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FOREWORD

The purpose of this report is to present the results of
one of the research and development programs which was initiated
by the members of the Ship Production Committee of The Society of
Naval Architects and Marine Engineers aﬁd financed largely by
government funds through the cost sharing contract between the
U.S. Maritime Administration and Bethlehem Steel Corporation.
The effort of this project was directed to the development of
improved methods and hardware applicable to shipyard welding in
the U.S. shipyards.

Mr. W. C. Brayton, Bethlehem Steel Corporation, was the

Program Manager. Mr. Malcolm T. Gilliland designed and directed

the development work at the Gilliland plant at Peachtree City, Georgia.

Spe¢ial acknowledgement is made to the members of Welding
Panel SP-7 of the SNAME Ship Production Committee who served as
technical advisors in the preparation of inquires and evaluation

of sub-contract proposals.
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DEVELOPMENT

BACKGROUND

The need for a low-cost, well-engineered, self-contained,
unitized and mechanized gas metal arc/flux-core welding system
for all-position welding of thin (1/8" - 5/8") steel and also
aluminum.alloy sheet and plate for shipbuilding applications
has never been fulfilled.

One approach to the problem has been to purchase individual
components from different vendors and to design and fabricate
your own equipment.

The substantial initial expense and the inherent problems
with maintenance and vendor responsibility have proved this

approach to be impractical.

OBJECTIVE

Develop a prototype mechanized gas metal arc welding machine
complete with motorized carriage, torch holders, and related
accessories to consistently and reliably weld butts and/or fillet
welds on mild steel and aluminum sheets ranging from 0.119 to

0.188 and plates ranging from 0.188 to 0.625.

APPROACH

Because this project encompasses a vast number of possibilities
which could require lengthy evaluation and testing periods before
the utmost in usable hardware could be available for actusl use,
we proposed to design ahd build a standard operating prototype
which would incorporate the following features and specifications

as an initial phase.
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SPECIFICATIONS

1.

5.

8.

10.
11.

12.

Mechanized precision tractor to be consistént,reliable, and
completely repeatable with welding speeds from 2 to 70 inches
per minute.

All mechanisms and controls to be made in and self-contained

in tractor housing assembly.

Track assemblies to be ultra lightweight and easy to roll

form if required fof operating on curved surfaces.

Unit to be portable yet rugged with complete voltage regulation
giving constant performance under all conditions; but yvet
weighing only approximately 40 pounds less welding wire.

Wire feeding capability will range from .030 to 3/32" diameters
of wire with a controlled speed of + 1%.

Potentiometer for wire speed,-travel speed, and oscillation
speed will be 10 turns precision inétruments.

A quick cable disconnect will be supplied to allow wire

jogging and inchiné during setup.

Torch will have both vertical and lateral adjustments

available prior to and during welding.

Torch oscillating mechanism will have both dwell and width
controls which may be adjusted before or during the welding
operatién. -

Both preflow and postflow of gas shielding media will be provided.
Fingertip current.ahd voltage decay capabilities for trailing
out weld to prevent crater cracking.

Torch shall be adjustable such as to either lead or trail

direction of travel 15° in either direction.
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SPECIFICATIONS (cont'd.)

13. Start-stop switches will be provided for travel, oscillator
mechanism, and wire feed.

14, Forward-reverse switches will be provided for travel.

15. Automatic arc striking capabilities shall be incorporated
into all controls so as to ﬁake the machine easily adaptable
to either constant voltage or constant current power sources,
inorder to obtain the optimum conditions required for welding
both aluminum and steel. |

16. A heavy duty air-cooled welding troch capable of welding
currents of 300 amps for Argon and 500 amps for CO2 at 100%

duty cycle will be designed and made awvailable on this unit.

ACHIEVEMENT

In February, 1978, a standard operating prototype was designed,
manufactured, and tested at the Gilliland plant in Peachtree City,
Georgia. The prototype unit was shipped to Todd Pacific Shipyards
Corporation, Seattle Division for shipyard evaluation. i

Portions of Todd's final report entitled: Shipyard Evaluation
of Mechanized Gilliland GMAW/FCAW System for Welding Thin~She§t

and Plate, 'are included in this report.
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CONTROL PANEL/ FUNCTIONS



Prototype Front Panel, Gilliland Unit
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MTG-6000 OSCILLATOR CONTROL PANEL FUNCTIONS

(:) POWER ON-OFF-BRAKE TOGGLE SWITCH;
ON position: All control circuits are activated,

BRAKE OFF position: All control circuits deactivated.
This position is also used in conjunction with switch
+ to apply braking to travel motor.

(2) VOLTAGE RAISE-LOWER TOGGLE SWITCH;
R position: Automatically increases welding voltage
as long as switch is held in position.

L position: Automatically decreases welding voltage
as long as switch is held in position.

(:) WELD-INCH TOGGLE SWITCH;

WELD position: Activates wire feed and welding voltage
circuits.

INCH position: Deactivates wire feed and welding voltage
circuits. To inch wire, depress pushbutton @ . Wire
will continue to inch until pushbutton @ is released.

(4) INCH-PURGE PUSHBUTTON;
With Switch (3 in INCH position, depress inch pushbutton
to inch wire. This pushbutton is also used to purge
gas lines.

(5) HIRE FEED SPEED CONTROL;
Wire feed speed is increased by turning control knob
clockwise and is decreasd by turning control knob
counterclockwise. This dial will turn approximately
8% turns with 100 marked increments in each turn. Dial
may be locked at any desired setting by moving lock arm
to the right. Dial range 0.00 - 8.70.

(:) TRAVEL BRAKE-DELAY-NONE-MOTION TOGGLE SWITCH;:
MOTION position and with switch (9) in NORMAL position: -
Unit will advance along track without interruption as
the gun oscillates back and forth across weld with no
dwell time at end of stroke.

MOTION position and with switch (9 in DELAY position:

- Unit will advance along track as the gun oscillates across
weld and will stop and restart when. the gun dwells and
reverses direction at each end of stroke.

DELAY position and with switch (©® in DELAY position:
Unit will advance along track when the gun dwells on each
end of stroke and will stop as the gun oscillates across
weld. ‘é




DELAY position and with switch (® in NORMAL position:
Unit will remain stopped as gun constantly oscillates
across weld.

NONE position: Travel circuit is deactivated.

BRAKE position and with switch (Q in BRAKE position:
Electro-dynamic braking is applied to travel motor to
prevent unit from "DRIFTING" down track when it is used
to weld vertically. The ON-OFF toggle switch at the
power supply should be left ON for brake operation.

@ TRAVEL FORWARD-REVERSE TOGGLE SWITCH;

FORWARD position: Unit will advance to RIGHT as you
face control panel.

