


































































































American Welding Society

Friends and Colleagues:

We're into the twelith year of the program, again, | encourage you to submit nomination
packages for those individuals whom you feel have a history of accomplishments and contri-
butions to our profession consistent with the standards set by the existing Fellows. In particu-
lar, [ would make a special request that you look to the mast senior members of your Section
or District in considering members for nomination. In many cases, the colleagues and peers of
these individuals who are the most familiar with their contributions, and who would normally
nominate the candidate, are na longer with us. | want to be sure that we take the extra efiort
required to make sure that thase truly worthy are nat overlooked because no obvious individ-
ual was availahle to start the nomination process,

For specifics on the nomination requirements, please conlact Wendy Sue Reeve, at AWS
headguarters in Miami, or simply follow the instructions on the Fellows nomination form in
this issue of the Welding journal. Please remember, we all bencfit in the honoring of those
who have made major contributions to our chosen profession and livelihood. The deadline for
submission is February 1, 2005. The Committee looks forward 1o receiving numerous Fellow
nominations for 2006 consideration.

Sincerely,

Dr. Alexander Lesnewich
Chairman, AWS Fellows Selection Committee




(please type or print in black ink)
CLASS OF 2006

FELLOW NOMINATION FORM

DATE NAME OF CANDIDATE

AWS MEMBER NO. YEARS OF AWS MEMBERSHIP

HOME ADDRESS

CITY STATE Z1P CODE PHONE

PRESENT COMPANY/INSTITUTION AFFILIATION

TITLE/POSITION

BUSINESS ADDRESS

CITY STATE ZIP CODE PHONE

ACADEMIC BACKGROUND, AS APPLICABLE:

INSTITUTION

MAJOR & MINOR

DEGREES OR CERTIFICATES/YEAR

LICENSED PROFESSIONAL ENGINEER:  YES NO STATE

SIGNIFICANT WORK EXPERIENCE;

COMPANY/CITY/STATE

POSITION YEARS

COMPANY/CITY/STATE

POSITION YEARS

SUMMARIZE MAJOR CONTRIBUTIONS IN THESE POSITIONS:

SUGGESTED CITATION (50 TO 100 WORDS, USE SEPARATE SHEET) INDICATING WHY THE NOMINEE SHOULD BE SELECTED A3
AN AWS FELLOW. IF NOMINEE 1S SELECTED, THIS STATEMENT MAY BE INCORPORATED WITHIN THE CITATION CERTIFICATE.

SEE GUIDELINES ON REVERSE SIDE

SUBMITTED BY: PROPOSER AWS Member No.

Print Name
The Propaser will serve as the contact if the Selection Commitiee requires further information. Signatures on this nominating form, or
supporting letters from each nominator, are required from four AWS members in addition to the Proposer. Signatures may be acquired
by photocopying the original and transmitting to each nominating memher. Once the signatures are secured, the total package should
be submitted.

NOMINATING MEMBER: NOMINATING MEMBER:
Print Name, Print Name

AWS Member No. AWS Member No.
NOMINATING MEMBER: NOMINATING MEMBER:
Print Mame, Print Name

AWS Member No. AWS Member Na.

SUBMISSION DEADLINE FEBRUARY 1, 2005

























{3280 ft) in length, referred to as pipe
stalks, are transferred from the fabrication
shop to an open holding area. Within the
holding arca, all weld repairs, tic-ins be-
tween pipe stalks, and coating and coating
repairs are carried out, which are in-
spected on completion to ensure that the
quality mects the client’s requirements.

The pipe stalks are eventually coiled
onto the vessel reel. This can involve
several pipe stalks joined by butt joint
welding.

On location offshaore, the reeled pipe
is uncoiled and laid oo the seabed. De-
pending on the length of the pipeline
being laid. it may be neeessary to tie-in
the laid pipe with a section of the reeled
pipe hy hutt joint welding. This operation
is carried out on the reel vessel and, on
completion of welding, nondestructive cx-
amination (NDE), and coating, pipe lay-
ing continues.

Pipeline Welding

A 16-in. {406.4-mm) -diameter, API
5L X60 (Ret. 3) pipeline, manufactured
through a quenched and tempered route,
was recently laid in the UK. sector of the
North Sea. Chemical comiposition and
mechanical properties are outlined in Ta-
bles 1 and 2.

Construction ol the 16-in. (406.4-mm)

welds consisted of an automatic pulsed
gas metal arc welding (GMAW-P), an ex-
ample of which is illustrated in Fig. 1. De-
tails of the welding procedure, which was
carried out in the 5G position, is outlined
in Table 3. Weld preparation consisted of
a narrow gap bevel with zero gap between
root faces. An internal clamp with copper
hacking shoes (Fig. 2} is used for the root
run and hot pass. Preheat lemperature
was 100°C with interpass temperature
controlled at 300°C maximum.

Complete Penetration Repair to Main-

line Weld Onshore. Repairs to the main-
linc welds are carricd out in the pipe
stalks’ holding area, and welding is car-
ried out in an all-weather habitat. The
process used [or repairing original main-
line welds consists of shiclded metal arc
welding (SMAW). Details of the weld pro-
cedure carried out in the 5G position are
outlined in Table 4. Welding in this in-
stance is carricd out in the uphill position
using a preheat temperature of 150°C and
an interpass temperature controlled at
300°C maximum,

‘Table 1 — Pipe Metal Chemical Analysis

C Si S P Mn Ni Cr Mo
11 .25 0.003 012 110 011 1L08 011
v Cu Al Nb N B Ca Ti
05 (.14 0.025 0.022 0.0082 0.002 00017 0.003
Carbon Equivalent 0.36 Stcel Making Process Electric Arc

Tabie 2 — Pipe Metal Mechanical Properties

Tensile Tests

Tensile Strength N/mm?
567

Test Temperuture

Elongation (%)
24

Impact Propertics Joules

Charpy Impact Tests

. . L -40°C 252,252, 258, Av 254
-diameter pipeline involved the follow- ] _
o s

. . s Ardness 10 wa, 2 4 . AV

Pipe-to-Pipe Mainline Onshore. The o (0 Qutside 196, 194, 199, Av 196
method used for the mainline butt joint
Table 3 — Pipe-to-Pipe Mainline Weld Procedure

—
|5 ]
é 4 ]
2]
1
16-in. Pipe-to-Pipe Metal API 5L X60

Mainline Onshore

Welding Position 5G

Diameter 406.4 mm

Thickness 23.8 mm

Filler

Puss No. Process Size Amps Volts R.O.L. Time Speed Heat Input

(mm) {mm) (s} (mm/s} (kJ/mm}
l GMAW-P 0.9 213-2M1 21-25 630-670 42-46 14.6/15 0.3
2 GMAW-P 0.9 208-225 21-25 660670 96-100 6.6/7 0.7/0.8
Fill GMAW-F 0.9 201-228 21-25 660670 93-98 6.7/7.1 0.7/0.8
Last 2 GMAW-P 0.9 195-219 21-25 100 12-20 50/83 0.6/1.0)
Cap GMAW-P 0.9 159-178 21-15 100 19-26 38/53 0.8/1.1

Filler Metal Specification Flux/Shielding Gas
Classification AS5.28 ERE0DS-G Type Ar/CO,
Classification 85% Ar/15% CO,

Electrical Characteristics DC + VE Flow Rate 20-27 L/min.
Prchecat °C 100 Tungsten Electrode NA
Interpass Temp °C 255

Note: GMAW-P (Pulsed gas melal are welding)
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‘Table 4 — Repair to Mainline

)

&
Complete Penetration Repair to Mcetal AP 5L X60
Mainline Onshore
Welding Position 5C Diameter 4N6.4 mm Thickness 23.8 mm
Filler
Puss No Process Size Amps Valts R.OML. Time Speed Heat Input
{mm) [(mm) (%) (mim/s) (k)/mm)
1 GTAW 24 B0- 1641 B-11 H5-490 35-84 1.0-2.4) {h6-1.2
2 GTAW 24 160--240) 811 70-90 27-58 1.6-2.0 0.8-1.1
Fill SMAW 3.2 90-140 20-24 80-150 45-60) 1.4-2.6 1.0-1.8
Cap SMAW 12 90-130 20--24 =110 4363 14.2.40 1.2-1.8
Filler Metal Specification Flux/Shielding Cas
Classification A5 28 [IREOS-G Type 1ligh-Purity Argon
AS528 ERY0S-G Classification 9Y.993% Argon
AS5.5 ER018-C
Pass No. 1. ERBOS-G
2. ERYOS-G
Fill and Cap E9NIR-G
Electrical Characteristics DC - VE Flow Rate 12-20 1.4min
DC - VE
DC + VE
Preheat °C 15t Tungsten Electrode 2.4 mm, 2% Thortated
Interpass Temp °C RILY
‘Table 5§ — Pipe-to-Pipe Cut-ont/Tie-in Onshore
ST Dy
>t ]
-%
A=A
1
16-in. Pipe-toa-Pipe Mainline Metal AP 51, Xa0
Cut-Out/Onshore Tie-in
Welding Pusition 5G Diameter 406.4 mm Thickness 23.8 mm
Filler
Pass No. Process Stre Amps Vorlts R.O.L Time Speed Heat Input
(mmy} (mm) () {mm/s) (kJ/mm)
1 GTAW 24 90 200 & 11 QN 235 G0-164) 1.4-2.1 0.7-1.1
2 GTAW 2.4 150-280 811 1041-330 51-120 1.6-2.8 0.8-1.00
Filk FCAW-G 1.2 146-220 24-26 90-320 32-141 20-4.0 1124
Cap FCAW-(3 1.2 140-215 24-26 100380 32-86 2844 1.0-1.5
Filler Mclal Specification Flux/Shielding Gus
Classilication AS.28 ERB0S-G Type High-Purity Arson
AS5.28 ERUS-Gi Classification Argon 25
AS29 EROT-K2 99.9095% Argon
Pass Na. 1. FREIS-G
Z. ERBOS-G T5% Arf25% O,
Fill and Cap ERNT-K2
Elcctrical Characteristics DC - VE Flow Rate GTAW 12-21) L/min
DO - VE FCAW-( 15-25 Limin
DC + VE
Preheat °C 100 Tiungsten Electrode 2.4 mm, 2% Thoriated
[nterpass Temp °C 300

m JULY 2004




‘Tahle 6 — Pipe-to-Pipe Offshore Tie-in

Pipe-to-Pipe Offshore Tie-in

Welding Position /G

»)55%%

Diameter 406.4 mm

Metal APL 51, X6

Thickness 238 mm

Filler
Puass No. Process Size Amps Volts R.Q.L Time Speed Heat Input
(mm) {mm) (s} (mmys) (k}/mm)
1 GTAW 2.4 911-200 H--11 90-235 A0—164) 1.0-2.1 n.7-1.1
2 GTAW 24 150-280 B~ 100-330 51-120 1.6-28 (1L5-1.0
[ill I"CAW-G 1.2 146-22) 24-26.5 90320 32-141 2440 1.1-2.4
Cap FCAW.-G 1.2 140-215 24-26.5 100380 32-8h 2844 1.0-1.5
Filler Mctal Speceification Flux/Shicelding Gas
Classification AS5Z8 ERROS-G Type High-Purity Argon
AS2Z8 LRYS-G Clussification Argon 258
AS5.29 ERIT-K2 00.995% Argon
Pass No. 1. ERB0S-G
2 ERY05-G TR% Argon/25% CO,
Fill amd Cap FSOT-K2
Electrical Charueteristics DC.--VE Flow Raie GTAW 12-20 Limin
D¢ - VE FCAW-G 15-25 1/min
DC + VE
Preheat °C 100} Tungsten Electrode 2.4 mm. 2% Thoriated
Interpass lemp “C 300
Table 7 — Weld Metal Chemical Analysis
Weld Procedure C Si 5 . P Mn Cr Mo Ni
Pipe-to-Pipe Mainline 0.10 (.52 0.404 0.1 1.24 .44 .02 0.03
Reprir to Mainline 1.10 0.52 0.008 0.1 1.17 0.5 [1X1¥ 0.62
Pipe-to-Pipe Cut Out 0.10 0.55 0,007 0.01 .28 0.04 n.0o 0.65
and Pipc-to-Pipe Onsghore Tie-in
Pipe-1o-Pipe Offshore Tie-in 0.10 .44 0.008 0.4 1.17 0.04 .14 .68
Pipe-to-Pipe Muinline Cut (_)m,/Tw—h! Tahle 8 — Cross-Weld Tensile Tests
Onshore. The weld procedure is used for
welding butt joinis herween pipes, which — weyg procedure Ultimate Tensile Frucluzc

can consist of mainline bott joint weld cut-
outs and butt joint welding of pipe stalks
lo pipe stalks, or pipe stalks to reeled pipe.
Weld preparation consists of a 50 to 60-
deg hevel where the roct mn is deposited
using gas tungsten arc welding (GTAW)
and filled with SMAW. Bridge tacks are
uscd to maintain the root opening, which
are removed and repositioned to prevent
the opening from shrinking and restrict-
ing access. Details of the welding proce-
dure 5G position are illustrated in Table
5. Preheat and interpass temperatures are
identical to that applied for the mainline
butt joint welds,

