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FOREVORD

The purpose of this report is to present the results of one of the
research and devel opment programs which was initiated by the nenbers
of the Ship Production Conmittee of The Society of Naval Architects and
Marine Engineers and financed largely by governnent funds through a cost
sharing contract between the U S. Mritinme Admnistration and Bethl ehem
Steel Corporation. The effort of this project was directed to the devel op-
ment of inproved methods and hardware applicable to shipyard welding in
the U S. shipyards

M. W C Brayton, Bethlehem Steel Corporation was the Program
Manager, M. G D. Utrachi, Linde Division of Union Carbide Corporation
was the Senior Project Engineer who provided the technical direction. The
work was perforned at the Union Carbide Research Facility at Tarrytown,
New York.

Special acknow edgenent is made to the nmenbers of Wl ding Panel
SP-7 of the SNAME Ship Production Conmttee who served as technica
advisors in the preparation of inquiries and evaluation of sub-contract

proposal s.



EXECUTI VE SUMVARY

BACKGROUND

The technique of one-side welding is not newin the United
States.  There have been nunerous successful shipyard applications
i nvol ving Flates up to 3/4" thick. The higher currents and the
resulting larger pool of molten metal necessary for single pass
wel ding of thicker plating inpose flux requirements which can
not be net by conventional Anerican or European fluxes.

Several nethods have been used in Japan during the devel op-
ment of one-side welding over the past few years. The nethod
most widely used at present is the FCB (Flux Copper Backing)
process and the flux developed under this project was for use
with this process.

In addition. to the flux problemthe proper control of arc
behavior with separately powered nultiple arcs was also a
probl em of significance. Al though the flux devel opnent and
the arc behavior study were identified as separate projects
t hey Wﬁre awarded to the sane subcontractor and perforned con-
currently.

OBJECTI VES
A FLUX DEVELOPMENT

Devel op a submerged arc welding flux or fluxes caP-
able of making satisfactory butt welds in steel plates
ranging from%¥ to 1% in thickness fromone side of
the plates in a single pass using multiple arc welding
syst ens.

B. ARC BEHAVI OR STUDY

Investigate various power supply connections and el ectrode
configurations for subnerged arc welding enploying as many
as four (4) separately powered arcs of as nuch as 1500 Anps.
er electrode

termne the operating parameters which provide the best
consi stent performance for one-side welding with-in the
current range which will produce travel speeds of 25-30
|.P.M on 1% thick plates.

ACHI EVEMENT

The parallel effort of developing a one-side welding flux and
a set of oBeratin? paraneters was successfully acconplished. Welds
of conparable quality, appearance and speed to the best of those ob-
served in Jaﬁan were made both in the Union Carbide |aboratory and
in several shipyards. . .

Sanpl e batches of the flux have been made in a pilot plant for
qualification tests.
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Report No, 1

Project SP-1-1 Part 101
Contract No. 1560-721-1511-S/02-3764-D

One Side Vel ding Flux Devel opnent



Program Qnjective

Presently avail able donestic submerged arc wel ding fluxes do not have the
proper operating characteristics to produce one side welds of acceptable quality
In heavy plate in ship fabrication. ~These fluxes also do not provide adequate
I npact resistance in heavy welds.

The objective of this programis to produce a flux suitable for
manufacturing in the U S which, in conjunction with the multiwire system
described in SP-10L Item 102, will provide satisfactory quality one side welds
in11/2 inch thick plate at speeds of 25-30 ipmand 50-60 ipm on thinner
plate. When conbined with a suitable wire, the nechanical properties of the
weld joints nust nmeet all requirements for ABS grades of carbon steel

FI RST QUARTER GOALS

The goals for the first quarter of this programare as foll ows:

1. Process and evaluate a series of fluxes selected fromseveral flux
systems in order to establish potential flux formulae which have the
performance capabilities of producing one side welds.

2. Verify the existing foreign welding techniques using foreign
fluxes by making one side welds in 1 inch and 1 1/4 inch plate.

FULFI LLMENT OF QUARTERLY GOALS

~Both mgjor goals have been achieved. Wld performance of an
experinental flux identified as 977-14A appears conparable to a comercially
established foreign one side welding flux. The foreign flux is identified
in this report as flux F-1.

~ (One side welds have been made with flux F-1in " and 1 1/2" plate
using two AC nultipowered electrodes on a flux copper backing system In
conjunction with this, welds have also been made with the experimental flux
977-14Ain 1 and 1 /2" thick plate. Both the top and bottom sides of the
welds arc simlar in appearance to those obtained with flux F-1.  Macro
cross-sections of the welds are also simlar

The foreign one side welding flux F-1 has been extensively exam ned
and anal yzed by wet chemstry, x-ray fluorescence, x-ray diffraction, and
the electron scanning nicroscope. Results of these exaninations are al so
discussed in this report.



ONE SI DE VEELDI NG FLUXES:

- As outlined in the original proposal, four flux systems were
considered for investigation in developing a one side welding flux.
These systens were as follows:

1. Magnesium Silicate Type
2. Manganese Silicate Type
3 Aumna Silicate Type
4. Calcium Silicate Type

During the first phase of development, over 200 different formulations
were prepared which eaconpass the four flux systens. The fluxes were initially
3creened on the basis of weld performance by making single wire bead on plate

eposits.

Besides the normal mneral constituents in the fluxes, each formulation
contained iron powder in an anount approximtely 45%of the total weight.
This level of iron powder was selected on the basis of the nom nal amount
found in an established foreign made one side welding flux through extensive
anal ytical research. The main function of the mineral constituents is to
BfOVIde atmospheric protection to the deposit during welding. A proper

al ance and selection of these mnerals are, however, necessary in order
to achieve a stable welding condition at the high currents required for
heavy plate.weld!n?. The iron powder in the flux supplements the welding
wire by adding filler metal to the deposit. Wthout this addition extrenmely
high and difficult to handle current levels, would he required. The iron
Bomder is also Iargely instrumental for the successful formation of the
ottom side of the weld.

O the four flux systems evaluated, the high magnesi um oxide or
magnesi um silicate types have Piven the nost favorable results so far
Flux 977-14A which is principally discussed in this report is of this type.
Mst of the fluxes that were prepared were centered around this conposition
with the object of obtaining a material that would have at |east equa
vel ding characteristics to flux F-1.  These characteristics are 1) high AC
anperage capabilities wth wide wire spacings on nultiwires, 2) good bead
appearance both top and bottom 3) easy slag renoval. The chemica
conposi tion of flux 977-14A is given in Tabl'e I. The nineral conponents
used in the flux are standard comrercially available nmaterials which are
used in the manufacture of welding electrode coatings and subnerged arc
fluxes.  The iron powder is a sponge iron type which is conmonly used in
the production of Iron powder welding electrodes. A conbined source of
manganese and silicon alloy was used for the deoxidizers.

The foreign flux F-1 has been extensively analyzed to determne its
el enental and conpositional neke-up. Three conplete chenical anal yses
were obtained on sanples received fromdifferent sources. Wt chenmistry,
atom c absorption and x-ray fluorescence techniques were used to determne



the elenental constituents. The nominal analysis of flux F-1 is given in .
Table Il.  X-ray diffraction methods were used to identify the conpounds.
Extraction and nagnetic seParation net hods were used to separate the oxide
constituents fromthe netallics so that clearer and nore definitive
measurements could be acconplished. Tine x-ray patterns showed that the

maj or constituents were na?ne5|un1OX|de, cal ci um carbonate, al um num di oxi de
silicon dioxide, calciumfluoride and iron.

~ Verification of the flux conponents in flux F-1 was al so achieved by
using an el ectron scanning mcroscope in conjunction with an energy
di spersion x-ray analyzer which gives qualitative analysis.

A nunber of photographs obtained with the el ectron scanning mcroscope
are shown in Figures 1 to 4, Figure 1 (top) shows an array of flux particles
in the as-received condition at 80 magnifications. Each flux particle.
consists of many smaller constituents which are the individual flux
conponents which are bonded together. A flux particle fromthe center
of this array is shown in bottom photograph of Figure 1. Identification
of the individual constituents of this particle is shown in Figure 2.

Cal ci um carbonate and silicon dioxide are angular in shape which is to be
expected since these materials are typically crystalline in nature. The
iron particles are spheroidal in appearance. Figure 3 (top) shows an array
of iron particles which were magnetically separated fromthe flux constituents.
The particles still have a coating and adhesion of the fluxing constituents.
Portions of the coating were identified as sodium oxide and silica which is
the sodium silicate binder. The roundness of the iron ﬁartjcles suggest s
that the iron powder in the flux was produced by some shotting technique.
Magnesi um oxi de and al um num oxi de were also identified as individua
constituents. The particles of these were very fine and quite thoroughly
di spersed because high magnifications (1.5K) were required to resolve them

A verrlsignificant particle is shown in Figure 4. This particle has
been identified as ferromanganese. This definitely establishes that the
manganese in the flux is primrily in the formof a metal rather than an
oxide. As a netallic, manganese will have a nore drastic influence on the
weld netal properties. This information will be incorporated in revising
the formula of flux 977-14A during the next quarter

O the renaining flux systems evaluated, it appears that no further
experimentation will be conducted on the manganese and al um numsilicate
type fluxes. Although a nunber of fornulations of these types perforned
satisfactorily under single wire welding conditions, the bead appearance
and overal | operability were considerably poorer than attained wth flux
977-14A and flux F-1. Both of these flux systens are also |ess conducive
towards achieving as high a level of notch toughness as the nmagnesi um and
calcium silicate types.

Experinentation, however, will still continue on the calciumsilicate
type. Several flux formulations of this type which contain zirconium oxide
give favorable bead on plate deposits under nultiwre conditions.



VELD TEST RESULTS:

One side wel ds have been made in 1 inch and 1 1/2 inch thick plate
followng the welding conditions and joint designs which are described in
published literature for the flux copper backing nethod. The welding
data for these welds is Listed in Table Ill. The two wire Scott System was
used in all tests.

Grade A515 steel was used throughout because of the unavailability of
AM G ade steels. For the remainder of the program ABS Grade steels will
he used. The length of all welds was four feet and the weld edges were
prepared by machining.

~ Figure 5 shows a four feet long weld made in 1 inch thick plate
using the foreign flux F-1. The weld edges on both the top and bottom
(back) side of the weld are reasonably straight and wet into the base
plate. The surface of the plate material had a rather heavy |ayer of ml|
scal e which inpaired bead wetting somewhat. Renoval of nill scale
adj acent to the weld joint or a thinner layer of mll scale would inprove
edge wetting of the bead but no attenpt to renmove the mll scale on any of
the plates was attenpted.

. Figure 6 shows a continuous weld made through two different fluxes
in 1inch thick plate. Flux F-1 was used on the first half of the weld
and the experinental flux 977-14A was used on the second half. el ding
conditions were the same across the length of the weld.

Qperability and volta?e angera%e neter traces ap?eared conpar abl e.
Actual |y, the experinental flux 977-14A operated with less arc noise than

flux F-1. A flane existed around the electrodes of both fluxes during
wel ding. The flame is due to the ignition of small amounts of flammable
gases which are %enerated from the ionization of CaCo,and chemcally

conmbined HO in the fluxes.

