSA YIELD ULTIMATE YIELD TENSILE GAGE ELONG % HARDNESS
THICKNESS LOAD LOAD STRENGTH STRENGTH LENGTH : ELONG.
Sy 4 - 2 s - Lo B R POV LD MmN - R . Lt - -
lEN, 1 | 856 | 565|483 | &4/ RU |~/ 70U 57 Y53136,749 | 2 S13 | 2
b g -~ PO P— 1AM o9 —_— ) "'/‘000 D R Y Pl -l dmr e -~
lEN. /1 865 ]| .S5bb]|.18Y [ Y |T77e 56,352 |35, (SS -6 (o)
R... Ao 199 | /o400 St 700 ? X3 19 2" cagem] 2D
M2NA ol = oF Vs 7 4 S s ) ¥ LA (=Y 1 G D
- »
N/ 507 20} | 45,500 /9860 17T, 114 192,03F ] 2 Sq4 1 277
Test Performed by: 0,4/ W ;i Date ? / /7 /94/
- A AN r &4 Ladedadd 2 ""/IU
Witnessed by: _}/X o }\[s\\&)—\ < \!\ pate: 5{!2/ / ol
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Work No. SS l Q:S

Test Samples prepared by:

NORTHEAST WISCONSIN TECHNICAL INSTITUTE
Trades and Industry Division
2740 West Mason Street, Green Bay, WI 54303

White-Company
Yellow=NWTI
Pink-Performer

Contractor
wrer X TENSILE TEST WORKSHEET
M % HARDNESS
D!

Ten 1 [.832 | 575|478 |26,100 |39,850 54,602 183,368 1 2" HUY3 | 22
Ten 2 1.832 | 565 1470 124,,250140,500 (56,2513, 1701 2" |.740 | .37

Rose 498 110,350 117,250 |s2,292 197,021 | 2" |1.030| 5/
Weld 204 [)2,000 [ 17,400 !5%.823 185,294 | 2" | .657 32

Test Performed by: OA/Z

Witnesved by =W

W A

pate: 9/2‘7 [84
pate: 9/?.‘?/8‘_}
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work to. S§ | FC NORTHEAST WISCONSIN TECHNICAL INSTITUTE
Trades and Industry Division
Test Samples prepared by: 2740 West Mason Street, Green Bay, WI 54303

Contractor
e MO

White-Company

Yellow=-NWTI

Pink-Performer

DIAMETER
e mcinsss | VTP CSh LoD e i | soameeny ponony | ELONG. ELZNG. HIRDNESS
Ten 11,873 | .6291.548 (20,750 |47,200 156,113 186,031 | 2" .8496 | b2
Ten 2.1 .370 | .6271.5495 130,500 146,500 [§5963 135,32 | 2" |.766 ] 3%
Rose | .S0% 200 110,000 17,150 |50.000185750] 2" [1.067] 53
Weld | .50% :200 11,750 {16,100 15%,750|80,500] 2" | .335'| 4|

Test Performed by: 0 s 4/ %’ Date: ? /Zq’/g"}

Witnessed by:

pate: ‘7/19/84




work No. Hf ﬁ ( S

Test Samples prepared by:

NORTHEAST WISCONSIN TECHNICAL INSTITUTE
Trades and Industry Division
2740 West Mason Street, Green Bay, WI 54303

thite-Company
Yellow-NWTI
Pink-pPerformer

Contractor
s X TENSILE TEST WORKSHEET
DIAMETER % HARDNESS

ITEM Tlilcgll:ass HIDTH CSA E(I)ign ULECI;:STE giéﬁcfm sﬁﬁgﬁﬁﬁ ngggn ELONG. | grong.
Tew- 1 | 2875 | -513 |y |70 250 | vese 89,343 [11,718 | 2* L #8 | 20
Ten-2 | 976 | .500 | 438 | #0260 | 47,500 Q1,324 13,013 | & |.M32 | 2|

Base 502 97 | /7.702 | 21.S4%0 189,847[109,340] X' [.520 | 24

\Wizip | .503 198 | /8790 12),750 (91,414 (109,848 | ' [.437 | 2 |

Test Performed by: W 7ﬁ—-‘”\

witnessed bys —RZons 2o Lot e
U )

Date: C?A'//X"f/
)2 /s

Date:




Work No. ) —C NORTHEAST WISCONSIN TECHNICAL INSTITUTE
Trades and Industry Division

White-Company

Yellow-NWTI

Test Samples prepared by: 2740 West Mason Street, Green Bay, WI 54303 Pink-~Performer
Contractor

NWTL Q-X——r———— TENSILE TEST WORKSHEET

DIAMETER

Tey ]| -86%] .50 | M35 |39,750| 49350|91.379 | 113,448 2" | HY3 | 24 |Base
Ten 2| 371 | .506 |.440|39,350| 49200|99,43( |, 818 | 2" |.43] | 2| |Buse
Rase | .Sod A99 1 17,550]21 300193,190 | j07,035] 2" |.531| 2¢
WeEp | 503 198 {21,750 | 23 50h0Y, 9495 | 119, 444] 2" | M| 20

Test Performed by: dﬁy,é ﬁ/ 71/ Date: 34?-;/(?'5"

7/
Witnessed by: 6%%)—4&4 NW Date: :/8',2/1./3"'!




671

Work No. ‘Jj a l l!;

Test Samples prepared by:

NORTHEAST WISCONSIN TECHNICAL INSTITUTE
Trades and Industry Division
2740 West Mason Street, Green Bay, WI 54303

White-Company
Yellow-NWTI
Pink~Performer

Contractor
notr X TENSILE TEST WORKSHEET
DIAMETER Fradture
% ] .
ITEM Tmcggrass WIDTH csa {cl)f\gn unzg&:gm gﬁggcm sﬁﬁ??ﬁ ngggn ELONG. | pronG. | Lecakion
Ten 1§ .881 | .548|.500]42 20053 400 34,600 |i06,3500 | 2" | .S1T | 24 |Rase
TEN 2] .370 ] .§701-495 |42 100 |S'3 350196,262 (107,777 2" | .532] 20 |Rase
Rase | .502 497 116 900 {20850 185,736 |105,937 | 2" | .582]|29 jwed
Wewn | 503 498 {18 bSO |21 000199,191 106,060 1" | .5]) | 25 | bese
\
Test Performed by: J W/ﬁ/\ Date: X/E'Z%’y
Witnessed by: , Date: ’{/747&"4




06T

Work No. HI 2 A! ,

Test Samples prepared by:

NORTHEAST WISCONSIN TECHNICAL INSTITUTE
Trades and Industry Division
2740 West Mason Street, Green Bay, WI 54303

White-Company

Yellow-NWTI

Pink-Performer

Contractor
nTr X TENSILE TEST WORKSHEET
DIAMETER
OR YIELD ULTIMATE YIELD TENSILE GAGE O

ITEM Turckness | VIOTH csa LOAD LOAD STRENGTH | STRENGTH | LENGTH | C-ONS* | ErLona.
Ien. 1| -878 | 497 | 436 | 2500 | #8000 196,009 | 96,330 2" | 168 | 0F |weid
Ten. 21 .815 1 .510 | MHL | 3< 7.5 O | A2 450 90,156 195 179 Z." AT77 109 weld

I
Ruce 502 | 7 1,193 | 7759° la/s00 |33 383 |10s,5%5] 2 | 552 | 26
Wein L2498 | 7 1195 | s6re0 lgase 192 codl 93,539 27 | seo | 2
” A, R Vo PO oy
Test Performed by: \eegg = 77 J ¢ pate: N/ A/ /4

* - 7 [
Witnessed by: Zg ;ac 2 l‘;:: !A &ng :%

Datet

/x/{t,/g«-}




18T

vork wo. AYE@-ARHMT

Test Samples prepared by:

NORTHEAST WISCONSIN TECHNICAL INSTITUTE
Trades and Industry Division

White-Company

Yellow-~NWTI

2740 West Mason Street, Green Bay, WI 54303 Pink-pPerformer
Contractor
NWTT —ﬁi——————- TENSILE TEST WORKSHEET
DIAMETER
OR YIELD ULTIMATE YIELD TENSILE GAGE % HARDNESS
ITEM THICKNESS WIDTH csa LOAD LOAD STRENGTH STRENGTH LENGTH ELONG. ELONG.
- )
Ten 1].880 | -564% |.49% |39,875 | #7750 140,393 | 96,270 | 2" | .1%5 |09
— — . W
Ten_21.388 | -S63.498 139,350 %7299 | 79,016 | 94,7791 2" |.198 |09
Rase | S04 199 117,050 20,180 85,618 106,281 | 2" [ .54% |27
~ 4 » 1 o 2218 ey Pl LN -\ - e o~
Wern | SO .20f {16,900 1j9,i00 184,079 95024 | J  |-337 119
/7 ‘%¢;/ =
P * n/ S e
Test Performed by: /;ll//fb{-.\ pate: Y R2/8 ¥

Witnessed by:

mjé;\Z\J\\

—

DategK'(/ Z/?..’/S"-{




¢s L

Uy~ AC ]
/Ja_ra.cl Proge 3205

Work No.

