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FOREWORD

The purpose of this report is to present the results of one of the
research and devel opment prograns which was initiated by the nenbers of
the Ship Production Comittee of The Society of Naval Architects and
Marine Engineers and financed largely by government funds through a cost
sharing contract between the U S. Mritime Admnistration and Bethl ehem
Steel Corporation. The effort of this project was directed to the devel op-
nment of inproved nethods 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 Ashtabul a,
Ohi o.

Speci al acknow edgement is made to the nembers of Wl ding Panel
SP-7 of the SNAME Ship Production Committee who served as technica
advisors in the preparation of inquiries and eval uation of sub-contract

proposal s.



EXECUTI VE _ SUMVARY

BACKGROUND AND OBJECTI VES

Many wel di ng process and material devel opnents have been introduced to provide
increased weld netal deposition per anpere. The intent is usually to provide

hi gher weld netal deposition rates per hour so \Welding might progress nore
rapidly. OQher advantages occur when weld heat input nmust be restricted to
provide acceptable base plate heat-affected-zone mechanical properties.
Increased weld netal without added arc power can also be used to reduce weld

burn-through on poorly fit weld joints or where thin root welds are enployed

The utilization of the high deposition rate per anpere wel ding system not
just its devel opnment nust be considered. H gh netal deposition rates nust
be consistent with good bead shape, weld deposit soundness and satisfactory

wel d nechani cal properties.

PLANNED APPROACH

The Linde Division of the Union Carbide Corporation has undertaken an
evaluation of a nunmber of commercially available “high nmetal deposition

per anpere” welding materials and processes as a sub-contractor to the
Bet hl ehem Steel Corporation, Sparrows Point, Mryland under MARAD
Project SP-1-7-1. In addition to the evaluation of comercially available
processes, several experimental high deposition efficiency electrodes were
evaluated. Al mterials and processes are being considered for their poten-

tial use in shipyards.



Effective utilization of these systenms/materials is the key to their success-

ful application for specific weld joints

SUMMARY

Eval uation of the processes and materials investigated for this project pointed
out areas which should be investigated in greater depth with inproved backing
and suppl emental filling techniques which will permt the use of higher currents
and travel speeds in an effort to achieve optinmum performance for various

shipyard applications.



| NTRODUCTI ON

Many wel ding process and material devel opnents have been introduced to provide
increased weld netal deposition per anpere. The intent is usually to provide
hi gher wel d nmetal deposition rates per hour so welding might progress nore
rapidly. COher advantages occur when weld heat input nmust be restricted to
provi de acceptable base plate heat-affected-zone mechanical properties.
Increased weld metal without added arc power can also be used to reduce weld

burn-through on poorly fit weld joints or where thin root welds are enployed

The utilization of the high deposition rate per anpere wel ding system not
just its devel opment nust be considered. Hgh metal deposition rates nust be
consistent with good bead shape, weld deposit soundness and satisfactory weld

mechani cal properties.

CONCLUSI ONS

1. Increased deposition rate, although a worthwhile goal, has practica
limtations. \When welding plate of the thickness used in this project,
1-in. (25 nmm or less, it is difficult to realize appreciably in-
creased operating efficiency fromonly deposition rates. The first
wel d passes nust be deposited at |ower currents so that there is no
burn-through.  The next passes can be increased in deposition rate,
but the actual nunber of passes remaining to conplete the joint wll
be limted so that the total savings in time may not be of major

significance. If thicker plates were to be welded, the initial passes



woul d be made as in 25 nmplate, but now nore groove area woul d

remain to be filled so that increased deposition rate could be used

to decrease the time to conplete the weld.

O the processes investigated for this project, two were superior

for the applications evaluated. These processes were: “Unionfil”,
metered iron powder additions to a subnerged arc weld, and “hot wre”
where an externally heated second wire is added to a submerged arc weld
puddle. Both processes allow controlled additions of extra metal with-
out increasing the total power density on the main electrode making
each a nore versatile process.

The experimental fabricated el ectrodes devel oped to provide increased
deposition rate per anpere perforned as designed. However, the in-
crease was not sufficient to reduce the nunber of weld passes in sone
cases by even one pass. Sinple process changes such as straight
polarity were at |east equally effective.

One process variation, evaluated to conplete the one side root welds
inone fill pass, was successful. This was a two wire Scott system
with iron powder added to the joint. It could be useful for weldments
where weld and HAZ inpact requirenents are not critical

Keeping in mnd the intended shipyard uses of these processes and
consi dering nechanical properties, ease of operation, equipnent
required, and cost, the Unionfil process would be the "best" choice

for increasing deposition rate and efficiency.