Visual appearance of the top and bottom section of the weld nmade
with flux 977-14A was at |east conparable to that made with flux F-1
Slag peeling fromthe top of the weld with both fluxes was good. Slag
peeling fromthe bottomof the weld was easier with flux 977-14A as
conpared to flux F-1.  Wth flux 977-14A nost of the fused slag remained
inalayer on the copper bar. Sections of the fused sla? are shown on
the plate in Figure 6. A considerable amount of fused slag remained
entrapped along the edges of the bottomof the weld with flux F-1

Al though the chemcal conposition of both these fluxes are sinmlar
as shown in Table | and II, small differences in the chem cal conposition
can drastically affect the welding characteristics such as bead shapes, flux
removal, penetration etc. Tine color of flux 977-14A is light gray whereas
flux F-1 is light brown. This color difference is insignificant hut it
does indicate a difference in chemcal conmposition. The fused portion of.



boah Sll ags which was adjacent to the welds was simlar in appearance
and color.

. Cross-sections and snall sections of the top and bottom of the 1
inch thick weld which were made with both fluxes are shown in Figures 7

to 10. Full thickness penetration was achieved with both fluxes. The
Macro cross-sections are sinilar in appearance. a qouble bead effect

was noticeable on both cross-sections, Thi's rentlv results fromthe
partial solidification of molten netal fromtﬁgpﬁrsE glec?rode [)ePore

netal from the second electrode is applied.

. A weld made in 1 1/2 inch thick plate with both fluxes is shown in
Figure 11. Operability and performance of the fluxes were simlar to
the 1 inch thick welds, Crogs-sections and smal | sections of the weld
falrl?x:shom in Figures 12 to I5. "yg|d penetration was conplete with both

An inprovement in bead shape especially to w den out the center
of the nugget is desirable to resist cracking tendencies under high

restraint.  The use of more than two el ectrodes which will be investigated
during the remainder of this program should provide some inprovement

in bead shape.



CHEMICAL COMPOSITION

Flux 977-14A

Component - ‘ PerCent

Mg0 4 _ 16,81
8i0, ' 13.84
CaCo, - ' 8.26
Ca0 ) 1,12
CaF, . ' E 3.10
Mn : - 4.54
Si ' : ' 2.16
Na,0 - . . 2,92
K,0 . I X
Fe SRR . 43,72
Table 1



CHEMICAL COMPOSITION

Flux F-1

Com_‘_ponent

Mg0

SiOz

CaC(}3

Ca0
Can
MnO *

Na.0

P

* Mn0 is principally Mn,

Table 1I

PerCent
15,2
15.1
8.6
2.1
3.8
3.3
3.3
1.6
0.13
-0.01
(0.1
0.1
0.1 .
<0.1

46,8



Center particle A from above at 400 Magnification

Fig. 1



Particle A at 400 Magnification

Subparticle M identified as Fe

Subparticle L identified as Ca CO,

Subparticle J

identified as Fe

Subparticles K identified as SiO,

Fig. 2



Magnetically separated particles
Round particles are Fe
Magnification 80

Fe particle with attached oxides
Magnification 155

Fig. 3
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Particle H identified as Fe Mn
Magnification 80

Fig. 4




SUBMERGED ARC ONE SIDE WELDING CONDITIONS

£l

TABLE III

Lead Wire Trail Wire Travel
- Weld Figure Plate Joint Amperes Volts’ Amperes Volts Speed
Numbey Number " Thickness Preparation AC AC AC AC ipm Materials
976-1 5 1"-A515 50° Inc, 1225 37 980 48 17 2-Linde .
Steel angle .3/16"-43 Wires
21/32n deep Ful Flux
3/32" Nose
600 Inc., angle
- 1/4" deep
. 976-17 6 1"=A515 50° Inc. angle 1225 37 980 43 17 2-Linde
‘ ‘ Steel 21/32" deep - 3/16"-43 wires
3/32" Nose Fel Flux
60° Inc, angle
1/4" deep
976-17A 6 1"2A515 50° Inc, angle 1225 37 980 48 17 2-Linde
Steel 21/32" deep : 3/16"~43 ywires
3/32" Nose ' 977-14A Flux
60° Inc. angle
1/4" deep
976-171 11 1 1/2"-A515 40° Inc, angle 1550 36 1080 55 14 2~Linde
B - Steel 1 1/8" deep : 3/16"-43 Wires
‘ 3/16" Nose Pel Flux
60° Inc, angle ~
1/4" deep
976-171A 11 1 1/2"-A515 40° Inc, angle 1550 36 1080 55 14 2-Linde )
Steel 1 1/8" deep 3/16"-43 Wires
3/16" Nose 977-14A Flux
60° Inc. angle
1/4" deep



41

. WIRE SPACING

Welds 976-1, 976-17, 976-17A (1" AS515)

Wires Vertical with 4 1/2" center to center spacing,
‘Tip to work extension 1 172"

Weld 976-171, 976-171A (1 1/2" A515)

Wires Vertical with 5" center to center spacing,
Tip to work extension 1 5/8"

BACKING METHOD

Flux
P A L Fused Flux \

P 0

} st GTOOVEd COpper

Sk plenlicnte foden kel Back-up Bar
QC: Air Hose >

TABLE III
Page
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976-17

Cross
Section

View -

~Top

S R

"\ Wy LUV iy X

976-17 TOP VIEW

(2) 3/16" Linde 43

F-1

1"-A515 Steel

- 50° Inc. angle' 21/32" deep

3/32¢ Nose N

60° Inc, Angle 174" deep
Welding Conditions. -

Lead 1225 amps ac - 37 volts
Trail 980 amps ac - 48 volts
Travel -17 inches per minute
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Travel 17 inches per minute
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Program Cbj ective

~ To provide sufficiently high travel speeds for econonical one side
wel ding of ship plates a multi-electrode subnerged arc systemis necessary.

For the production of one side, one pass butt welds in 1 1/2" thick o
?Iate ~even our presently existing three electrode systenms will not be sufficient
0 achieve the desired 25 to 30 Ipmtravel speeds.

The goal of the programis to develop a four electrode welding system
capabl e of depositing metal at the rate of 120 to 150 Ibs/hr. A four
el ectrode system operating at from 1,000 to 1,500 anps per electrode wll
E;ovide EPe required deposition rate and should attain the welding speeds
esired.

FI RST QUARTER GOALS

The goals of the first quarter of this program are:

1. Mke a theoretical study of several power connections analyzing
several prom sing power phasing connections for theoretically best performance.

By devel oping arc deflection equations for each arc and each system
selected the theoretically best systems can be tested further

2. Assenbl e existing components to convert an existing three wire
AC-AC-AC systeminto a four wire all AC wel ding system

FULFI LLMENT OF QUARTERLY GOALS

Both major goals have been achieved. The equipnment required for
a four electrode AC system has been assenbled and installed. The major
equi pnent conponents consist of (4) Linde UEC-6 controls (4) Linde UEH I
and UEH 2 wirefeeders (4) AC constant current power sources and appropriate
slides, nounting brackets, nozzles, all nmounted on a Linde OW48 travel
carriage.

A theoretical arc deflection analysis has been conpleted with the
aid of our Tarrytown Conputer Services Goup. O the four power phasing
systems anal yzed and the sixteen separate variations evaluated, two appear
to offer the best chance of success, The two systenms selected optinize the
arc deflection pattern, total ground current, and our practical working
know edge of high current nultipower systems. They enploy a 90 degree Scott
and 60 + 120 degree el ectrode current phase displacenents.
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TECHNI CAL DETAILS OF THEORETI CAL ARC. DEFECTI ON ANALYSI S

It had been shown in the devel opment of Three Wre Subnmerged Arc
wel ding of Line Pipe (copy attached) that the deflection pattern of especially
the Traii Arc was of rra%or inportance in controlling final weld shape. ,
thet heoretical method of predicting arc deflection devel oped in that wotR!' N9
a simlar rmodel was developed for a four electrode system - : el
and subsequent analysis it is possible to select fromthe al }%H‘ FHanPPQ
possi bl e conbinations the better systems of connecting the 4 single phase AC
transforners to the 3 phase 440 Volt power Iine.

Considering all variables the better electrode spacings, wre angles,
ground currents, as well as power phasings can also be eval uated.
FOUR ELECTRODE MODEL:

The four electrode nmodel was devel oped using the nethod fol | owed in
the attached three wire reference.

The arc deflection equation for the fourth or trail electrode is
presented bel ow to indicate the inportant variables considered. Equations
for the first, second and third el ectrodes were developed in a simlar

manner.

Electrode 4 Electrode 3 Electrode 2 Electrode 1

~p
<5\ 0)

2 - -
A Dbecton o Lo = %2 4 gostor O L (X v I8, In
7 ’ 2 re é~” @ In a-)' (l)-,fO.'\; (NN,

~ After consideration of the possible power phasing systems it was
decided to theoretically investigate four systems. These are shown vectorially

bel ow:

Sygtem 1 - System 2
2

“w

¢ F.)

{ - 2 120
=% ' @i\h‘—el

2 \\9

600 . . 2
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Systems1 and 4 are essentiaIIK a double Scott system while systens
2 and 3 utilize 120 and 60 degrees phase shifts between adjacent electrodes.

These pomer.?hasing systems with selected currents and several electrode
angl e and spacing differences were outlined and are shown in Table I. As shown,
16 separate systens were anal yzed

Two of the power phasing systems enploy pairs of Scott connected
transforners because of the known superior performance of this connection
The other two phasing systems use conbinations of 60 and 120 degrees el ectrode
current phase displacenents far ease of transformer connections. This also
el imnates the necessity of lowering the current capacity of the |ead transforner
as is required in the Scott connected system

Specific phase displacement angles were selected for three of the

systens twprovide low ground currents. This eliminates the nechanical and
el ectrical problens created when high ground currents are enpl oyed.

The arc deflection equations devel oped were used to determne each arc
deflection in each of the 16 system selected. The total ground currents
were also determned. The data points generated by a computer program were
then plotted by machine and a separate arc deflection graph was generated for
each system anal yzed

ARC DEFLECTI ON RESULTS:

Wthin each of the four power phasing systens-there were four different
electrode spacings evaluated. As expected, the largest deflections are created
at close electrode spacings. At electrode spacings of six inches, very little
deflection is created by adjacent electrodes initial electrode inclination

angle being of major inportance. A conparison of the arc deflection changes
caused by differing electrode spacings Is presented for power system4 in

attached arc deflection graphs 4A, 4B, 4C,

System 4A shows 2 good deal of novement in the third and fourth el ectrodes.
After both arcs ignite, the deflection is nmostly in the forward direction
Before extinguishing deflection is over 10 degrees forward. The first and second

electrode move very little. Discounting the ignition and extinguishing regions
only two or three degrees of arc nmovenent take place.

As the electrodes are spaced farther apart to three inches in 4B, the
arc movement becones very small. |n system 4C, with six inch spacings
practically no arc novenment occurs between ignition and extinguishing

~In system 4D substantial arc movement occurs because of the close,
1.5 inch, spacing between the electrodes in both the forward and rear pair



Therefore, only with at [east a pair of electrodes closely spaced can
advantage be taken of a forward sweeping arc to achieve higher welding speeds

For a conparison of the 4 power phasing systems, arc deflection graphs
for systems 1A 2A, 3A and 4A are attached. Since the deflection of the trai
arc or possibly the last two arcs are of nost inportance for final weld shapes
we can concentrate our attention to these last one or two electrodes.
Exam ning the deflection pattern of electrodes 3 and 4 for each systemwe see:

. 1. In all systens electrodes 3 and 4 deflect predomnantly forward
Minly as a result of the initial wre inclination angle.

2. In system1A and 2A the third and fourth arcs have a backward
sweeping motion. This is not a favorable pattern.

3. In systenms 3A and 4A both electrodes 3 and 4 sweep in al most
a simlar pattern fromslightly backward to substantially forward. This

is a very favorable pattern.

Al'so in_s%stens 3A and 4A electrodes 1 and 2 have relatively smal
defl ections which should be useful in providing uniform penetration and
undersi de wel d.