Pipe-to- Pipe Tie-In Offshore. The weld
procedure used for offshore tie-ins is sim-
itar to that used for pipe-to-pipe tie-ins
onshore, with the exception that the weld-
ing procedure is qualified in the 6G posi-

Strength {(N/mm)

Pipe-to-Pipe (Mainling)
Pipe-to-Pipe (Cut Out)
Repair to Mainling

Pipe to-Pipe Ottshore Tie-in

1 acation

608, 617 Base Break

628 Base Break
SKG, 3490 Base Break
621, 628 Basc Break

tion. Details of the weld procedure are
outhned in Table 6.

Weld Metal Properties
Chemical Analyses
Chemical analyses for the above weld

procedures are outlined in Tahle 7. With
the exception of the GMAW-P weld pro-

cedure, the weld metal compositions for
the remaining procedures are similar and
contain 19 nickel.

Mechanical and Metallurgical Properties

Weld procedure mechanical lesting
was carried oul in accordance with
B54515-1 {(Ref. 1), plus additional re-
quirements specified hy the client,
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Educational Opportunities

AWS 2004 Schedule
CWI/CWE Prep Courses and Exams

Exam application must he submitted six weeks hefore exam date. For exam ionformation and an application, contact the AWS Certification
Dept., (BOO) 443-9353, ext. 273, For exam prep course information, contact the AWS Education Dept., (800) 443-9353, cxt. 220

City Exam Prep CWI/CWE City Exam Prep CWI/CWE
Course Exam Course Exam
Albuguerque, N.Mex. Aug. 1-6 Aug. 7 Minneapolis, Minn.  Scpt. 19-24 Sept. 25
{(AP1 1104 Clinic also offered) (AP 1104 Clinic also offered)
Anchorage, Alaska  Sept. 12-17 Sept. 18 New Orleans, La. Sept. 12-17 Sept. I8
(AP1 1104 Clinic also offered) (AP1 1104 Clinic also offered)
Atlanta, Ga. Oct. 24-29 Oct. 30 New Orleans, La. Sept. 13-18 No Test
{API 1104 Clinic also offered) 9-Year Recert Course
Baltimore, Md. Oct. 31-Nov. 5 Nov. 6 Orlando, Fla. July 11-16 July 17
(AP1 1104 Clinic also offered) (AP1 1104 Clinic also offered)
Baton Rouge, La.  July 18-23 July 24 Orlando, Fla, Nov, 15-20 Na Test
(AP1 1104 Clinic also olfered) 9-Year Recert Course
Beaumont, Tex. Nov. 7-12 Nov. 13 Philadelphia, Pa. July 11-16 July 17
{AP1 1104 Clinic also offered) (AP1 1104 Clinic also offcred)
Charlotte, N.C. Aug. 22-27 Aug. 28 Philadelphia, Pa. Aug. 9-14 No Test
{AP1 1104 Clinic also offered) 9-Year Recert Course
Chicago, 111 July 25-30 July 31 Phoenix, Ariz. Oct. 3-8 Oct. 9

(AP1 1104 Clinic also olfered)

(AP1 1104 Clinic also offered)

Chicago, 111

Oct. 24-29 Oct. 30
{AP1 1104 Clinic also offered)

Pittsburgh, Pa.

Oct. 17-22 Oct. 23
(AP1 1104 Clinic also offered)

Columbus, Qhio Aug. 2-6 Aug. 7 Portland, Maine July 25-30 July 31
{API 1104 Clinic also offered) (AP 1104 Clinic also offered)
Columbus, Ohio Nov. 1-5 Nov. 6 Portland, Oreg. Nov. 7-12 Nov. 13

(AT 114 Clinic also offered)

(AP1 1104 Clinic also offered)

Corpus Christi, Tex,. EXAM ONLY July 24 Reno, Nev. Oct, 31-Nov. 5 Nov. 6
Corpus Christi, Tex. EXAM ONLY Sept. 18 (API 1104 Clinic also offered)
Dallas, Tex. Sept. 26-Oct. 1 QOct. 2 Rochester, N. Y. EXAM ONLY Aug. 21
{AP] 1104 Clinic also offered) Sacramento, Calif.  Aug. 8-13 Aug. 14
Denver, Colo. July 11-16 July 17 (AP1 {1104 Clinic also offcred)
(API 1104 Clinic also offered) Sacramento, Calif.  Oct. 4-9 No Test
Denver, Colo. Oct. 3-8 Oct. 9 Y-Year—Recert Course
(API 1104 Clinic also offered) St. Louis, Mo. EXAM ONLY Dec, 4
Detroit, Mich. Sept. 26-Oct. 1 Oct. 2 Salt Lake City, Utah July 18-23 July 24
(AP 1104 Clinic also offered) (AP1 1104 Clinic also offered)
Houston, Tex. Aug. 2-7 No Test S4n Antonio, Tex. Qct. 17-22 Oct. 23
9-Year Recert Course (APL 1104 Clinic also offered)
Houston, Tex. Aug. 15-20 Aug. 21 San Diego, Calif. Sept. 19-24 Sept. 25
(APL 11064 Clinic also offered) (AP1 1104 Clinic also offered)
Indianapolis, Ind. Aug, 15-20 Aug. 21 San Juan, PR, Dec, 5-10 Dec. 11
(AP] 1104 Clinic also offcred) (AP 1104 Clinic also offered)
Kansas Citv. Mo. July 25-30 July 31 Scattle, Wash. Sept. 19-24 Sept. 25

(API 1104 Clinic also offered)

(APT 1104 Clinic also offered)

Long Beach, (alif,

Nov, 7-12 Nov. 13
(API 1104 Clinic also offered)

Sioux Falls, 8.Dak.

Nov, 14-19 Nov, 20
(AP! 1104 Clinic aiso offered)

Tulsa, Okla.

Oct, 17-22 Oct. 23
(APL 1104 Clinic also offerced)

Los Angeles, Calif.  July 19-24 No Test
9-Year Recert Course
Louisville, Ky. Nov. 14-19 Nov. 20
(APL 1104 Clinie also offered)
Mcmphis, Tenn. Aug 813 Aug. 14
(AP1 1104 Clinic also offered)
Miami, Fla. EXAM ONLY July 15
Miami, Fla. EXAM ONLY Aug. 19
Miami, Flu. EXAM ONLY Sept. 16
Miami, Fla. EXAM ONLY Oct. 14
Miami, Fla. Dec. 5-10 Dec. 11
(AP1 1104 Clinic also offered)
Milwaukee, Wis, Sept. 26-Oct. | Oct, 2

(AP1 1104 Clinic also offered)

An Important Event
on lts Way?

Send information on upcoming events to the
Welding Journal Dept., 550 NW LeJeune Rd., Miami,
FL 33126. Items can also be sent via FAX to (305)

443-7404 or by e-mail to woodward @aws.org.
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American Welding Society

Friends and Colleagues:

The American Welding Society established the honor of Counselor to recognize individ-
ual members for a career oi dislinguished organizational leadership that has enhanced the
image and impact of the welding industry. Election as a Counselor shall be based on an indi-
vidual’s career of outstanding accomplishment.

To be eligible for appointment, an individual shall have demonstrated his or her leader-
ship in the welding industry by onc or more of the following;

e Leadership of or within an organization that has made a substantial contribution to the
welding industry. The individual’s organization shall have shown an ongoing commitment to
the industry, as evidenced by support of participation of its employees in industry activities.

» Leadership of or within an organization that has made a substantial contribution to
training and vocational education in the welding industry. The individual’s organization shall
have shown an ongoing commitment to the indusiry, as evidenced by support of participation
of its employees in industry activities.

For specifics on the nomination requirements, please contact Wendy Sue Reeve at AWS
headquarters in Miami, or simply follow the instructions on the Counselor nomination form in
this issue of the Welding journal. The deadline for submission is February 1, 2005. The
committee looks forward to receiving these nominations for 2006 consideration.

Sincerely,

H. E. Cable
Chairman, Counselor Selection Committee




(please type or print in black ink)
CLASS OF 2006

COUNSELOR NOMINATION FORM

DATE NAME OF CANDIDATE

AWS MEMBER NO. . YEARS OF AWS MEMBERSHIP

HOME ADDRESS

CITY. STATE Z\Pr CODE PHONE

PRESENT COMPANYANSTITUTION AFFILIATION

TITLE/POSITION

BUSINESS ADDRESS

CITY STATE ZIP CODE PHONE

ACADEMIC BACKGROUND, AS APPLICABLE:

INSTITUTION

MAJOR & MINOR

DEGREES OR CERTIFICATES/YEAR

LICENSEDN PROFESSIONAL ENGINEER:  YES NO STATE

SIGNIFICANT WORK EXPERIENCE:

COMPANY/CITY/STATE,

POSITION YEARS

COMPANY/CITY/STATE

POSITION YEARS

SUMMARIZE MAJOR CONTRIBUTIONS IN THESF POSITIONS:

SUGGESTED CITATION (50 TO 100 WORDS, USE SEPARATE SHEET) INDICATING WHY THE NOMINEE SHOULD BE SELECTED AS
AN AWS COUNSELOR. IF NOMINEE IS SELECTED, THIS STATEMENT MAY BE INCORPORATED WITHIN THE CITATION CERTIFICATE.

**MOST IMPORTANT**
The Counselos Selection Committer crileria are stranghy based on and extracted from the categories identified below. All in-
formation and suppert material provided by the candidate’s Counselor Proposer, Nominating Members and peers are considered.

SUBMITTED BY:

PROPCOSER Print Name___
AWS Member Nao,

The propaser will serve as the contact if the Selection Committee requires further information. The proposer is encouraged to include a
detailed hiography of the candidate and letters of recommendation from individuals describing the specific accomplishments of the can-
didate. Signatures on this nominating form, or supporting letters from each nominator, are required from four AWS members in addition
to the proposer. Signatures may be acquired by photocopying the original and transmitting to each nominating member. Once the sig-
natures are secured, the total package should be submitted.

NOMINATING MEMBER: Print Name,
AWS Member No. =

NOMINATING MEMBER:___ Print Name
AWS Member No. .

NOMINATING MEMBER: _ Print Name.
AWS Member No.

NOMINATING MEMBER:, Print Name,

AWS Member No,

SUBMISSION DEADLINE FEBRUARY 1, 2005
















Member-Get-A-Member Campaign

Listed below are participants in the
2003-2004 Member-Get-A-Member
Campaign. For campaign rulcs and 1
prize list, see page 87. For more infor-
mation, call the Membership Depart-
ment at (800) 443-9353, ext. 480.