REVERSE position: Unit will advance to LEFT as you
face control panel.

-

TRAVEL SPEED CONTROL;
Travel speed is increased by rotating knob clockwise and
is decreased by rotating knob counterclockwise. Dial may
be locked at any desired setting by moving locking arm to
the right. Dial range 0.00 - 8.70. This dial will turn
approximately 8% turns with 100 marked increments in each turn.

@ OSCILLATION NORMAL-QFF-DELAY TOGGLE SWITCH;
OFF position: Oscillation circuit deactivates

NORMAL position: Gun will oscillate back and forth across
weld with no dwell time at end of stroke.

DELAY position: Gun will oscillate back and forth across
weld and will dwell for a period of time at each extreme

end of stroke. Dwell time periods are set with dials
and . )

OSCILLATION STROKE, LONG-SHORT ; ‘ ‘
LONG STROKE position: The gun has a slower rate of speed
as it passes across center of weld. This setting primarily
used when making a wide pass such as a cap pass.

SHORT STROKE position: The gun has a faster rate of speed
as it passes across center of weld. This setting is primarily
used where a relatively narrow pass is required.

@) OSCILLATION SPEED CONTROL;
Oscillation speed is increased by rotating knob clockwise
and decreased by rotating knob counterclockwise. Dial may

r be locked at any desired setting by moving lock arm to the
right dial range; 0.00 - 0.87.
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OSCILLATION START PUSHBUTTON;
Depress pushbutton for ten seconds or until gun begins to
oOscillate. This will begin sequence control circuits to
start gun oscillation.

STROKE AMPLITUDE:;
" This knob is used to adjust the width that the gun travels
as it oscillates across weld. Turn knob clockwise to increase
stroke amplitude and turn knob counterclockwise to decrease
stroke amplitude.
NOTE: It is normal for knob to rotate when oscillating.

OQUTSIDE DWELL CONTROL;
This control sets the gun dwell time at the end of the
stroke toward the bottom as you face the control panel.
Dial range: 0.00 - 0.87.

INSIDE DWELL CONTROL;
This control sets the gun dwell time at the end of the
stroke toward the top as you face the control panel.
Dial range: O, 00 - 0.87.

VOLTMETER
AMP METER

HEATER:
115 volt @ 125 watts maximum receptacle to be used for
powering a heater coil inside a wire canister. Primarily
for use with critical types of asluminum wire.: o
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PURPOSE ¢

SHIPYARD EVATUATION OF MECHANIZED GILLILAND GMAW/FCAW SYSTEM

FOR WELDING THIN SHEET AND PLATE

The purpose of this report is to cover the evaluation of the mechan-
ized gas metal arc welding (GMAW) flux-cored arc welding (FCAW)
system for welding thin (1/8" - 5/8") steel and also aluminum alloy
sheet and plate for shipbuilding applicationms.

This report covers the field production weld testing of the mechanized Gilliland

GMAW/FCAW system for all-position welding of thin steel and aluminum alloy sheets
and plates used for shipbuilding. For clarity's sake, the basic welding variables
are covered under each heading together with test reports, conclusions, and recom-

mendations.,
A. EQUIPMENT

In mid-February 1978, the following equipment was received from M. T. Gilliland,

Inc,

These were as follows:

~ One only 500 ampere MIG 6010 welding power source. (Serial #012078)

- One only MIG 6020 automatic control unit.

- One only MIG 6030 automatic oscillating-type welding head.

- One only 150 ft. length stretch cable consisting of electrode cable,
control cable, and gas hose complete with quick disconnect fittings.

- Three only ten (10) ft. sections of super lightweight track assembly.

- One only MTG 4005 automatic gun and cable assembly.

1. POWER SOURCE

The welding power source was a Gilliland MIG 6010, 600 ampere constant voltage
type machine. .

2. CONTROL PANEL

The control panel| Figure 1 }nd its functions are listed below:

1) Power on-off-brake toggle switch

2) Voltage: raise-lower toggle switch
3) Weld/inch toggle switch

4) 1Inch/pre-purge push button

5) Wire feed speed control potentiometer

TRACTOR TRAVEL

6) Tractor Travel: Break-delay-none-motion toggle switch
7) Tractor Travel: Forward-reverse toggle switch
8) Tractor Travel Speed Control

OSCILLATION

9) Oscillation normal-off-delay toggle switch
10) Oscillation stroke: long-short

11



3.

11) Oscillation speed control

12) Oscillation start push button
13) Stroke amplitude

14) Outside dwell control

15) 1Inside dwell control

16) Voltmeter

17) Ampmeter

18) Heater (Plug)

TRACTOR

From a shipyard application viewpoint, the basic size or envelope of the
tractor appears good. The basic tractor dimensions are: 9 inches wide
x 11 inches high x 13 inches long and with the wire spool mounted and
the torch fully extended: 17 inches wide x 17 inches high x 26 inches
long.

Although the Gilliland tractor does have a method to mount the tractor
on the middle of the rail length, it certainly does not offer easy -
quick~on/disconnect capabilities to mate to the rails. This is a great
disadvantage, for example, when preparing for a vertical-up welding
set-up from a scaffold.

TRAVEL SPEED

Actual travel speed of the Gilliland tractor was plotted against the
travel speed potentiometer settings in both the forward (right) and

the reverse (left) directions. Figures 2 and 3 respectively show the
results. The data indicates that the travel speed is not lineszw.
However, travel speed in the 5-50 inches per minute range is fair.

No travel is initiated until the travel speed potentiometer is increased
from "0" to almost "I", It is our opinion that this can be improved by
using a tachometer gemerator type arrangement or by using a bull gear
system,

OSCILILATOR

When using 1/16 inch dffameter solid or flux-cored wire with the GMAW or
FCAW process, there are many butt and fillet weld joints that cannot be -
filled in a single pass and requir multiple pass deposits for f£ill.

For the flat position, the submerged arc process may be used as an alter-
native to cut down the numbers of weld passes. But, for all-position
GMA & FCA welding (especially vertical-up), torch oscillation has become
a necessity for improving welding deposition rates and efficiency.

The oscillator developed by Gilliland is a controlled oscillation device
and the number of oscillation patterns that may be generated are limited.
Tests with the oscillator revealed the following:




1

2)

3)

4)

5)

6)

7)

8)

The Gilliland oscillator is a compact line weaver with infinitely
adjustable amplitude (during operation) of 1/4 inch to 2 inches.
Amplitude is the distance normal to the direction of welding between
the outermost positions which the electrode tip reaches while
oscillating.