Anot her consideration in selecting the power phasing systemis ground
current devel oped. The ground currents devel oped for each of the 4 power
phasi ng system under consideration are |isted bel ow

System 1-3200 Anps (RVB) positive peak at 309.5
System 2-220 Anps éRM? positive peak at 306°
System 3-346 Anps (RMB) positive peak at 112°
System 4-289 Anps (RMS)positive peak at 120°

As seen, all but system1 have very |low ground currents which is a major
advantage in connecting ground cables, conpensating for voltage drops, and
preventing unusual end conditions for exanple.

Considering all factors it agpears power phasing-systems 3 and 4 offer
the nost advantages and have no draw backs. These will then be considered
for further testing.

Al though el ectrode spacing is a variable and will be used to optim ze
paranmeters the spacing and arc deflections for systems 3D and 4D appear to
offer the nost advantages. The six inch-spacing between the |ead pair and
trail pair of electrodes should enable the separation of underbead and top
bead formation which is highly desirable. The close spacing of electrodes
1and 2 will also allow a concentration of arc power to provide the required
penetration. The deflection patterns are still quite favorable with little
change in deflection noted fromsystens 3A and 4A

. Therefore, systems 3D and 4D appear to have the nost prom se and
will be the first to be evaluated under actual welding conditions.
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' . 4 ELECTRODE THEORETICAL ARC DEFLECTION STUDY

A)»IE‘S:IrmsV? degrees —___inches
System A Ts Ic Ip KA &B e&C  6&D Dy by Dy
1A 1910(sin 8) 1560(sin8-90) 1560(sin®) 1350(sin8-90) 0 +5 +15 +15 1.5 1.8 1.5
18 1910(sin ©) 1560(sin®-90) 1560 (sins) 1350(sin®-90) 0 +5 +15 +15 3 3 3
1C 1910(sin ©) 1560(sin8-90) 1560(sing) 1350(sin®-%0) 0 0 +10 +10 ¢ 6 6
1D 1810(sin @) 1560(sinB-90) 1560(sin®) 1350 (sin®-90) 0 +5 +10 +15 1.5 6 1.5
2A 1910(sin @) 1560(sin8-120) 1560(sin8-180) 1350(sin9-300) O +3 +15 +15 1.5 1.5 1,5
2B 1910(sin 8) 1560(sin8-120) 1560(sin®-180) 1350(sin8-300) O +5 +15 +15 3 3 3
2C 1910(sin @) 1560(5in8+-120) 1560(sin6-180) 1350(sin@-300) 0O 0 +10 +10 6 6 6
2b 1910(sin ®) 1560(sin6-120) 1560(sin8-180) 1350(sin©-300) O +5 +10 +15 1.5 6 1.5
3A 1910(sin @) 1560(sin@-60) 1560(sind-180) 1350(sin@-240) O .5 +15 +15 1.5 1.5 1.5
3B 1910(sin ©) 1560(sinB-60) 1560(sinB-180) 1350(sin®-240) O +5 +15 +15 3 3 3
3¢ 1910(sin ©) 1560 (sin8-60) 1560(sin9-180i 1350(sin@-240) 0 0 +10 10 6 6 6
3D 1910(sin 8) 1560(sin®-60) 1560(sin®-180) 1350(sin6-240) O +5 +10 +15 1.5 6 1.5
4A 1910(sin 9) 1560 (sin8-90) 1‘5'60(sin9-180) 1350(sin®-270) 0 +5 +15 +15 1.5 1.5 1.5
4B 1910(sin 6) 1560(sin9-90) 1560(sin®-180) 1350(sin®-270) O +5 +15 +15 3_ 3 3!
4c " 1910(sin ©) 1560 (sin8-90) 1560(sine-186) 1350(sin®-270) 0 0 +10 +10 6 6 6
g 1910(sin 8) '1560(sine-90) 1560(sin8-180) 1350(sin@-270) 0 45 +10 *#15 1.5 6 1.5
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PROGRAM OBJECTI VE

Present|y avail abl e domestic subnerged arc welding fluxes do not have the
proper operating characteristics to produce one side helds of acceptable quality
In heavy plate in ship fabrication. These fluxes also do not provide adequate
I npact resistance in heavy welds.

The objective of this programis to produce a flux suitable for manufactur-
ing inthe US. which, in conjunction with the nultiwre systemdescribed in
SP-101, Item 102, will provide satisfactory quality one side welds in 1 1/2 inch
thick plate at speeds of 25-30 ipm and 50-60 i pm on thinner plate. \Wen conbi ned
with a suitable wire, the nmechanical properties of the weld joints nust neet all
requirements for ABS grades of carbon steel.

FI RST QUARTER ACH EVEMENTS

1) A flux (977-14A) was devel oped which is capable of producing one side
welds in 1 inch thick and 1 1/2 inch thick plate by using two AC multi powered

electrodes on a flux copper backing system \Wld performance is simlar to a
comercially established foreign one side welding flux.

2) The foreign flux was extensively analyzed to determine its chenical
conposi tion.

3) One side welds were made in 1 and 1 1/2 inch thick plate with the foreign

flux to verify the existing foreign welding techniques under-two el ectrode condi-
tions.

SECOND QUARTER GOALS

The goals for the second quarter of this programare as follows:

1) Evaluate the experinental fluxes by making welds in 1 inch thick and
1 1/2 inch thick plate using the welding techniques established with foreign fluxes.

2) Evaluate the mechanical properties of the welds nade with the experinental
fluxes and several wires in ABS grade steels.

FULFI LLMENT OF SECOND QUARTER GOALS

The 977-14A type flux was evaluated for two and four wire welding in 1 inch
and 1 1/2 inch plate with varying ratios of iron powder to oxide constituents.
Flux 977-14A and flux F-1 are conparable in performance using two wires. Both
fluxes appear to deposit excess netal and a "cold" top bead contour when using
four wires, leading to the test series with |lower iron powler percentages. The
| ow iron powder fluxes inprove the top condition but are not as consistent in form
ing the bottom side of the weld.
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Al weld metal charpy data were obtained fromthe two wire welds which were
made during the first quarter. These data fromwelds in ASTM Gd. A 515-70 plate
showed nechanical properties which would be generally acceptable for ABS H2
type requirenments. Mechanical properties obtained fromfour wire welds in 1 inch
thick ABS Gd.B plate showed fluxes 977-14A and F-1 to be conparable with proper-
ties neeting H: tﬁpe requirements. Mechanical properties obtained fromfour wre
¥?Ids in1l1/2 inch ABS Gd.C plate. however. net only H2 type requirements with

ux 977- 14A.

TECHNI CAL DI SCUSSI ON

During the first quarter, one side welds were produced in 1 inch and 1 1/2
inch thick plate with flux 977-14A by using two AC nultipowered el ectrodes on
a flux copper backing bar. These welds had good top and-bottom bead shape and
were conparable in appearance to welds produced with a foreign flux F-1. Be-
cause ship grade plate was unavailable at the tinme, ASTM A515 Gd.70 plate was
used. Charpy V notch_properties have now been obtained from these wel ds and
the data is Shown in Tables | and II.

The Charpy specimens were removed fromtwo different areas of the welds.
For removal of the specinmens, the center |ine of the Charpy was |ocated 3/8
i nches below either the top or bottomsurface of the plate. The specinens
fromthe top of the weld are through an area of coarser microstructure whereas
the bottom side specinens are froma finer mcrostructure area. The | npact
values fromthese welds meet filler netal Gade H2 requirenents but mss filler
metal Gade H3 requirements. As expected the values fromthe bottomof the
wel ds are slightly higher and nore consistent at |ower tenperatures than those
from the top probably because of the finer mcrostructure.

During the second quarter a quantity of 1 inch and 1 1/2 inch thick ordinary
strength hull structural steel was obtained from Bethlehem Steel. Chencal  analy-
sis categorized the 1 inch thick plate as ABS Grade B and the 1 1/2 inch thick

plate as ABS Grade C. The analyses of the plates are shown in Table II1.

Since one of the objectives of the programis to increase the welding de-
position rate and wel ding speed by using nore than two electrodes, a considerable
effort was made to investigate the weld performance of the fluxes by using four
electrodes. A number of welds were then made with four electrodes with both
Flux 977-14A and F-1 by increasing the wel ding speed from17 ipmto 40 ipmin
1 inch thick plate and from14 ipmto 30 ipmin 1 1/2 inch thick plate. The sanme
{oint design as used for the two electrode welds was used for all the four elec-

rode tests. Bead shape however proved to be unsatisfactory with both fluxes when
tested under a variety of wire spacing and welding conditions. The main objection
was too much weld metal and too crowned a bead on the top surface. This excess
reinforcement condition occurred on welds made in both 1 inch and 1 1/2 inch thick

plate

Mechani cal properties however, were obtained froma nunber of the welds and
the data is shown in Tables [V to V.
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The inpact properties fromthe weld made with Flux 977-14A in 1 inch ABS
Gade B plate show that H3 filler metal requirements can be obtained (Table 1V)
Tensile properties are also within the strength and ductility requirenents for
the higher strength EH Grade hull structural steel. The inpact values obtained
with Flux 977-14A also correlate well and conpares favorably with those obtained
w ih Flux F-1 (Table V). Tensile strength values are, however, |ower with flux

In 1 1/2 inch Gade C plate substantially |ower notch toughness values were
obtained with Flux 977-14A as conpared to those in one inch thick plate. This
may be due to the much coarser mcrostructure which was noticeable in the top
section of the heavier weld or it may be due to unstable operating conditions.

The photograph in Figure 1 shows a weld made in 1 1/2 inch plate with flux
F-1 using the four electrode systemthat was investigated. The excess reinforce-
ment that occurred on the top of the weld is readily apparent. The hottom side
of the weld was inconpletely filled and proved to be unsatisfactory. This sane
hi gh crowned top bead was obtained with Flux 977-14A but the bottom was nore
uniform and considered acceptable. Increasing the travel speed to reduce top
fill with Flux 977-14A resulted in insufficient bottombead fill.

This high top bead with four electrodes results from an excessive contri-
bution of iron fromthe flux because of a hotter flux puddle as well as possib
some added fill fromthe additional wires. In order to reduce the amount of merd
netal contributed by the flux a number of fluxes were formulated which contained
| ower amounts of iron powder. Table VIl lists two additional formulations out of
a nunber that were investigated which contain |esser amounts of iron than Flux
977-14A.  In these fluxes the non-netallic fluxing constituents were increased
proportionately to the lower levels of iron but the manganese and silicon deoxidi-
zers were mintained at a constant |evel

The photograph in Figure 2 shows a weld in 1 1/2 inch thick plate which was
made with Flux 977-39B containing 32%iron powder. The IOﬁ of the bead js stil
overfilled but slightly less than that obtained with a higher iron containing flux.
The bottom bead is al nost conpletely forned.

In Figure 3 a weld is shown which was made with a flux containing 19%iron
powder (977-39C). The top is flat and has good surface tie-in but the bottomis
conpletely underfilled because of the lack of iron powder from the flux

A weld made in one inch plate with four electrodes is shown in Figure 4. The
flux contained 32% iron powder (977-39B). Overfill on the top bead is apparent as
inthe 1 1/2in. plate but the bottomside is well shaped. This sane general con-
figuration was obtained with the original 977-14A flux which contained 43%iron
powder. Since the main objection to this weld is excess metal on the top surface
It was apﬂarmﬂ that a sinple neans of decreasing the amount would be to eliminate
one of the four electrodes.