Winner’s Gircle
AWS Members who have sponsored
20 ar more new Individual Members, per
year; since June 1, 1999, ( ) Denotes the
number of times the member has earned
Winner’s Circle status.
J. Compton, San Fernando Valley (4)
E. H. Ezell, Mobile (2}
J. Merzthal, Perte (2}
B. A, Mikeska, Houston (1)
R. L. Peaslee, Detroit (1)
W. L. Shreve, Fox Valley (1)
G. Taylor, Pascagoula (2)
$. McGill, Northeast Tennessee (1)
T. Weaver, Johnstown/Altoona (1)
G. Woomer, Johnstown/Altoona (1)
R. Wray, Nebruska (1)

President’s Gulld

AWS Members sponsoring 20 or more
new Individual Members between June 1,
2003, and May 31, 2004.

President’s Roundtable
AWS Members sponsoring 11-19 new
Individual Members between June I,
2003, and May 31, 2004,
R. Purvis, Sacramento — 14
G. Taylor, Pascagoula — 13
P, Evans, Chicago — 12
T. Hart, Mobile — 12

Presidant’s Club
AWS Members sponsoring 6-10 new
Individual Members between June 1,
2003, and May 31, 2004.
K. Baucher, Fresno — 10
C. Daily, Puget Sound — 9
1. Powell, Triangle — 9
W. Drake, Jr., Ozark — 8
J. Compton, San Fernando Valley —7
P Walker, Qzark — 7

President’s Honor Roll

AWS Members sponsoring 1-5 new In-
dividual Members between June 1, 2003,
and May 31, 2004. Only those sponsor-
ing 2 or more AWS Individual Members
are listed.
R. Fontenot, Oklahormna City — 5
D. St.-Laurent, Northern Alberta — 5
B. Suckow, Northern Plains — 5
C. Wesley, Northwestern Pa. — 5
D. Wright, Kansas City — 5
S. Abarca, llfinois Valley — 4
B. Diephuis, Detroit — 4

Gl LY 2004

C. Dynes, Kern — 4

1. Smith, Columbus — 4

C. Boulden, North Texas — 3

K. Campbell, L.A./Intand Empire — 3
1. Cantlin, Southern Colorado — 3
C. Chilton, Qzark — 3

R. Culbert, L.A./Inland Empire — 3
B. Franklin, Mohile — 3

J. Greer, Chicago — 3

S. Jamaluddin, Long fsland — 3

T. Michols, West Ternessee — 3

R. Morris, Maine — 3

H. Shore, Tidsa — 3

G. Ullman, Lakeshore — 3

C. Casey, Arizona — 2

S. Colton, Arizona — 2

A. DeMarco, New Orleans — 2

E. Duplantis, San Antonio — 2

S. Henson, Spokane — 2

R. Holman, Florida Space Coast — 2
R. Johnson, Detroit — 2

P. Krishnasamy, India — 2

T. Lettich, Sacramento—2

S. Luis, Jr., Calif. Central Coast — 2
C. Morehouse, L.A./Trdand Ermpire — 2
G. Mulee, Rochester — 2

). O’Neal, Ozark — 2

R. Painter, Holston Valley — 2

5. Schrecengost, Pittsburgh — 2

T. Shirk, Tidewater — 2

R. Stobaungh, Jr., Carolina — 2

W. Strother, Lake Charles — 2

R. Warner, Utah — 2

M. Wilkes, Mahoning Valley — 2

R. Wright, Soeuthern Colorado — 2

Student Spongors

AWS Members sponsoring 4 or more
Hew AWS Student Members between June
1, 2003, and May 31, 2004, are listed,
D. Scott, Peoria — 67
G. Euliano, Northwestern Pa. — 42
R. Olson, Siouxland — 36
R. MNorris, Maine — 35
W. Kiethorn, East Texas — 34
H. Jackson, L.A./Inland Empire — 32
M. Pointer, Sierra Nevada — 27
C. Donnell, Northwest Ohio — 26
D. Hatfield, Tidsa — 26
F. Mong, Pittsburgh — 26
1. Sullivan, Mobife — 26
T. Buchanan, Mid-Ohio Valley — 25
S. Sivinski, Maine — 24
M. Arand, Louisville — 23
C. Overtelt, Southwest Virginia — 23
M. Wilkes, Mahoning Valley — 23
D. Combs, Santa Clara Valley — 22
D. Ketler, Williamerte Valley — 21
L. Davis, New Orleans — 20
E Juckem, Madison-Beloit — 20
D. Kowalski, Pittsburgh — 20
$S. Robeson, Cumberland Valley — 20
C. Daily, Puget Sound — 19

F. Wernet, Lehigh Valley — 19

J. Carey, Boston — 18

B. Chesney, Green & White Mts. — 17
T. Baldwin, Arrowhead — 16

). Daugherty, Louisvitle — 16

R. Durham, Cincianati — 16

A. Reis, Pittsburgh — 16

1. Hepburn, Johnston-Afltoona — 15
D. Roskiewich, Philadelphia — 15
M. Anderson, fndiana — 14

D). Vranich, North Flovida — 14

W. Harris, Pascagoula — 13

T. Strickland, Arizona — 13

K. Ellis, Central Pennsylvania — 12
A. Badeaux, Washingion D.C. — 12
W. Galvery, Long Bch/Orange Cty — 12
J. Miller, San Diego — 12

1. Smith, Jr., Mobife — 12

P. Walker, Ozark — 12

D. Weeks, Southwest Virginia — 12

J. Boyer, Lancaster — 11

G, Putnam, Green & White Mts. — 11
R. Tupta, Jr., Mitwaukee — 11

R. Williams, Ozark — 11

M. Koehler, Mitwaukee — 10

W. Komlos, Utah — 10

1. Pelster, Southeast Nebraska — 10
A. Vidick, Wyoming — 10

D. Zabel, Southeast Nebraska — 10
1. Albert, Johnstown-Altoona — 9

H. Browne, New Jersey — 9

G. Gammill, Northeast Mississippi — 9
W. Johnson, Portland — 9

S. Cotton, Arizona — 8

W. Howell, Sabine — 8

J. Mendoza, San Antonio — 8

). Morash, Boston — 8

R. Rux, Wyorming — 8

J. Swoyer, Lehigh Valley — 8

J. Compton, San Fernando Valley — 7
A. Dommer, Kern — 7

R. Gallagher, Jr., Lehigh Valley — 7
C. Kipp, Lehigh Valley — 7

A. QOchoa, San Francisco — 6

R. Richwine, fndiana — 6

M. Tryon, Utah — 6

J. Curney, Western Michigan — 5

J. Crosby, Atlante — 5

T: Kienhaum, Colorado — 5

J. Livesay, Nashville — 5

A. Mattox, Lexington — 5

S. MacKenzie, Northern Michigan — 5
W. Miller, New Jersey — S

H. Riviere, South Florida — 5

8. Williams, Central Arkansas —5

I. Claramitaro, North Central Fla. — 4
R. Douglas-Wells, Atlanta — 4

E Henry, L.A./Inland Empire — 4

S. Luis, Jr., Calif. Central Coast — 4
W. Menegus, Lehigh Valley — 4

J. Otivarez, Jr., Puget Sound — 4

D. Smith, Niagara Frontier — 4

W. Wilson, New Orleans — 4 &



Standards Notices

All AWS technical committee meet-
ings arc open to the public. Pcrsons
wishing to attend a meeting should con-
tact the staff seeretary of the commit-
tec as listed below at AWS, 550 NW
Leleune Rd., Miami, FL 33126, tclc-
phone (3065} 443-9353.

August 12, Technical Activities Commit-
tee. Columbus, Ohio. General meeting.
Staff contact: Peter Howe, ext, 309,

Standarda for PINS

Development work has begun on the
following new or revised standards. Di-
rectly and materially affected individu-
als are invited to contribute to the de-
velopment of such stundards. Those
wanting to participate may contact the
Staff Engineer listed with the document.

Participation on AWS Technical
Committees and Snbcommittees is open
to all persons.

B5.9:200X, Specification for the
Qualification of Welding Supervisors.
This standard cstablishes requirements
for the qualification of welding super-
visors. It describes how personnel are
qualified, the principles of conduct, and
the practice by which qualification may
be maintained. Stukeholders: Employ-
ers and supervisors of welders. Revised
stundard. Engineer: Steve Hedrick,
ext. 305.

D14.3/D14.3M:200X, Specification

for Welding Earthmoving, Construction,
and Agricultural Equipment. This speci-
fication applies to all structural welds
used in the manufacture of earthmov-
ing, construction, and agricultural
equipment. It reflects the welding prac-
tices employed by manufacturers within
the industry and incorporates various
methods that have been proven success-
ful by individual manufacturers. No re-
strictions are placed on the use of any
welding process or procedure, provided
the weld produccd meets the qualifica-
tion requirements of this specification.
No attempt is made to limit or restrict
technological progress in the welding of
earthmoving, construction, and agricul-
tural equipment, not should any such
limitation be inferred. Stakeholders:
Manufacturers of earthmoving, con-
struction, and agricultural equipment.

Revised standard. Engineer: Peter
Huwe, ext. 304,

Standards for Public Review

The American Welding Society
{AWS) was approved as an accrcdited
standards-preparing organization by the
American National Standards Institute
(ANSI) in 1979. AWS rules, as ap-
proved by ANSI, require that all stan-
dards be open to public review for com-
ment during the approval process. This
column also advises of ANSI approval
of documents. The fotlowing standards
are submitted for public review, A draft

copy may be obtained by contacting
Rosalinda O'Neill at AWS, Technical
Services Business Unit, 550 NW
Leleune Rd., Miami, FL 33126; tele-
phone (800/3035) 443-9353, ext. 451, e-
mail: roreifl@aws.org.

B2.1:200X, Specification for Welding
Procedure and Performance Qualifica-
tior. Revised standard — $77.00, ANSI
Public Review expires July 20, 2004,

ISO Draft Standards
for Public Review

Copies of the following draft Inter-
national Standard are availahle for re-
view and comment through yonr na-
tional standards body, which in the
United States is ANSI, 25 W. 43rd St.,
Fourth Floor, New York, NY, 10036;
telephone (212) 642-4900. Any com-
ments regarding 1SO doeuments should
he sent to your national standards body.

In the United States, if you wish (o
participale in the development of Inter-
national Standards for welding, contact
Andrew Davis at AWS, 350 NW
Leleune Rd., Miam, FL, 33126; tele-
phone (303) 443-9353, ext. 466, e-mail;
adavis @aws.org. Otherwise contact
your national standards body.

1SO/DIS 10042 — Welding — Arc-Welded
Joints in Aluminum and Its Alloys —
Quality Levels for Imperfections. ¢

AWS Foundation Scholarship Update

The American Welding Society
Foundation’s Harlcy Davidson Raffle
raised more than 35500 to be used to
fund welding scholarships to high school
and college students. Robert Flores of
La Porte, Ind., won the 1200 Custom
Sportster Harley-Davidson motorcycle.

The drawing took place April 8 dur-
ing the 2004 AWS Welding Show in
Chicago, 1lI.

AWS Foundation scholarships sup-
port the growth and development of the
welding industry. In 2003, it awurded
more than $400,000 in scholarships to

275 students. Financial support from
companies and individuals in industry
is crucial to the success of the programs.

Visit www.aws.org/foundation; orec-
mail: vpinsky@aws. org; or call (800) 443-
9353, ext. 212, for information on AWS
Foundation scholarships and programs.

Let AWS Help You Find a Job or an Employee

Jobfind, an AWS free service for joh
seekers, is the right place to start look-
ing for a job, a better position, or hiring
thut needed emplioyee. Here is the meet-
ing place for welders, CWIs, cngineers,
technicians, welding managers, supervi-
sors, and consulrants.