The outside and inside dwell controls set the gun dwell time at

the ends of each stroke. Dwell is the time during which the electrode
rests at any point in each oscillating swing or traverse. The oscil-
lation normal-off-delay toggle switch must be in the delay position

so that the gun will oscillate back and forth transversely across

the weld/joint axis and will dwell for a period of time at each

end of the stroke,

The frequency of oscillation is increased by rotating the oscillation
speed control knob clockwise and decreased by rotating the knob
counter-clockwise., Frequency is the completed number of cycles which
the oscillating head makes in one minute or other specified time incre-
ments.

Figure 4 fllustrates the oscillator in the constant dwell (0), amplitude

mode, but the travel speed increased from left to right.
Figure 5 [gshows the oscillator in the constant amplitude, weaving

3 dwellmodes; but the tractor travel speed was increased
gradually.

Figure 6 }hows the oscillator in the constant amplitude, tractor
Tavel speed, and frequency mode; but the dwell was increased from

left to right.

Figure 7 shows the oscillator in comstant amplitude, weaving speed
mode, but the insde and outside dwell increased gradually from left
to right,

Figure 8 illustrates the oscillator in the constant amplitude and

weaving speed mode, but the outside dwell increased only two cycles
then subsequently increased the inside dwell to the same magnitude
as the outside dwell.

B, FPRODUCTION WELDING TESTS

1. BY-80/HY-80 MECHANIZED WELDING PROCEDURE QUALIFICATION

The Gilliland system was used to qualify the mechanized welding procedure
qualification tests for gas metal arc welding(GMAW) of HY-80/HY-80 steel
hull plating.



Todd Welding Procedure Specification 9761504, "Mechanized Gas Metal Arc
Welding (GMAW) of HY-80 to HY-80 Steel and to Carbon Steels" was gener-
ated from the qualification test data, This procedure is applicable for
materials ranging from 1/8 inch to 1 inch thickness. Solid filler wire
of 1/16th inch diameter per MIL-E-23765/2-composition MIL-100S-1 was
used. Shielding gas was 987 Argon, 2% Oxygen. This covered welding

in the flat and horizontal positions only. The basic welding para-
meters were as follows:

27-30 Volts
320-380 Amperes
11-20 inches per minute/Travel Speed

The tempering bead technique was utilized and the Joules per inch (heat
input) was carefully monitored. See Figures 9 and 10 for the test_summa
sheets, Also see mpr mechanized properties test report,
for radiographic imspectiom report, and also [Figure 13 for magnetic particle
inspection report.

NAVY FFG-10 ERECTION UNITS: STEEL

The four longitudinal seam welds in the lower erection unit A2-001, Frames
241-271, were welded with the Gilliland system. The sketch in mﬁ:
shows the longitudinal seam weld locations on the hull and also the we
joint configurations and material thicknesses welded. Figures 15 thru 20
are photographs of the Gilliland System being used to flux-cored arc weld
the .four seam weld joints illustrated in the preceding sketch.

Figure 15 illustrates the Gilliland tractor oscillator, torch, controls, and
fluz-cored wire (25 1bs. spool) mounted on the Gilliland rails with magnet
attachments. These compact magnet assemblies are cleverly swivel mounted for

quick on/off convenience.

Figure 16 Is a close-up view of the control panel located on the Gilliland
—tractor.—

Figure 17 Fnd 18 shows the tractor unit flux-cored arc welding the seam,” - -- -

Flgure 19 and 20 illustrates the completed welds with the Gilliland unit
the completed flux-cored arc welding seam joint.

Figures 21, |22 and 23 illustrates the Gilliland machine settings covering
the 3 pass flux-cored arc welding on the lst side. (i.e. root pass, second
pass, and fill pass) The second side was arc gouged and manually welded

overhead.

14




C. LABORATORY WELDING EVATUATION

1,

VERTICAL-UP WELDING

At this point during the course of this study, it was decided

to bring the Gilliland Welding Systems back into the laboratory.
This was necessary to determine and establish firm welding machines
settings for the vertical-up and overhead positions prior to going
back on production application. Oscillation of the welding torch
for vertical-up welding appears to be a critical variable when

AWS E 70 TG flux cored wire is utilized. Various oscillation
patterns were used however the addition of the 27 nickel in this
all position wire made the weld puddle extremely flufdin the
vertical-up mode.

Figure 24 ihows the machine settings established on vertical-up

welding: 200-240 amperes; 24-26 volts; and 6-6% inch travel speed.

Figures 25, 26, 27 and 28 illustrates the Gilliland Welding System in
the vertical-up weld test set-up. The flux cored all position filler
wire was Chemetron 8000 2Ni, in the 0.045 inch diameter.

OVERHEAD WELDING

Figure 29 shows the machine settings established for the overhead
welding position. Amperage ranged from 210-230; voltage; 27-30;
and travel speeds 10-12 inches per minute. Weld filler wire used
was the same as for the vertical-up tests; 0.045 inch diameter
Chemetron 8000 2Ni, AWS E 70 TG.

Figures 30, 31 and 32 illustrates the weld test set-up for-overhead
welding,
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) e oda: )
Power on -

Weld/inch toggle switch: Weld

Inch/pre-purge push button: Pre-Purge E
Wire feed speed control potentiometer

Tractor Travel: Break-delayl__] motion (2]
Tractor Travel; Left 1 Right (32}
Tractor Travel Speed Control: E:4U]to 3.25

Oscillation: normalm:iela —
Oscillation stroka: long Eﬁ] short )
Oscillation speed trol L30)

, Stroke amplitude ﬁ& Outside dwell controll_0 )Inside dwell cont:rolco—.:j

FIGURE 4

CONSTANT DWELL (0), AMPLITUDE; BUT TRAVEL SPEED
INCREASED FROM LEFT TO RIGHT.
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Weld/inch toggle switch: Weld
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Wire feed speed control potentiometer

Tractor Travel: Break—delay‘z:] motion (T
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Oscillation: normalzjdela .
Oscillation stroka: long | ﬁ] short )
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FIGURE 5

CONSTANT AMPLITUDE, WEAVING SPEED AND DWELL
BUT TRAVEL SPEED INCREASED GRADUALLY
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‘ﬁ short
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Oscillation speed trol
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FIGURE 6

CONSTANT AMPLYTUDE, TRAVEL SPEED & FREQUENCY BUT
INCREASED DWELL: LEFT TO RIGHT
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Power on -

Weld/inch toggle switch: Weld [—_)
Inch/pre-purge push button: Pra-Purge [ — ]

Wire feed speed control potentiometer

Tractor Travel: Break-delay/ ™ ] motion (]
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Tractor Travel Speed Control:

Oscillation: normalE:]dela EZ]
Oscillation stroka: long ‘z‘_LJ short L)