Shown in Figure 5 is a weld that was made with a three wire systemand a flux
containing 32% iron powder. The top of the bead is reasonably flat and the total
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wel d contains about the amount of netal that is desired. The bottom of the weld

Is also reasonably well shaped. i
in the bottomcould be achieved wlt% \%lodljt Q \Aéevseéhestugge%tpspetar}aatnc%n blynpursqu?nghe

original 43% iron powder flux under three wire conditions. o , ,
gated during the next quarter primarily to aid in flux devel dpintM!l_be Investi-
wre arc phasing study will continue to determine if weld paraneters &4R E8Hfect
the top side bead shape problem

Al'so schedul ed for investigation during the next quarter are nodifications
inthe flux by nmeans of deoxidizer changes in order to inprove the notch tough-
ness properties especially in 1 1/2 inch thick plate.
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Temp.

+72

+32

+14

-40

2 Electrodes, 3/16 in. dia. Linde 43

MECHANICAL PROPERTIES

Weld No. £76-16

Flux 977-14A

Grade A515 Plate, 1 in. thick

Welding Speed 17 ipm

IMPACT PROPERTIES

. . Top of Weld
CVN . Lateral %
Ft-Lbs Expansion(Mils) Shear
41 .43 40
28 30 20
24 24 20
21 20 20
11 11 10
TABLE I
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Bottom of Weld

Lateral %
Ft-Lbs Expan;ion(Mils) Shear
42 50 60
35 32 40
26 28 30
22 24 20
14 10

14



+72

+32

+14

-40

MECHANI CAL PROPERTI ES

Vel d No. 976-15
Flux 977- 14A

Gade A515 Plate, 1 1/2 in thick
2 Electrodes, 3/16 in. dia. Linde. 43

Vel di ng Speed 14 ipm

| MPACT  PROPERTI ES

Top of \Weld Bottom of Veld
CVN Lat er al % Lat er al 5
Ft-Lbs  Expansion(M!s) Shear Ft-Lbs  Expansion(MIs) Shear
41 4 3 40 42 50 60
28 30 20 35 32 40
24 24 20 26 28 30
21 20 20 22 24 20
11 11 10 14 14 10
TABLE ||
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Mn
Si
Cr
Mo

Cu

Zr
Ti

Al

Co

Sn
Pb

CHEMICAL ANALYSIS

OF PLATE
ABS Gd. B ABS Gd. C
1 in. thick 1 1/2 in. thick

0.20 0.21
0.031 0.022
0.010 0.015
1.03 0.72
'0.03 0.22
0.024 0.016
0.005 0.005

©0.015 0.017
0.002 0.002
0.005 0.005
0.002 0.003
0.005 0.052
0.005 0.005
0.01 0.01
0.02 0.02
0.002 0.002

TABLE III
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Temp.
°F

+72

+32

+14

-20

-40

MECHANICAL PROPERTIES

Weld No. 976-22

Flux 977-14A
ABS Gd. B platé 1 in. thick

4 Electrodes, 3/16" dia, Linde 43

Welding Speed 40 ipm

IMPACT PROPERTIES

Top of Weld Bottom of Weld

CVWN - Lateral % CVN Lateral %
Ft-Lbs Expansion(Mils) Shear Ft-Lbs Expansion(Mils) Shear

84 77 90 69 68 50

72 67 . 80 62 61 ) 80

52 50 - 60 60 56 80

46 48 50 40 39 40

43 42 . 30 40 39 30

10 12 ‘10 8 9 ' 10

- ALL WELD METAL TENSILE PROPERTIES (0.505)

UTS (psi) . 75,600
YS{psi) 54,700 -
Elongation % 28.4

Reduction of Area% 61.9

TABLE 1V
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MECHANICAL PROPERTIES

Weld No. 976-20
Flux F-1
ABS Gd. B plate 1 in. thick
4 Electrodes 3/16" dia. Linde 43

Welding Speed 40 ipm

IMPACT PROPERTIES

Top of Weld - “ Bottom of Weld

Temp. CW ' Lateral % N Lateral %
°F Ft-Lbs Expansion(Mils) Shear Ft-Lbs Expansion(Miis} Shear
+72 75 79 80 58 63 60
+32 52 59 e 51 59 . 50
+14 31 . a0 a5 50 40
-4 ~ 42 46 ‘ 30 51 52 40
-20 21 . 23 _ 10 34 36 10
-40 12 13 10 - | 35 ) 36’ : 10

ALL WELD METAL TENSILE PROPERTIES (0.505)

UTS (psi) 67,200

YS(psi) 43,300
longation (%) 29.9

Reduction of Area % 63.5

TABLE V
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"MECHANICAL PROPERTIES

Weld No. 976-18

Flux 977-14A

ABS Gd, C plate 1 1/2 in. thick

4 Electrodes, 3/16" dia. Linde 43

Welding Speed 30 ipm

IMPACT PROPERTIES

Top of Weld

Temp. CVN Lateral

°F Ft-Lbs  Expansion(Mils) Shzar
+72 44 45 60
+32 25 - 25 40
+14 23 23 20
-4 20 22" 20
-26 10 9 10
-40 6 6 | 10
TABLE VI
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CHEMICAL COMPOSITION
OF EXPERIMENTAL FLUXES

Flux No. Flux No. Flux No.

. 977-14A . 977-39B 977-39C

Component - Percent Percent Percent
Iron ) 43.72 32.11 19.10
MgO ‘ ~ 16.81 21.62 26.73
§i0,  13.84 15.75 . 18.42

CaCo5 8.26 - 10.63 13.14 -
€20 ' 1.12 . 1.45 1.79
A1,0, B 2.90 374 - 4.62
CaF, 3.10 3.98 4.93
Mn 4.54 4.57 4.7
si 216 . 2.18 2.18
Na,0 .. 2.92 . °3.13 3.53
K,0 0.62 0.80 - 0.99

‘ TABLE VII
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(4

Weld
No.

976-16
976-15
976-22

976-20

Y76-263

976-251

976-27

A s

J/0~4/1

Flux

977-14A

877-14A

977-14A

F-1

977-14A

e 43
1
-

977-39B

977-39C

977-39B

Hnmry e

I/ 7~39B

Ladi ¥ ]

[

LR ¥

43,
43,

43,

3/16"

, 3/16"

3/16"

3/16"

3/16"

LAY

3/ 10°

s 1/4"

3/16"
1/4"

3/16"

3/16V
1/4v

Plate

A515 1"

A515 1 1/2"

ABS Gd.B 1"

ABS Gd.B 1"

ABS Gd.C 1 1/2"

ABS Gd.C 1

—
~.
N

~ABS Gd.C 1 1/2"

ABS Gd.C 1 1/2"

ABS Gd.B 1"

WELDING CONDITIONS

Electrode 1

Amps AC Volts

1225

1300

1400

(=
[+ 8
~J3
(2]

1675

1500

1675

—t
o\
~1
(741

35

(%)
()8

45

40

41

41

41

TABLE VIII

Electrode 2 Electrode 3 Electrode 4 Spe

Amps AC Volts Amps AC Volts Amps AC Volts ip
550 48 -- - ~~— - 17
1040 55 -- - - - 12
1100‘ 39 1080 34 70¢ 50 30
1100 40 1000 40 900 47

1140 48 1400 43 1080 48 26
1250 38 1060 40 940 45 30
1250 38 1060 40 940 45 30
1180 38 1060 40 940 43 30
1250 38 1060 40 940 43 40
1180 40 1000 44 == -- 40

30 .
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PROGRAM  OBJECTI VE

To provide sufficiently high travel speeds for econom cal one-side weld-
ing of ship plates, a nulti-electrode subnerged arc systemis necessary.

For the production of one side, one pass butt welds in 1 1/2" thick
?Iate, even our presently existing three electrode systems will not be suf-

icient to achieve the desired 25 to 30 ipm travel speeds.

The ?oal of the programis to develop a four electrode welding system
capable o depositing metal at the rate of 120 to 150 [bs/hr. A four electrode
systemoperating at from1,000 to 1,500 anps per electrode will provide the
required deposition rate and should attain the welding speeds desired,

FI RST QUARTER ACHI EVEMENTS

Ascovered in the First Quarter report the two major goals were achieved
1) The equipment required for making a four electrode weld was assenbl ed.
2) A theoretical arc deflection analysis was conducted and compl et ed.

OF the sixteen separate variations of arc deflection systems anal yzed two were
selected for further evaluation.

SECOND QUARTER GOALS

1) Evaluate the systems selected in the First Quarter theoretical analysis
for stability and performance in making one side welds in 1 1/2 inch thick plate.
Select paraneters to achieve travel speeds of over 25 ipm

FULFI LLMENT OF SECOND QUARTER GOALS

Vel ds were made with the four electrode systemto evaluate stability and
performance of the phasing systens analyzed in the First Quarter.

Most wel ds were made enploying a pair of Scott connected electrodes with
the rear Scott pair 180 deg. out of phase with the |ead Scott pair

This systemrecieved a concentrated effort since initial results were very
encouragi ng” and the system appears electrically very stable,

UBiU% the above nentioned system welds were made in 1" and 1 1/2" ship-
plate. | ding speeds in excess of the initial goals were achieved with noderate

success in several plates. In 1" thick plate weld No. 976-27 (See Photo in Flux
DeveloPnent section) was welded at 40 ipmtravel with good bottom and acceptable
top weld results. Excessive weld reinforcement being the main weld objection
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In 11/2" plate, welds such as 976-263 (See Photo in Flux Devel opnent sec-
tion) were produced at 30 ipmtravel. Veld bottomside shape and appearance was
control lable and acceptable. \eld top side appearance although uniform was nar-
row and excessively high.

TECHNI CAL  DETAILS

~One of the four electrode power phasing systens selected in the First Quarter
was installed for the initial welding evaluation

To obtain a record of the specific power phasing systens being eval uated
and to assist in monitoring the electrical characterrstics, a recording voltneter
was connected to the system A Honeywel | 1508 Visicorder was selected for 1) its
high chart speed, 2) the nunber of channels available and 3) the range of response
rates available. For this evaluation each el ectrode volta?e was sensed and re-
corded. Applying open circuit voltage to each electrode i was possible to obtain
a permanent record of the power phasing systembeing evaluated. See Figure 1 and 2
for photographs of recordings obtained of two of the arc power phasing systens
eval uat ed.

Mst of the welding during this reporting period was performed with a pair
of Scott connected electrodes with the rear Scott pair 180 deg. out of phase

with the lead Scott ﬁair. Refer to Figure 1 for a graphical presentation and
vector notation of this phasing system

Over a nunber of welds, electrode spacings and current parameters this system

has proven to be e!ectricallﬁ quite stable. Several general observations can be
made regarding achieving stable welding operation enploying this one phasing system

1) The best underbead formation and system stability is achieved with a
closely spaced 1st and 2nd electrode, 3/4 to 1 inch

2) The second pair of electrodes are most stable and provide the nost uniform
top side welds when spaced from3 to 5 inches fromthe first pair

31 The 4th electrode stability and final weld shape are nost uniform when
this electrode is spaced 2 to 3" behind the 3rd el ectrode.

4) Flux height and distribution are inportant to achieve mninum system
flashing and best weld results. This is hest achieved by using two flux dispensing

systens. one at the front of the first two and the second in front of the rear pair
of electrodes.

5) Wth this system achieving adequately wide and flat welds was nost difficult
and not satisfactorily achieved with the range of paraneters and fluxes eval uated
including flux F-1. Changing from the nominal 3/16" to both 1/4" and 1/8" dianeter
el ectrodes on the 4th electrode did not produce the desired, flat-wide top side welds
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During this arc study several differing flux systems were evaluated to
determne if inproved weld shape-could be achieved. These flux variations
are covered in the flux devel opment part of this report.

SPECI FI C PARAMETERS FOR VELDS IN 1" AND 1 1/2" PLATE

The fol I owing specific paraneters used on two noderately successfu
welds will illustrate the nomnal conditions necessary for production of good
bottom side and sound but narrow tip side weld performnce.