Companies can post, edit, and man-

age job listings easily, have access to a
résumé database of qualificd people,
look for candidates who match emplay-
ments needs for full- or part-time work,
and wse either 30-day or unlimited
monthly postings at reasonable cost.
All job seekers enjoy free access to
joh listings specific to the materials join-

ing industry. They can post a public or
confidential résumé in a searchable
datahase, und apply directly online for
positions with prospective employcrs.
They also can edit a résumé at any time
and npload additional résumés without
cost, Check out Jobfind first, it's online
at wwwaws. org/jobfind.
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membership

supporters

Supporting Companies
All Steel Consultants, Inc.
6162C I5th St E

Bradenton, FL 34203

DDS, Inc.
4121 Wagon Trail Ave.
Las Vegas, NV 89118

ICON Shelter Systems, Inc.
7900 Logistic Dr., Ste. C
Zeeland, M1 49464

Educational Institutions
Blackstoune Valley Regional Vocational
Technical High School

65 Pleasant 5t,

Upton, MA 01508

Garden City High School C.C.
1412 N Main
Garden City, KS 67846

Middle East Industrial Training Centre
FEO. Box 33229
Mafrag, Abu Dhabi, U.AE.

Senai Centro de Technologia de Solda
Rua Sao Francisco Xavier #601
Rio de Janiero, RJ 20.550-011, Brazil

Distributor Members
EWIE Co,, Inc.

1099 Highland Dr.

Ann Arbor, MI 48108

Affiliate Companies
Herco, Inc.

92 Hill Ave,

Fort Walton Beach, FL 32548

Liberty Welding Co.
1235 Washington Blvd.
Piusburgh, PA 15206

PBPF Fabrication, Inc.
1117 § Tripp Ave.
Odessa, TX 79763

R. 1. Ilten
10170 Beech Ave,
Fontana, CA 92335

Robert Mitchell, Inc.
350 Decarie
St. Laurent, QC, Canada H41. 3K5

Ruffner’s Railroad Services, Inc.
2451 Rainbow Ct.
Cincinnati, OH 45230

Sanweld Industries
25 Sonthgate St.
Worcester, MA (1610

new
sustaining
members

Did you know?

As an AWS Sustaining Company
Member yon are entitled to have up to
ten Todividual Members on your com-
pany’s roster at no extra charge.

You can even add your customers to
your roster as a special “thank you” to
them.

AWS Welding Distributor Members
enjoy five Individual Memberships (a
$375 value), a listing on the Distributor
Locator Map on the AWS Web site with
a hyperlink to take visitors directly to
their Web page.

Educational Institution Members re-
ceive three Individual Memberships,
Each Member receives the Welding
Journal and The American Welder pub-
lications, discounts on AWS publica-
tions and American Welder™ products.

To abtain member application forms
or more information, contact AWS
Membership Dept., (800) 443-9353, ext.
259; or e-mail: marthac@aws.org.
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membership

counts
Member As of
Grades 6/1/04
Sustaining Companies ..o 408
Supporting Companies®.........coocee.. 203
Educational Institutions..., 332

Affiliate Companies ...... 235
Welding Distributor Companies ...... 49

Total Corporate Members .. 1,227

* During March 2003, the Seciety tnifiated the
Welding Disirbuaor Company membership category.
Thase Supporting Cormparny mernbers identified as
welding distributors were af that time upgraded to this
HEW corporate rrertber Caicgon.

Individual Members ... 42,084
Student & Transitional Members..4,511

Total Members ......ocrnnees 47,495

CRYOSTAR USA
2670 Lehigh St.
Whitehall, PA 18052

Representative: Mark Sutton

Cryostar provides equipment solu-
tions to the cryogenic industry, includ-
ing centrifugal single- and multistage,
reciprocating, turbo-expanders, hoil-off
gas compressors for industrial gas,
LLNG, and hydrogen applications. Its
equipment features increased reliabil-
ity, safety of operation, ease of installa-
tion, and reduced maintenance costs.

METKA S.A.
11 Marinou Antipa St.
N. Traklio. Athens 141-21, Greece

Representative: Demetris Poulakis

Metka 5.A. has been a leading con-
tractor in the energy and defense sec-
tors in Greece for 35 years. With head-
quarters in Athens, it maintains two in-
dustrial facilities in Volos {(in central
Greece near the Volos port).

Metka employs more than 500 expe-
rienced and skilled personnel, includ-
ing 120 highly qualified engineers with
expertise in the fields of energy proj-
ects, sophisticated metal constructions,
and defense projects.

ARC SPECIALTIES, INC.
7775 Littie York Rd.

Houston, TX 77016
Representative: Damel W. Aliford

ARC Specialities, founded in 1983,
designs and builds automated manufac-
turing systems, robots, and custom
equipment with emphasis on weld join-
ing, overlay, cladding, cutting, and form-
ing. ARC is a major supplier for engi-
neering services, process development,
systems integration, service, parts, and
training. ARC Specialties has installed
and supported systems worldwide. Its
success in the marketplace is due to a
combination of experience, reputation,
equipment functionality, and cutting-
edge technology.






























Guide to AWS Services

550 NW LeJeune Rd., Miami, FL 33126

Phone (800} 443-9353; (888) WELDING; FAX (309) 443-7559
internet: www.aws.org
Phone extensions appear in parentheses.

AWS PRESIDENT

Jamee E. Greer ........... profiimgaol com
Moraine Valley Community College

248 Circlegate’ Rd., New Lenox, IL 603451

ADMINISTRATION
Executive Director
Rey W. Shook.. rhookfoaws.org ... (210

Preputy Executive Directors
Jeftrey R. Hufeay .. hufsey@aws.ong ....(264}

John J. McLaughlin.. jackmiows.org ..(235)

CFO/Deputy Execuotive Director
Frank R. Tarafa.. terefu@anwsorg ... {252)

Corporate Director of Quality
Munagement Systems
Linda K. Henderson.. lindakiiaws.org (29%)

Executive Assistant for
Board Services and 1I'W
Gricelda Manalich.. gricefdaicaws.arg (294}

MHUMAN RESOURCES
Director
Luisa Hernandez.. luisa (Eaws.org u.....(200)

DATABASE ADMINISBTRATION
Corporale Director
Jim Lankford.. jim!@aws.ong ... ... (214)

INTERNATIONAL
INSTITUTE OF WELDING

Information. sissiawsorg . (319)

Provides Haison activities involving ether pro-
fessional societies and standards organizations,
nationally and internationally.

QOVERNMENT LIAISON SERVICES
Hugh K. Webster .......... hwebsterfiwe-b.com
Webster, Chamberlain & Bean

Washingion, D.C.

(202) 456-2976; FAX (202) 835-0243

IdcntiFies funding sonrces for welding educa-
tion, research, and development. Monitors leg-
islative and regolatory {ssues of importance 1o
the industry.

BRAZING AND SOLDERING
MANUFACTURERS' COMMITTEE
Jeff Weber.. jweber@aws.org ... (246

WELDING EQUIPMENT
MANUFACTURERS' COMMITTEE
Mary Ellan Mills.. memills@aws.org ......(444)

WELDING INDUSTRY NETWORK (WIN)
Mary Ellen Milla.. memilis@oaws.org .....(444})

CONVENTION & EXPOSITIONS
Exhibiting Information ... {242, 295)

Associate Executive Dircctor/Sules Director
Jeft Weber.. jwchor@uws.org ... (246

Director of Convention & Expositions
John Ospina.. jospinatiaws.oig.....

Organizes the annual AWS Welding Show and
Convention. Regulates space assignments, reg-
istration materiuls, and other Expo activities.
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PUBLICATION SERVICES

Department Information ... 275)
Managing Director

Andrew%ullison.. cullison@aws.org......(249)

Walding Journal
Publisher/Editor
Andrew Cullison.. coflisonfwaws.org......(249)

National Saies Director
Rob Saltzstein.. sulty@@anws.org ... (243)

Welding Nandbook
Welding 1andback Editor
Annetta O’Brlen.. aobricnicans.org ......(303)

Publishes the Society's monthly magazine,
Welding Joumal, which provides in?ormation an
the state nf the welding dustry, its technal-
‘T)g\y. and Sacicty activities. Pubiishes Inspection

rends, the Weldimg Handbook, and books on
general welding subjects.

MARKETING
Corporate Direaior
Bob Bishopric.. bhishidews.om...e. (213)

Plans and coordinates marketing of AWS prod-
ucts and services.

Marketing Communicatione
Senior Manager
George Leposky.. gleposkyieaws.ong .. (416)

Manager

Amy Nathen.. nathanGoaws.ong. ..., (308}
MEMBER SERVICES

Department [nformation .......co..cee..ee... {480)

Associate Executive Director
Cacgie R. Burrell.. churelliaws.org ....(253)

Director
Rhenda A. Mayo.. diendatiaws.org ......(200)

Serves as a liaison between Section members and
AWS headguarters. lnforms members ahout
AWS benefits and activities.

PROFESSIONAL INSTRUCTION
SERVICES

Managing Dircctor

Debirah C. Weir.. dweirt@aws.ong ..........(482)

Proposes new products and services. Re-
searches effectiveness of existing programs.

Educational Product Development
Director
Christopher Pollock.. cpafiockiiaws.org(219)

Responsible for tracking the cftectiveness of
existing programs aud for the orchestration of
new product and service development. Coordi-
nates in-plant semitars and workshops. Admin-
isters the S.E.N.S.E. program. Assists Gavern-
ment Liaisen Committee with advocacy cftorts.
Warks with Education Committees to dissemi-
ntate information on careers, national educa-
tion and training trends, aud schools that offer
welding training, ceruificates or degrees.

Conferences and Seminars
Director
Giselle I Hufsey.. gisellet@aws.org ... (278}

Responsible for conferences, exhibitions, and
seminars an topics ranging from the basics
1o the leading edge of technology. Organizes
CWI, 5CW), and 9-Year Renewal certification-
driven seminars.

CRRTIFICATION OPERATIONS
Director
Tarry Perez.. ipercz@aws. org «oceocevcreenn (470)

Information and application materials on certi-
tying welders, inspectors, and educators..(273)

INTERNATIONAL BUSINESS
DEVELOPMENT

Director

Walter Herrera.. walter@aws ot e (475)

AWS AWARDS, FELLOWS, and
COUNSELORS

Managing Director

Wendy S, Reeve.. wreeve@uws.org . ......(293)

Coordinates AWS awards and AWS Fellow
and Counselor nominees.

TECHNICAL SERVICES
Department Informaion .........cuwn {340)

Managing Director

Andrew R. Davis.. adavis@aws, org......{466)
International Standards Activities, American
Council of the International Lnstitute of Weld-
ing (11'W)

Director, National Standards Activities

Pater Howe.. phowei@aws.cng.......c..or. (309)
Mazchinery & Equipment Welding, Robotic &
Autamatic Welding, Computerization of Weld-
ing Information,

Manager, Safety and Health

Stephen P. Hedrick.. sicveh@aws.org (305)
Metric Practice, Personnel & Facilitics Qualifi-
cation, Safety & Health, Joining of Plastics &
Cowositcs, ASC Committee on Safety, Plas-
tic Welding Qualification

Technicei Publicetione
Seniior Manager, i
Rogalinda O'Neill.. raneiil@aws.org ..(451)

AWS publishes more than 20 technical standards
and publications widely used in the welding in-
dustry.

Englneers

Harold P, Elligon.. ellison@aws.org ....{299)
Welding in Sanitary Applications, Aulomotive
Welding, Resistance Welding, High-Energy
Beam Welding, Aireraft and Aerospace, Oxy-
fuel Gas Welding & Cutting.

John L. Ge‘y]er..gayter@awx.am NP & Fitd
Strociural Welding, Welding lron Castings

Rakesh Gupta.. gupta@aws.org ........{301}
Filler Metals & Allied Matcrials, International
Filler Metals, Instrumentation for Welding.