Oscillation speed_coptrol L
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FIGURE 7

CONSTANT AMPLITUDE, WEAVING SPEED; BUT INSIDE & OUTSIDE
DWELL INCREASED GRADUALLY LEFT TO RIGHT
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FIGURE 8

‘ONSTANT‘ A}IPLI;IUDE, WEAVING SPEED, BUT OUTSIDE DWELL INCREASED ONLY 2 CYCLES
HEN SUBSEQUENTLY INCREASED INSIDE DWELL TO SAME MAGNITUDE AS OUTSIDE DWELL



g g 3 @Dé ? SHIPYARDS CORPORATION

Seattle Division:

1801 14th Avenue, S.W., P,O. Box 3806, Seattls, Washington 98124

6231438 (204)

DESCRIPTION
WELDER MIL-STD-248C PROCEDURE . MI1.-STD-248C
QUALIF. - QUALIF, SID. NAVSEIPS 0900-000-1001
BASE — ' .
METALS HY—SO - MIL-S-16216 PROCESS GMAW
SPEC./TYPE POWER SOURCE; MODEL/TYPE
FILLER METAL- MTL-100S-1/MI1-E~23765/2 POLARITY [ ncre -
POSI'.L‘ION OF GAS: FLOW RATE/TYPE
WELD FLAT 30 CTH 98% ARGON/27Z OXYGEN
JOINT TORCH TYPE
PREPARATION |45° TNCIITFD ANGIE CUP SIZE 5/8"
& SIDE :
NUMBER
INTERPASS ’
CLEANING WIRE BRUSH _ )
REP : NONE : :
PREEEAT ‘o INTERPASS o
TEMPERATURE {60°F TEMPERATURE 300°F Max%, "
WELD
TECENIQUE STRINGER BEAD - TEMPER BEAD APPLIED
ACTUAL . NOTES:
TRAVEL FILLER ARC
SPEED METAL AMPERAGE VOLTAGE WELDING
(T.r.M.) DIAMETER RANGE RANGE POSITION
11-20 1/16 320-~-380 27-30 FLAT
Control Panel Mode:
’ Power on - .
Weld/inch toggle switch: Weld ] . -
Inch/pre-purge push button: Pre~Purge [ X
Wire feed speed control potentiometer
Tractor Travel: Break-delayl ] motion ¥ 1 .
Tractor Travel: Left Right Lx 3 -
Tractor Travel Speed Control: @
Oscillation: normalE] x
Oscillation stroke: Ilong L___! short .
®  0Osecillation speed —

Stroke

amplitude

ontrol
ﬂ Outside dwell con:rol: Inside dwell controlz

Qp °%;2é-—_
WELDING ENGINEER J

DATE

o o at. o MAer .

GIILILAND MACHINE SETTINGS
FIGURE 9




. Base inxas.
- Filler Spec.MIL-E~23/63/2,

' TODD SHIPYARDS CORPORATION

Test Series No. 1504-1

D.
Current Rangs 320- Amps

Seattls Division Procadure No. - ups 976-1%

) . Process GUAW
WELDING PROCEDURE QUALIFICATION TEST SUMMARY ) Contract NO0Q24=7 6=C
Date June 13, 19

ERATING PARMAMETERS: .
i 45y QPERATI : .

CANS ST -l Welaing 79s. fFi1ar No. Passes
\I X 5/ . Prehezt 60°F Min.iatetnass Temp 300°F M:
Current C22TrzC.D.C.R.P. (Soray Transfer

[ [ 380

R

QUALIFICATION JOINT
MALTERIALS:
Base 3spec.

MIL-S-16216, HY-8Q -

vglitage RrRange 27-30 Volts

')ure Feea LY N/A

1/2 inch

Tvoe MIL 100S-1 (Linde 95)

Snislg rlicw
Travel. Speed

30 _CFH
1120 TP

riller Uiz, 1/16 inch
Shielding Gas_ 987 Arsou 2% Oxvzen
Flux and ‘Size y/a

fzxT Hea< lopuc j/jia 97,427 Joules
Heat Trezg HNome

EQUIPMENT:
Power Supoly  @i11iland 600 Amo (CPY

Torch or dolcer i1ype Gilliland &oo AmD.

Qtnar Teoper Bead Appilad

T LONG SE=AR. T~

Cup Type & Size 5[8" diz. Repairs: FBAZ oround to remove defects locs
:.lectrco.- Type § SiZe w/a bv MT.
. NDT Tescts: RESULTS -
. - i Vis: No Visible Dezects
EViS. D 2T [ JUT [ K] T X1 MT RL: Acc., Report ¥ 4831 Attacpned
: : . i MIl: Acc., Report # /37 Attached
DT TESTS: Plaze or Spec, Ser. Na.
CEJRST Sat, Revort #E13494 Artached,
C__1HRDNS
1 CEARPY

T—1SIDE BEND

X 1RQQT BEND Sat, Report .#E13494 Attachel

CXIFACS BEND

<
Sat, Revort #E1232%4 Arrached

C——]FILLET B3END

C__JFILLET 3REAX

C_JTRANS. SEEAR

C——EXPL., BULGE

JOTEER

REMARKS :

Plomtrrnda Canrenl Qﬂ" TUPS 9784001

L lobnernn

1 ) 7 Fallaw 178 ro 1 4mah
NELDU QPR CLOCN o, L2351 oY QUAL, AAnGz
This certifies that the dazaz herein is complete and accurats zo best passibi.

kncwlec.g- and that testing andé evaluation was conductad in zccordance with

the requiresmencs l:s;ed beleow.
MIL~-STD 248C
NAVSHIES US0U-U0U=10GL

7. Z/z/ L

o-14~78

"“NAVSEIFS U900-005=3000

NavVorIPS (G900-003=8000

welalig zngi

"FIGURE 10

Qzce

Y%




‘NORTHWEST LABORATORIES

of Seattle, Incorporated

Technical Services for: Industry, Commerce, Legal Profession & Insurance Industry

Forensic Science & Administrative thces 423 SM:TH TOWER BLDG. - SEATTLE, WASHINGTON 98104 — Teiephone: {2C6} 622-0580

Labaratories: - 200 JAMES STREET - S:ATTL. WASHINGTON £8104 — Telephane: {206) §22-6344
Report to:  Todd Shipyards Corporatx on Date:  May 18, 1978
Report on: Welds, P.0. PS16738 Lab, No. E13494
IDENTIFICATION: T T T

-TWPS 976-1504 Series 1504-1
Base Material -.MIL-S-16216H (Ship) HY-80; 1/2" Th1ck .
Melding Process - GMAW; Welding.Position - Flat—— .- -= commmme o
Welding-Electrode - 1/16“ Dia., Type MIL 1005-1 (MIL E- 23765/2A)

Sh1e1d1ng Gas - 98% Argon, 2% Oxygen — N - e

TRANSVERSE TENSILE TEST: C Sgeciﬁ ed

Number . - o T-1 T-2 -
Measurements - 1.505 x .510 1.505 x .514

Area Sq. Inches .768 J73

Yield Strength, Lbs. Actual 73,760 - 73,830

Yield Strength, PSI 96,040 ————- 95,510 ... . 80,000 to 100,000
Ultimate Load, Lbs. _ g7,540 . _ 871,870

Tensile Strength, PSI 113,980 113,670 Information Only
Elongation in 2 Inches L .49 .45 '

Elongation, % . 24.5 22.5 Information Only
Locat1cn of Fracture Basa Metal Base Metal .