NORTHEAST WISCONSIN TECHNICAL INSTITUTE
Trades and Industry Division

White-Company

Yellow-~NWTI

Test Samples prepared by: 2740 West Mason Street, Green Bay, WI 54303 Pink-Performer

Contractor

L S TENSILE TEST WORKSHEET

DIAMETER

UM lrcrumss [WIOT | osa | fORD | OEEEEEE | e | semenan | soven | B0 | mona |
T#EL | 983 | 372 1,357 |33.500 | Yob00 |92, 02 Mo | 2 | 3720/9.L
ré2 |98/ | 377 1378 133920| Y 250 |9/, 42% [0, 750 = Y68 |23.¢
toseld 52y | — lea57| 13,550 195%0 193900, | 70770 | 2 [ 162 | 5/
BT S0f T LIFESTIT200 4 2070 \Bedse o oo | 2 | HT7 277

Test Performed by: 4 Date: %a? /5‘/5,,93‘

Witnessed by:glb\} ag Z{Qﬁ \2,\;; ) ;\m:b» pate: S-/S -85




=M IE L -

Mardd
Work No. NORTHEAST WISCONSIN TECHNICAL INSTITUTE
Trades and Industry Division
Test Samples prepared by: 2740 West Mason Street, Green Bay, WI 54303

Contractor

NWTI X

TENSILE TEST WORKSHEET

White-Company

Yellow=-NWTI

Pink~Performer

DIAMETER
% HARDNESS
ITEM Tlucggsss WIbTH csa :cI)EgD ULEcI);Uc\»TE :;iggcwu sgﬁggégﬁ Lg:l\g:ll ELONG. | gyong.
. TAL 972 |38 |.3732] 31,750 49 200 |35075|/07 87| 2= | .98 (224
‘ T2 1905 | 377 1.3638130.800 | 3950 | Sl |08 70| = | 4ol |20.3
L Soswd| 505"\ — | 2003\itbzo|22/00 [92.000 1033 | = | $w0 [250
g 13
o5 Py 500 | — ,?:QL/._I_/X,oso 2,750 189,300 |fogre0 | 2 _|.5¥4 |293
Test Performed by: 1,,,,44 Date: 9,,,‘ /{‘/E;Z’

Witnessed by: \i\,: 2ivAn
(=

/
Date: £ - /S - K<~




AN

work no. [HY-O CS

NORTHEAST WISCONSIN TECHNICAL INSTITUTE

Trades and Industry Division

White-Company
Yellow-NWTI

Test Samples prepared by: 2740 West Mason Street, Green Bay, WI 54303 Pink-Performer
Contractor
NWTI _X—— TENSILE TEST WORKSHEET
DIAMETER
OR YIELD ULTIMATE YIELD TENSILE GAGE 2 HARDNESS
ITEM THICKNESS WIDTH csa LOAD LOAD STRENGTH STRENGTH LENGTH ELONG. ELONG.
Ten 1 1-875 | . HoS | 354 36,800 | ¥/SA0 |03 954] 123,587] 27 | Hul | 20 | BAE
. N — v v . e = be
o Ten. 20874 |.400 |.349 36,7501 #/250 lloz,435| 11g,194] 27 [Ki77 [Refedii ke ],
] o
Base 20 20| | 22500 | 2500 111,940 [123,383 | 2 My {272
WeLn Sog . 200 | 2/ooD | 253200 Hp5000|126,000] 2 370 1185

Test Performed by:




841

" Work No. HI 0 SS

Test Samples prepared by:

NORTHEAST WISCONSIN TECHNICAL INSTITUTE
Trades and Industry Division

White-Company

Yellow-NWTI

Witnessed by:

2740 West Mason Street, Green Bay, WI 54303 Pink-Performer
Contractor
NWTI —— e TENSILE TEST WORKSHEET
DIAMETER
OR YIELD ULTIMATE YIELD TENSILE GAGE % HARDNESS
ITEM THICKNESS NIDTH Csh LOAD LOAD STRENGTH STRENGTH LENGTH ELONG. ELONG.
Redest
F I\
Tew 31 8% | Hot | -355) 37,000 |H3950 |104,225]/23,802 2" |.345|[7
Test Performed by: ” / ﬁ//jayy.'..‘ Date: ?'IIZ,Q" /8‘1’

pace:_9) 21/ 34




961

Work No. ﬁz.a- rFc

Test Samples prepared by:

Trades and Industry Division
2740 West Mason Street, Green Bay, WI 54303

NORTHEAST WISCONSIN TECHNICAL INSTITUTE

White-Company

Yellow-NWTI
Pink~Performer

nll—(_lul
T

Contractor
L S TENSILE TEST WORKSHEET
DIAMETER | Frmetuse
1TEM Tuckness | V10T csa LoAD “Loap s'r;;;;c'rn STRENGTI nari | EEO%6- | Eronc. | Lecadion
Ten L | 371 | 4900 | 349|360 150| 43.650|1038719]i2su31| 2" | .387| 19 |Bese
Ten 2 | RIS | 12 {.360]38.300] 44,3001j0¢,38%9|123,611 | 2" | .3%5| 19 | Bage
Base -Sol 197 122,350 | 24500 13,450 [ 1243651 2" | 48| 24| w
Wers L S0b .20[12& jo0 |27 150124875 |1385,074) 2" | .378| 13 | B
_____ -
Test Performed by: % “ pate: g/di/fﬁ/
Witnessed by: } AL Ao M ’ k%\: Date: /2% [y
—w&m—-—w




work vo. HY O NcC

Trades and Industry Division

NORTHEAST WISCONSIN TECHNICAL INSTITUTE

White-Company

Yellow-NWTI

Test Samples prepared by: 2740 West Mason Street, Green Bay, WI 54303 pPink-Performer
Contractor
NWTI "x— TENSILE TEST WORKSHEET
DIAMETER
OR YIELD ULTIMATE YIELD TENSILE GAGE $ HARDNESS
ITEM TurcknEss | WIDTH csh LOAD LOAD STRENGTH | STRENGTH LENGTH ELONG. ELOfG.
- 1
Ten_ 1.1.877 [.507 |.494 |45 oo 54,700 102 3020123198 | 2' | 433 | 2|
—_— v ! W
EN_2.| -89 |-500 | 445 |44, 950 |5H,300 101,011 122,022 2 |.H970]1 23
- — rRl
Base. | .50Y4 1.199 121,800 |84450 |09 547122, 8uL4| 2 | 442122,
BN B VonluVaen ' ITANAA LS 1A -l AN 2Ae o~ il AA N YL - ~~
Wwle \d e JUN LUV 1 £T,100 '.bUU le DS O0 LT, 000 z. S [ |
Pl
Test Ferformed by: % ? '., Date: 9 /2q /ﬂ’—}
-3
Witnessed by: A0 8 i—g N pate: 9 /?.c? (R4
T L |




8GST

Hy-0-ACc-/

frorad Projet 32057

work No.