EXPERI MENTAL PROGRAM

Processes Sel ected For Eval uation

For this project, two series of welds were made. The first series was nade from
one side in 25 mmthick ABS Grade B plate. Root welds were made with sem -
automatic Linde FC 707 flux cored wire using backing tape. Fromthe many fill.
processes and materials available for evaluation, the following were selected.
for this study. At least one weld was made with each material/process wth-no
restriction on allowable heat input:
1.  Subnerged Arc DC Reverse Polarity as a base for conparison.
2. Submerged Arc DC Straight Polarity to provide increased netal
deposition rate and document possible problem areas.
3. Subrmerged Arc DC Reverse Polarity with Linde MC-70 iron
powder electrode - |/8-in. (3.2 m) dianeter.
4.  Subnerged Arc DC Reverse Polarity with Linde MC70 iron powder
electrode - 3/32-in. (2.4 m) dianeter.
5. Submerged Arc DC Reverse Polarity with special high iron powdler
Linde MC-70 iron powder electrode.
6. Subnerged Arc DC Reverse Polarity with Linde 997-39B iron powder
flux and solid wire.
7. Submerged Arc DC Straight Polarity with Linde 997-39B iron powder
containing flux and MC-70 iron powder electrode.
8.  Subrmerged Arc “hot wire” with solid wres.
9. Subnerged Arc DC Reverse Polarity with iron powder added to the
weld by a netered process, comercially sold by Union Carbide

Canada, known as Unionfil.



10. Sem -automatic flux cored wire with Linde FC-72 as base for

compari son.
11. Sem -automatic flux cored wire with Linde FC 70 high

deposition efficiency iron powder electrode.
12. Sem -automatic flux cored wire with special high iron powder

Linde HFC-70 iron powder el ectrode.
After this initial series, two additional process variations were evaluated in order
to further reduce the conpletion time required for the 25 nmjoint. The first
variation consisted of a two wire Scott connected welding systemw th el ectrodes
spaced six inches (152 mm) apart. The joint was filled conpletely with iron powder;
the two wire system’'was then used to fuse this powder and complete the weld in one
pass. A second process variation involved one attenpt to increase deposition rate
using the Unionfil process. Deposition rate was increased by 36 percent over the

original weld made in the first series of tests.

The second series of welds was made in higher toughness, ABS Grade AH 36 plate,
7/8-in. (22 mm thick. This series was made using a maxinumof 70 kJ/in. (276 kJ/m
heat input with the follow ng processes:
1. Sem-automatic flux cored wire with special high iron powder

Linde FC-70 el ectrode.
2. Sem-automatic fine wire - high current “H -Dep” Mg wel ding.
3. Submerged Arc with special high iron powder Linde MC 70.

4. Subnerged Arc with metered additions of iron powder; Unionfil.



Procedure Details - Plate Preparation and Conditions Similar to All Welds

The first series of welds was made using ABS Grade B plate. The plates were 18- i n.
(457 my long,1-in. (25 nm thick, and 6-in. (152mm wide: Al welds were made

with a 60° included angle and 3/32-in. (2.4 nm) root gap. For all plates, two

senm -automatic root” passes were made using Linde FC-707 operating at 320 anps,

28 volts, 12 ipm (5 misec.). 3M brand adhesi ve backing tape was used to achieve
a good underbead for the root pass. The total number of passes listed-in the

fol lowing descriptions includes these two passes. SeelFigure Affor illustration of

the first joint configuration

The second series of welds was performed with a naxinum heat input of 70 kJ/in
(276 kJ/my. This heat input was selected to simulate a practical maxinmum level to
ensure satisfactory HAZ properties in |ow tenperature toughness plates. The plate
used was ABS Grade AH-36. Dinensions were 7/8-in. (22 mm thick, 6-in. (152 mm

wide, and 18-in. (457 mm long. For this series of welds, the joint configuration

was an asymmetrical double bevel with 60° included angles. See|[Figure B.|The

first or backing pass was made in the smaller groove. Then the plates were turned
over and the weld conpleted. This joint configuration is nore efficient thanthe

large single "V' of series one, but requires plate turnover

No preheat was used for any of the welds. [Interpass tenperature was kept at

300 F+ 25 F (149 C + 14 C). In|Figures 1-16,|a schematic of each process is shown

together with a |ist of the nunber of passes to conplete the weld, parameters used
for each pass, the resulting deposition rate and the heat input for each pass. A

phot omacrograph and coments relative to the weldability, efficiency, and



applicability of the process for shipyard use are also included. The figure nunber
corresponds to the wel d/process nunber and is used for identification in this

report.

Process Descriptions

Wl dnents 1 through 7 are made using the typical subnerged arc process with material
variations only. Wldnents 3 and 4 use the same materials, but wire dianeter is
changed to evaluate the affect on deposition efficiency of different wire diameters.
Vel dnents 4 and 5 use identical wire dianeters, however, the amount of core material
inthe wire is increased for weldment 5. (Three cored wire material variations were
used in this project. The materials are designated FC indicating a flux cored wire,
MC indicating a metal cored wire and H indicating a higher than normal core content,
e.g., H\Cinplies a high metal cored wire.) By increasing the core content for a
given wire dianeter, the netal jacket thickness is reduced which leads to an in-

creased deposition rate.