VELD NO. 976-27 IN 1" PLATE

Plate: 1"thick ABS
50° Inc. angle 21/32" deeB, 3/ 32 nose
60° Inc. angle 1/4" deep bottom vee

Wre Configuration

Ist 5 deg. trailing | st-2nd 7/8"
2nd vertical . - 2nd-3rd 3 1/2"
3rd 12 deg. |eading 3rd-4th 2 1/2"

4th 12 deg. |eading
Par anet er s:
1st 2nd 3rd  4th

Amps 1675 1250 1060 940
Volts 41 38 40 43

Travel: 40 ipm
Flux:  Exp. 976-39B

VELD NO 976-263 IN 1 1/2" PLATE

Plate: 1 1/2" thick ABS
50° Inc. angle 1 1/8" deep, 3/16" nose
60° Inc. angle |/4" deep bottom vee.
Wre Configuration & Paraneters:
Same as 976-27 (above) except travel 30 ipm

Flux: Exp. 976-39B
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To determne the exact nature of the arc interactions and to possibly
ascertain the reason for the narrow, peaked top side welds, the four electrodes
system wi || be photographed during the next quarter.

This will be performed by allowing the systemto run out of flux for a
short period. At least two arc power phasing systems will be evaluated in this

manner.
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Report No. 3

Project SP-1-1 Part 101
Contr act . 1560-721- 1510- S/ 02- 3764-C

One Side Welding Flux Devel opnent
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PROGRAM OBJECTIVE

Presently available donestic subnmerged arc welding fluxes do not have
the proper operating characteristics to produce one side welds of acceptable
qual ity in heavy plate in ship fabrication. These fluxes also do not pro-
vi de adequate inpact resistance in heavy welds.

The objective of this programis to produce a flux suitable for manu-
facturing in the U S which, in conjunction with the nmulti-wre system
described in SP-101, Item 102, will provide satisfactory quality one side
welds in 1 1/2 inch thick plate at speeds of 25-30 ipm and“50-60 i pmon
thinner plate. Wen combined with a suitable wire, the nechanical properties
of the weld joints nust meet all requirements for ABS grades of carbon steel
The attainment of producing satisfactory one side welds at these wel ding
speeds, however, is dependent upon the successful establishment of a stable
four electrode welding system Results now indicate that a three wire weld-

ing system woul d be nore easily adaptable. to commercial usage at slightly
reducéd wel ding speeds.

FIRST AND SECOND QUARTER ACHIEVEMENTS

As discussed in the first and second quarterly reports, several mjor
acconpl i shments have been achieved

1) A flux has been devel oped which is capable of producing one side
welds in 1 inch thick and 1 1/2 inch thick plate by using nultiple el ectrodes
on a flux copper backing system

~2) \%eld performance of the flux is conparable to a commercially estab-
lished one side welding flux.

3) Welds have been made with two electrodes, three electrodes, and four
el ectrodes using mul ti-powered AC systens. Good wel d performance and bead
shape have been obtained with two multi-powered AC el ectrodes. Arc stability
and wel d performance appears to be somewhat erratic using four electrodes
which may be difficult to control under commercial fabrication conditions.
with four electrodes the flux provides excess weld metal which results in a

high and narrow top bead contour. The operability of three electrodes is being
investigated and w || be discussed in this report.

4) Mechani cal properties obtained fromtw and four wire welds in 1 inch
thick ABS Gd. B. plate showed the devel oped flux to be conparable to the foreign
flux with properties meeting H3 type requirements. Welds in 1 1/2 inch thick

ABS Gd. C plate with the devel oped flux gave mechanical properties neeting H2
type requirenents.

3RD QUARTER GOALS

The goals for the third quarter of this programare as foll ows:
1) Produce one-side welds in 1 1/2 inch thick plate using the best devel oped

flux wth the four electrode power connections investigated under Program SP-1-1
Item 102.
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2) Investigate the three wire AC systemfor naking one side welds
with the best devel oped flux.

FULFI LLMENT OF THIRD QUARTER GOALS

1) The performance characteristics of the devel oped fluxes using four
AC powered electrodes were extensively discussed in the second quarter report
This investigation was continued during the third quarter using changes in
Fﬂasing aqg the results are discussed in the adjoining arc study section of
is report.

. Al the experiments with the four electrode systens resulted in welds
which had a crowned and narrow top bead. From a commercial standpoint, this
bead shape would be considered unacceptable.

2) Velds in 1 inch thick ABS Gd. B. plate using three electrodes show
good bead contour with a reasonably flat top bead shape and good bottom bead
shape.  Mechani cal Broperties with the develoFed flux No. 977-39B are slightly
superior to those obtained with the foreign flux F-1 and will neet H3 type
requirements.

Vel ds made with three electrodes in 1 1/2 inch ABS Gd. C. plate are sl|ght|y
underfilled on top but the bottom has good shape. Cross sections of the welds
show good contour and tie in. Notch toughness properties meet only H2 type
requi rements but are higher than those previously reported with four electrodes

andare close to neeting the H3 requirements.

DI SCUSSI ON

Changes in the weld paraneters and phasing connections using four el ectrodes
hasfailed to show any significant inprovement 1n the top bead shape as described
in the second quarter report. The weld shown in Fi?. 4 is typical of the con-
figuration that was obtained under practically all four electrode welding condi-
tions. The high crowned top bead resulted fromfusing an excessive anmount of
flux which contributed a high level of nolten metal to the top section of the

vel d dePosit. As shown by the crossection; a narrow wel d nugget was al so obtai ned,
This wel d shape shoul d be avoi ded because of the possibility~0f voids and entrapped

slag particles in the center of the weld between the two solidification phases.

Because of the unsatisfactory bead shape experinentation with four electrodes
was termnated. As nentioned in the |ast quarterlr report, a nore apceptable
bead configuration was achieved using a three electrode systemat slightly reduced
wel di ng speeds.

The wel ds which will be discussed in this report were produced using Scott
connected lead and mddle electrodes with the third el ectrode connected separately
but in phase with the lead electrode. \elding conditions are given in Table 1
The devel oped flux which was used for the welds described is identified as 977-39B
This flux contains approxinmately 32%iron powder, and was chosen on the basis of
best overall weld shape and performance using the three electrode system The
flux conposition can be conpared to the foreign flux which contains approximately
47% i ron powder (Table VI).
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The photographic Fig. 1 shows a weld made in 1 inch thick plate using
flux 977-39B. The top side of the weld has sufficient width, good edge tie
in and adequate fill to be considered comercially acceptable. The under-
bead is also well formed and has good edge appearance. Crossectional nug-
get shape has a single Vee appearance through the width of the plate which
woul d favor reproducibility of sound welds deposit. Slag removal from the
welds with flux 977-39B was considered good. The slag actually came of f
wi thout any need for chipping from both the top and bottom side of the weld

A simlar weld deposit was obtained under the same welding conditions
in one inch thick plate with the foreign flux F-1 (Fig. 2). The top of the
bead, however, is slightly higher and nore crowned because of the higher

level of iron powder in the flux. Slag removal was acceptable, however, the
fused slag did not cone off the underbead as easily as flux 977-39B

The mechani cal properties fromthe one inch thick welds are given in

Tables Il and I11.  The inﬁact properties are slightly higher in the weld
made with flux 977-39B al though both fluxes glve charpy val ues meeting H3
filler metal requirements (38 ft. Ibs, at +14° or 20 ft. [bs. at -22°

Tensile properties of the weld with flux 977-39B are also within the
strength and ductility requirements for the higher strength EH G ade hul
structural steel (TS-71-90 KSI, YS-51 KSI min., E. -22%. Tensile strength
val ues are, however, lower with flux F-1 and are |ess than the EH G ade re-
quirenents. Simlar |ower strength values were also obtained in the four
el ectrode welds using flux F-1 as also reported in the last progress report.

The chemistry of the two weld metal deposits (Table V) provides an
expl anation for the differences in strength. Manganese and silicon are
higher in the weld made with Flux 977-39B otherwi se the chemstries are al-
most identical. This is due to the higher Ievel and conbined source of a
manganese and silicon deoxidizer used in fornulating flux 977-39B (Table VI).
Analysis of flux F-1 indicated FeM as being the only deoxidizing and strengthen-
ing constituent and at a much |ower |evel €§ee first quarter report). Pre-
limnary tests of flux 977-39B with FeMh substituted for the FeMSi constituent
resulted in poorer performance characteristics.

The photograph in Fig. 3 shows a weld made in 1 1/2 inch ABS Gade C
plate with flux 977-39B using the same three wire welding conditions as for
the one inch plate except slower travel speed. The crossection shows an ex-
cellently formed nugget with symmretrical sides which is conducive to defect
free welds. Weld netal drop through on the bottomside is sufficient, however,
the top side requires a slight addition of fill. A higher burn off rate on the
trail electrode should give the necessary inprovenent.

Vel d netal chemistry of the 1 1/2 inch welds as shown in Table Vis in
general agreenent with the 1 inch weld. The s|ightly higher aluminum content
apFarently reflects pick-up fromdilution of the"Gade Cplate which is alum num
killed (See Table VII).

Lower notch toughness val ues were obtained (Table I11) as conpared to the

1 inch thick weld but they are close to neeting the H3 requirements. The
tensile properties, however, neet the H3 requirenents.
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O her ﬁhase connections are being investigated with three electrodes

and these show nore stable arc action.  onv minor revisions in the flux
are planned during the next and |ast quart@? and these Wwi ? be dlrecteH

towards inproving the notch toughness properties in 1 1/2 inch thick plate
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WELDING CONDITIONS

1 Linde 36, 1/4"

1 Linde 36, 1/4"

Weld No. 976-34 976-341 976-342
Plate 1" ABS Gd. B. 1" ABS Gd. B. 1 i/z" ABS Gd. B.
Flux 977-39B F-1 677-398
Wires 2 Linde 80, 3/16" 2 Linde 80, 3/16" 2 Linde 80, 3/16"

1 Linde 36, 1/4"

Electrode 1
Anmps AC 1475 . 1475 . -7 1475

Volts 44 . 44 T 44

Electrode 2

Amps AC 1150 1150 1150

Volts 42 ' . 42 : 42

Electrode 3

Amps AC 1000 . 1000 - 1000

Volts 46 ) 46 . 46
Travel Speed ipm 28 ' 28 : , : 22
LM LV

oot
::'—T“""_————_ e e
T e e e

T . e o
L 9

TRAVEL

1< . vn;le—7ﬁ
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TABLE 1
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Temp.

+72
+32

+14

MECHANICAL PROPERTIES

Weld No. 976-34
Flﬁx 977-39 B
" Plate - ABS Gd. B. - 1 in. thick
. 3 Electrodes

Welding Speed - 28 ipm

IMPACT PROPERTIES

>

TbE of Weld

Bottom of Weld

CVN : Lateral % ] CVN Lateral %
Ft-Lbs.  Expansion(Mils) Shear Ft-Lb§ Expansion (Mils) Shear
73 67 80 83 78 90
60 58 60 ' 52 51 60
35 35 . 40 51 48 \ 50
32 34 .40 49 48 50
31 32 | | 30 36 ° 35 40
20 22 20 29 37 30

ALL WELD METAL TENSILE PROPERTIES (0.505)

UTS(psi) 82,950
YS(psi) 63,200
Elongation (%) 25.1

Reduction of Area % 61.4

TABLE II
e 11
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-20

-40

MECHANI CAL  PROPERTI ES

Veld No. 976-20
Flux F-1

Plate - ABS Gd. B.