NORTHEAST WISCONSIN TECHNICAL INSTITUTE
Trades and Industry Division

White-Company

Yellow=-NWTI

Test Samples prepared by: 2740 West Mason Street, Green Bay, WI 54303 Pink-Performer
Contractor
NWTL —94——— TENSILE TEST WORKSHEET
DIAMETER
ITEM OR WIDTH csA YIELD ULTIMATE YIELD TENSILE GAGE | Lo % |HARDNESS
THICKNESS LOAD LOAD STRENGTH | STRENGTH | LENGTH * | ELONG.
T#/ | .gul 1,372 3503|3350\ 42 150 [Jo2,q14/23 650 | = |, 37 | (79
T#2 9t 1390 12990136290 142 g00 09 12290 = 1 g 1209
rd
oS eld| S07 | — |.207]20 150 |2 S0 lI05,2231/22 670 % Ao 121587
o5 Porl S03 | — ,/.%’j,l_zz,(aoo | 24,450 114,041 /24050 | 2 |44/ | 220

—— e amae

vatos Dy L5~ (285
7 -
pate: . $-/S-¥5




APPENDIX B - CHARPY TEST FORMS



APPENDI X B - Charpy Tests

Not e:

Equi pment used to notch the speci nens was a Bl acks
Equi pment Limted notch cutter, Type CNB-14 -
Serial NO 82643B.

The chiller was nmanufactured by F.T.S., Milti-Cool,
Stone Ridge, NY 12484.

Tenperature verification was oObtained with an Orega 450 AKT,
Thermocoupl e Thernometer Type K, Serial NO 456853 -
Calibration Date: April 1, 1984.



ARMY MATERIALS AND MECHANICS RESEARCH CENTER

Watertown, Massachusetts 02172

TABLE

COMPARISON TESTS ON CHARPY IMPACT MACHINES

Northeast Wisconsin Technical Institute
Marinette, WI 54143

Facility
Make of Machine Tinius Olsen Serial No. 135330

AMMRC Variation

(ft-1b) (ft-1b) Actual Allowed
High Energy 68 69.8 2.6 % +5.0%
Low Energy 11.3 10.8 -.5 £t-1b +1.0 ft-1b
XMR Form 10

161



IMPACT MATERTAL TEST FORM

TESTING AGENT: N.W.T.I. WISCONSIN STATE WELD
DATE: _ Nov. 9, 1984 TESTING LAB #3
TESTED FOR: Bavy Shipbuilding Corn. 1601 University Drive
MATERTAL TYPE: TH 26 Marinette, WI 54143

SPECIMEN IDx: Tw & 0S
TESTING TEMPERATURE: _ un° o
MEDIUM: Methanol Anhvdrous CH%OH

TYPE OF NOTCH: Charny V Nateh
s Sl Ua3rpy Vo nNotch

TESTING MACHINE MCDEL #: 74 Univ, Tinius Olsen

- s P

oLKIAL NUMBERS ’]Ziz/go

SPECIMEN ID# FT.-IB. ENERGY
All Veld 1 1& H
2 8 T _
zZ =
I o _c e
- S 15 - 7 B -
H.A.Z. (&) 15
7 10 L
8 q4.5
0 112 g
10 72
Base 11 168
12 173 H
1% 69
14 £6 I
15 70
AVERAGE SPECIMENS 4 TO _ 5 1%2,1 T+, Ths,
AVERAGE SPECIMENS & TC 40 22,8 4, Ibe,
AVERAGE SPECIMENS 14 TO _1% 10% ?'f:# Ib=,
AVERAGE SPECIMENS TO
. //7/ Y,

TESTING AGENT SI f L/ZJ// o,/ %Z/(/%%

,1 /"/"Aé




IMPACT MATERTAL TEST FORM

TESTING AG.ENT N.W7.".I. WISCCNSIN STATE WELD
DATE: Nov. O, 4084 TESTING LaB #3
TESTED FOR: Bav Shivouildéine Corn. 1601 University Drive

MATERTAL TYPE: E= za Marinette, WI 54143
SPECIMEN IDz: = & =¢

TESTING TEMPERATURE: . 40> —

MEDIUM: Methanol Anhvdrous CH30E

TYPE OF NOICH: Charvnv V Notch

TESTING MACHINE MCDEL #: 74 Univ Tinius QOlsen

—td iVl LU0 Al UL N

SERTAL NUMBER: 425230

SPECIMEN ID# FT.-IB. ENERGY
£11 WYeld 1 oL I
75
3 68
4 76
5 77 B
H.A.Z. 6 124 H
7 120
8 aa
) Q 115
. 10 5z L
Base 11 122
12 112 L
13 116
14 157 _H
15 1228 -
AVERAGE SPECIMENS 4 TO _ & 7Z F+, The,
AVERAGE SPECIMENS £ TO 40 1062 T+. Ths.
AVERAGE SPECIMENS 141 TO _15 125,% .Ft. Ibhs,

AVERAGE SPECIMENS TO

TESTING AGENT SIG\IATURE;//@{Z’//( )4 ,é}//,%

1/ S 7 &
'/f/"/




IMPACT MATERTAL TEST FORM

TESTING AGENT: W.W.T.T. WISCONSIN STATE WELD

DATE: Nov. 9, 1084 TESTING LAB #3
TESTED FOR: _Bay Shivppbuilding Corn. 1601 University Drive
MATERTAL TYPE: v 100 Marinette, WI 54143
SPECIMEN ID#: _=v () OS

TESTING TEMPERATURE: - AQY ™

MEDIUM: Methanol Anhvdrous éH%OH
TYPE QF NOICH: Charov V Notch

TESTING MACHINE MCDEL #: 74 Univ, Tinius Olsen
SERIAL NUMBER: 135320

SPECIMEN ID# FT.-IB. ENERGY
All Weld 1 20
2 zQ
2 ?:z T
& no 2
. 5 27
H.A.Z. 5 113 L
7 12=
8 126 H
0 194
10 121
Base 11 220
12 120
13 127 I
14 122
15 A7 =
AVERAGE SPECIMENS 4 TO = 22 W+, Ths,
AVERAGE SPECIMENS 5 TO 4n 12Z 2 B+ Thsg,
AVERAGE SPECIMENS 14 TO _ag 120 F+. Ibs,

AVERAGE, SPECIMENS TO

,ﬁ%%%? /;f%M%

TESTING AGENT SI 3
7777 787
77




IMPACT MATERTAIL TEST FORM

TESTING AGENT: N.V.T.I. WISCONSIN STATE WELD

DATE: _ Nov. 8. 4084 TESTING LaB #3
TESTED FOR: _Bav Shipbuildine Corp. 1601 University Drive

MATERTAL TYPE: EKY 100 Marinette, WI 54143

SPECIMEN IDsj: 57 O aC :

TESTING TEMPERATURE: — 60u 3‘.
A -

MEDIUM: Methznol
L4 ARLLOU L. ALiLL

TESTING MACHINE MCDEL #: 74 Univ, Tinius Olsen
SERIAL NUMBER: 435%30

SPECIMEN ID# FT.-IB. ENERGY
A11 Weld 1 5% o
2 zl
2 3% L
I 0o
- 5 25
H.A.Z. 6 53 L
7 118
8 144 il
o 82
10_{ 418
Base 11 1150 i
12 179
1% 140
1u 17
15 125 I
AVERAGE SPECIMENS 14 TO S z27 T+, Ibs.
AVERAGE SPECIMENS 5 TO 10 106 Fh. Ibs.
AVERAGE SPECTMENS 11_TO 15 - 1%7.6 Ft. Ibs

AVERAGE SPECIMENS TO

TEs;mG AGENT SIGNMURE%'M Q/ﬁﬂm

DATE: 7 //'/«7/7?'}"




IMPACT MATERTAL TEST FORM

TESTING AGENT: N.W.T.T. WISCONSIN STATE WELD

DATE: NMov. 9, 1084 TESTING I2aB £3
TESTED FCR: Bav Shiobuilding Corn. 1601 University Drive
MATERTAL, TYPE: ©V 400 Marinette, WI 54143

SPECIMEN ID#: WV O =0

TESTING TEMPERATURE: . &0V =
MEDIUM: Methanol Anhvdrous CH30H
TYPE OF NOICH: Charnv V Notch

