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EXECUTI VE SUMMARY ¢
7 0 3 ¢

The conposite devel opment programwas initiated by M. Wlliam S Brayton

at the time Chairman of the Shipbuilding Cormittee of the Maritime Admnistration.

The problemwas related to the welding of heavy thickness plate that requires
wel ding from both sides. Wen the subnerged arc process was utilized to weld
the butt joint in large flat plate structures, the repositioning of the plate
for welding of the reverse side was a costly time consuming procedure. The
obj ective was to develop a joint design and nodified submerged arc wel ding
process that would enable full penetration welding from one side. The
modi fi ed process would elimnate the need for repositioning of the plate.

The concept devised by the witer was to develop a flux filled conposite
wire structure that could be used as a preplaced insert or backing strip to
support the nolten puddle during welding and enable formation of a sound
root area reinforcenment. As a backing strip the conposite could be easily
removed after welding by |ight grinding.

Initial analytical work was performed at the I TR welding |aboratory.
Conposite structures were sintered in 0.008" dianeter wire mesh at densities
of 15, 35, 40, 47 and 57 percent. Due to availability,.a stainless steel
type 304 wire was used for the structures. The sintered structures were
filled with a Lincoln A-XXX1O Flux. Two joint designs were eval uated, they
included a single groove butt using the conposite as a consumabl e insert
and a single groove butt using the conposite as a backing strip. Submerged
arc wel ded sanmples in both designs demonstrated that both the insert and
backing strip concepts had the potential to work. In weld joints where
conmposite wire density and powder fill density was uniform welds of good
comrercial quality were attainable. Problens of burnthrough were encountered
where wire nesh density was low. Chain porosity was also encountered and
was attributed to nmoisture contamnation in the flux filling.

Conposite backing strips were easily removed with a grinding wheel
Uncovered root area reinforcements were free from heavy oxide scale and ot her
surface defects. Sample structures were manufactured for shipyard eval uation
and forwarded to the Sparrows Point Yard. \elding studies at the shipyard
were never conpl eted.



At the tine of M. Brayton's retirement further conposite work was
being considered. In addition to directing new effort to resolving the.
burnt hrough and density problems its conpetitive position with ceranmic tiles
was to be eval uated.



, 10 West 35 S et. Chicago, IHinoi~ 50616
o 312/567-40M;

f_-\ll] HT Research ;- titute
|

13 June 1977

IITRI<BA143~1,2
MAIM FILES
Bet hl ehem Steel corporation .JUN 14 1977
Sparrows Point, Maryland 21219 c b

Attention: M . W C.  Brayton
Assi stant Ceneral Manager

Subj ect: Report No. I|ITRI-B6143-1, 2, “Devel opnent of
a Ccnposite Consumable Insert for Subnerged

Arc \Velding,” April-May 1977 Summary Report
Dear Bill:

After an unfortunate delay due to contractual problens,
activities started in the program in late April.

As shown on the attached schedule we are initiating a
[imted anount of welding trials imediately in random avail -
able felt structures in order to nake up for time lost earlier.

The experinental fiber structures will in no way represent the
chem cal conposition of the filled structures used in the pro-
gram but will give us sonme indication of the solidification

characteristics of the filled insert at a given density and
wire or fiber size.

The flux (Lincoln A-xxx10) is already available in our

welding lab, and is ready for use along with the Lincoln L-61
filler wire (5/64 in. dianeter). A “hand piece” nmanual sub-

nmerged arc welding gun (Lincoln Mdel K-113, 600 anperes) wll
be used with a TEK TRAN 800 anpere linear slope solid state .

power supply. Figure la includes a sketch of the anticipated

weld joint design prior to welding and b shows the weld joint
results we will be striving for upon conpletion of one weld

pass.

In a parallel effort we are presently producing a series
of sintered filter structures that when flux filled will conform

to the follow ng requirenents:

material - 1008 or 1010 conposition

wire size - ,008-.010 in. wre dianmeter
density - 30, 40, and 50 percent

Cross sectional dinension - 1/2 x 1 in.

* flux - fill balance of three sintered fiber
structure densities.