Weldment 8 is the first significantly different process. In addition to the main

el ectrode, a second smaller dianeter wire is added to the weld puddle. This wire is
operated with a long extension and I%R heating is allowed to heat the wire so it is
al most nolten when entering the puddle. This technique is known as "hot wire"

wel di ng.

Wl dments 9, 9A, and 14 use a technique called the Unionfil system In this process,
a netered anmount of netal powder is added to the weld. For these welds, the powder
was a low alloy steel. The powder, delivered to the area of the electrode by a tube,

is drawn around the wire by its magnetic field and carried into the weld puddle.



Wl dments 10 and 11 were seni-automatic processes using conventional electrodes.
Vel dment 12 used an experimental electrode with greater than normal core percent.

Vel dnent 13 was nmade using a process called “H -Dep”. This. is a sem-automatic
Mg process utilizing a longer than normal tip-to-work distance to get a rotating
spray arc transfer of netal. Deposition rates per anpere are three to four tines

greater using this process as conpared to conventional techniques.

Wl dment 15 was another wel d made using the increased core percent electrode, but

in conjunction with a conventional subnerged arc wel ding system

Wl dment 16 involves the use of two AC submerged arc wires with the goal"to
conmplete the weld in one pass in addition to the two initial root passes. For
this joint, iron powder was added directly to the groove prior to welding. The

groove was filled conpletely and over-fill was scraped even to the plate surface

RESULTS AND DI SCUSSI ON

Joint Conpletion Efficiency

As the goal of this project was to gain information about high deposition per anpere
wel ding processes, the first criteria for evaluation was the nunber of passes
required to fill the groove. This criteria is sonmewhat subjective as differences in
reinforcement can account for variations in weld pass count by plus or mnus one

pass. This must be considered when conparing processes

First Series Joint Conpletion Tines

The first weld series consisted of nine submerged arc and three sem -autonmatic cored
wire process/material variations. Wthin the submerged arc group, four passes

separated the mninmum fromthe maxi mum the submerged arc “hot-wire” process used



8 passes while the netal-cored wire welds used el even passes each. Another way of
ranking the efficiency of these various techniques is to conpare themon a “tine

to conplete one unit of weld length” basis. Using the idealized condition of

continuous wel ding operation, the various submerged arc processes were ranked using

this method. The evaluation is made by nultiplying travel speed (a constant) by

the variable nunber of passes to obtain “minutes per length of joint”.| Table 1

contains a sumary of these cal cul ations.

Fromthe table it may be seen that the “hot wire” process can conplete (assum ng
100 percent arc tine) an idealized joint 1.3 times faster than the slowest processes,

i.e., two of the submerged arc nmetal cored wire welds (nos. 4 & 5).

The "hot wire" process may be chosen as the "best” process as it fills a given joint
the fastest. But for the total picture, this is a sinplistic 'approach. “Hot wre"
is a more conplicated process considering equi pnent requirements and operation

Thus, the gain in theoretical joint conpletion time may not offset the added

conpl exi ties.

Conparing the three seni-automatic processes in the same manner, but using 12 ipm

(5 nmisee. ) rather than 15 ipm (6.3 misee. ) as the travel speed constant, the
“mnutes per length of weld” calculation can again be made. A summary is presented
iAgain, there is not nmuch difference between wel ding processes, 9 nmin./ft.
(. 0295 mn./m for the conventional cored wire FC-72 versus 8 min ./ft. (.0262 mn./mj
for the conventional high deposition rate cored wire FC-70 and the experinmental high

iron powder HFC 70.



First Series \Variations

After performng all of the welds in the first series, it was decided to repeat one
of the processes with parameters changed to increase deposition rate. The one
selected was the Unionfil process. Several reasons made this process a good choice
for further experimentation. The Unionfil process requires a mninum of extra

equi pment and that which is required is easy and convenient to operate. The process

proved a good nethod for depositing |arge amounts of metal per unit of power and the

| i kelihood of producing good quality welds was high. (See|[Figure 9A|for process

details). The deposition rate enployed for the maxinumrate was 39 |bs./hr

(17.7 kg/hr.), 25 percent nore than the previous rate obtained in series 1.

Using the previous weld length/time ranking, this process would conplete one foot
(304m) of joint in 5.2 mnutes (.0171nmmmn.). This is 38 percent faster than

the previous “best”.