TESTING MACHINE MCDEL #: 74 Univ, Tinius Olsen
SERIAL NUMBER: 41325Z30

SPECIMEN ID# FT.-IB. ENERGY
A11 Weld 1 og
2 26 o]
Z o5
~ iR parin
- . 5 on L
H.A.Z. 6 120
7 121
8 124
o 120 =4
10 118 T
Base 11 | 135 E
12 128 T
13 120
12 120
15 120
AVERAGE SPECIMENS 1 TO 5 ou,6 Ft, Tbe,
AVERAGE SPECIMENS 6 TO _410 121.6 Ft, Ibs,
AVERAGE SPECIMENS 11 TO _15 190.6 Ft, The,

AVERAGE SPECIMENS TO

)

77 EF




IMPACT MATERIAL, TEST FORM

TESTING AGENT: N.W.m.I. . WISCONSIN STATE WELD
DATE: Nov., 9, 1034 " TESTING LABR #3
TESTED FOR: Bavy Shivbuiléings Corn. 1601 University Drive
MATERTAL, TYPE: Uy ©n Marinette, WI 54143
SPECIMEN IDf: Hv 2 15

TESTING TEMPERATURE: 00 =

MEDIUM: Methan

1 T
TYPE OF NOICH: Charny V Notch

TESTING MACHINE MCDEL #: 74 Univ, Tinius Olsen
SERTAL NUMBER: 4353Z0

SPECIMEN ID# FT.-1B. ENERGY
A1l Yeld i 44 H
2 10
Z ZZ T
a4 ). zh
.. 5 27
H.A.Z. 6 128 H
7 121 T
8 124
0 127
10 126
Base 11 140
12 128
13 Pivil 21
14 17/ T
15 127
AVERAGE SPECIMENS 1 TO S 37 Ft, Ibs.
AVERAGE SPECIMENS & TO 10 125.6 Ft. Tbs.
AVERAGE SPECIMENS 11 TO 15 ’128.% ¥+, Ibs.
AVERAGE SPECIMENS TO

i A,
TEﬂEM;AGHmBsnnmmmgﬁ?éézéaﬁzy ><£éﬂ%&227

/Vl//
l/[ L QL

s




IMPACT MATERTAL TEST FORM

TESTING AGENT: N,.VW.T.I. WISCCNSIN STATE WELD
DATE: May 3, 1985 TESTING LAB #3
TESTED FOR: _3ay Shipduildine Corn. 1601 University Drive
MATERTAL, TYPE: HY 80 Marinette, WL 54143

SPECIMEN ID#: HY8 AC-1

TESTING TEMPERATURE: -60F

MEDIUM: IMethanol Anhvdrous CH30K
TYPE QF NOICH: Charpv V Notch

TESTING MACHINE MCDEL #: 74 Uaniv, Tinius Olsen
SERTAL NUMBER: 135330

SPECIMEN ID# i FT.-IB. ENERGY
A1l Yeld 1 54
2 50
Z 67 H
i 44 L
5 63
J.0.2. A 40 L
) 65
- <] 58
o 70
10 90 H
Base 11 | 142
12 147
1z 141
] qn | 135 L
15 152 H
AVERAGE SPECIMENS 1 TO 5 55.6 Ft. lbs.
AVERAGE SPECIMENS 6 TO 10 64.3 Ft. lbs.

AVERAGE SPECIMENS 11 TO _15 143.3 Ft. 1bs.

AVERAGE SPECIMENS TO

TESTING AGENT SIGNATURE

DATE:




IMPACT MATERIAL TEST FORM

TESTING AGENT: N.¥W.7.I. WISCONSIN STATE WELD
DATE: _ Nov., 9, 1084 TESTING LAB #3
TESTED FOR: _3ay Shivbuilding Corv. 1601 University Drive
MATERTAL TYPE: ¥Y R0 Marinette, WI 54143
SPECIMEN ID#: ©v £ AC HHT

TESTING TEMPERATURE: . &nY o

MEDIUM: Methanol Anhvdrous CH50F
TYPE QF NOICH: Charpv V Notch

TESTING MACHINE MCDEL #: 74 Univ, Tinius Olsen

CTIMTAT IPTRATITIVN . 8 o = wn =~
SERIAL, NUMBER: ‘135330

SPECIMEN ID# FT.-LB. ENERGY
A11 Weld 1 10 H
2 a5
3 15
L 19
- 5 12.5_ L
H.A.Z. 6 a7
7 47
3 2z T
Q 22 q
10 57
Base 41 152
49 122 T
o 13 166 ol
14 146
15 152
AVERAGE SPECIMENS 41 TO &5 15.6 75, Th=,
AVERAGE SPECIMENS 6 TO 410  50.%2 F+., Ibs,
AVERAGE SPECIMENS 11 TO 15 150 Ft.. ITha,

AVERAGE SPECIMENS TO

TESTING AGENT smmrun%%)/ //é/ NYAY ///////

ATE:" ///&/ /(é/




IMPACT MATERTAL: TEST FORM

TESTING AGENT: N.W.T.T. WISCONSIN STATE WELD
DATE: May 3, 1585 TESTING LAB #3
TESTED FOR: _3av Shinbuillding Corn. 1601 University Drive
MATERTAL TYPE: HY80 — Marinette, WI 54143
SPECIMEN IDi#: HY8 HHI-1

TESTING TEMPERATURE: —-60F

WM TYTRE. T2l _ =2 AT Y Lo NIT>NATT
rioiuries rietilanol ANNVATrous LHHUH
TYPE COF NOICH: Charny V_Notch

TESTING MACHINE MCDEL #: 74 Univ, Tinius Olsen
SERTAL NUMBER: 435330

SPECIMEN ID# FT, -IB, ENERGY
All Yeld 1 30
28 L
Z 37 H
L 35
5 33
J.4.2. a 138
7 136 L
. ) 147 H
Q 145
10 140
Ragse 11 | 73 L
a2 58 H
12 77
14 94
15 85
AVERAGE SPECIMENS 1 TO 5 32.6 Ft. lbs.
AVERAGE SPECIMENS 6 TO 10 141.0 Ft. lbs.
AVERAGE SPECIMENS 11 TO 15 85.3 Ft.. 1bs.

AVERAGE SPECIMENS TO

TESTING AGENT SIGNATURE:

Ty




IMPACT MATERTAL TEST FORM

TESTING AGENT: N.¥W.T.I. WISCONSIN STATE WELD

DATE: _ Nov., 9, q0gL TESTING IAB 3
TESTED FOR: _Bay Shivopuilding Corm. 1601 University Drive
MATERIAL TYPE: &Y £0 Marinette, WI 54143
SPECIMEN IDs: Fv = i(Q

TESTING TEMPERATURE: - G0° 7.
MEDIUM: Methanol Anhvdrous CH30H
TYPE QF NOICH: Charov V Notch

TESTING MACHINE MODEL #: 74 Univ, Tinius Olsen
SERIAL NUMBER: 425320

-

SPECIMEN ID# FT.=IB. ENERGY
A11 YWeld 1 21 H
2 15 -
Z 12 L
4 12
5 10
H.A.Z. 6 105
7 440
8 o L
9 402
10 154 H
Base 7 _ 11 ) 140 _ -
12 42
13 150 H
14 Al
15 122 T
AVERAGE SPECIMENS 4 TO 5 17.6 F+. Ibs.
AVERAGE SPECIMENS & TO 10 118,23 ¥+, Tbs.
AVERAGE SPECIMENS 14 TO 1% 145 F:{‘. Tbks.