M. WC  Brayton
Page 2

13 June 1977

Problens are anticipated in developing a technique for

flux filling. Testing will be required to identify the proper
relationship of structure density and flux powder mesh for op-
tinun filling capability size. |t js expected that filler struc-

tures will be ready for filling procedure evaluation in June.
Sincerely yours,
4 i,/ / "
v )\Da-"

E. R. 'Béngs, Manager
Welding & Joining R&D

ﬁt”w‘\‘."i-’“"‘-‘: /3¢ o SUNAY .
Maurice A. H. Howes
Director, Metals Research

ERB : bw
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Weld Joint and Insert Posktdison- Prior to Arc Initiation
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Unf used Fi ber

Fusi on Zone Geonetry Upon Conpletion of First
(b) Pass

Figure 1
The Flux Filled Consunmable |nsert
Before and After Wl ding
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FLUX FLLLED CONSUMABLE LNSERT

FOR SUBMERGLD ARC VWELDING

MILESTONES

April

May

June

Julty

Augusc

I1I.

IV.

VI.

Design General Sintered
Fiber Structure

a) Material

b) Wire size

c) Density

d) Sintering cycle

Flux Filling Procedure Development
a) Define f£lux mesh size

b) Dry and wet slurries

c) Subsequent pressing

Final Insert Sizing

a) Pressing

b) Rolling

¢) Cutting

Initial Laboratory Welding Trials
a) Identify welding equipment

b) Welding trials on presently
available fiber structures

c) Welding trials on filled
structures from I, II, and IIIX

Metallurgical Analysis of Welding Joints
a) Geometric examination .

b) Macrostructurai analysis

c¢) Defect content

Shipyard Welding Trials

a) Define structures to be welded

b) Witness welding trials
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11 July 1977 D. L. MNBRISON
|1 TR - B6143- 3

Bet hel em Steel Corp.
Sparrows Points, Mryland 21219

Attention: M. W C Brayton
Assi stant General Manager

Subj ect : Report No. [ITRI-B6143-3 , *“Devel opment of a JuL 13
Conposite Consunable Insert for Subnerged Arc 1977,
Wel ding,’" June 1977 Summary Report (o

Dear Bill:

Wrk continued during June with the sintering and filling of
four sanple insert structures 1/4 x 3/8 x 2 in. The structures
were made of available wire (type 304 stainless steel> . The in-
sert densities were 36, 41, 47;”and 57% The porous network was
filled with flux using liquid slurry techniques. The filled
structures had a snooth, dense, void-free surface when drying was

conpl et ed. It was determined by weight analysis that approximtely
40% of the void volunme still did not contain flux. However, the
structures were excessively rigid, which will be a problem in

their ability to adapt to joints with marginal fitup. Initial
welding trials are scheduled to start on July 8th.

At present we are preparing two inserts 1/2 x 1 x 24 in. at
two densities, 15 and 35% in low carbon steel wire. The 15%
dense structure will be flux filled using dry techniques which .
should, in addition to the lower structure density, inprove flexi-
bility.

In summation

the flux-filling procedures have proceeded better
than anticipated. After sone welding trials we wll know better the
wire-to-flux weight ratio that will produce the nost effective root
area shi el di ng.
Si ncerely,

3 )

L. K. bBangs, HManager
Welding & Joining R&D

Momace O Koo,

Naum“ce A H Howes
Director, Mtals Research

- » ’
’(T'\".| r .. / . :‘) .
e . .
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FLUX FILLED CONSUMABLE

| NSERT

FOR SUBMERGED ARC WELDI NG

M LESTONES Aoril 1| May | Jume | July | Augu$t
Design GCeneral Sintered
Fi ber Structure
a) Mat eri al [ —
b) Wre size P2
c) Density T ————
d) Sintering cycle m—
I, Flux Filling Procedure Devel oprnent
a) Define flux nesh size sm——
b) Dry and wet slurries P————
c) Subsequent pressing
I11. Final Insert Sizing -
a) Pressing -
b) Rolling ‘ ax___
c) Cutting
IV. Initial Laboratory Wlding Trials
a) ldentify welding equipnent e
b) Welding trials on presently '
available fiber structures .
c) Wlding trials on filled
structures from 1, I, and 111
V. Metal lurgical Analysis of Wlded Joints .
a) Geonetric exam nation .
b) Macrostructural analysis
c), Defect content
VI. Shipyard Welding Trials
a) Define structures to be wel ded
b) Wtness welding trials .
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15 August 1977 C.B,
I TRI -B6143- 4

Bet hl enem Steel Corporation
Sparrows Poi nt, Maryl and 21219

Attention: M. ™. C. Brayton
Assi stant General Manager

Subj ect: Report No. |I1TRI -B6143-4, *“Devel opnent of
a Conposite Consumable Insert for Subnerged
Arc Welding,” July 1977 Summary Report

Dear Bill:

Wrk continued during July with welding trials and manufacture
of low carbon steel sintered fiber structures to be evaluated as
a consunable insert as well as a renovable backing strip.