Cynthia Jenney .. C_ynthiaj@aws.og,’ {304}
Definitions & Symbuols, Brazing & Soldering, Braz-

ing Filler Metals & Fluxes, Technical Editing.

Richard McGInnig.. richard@aws.org..(471)
Procedure & Performance Qualification, Rail-
road Welding, Mechanical Testing of Welds,
Methods of Inspection. ;

Brian McGrath . hmgrath@aws.org ......(311)
Thermal Spraying, Arc Weldin% & Cutting,
Welding in Marinc Construction, iﬁyi?& & Tub-
ing, Friction Welding, Joining Metals & Alloys,
Titanium and Zirconium Filler Metals,

Note: Qfficial interpretations of AWS standards
tnay be obtained only by scndir;g a request in writ-
ing 1o the Managing Director, Technical Services.
Oral opinians on AWS stundards may be ren-
dered. Haowever, such opinivns represent only the
personal apinions of rﬂe particular individuals

iving them. These individuals do not speak on

chalf of AWS, nor do these oral opinions con-
stitute official or umgj‘?ciui opiniuns or interpre-
ttions of AWS. Dt addition, oral upinions are in-
formal and should not be used as a substitute for
an official interpretation.

WEB SITE ADMINISTRATION
Director
Keith Thompson.. keiko@aws.org ........{414)






Nominees for National Office

Only Sustaining Memhers, Members,
Honorary Members, Life Members, or
Retired Members who have been mem-
bets for a period of at least three ycars
shall be eligible for election as a Direc-
tor or National Officer.

It is the duty ol the National Nominat-
ing Committee to nominate candidates for
national office. The committee shall hold
an open meeting, preferahly at the Annual
Meeting, at which members may appear to
present and discuss the eligibility of all
candidates.

To be considered a candidate for posi-
tions of President, Vice President, Trea-
suret, or Director-at-Large, the following
qualilicutions and conditions apply:

President: To be cligible to hold the
office of President, an individual must
have served as a Vice President for at
least one year.

Vice President: To be eligible to hold
the office of Vice President, an individ-
ual must have served at least one year
as a Director, other than Executive Di-
rector and Secretary.

Treasurcr: To be eligible to hold the
ottice of Treasurer, an individual must
be a member of the Society, other than

a Stndent Member, must be Irequently
availuble to the National Office, and
should be of cxceutive status in business
or industry with experience in financial
alfairs.

Director-at-Large: To be eligible for
election as a Dircctor-at-Large, an indi-
vidual shall previously have held office
as Chairman of a Section; as Chairman
or Vice Chairman of a standing, techni-
cal or special committee of the Society,
or as District Dircctor.

Intcrested parties are to send a let-
ter stating which particular office they
are seeking, including a statement of
qualifications, their willingness and abil-
ity to scrve if nominated and elected,
and 20 copies of their bitographical
sketch.

This material should be sent to
Ernest D, Levert, Chairman, National
Nominating Committee, American
Welding Society, 550 NW Leleune Rd.,
Miami, FL 33126,

The next meeting of the National
Nominating Committee is currently
scheduled for April 2005. The term of
oitice for candidates nominated at this
meeting will commence June 1, 2006. ¢

Honorary-Meritorious Awards

The Honorary-Meritorious Awards Committee makes recommendations for the nomi-
nees prescnted for Honorary Membership, National Meritorious Certificate, William [rrgang
Memorial, and the George E. Willis Awards. These awards are presented during the AWS
Exposition and Convention held cach spring. The deadline for subimissions is July 1 prior to the
year of awards presentations. Send candidate materials to John J. Mclaughlin, Secretary,
Honorary-Meritorious Awards Committee, 550 NW LeJeune Rd., Miami, FL 33126. A descrip-

tion of the awards follow.

National Meritorioua Certificate
Award: This award is given in recognition
of the candidate’s counsel, loyalty, and de-
votion to the affairs of the Socicty, assis-
tance in promoting cordial relations with
industry und other organizations, and for
the contribution of time and effort an be-
hulf of the Society.

Wiliiam Irrgang Mamoriai Award:
‘This award is administered by the American
Welding Society and sponsored by The Lin-
coln Electric Co. to honor the late William
frrgang, [tis awarded cach year to the indi-
vidual who has done the most to enhance
the American Welding Socicty’s goal of ad-
vancing the science and technology ol weld-
ing over the past five-year period.

Gaorge E. Wliilis Award: This award
is administered by the American Welding
Socicty and sponsored by The Lincoln
Electric Co. to honor George E. Willis, It
is awarded each year to an individual for
promoting the advancement of welding in-
ternationally by fostering cooperative par-
Licipation 1n aregus such us technology
transfer, standards rationalization, and
promotion of industrial goodwill.

Intarnational Meritorioua Ceartifi-
cate Award: This award is given in recog-
mtion of the candidate’s significant contri-
butions to the worldwide welding industry.
This award should reflect “Service to the
International Welding Community” in the
broadest terms. The uwardee is not re-
quired to be a member of the American
Welding Society. Multiple awards can be
given per year as the situation dictates. The
award consists of a certificate to be pre-
scnted at the awards luncheon or at an-
other time as appropriate in conjunction
with the AWS President’s travel itinerary,
and, if appropriale, 4 one-vear member-
ship in the American Welding Society,

Honorary Mambership Award: An
Honorary Member shall be a person of ac-
knowledged eminence in the welding pro-
fession, or who is accrediled with excep-
tional accomplishments in the develop-
ment of the welding art, upon whom the
American Welding Society sees fit to con-
fer an honorary distinction. An Honorary
Member shall have full rights of member-
ship. ¢

TeleWeld
FAX: (305) 443-5951

Publications Seles/Orders
Global Engineering Documents
(R00) 854-7179 or (303) 397-7956,
or online at: www.global ihs.com.

Reprints

Order quality custom reprints from
Claudia Stachowiak, FosteReprints,
telephone (866) 879-9144 ext. 121, or
e-mail at salesi@fostereprints.com.

AWS Mission Statement

The mission af the American Welding
Society is to advance the science,
technology, and application of welding
and allied processes, including
Joining, brazing, soldering,
cutting, and thermal spray.

1t is the intent of the American Weld-
ing Society to build AWS to the highest
quality standards possible. The Sacicty wel-
comes your suggestions, Please contact any
of the staff listed on the previous page or
AWS President James E. Greer, Moraine
Valley Community College, 248 Circlegate
Rd., New Lenox, I1. 60451,

AWS Foundation, inc.

550 NW LeJeune Rd., Miami, F1. 33126
(305) 445-6628; (800) 443-9333 cxt, 293
e-mail: vpinsky{@aws.org
general information
(800} 443-9353, ext. 689

Chairman, Board of Trustees
Romald C, Pierce

Executive Director
Ray W. Shook

Managing Director
Wendy S. Reeve

The AWS Foundation is 1 not-for-profit
corporation established to provide support for
educational and scientific endeavars of the
American Welding Society. Information cn
gift-giving programs is available upon requcest.
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Resistance Spot Welding of Aluminum Alloy
to Steel with Transition Material —
Part II: Finite Element Analyses
of Nugget Growth

An aluminum-clad steel transition fayer can be used in forming a
structural weld between alurminum and steel parts

ABSTRACT. This paper summarizes
waork on finite clement modeling of nugget
growth for resistance spot welding of alu-
minum alloy to steel. 1t is a sequel to a pre-
vious paper on experimental studies of re-
sistance spot welding of aluminum to steel
using a transition material. Since alu-
minum alloys and steel cannot be readily
fusion welded together due 1o their dras-
tically different thermal physical proper-
ties, o cold-rolled ¢lad material was intro-
duced as a transition to aid the resistance
welding process. Coupled electrical-
thermal-mechanical finite element analy-
ses were performied to simulate the nugget
growth and hecat generation patterns dur-
ing the welding process. The predicted
nugpet prowth results were compared to
the experimental weld cross sections. Rea-
sonable comparisans of nugget size were
achicved. The finite clement simulation
procedures were also used in the electrode
selection stage to help reduce weld expul-
sion and improve weld quality,

Introduction

Steel and aluminum are the most im-
portant construction matcrials for the
mass production of today's automaotive
structures. 1t is well known that metallur-
gical honds between aluminum and steel
are difficult to achicyve with fusion welding
hecause of the inherent discrepancies in
electrical, thermal, and mechanical prop-
ertics between the two muterials. For [u-
sion welding processes such as direct re-
sistance spot welding (RSW), little or no
mutual solubility of aluminum and steel
exists, The intermetallic compound that is

X, SUN is with Battelle Memorial Institine,
Cofumbus, Ohio. M. A. KHALEEL is with
Pacific Northwest National Lahoratory,
Richland, Wush,

BY X. SUN AND M. A. KHALEEL

formed between the two mietals often re-
sults in cracking, hrittleness, and suscepti-
hility to corrosion. The use of a transition
material to lacilitate the spot welding
process of aluminum to steel is a concept
that has shown promise in the past (Refs.
1, 2). Use of this transition insert allows
for two scparate weld nuggets to be
tormed in their respective aluminum/alu-
minum and steclfsteel interfaces. Bonding
a1 the aluminum/stee] interface s
achicved by the cold-clad process (Ref. 1).

Very few previous studics exist on this
subject matter, and almost all of these
studies focus on experimental nugget
growth studics using consceutive metal-
lurgical eross-sectioning. There is a lack of
fundamental understanding on the heat
generation und nugget growth kinetics us
well us the effects of different clectrode
comhinations on nugget growth kinctics.
The purpose of this study was to use the
incrementally coupled finite element
muodeling procedure to simulate the heat
generation and nugget formation se-
quence in resistance welding of aluminum
to steel with a transition layer. As dis-
cussed in Part 1 ol this study. the trapsition
luyer used was o cold-rolled clad material
of aluminum to steel with 20% cladding
ratio. The process development and joint
performance issues were addressed in Part
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1 of this study using experimental ap-
proaches. The following welding parame-
ters were used for spot welding of 2-mm
5182-0 to 1.4-mm SAE 1008 with 1.5-mm-
thick transition matcrial:

¢ Electrode on Al side: 3t-deg truncuted
cone Class 2 electrode with 8-mm face
diameter and 3-in. face radius

¢ Electrode on steel side: 30-deg trun-
vated cone Class 2 clectrode with §-mm
diameter, tlat-faced

« Electrode farce: 1050 1b-It,

*+ Welding current: 13.6 kA with 974
heat

« Welding schedule: 3 pulses of [ 12 cyeles
welding + 3 cyeles halding]

* Cooling water flow rate: 1.75 gallons
per min

With the rapid advancements in soft-
ware and hardware for scientific comput-
ing, Minite element weld process simula-
tion has been a powerful tool in
understanding the fundamental physics
associated with the resistance spot weld-
ing process. Several authors have devel-
oped ditlerent finite element models to
address various aspects associated with
the resistance spot welding process.
Among them are Nied {Rel. 3), Tsai et al.
(Ref. 4), Sheppard (Ref. 5), Murakawa
{Ref. 6), und Dong et al. (Ref. 7). Most of
the above-mentioned studies use sequen-
tially coupled linite ¢lement modeling in
which & one-step clectrical-thermal analy-
sis is performed after the initial meehani-
cal analysis of the holding cycle. Nao
changes in contuct ureas between the elec-
trode and worksheet are monitored and
updated during the modeling process.

Dring actual welding, however, the
contact arca changes on the faying inter-
face und the two electrode/sheet inter-
faces cun significantly influence the heat
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Fig. 8 — Predicted evolution of contact radii on different fnterfaces
during the first welding pulse.

ified on their upper and lower [Tee edges.
Figures 5-7 show the tcmperature-depen-
dent physical properties used for the ma-
terials during the entire maodeling process
(Refs. 13-16).