A second process variation was also evaluated. This was an attenpt to. conplete the

weld in one fill pass (in addition to the two root passes). Process variables are

described in|Figure 16.f This weld was conpleted in one pass at a travel speed of

12 ipm (5.1 nm'see.). If the sole objective of this project was to rapidly weld,
this process would be the “best”. However, several problens exist. Good root
passes are essential as the power density is high creating the possibility of
burning through the plates. Wth the high current enployed, arc stability is some-
what |ess than optinmum This causes an uneven bead surface and some difficulty in
flux peeling. Wth an awareness of the possible problem areas, this process may be

useful in a shipyard for selected welds.
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Second Series

The second series of welds, those where heat input was kept below 276 kJ/m and

wel ding done fromboth sides of plate, again demonstrated the trade-off between
addition of large amounts of netal per unit power and acceptable bead contour -
reinforcement.  Four processes were studied. Three were discussed previously as

wel dments 13, 14, and 15. The fourth was a sem -automatic HFC-70 process with CO,

shielding.. It was tried with two different joint configurations.

Vel dnent 13, the Mg “H -Dep” process, was elinmnated from consideration after
making three less than optinmum welds. The “H -Dep” process allows a high
deposition rate per anp, but it does not provide penetration proportional to the
current level used so joint geonetry would require redesign. Since this was not

desirable at present, it was decided that no further work would be done using this

technique. | Figure 13|illustrates our best attenpt using “Hi -Dep”

Vel dnment 14, using the Unionfil process, allowed increased flexibility in filling
the joint conmpared with conventional single wire. In a conventional weld, once
conditions are established, a certain wire feed rate is also established with no
variability. Thus, for a given heat input, a certain anperage, voltage and

travel speed are selected. The deposition rate is fixed within a narrow range
This may lead to the problens encountered in the HFC-70 wel d described bel ow where
a bal ance between optinum fill and penetration caused problems. Wen using the

Unionfil process, a new variable is available i.e., powder addition rate. Thus

optimum fill efficiency my achieved. This is visible in|Figure 14.

Wl dment 15 (HMC-70) al so denonstrates the filling problem but to a |esser degree

than with the sem-automatic HFC-70. As may be seen in|Figure 15, some extra re-

inforcement is apparent, but it is not excessive
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Using the 22 mmplate with the HFG-70 wire, it was difficult to balance the filling
ofthe groove. Keeping paraneters set to maxinize deposition rate, two passes were

not sufficient as inconplete penetration resulted, but three passes were too nany

as excess reinforcenent was present. Qoviously, this process could have been used

to produce an excellent weld, but keeping the goal of naxinum deposition rate, it
was decided this would not be a suitable choice. As no satisfactory welds were

produced, no data is presented.

Thus, trying to reach two goals, one, high deposition rate and the other limted
heat input, necessitated bal ancing one against the other. O the processes

eval uated, the Unionfil perfornmed best and the HMC-70 subnerged arc was next best .

Mechani cal Properties

The second criteria for evaluating the wel ding processes was wel d mechanica

property performance. The data for all welds is summarized in|Table 3. |The two

wel ds that were made using iron powder flux, weldments 6 and 7, were found by
Xx-ray to contain cracks. Since these were a result of basic material deficiencies,

no retests were made and no nechanical data is reported for the two welds conpleted.

For this project, welding wire/flux conbinations were chosen which had a high

probability of producing nechanical properties within the limts specified by ABS

As seen fromthe summary of mechanical properties in|Table 3,| properties for some

of the processes are sufficiently good now to show that |ess costly materials

coul d be used and still neet the specified ranges.

Direct conparisons of nechanical properties are linmted because the materials used

for the various processes were not identical. It is felt that those welds which
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are too high in strength can be corrected by making some change in the wire/flux

conbination used. This should not adversely affect the deposition rates obtained

The single pass two wire AC weld, nunber 16, had adequate strength and toughness.

This process would only be useful where high heat input and. subsequent deterioration
of the heat-affected-zone properties could be tolerated. Wldnents 1, 2, 5 8, 9A

14, and 15 deviated from specified mechanical values. The UTS was higher than
specified for weldnents 1, 2, 8, 9A 14, and 15 and one value of the three Charpy
values was less than 25 ft.-l1bs. (34 J) for weld number 5. Additionally for

wel dnent 2, weld cleanliness was felt to be a possible problemarea. The chenistry

of these welds would require adjustment to neet the required mnimum properties.

Sem -automatic welds .11 & 12 had poor notch toughness properties. Again, it is

felt that by slightly modifying el ectrode chenmistry, properties could be

i mproved.