3 Electrodes

- 1in. thick

Vel di ng Speed - 28 ipm

| MPACT PROPERTI ES

Tor of Wel d

CVN Lat er al

Ft-Lbs  Expansion(MIs Shear

60 6 3
52 60
23 28
28 31
28 29
20 20

%

80

60

30

20

20

10

Bottom of Weld

ALL VELD METAL TENSILE PROPERTIES (0. 505)

UTS psi )
YS (psi)
El ongation (%

Reduction of Area %

TABLE ||

CVN Lateral %
Ft - Lbs Expansion (M1s) Shear
58 65 70
17 22 20
47 51 50
29 31 30
28 29 20
15 . TI5 10
70, 500
48, 700
25.6
61.5
12-



Tenp.

+72

+14

-20

- 40

MECHANICAL PROPERTIES

weld No. 976-342

Flux 977-39B

Plate - ABS Gd. C. -1 1/2in. thick
3 Electrodes
Vel di ng Speed -22 ipm
| MPACT PROPERTI ES
\
Top of \eld Bottom of Weld

CVN Lat eral % CVN Lateral %
Ft - Lbs Expansi on(M | s) Shear Ft - Lbs- Expansi on(M | s) Shez
54 53 60 63 53 70
41 40 40 44 41 40
27 29 30 41 38 40
18 22 20 27 27, 30
18 18 20 24 24 20
10. 3 9 10 9 9 10

ALL VELD METAL TENSILE PROPERTIES (0. 505)

UTS(psi) 85, 200
YS (psi) 63, 900
El ongation (% 24. 3
Reduction of Area % 58 7

TABLE |V
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Mo

Cu-

Ti
A

- Al

Pb

Weld 976-34
1" ABS Gd. B.

Flux 977-328

0.14
0.026
- 0.012
1.51
0.31
0.016
0.031

0.010

, - 0.080

0.006

3.003

.00 004 -

.0.007

0.005

0.002

" WELD METAL ANALYSIS

Weld 976-341

1" ABS Gd. B.

Flux F-i

TABLE V
74

0.14
0.025
0.012
1.03
0.18
0.016

0.029

"0.009

0.064
0.002

0.003

0.004

0.009

0.005

0.002

Weld 976-342

11/2" ABS Gd. C.

Flux 977-39B

0.15
0.019
0.013.
1.42
0.45
0.016
0.029
0.011
0.076
0.009
0.003

10.004

" 0.021°
0.005

0.002



Coggonent

P

Iron
Mg0
5i0
CaCo

Ca0

Si
Na,0

K,0

FLUX COMPOSITION

Flux 977-39B

Percent
32.11
21.62

" 15.75
10.63
1.45
:3.74 :
3.98
"4.57
2.18
3.13

- 0.80

TABLE VI
75

Flux F-1 ‘ i

Percent
46.8
15.2
15.1
8.6
2.1 .
3.8
3.3.

2.6

1.6

0.13



Cr
Mo

Cu

Zr
Ti

Al

Co

Sn
Pb-

CHEMICAL ANALYSIS

OF PLATE

ABS Gd. B
1 in. thick

0.20
0:031
0.010
1.03
- 0.03
0.024
0;005

0.015

0.002

0.005
0.002
.0.005
0.005
0.01
0.02

0.002

3

TABLE VI1

76

R T IR~

" ABS Gd. C

1 1/2 in. thick

D A L SN

0:21

0.022
0.015
0.72
0.22 .
0.016
0.005
0.017
0.002
0.005
0.003
0.052
0.005
0.01

0.02

. 0,002
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WELD NO. 976-34

PLATE 1" THICK
ABS Gd. B

FLUX 965-39B

THREE WIRE

28 IPM

FIGURE 1
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976-27

WELD NO.

»

PLATE 1" THICK

ABS Gd

-39B

FLUX 977

FOUR WIRE
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FIGURE 4
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One side Vel ding Miltiple Arc Study
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PROGRAM - GBJECTI VES

~Toprovide sufficiently high travel speeds for economical one-side
wel ding of ship plates, a multi-electrode subnerged arc system is necessary.

For the production of one-side, one pass butt welds in 1 1/2" thick
plate, even our presently existing three electrode systemwill not be suf-
ficient to achieve the desired 25 to 30 ipmtravel speeds.

The initial program goal was to develop a four electrode system operat-

ing at from1,000 to 1,500 aqu per electrode to provide the desired deposi-
tion rate and attain the welding speeds desired.

After an encouraging lead fromlast quarter's work, and discussions of
the four wire welding goals efforts at making three wire welds were pursued
in the last quarter of this reporting period. As agreed the program goa
wel ding speeds will be reduced to 25 to 30 ipmfor welding 1" thick plate.

FI RST AND SECOND QUARTER ACH EVEMENTS

As covered in the First and Second Quarter reports several nmjor goals
were acconpl i shed:

1) After assenbling the welding equipnent a theoretical arc deflection
anal ysis was conducted and conpleted. Of the sixteen separate variations of
system parameters analyzed two were selected for further study.

2) One of the above power phasing systems (referred to as 4D, a pair of
Scott connected el ectrodes fol |l owed by another Scott connected el ectrode pair
180 deg. out of phase with the |ead pair) was used to make an extensive series
of welds in 1" and 1 1/2" thick plates.

3) In the above series of experinents weld speeds exceeding the initia

goal s were achieved. \eld bottomside results were satisfactory, however, top
surface beads had excess reinforcement and were somewhat irregular

TH RD QUARTER GOALS

1)Make 4wire welds with the second power phasing system defined in the
1st Quarter theoretical analysis, system 3D

2) Wrk with Bethlehem Ship personnel for several days to evaluate pre-
viously tested 4 wire systens.

~3) Take high speed notion pictures of arcs operating from several power
phasing systems in air.

4) Wth a change in enphasis in the last part of this reporting period,
develop 3 wire welding paraneters.
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FULFI LLMENT OF TH RD QUARTER GOALS

A weld was made with the 120 de%., 60 deg. power phasing, system 3D
weld results were simlar to the double Scott 4D systemand not totally
sati sfactory.

Wth the assistance of two engineers from Bethlehem Steel Shipyard,

Sparrows Point, Maryland, an eval uation of four electrode parameters pre-
viously evaluated at the shipyard was carried out over a two-day period.

Top weld appearance with four electrodes was still excessively high,
narrow and sonmewhat irregular.

A high speed notion picture study of the four electrodes was conducted
for several welding power phasing systens.

Wrk was begun to optimze three electrode welding procedures.

TECHNI CAL  DETAILS

~ The second power phasing systemdetermned in the theoretical arc deflec-
tion study as a candidate for good operation was evaluated. This power system
designated as 3D, is shown bel ow.

&
Vel d No. 977-39B was na&g in 1" ABS Gade B plate prepared with double "V

type joint. Employing welding amperages of 1300, 1400, 1200, and(1200 for elec-
trodes 1, 2, 3, 4 respectively a travel speed of 40 ipmwas achieved.

Al though stable anperage and vol tage recordings were achieved, the top side

weld result was high, narrow, and somewhat irregular. This result is sinilar
to that achieved with the double Scott connection, system 4D

Wth the assistance of two engineers from Bethlehem Steel Shipyard, Sparrows
point, Mryland, a several-day evaluation of four electrode paraneters previously
evaluated at the shipyard was carried out. The weld results fromthis series of
experinments still were characterized by narrow, high and somewhat irregular top

vel d appearance. The overall weld results were sinilar with both experinenta
and foreign made fluxes.

~ To evaluate the arc action and the influence of interacting magnetic fields,
a high speed notion picture analysis was conducted.

Five arc power phasing systens were investigated and are shown bel ow:
2 -
2 2



~To photograph the arcs the welding system was allowed to run out of flux
Inair. Because of the very high currents and large amount of nolten netal

the arc-netal interaction was very violent. This nmde identification .of arc .
defl ection angl es and neani ngful magnetic arc interaction rnvestigation inpos-

sible. Although various arcs were observed oscillating at times, as expected,

because of the weld puddle undulations nmany periods of arc outages were also

observed. =~ The random weld puddle undulations conbined with the high arc power
observed in the weld appearance. Gipce the 1st and 2nd el ectrode are closely

spaced and operate on solid plate a fixed surface is available for uniformarc

Qoerati on.

It would then appear a three wire system would provide superior stability
toa four wire systemif the 3rd wire is spaced a sufficient amunt so as to
arc behind the point where the weld deposited by the 1st and 2nd el ectrodes has
solidified. This would allowthe 3rd electrode to operate on a uniform non-
undul ating metal surface.

Initial evaluations of three wire systemto establish welding parameters
were carried out. \eld results to-date are superior to those achieved with
four electrodes but at reduced weld speeds. For this initial work our kno
and tested three wire AC system enploying Scott connect ed Ilead ang m ddl e el ec-
trodes with the trail electrode in phase with the |ead was used. Additional

phasing systems will be investigated.

Three wire welding parameters for 1, 1 1 d | oth | ate thick-
nesses Wi || be finalized during the next and {Ian]n prsgejlrez;r% pgri(%. prate e
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One Side Wl ding Flux Devel opnent
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PROGRAM  OBJECTI VE

Presently available domestic submerged arc welding fluxes do not have
the proper operating characteristics to produce one side welds of acceptable

quality in heavy plate in ship fabrication. These fluxes also do not provide
adequate inpact resistance in heavy welds.

The objective of this programis to produce a flux suitable for manu-
facturing in the United States which, in con-junction with the multi-wre
systemdescribed in SP-1-1, Item 102, will provide satisfactory quality one
side welds in plate thicknesses up to 1 1/2 inch. \Wen conbined with a
suitable wire, the nmechanical properties of the weld joints nust neet al
requi rements for ABS grades of carbon steel

FI RST THROUGH TH RD QUARTER ACH EVEMENTS

. As discussed in the first through third quarterly reports, the fol [ ow
ing major acconplishnents were achieved:

1) A flux has been devel oped which is capable of producing one side
welds in 1 inch thick and 1 1/2 inch thick plates by using multiple
el ectrodes on a flux copper backing system

2) \Veld performance of the flux is conparable to a commercially
establ i shed one side welding flux.

3) Welds have been nade with two electrodes, three electrodes, and
four electrodes using nulti-powered AC systems. Good wel d performance
and bead shape have been obtained with two multi-powered AC el ectrodes.
Arc stability and wel d perfornmance anears to be somewhat erratic using
four electrodes which may be difficult to control under commercial fabri-
cation conditions. Wth four electrodes, the flux provides excess weld
netal which results in a high and narrow top bead contour. Suitable
oRerabiIity and bead shape are achieved with three electrodes. However,
the arcs are nore active and less stable as conpared to two el ectrodes.

4) Welds made in 1 inch thick ABS Gd. B plate using two, three and
four electrodes gave nechanical properties meeting Gade 3T type require-
ments. Welds in 1 1/2 inch thick plate gave nmechanical properties neeting

Grade 2T type requirenents.

FOURTH QUARTER GOALS

1) Produce one-side welds in 1 inch, 1 1/4 inch and 1 1/2 inch
thigk.plate with the final flux formula under three el ectrode welding
condi tions.

2) (otain mechanical properties fromthe welds in ABS G ades B,
C and EH steels.

3) Supply a test quantity (up to 500 Ibs.) of the final flux to
the Bethl ehem Steel Corporation
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FULFILLMENT OF FOURTH QUARTER GOALS

HThefinal flux selected is identified as flux No. 977-39B and
cont ai ns apBroxinater 32% iron powder. Commercially acceptable one-side
wel ds have been produced with the developed flux in1 inch, 1 1/4 inch and
1 1/2 inch thick plates.