BEND TESTS: - ) S e e - .

—— e ——— cn m— e— . eemam

Number_____Type of Bend Location, Mature & Size of Cracks & Tears _ - -
FoI T Faca No Flaws - Satisfactory T T
F-2 - Face 2 Cracks 1/16™, 1 Crack 1/32" - Satisfactory
R-1 Root Ne Flaws - Satisfactory

R-2 Root o No Flaws - Satisfactory

This is to certify that the above weld procedure qualification test specimens
have been tested and xOUnd to be acceptable per requirements of MIL-STD-248C
and MIL-STD-418C

- 5/’/:44'«,‘2{\/ < 2;, —
et 0 TP E-

Chief Testing Eng1neer
License No. 3004

MECHANIZED PROPERTIES
FCAW HY 80-HY 80

FIGURE 11



g E 3OD§ } SHIPYARDS CORPORATION

Seattle Division: 1801 14th Avenue, S.W., P.0. Box 3808, Seattlie, Washington 98124 < 6231635 (204)

1Y

REPORT N0._F&2/

. . . A OATE __ 4 -24@-72
RADIGGRAPHIC INSPELTION REPORT-WELDMENTS:- . COHTRACT HO. vowsry7z-c-zio) _ HULL _va
J0B MAME wrioms fasecsurs (TyausscAzon= EMAn " 188 H0.85</ ITEX N0.9=/./6 BABE , i/

T DESCRIPTION Proczoums #i504 MAT'U fe_#7-0__-___ QUANTITY /

RSS NG. fzt-s-5-/ . QUALITY LEYEL: 2-2T(] 2-4T8--% RT: 100%F 50%03 10%03 spot g
4 Pt B | i » k- . | HIL-.STD-27T1E &2 - .
= :L: ool I £~ g =<2 »-Si‘;-‘ ol b DSTASITOR | kavsups 0900-033-9000,6L48§ £

I = E‘-&"Ez, =1 - fe=| = ABS CLASS A [ clASS B[] -—-
S HEEE R E == E E E R e

#oo 1= A =l o= _lol/ { X SURFaec Currhi ) SAee

]
|
CODE .

1. AGCEPTABLE RADIATION SOURCE: ' : '
Z. BORDERLINE X-RAY: XY  mA ; PREPARED 8Y == 22—
3. EXGESSIVE IR-192: CURIES =% (Do e e A
.. HGLE FALME  ° [yggF | FILW SIZE AND QUARTITY APPROYED 8Y A

aumgtm dd YIEWS |416=17 [414x18) > 307 | ACCERTED 8Y

BOTH - O . / ]/

RAOIBERAPHSR(S] 2o, T = e , -
QA-RT-2 FIGURE 12




TOLD SEIFYARD CCRP, SEATTIS DIVISION SEEET 1 F_1
MAGRETIC PARTICIZ TSST REFORT . -
o TAVY STEC Ko.
DATS _L/27/78 - PARACRATE NO.
: : . + FERRT W. __ 737
WE OF JB __ FFe-10 JB §0. _ 6561 TreM po, _G21.2h
EQUIENT USED PARKER COLNTOUR FRCEZ YCKE  TCDD iIC. 31;27
, | | MACHDE Am ; MOIEL NC.
TOTAL CASIE IINGTH FT. MAGNETIZING CURSENT: A.C. [ ]D:C. EALT WAVE [:1 D.C. FULSE [[]
CIRCULAR FIZID: FRO0S [] CENTRAL COMDUCTOR [[] 24D [] EROD SPACING IN.
o . MAGETIZIG CURFENT AES ) : '
LONGITUDIVAL FIZLD: MACNETIZING CURSENT AFS X TURNS = AMEEFRE TURNS
FEARCMAGIETIC PARTICLES USED: DRY (3 ver (] rrotmesceyr [] BATCE XO.-_THO09
. SECIFICATION: RAVY MIL SFEC FO. 271 ] NAVSET? occo-co3-8<:co D A.B.s. [

. CTEER
OBJIECT TESTED /ICCATICY: TSST PLATE EY-80 TO =7-80 FLAT
TIENTIFICATION MARKS CR SERTAL NO. QAY-S

*TESCRIETION CF QBuz.CT/kCnTIOB' AND TSST EESULTS Ferforred NIT inspection usinmg the
megnetiic perticle method on oxe test plate T¥-30 to EX-80 flat setiting wup 2 magretic fiel
two directions rarzllel znd to the zight argle of the weld 2zd 1 in. of the heat affected
.zon=. Indications that were fourd were removed hy grinding Te-inspected axnd found
acesphable, " Sae sketch below. .

-
- . . - ..
- * . . —-—— . - —
- .

'\-,;/"v.[-\l/"\’\"‘ '*'\’ /\‘/V*""«\/ AYATAVAYEY “,“ T wE YAV 4\/\/"/\/\ A Nt
“/n\/:\‘ INY N NI ANA NN o NI B A N ARTAYAYAY NAYEY l/\/\/. AT NN N,
\/\/“/\/" AYANAVATAVEVIIVE /"‘(7// VA A AYAYAVE /‘/"/\/\/‘1/ \/""“/ A /‘/
_\l,w.\, N NANING i AL \6/\/\/\/\«/\/\/-\7\/ YEAVAVAVAYAYA /vx e
Vo N \/- NANL NN N NS g// L 3ININ NN NN INI N NN 7 \_.‘
l NN f\,f"-.',-'\y" N .\.[?"-./7\,.-' vf ‘7/" “‘./‘\/\ /\/. /\,{\ (7 NN T N o j\_," N,

,

51\\V"l‘/'.‘{'/"‘\,(.i\/'i\_z:( }:L/\' 4 YAy ’:[:33?'\/ ar \/ ['\/f SAVATA /\/\/i\ RY AN YA
EVAVAVIYAYAYAI &VI X YRSV AV ANNEIRE /'/ »,/ NAAVAYAV A Y AYATAYE '\ i