Vel dment 9, the Unionfil process, was not appreciably different than the other
processes in the nunmber of passes required or mechanical properties. This process

did show that it was a good choice when it was optim zed to increase deposition
rate (weld 9A). The nechanical properties are nore than adequate and the nunber

of passes-required was the |east of the evaluata one-side processes with the
exception of the two wire AC weld, nunber 16. It seens that the best conbination
of higher deposition rate along with ease of welding, relatively little additiona

cost above that paid for initial equipment, and good mechanical properties are all
found in the Unionfil process. This is true for both the first and second series

of welds. By conparison, none OF the other welds seemed to-distinguish thenselves.
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Further experinentation would provide further refinenent of high deposition

per anp materials/processes. |t is felt that for many areas of ship construction

tinme and nmoney coul d be saved by utilization of optimzed processes.
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TABLE]1
VELD PROCESS TIME PER UNIT OF JO NT LENGTH
NO_ TYPE M N. / FT. ( Ml N. / mm]
1 DCRP 44 Wre 10.0 . 0328
2 DGSP 44 Wre 9.2 . 0302
3 MC-70 1/8-in. (3 MY 10.0 .0328
4 MC-70 3/32-in. (2.4 nm 10.8 . 0354
5 HMC-70 10. 8 . 0354
6 DCRP Iron Powder Fl ux 9.2 . 0302
7 DCSP Iron Powder Fl ux 9.2 .0302
8 Hot Wre 8.4 . 0275
9 Uni onfi | 9.2 . 0302
TABLE 2
10. FC-72 9 . 0295
11 FC-70 8 . 0262

12 WC- 70 8 . 0262



JABLE. 3

Charpy V-Notch Inpacts - Ft.-
) Plato %EL. ]
Total No. of High Dist. UTS 2% Y.s. in2" +32°F -4°F -22°p
| feld Mumber - Process of Passes Dep. Passes Deg. Psi (MPa) (50 m) %RA | re°cy  (-20°C) (-30%c)
SERES | - SUB ARC, 15 ipm (6,3 mis)
1, DCRP w4 mm L44/124 10 5 3.5 94, 480 75, 580 25 58.2 | 70 62 . -
(651) (521] (95) (84)
2. DCSP w4 mm L44/ 124 9 5 2 94, 200 77,640 18. s 37 45
(649] [535) (61)
3, DCRP w 3, 2mC- 70/ 124 10 5 3 72,040 64,180 3.5 67.2 | 101 &
(407) ('442) (137)
4 DCRP w 2. 4mm\MC-70/ 124 11 6 2 73,450 60, 310 29 64.9 _ .
[506) (415) (104) (75)
5 DCRP W 2.4 nHVC- 70/ 124 11 6 3 69, 250 55,570 29 67.2 | - 54a
(417) [383) (99) (73) -
6. DCRPw 4mm L44/997- 39B 9 4 | VELD DEPCSI T CRACKED
7, DCSP W3.2 minMC-70/997-398B 9 4 2 VELD DEPOSIT Cracked
8, DCRP W 4mm L44/124 Hot Wre 8 4 4 90,995 75,090 265  6L2 | 67 56 --
(627] (517) (91) (76)
9, DCRP w4 nm L44/124 + Fe 9 4 2 79, 380 64,690 265 623 | 42
(547) (446) (73) (51
9A, DCRP w41 nm L44/ 124 + Fe 7 4 2 81, 390 66,010 26.5 56.8 | s2 35 -
(561) [ 455) (70) (47)
1. Total number of passes minus initial 2. 16 ipm (6.7mis) a. Hgh 77 2104), Low 23 (31
3ap fill passes mde at |ower b. Hagh 37 5(% , Low 24 (32
eposition rates. c. Hgh 16 fz , Low 14 (19
d. Hgh 12 [16) , LowlO (14




. TABLE 3
-2- (con't.)
Plate % EL. — R o
. L Total No, No.-of High Dist, UTS .2% Y.5. in 2v +32°F -4°p -22°F -80°F
Weld Number - Process of Passes Dep. Passesl Deg. Psi (MPa) Psi (MPa) (50 mm) 3% R.A.] (0°C) (-20°C) (-30°C) (-40°C)
SEMI-AUTOMATIC, 12 ipm (5.1 mm/s)
10, DCRP w/2.4 mm FC-72 9 6 2 80,600 71,100 30 62.5 66. 56
(556) (490) (89) (76)
11. DCRP w/2.4 mm FC-70 8 5 2,5 69,250 60,160 29 64,3 29b 15¢
(477) (415) (39) (20)
12, DCRP w/2.4 mm HFC-70 8 5 2 69,020 59,050 27 65.2 35 1nd
(476) (407) 47) (15)
SERIES II, (6.3 mm/s)
13: DCRP w/0.9 'mm L82 "“}{i-Dep" 3 3 2 NO TESTS TAKEN - SEE TEXT
14, DCRP w/4 mm L44/124 + Fez 3 3 2 96,480 89,810 25 Sé 63 51 47
. (66S) (619) (85) (69) (64)
15. DCRP ‘}/2.4 mm HMC-70/124 4 4 3 82,200 71,910 28,5  62.8| 52 43 34
: (567) (496) (70) (58) (46)
SINGLE PASS TWO WIRE, (5.1 mm/s)
16. AC w/6 wm 36, 4 mm L44/166P 3 1 3 69,700 45,500 25 - 61,6 48 9 -
_ . 481) - (314) (65) 12)
ABS PROPERTY REQUIREMENTS .
58,300/
Ordinary Strength (Series 1) 81,100 44,100 min, 22 cees | 25¢ (34) 25* (34)
_ (402-559)  (304) 3500(47) 35+¢(47)
71,000/ .
Higher Strength (Series II) 95,000 $5,500 min, 20 ‘| mu—- 30* (41) 30* (41)
. ‘ . (489-654)  (383) 40°*(54) 40%*(54)
Total number of passes minus initial 2. 16 ipm (6.7 ma/s) a. High 77 (104) , Low 23 (31) Automatic
gap £ill passes mado at lower b. ligh 37 (50) Low 24 (32) Semi-automatic
deposition rates. c. High 16 (22) Low 14.(19)
d. High 12 (16) , Low 10 (14)
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FI GURE A