Wl ding trials have been conpleted on' stainless steel type 304
fiber structures sintered from 0.018 in. dianmeter wire which were
used in the weld joint as a consunable insert. The insert was
sandwi ched between the 1 in. plate at the root area of the. joint
as shown in Fig. 1 with a supporting grooved backup bar. Utilizing
a nmanually operated subnerged arc gun, the insert was consuned
during the initial root pass welding. An 0.060 in. dianeter filler
wire was used in the welding of the root pass to compensate for
the insufficient solid netal available in the fiber-filled insert,
The welding paraneters used and results obtained are listed in
Tabl e 1.

In general, initial test results produced an irregular weld
deposit face and a root reinforcement containing a rough surface.
A portion of the root reinforcement was renoved by surface grinding
flush to the bottom surface of the plate and was examned with red
dye penetrant. the dye penetrant exam nation revealed a |ow de-
fect fusion zone and adjacent heat-affected zone.

During the reporting period weld trials were also performned
on the fiber flux filled pad positioned at the bottom of the weld
joint in the form of a renovable backing pad. As shown in Fig. 2,.
the initial welded sanple evaluated enployed a backing pad mnmade of



Bet hl ehem Steel Corp.

15 August 1977
Attn: M. WD. Brayton

Page 2

steel fibers (.013 in. “x .017 in (oval), 50%density) 1/2 in. thick
x 1 in wde. The weld was nmade using the paraneters listed in
Table 2, Upon conpletion of welding, the backing strip was intact
and visually unaffected by heat. on its external surfaces. The pad
was easily renoved by nechanical scraping.l Examination of the

root area revealed a marginal anmount bf penetration with continuous
root area suck up. The root surface contained a high quality sur-
face finish, and there was no evidence of cold |apping or |ack of

f usi on. Additional exam nation of the welded sanple continues at
this time.

Sincerely yours,

O Baver

E. R. Bangs, M#&nager
Welding & J01n1.ng R&D

Maurice A H Howes
Director, "Metals Research
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WELDING PROCEDURE DEVELOPMENT FOR FLUX-FILLED FIBER CONSUMABLE INSERT

Table 1

-

Filler Rate
,* Insert Designa _ Wire Filler of
. .Gross. Densi- Mate- Amper- Volt- Diam., Wire  Travel, .
_.* Dimen. ¢ty, % rial age age in. Grade ipm Observations
.200 x 36 S.S. 500 32 0.075 L-61 7-8 GCood surface and base metal
.385 304 (Lincoln) fusion at groove side walls.
Excessive root area penetration,
cold laps at root reinforcement
surface, surface grinding of
root produced low defect level.
.400 x 41 S.S. 500 32 0.075 L-61 7-8 Lack of fusion at face in groove
.385 304 (Lincoln) side walls. Excessive penetra-
' ‘tion and root reinforceract,
rough root area surface, low
defect level after grinding.
.310 x 57 S.S. 500 32 0.075 L-61 . 7-8 Good surface and base metal
. 400 304 (Lincoln) fusion at groove side wall.

Excessive root area penetration,
cold laps at root surface, low
defect level after grinding.

qriber wire diameter = 0.008 in.



Table 2

VELDI NG PROCEDURE DEVELOPMENT FOR FLUX-FILLED FIBER REMOVABLE BACKI NG PAD

Baki ng Pad Filler Rat e
E Wre Filler of
Cross. Densi - Amper-  Volt- Diam, Wre Travel,
Dinen. ty, % Material age age i n Gade __ipm observati ons
3/8 x 1 50 Low 500 32 0. 075 L-61 6-7 Margi nal penetration wit
car bon continuous root area sucl
st eel b. Weld face and root
surface contained no de-
fects (as-welded conditic
‘Fiber wire dianmeter (oval) = 0.013-0.017 in.
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Bethlehem Steel Corporation WMAIN FILE

Sparrows Point, Maryland 21219

oCT 101817

Attention: M. W C. Brayton C. P.
Assi stant General Manager

Subj ect : Report No. IITRI B6143-5 , “Devel opnent of
a Conposi te Consumable Insert for Submerged
Arc welding”, August 1977 Sumary Report

Dear Bill;

Wrrk continued during August with welding trials on |low density
fiber structures placed in the joint as consumable inserts and

structures placed at the root area of the joint in the formof a
renmovabl e backing strip