NAVAVAYAVLY.\Y| VAN 4 VAV SRRV /& RITALR VAV AVAVAVAVAVAVAVAVSVAY.TRYAVE T

RSV AVAVAVAYAYE Y SN S AT YAV AV VAV AVATAVEY; N AYAAYAYAY YA AT YR A R

1\/\/\/\/ AT WmWﬂR,U/‘ZWELD AYRTAVEAVAVAYEYA

\/\ 4\4\/ \/\ /\'\/ S -‘\,\’L\f a SNV AN S S Gy \,-\/ MY NN AN NS NN/ \.,-""-_-’:\,‘, " ;
AAVAVEVEY] Vil ; %7 A ﬂL - 12 B R AT AT AN S INS NN S

k\/.\l Y I AV 0 | ,7‘."/13,'. 7/\ VAE YATENVAY, x',-f’\.;/ ‘./"’i/'\/\[ N\ 57 ,/\/\ R
L/ '/\i\/ \/“\0./_./’\/‘.,-'.3\_' v ,‘/\ "‘_t,".l--/"-,'-,'\/r\, gy /\I \/\/ \/ ! .‘,
IAYARRYA ‘/ v A —— : ——— AN/ /\/ S “:"" §,'~_, ._/ A
A /\'/tl / \/ \‘3/ /: // ML 4 ~‘,_;'— "-._u ANAS / / ,, ./ \, Ly '.,,I',..".}.'-:_’,--.
[:\/ Y YA N A AT A AV ATAVAYEYAYRY, YRVEVEY: ) N T YNg e
\ "/“/\.[" ?/ /\ SN VAN ANA /\/ /\, ,‘/1\/ \L\, / 3/ \,, /,\’ AN AN A L .

'\/\L/'\, \/( {X\_"/"/‘ ’\/n\/ /\z/ /\/\/\/\/ / ‘/(/\/I\A\/ / 4 ‘, N/ \/'\,’\/ /\/ ,~"'\’\ 2T,
ANV V \/’7’\,f\/"/ EVAVEYAVAYAYE VYV NNANIN W NS AN Ny WNNAN Y ST
mcmsm- BILL FQTTS, BCB GRAY, 2OB RE ¢

?%69‘}‘ OZERATCR /

JQENSTQN, ‘3 to Zlectiic Sho
‘ FIGURE 13 "Wqé/ﬁ//z/v
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- . - |8 |APDED AfPRAK PIAT ON e.u.é‘ﬂ?.‘itz
- T .
b mzno|~ — r
BHD 250 INS° ) 13 ‘
\\%A? -CD) —
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[ SPA\ ZHiEsTs r/s

\—-— sousn_(hp) :

‘TYP P WF'S'

("/‘) RO T 2B
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‘/ (DT SiowHY
S)TANK ToP
7 ( HAs RI(HTOF\\AY
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EXISTNG )
FACE [BT
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"[Ena owa wo.
ALXILIARY /AACHY.RANG.2:FR 241-250 it AUG-20 1927——
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GILLILAND FIGURE 14
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FFG-FR, 241-271

SKETCH-LOWER ERECTION UNIT



FIGURE 15 - GILLILAND TRACTOR, TORCH AND CONTROL WITH 25 POUND FLUX
CORED WIRE (LINDE 727) MOUNTED ON GILLILAND RAILS.




FIGURE 16 - CLOSE-UP VIEW OF GILLILAND TRACTOR UNIT.




FIGURE 17 - GILLILAND SYSTEM AT WORK.




FIGURE 18 - GILLILAND SYSTEM AT WORK.




FIGURE 19 - COMPLETED FCAW WELD USING GILLILAND SYSTEM.




FIGURE 20 - COMPLETED

FCAW SEAM USING GILLILAND SYSTEM.




§ % 5@:@ g 3 SHIPYARDS CORPORATION

Seattle Division: 1801 16th Avenue, S.W., P.0. Box 3804, Seattls, Washingten 98124 - 4£23-1435 (204)

A - ——— -

DESCRIPTION JOINT #1 & #2
SECTION #2101 - DRW.1111-05 SHT.3A - FR 241-271

. : - - .
WELDER MIL-STD-248C -~ |PROCEDURE . MIL-STD-248C
QUALIF. N " }QUALIF. STD. NAVSHIPS 0900-000-1001
BASE ) - - .
SPEC./TYPE  [1/16 Inch Diameter - POWER SOURCE; MODEL/TYPE GILLILAND CV600
FILLER METALAy'DMME 727 E70T-G < POLARITY | D.C. R.P.
POSITION OF *  }GAS: FLOW RATE/TYPE .
WELD FLAT 45 "0.F.H. 75% ARG/257 €O,
JOINT TORCE TYPE GILLILAND
PREPARATION | B2V.1 : COP SIZE__5/8" ORIFICE
&.SIDE
NUMBER. SIDE #1
> INTERPASS ALT, SLAG AND OUTER FOREIGN DEPOSITS SEALL BE REMOVED BEFORE DEPOSITING
CLEANIEG SUBSEQUENT BEADS . . o :
REPAIRS REPATRS MADE IN ACCORDANCE WITH MIL-STD-248C
i PREHEAT . INTERPASS
TEMPERATURE 60" MIN. TEMPERATURE . i =
WELD
— TECHNIQUE WELD TECENIQUE IN ACCORDANCE WITE T.W.P.S 976-1516
ACTUAL B . NOTES:
TRAVEL FILLER ARC )
SPEED METAL’ AMPERAGE VOLTAGE WELDING
- (T.P.M.) DIAMETER RANGE RANGE POSITION
: 1/16 230-25 28 ~ FLAT ROOT PASS
1/16 200 30 FLAT Z 8D PASS
1/16 210-220 3L FLAT COVER 7258
ol Panel Mode: ) - . . :
Powver on - - S . . ) -
Weld/inch toggle switch:: Weld“m.
Inch/pre-purge push button: Pre~Purge
- . Wire fee‘d speed control potentiometer [I_s3)

Tractor Travel: Break-delayl_7 ] motfon (]
Tractor Travel: Lef q . Right =3
Tractor Travel Speed Control: ~ -80 .