AVERAGE SPECTIMENS TO

. ~—>2.7 ; /7 / /[ ~
TESTING AGENT SIGNATURE .////éiﬁ/ % /Z/’///(%/

DAIE: 7/ [ o/ &%




IMPACT MATERTAT: TEST FORM

TESTING AGENT: N.W.T.I. WISCONSIN STATE WELD

DATE: Nov. O, 108 TESTING LAB #3
TESTED FOR: Bav Shinbuildine Corn. 1601 University Drive
MATERTIAL, TYPE: v en Marinette, WL 54143

SPECIMEN ID#: 1Tv Q MO
TESTING TEMPERATURE: _ gn¥ =

TYPE QF NOICH: Charpy V Notch

TESTING MACHINE MODEL #: 74 Univ, Tinius Olsen
SERTAL NUMBER: 435Z30

SPECIMEN ID# FT.-IB. ENERGY
All VYeld 1 61 a
_ 2 2.0
Z 50
- ] 4 j1Xe) =
= o a
H.A.Z. 6 145 )i
7 101
8 1u.
0 126 =
10 129
Base 11 151
12 134 L
13 148
14 149
15 152 g

AVERAGE SPECIMENS 14 TO 5 Gh.6 Fr. Tbs.
AVERAGE SPECIMENS & TO 40 141.6 Ft. Ibs.
AVERAGE SPECIMENS 41 TO 45 ’140.77‘}?17. Ibs.
AVERAGE SPECIMENS TO

a V-4 ) /’A i
Doy At
TESTING AGENT SIGNMWL%///’V"/%/ _ %/M"//M

DATEY __Jf 2> 7.7/




IMPACT MATERTAL TEST FORM

TESTING AGENT: MN.UW.w.TI. s WISCONSIN STATE WELD
DATE: May 3, 1985 TESTING LaB #3
TESTED FOR: 3av Shinduildine Corn. 1601 University Drive
MATERTAT, TYPE: HY 100 Marinette, WI 54143
SPECIMEN ID#: HYO AC 1

TESTING TEMPERATURE: —60F

MEDIUM: Methanol Anhwvdrous CH303
TYPE CF NOICH: Charnv V Wotch

TESTING MACHINE MCDEL #: 74 Univ, Tinius Olsen
SERTAL NUMBER: 125330

___SPECIMEN ID4 FT.-IB. ENERGY 7
A11 Yeld 1 55 |
2 50
Z 60
Ji8 63 H
5 48 L
3.1.2. é 55
7 58
- 2 60
o] 77 H
10 54 L
Rage 11 129 L
12 | 135 H
17 131
1 131
15 130
AVERAGE SPECIMENS 1 TO 5 55.0 Ft. 1lbs.
AVERAGE SPECIMENS 6 TO 10 57.6 Ft. 1lbs.

AVERAGE SPECIMENS 11 15 130.6 Ft. 1bs.

TO
AVERAGE SPECIMENS TO




APPERDIX C - HARDNESS TEST FORMS



Har dness Data Expl anation

. Test Equipnent

The tester used consists of a WIson Rockwell Tw n Testor,

Model 3TY-a-Rb, serial #279. The machi ne was serviced 6-28-84
to ASTME 18 standards.

Il.  Data Sheet Explanation

The data sheets contain the foll ow ng data:

Wl d sanpl e nunber, date of the test, Rockwell test block
data, machine test data, weld sanple base netal hardness,
and a graph of the hardness data vs position of the test.
Al hardness data was run on the superficial scale R30N.
This scale allows a smaller test dent so readings could

be taken closer together.

111. Sanple Test Procedure

1. The weld test sanples were etched with appropriate

etch solution to relieve the welded area and the

base netal -wel d boundary.

2. A series of three tests were run on the test.block .

to determne the operational accuracy of the hardness
tester.



3. Toestablish base metal hardness, hardness tests
were taken on the ends of the sanple away fromthe
heat effected area. Three readings were taken and

aver aged.

4. A series of about 20 single tests were run across the
wel d to establish a hardness profile of the wel ded
area. This series was started about 3/8" fromthe
wel d boundary and ended about 3/8” in the base netal
on the opposite side. Tests were taken at about 1/16”
increments. Since the exact placenments could not be

acconplished, the increnment distances vary slightly.

5. The test dents were counted to determ ne the division
line between the base netal and the weld pool. These

boundaries are nmarked on the hardness graph

17R



6. Any sanples show ng inconsistent data were retested.

7. After all sanples were tested, the Rockwell test

bl ock was retested to determ ne nachi ne accuracy.

Test Results and Explanation

The hardness value of the standard test block and the
“machine test” show good correlation. The hardness of
the test block recorded is R30N 47.0% 1.0 and the machine
test averaged R30N 46.8. Tests run on the test block after
wel d sanple testing again show good consistency with an
average of R30N 46. 7.

The first and | ast hardness tests on the “series” show
good correlation with that of the base nmetal average. In
all cases the HY and EH steel sanples show that there are
hardened areas in the heat affected zones next to the weld
pool . The maxi mum hardness in these areas was probably not
determned in all cases. However, the data does show sub-

stantial increase over the base netal hardness.

The—hardness of the “weld netal s” of sanple Hy-8-Ac
shows a value slightly lower than that of the base netal
Sanples Hy-O-CS, Hy-OFC, Hy-8-FC, EH6-FC, and EH 6-CS
show a hardness that is slightly harder than the base
metal average. \Weld sanples Hy-O AC, Hy-8-MC, Hy-8-cs,
and Hy-8-AC-HH show a hardness about even with that of
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the base metal. Both stainless steel samples show a

"weld metal” that is about 10 R30N points higher than that

of the base metal.

Signed: Quentin Ruprecht Date: November 6, 1984
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HARDNESS DATA

SAMPLE NUMBER TH-6-FC DATE OCTOBER 3,1984

ROCKWELL TEST BLOCK  T71R05358 R30N 47.0 ¥ 1.0

MACHINE TEST AVERAGE __ 46.5, 47.5, 46.5 = 46.8

TEST _ R30N
1 1+27.5 11 38.5 21 | 28.0
2 28.5 12 36,0 22 28,0
3 29.0 13 34.5 25 | 27.0
4 31.0 14 1 33.0 24 | 28.0
5 | 31.5 15 | 45.5 25
6 32.0 i6 44.5 26
7 | 42.0 ' 17 | 45.0 27
8 40.0 18 32.5 28
9 40.0 19 30.5 29
101 39.0 20 30.0 30

BASE METAL HARDNESS R30N 26.0, 25.0, 26.0 = 25.7

60

55

50

45

S
—1_ -
o —
et

40

ROCKWELL 30N

- -
-

35

-
-
| it

30 -

25

123456789101 23456789201 2345678930

TEST NUMBER
APPROXIMATELY 1/16" INCREMENTS
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HARDNESS DATA

SAMPLE NUMBER SS-I1~CS DATE ~OCTOBER 3,1984

ROCKWELL TEST BLOCK  71R05358 R3ON 47.0 % 1,0

MACHINE TEST AVERAGE 46.5, 47.5, 46.5 = 46.8

TEST __ R3ON
i .27.0 11 36.5 21 29.0
2 26.0 12 36.5 22 29.0
3 29.0 13 35.5 23 28.5
4 30.0 14 35.0 24 25.5
5 33.0 15 35.0 25 26.5
6 33.5 16 34.0 26
7 32.5 17 34.0 27
8 36.0 18 33.0 28
9 | 36.0 19 | 34.0 _ 29
101 38,0 20 34.0 30

BASE METAL HARDNESS_R30N 26.0, 27.0, 26.5 = 26.5

60

1 )]
N

50

45

40

ROCKWELL 30N

\N
(=)
B

/
/- AN

25 ¥

123456789101 23456789201 2345678930

TEST NUMBER

APPROXIMATELY 1/16" INCREMENTS

<

t
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MARAD PROJECT 3205
HARDNESS DATA

SAMPLE NUMBER HY-0-CS DATE OCTOBER 3,1984
ROCKWELL TEST BLOCK__ T1R05358 R3ON 47.0 ¥ 1.0
MACHINE TEST AVERAGE  46.5, 47.5, 46.5 = 46.8
TEST  R30N
1 44.0 11 48.5 21 46.0
2 45.0 12 48.0 22 47.0
3 | 42.0 13 | 50.0 23 | 44.5
4 | 45.0 14 | 52.0 24 | 44.5
5 53.5 15 45.0 25
6 | 59.0 16 | 50.0 26
7 56.0 17 | 56.5 27
8 52.0 18 51.5 28
9 | 48.0 19 | 44.5 29
101 45.0_ 20 46,0 30
BASE METAL HARDNESS R30N 47.0,44.0,46.5 = 45.8
60
A
IVIAN
/
55 7 Iy
\ \
\
/ /
50 ' A i 1
I 17 \
I / A0/ \
g | \\ 7/ \I/ \[- <
N 45 N y’ o
) N/
o
~ .
35
30
25 L