Using the wel ding process paraneters shown in Table 1, the
insert consunption root pass was applied over the insert in a butt
joint in plate |-inch thick. The |ower portion of the insert extend-
ed past the lower surface of the plate approximately 0.200 inches in
order to provide sufficient weld nmetal for a root area reinforcenent.
Excessive burn-through occurred adjacent to the insert in the |and
area of the plate. Upon close examination it appeared that there was
insufficient nass available in the land region of the plate prepara-
tion to transfer sufficient heat from the nolten puddl e region and
still physically suprort the puddle. Desi gn changes will be incor-
porated in the plate preparation to increase the nass in the |and
region by increasing the |land face dinension. The thickness dimen-
sion of the insert will be reduced from 0.500 inches to 0.250 inches.

A low carbon steel flux filled fiber structure at 52% density
was applied to the back of the joint and welded in place, using a
reduced heat input as shown in Table 2 and a root opening reduced
from 0.250 to 0.187 inches. The results obtained in the test were
the best achieved this far. The conpleted joint in the as wel ded
condition contained the backing pad firmy attached to the root area
of the joint with no evidence of burn-through or discoloration. The

: 0 . :

BAs de” PERV e LOL BRI TR Bl LeORE O LM, Joint which revealed a
testing and mcrostructure exam nation is being conpleted.-



Bat hl ehem Steel Corp . P 5
Attn: M. W C Bravton o/ 16/ 77

The flux filled fiber structures being used in the program

consist principally of 3 series of oval mass section fibers approxi-
mately 2 inches in lenlmgth that have been conpacted and sintered in a

reducing atnosphere furnace at 2200°F for two hours. :
porous structures are then infiltrated with a 320 nesh T#fud PbRASH

and water slurry. The flux slurry fills approximately 50-70% of the
total void volunme in the sintered” structure.

Sincerely vyours ,

L

L. R. Bangs, Manager
Welding and Joining R & D

Maurice A. H_Howes
Director, Mtals Research




Table 1
VELDI NG PROCEDURE DEVELOPMENT FOR FLUX-FI LLED

FI BER CONSUMABLE

| NSERT

| nsert Design’ Filler Rat e Heat
.+ Cross. Densi- Wre Filler of | nput
Test; $. Di men. ty, Mat e- Anmper- Volt- Diam, Wre Travel Joul es
No: in. % rial age age 1n. Type i nm per in. Observation
4 ¥x1 32 Low 400 35 0. 075 L-61 14-16 56, 000 Excessi ve burnt hr oug
Car bon in Land region or o
St eel end preparation
‘Fiber Wre Dianeter (Oval) = 0.013 -O 017 in.
Table 2
VELDI NG PROCEDURE DEVELOPMENT FOR FLUX-FILLED FIBER REMOVABLE BACKI NG PAD
| nsert Desi gn Filler Rat e Heat
Cross. Densi - Wre Filler of I nput
Test Di men. ty , Mat e- Anper vol t - Di am Wre Travel, Joul es .
—No. in. % rial age age i n. TYPE i pm per_in. Qoservations
3 ¥x 1 52 Low 400 35 0. 075 L-61 12- 14 64, 600 Approx. 50% of root
Car bon penetration into bac
St eel strip uniform | ow de
| evel reinforcenent
‘Fiber Wre D aneter (Oval) = 0.013-0.017 in.



FLUX FILLED CONSUMABLE
FOR SUBMERGED ARC WELDI NG

| NSERT

] M LESTONES April | May | June | July , .o s
Design Ceneral’ Sintered
Fi ber Structure
a) Material e —————————————
b) Wre size e —
c) Density ————
d) Sintering cycle S ———
I'l.  Flux Filling Procedure Devel oprment
a) Define flux mesh size i
b) Dry and wet slurries I O T
c) Subsequent pressing ——
I1'l1. Final Insert Sizing —
a) Pressing
b) Rolling o
c) CQutting ez
lvl Initial Laboratory Wlding Trials
a) ldentify welding equipnent [—
b) “Welding trials on presently .m
available fiber structures
c) Wlding trials on filled ISR N TS SR AR
structures from I, 11, and 111
V. Metal lurgical Analysis of WlIlded Joints ‘
a) Geonetric examination e e -
b) Macrostructural analysis MONECN | SMCOMERA ... —
c)! Defect content ik _—-
VI. Shipyard Welding Trials
| &7 (UIT -, WS RO

a) Define structures to be welded
b) Wtness welding trials
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