The contact electrical conductance fur
the  faving interfaces and  the
electrode/sheet inlerfaces is determined
using the formulation developed by Li et
al. {Ref. 8):

i

|
hoRA o0 ot
PR A vt =T g

in which 7. is the Lorentz constant; 7 is the
solidus temperature of the interface; and 1,
is the interface temperature (both in
Kclvin). For most metals, /. is found to be
around 2.4 107 {F°K). The contact radins
r, for the electrode-sheet interfaces and the
faying intetface is extracied from the previ-
ous increment mechanical analysis results.
The sulidus temperatures 7, for differemt
interfaces used in the analyses are

[ ——c ) U
© bt heminm: SS[VT‘

Tt e = 1200°C

T , = SO0EC

s electrode i

The temperature distribution com.
puted from the abave clecirical-thermal
analysis for a cerrain time increment is
then imposed as thermal loading condi-
tions for the subsequent thermal-mechan-
icad analysis module. This updating proce-
dure repeals itsell for a specific time
increment. i.e., the updating frequency,
until the entire welding cycle is torally
completed. The flowchart of the analysis
procedure is shown in Fig. | The entire
analysis procedures are fully auiomated
with u suite of user-interface routines.

Results and Discussions
Nugget Development Study

The modeling procedure deseribed
abnve was used to simulate the RSW
process of aluminum to steel with transi-

tion clad material. In the coupled finite ¢l-
cment analyses, the updating frequency
for the first welding pulse (12 cycles of
welding current) was set to be ¥4 cycle to
capture the rapid changes of the contact
radii on different interfaces as depicted in
Fig. 8 Toward the end of the first welding
pulse, the contact radii on different inter-
laces reached their respective plateaus,
then single-step thermal-elcetrical analy-
ses were performed for the subscquent
second and third welding pulses.

‘The predicted nugget shape and size
compared with the weld cross sections
from the actual weld samples are shown in
Figs. 9-13. Tt should be mentioned that
since aluminum and steel have different
melting temperatures, different contour
scales had to be used in plotting the tem-
perature contours of the model prediction
in order to show molten zoues in both alu-
miminm and steel in one piclure. in Figs.
9-13, the red areas in the predicted results
reptesent mollen metal, and the gray
areas in the predicied results represent
rase material: light gray for aluminum and
dark gray for steel. The sharp (ransition
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lact area on the faying interface needed to
he established. This was achicved by ma-
chining off the radius portion of the elec-
trode tip on the steel side. Using the same
welding parameters, the predicted fusion
zone size at the end of the welding cycle
for this electrode combination is shown in
Fig. 16. Compared with the fusion zone
shape and contact area al the alu-
minum/aluminum interface with the re-
sults in Fig. 15, this new pair of electrodes
oifers much larger contact area to contain
the molten aluminum and thercfore
should reduce Lhe occurrence of weld ex-
pulsion. Indeed, the experimental welding
triuls validated this prediction. Therefore,
this pair of electrodes with modified elec-
trade tip on the steel side was nsed for fur-
ther weld sample tabrication.

Conclusions

The objective of this research was to in-
vestigate whether spot welding between
aluminum and stee] can be achicved using
a transition material. Both experimental
welding trials and finite element simula-
tions were used in determining the opti-
mal clectrode combinations and welding
parameters. The nugget formation
process was then examined nsing consec-
utive metallurgical cross-sectioning and {i-
nite clement analyses. 1t was found that
two distinct fusion zones formed during
the spot welding process ol aluminum to
steel using a transition aluminum-clad
steel strip. The nugget on the stecl side is
a regular, elliptical weld with dendritic
grain structure inside the nugget region.
The nugget on the aluminum side is the
top hulf of the elliptical shape. 1t demon-
strated that the incrementally coupled fi-

- -
AL ]
nite clement simulation procedure can be
used ta study the nugget growth kinetics
during the welding process. The analysis
procedure was also used in rationalizing
the welding test resulls and in selecting the
final clectrode combinations for weld
coupon fahrication.

Together with the results of Part 1 of
our study, this study suggests that the alu-
minum-clad steel transition layer can be
used in forming a structural weld hetween
aluminum and steel. Moreover, it can be
uscd as 4 material transition hetween the
aluminum parts and the steel parts of a ve-
hicle to optimize safety and weight redue-
tion of a particular vehicle design.
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An Investigation on the Effects of
Gases in GTA Welding of a Wrought
AZ80 Magnesium Alloy

Argon, helium, and nitrogen, some enriched with hydrogen,
were investigated for their effects on melting and penetration

BY M. MARYA, G. R. EDWARDS, AND S. LIU

ABSTRACT. Magnesiuim alloy compo-
neats are frequently gas tungsten arc
welded despite magnesium's high thermal
diffusivity. Gases such as argon, helium,
and nitrogen —— enriched or not with hy-
drogen — have been investigated to de-
termine if melting, and in particular weld
penctration, can be increased. Images of
the arcs, voltuge readings, dimensions, de-
fects, and microstructure of weld fusion
zones have becn cxamined. Due to a
greater first ionization potential, helium
increased the constant-current voltage
and created more melting than argon.
With diatomic gases such as nitrogen and
hydrogen, voltage and weld dimensions
were even {urther increased. However, hy-
drogen caused porosity, and nitrogen in-
teracted with magnesium by leaving a ni-
tride deposit at weld surfaces. While
consequences of alloying with nitrogen
were probably not disadvantageous, hy-
drogen pores were of greater concern,
Both welding parameters and hydrogen
corieenlration in the arc almosphere were
important in controlling porosity. The
two-dimensional heat-flow conditions of
fully penetrating welds were capable ol
eliminating porosity und could make weld-
ing with hydrogen udditions a possibility to
consider.

Introduction

The demand for vehicles with im-
proved fuel efficiency has created greater
incentives tor the engineering of compo-
aents ol aluminum and magnesium.
Among other attractive propertics, mag-
nesium alloys have two-thirds the density
ot ubuminum alloys, and their strength-to-
weight ratios are greater. However, indus-
trial cxploitation of magnesium alloys is
still restrieted, partly due to magnesivm’s

low formability. To date, magnesium com-
poncnts are mainly cast, but routes arc
heing developed to produce formable
magnesium dlloy sheets, fn the absence of
sheet products, welding has been confined
to isolated applications (Ref. 1), However,
realizing that welding, fike forming, would
open g whole new range of applications,
weldability of magnesium alloys has re-
cently heen investigated with a vaciety of
processes, particularly pas tungsten arc
welding (GTAW), laser beam welding, and
friction stir welding (Refs. 1-5). Of all
commercial magnesium alloys, those with
aluminum as the primary alloying element
are most weldable using any of these three
processes (Refs. 2-6). With ure welding
processes, lack of weld penetration is geo-
erally  limitation of the magoesium al-
loys. 1o arc welding with a nonconsumable
tungsten electrode (i.c., GTAW), the clee-
tric are is siruck by applying a direct cur-
rent, an alternatiog current, or a current
with other waveforms. For magnesium al-
loys, alternating current offers a major ad-
vantage over the direct current to initiate
a weld pool, and this advantage is the ca-
thodic cleaning of the magnesia covering
the surfaces { Ref. 6). However, compared
to direet current where the electrode is
negative and operates as a cathode, alter-
nating current lowers the heat input to the
buse malerial and produces shallower
welds, especially when argon is selected
over helium (Refs. 6-8). Here, the addi-
tion of a diatomic pas, like hydrogen (115)
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or nitrogen (N4), to a monatomic gas, like
argon {Ar) or helium (He), is proposed to
increase the melting of magnesinm alloys
during GTA welding.

While hydrogen and nitrogea have
heen safely introduced to argon or helium
for increasing weld penetration in transi-
tion-metal alloys, their use has not been
reported for joining magnesium. The
magnesium-hydrogen phase diagram
{Ret. 9} shows thal hydrogen solubility in
magnesium decrcases by about 25 wi-%
when magnesium solidifics at 650°C. This
characteristic alone indicates that hydro-
gen accumulaies rapidly al the solidAiquid
interface, and if hydrogen partial pressure
is sufficicnt, gaseous bubbles will form. 1n
general, pores appear in welds when the
ratio ol solubility al the average pool tem-
perature und at the melting temperature
{cither in the Tiquid phase or solid phase)
is high (Refs, 8—10). T'ie concentration of
a gas absorbed by the weld pool depends
upon its partial pressure in the the arc at-
mosphere and the temperatures at the
weld pool surface, Knowing that surface
temperatures of GTA weld pools must ap-
proach the material’s boiling temperature
(1090°C for magnesium) and that pure
magnesium solidifies ar 630°C, Sievert's
law can be applicd to estimate the propen-
sity of hydrogen (o generate porosity. For
hiquid magnesium (Ref. 10), Sievert’s law
can be represented as:

[H]:ﬁ(l%-p”ze(f 24\4()(1_)
(n

RT

where fH] is the 10tal volunie of hydrogen
in the liguid metal in mLAOO g, pis the par-
tial pressure of hydrogen in the are ex-
pressed in atmospheres, R is the universal
gas constant (831 Jmol-LK-1), and T is
molten metal temperature (in kelvin).
Equation 1 predicts that the equilibrium
solubilities at 1-atm hydrogen pressure for
1090° and 650°C are 70.6 and 25.3 mL/100
g, respectively, as validuled by indepen-
dent meusurements by Fromageau et al.
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Fig. 1 — Arc voltage with variows monatomic gases as o function of are cur-
rent and arc length during direct current electrode negative (DCEN) gas
tungster arc {GTA) welding of carbon steel (Ref. 7).

Fig. 2 — Electrical conductivity and enthalpy (Refs. 7, 20). und thermal con-
ductivity of several pure ionized gases as a function of tevperature (pressare s

ane atmosphere) (Refs. 7, 19).

{Ref. [1). It follows that hydrogen solubil-
ity in solid magnesium at the melting tcm-
perature, being about 25% less, is in the
vicinity of 19 mL/100 g. Although all these
values of solubility will he affected by weld-
ing, the proposed estimates using cquilib-
rium conditions are valuable to assess hy-
drogen potency in porosity formation.
Equation 1 shows that the pressure re-
quired io keep all the hydrogen gas in so-
lution is (70.6/25.3)> = 7.8 atm when the
pool cools from 1090° to 650°C. For gas
hubbles to form, which requires that the
amount of dissolved hydrogen exceeds the
equilibrium solubility at 1-atm hydrogen
pressure, the hydrogen partial pressure at
1050°C must be greater than 1/7.8 = 0,13
atm (i.e., hydrogen concentration must ex-
ceed 13% of the arc atmospherc). This cal-
culation shows that the minimum concen-
tration of hydrogen to induce porosity is
significant in magnesium. A compurable
calcolation for aluminum would show that
hydrogen partial pressure is smaller hy
about two orders of magnilude (Ref. 8).
This prediction that hydrogen polency to
produce pores in magnesium is fur less
than in aluminum has been verificd by
comparing data from various investigators
(Refs. 12, 13). However, no research to
date has estahlished if hydrogen is always
detrimental to magnesium during welding,
Similarly, the effects of nitrogen have not
heen reported. Further, since the magne-
sium-nitrogen phasc diagram has not been
entirely established (Ref. 14), it is even dil-
ficult to predict the potential effects of ni-
trogen on the weld fusion zone. Based
upon work of Aizawa et al. on plasma
sprays (Ref. 15}, an alloying with nitrogen
may he expected for the weld region, and
this alloying could in fuct result in an im-
proved corrosion resistance. However, the
literature does not tell how nitrogen will
influence the arc and especially how nitro-
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gen comparcs to the other gases under
comparable welding conditions.

This research pursues complementary
objectives: 1) determine if diatomic gas ad-
ditions can increase GTA weld penetration
in magnesium alloys, 2} determine if hy-
drogen can be introduced to argon or he-
lium, and 3} investigate the role of nitrogen
during arc welding of magnesium. In this
paper, the physical propertics of gases are
first discussed, followed hy a description of
the experimental procedure and results.
The diseussion of the results first ad-
dresses the effects of gases on the arc, and
then their effects on melting, defect for-
mation, and fusion zone microstructure.