SERIES | JO NT CONFI GURATI ON
——— 60° 1'.in. (25 m)
{_3/32-in.
(2.4 mm)
FI GURE

B

SERIES |1 - JO NT CONFI GURATI ON

— 1
1
S—————————

— =

—======== 7/8-in. (22 mm)
o 1/4-in. (6 mm)=
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FI GURE 1

DCRP, 5/32" (4 m)
L-44 with 124 flux
15 ipm (6.3 mis)

Passes Parameters Deposition Rate Heat Input
Amp Volt Lbs./Hr. kg/Hr. - kJ/in. kJ/mm
1> 3;0 28 11 - 4.95 44.8 176 .

2% ) 1" " " " " "

3 400 §1 " . " 49.6 195
4 17 1" " . " - n "
55 500 32 13 5.85 64.0 252
6 700 33 ) 19.5 8.78 92.4 364
7 1 .oon " n n - n
8 " 1" 1 . " n’ "

9 " LU " . " " ”

10 " " ] T _ " n

*Semi-automatic FC-707 root passes

Comment s

Conventional process for conparison
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FI GQURE 2

DCSP, 5/32" (4 mm
L-44 with 124 flux
1S ipm [6.3 mis]

Passes Par ameters Deposition Rate Heat i nput
Anp volt Lbs ./H.  ko/H . kJ/in. kJ/mm

I 320 28 11 4. 95 44.8...176
2% " 28 " " ) .n
3 450 33 12 5.45 59.4 234
4 500 34 19 8. 64 68.0 268
5 700 29 13. 2 95.2 375
6 36 " " " 1]
7 " " " " " "
8 111 " " . 11 ” 11
9 " " " 1] L 1] ”

* Sem -automatic FC 707 root passes

Coment s:

Less penetration than DCRP (#1)
Slightly increased deposition

rate. Note inclusion in photo.
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FIGURE 3

DCRP, 1/8" (3.2 mm)
MC-70 with 124 flux
15 ipm (6.3 mm/s)

Passes Parameters

Amp Volt
1* 320 - 28
2% . " . 1"
3 400 52
500 33
5 11 "
6 600 34
7 1 "
8 11 7"
9 1" 1"
10 . 1" 1

Depositién Rate Heat Input

Lbs./Hr. kg/Hr. kJ/in. kJ/mm
11. 4.95 44.8 176
" . " L 1}
10.7 4.86 51.2 201~
13.3 6.05 . 66.0 259
" " ”"” "
16.2 7.36 8l1.6 321

" ”" " "
" ” ” 11
11 (13 ” "
1] ’ 7" " "

*Semi-automatic FC-707 root passes

Comments:

This weld is similar to that of
Figure 4 except for wire diameter.
This was to see the change in
deposition rate.
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FI GQURE 4

DCRP, 3/32" (2.4mj
MC-70 with 124 flux
15 ipm (6.3 mis)

Passes Paraneters Deposition Rate Heat | nput
Amp  volt Lbs ./H. Kkg/Hr. kJ/in. kJ/mm
1* 320 28 11 4.95 44.8 176
2* " Tt " " n
3 400 32 11.6 5. 27 51.2 201
4 500 33 15.8 7.18 66.0 2589,
5 1) 11" 11 1" ”"
6 550 34 18 8.18 74. 8 294
7 11} 1 n .'.' 1"
8 " " " " -, "
9 1" " " 1" ” "
10 1] " 7" " "
11 " 1 ” "t " 13

*Sem -automatic FC-707 root passes

Comment s:

This weld is simlar to Figure 3
except for wire diameter. The
smal ler dianeter yields greater
deposition. Differences in bead
pl acenment accounted for the

di fference in nunber of passes
required.
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FI GQURE 5