2) The charpy V-notch values of welds made in 1 inch thick ABS Gade B
plate generally neet Gade 3T requirenments. Those in 1 1/2 inch thick ABS
Gade C plate meet only Gade 2T requirements. The val ues obtained from
ME|FS made in 1 1/4 inch thick ABS Gade EH 36 plate nmeet H 3 type require-
ment s.

3) Atest quantity of 500 |bs. of flux No. 977-39B has been submtted
to the Bethlehem Steel Corporation, Sparrows Point, Mryland.

4)Addi tional devel opment of the flux continued during the fourth
quarter in order to obtain an inprovement in the weld netal notch toughness
values. Substitution of an iron powder containing |aw anounts of manganese
and silicon for the non-deoxidized iron powder in flux 977-39B gave an
inprovenent in the weld netal notch toughness values. Weld netal nechani-
cal properties obtained with this flux %hb. 977-43A) are reported and are

conpared with those obtained with flux 977-39B

DI SCUSSI ON

The flux selected for the final welds is identified as No. 977-39B
The chemi cal cmwwiﬂonofthemeisshwmin'MMel and it contains
approxi mately 32% iron powder. Its selection was based prinaril¥ onits
capability of producing the best overall weld appearance in the three
thi cknesses, of plate investigated under a three electrode welding system
H gher and | ower levels of iron powder in the flux were investigated during
the devel opnent period and although the foreign conmercial flux was found
to contain 47% iron powder, this level resulted in excessive weld rein-
forcement under three electrode conditions. Satisfactory bead shape,
however, was obtained under two electrode welding conditions with a flux
containing 44% iron powder. These results were reported in the first

quarter progress report.

The wel ding characteristics of flux 977-39B in general are simlar to
the foreign flux. The fused slag peels easily fromboth the top and

bottom side of the weld deposit. Peeling on the bottom side of-the weld
however is considered slightly superior to the foreign flux. Adequate
peeling fromthe top of the weld is largely dependent upon the attainment

of flat type bead shape. The flux outgases during welding due to the
deconposi tion of cal cium carbonate which is a major constituent in the

flux. This outgasing also occurs with the foreign flux and it is

simlar to that which occurs with basic type coated el ectrodes except

that the level is greater because of the higher anperages that are used.

The cal cium carbonate functions as an arc stabi|izer and is copsjdered
essential in the particular formulation for high anperage multiwre weld

per f or mnce.
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Maj or acconplishnents during this reporting period were the establish-
ment of welding conditions to produce satisfactorily shaped welds in 1 1/2
inch and 1 1/4 inch thick plate as well as the attainment of mechanica
properties which meet the welding requirements, for Gade EH steel

The photographs in Figures 3 and 3A show two welds made in 1 1/2
inch ABS Gade C plate with fluxes 977-39B and 977-43A under identica
three wire welding conditions.

The fluxes contain the same constituents with the exception of the
type of iron powder. The iron powder used in flux 977-39B is a non-
deoxi di zed type which has been used in all previously reported experi-
mental fluxes. The iron powder used in flux 977-43A has a higher carbon
| evel and contains residual manganese and silicon. Table Il lists the
typical chemcal analysis of the two iron powders. Both types are
commonly used by coated el ectrode manufacturers in the fornulation of
iron powder coated electrodes. Since the iron powder in the devel oped
flux 1s the Iargest single constituent and since it forns a significant

part of the weld deposit, different types should influence the weld neta
properties differently. For this reason this second flux was investigated.

~ The crossections of the 1 1/2 inch welds show wel| shaped nuggets
with symretrical sides which are conducive to sound defect-free deposits.
wel d netal drop through on the bottomside is also sufficient and generally

uniformalong the length. The top of the welds are reasonably flat and
exhibit adequate fill wth good tie-in.

Simlar appearing weld deposits were also obtained with the two
fluxes in 1 1/4 inch thick aBsGade EH 36 plate. Photographs 2 and 2A
show the bottom top and crossectional appearance of these welds.

The attainment of adequately shaped one side welds is dependent
upon many variables including proper selection of welding conditions,
wre spacing and wire diameters. For this series of welds, two 1/4 inch
diameter wires were used for the mddle and trail electrodes in conjunction
with a 3/16 inch diameter wire for the |ead electrode. The large dianeter
mddle wire widens the center of weld nugget whereas the large size trai
wire under high voltage conditions allows the top of the bead toflatten
so that sufficient wash and tie-in are achieved. The use of the heavier
diameter mddle and trail electrodes are partially responsible for the
I nproved bead shape in the 1 1/2 inch plate over the welds discussed in
previous reports. Table Il lists the welding conditions used for the
wel ds described and additional details concerning other welding variables
are discussed in the arc study section of this report.

The photographs in Figure 1 and 1A show the configuration and
appearance of the welds made in 1 inch thick plate. Wth the heavier
dianmeter wires, slower welding speeds had to be used as conpared to
those rePorted inthe third quarterly report (25 ipmvs. 28 ipm. Even
at the slower speed, bead shape and wel d appearance are |ess-desirable
because of excess reinforcement on top and slight Undercutting on the
bottom  Figure 1B, fromlast quarter's report shows a nuch nore desirable
bead configuration.
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In addition to the change in wire sizes and wel ding paraneters, a

higher manganese bearing mddl e el ectrode was used for all welds described
inthis Teport.

Mechani cal properties of the 1 inch ABS Gd B plate welds are given in
Tables IV and IVa. A considerable drop in the notch toughness val ues in
the top section of the weld was obtained with flux 977-39B as conpared to
the values reported previously. (Weld No. 976-41 conpared to weld No.
976-34 in third quarter report.) ‘Wether this is due to the change in wire
type, meld|n? paraneters or difference in base metal dilution is unclear.
Conparison of the wied netal chemstry of the two welds does not offer an
i medi ate exglanation for the lower values. The inpact. val ues obt ai ned
with flux 977-43A which contained the manganese and silicon bearing iron
powder showed an inprovement over the conparison weld made with flux
977-39B (weld No. 976-411 conpared to No. 976-4%2. The values are, however,
about the same level as reported for weld No. 976-34 in the third quarter
report. These meet 3 T Grade requirements which are 33 ft. |bs. charpy
V-notch at +14°F.

The mechanical properties of the welds made in 1 1/4 inch EH 36 plate
with both fluxes neet the H3 Gade (20 ft. Ibs. at -22°F.) requirements.

(Tables V and Va) The inpact properties fromthe two welds are very close
but a slight preference is indicated for flux 977-43A

Velds in 1 1/2 inch thick ABS Gd C plate meet only Gade 2T (25 ft.

| bs. at +32°F.% properties (Tables VI and Via). A definite inprovement in
the notch toughness val ues however is apparent in weld made with flux
977- 43A.

The 500 Ib. test quantity of the flux which was shipped to Bethl ehem
Steel for fulfillment of this program was flux 977-39B. The nechanica

property data concerning flux 977-43A became available several weeks after
the flux had been processed and shipped.
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* Component

Iron
Mg0

5io0,

CaC03
Ca0 .
AIZOS
Canl

Mn

TABLE I

FLUX COMPOSITIONS*

Flux 977-39B

Percent
32,11
21.62
'15.75
10.63

1.45

- 3.98
4,57
2.18
3.13

0.80

*Flux 977-43A same as above except different
type iron powder. g
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TABLE 11

TYPICAL ANALYSIS OF IRON POWDERS

. Iron Powder in ) Iron Powder in

Flux-977-3638 Flux 977-43A

c . N 0.04° 0.08

S . ’ 0.015 - 0.02

Ma ' 0.015 " 0.40

Si 0.004 : 0.10

P 0.01 - 0.02

Fe . . Bal - - l Bal
Apparent | o ) :
Density 3.45 g/cc 3.40 ¢/cc



TABLE III

WELDING CONDITIONS

Plate 1" ABS Gd. B

_ Weld No.s, 976-41 | $76-411
Fluxes §77-39B 977-43A
Wires 1 Linde 80, 3/16"

- 2 Linde 35, 1/4"

Electrode 1

Aups AC 1500

Volts

(%3]
[3,)

Electrode 2

Amps AC 1G75

Volts ' 44

Electrode 3

Amps AC 1175
Volts . 49

Travel Speed ipm 25

1 1/4"™ ABS EH-36

1 1/2" ABS Gd. C

976-43 | 976-42

§577-39B| 977-43A

inde 80, 3/16"

1L
2 Linde 36, 1/4"

1500

38

1150
44

1250

49

976-401 { 977-381

977-39B | 977-43A

1 Linde 80, 3/16"
2 Linde 36, 1/4"

1475

37

1100
42

1200
49

17.5



Temp.

1

+72

+32

TABLE 1V

MECHANICAL PROPERTIES

‘ Weld No. 976-41
Flux 977;39B
Plate - ABS Gd. B. - 1 in. thick
3 Electrodes

Welding Speed - 25 ipm

IMPACT PROPERTIES

ToE of Weld _ . Bottom of Welg

ALL WELD METAL TENSILE PROPERTIES (0.505)

UTS (psi) 71,500
YS (psi) 59,200
Elongation (%) . 26.9

Reduction of Area % 61.1

CVN Lateral % CVN Lateral %
Ft-lbs. . Expansion (Mils) Shear . Ft-Lbs. Expansion (Mils) She
45 . 49 43 75 66 70
25 30 27 47 ” 46 50
20 .20 "0 44 39 40
12 20 1 32 s 30
r~ 9 10 9 31 | 30 30
8 .10 7 ' 25 - 24 20



Top of Weld ) _ : : Bottom.of Weld
Temp. CVN Lateral | % CVN Lateral %

% Ft-Lbs. .Expansion(Mils) Shear Ft-Lbs. Expansion(Mils) Shear
+72 68 65 80 : 72 67 90
+32 58 57 70 53 48 70
+14 49 3 52 60 46 46 40
-4 34 37 50 .40 43 30
-20 29 36 40 30 30 30
-40 25 25 20 21 22 20

TARLE 1Va

MECHANICAL PROPERTIES

Weld No. 976-411
Flux 977-43A
Plate - ABS Gd. B. - 1 in. thick
3 Electrodes

Welding Speed - 25 ipm

IMPACT PRGPERTIES

R and

ALL WELD METAL TENSILE PROPERTIES (0.505)

UTS (psi) - 74,900
YS (psi) " 54,300
Elongation (%) '30.3
Reduction of Area % 60.6 ' "
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Top of Weld Bottom qf Weld

remp. CVN Lateral % . CVN Lateral %

%F Ft-Lbs. Expansion (Mils) Shear Ft-Lbs. Expansion(Mils}) Shea:
+72 44 44 50 : 44 46 40
+32 25 27 30 | 30 30
+14 25 25 30 . 30 25 30.
-4 24 23 0 21 21 20
-20 25 25 _ - 30 - | . 24 20 20
-40 19 17 ’ 20 . 12 10

TABLE V

MECHANICAL PROPERTIES

Weld No. 976-43
Flux 977-398
Plate - ABS Gd. EH-36 - 1 1/4 in. thick
3 Electrodes

Welding Speed -~ 25 ipm

IMPACT PROPERTIES

ALL WELD METAL TENSILE PROPERTIES (0.505)

UTS (psi) 95,400

. YS (psi) 73,900
Elongation (%) 21
Reduction of Area % 41.6

95
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TABLE Va
MECHANICAL PROPERTIES

Weld No. 976-42

- Flux 977-43A

Plate - ABS Gd. EH-36 - 1 1/4 in. thick

3 Electrodes

Welding Speed - 25 ipm

IMPACT PROPERTIES

ToE of Weld
CVN . Lateral %

Ft-Lbs. Expansion(Mils)  Shear
56 - 53 50
36 35 S 40
33 . 32 40

~
25 25 30
22 22 20
13 12 . 20

Y4
-

ALL WELD METAL TENSILE PROPERTIES

Bottom of Weld

UTS (psi) 93,100
YS (psi) - 72,500
Elongati;n (%) 24.0
Reduction of Area % 53.2

96

CVN Lateral %
Ft-ibs.  Expansion(Mils) Shear
45 45 50
28 27 20
23 18 20
26 22 30
22 i 21 20
15 : 17 20
(0.505)



TABLE Vi

MECHANICAL PROPERTIES

veld No. 976-401
Flux 977-39B
Plate - ABS Gd. C. - 1 1/2 in. thick
‘ 3 Electrodes

Welding Speed - 17.5 ipm

IMPACT PROPERTIES

Top of Weld - Bottom of Weld

Temp. cw . Lateral % CVN Lateral ) %

% Ft-Lbs. Expansion (Mils) Shear Ft-Lbs. Expansion (Mils) Shear
+72 30 " 32 30 52 47 50
+32 25 24 20 32 33 46
+14 12 12 20 25 26 30
-4 11 10 . 10° 26 L2 30
-20 11 10 10 12 13 20
-40 8 8 10 10 10 10

ALL WELD METAL TENSILE PROPERTIES (0.505)

UTS (psi) - . 87,200 ’
‘ ' YS (psi) 54,400

Elongation (%) 26.5

Reducticn of Area % 6.6



TABLE VIa

MECHANICAL PROPERTIES

Weld No. 976-381
Flux 977-43A
Platé - ABS Gd. C. - 1 1/2 in. thick
3 Electrodes .