Physical Properties of Gases

In GTA welding, the voltage estab-
lished between the nonconsumable tung-
sten electrode and the base material is
normally self-regulated to deliver u con-
stant current. With the current being ap-
proximately invariant, Ohm’s law indi-
cates that voltage and electrical
conductance of the arc arce inversely pro-
portional. The conductance of the arcis a
function of its dimensions, particularly the
distance between the electrode and the
base material (i.c., the arc length), as well
as the kacal values of its electrical conduc-
tivity, As a simple definition, the electric
arc is a sustained discharged plasma with
physical properties that relate mainly to
the ionization of its gascous species. In the
arc, electrical conductivity is greater
where electrons are generated at low tem-
peratures. A monatomic gas, thus a gas
only consisting of unbound atoms in their
gascous state, has a high electrical con-
ductance when its first ionization poten-
tial (i.e., the encrgy burricr to release a
lirst electron) is small. The lower the gas
first ionization potential, the smaller is the

voltage necessary to produce 4 given cur-
rent, and the smaller are the energy and
thus the average arc temperature. Figure
1 (Refs. 7, 16) demonstratcs that voltage
across a GTA arc decreases noticcably
when gascs with 1 small first ionization po-
tential, as found going down the periodic
table, ure selected. Helium, hecause of its
high first ionization potential (24.6 cV),
conduets the current least and conse-
quently requires the greatest voltage of all
monatomic gases to carrv 4 given current.
Comparatively, arc voltages with argon
and particularly xenon are smaller as cx-
plained hy the smaller first ionization po-
tential of these two monatomic gases (15.6
¢V forargonand 12.1 eV for xcnon). Since
the current carrying capahility of the arc
depends upon its electron population, it-
self dependent upon the temperatures es-
tablished within the are, any properties
that would affect arc temperatures arc rcl-
evant to GTA welding. Thermal conduc-
tivity and specific heat arc therelore two
important properties that must be consid-
ered to understand the effects of the vuri-
ous gascs selected for this study.

For monatomic gases, electrical con-
ductivity, heat capacity, and thermal con-
ductivity all increase when first tonization
potential decreases (Refs. 7, 16). For di-
atomic gascs, the physical properties arc
strongly affected by the dissociation that
precedes the thermal ionization of the
gascous unbound atoms (Refs. 7, 18-20),
The dissociation energy of diatomic nitro-
gen is greatest (9.8 ¢V), followed by that
of diatomic oxygen (5.1 eV} and diatomic
hydrogen {4.5 ¢V) (Refs. 7, 19). Figurc 2
(Refs. 7,20y compares physical properties
of argon, helium, and scveral diatomic
gascs. The graph at the top-left corneris a
semilog representation of the electrical
conductivity as a function of temperature.
It is seen that electrical conduetivity of
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30.4).

the least heat, and therefore minimized
the hrightness of the arc on the captured
imnages. With a few exceptions, the images
exhibited good contrast and they were
clear enough for analyses.

By first examining the images of Fig. 3
from top to bottom, the influence of each
gas can be examined. The color of the arc
was [ound to vary with the composition of
the gases. Since temperatures, radiation
wavelength, and color are rclated, us
proven by emission spectroscopy, the col-
ors caplured on the images were impor-
tant features to cxamine. Behind the datk
filter, the arcs with pure atgon were vel-
low. The additions of hydrogen caused
the yellow urcs of argon to become in-
creasingly greeu. The substitution of
argon by helium aud nitrogen produced
entirely green arcs. The arcs were also
considerably larger. A comparison of the
various argon arcs reveals that hydrogen
did not broaden the are, as could have
heen expected from the arc colorts oh-
served with helium and nitrogen. On the
contrary, the argon-hydrogen arcs ap-
peared as if they were constricted, which
was particularly apparent by examining
the brightest region of the 2.0- and 4.0
mm ar¢s. Based upon this observation,
the possibility was taised that fusion zone
penctration might be improved by the use
of hydrogen additions, likely through an
increase in current demnsity and thus
Lorenz electromagnetic foree.

The observation that arcs were nar-
rower in the presence of hydrogen is con-
sistent with Fig. 2, where both thermal
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conductivity and specilic heat are signifi-
cantly increascd by hydrogen, cspecially at
the low temperatures where hydrogen is
still in its diatomic form. In the arc pe-
riphery, where temperatures are lower
than in the arc central region, hydrogen is
therefore most cffective in restraining the
arc from expanding. In the case of the he-
lium enriched with 1% hydrogen, the arcs
did not appear to be us bright as the argon
arcs. The ares were also distinctively de-
flected in the direction opposite to the dis-
placement of the tungsten electrode. This
arc deflection was most evident when the
arcs were longer, as scen by comparing the
pictures of Fig. 3 from left to right.

Compared to the other gases, the arcs
produced with the nitrogen-tich gas were
noticeahly differcnt. Figure 3 docs not in-
dicate that these arcs were detlected. On
the contrary, they were quite symmetrical,
and therefore the direction of electrode
displacement, thus are deflection, could
not he determined, as was found with the
other gases. As shown in Fig. 3, the digital
images of the arcs with the nitrogen-rich
gas were also all blurry irrespective of the
welding parameters. These hazy imuges
were attributed to the heavy fumes en-
countered when welding was conducted
with this diatomic gas. Figure 3 shows that
the images corresponding to arc lengths of
0.5 and 1.0 mm exhihited the brightest fea-
tures. This observation could be indicative
of exceptionally high are temperatures,
and most probably high welding voltages,
since these two characteristics are largely
telated. as explained previously.

Voltage

Figure 4 shows five voltage-current
lines, all constructed from average voltage
readings with the different gases and all
accompanied with a least-square root
equation. The error bars indicate that
voltage readings were dispersed within a
range that represented ahout 10% of their
vilues. Pue to scatter, the voltage mea-
surements made with the different gases
occasionally overlapped. However, the
data points could still be properly fit using
five distinct straight lines, These five sep-
arate lines are prool thai electrical con-
ductance (defined us the ratio of current
over voltage) for the various arcs differed
noticeably. Also, the fuct that the five lines
were parallel (with a constant slope of 0.04
V/A) indicates that voltage and current
varied at 4 constant rate, and this rate did
not depend on the gas.

Regurdless of the current, the arcs with
pure argon exhibited the smallest volt-
ages, followed by the ares with argon con-
taining 1% and 6% hydrogen, respec-
tively. On average, the addition of 1%
hydrogen increased voltage by about 15%
over that of argon, und the addition of 6%
hydrogen doubled this voltage increase.
The helium enriched with 1% hydrogen in-
creased the voltage even [urther, leading to
an average 25% increase in voltage over
the 1% hydrogen-enriched argon gas, and
about 40% over the pure argon gas. With
nitrogen as a suhstitute to argon and hy-
drogen concentration still at 19z, the volt-
age was increased by 45% bevond that of
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voltage probably applicd to the fusion
zone penetration.

Figures 8 and 9 specifically show how
fusion zone penetration with the differ-
ent gases varied as a function of arc
length and currcnt. Despite scatter
caused hy measurements on different
cross sections, the scatter was small
enough to guarantee excellent compar-
isons. Both Figs. 8 and 9 appear to sub-
stantiate the ranking earlier estahlished
with the voltage readings, except that the
helium with 1% hydrogen gas produced
slightly greater voltages than the 19 en-
riched nitrogen gas. As found for the vott-
age, fusion zone penetration increased
with both arc length und current. In con-
trast with voltage readings, however, the
slopes for each line seen in Figs. 8 and 9
varied differently from one gas to the
other. The argon line exhibited the small-
est slope, followed by that of the argon
with 1% hydrogen and that of the argon
with 6% hydrogen. The lines for the he-
linm and nitrogen gases were noticeably
steeper, although precise values for their
slopes eould not be determined from the
two data points only available. Figures 4,
7. and 8, among others, clearly reveal that
enlargements of the fusion zones are to
some extents related to the voltage read-
ings. Deespite significant scatter, Fig. 10
confirms that such a correlation hetween
fusion zone penetration and voltage ex-
isted. Figure 10 not only describes the ef-
fects of hoth voltage and current on fu-
sion zone penetration, it also clearly
shows that differentiating between gases
becomes practically irrelevant when the
voltage is eonsidered.
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Figurcs 810 also reveal thut the fu-
sion zones left hy the nitrogen cnriched
with 1% hydrogen were slightly smaller
than those anticipated from the voltage
readings — Figs. 4, 5. An explanation can
perhaps be found by considering the dis-
tinct arc profiles seen in Fig. 3 for the ni-
trogen-rich gas. With nitrogen as a suh-
stitute for argon or helium, both the arcs
and the fusion zone penetrations indicate
that more heat must have heen dissipated
into the surrounding of the arc. In other
words, nitrogen likely created less energy
density than the other gascs, although
overall heat generated within the arc was
greater, as indicated by voltage. This pos-
sibility is also strongly suggested by Fig. 2,
which indicates that nitrogen had the
greatest electrical conductivity of all the
gases, in addition to a particularly high
enthalpy.

Similar to the effects of nitrogen, the
cffeets of the hydrogen concentration
added to argon could also be further ex-
amined, As mentioned earlier for the
voltage, the line lor the 196 hydrogen
argon gas was located approximatcely
halfway hetween the lines of the pure
argon and the argon with 6% hydrogen.
Figures 8 and 9 indicate that the contri-
hution of 1% hydrogen on the fusion zone
dimensions was closer to that of pure
argon than to that ol the argon with 6%
hydrogen. This result, which might ap-
pear eounterintuitive at first, could also
simply suggest that the heat flow had
changed, as voltage started to exceed
some critical values trom which heat [low
quickly changed from thrce-dimensional
to two-dimensional (Refs. 6, 22, 23). Fig-

ure 10 confirms that Tusion zone penetra-
tion and voltage were not praportional to
gach other, but that fusion zone penetra-
tion appeared to increase at a greater rate
with the voltage.

Weld-Gas Interections

The cross-sectional views of Fig, 11
demonstrate that hydrogen is a source of
porusity, as theorized previously, whereas
nitrogen created weld fusion zoncs with
two distinet regions, which for conve-
nience were designated as FZ1 and FZ2,
The first region, FZ1, possessed the nor-
mal camposition and microstructure of
welds made with the monatomic gases,
and therefore will not be described in this
article. However, the sccond region
found in the upper part of the weld fusion
zone, FZ2, revealed an unusual mi-
crostructure, as already detecied in Fig. 6.
En this scction, interactions hetween the
AZ80 magnesium alloy and gases like hy-
drogen and nitrogen are discussed.

Effecta of Hydrogen

As suggested in Fig. 6 with the weld
produced with 6% hydrogen, Fig. 11 con-
fiems that large sphericul pores were en-
countered when hydrogen was present in
the arc atmosphere. However, based
upon Figs. 6 and 11, the size and perhaps
amount and conecntration of pores ap-
peared to he influenced by the concen-
tration of hydrogen, the gas that is mixed
with hydrogen, as well as the current that
18 selected. In this scction, the influcnee
of welding parameters is therefore pri-
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the Effect of

Distortion Control Plans on Angular
Distortion in Fillet Welded T-Joints

The effect of distortion control plans on the relationship between cumulative plastic
Strains and angular distortion in fillet welded T-joints was investigated

ABSTRACT The elfect of external re-
straints and thermal management tech-
niques (heat sinking and gas tungsten arc
[GTA] preheating) on the relationship be-
tween cumulative plastic strains and angu-
lar distortion in fillet welded T-joints was
investigated using plasticity-based distor-
tion analysis (PDA). External restraints
reduced the bend-up angular distortion by
increasing the bend-down angular distor-
tion induced hy the transverse cumulative
plastic strain. The higher restraint pro-
duces the less angular distortion. Heat
sinking increases the bend-up angular dis-
tortion. This techniyue mainly controls
the nominal cumulative plastic strains.
The bend-down angular distortions in-
duced hy the transverse and vertical com-
ponents are decreased. 'Those changes re-
sulted in an increase of the total bend-up
angular distortion.