DCRP, 3/32" (2.4 m)
HVC-70 with 124 flux
15 ipm (6.3 mis)

Passes Parameters
Amp Volt
1* 320 28
:z:k 11 "
3 400 32.5
4 500 33.5
5 11 1
6 550 35
7 1" 1"
8 1" 1
9 (3} 1]
10 [} 1t
11 " 11"

*Sem -automati ¢ FC-707 root

Deposition Rate Heat | nput .
Lbs./Hr. kg/Hr. kJ/in. kJ/nm
11 4.95 44.8 176
" ” 1% "
52.0 204
. 67.0 264
n LU 1
- . 77.0 303
n " " "
1] " n "
1 " " "
1" " " "
- "
passes
Comment s

HVC-70 is identical to MZ70
except there is a larger anount
of metal power in the core material
Thi s shoul d have increased depo-
sition rate. Again, bead placenen:
affects the total nunber of passes.
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FIGQURE 6

DCRP, 5/32" (4 mm)

L-44 with 997-39B iron
power fl ux

15 ipm (6.3 m's)

Passes Parameters Deposition Rate -  Heat |nput
Amp  volt Lbs ./H. kg/H .  kj/in. kJ/mm
%* 320 28 11 4.95 44,8 176
* " " ” 1"
3 400 33 12.7 5.77 52.8 208
4 500 36 19.3 8.77 72.0 283
5 11
6 700 37 24.8  11.27 . 103.6 408
7 . " y
8 |'|' n H fl' n mn
9 " -

*Sem -automatic FC 707 root passes

Comment s

The addition of the iron powder
flux decreased the nunber of
requi red passes conpared to

wel d #l. Weld cracked, see text.
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FI QURE 7

DCSP, 1/8" (3.2 mm)
MC-70 with 997-39B iron
powder flux .

15 ipm (6.3 m/s)

Passes Par amet er s Deposition Rate Heat | nput
Anp  volt LbS. /Hr. kg/ Hr. kd/in. kJ/mm

1 320 28 11 4. 95 44.8 176
3 400 34 14 6. 36 54.4 214
4 500 36 19. 6 8,91 72.0 283
5
6 600 38 24 10.91 91.2 359
7 n n
8 n n
9

*Sem -automati ¢ FC- 707 root passes

Comment s:

This weld was to be an optim zation
using both the iron powder flux and
netal cored electrode. Conpared to
Figure 6, the nunber of passes
required did not decrease. \eld
cracked, see text.
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FI GURE 8

DCRP 5/32" (4 m)
L-44 with 124 flux

plus L-44 1/16" (1.6 mm
“Hot Wre”

15 ipm (6.3 mi's)

Passes Par amet er s Deposition Rate HeaT | nput
Anmp  volt Lbs./H ~ kg/ Hr. kd/in. kJ/ nm
; 320 28 11 4 95 .44, 8 176
1"

3 400 32 15 6. 82. 53.2 209
4 500 33 21 9.55 68.4 269
5 700 33 28.5 12,95 9.4, 379
6 700 34 ., 99.2 391
7 " " 17! " "
8 700 35 " " 1020 401

*Sem -automati ¢ FC-707 root passes.

Comment s:

The heat input figures have the
“Hot Wre” included. This process
had one of the highest deposition
rates.
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FI GQURE 9

DCRP, 5/32" (4 mm
L-44 with 124 flux and all oy
steel powder addition by the
Unionfil process.
15 ipm (6.3m1s)

Powder
Addition

Passes - Paranmeiters Deposition Rate Heat | nput

Awp Volt - IBs./H . ko/H . kd/in. kJ/nm
1 320 2 {1 4, 95, 44.8 176
2% " " 1
3 400 - 32.5 13.2 6.00 52.0 205
4 490 3 17.7 8 04 68.6 270
[ " ", v “
6 700  36.5 25 1136  102.2 402
7 " 1 1 " . )
8 " " 1 )
[+ .n 1 ' "

*Semi-automatic FC-707 Toot passes

Comment s:

This process showel prom se.
Better bead placement and
optimzation of parameters would
inprove this process (see #9A).
Deposition totals include powder
addi tions.
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FI GURE 9A

DCRP, S/32" (4 mm

L-44 with 124 flux and all oy
steel powder addition by the
Uni onfil process.

15 ipm (6.3 nms)

Powder
Addition

Passes Parameters Deposition Rate Heat. | nput

. Amp  volt Lbs./H. kg/Hr kdJ/in. kdJ/mm

%* 320 28 11 4.95  44.8 176

3 480 34 18.9 8.59 65.3 257

4 875 415 39 17.73 1453 572

5 " " " n

6 .. \ ’

T " " u

*Sani-autonotic FC-707 root passes

Comment s:

This was an optim zation attenpt
of weld #9. Further work would
provide a better weld contour.