123456789101 23456789201 2345678930

TEST NUMBER
APPROXIMATELY 1/16* INCR

EMENTS

)_.I
|




MARAD PROJECT 3205
HARDNESS DATA

SAMPLE NUMBER HY-0-FC DATE OCTOBER 3,1984

ROCKWELL TEST BLOCK  71R05358 R30N 47.0 ¥ 1.0

MACHINE TEST AVERAGE 46.5, 47.5, 46.5 = 46.8

TEST __ R30N
T 1-41.5 11 | 53.5 21
2 49.0 12 | 54.0 22
3 | 48.0 13 | 57.5 23
4 | 54.5 14 | 48.0 o4
5 53.0 15 | 45.5 25
6 50.0 16 | 47.0 26
7 52.0 17 | 47.0 27
8 52.0 i8 | 47.0 28
9 51.5 19 | 47.0 29
101 53,5 20 | 47.5 30

BASE METAL HARDNESS R30W 48.0, 46.0, 45.0 = 46.3

60
’
- {
Py Y
A‘-—-‘/ \
JAN RN Z 1
Il \\ v "/ ‘;
50 I )
S _—
8 N
[T 45
3
P ow
Q
=
35 —
30
25

123456789101 23456789201 2345678930

TEST NUMBER

PROXIMATELY 1/16" INCREMENTS
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MARAD PROJECT 3205
HARDNESS DATA

SAMPLE NUMBER HY-8-CS DATE OCTOBER 3,1984

ROCKWELL TEST BLOCK___71R05358 R3ON 47.0 % 4.0

MACHINE TEST AVERAGE  46.5, 47.5, 46.5 = 46.8

TEST _ R30N
1 ].42.0 11 41.5 21 41.5
2 | 43.5 12 | 43.0 22 | 41.0
3 43.0 13 39.0 23 41.5
4 42,0 14 41.0 24
5 55.0 15 41.0 25
6 | s8.0 16 | 45.5 26
7 | 46.0 17 | 57.5 27
8 | 45.5 18 50.0 28
9 | 47.0 19 | 40.5 29
101 41.5 20 41.5 30

BASE METAL HARDNESS R3ON 42.0, 41.0, 40.0 = 41.0

60

N
W

e 8 Y
LT

S
N
LA

|4~

ROCKWELL 30N
o
o
N

l

N
//
\\

|

35

\N
Q

123456789101 23456789201 2345678930

TEST NUMBER

- APPROXIMATELY 1/16" INCREMENTS
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MARAD PROJECT 3205
HARDNESS DATA

SAMPLE NUMBER __ HY-8-FC DATE OCTOBER 3,1984

ROCKWELL TEST BLOCK __ 71R05358 R30N 47.0 % 4.0

MACHINE TEST AVERAGE  46.5, 47.5, 46.5 = 46.8

TEST __ R3ON
1 | 41.5 11 | 44.0 21 | 42.0
2 41.5 12 45.0 22 41.0
3 1 #1.5 13 | 47.5 23
4 | 51.0 14 1 45.0 24
5 50.0 15 48,0 25
6 | 48.0 16 | 48.0 26
7 | 47.0 17 | 51.0 27
8 | 46.0 18 | 54.0 28
9 | 47.5 19 | 42.0 29
10| 44.0_ 20 | 42.5 30

BASE METAL HARDNESS R50W 42.0, 42.0, 41.5 = 41.8

60

n
\N

o_——

50

V4

45

\.\\“N
T

40

ROCKWELL 30N

35

\N
(@]

123456789101 23456789201 2345678930

TEST NUMBER
APPROXIMATELY 1/16" INCREMENTS
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MARAD PROJECT 3205
HARDNESS DATA

SAMPLE NUMBER  dy-8-4C-1

ROCKWELL TEST BLOCK

DATE

.

Yay 9, 1985

71R05358 R30N'47.0 % 1.0

MACHINE TEST AVERAGE R30¥ 47.1, 46.9, 46.5 = 46.8

TEST R30N
i . 39.0 11 42,0 21 55.0
2 40,0 12 43.0 22 50.0
3 40,0 13 44.0 23 40.0
4 40,0 14 43.0 24 40.5
5 s0.0 415 AD © 214 AN N
s Pad A d vJ “GleJ <) GUe\J
6 58.0 16 46.90 26 40.0
7 47.0 17 49.0 2 '
8 46.5 18 48,0 28
9 45.0 19 49.0 29
10 44,0 20 52.0 30
BASE METAL HARDNESS R30i 40.0, 39.0, 41.0 = 40.0
60
N
55 AL}
L II | / 1
] — — A \\ R
/ — y, A\ .
50 7
. ] \
| i \
8 7 —IN |
A 45 ll < < 7 !
\
(5} 40 =
(@]
[o<] _ —
35
20
25

123456789101 23456789201 2345678930

A\PPROXIMATRIY 1/414&n Tno
- AN NS ks dd e Al da LY 2L A4 E ALY

TEST NUMBER
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MARAD PROJECT 3205
HARDNESS DATA

SAMPLE NUMBER  HY-8-AC-HHI DATE OCTOBER 3,1984

ROCKWELL TEST BLOCK __ 71R05358 R3ON 47.0 * 4.0

MACHINE TEST AVERAGE  46.5, 47.5, 46.5 = 46.8

TEST _ R30M
1 |+ 39.0 11 | 36.0 21
2 39.0 12 | 38.0 ' 22
3 38.0 13 | 37.0 23
4 47.5 14 | 40.0 24
5 58.5 15 | 54.0 25
6 | 38.0 16 | 47.0 26
7 42,5 17 | 40.0 27
8 38.0 18 | 40.5 28
9 39.5 19 | 41.0 29
101 38.0 20 | 39.5 30

BASE METAL HARDNESS__R30M 39.0, 36.0, 42.0 = 39.0

60

55

50

L1

45

L‘\N.‘

//\’/

[ty
—-———"‘—_P B
-

et
11

40 !

ROCKWELL 30N

35

30

25

123456789101 2345678920 1 2345678930

TEST NUMBER
APPROXIMATELY 1/16" INCREMENTS
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SAMPLE NUMBER__Hy-8-HHT-1 DATE __ Mav 9, 199°
ROCKWELL TEST BLOCK __ 71R05358 R30N 47.0 % 1.0
MACHINE TEST AVERAGE 330U 47.1, 46.9. 46,5 = 46, 8
TEST _ R30N
1 37.5 11 40.5 21 40.5
2 38.0 12 39.0 22 42.0
3 40.0 13 40.0 23
4 44.0 14 38.5 24
5 52.5 15 41.0 25
6 49.0 16 45.0 26
7 | 45.0 17 57.0 27 '
8 32.0 18 49.0 28
9 42.0 19 48.0 29
01 42.5 20 41,0 30
BASE METAL HARDNESS R30I 39, 42, 40.5 = 40.5
60 :
55 o
— Ty — -
ot e e A
en T\ ! \
NV NT !
{ ]
— — f |+ \
S f f =
LA 45 N L
e A\ / y
/ 3 / \
g / AN Yy
o) 40 y4 ~N INLL —
S s x
~
35
30
25
123456789101 23456789201 2345678930