Oscillation: normail _ ldelavl Y |
. Oscillation stroke: long | short L]
* Oseillation speed_comtrol [ <% -
Stroke amplitude jémtside dwell contrclm Inside dwell controlm

REIDING ENXGINEER (L3 g @LL% | DATE _\ /1428

. Exweutive Oificas’ Ore Steta/Sreane Cleava o Ma Vaile. 8 VvV 1AAAS

GILLILAND MACHINE SETTINGS
FIGURE 21



| g EO g }D SHIPYARDS CORPORATION

1801 16th Avenue, S.W,, P.0, Box 3806, Seattle, Washington 98124 « 4623.1435 (204)

Secttle Division:

DESCRIPTION
. SECTION #2101 - DRW. 1111-05 SHT. 3A - FR241-271
p* .
WELDER MIL-STD-248C " |PROCEDURE MIL-STD-248C
QUALIF. - QUALIF. STD. NAVSHIPS 0900-000-1001
BASE

SPEC./TYPE 1/16 Inch Diameter POWER SOURCE; MODEL/TYPE GILLILAND CV600
FILLER METAL{ LINDE 727 E70T-G POLARITY [DC RrP
POSITION OF GAS: FLOW RATE/TYPE
WELD FLAT 45 C.F.H. 75% ARGON/25% CO.,
JOINT TORCH TYPE GILLILAND _
PREPARATION | SINGLE BEVEL COP_SIZE__ 5/8" ORLIFICE
& ‘SIDE '
NUMBER SIDE #1
INTERPASS - }
CLEANING
PREHEAT . INTERPASS e
TEMPERATURE NA TEMPERATURE - BAS -
WELD
TECHNTIQUE PER TWPS 976-1516
ACTUAL ) NQTES:
TRAVEL FILLER ARC
SPEED METAL AMPERAGE VOLTAGE WELDING
(T.P.M.) DIAMETER RANGE RANGE POSITION
' 1/16 200 30 FLAT 2 ND PASS
ol Panel Mode: .
) Power on -
Weld/inch toggle switch: Weld
Inch/pre-purge push button: Pre-Purge
Wire feed speed control potentiometer
Tractor Travel: Break—de_layrl_l otion 1
Tractor Travel: Left - Righe L}
Tractor Travel Speed Control:
Oscillation: nomalmciela m
Oscillation stroke: long % short
Oseillation speed

Stroke amplitude

Caaetle A . ..

GILLILAND MACdINE SETTINGS

’_Z@J =

WELDING ENGINEER @

FIGURE 22

DATE

ontrol L ) )
@Outside dwell controlmlnside dwell control EIE




Seattle Division: 1801 146th Avenue, 5.W., P.O. Box 3804, Seattle, Washington 58124

)

g § QODD SHIPYARDS CORPORATION

42341435 (208)

DESCRIPTION : ) . _
: -SECTION #2101 - DRW, 1111-05 SHT, 3A «~ FR 241-271
F—
WELDER MIL-STD-248C PROCEDURE MIL-STD-248C
QUALIF. . QUALIF. STD. NAVSHIPS 0900-000-1001
BASE . - -
METALS | LOW CARBON STEEL PROCESS .- _ FCAW . C e
SPEC./TYPE 1/16 INCH DIAMETER POWER SOURCE; MODEL/TYPE 117177 AND CVEAQ
FILLER METALS TTNDE_ 727 E70T-G POLARITY. . fpe oo
POSITION OF : : GAS: FLOW RATE/TYPE :
WELD FLAT 5Q C.F.H. 75Z ARGON/25Z €O,
JOINT TORCH TYPE GLLLILAND
PREPARATION | SINGLE-BEVEL CUP_SIZE - 2/6° URLFICE
& SIDE
NUMBER #1
INTERPASS -
CLEANING -
REPAIRS .
PREHEAT INTERPASS
TEMPERATURE | NA TEMPERATURE | MA - -
WELD
TECHNIOUE
ACTUAL NOTES:
TRAVEL FILLER ARC S
SPEED METAL AMPERAGE VOLTAGE WELDING
(T.P.M.) DIAMETER RANGE RANGE POSITION .
1/le 210=220. 3T _| FLAT CUVER TASS

gontrol Pansel Mode:
"  Power om - LW/ ]

Weld/inch toggle switch: Weld .

Inch/pre-purge push button: Pre-Purge [~/ ) i

Wire feed speed control potentiometer [L.83)

Tractor Travel: Break-delsy(S/Z ] motfon 1

Tractor Travel: Left Right o

Tractor Travel Speed Control:

Oscillation:

Oscillation stroka:

Oscillation speed

Stzroke

amplitude

WELDING ENGINEER

Ca o ar . Ao

normal: dela ‘E
long lj

control [ .28}
LOPEN Outside dwell control®l0 lTnside dwell control LX0_1

short ED

AV

GILLIELAND MACHEINE SETTINGS

FIGURE 23

DATE




N ’ ! aODD SHIPYARDS CORPORATION

Seattle Division: 1801 16th Avenue, S.W., P.0. Box 3806, Seartle, Washington 98124 - 623-1435 (206)

- DESCRIPTION
: ]
=17~ ™ WELDER ~ | MIL~STD-248C PROCEGURE ~ ~ | MIL-STD-248C "~ = ° ===~
QUALIF. - QUALIF. STD. | NAVSHIPS 0900-000-1001
BASE
T TTTTT T METALS ~|—— —LOW- CARBON STEEL PROCESS ™ - = "F.C.AW, - —— e —
oL SPEC./TYPE inch. diameter POWER SOURCE; MODEL/TYPE Gilliland
FILLER METAL™ 83.%5’1'&8}? 88&6 fs.‘sf POLARITY | DCR.P.
POSITION OF to GAS: FLOW RATE/TYPE .
WELD Vertical-Up 35 C.F.H. 75% Arson 25% CO,
JOINT TORCH TYPE Gilliland
PREPARATION 22%° Bevel on eac h plate. CUP SiZE 578
& SIDE ’
NUMBER
INTERPASS -
CLEANING REMOVE ALL SLAG & WIRE BRUSH EACH PASS
A REPAIRS NONE
.. .4 _ PREHEAT | INTERPASS . - ]
TEMPERATURE 60 TEMPERATURE NA -
WELD : .
- TECHNIOUE ROOT OPENING ;ﬂ'
ACTUAL NOTES: —
TRAVEL FILLER ARC .
SPEED METAL AMPERAGE VOLTAGE WELDING
(I.P.M.) DIAMETER RANGE RANGE POSITION|
6 L.P.M. * 045 200-240 24 - 26_ | Vert;Up | Root & lst Fill Pass
—f 5 t.FH 1045 200-240 24 = 26 Vert_Uo .l 2nd & 3rd F111 Pass
: 6% I.P.M. £4 200-240 24 -.26 __ | Vert-Up | COVER PASS

i Control Panel Mode: —— e e —_— N
: Power on - )

Weld/inch toggle switch: Weld [ X}
Inch/pre-purge push button: Pre-Purge [ — ]
¥Wire feed speed control potentiometer [2-909 ]

Tractor Travel: Break—delaylE motion ]
Tractor Travel: . Left L1 Right =
Tractor Travel Speed Control:

Oscillation: normall _ ldelavl X |
A Oscillation stroke: long LX | short L}
el Oscillation speed_control L4313 cover pass .31

Stroka amplitude LY }Outside dwell controll10] Inside dwell control

WELDING ENGINEER G G A e DATE :

Erecutive Offices/ One Stg oSI{eu Plaza « New York, N.Y. 10004

GILLILAND MACHINE SETTINGS
FIGURE 24




FIGURE 25 - GILLILAND UNIT IN VERTICAL-UP MODE:

FCAW WELD TEST SET-UP.