Welding Speed - 17.5 ipm : . 1

IMPACT PROPERTIES

Top of Weld Bottom of Weid
Temp. CVN Lateral | % CVN | Lateral %
%F Ft-Llbs. §5pansion(Mils) Shear Ft-Lbs. Expansion (Mils) Sheeax:
+72 " 48 49 . 50 49 43 4C
+32 30 ‘ 30 ' 30 32 ' 34 40
+14 21 23 30 25 25“ 30
-4 13 T2 .20 20 23 20 -
-20 8 o 10 16 16 10
-40 5 6 10 : 9 7 ‘ 10

ALL WELD METAL TENSILE PROPERTIES (0.505)

UTS (psi) 81,200
YS (psi) 59,400
Elongation (%) 28.4

Reduction of Area % 62.4
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Si

Ni

Cr

Mo

Cu

v

Ti

Zr

Al

Cb

Pb

Weld 976-41
1" ABS Gd. B

TABLE Vil

WELD METAL ANALYSIS

0.14
0.017
’0.011
1.70
0.31
0.020
0.632
0.020
0.051
0.00;
0.003
0.004
0.005
0.005

0.002

Flux 977-39B

Weld 976-43
1-1/4" ABS EH-36

0.17
0.022

- 0.010

99

"Weld 976-401
11/2" ABS Gd. C

©0.15
0.012
0.012
1.55
0.44
0.17
0.033
0.020
0.050
0.003-
0.003
0.004
0.017
0.005

0.002



TABLE VIIa

WELD METAL ANALYSIS

Flux 977-43A

Weld 976-41i Weld 976-42 Weld 976-381

(@]

Mn
Si

Ni

Ti
Zr

Al

Pb

100

1" ABS Gd. B 1 1/4" ABS EH-36 1 1/2" ABS Gd. C
0.16 0.15" 0.16
0.017 0.022 0.012
0.011 0.013 0.013
1.40 1.70 1.59
0.20 0.34 0.38
0.022 . 0.020 0.024
0.028 0.13 0.034
0.18 0.050 0.020
0.048 0.047 0.056
0.002 0.003 0.003
0.003 0.003 0.003
0.004 ' 0.004 0.004
0.005 0.016 0.013
0.005 0.005 0.005
0.002 0.002 0.002



Si
Cr
Mo

Cu

Zr
Ti

Al

ABS Gd. B

1 in. Thick

0.20

" 0.051
0.010
1.03
0.03
0.024
0.005
0.015
0.002
0.005
0.002
0.005
0.005
0.01
0.02

0.002

TABLE VIII

CHEMICAL ANALYSIS OF PLATE

ABS EH-36
1 1/4 in. Thick

0.19
0.028
0.009
1.26
0.24
0.17
0.055
0.016
0.003
0.005
0.603
0.060

0.005

0.003

101

ABS Gd. C
1 1/2 in. Thick

0.21 -
0.022
0.015
0.72

0.22

0.016
0.005
0.017
0.002
0.005
0.003
0.052
0.005
0.01

0.02

0.002



WELD NO. 976-41

PLATE 1" THICK
ABS Gd. B

FLUX 977-39B
THREE WIRE

25 IPM

FIGURE 1
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WELD NO. 976-34

PLATE 1" THICK
ABS Gd. B

FLUX 965-39B
THREE WIRE
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WELD NO. 976-441

PLATE 1-1/4" THICK
ABS GD. EH-36

FLUX 977-39B

THREE WIRE

24 IPM

FIGURE 2
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WELD NO. 976-42

PLATE 1-1/4" THICK
ABS Gd. EH-36

FLUX 977-43A
THREE WIRE

24 IPM

FIGURE 2A
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WELD NO. 976-401

PLATE 1-1/2" THICK

ABS Gd. C
FLUX 977-39B

% 12‘§, THREE WIRE

§ 17.5 IPM

FIGURE 3




WELD NO. 976-381

PLATE 1-1/2" THICK
ABS Gd. C

FLUX 977-43A
THREE WIRE

17.5 IPM
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FIGURE 3A
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PROGRAM _OBJECTI VES

To provide sufficiently high travel SQ&FQ i cal one-side

wel ding, a multi-electrode submerged arc S

The initial program goal was to develop a four electrode welding
systemto achieve a welding rate of 25 to 30 ipmfor 1 1/2 inch thick plate
material. Wrk with the four electrode systemindicated an excess of
netal and difficulty with weld reinforcement control were major obstacles
toachi eving successful results.

It was agreed the program goals would be shifted to achieving maxi num
wel d speeds and quality with a three electrode system The wel d speed
goal was changed toachieving 25 to 30 ipmfor 1" thick plate.

FIRST THROUGH THIRD QUARTER ACHIEVEMENTS

As covered in the First through Third Quarter reports, several major
goalswer e acconpl i shed:

1) After assembling the meldin? equi pnent, a theoretical arc deflec-
tion analysis was conducted and conpleted. O the sixteen separate
varéat|ons of system parameters analyzed two were selected for further
stuay.

2) e of the above power phasing systens (referred to as 4D, a
pair of Scott connected el ectrodes followed by another Scott connected
el ectrode pair 180 degrees out of phase with the |ead pair) was used to
make an extensive series of welds in 1" and 1 1/2" thick plates.

~3In the above series of experiments, weld speeds exceeding the
initial goals were achieved. \ild bottom side results were satisfactory,
homeve{, top surface beads had excess reinforcement and were sonewhat
irregular.

/\elds were made with the 120 degrees, 60 degrees, power phasing,
system 3D. Weld results were simlar to the double Scott 4D system and
nottotal [y satisfactory.

5) A high speed motion picture study of the four electrode system
was conducted. Because of the very high currents and |arge anount of
nol ten netal beneath the arcs, the arc-metal interaction was very violent.
This made identification of the arc deflection angl es and neani ngf u
magnetic arc interaction investigations inpossible.

6) Initial evaluations of a three wire system indicated satisfac-
tory welds could be achieved at a slight reduction in speed over the four

arc system
FOURTH QUARTER GOALS

. 12 Investigate several three electrode AC phasing systems to deter-
mne the effect on weld performance.

2) Finalize three wire welding parameters for 1" and 1 1/2" thick
pl at es.
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FULFILLMENT OF FOURTH QUARTER GOALS

Several three wire power phasing systems were evaluated; two of which
were given nore extensive observations and one was selected for a fina

system  The final power phasing system selected utilizes a Scott connected
|l ead pair of electrodes followed by a trail electrode connected in phase

with the lead Scott electrode

Final satisfactory procedures were devel oped with the above-nentioned
power phasing system for 1", " "ot o
results are outlined in the 1s %%%t|%%do} }GFS nggktplates. The specific

A table listing the final paraneters devel oped for these plate thick-
nesses and one covering the effect of variable changes are al so provided.

(See Table | and II1l)

TECHNICAL DETAILS

From several three wire power phasing systems initially eval uated,
two were selected for further study.

One system which is being used commercially abroad was approxi mated
with the power phasing shown vectorially bel ow

3 . |
. 120
.‘ | MO
iV}

2

The second systemis one which is used for line pipe manufactured by
many producers and is shown vectorially bel ow

O the two systens, the latter provided a nore stable third electrode
condition and produced nore uniform well shaped top side welds. t
therefore, the system used to achieve the final welding paraneterg i
the 1, 1 1/4 and 1 1/2 inch thick plates.

Final welding parameters were established for three thickness of

plate. Al welds were well shaped both top and bottom and possessed good
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nugget contours. The results of specific test plates are presented in the
first section of this report.

From these specific conditions, a set of generalized paraneters is
presented in Table |. Taple |1 presents the joint configurations to be

utilized for these general paraneters. |p Table I1]1. a descH' tion is

provided to show what weld results can be expectéd from deviations from

set procedures. This Table al so presents some understanding of the
effect of each electrode in the system

Sinply stated, the [ead and mddle el ectrode provide the desired

penetration, underbead formation, -to- .
third electrode is positioned at aar?(()il nengfeirertothbgtﬁﬁd@r%%tha%h?%?nﬁghe

and solidified and controls the final top side weld appearance and nugget
shape.  As noted, the welding currents are established , provide the
proper penetration and weld shape. \elding voltage is ,onarallv auite
high and is held under the |evel which would result in gxcessivg ?Iashing
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TABLE [

GENERAL PARAMETERS FOR 1", 1 1/4" and 1 1/2" PLATE

ELECTRODE CONFIGURATION

LEAD
01 ' Diameter
0 to 5°° 3/16"

WELDING PARAMETERS

LEAD
L . v

Amgs AC " Volts

1475-1500 40-44

93 g2 91 .
]
\ —'\ - ! .
|
I I {T} I
Vs \7) Vi
s-a——— b —-——.4-‘- a —o{
’ > 3
S
MIDDLH_ TRAIL
a 0, Diameter b .8 Diameter
1-1.5 10°-15° 1/4" 3.5=4" 10-15° To1/4n
MIDDLE TRAIL TRAVEL
Amps AC "'Volts " "Amps AC . Volts Plate - ipm
1075-1150 42-44 1175-1250 " 46-49 _ 1" 25-28
11/4"  23-24
l1/2¢ 19-22



TABLE 11

PLATE PREPARATION

50°

A

7

1 e
1/4:1

3/32n 40°

LR

PP

e -
- P
—

P amn

40°
3/16"

, '--»ma—i

1/41:

. 1"

1 1/4n

1 1/2n

- g -



TABLE I1I

- EFFECT OF PARAMETER VARIATIONS

I Iy I
\ Vs \p! V1

L

bk o

PARAMETER

EFFECT OF INCREASING

EFFECT OF DECREASING

excessively wide underbead
excessively, wide underbead

excessive reinforcement and
flash through

excessive arc flash through
excessive arc flash through
excessive arc flash through
insufficient penetration

poor top bead appearance

insufficient fill

narrow, irregular underbead
narrow, irregular underbead

rough surface and irreguiar
square edges

irregular underbead

poor (too narrow) nugget shape

narrow, irregular top surface

excessive arc. action

poor top appearance and arc
action

excessive reinforcement,
insufficient underbead
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