-28-

FI GURE 10

Sem -automatic 3/32" (2.4 m)
FC-72 using Q0,shielding at

12 ipm (S.1 mi's)

£

‘{é; 8 %
O e
é"{”ﬁ_..x_ R

Passes Parameters Deposition Rate Heat | nput
. Anp  volt Lbs./Hr. kg/H. kd/in. kj/mm
1 320 28 11 4,95 44,8 176
2* " n - " " oo
3 390 30 10.5 4, 177 46.8 184
4 475 32 15 6.82 60.8 239
1 " 1t "
% " " " " - ) "
" " " 1] " -
; " " " l" " "
9 " " ) " " "

*Sem -automatic FC 707 root passes

Comment s:

Standard cored wire. Good overall
bead shape. Lower deposition rate
al  owed an easi er bal ance between
number of passes and amount of fill.
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FI GURE 11

Sem -automatic 3/32" (2.4 mm
FC-70 using CO shielding at

40 cfh (18.9 liter/rein.).

12 ipm (5.1 mis),

. Passes Par anet er s Deposition Rate Heat | nput
Anp  volt Lbs./Hr. kj/Hr. kd/in. kJ/mm

12** 320 28 11 4,95 44.8 176
3 400 30 13 5.91 48.0 189
4 475 32 15.6-  7.09 60.8 239
6 n n ‘Ill II'l
7
o " " " "

*Sem -automati ¢ FC-707 root passes

Comment s:

Standard cored wire. Slight
undercut along. one edge; perfornmance
simlar to FC-72, Figure 10.




FIGURE 12

Semi-automatic 3/32" (2.4 ma)
HCF-70 using CO, shielding at
40 cfh (18.9 liter/min.).

12 ipm (5.1 mn/s)

Passes Parameters  Deposition. Rate: Heat | nput
Amp  volt Lbs ./H. ko/Hr. kJ/in. kJ/ mm

5* 320 28 11 4.95 44.8 176
3 400 30 13.2  6.00. 48.0 189
4 475w 32 17.8 8,.09 0.8 239
6 . ; .
7 " ) . .
8 "

*Sem -automatic FC 707 root passes

Comment 5:

This weld was nmade using the

hi gher core percent.FC-70 wre.
Thi's increased deposition rate
conpared to the previous two welds,
.Figures 10 & 11.
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FI GURE 13

Seni -automatic . 035" (0.9nm)
L-82 using 5% 02-95% Ar gas.
Hi - Dep" prOCess.

15 ipm (6.3m1s).

™0 SI de wel d.

Passes Paraneters Deposi tion Rate Heat | nput
Amp  volt Lbs./Hr. kgl Hr. K)/in. KJ/mm
1 340 39 24 10.9 53.0 208
2 ) ) n n
3 .‘ .

Conment s:

Note mnimal penetration in the root
area; joint redesign would be

necessary to adequately utilize
process.
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FI GURE 14

DCRP, 5/32" (4 mm)

L-44-with 124 flux and all oy
steel powder Unionfil process.
Pass 1 24 ipm (6.8 mis),

2 and 3 at 16 ipm (6.8 m's).
Two side weld.

Powder
Addition

Passes Par aneters Deposition Rate Heat | nput

AnP  volt Lbs./Hr. kg/Hr. kd/in. kJ/mm

1 566 28 - - .39.2. 154

2 665 25 11. 36 69.8 275
3 600 31 263 11.95 ) )

Comment s

Wl d contour was good. This is
the process that seenmed optinum
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FI GQURE 15

DCRP, 3/32" (2.4 mm) HMC-70
with 124 fl ux.

15 ipm (6.3 mm's).

Two side weld.

Passes Parameters Deposition Rate Heat | nput
Anmp  volt Lbs./Hr. kgl Hr. kJ/in. kJ/ mm
1= 440 29 13.7 6.2 30.3 119
2" 510 34 19.4 8.8 69.4 273
3 520 " '
4 500

*Sem -automatic FC-707 root passes

Comment s:

Probl ems were encountered bal anci ng
heat input and fill rate. See
text.
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FI GURE 16

Two wire AC. Lead el ectrode
1/4" (6 mm L-36, trail

el ectrode

5/32" (4 mm L-44, 166P fl ux.
Goove filled conpletely with

al oy steel powder ’prior to
wel di ng.
Passes Par anet er s Deposi tion Rate Heat | nput
Amp volt Lbs ./H. kg/H . kj/in.kJ/ mm
L 320 28 11 4.95 44.8 176
3 Lead 1050 45 - - - - 399 1590
Trail 775 42 - - - -
Comment s:

No deposition rate was measured. | t
was estimated at-about 55 Ibs./hr.
(25 Kg/hr.) . Bead at left edge is
not relevant.
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