FalAD PHROJECT 5205
HARDNESS DATA

MITYITT ArTrR e

APPROXIMATELY 1/16" INCREMENTS
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MARAD PROJECT 3205
HARDNESS DATA

SAMPLE NUMBER _HY-8-AC DATE OCTOBER 3,1984

ROCKWELL TEST BLOCK __ 71R05358 R3O0N 47.0 % 1.0

MACHINE TEST AVERAGE __ 46.5, 47.5, 46.5 = 46.8

TEST __ R30N

' 41.0 , 11 33.0 21
2 40.5 12 | 36.0 - 22
3 42,0 13 60.0 23
4 56.0 14 41.5 24
5 38.0 15 42.0 2
3 38.0 16 42.0 26
7 35.0 17 42,0 27
8 35.5 18 42.5 28
9 35.0 19 29
101 33.0 20 30

o
(@]
a0

n
w
=111

\n
o
H—t—4-L

-

1|

[t

40

ROCKWELL 30N

T

N
wn

4 N 2 ALC LT 0 QAN A4 A T AP L T A NAA a2 o~ M .
v e 28400 10 JI1VA c34)0(1083%20171 2354507

MM AITMDTD
Alad L LWUSIDEIL

APPROXTIMATELY 1/16" INCREMENTS
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MARAD PROJECT 3205
HARDRESS DATA

SAMPLE NUMBER__HY-8-MC DATE OCTOBER 3,1984

ROCKWELL TEST BLOCK __ 71R05358 R30N 47.0 % 1.0

MACHINE TEST AVERAGE _ 46.5, 47.5, 46.5 = 46.8

TEST __ R30N
1 ] 42.0 11 | 46.0 21 | 41.0
2 | 42,5 12 | 43.5 : 22 | 40,0
3 | 42.5 13 | 43.5 23
4 | 43.0 14 | 42.0 24
5 | 42.0 15 | 43.5 25
6 | 53.5 16 | 59.0 26
T | 50.5 17 | 48.0 27
8 | 42.0 18 | 40.5 28
9 | 43.0 19 | 41.5 29
101 43.0 20 | 42.0 30

BASE METAL HARDHESS__R30N 43.0, 41.0, 41.0 = 41.7

60

|
|
-

|

N
Ul
)

ad

17
_/.—-—f

-

~
N

=2
P
|

t

Dy

ROCKWELL 30N

35

W
(@)

123456789101 23456789201 2345678930

TEST NUMBER
" APPROXIMATELY 1/16" INCREMENTS
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MARAD PROJECT 3205
EA

\BEDNESES. DATA

SAMPLE NUMBER. Hy-0-AC-1 DATE iy Q, 1985
ROCKWELL TEST BLOCK  71R05358 R30N 47.0 * 1.0
MACHINE TEST AVERAGE <3201 47.1, AA.9, A 5 = 44 8
TEST  R30N
1 45.0 11 50.0 21 47.5
2 47.0 12 44.0 22 44.0
3 46.0 13 48.0 23 46.5
4 52.0 14 45.5 24
5 51.0 15 | 52.0 25
6 50.5 16 55.0 26
7 1 48.0 17 53.0 27 '
8 48,5 18 52.5 28
9 43.0 19 44,0 29
an AL 1\ FoYa) AA N >N
(R¥) a2\ o\J L2 32 T Y) pAY _
BASE METAL HARDWESS <2301 43.0, 41.0, 45,0 = 43,0
60
55 -
\ — o | — ——
]l —_— - J _\Y ——
50 T / N
Pad { \ /
7 N wiiw i X
f 7/ 1\ ; ] \ 9
= \ / \ W \\ \\ // N
1 \
g 40
(&)
(@]
~
35
30
s _
sJ
123456789101 23456789201 2345678930

TEST NUMBER
APPROXIMATELY 1/16" INCREMENTS
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APPENDIX D - SPECTROGRAPHIC FORMS
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MARAD PRQJIECT 3205
Spectrographic Data
Expl anation and Results
Spect rographi ¢ appar at us:
The spectrometer used for this data was a Jarrell-Ash

Atontonp Mbdel 750 direct reading vacuum unit. The spark

stand consists of an electronic controlled wave source.
A Digital PDP 8-a conputer analyzed the results. Argon

gas of 99.96% purity was used in the spark chanber

Test procedure.

1. The spark chanber was cleaned before testing.

2. The spectroneter electrical conmponents were warned up

with at least 16 burns prior to standardization

3.  The spectroneter was standardi zed by:

a. Setting the optical nonitor to nmaxi mum peak val ue.

b. Working standards were burnt to standardi ze each

elenent in the appropriate matrix.
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111.

c. An analytical standard was burnt to determ ne the

accuracy of the standardization.

Each sample was freshly ground before testing

Four burns were run on each sanple. The results of each
burn were averaged by the conputer. The burns on the base
nmetal were taken at each end and on both sides of the
sanmple. The burns of the weld netal were taken in the

center of the weld pool and on both sides of the sanple.

A set of three or four sanples were run consecutively on

a standardi zati on.

A final test was run on the same anal ytical standard to

verify the accuracy of the spectroneter operation.

Expl anati on of the data sheets.

at

1.

This is the explanation of the mmjor data lines, starting

the top of the data pages.

Line one contains the project title, the sanple nanme, and

t he placenent of the burns.

There is a set of two or four burns |isted with the burn
nunber, tinme, and date of test. Next are two “IS’ nunbers
that represent the intensity of the iron count and the

operation of the electronics. Also, listed is a line of
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el ement synbols and the “intensity ratio” value of that

el ement . The synbols < or > in front of the elenment value
represents the value as being “less than” or “greater than”

t hat capable of being determned by the matrix. Ratio

val ue between the different burns should not vary by large
anmounts. However, small variation is to be expected. The
“average” line represents the average of the burn ratios
printed out in percent concentration. These percent con-
centration nunbers are then the approxi mate anmount of el enment
in the sanple. Even though there are four burns averaged’,

t hese percentages can only represent a close approximation

of the exact anounts.

V. (Qoservations of the weld sanple test data.

The followi ng observations are by sanple sets.

1. Samples Hy-8-CS, Hy-8-FC, Hy-8-ACHH, Hy-8-MC, dated
9-15-84 and sanmple Hy-8-AC, dated 9-19-84.

a. The average percent values of the NBS standard 1261,
bef ore sanpl e burning, show expected correlation

with the accepted percentages.

b. The NBS anal ytical standard burns before and after show
expected correlation. Most elenents obtained a difference

of only % several hundredths of 1%. Tungsten, however,

varies the nost and does tend to drift on this nachine.



c. The base netal burns of all tested sanples show good

consistency and within expected variations.

d. Carbon content of all weld netals is |ess than 0.108%

concentrati on.

e. The weld materials tested show concentration values wth
significant differences in the elenments of M\, Sl, CR
and MO. The remaining elenents tested show ninor

percentage difference.

Wl d sanples Hy-OCS, Hy-OFC, and Hy-O AC, dated 9-22-84.

a. The average percent values of the NBS anal ytical
standard 1261, before sanple testing, show expected

correlation with the accepted val ues.

b. The NBS analytical standard burns, before and after,
show expected correlation. Most el ements obtained

a difference of only * several hundredths of 1%.

c. The base netal burns of all tested sanples show good

consi stency and within expected variations.

d. Al weld netals tested show a carbon content of |ess
t han 0.108% concentrati on.
e. The weld netals tested show significant differences

in the elements MN, S1, CR and mnor differences in
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the remaining elements.

Weld samples EH-6-CS, EH-6-FC, dated 9-19-84.

A.

The average percent values of the NBS analytical
standard burnss; before sample testing, show expected.-

correlation with the accepted values.

The NBS analytical standard burns before and after

,,,,, .1

samples show expected correlation. Most elements-
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The base metal burns of all tested samples show good

consistency and within expected variances.

The carbon content of the weld metal of sample EH-6-CS
has a value less than 0.108%, while sample EH-6-FS has

a content slightly more than 0.108%.

The weld metals of the two sampleshave a significant
difference in elements of MN, SI, NI, while remaining

elements show minor variances.

The MBH analytical standard 12851-G burns, before
sample burning, show expected correlation with the

acceptéd values. The element copper cannot be deter-



mned by this matrix as there is insufficient progranmm ng

dat a.

b. The MBH anal ytical standard burns before and after
sanpl e sanple burning show expected correlation.
Most el ements obtained a difference of only + several
hundredths of 1%  Chrom um and nol ybdenum obt ai ned

difference in * several tenths of 1%.