FIGURE

26 - GILLILAND UNIT

IN VERTICAL-UP MODE:

FCAW WELD TEST SET-UP:

FILL PASSES.

i
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FIGURE 27 - GILLILAND UNIT IN VERTICAL-UP MODE:

FCAW CHEMETRON 8000-2NI 0.045 INCH DIAMETER FILLER.



FIGURE 28 - GILLILAND UNIT IN VERTICAL-UP MODE:

INTERPASS CLEANING OF WEAVE PASSES.




i E 3 ODD SHIPYARDS CORPORATION

Seattle Division: 1801 14th Avenue, $.W., P.Q. Box 3804, Seattle, Washington 98124 - §23-1535 {206)

Al

DESCRIPTION
WELDER | MIL-STD-248C FPROCEDURE MIL-STD-248C
QUALIF. - QUALIF. STD. NAVSHIPS 0900~000-1001
BASE
METALS 1OW _CARBON STEEL PROCESS GMAW
SPEC./TYPE 0:045 Inch Diameter POWER SOURCE; MODEL/TYPE Gilliland CU 600
FILLER METAL- Chemetron 8000 2Ni POLARITY ] D, C. R. P.
POSTITION OF - GAS: FLOW RATE/TYPE 35 C.F.H.
WELD QVHD 75%Z Argon 252 Cts
JOINT TORCE TYPE Gilliland
PREPARATION 45° Bevel;.I/8" Land ‘ CUP_SIZE D
& SIDE
NUMBER One Side
INTERPASS
CLEANING cl a ag with wire sh ”
REPAIRS Repair any defects before next pass is put in
PREHEAT INTERPASS
TEMPERATURE 60° Min | TEMPERATURE NA -
WELD
TECHNIQUE.
ACTUAL . NOTES:
TRAVEL FILLER ARC
SPEED METAL AMPERAGE VOLTAGE WELDING
(I.P.M.) DIAMETER RANGE RANGE POSITION{
10 - 12 IPM L045 . 210 - 230 27 - 29 QVHD
10 - 12 IPM .045 210 - 230 28 - 30 OVHD

rol Panel Mode: .
: Power on -
Weld/inch toggle switch: Weld "X )

Inch/pre-purge push button:. Pre-Purge [ = }- -
Wire feed speed control potentiometer [3.86)

Tractor Travel: Break-delayl __] wmotfon (X1
Tractor Travel: Left 1 Right X3
Tractor Travel Speed Coatrol:

Oscillation: norma].:adela E ;

Oscillation stroke: long '*— short [—)
° Osecillation speed control L—
Stroke amplitude Outside dwell controll=—-] Inside dwell control (=1

WELDING ENGINEER @PZP@,Z%“ ate_4 /79 -

Exvavtive Offices:/ One SM(. Streer Plaza « New Yark, R. Y. 10004

' GILLILAND MACHINE SETTINGS
FIGURE 29



FIGURE 30 - GILLILAND WELDING UNIT IN OVERHEAD WELDING POSITION.




FIGURE 31 - GILLILAND WELDING UNIT IN OVERHEAD WELDING POSITION.



8
H
B
=
v
o
A
o
=
(g
8
=
3
=
2
e
>
Q
=
-
=
=
=]
o
=
Ll
A
!
&
m
H
w3
—
—
4}
!
N
™
o
8
H
[



	TABLE OF CONTENTS
	FOREWORD
	DEVELOPMENT
	BACKGROUND
	OBJECTIVE
	APPROACH
	SPECIFICATIONS
	ACHIEVEMENT

	CONTROL PANEL/ FUNCTIONS
	PROTOTYPE FRONT PANEL
	PROTOTYPE GILLILAND UNIT
	OSCILLATOR CONTROL PANEL FUNCTIONS

	TODD SHIP’SREPORT
	PURPOSE
	A. EQUIPMENT
	B. PRODUCTIONWELDING TESTS
	C. LABORATORYWELDING EVALUATION

	FIGURES
	FIGURE 1
	FIGURE 2
	FIGURE 3
	FIGURE 4
	FIGURE 5
	FIGURE 6
	FIGURE 7
	FIGURE 8
	FIGURE 9
	FIGURE 10
	FIGURE 11
	FIGURE 12
	FIGURE 13
	FIGURE 14
	FIGURE 15
	FIGURE 16
	FIGURE 17
	FIGURE 18
	FIGURE 19
	FIGURE 20
	FIGURE 21
	FIGURE 22
	FIGURE 23
	FIGURE 24
	FIGURE 25
	FIGURE 26
	FIGURE 27
	FIGURE 28
	FIGURE 29
	FIGURE 30
	FIGURE 31
	FIGURE 32

	TABLE OF CONTENTS
	FOREWORD
	DEVELOPMENT
	BACKGROUND
	OBJECTIVE
	APPROACH
	SPECIFICATIONS
	ACHIEVEMENT

	CONTROL PANEL/ FUNCTIONS
	PROTOTYPE FRONT PANEL
	PROTOTYPE GILLILAND UNIT
	OSCILLATOR CONTROL PANEL FUNCTIONS

	TODD SHIP’SREPORT
	PURPOSE
	A. EQUIPMENT
	B. PRODUCTIONWELDING TESTS
	C. LABORATORYWELDING EVALUATION

	FIGURES
	FIGURE 1
	FIGURE 2
	FIGURE 3
	FIGURE 4
	FIGURE 5
	FIGURE 6
	FIGURE 7
	FIGURE 8
	FIGURE 9
	FIGURE 10
	FIGURE 11
	FIGURE 12
	FIGURE 13
	FIGURE 14
	FIGURE 15
	FIGURE 16
	FIGURE 17
	FIGURE 18
	FIGURE 19
	FIGURE 20
	FIGURE 21
	FIGURE 22
	FIGURE 23
	FIGURE 24
	FIGURE 25
	FIGURE 26
	FIGURE 27
	FIGURE 28
	FIGURE 29
	FIGURE 30
	FIGURE 31
	FIGURE 32