¢c. The base netal burns show good consistency between

the two sanpl es.

d. The weld nmetals of the two sanples show carbon content
as being less than 0.039% Manganese in the “FC
weld netal is somewhat higher than that of the “CS
weld nmetal. Silicon, however, is less in the “FC’
weld nmetal. The renmining elements tested show

simlar contents.
e. The weld netals and base nmetals of the two sanples
are very simlar in conposition to each other wth

only mnor differences in the mgjor-alloying elenents

of M\, CR, NI, and MO

Signed: Quentin Ruprecht Date: Novenber 6, 1984.
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MARAD PRQIECT 3205
Spectrographic Data

5. Weld sanples Hy-8-AC-1, HY-8-HH1, and Hy-O ACI.

a. The average percent values of the NBS anal ytical
standard burns, before sanple testing, show expected

correlation with the accepted val ues.

b. The NBS analytical standard burns before and after
sanpl es show expected correlation. Most el ement s
obtained a difference of only * several hundredths

of 1%

¢c. The base nmetal burns of all tested sanples show

good consistency and w thin expected variances.

d. The carbon content of the weld sanple for Hy-O AC 1,
Hy-8-HH -1, and Hy-8-AC-| has a value less than 0.108%
and is considerably |less than the base netals.

e. The weld nmetal of all sanples has a significant

difference in elements M\, and CR conpared to the

base netal .

Si gned: Quentin Ruprecht Dat e: May 29, 1985.
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U.8. Departnignt ol Commerce

\ llugcrs,' %:':B‘;)_l.orhm. . o~ coT .
National Zur‘c:l‘;l:;bundlrdaﬁailnna[ ﬁurean nf ﬁtandardﬁ
Uerfificate of Analpsis -

Standard Reference Material 1261

AIST 4340 Steel '

" This standard is in the form of disks 31 mm (1 1/4 in) in diameter and 19 mm (3/4 in) thick,
‘generally for use in optical emission and x-ray spectrometric analysis.*

Carbon 0.38, Aluminum (total) 0.02;!
Manganese - .66 Niobium 022,
Phosphorus 015 Tantalum 020
Sulfur 017 Boron .0005
Silicon 223 Lead 000025
Copper .042 Zirconium 009
Nickel 1.99 Antimony 0042
Chromium 0.699 Bismuth 0004
Vanadium 011 Silver .0004
Molyhdenum .19 Calcium .000024
Tungsten .017 ’ Magnesium .00018
Cobalt .030 Selenium 004
Titanium .020 Tellurium 0006
Arsenic : 017 Cerium . 0014
Tin .010 Lanthanum 0004
Neodymium 00024

2 This material also is available in the form of chips, SRM 361, for use in chemical methods of analysis: rods, SRM 1095, 6.4 mm
(1/4 in) in diameter and 102 mm (4 in) long for the determination of gases in metals by vacuum fusion and neutron activation
methods of analysis: and rods, SRM 661, 3.2 mm (1/8 in) in diameter and 51 mm (2 in) long for apphication in microchemical
methods of analysis such as electron probe microanalysis, spark source mass spectrometric analysis, and lascr probe analysis.

CERTIFICATION: The value listed for a certified element is the present best estimate of the ““true™
value based on the results of the analytical program. The value listed is not expected to deviate from
the “true™ valuc by more than £1 in the last significant figure reported; for a subscript figure, the
deviation is not expected to be more than %5. Based on the results of homogencity testing, maxi-
mum variations within and among samples are estimated to be less than the uncertainty figures:
given above. :

.U

Thc': overall direction and coordination of the technical measurcments at NBS leading to certif-:
cation were performed under the direction of K. F. J. Heinrich. O. Menis, B. F. Seribner, J. L.’
Shultz, and J. L. Weber, Jr.

The technical and support aspects involved in the preparation, certification, and issuance of this
Standard Reference Material were coordinated through the Office of Standard Reference Materials

by R. E. Michaelis. -
Washington, D.C. 20234 J. Paul Cali, Chief
January 8, 1976 Office of Standard Reference Materials

(Originally issued July 26,1970
with revisions August 16, 1972, and
attachment February 24, 1975) (over)



PLANNING, PREPARATION, TESTING, ANALYSIS: This standard is one of five replacements
for the original eight 1100 series iron and steel SRM’s. Material from the same melt is available in a
variety of forms to serve in checking methods of analysis and in calibrating instrumental techniques.

The material for this standard was vacuum melted and cast at the Carpenter Technology Corpo-
ration, Reading, Pennsylvania, under a contract with the National Bureau of Standards. The con-
tract was made possible by a grant from the American Iron and Steel Institute.

The ingots were processed by Carpenter Technology Corporation to provide materia of the
highest possible homogeneity. Following acceptance of the composition based on NBS analyses,
selectcd portions of the ingot material were extensively tested for homogeneity at NBS by J. R;
Baldwin, D. M. Bouchette, S. D. Rasberry, and J. L. Weher, Jr. Only that material meeting a critical
evaluation was processed to the final sizes.

Chemical analyses for certification were made on composite samples representative of the ac
cepted lot of material.

Cooperative analyses for certification were performed in the analytical laboratories of Bethlehem
Steel Corporation, Sparrows Point Plant, Maryland, R. H. Rouse; Carpenter Technology Corpora-
tion, Research and Development Center, Reading, Pennsylvania, E. J. Cramer; The Timken Rollcr
Bearing Company, Steel & Tube Division, Canton, Ohio, R. G. Cover; United States Steel Corpora-
tion, Applied Research Laboratory, Monroeville, Pennsylvania, L. Melnick; and Gary Steel Works,
Gary, Indiana, E. H. Shipley.

Analyses were performed in the Analytical Chemistry Division of the National Bureau of Stand-
ards by the following: R. Alvarez, J. R. Baldwin, D. A. Becker, R. K. Bell, R. W. Burke, B. S.
Carpenter, E. L. Garner, T. E. Gills, C. J. Lutz, L. A. Machlan, E. J. Maienthal, J. McKay, L. J.
Moore, C. W. Mueller, T. J. Murphy, P. J. Paulsen, T. C. Rains, S. D. Rasberry, T. A. Rush, K. M.
Sappenficld, B.A. Thompson, S. A. Wicks, and J. Wing.

ADDITIONAL INFORMATION ON THE COMPOSIT10N: Certification is made only for the ele-
ments indicated. The five replacements, however, contain a graded series for 40 elcments and
nformation on the elements not certified may be of importance in the use of the material. Al-

though these arc not certified, values arc presented in the following tablc for the remaining ele-
ments.

Value from a sincle method of analvsis:

Elcment Percent. bv weight Element Percent. by weight
Gold (<0.00005) Oxygcen 0.0009

Zinc (.0001) Hydrogen E<.0005;
Praseoymium (.00014) Strontium (<.0005)
Hafnium (.0002) Iron (by diffcrencc)  (95.6)
Nitrogen (.0037)

‘Dash indicates “'not detected .” Value in parenthesis following the dash is the conservative “upper limit” of detcctlon.

Approxinmate value from heat analysis:

Germanium [0.006]

200
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-

CERTIFICATE OF ANALYSIS

MATERIAL: 18/8 STAINLESS STEEL

2:?2gzgge c Si S P M | Nt [Cr |Co | M | Mo | cu
19 W 1T
12836 D veo 1005 ... .v. {1.35 | 10,00 18.00{ ... |[1.98 |o.o8 | ...
12839 G cer |1.00] ... .. |0.98 | 9.96/16.24[ ... |3.39 [0.40 | ...
15072 G D.064 | 1.03 D.008 0.054]1.26 | 7.48/16.10] ... |4.99 [1.00 |1.10
12851 F 0.14 | 1,08 p.028 0.031|1.22 | 10.08| 18. 30| 0,038] 3.63 |0.26 |0.00
12852 B 0.15 | 1.08 p.053 oo | 1.29 | 10.04] 18,46 ni12 2,00 [1.11 | ...
[L/52651 G 0.12| 1.08 [0.03 0.023 1.22 | 10.04 18.34 0.043 3.'50 | 0.24 p.0ss5 | ;
12852 C 0.15| 1.16 |0.062 .o.|1.24| 10,00 18.47 0.098] 2.00 [1.17 | ...
6/

MANUFACTURED BY: WILLAN METALS LTD, ROTHERHAM

ANALYSED BY: WILLAN METALS LTD, ROTHERHAM
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