Gas tungten arc preheating reduced
the angular distortion by decreasing the
bend-up angular distortion induced by the
xy-plane shear cumulative plastic strain.
The characteristic relationship hetween
cumulative plastic strains and angular dis-
tortion in fillet welded T-joints was not al-
fected by the external restraints and ther-
mal management techniques.

Introduction

Distortions induced by welding have
been regarded as a critical issue in terms
vl performance, guality, and productivity,
Many techniques have been developed to
minimize the distortions induced by weld-
ing. such as external restraining, preheat-
ing, auxiliury side heating, heat sinking,
and others. 1o general, most of the distor-
tion mitigation techniques have heen de-
veloped according to conventional under-
standing 1o explain their elfectiveness in
distortion controls, and then evaluated by
comparing with test results. These con-

G HOJUNG 1y with Edison Welding Instituie,
Codumibus, Ohio. C. L. TSAT iy with Industrial,
Welding and Systems Engineering at The Ohio
Sate University, Columbus, Ohiv.

BY G. H. JUNG AND C. L. TSAl

venlional understandings may inclode not
only theoretical and mathematical knowl-
edge, but also generally accepled knowl-
edge from experience or anulogy. For ex-
ample, the concept of predeformation is
hased on direct intuition after observing
the distortion patterns; welding-induced
deformation is compensated lor by the
counterdeformation formed injoints prior
toy welding. The other example cun be heat
control techniques applying preheating or
side heating in order (o reduce the tem-
perature gradient. Once the basic idea is
tested and evaluated, a number of para-
metric studics may follow to find the opti-
mum condition and cxplain the effect of
mitigation parameters.

Masnubnchi { Ref. 1} summarized meth-
ods for reducing distortions in welded
juints based on the rescarch. He reviewed
the general distortion-reduction methods
in terms of weld dimensions, joint designs,
welding processes, multipass welding,
constraints, welding sequences, intermit-
tent welding, and peening. More detailed
discussions on the effects of external re-
straints and thermal-pattern ullerations
were presented. Pavlovsky and Masubuchi
{Ref. 2) reviewed the various distortion
control methods studied by US.5.R. re-
searchers, Conrardy and Dull (Ref, 3) re-
viewed the distortion control techniques
applicable in thin ship panel structures. T
reduee buckling, moditying panel design,
applying intermittent welding, reducing
heat inpul, and applying thermal tension-
ing were rceommended. Restraining,
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back-hending and backside line heating
were recommended as techniyues for re-
ducing angular distortion.

Rceently, the finite element method
has heen used fo investigate the perfor-
mance ol various distortion control tech-
nigues, and has provided the fundamen-
tal understanding of the distortion
mechanism and the effects of distortion
control techniques vn distortion patterns.
Park (Rel. 4) developed a model to pre-
dict the thin plate panel distortion, and
simulated the eflect of welding sequences
on the reduction of the distortions, Ohata
et al. (Ref. 5) introduced the GTA pre-
heating method to reduce the angular dis-
tortion in fillet welded aluminum thin
plates, and performed weld tests and fi-
nite clement analyses to evaluate its ef-
fectiveness. Michaleris and his coworkers
(Refs. 6, 7) studied the effect of thermal
tensioning buckling in panel structures
using tests und finite element analysis. Ma
etal. (Ref. 8) simulated the effects of weld
sequences, a working table, and external
restraints on the angular distortion of fil-
let welded T-joints, using 2-D finitc cle-
mcnt analysis. Han (Ref. 9) simulated the
effects of side heating, heat sinking, and
their combination on the distribution pat-
tern of the longitudinal plastic strain as-
sociated with the longitudinal compres-
sive stress causing buckling, using 2-D
finite element analysis.

However, no rigorous studics have
been carried out 1o investigate how these
techniques affect the relationship be-
tween cumnlative plastic strains and dis-
tortion. Recently. Han (Ref. 9} investi-
zated how heat sinking and side heating
affect the longitudinal cumulative plastic
strain, and explained the effectiveness of
the methods based on the relationship be-
tween the tongitudinal cumulative plastic
strain and the longitudinal residual stress
associated with buckling in butt joint
welded plates.

Jung (Ref. 10y developed the proce-
dure, the so-called plasticity-based distor-
tion analysis (PDA), which enables the in-
vestigation of the relationship between
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miagresiin alloy,

magreesinere alloy.

plastic analysis Tor fillet welded T-joints
without any external restraints and ther-
mal management techniques was per-
formed to obtain the baseline informa-
tion, such as the characteristic distribution
patterns of cumulative plastic strains and
the corresponding angular distortion,
using ABAQUS 5.8-14.

The material is magnesium Alloy
AZY1 C, which application has been ex-
panded because ol ils relatively lower den-
sity. 1o this study, weld tests were not per-
formed, only numerical simulations werc
performed. 1t is assumed that the present
analysis procedure provides the reason-
uhle distribution patlerns of the cumula-
tive plastic strains and the corresponding
angular distostion in fillet welded T-joints.
The validity of ilie present EPA procedure
was evaluated by comparing the angular
distortions obtained from the EPA and ex-
periments for aluminum filler welded T-
joints {Ref. 10}

Two fillet welds running simultane-
ously at two sides constructed the T-joint.
The given gas metal arc welding parame-
ters were voltage = 13V, current = 110 A,
weld speed = 10 mm/s for 3.2-moi- thick
plates (Ref. 13).

Figuie | shows o symmetric half finite
element mode] used in the EPA [or a fillet
welded T-joint, with a ange, 100 x 200 x
3.2 mm, and u web crected on the flange
plate, 100 < 100 x 3.2 mm. Quadratic brick
elements with 20 nodes, TYC3D20 (ther-
mal analysis), and CID20R (elustic-plastic
unalysis) in ABAQUS (Ref. 14) were used.
The total number of elements and nodes
used were 610 and 31068, respectively.

Figure 2 shows the tcmperature-
dependent thermal properties (Ref. 15).
The latent heat, solidus, and liguidus tem-
perature are 3.73E5 J/(kg®C), 470°C, and
395°C, respectively. Natural convection
boundaries shown in Fig. 3 were deseribed

Table I — Comparison of the Averaged Displacements Obtained from EPA, PDA, and Simultane-

ons Mapping Analysis for a T-Joint

Type of Analysis

Displaceinent (mm}

U Uy U,
EPA -2 090E~H TUO42E ) 1.328E-01
Zery, 1.6Y4E-(H -1.143E+00 1028E-0t
Zef 1.202E-(12 —7.050FE-(0)] 55904
Zer -2.203E-04 8.3020-02 5.3641-03
PDA 6 —4.991E-02 2805E+(0 1LUBEE-(03
Zer,, . -3.316E-04 9.435E-03 1.6271-01
Xep . =, 742E-A)4 1.9YsE-U2 —1.399E-
SUM —2.U84E-01 LONOE A+ 1.3276-01
Simultancons Mapping -2 UK4E-N LOO9E + (0 1.327E-01

on the entire free surfaces of the jouint ex-
cept lor a symmetric plane. Figures 4-6
show mechanical propertics depending on
temperature. Nonlinear kinematic strain
hardening proposed by Chabochi (Refl. 14,
17) was uscd.

The cffeet of a moving heat source was
incorporated by the user-subroutine in
ABAQUS, DFLUX (Ref. 14). Budy flux
had a double cllipsoidal distribution pro-
poscd by Goldak (Ref. 16). Hearinput cal-
ibration was carried out by matching the

. houndary of the molten pool with the pre-
designed lilletsize, UVARM (Ret. 14) was
developed to caleulate the maximum peak
temperature overall nodes. Figure 7 shows
a map of the maximum peak temperature
with a calibration factor of 0.6 including
the are cefliciency. During the clastic-
plastic analvsis, symmetric boundary con-
ditions were deseribed on the YZ plane in
Iig. 1, and the top free edge of the web
plale was lixed. The effects of the filler
metal deposition, the stress and strain re-
laxation at melting temperature, and met-
allurgica] transTormation were not consid-
ered in the present EPA.

The chuaracteristic cumulative plastic
strain distribution patterns and the associ-

aled angular distortion Tor fillet welded
thin plate T-joints were obtained from the
EPA. The angular distortion was defined by
the displacement in the Y-direction (l'ig.
1) at the [ree cdge of the Mange plate (at
X =100 mm). The obtained averaged angu-
lar distortion from the EPA was 104 mm.

Elastic Analysis

The linite clement modet and mechan-
icul houndary conditions used in the clas-
tic analysis are the same as those of the
EPA. The cumulative plustic strains ab-
lained from the EPA were mapped into
clastic models with the same nodes und ¢l-
ements, elastic modulus (4.3E4 [MPa])
and Poisson’s ratie (0.33) at room tem-
perature using the equivalent thermal
slruins.

Each cumulative plastic strain compo-
nent can be mapped independently into
six elastic models. Anisotropic thermal ex-
pansion coctficients and corresponding
temperature fields replace the cumulative
plastic strains, For example, the transverse
cumulative plastic strain, Y&/, (x.wz) can
be mupped by using the temperature field
calculated by Equation 1 {Ret. 14):
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Plastic Zone.

where &l o = the total distortion, §=
the individnal distortion with only i com-
ponent of cumulative plastic strains. The
accuracy of the PDA procedure can be de-
termined by comparing the distortions
from the EPA with the total distortions ob-
tained from the PDA using Equation 3.

_ giotal
Error =|0£PA =080 ><100(%) (4)
Sy

This aceuracy of the PDA procedure may
be atfected hy some factors such as the
nonlinearity of material and the mapping
accuracy.

One factor is material nonlinearity,
which does not allow the linear supposi-
tions if the effect of nonlinearity is domi-
nant. Material nonlinearity comes Irom
the plastic deformation and the tempera-
turc dependency of material properties in
the welding situation. In the PDA, mater-
ial nonlinearity due to temperature depen-
deney docs not exist anymorc because tem-
perature is constant (room temperature)
after completing welding. Nonlinearity
due to the plastic deformation can also be
negligible because the PDA is somewhat
clastic, reloading analysis up to the final
plastic deformation after welding.

The mapping accuracy may also allect
the accuracy ol the PDA procedure. The
mapping accuracy is strongly dependent
upon the numhber of elements/nodes and
the order of shape function of element.
Figure 9 shows the applicd cumulative
plastic strain using temperalure and the
caleulated thermal strain within two sec-
ond-order elements in which the thermal
sirain is lincar. Unless the cumulative
plastic strains are distributed uniformly ar

linearly within an ele-
meni, the mapping
error is unavaidable
even though second-
order elements are
used. The averaged
cumulative  plastic
strains at nodes may
also result in the error
when significant dis-
continuity of the cu-

N sl

8, Angular distortion without external restraint

0.6 LY 1 No Restraint

X

d

mulative plastic
strains at the integra-
tion points between
the adjacent elements

Fig. 12 — Comparison of averaged angular distortion for the cases with dif-
fering degvees of external restraing.

is present. In order (o
reduce the error in-
duced by mapping, a finer-meshed model
with second-order elements is recom-
mended.

In this study, it was assumed that the
acceptable crror range of the PDA proce-
dure was 0 to 10% in view of the eagi-
neering application. Since most error
comes from the mapping, the finite ele-
ment madel should be updated until the
required accuracy is achieved, The aver-
aged total angular distortion obtained
from the PDA was 1.01 mm, which had 3%
error comparced with 1.04 mim obtained
from the EPA. This accuracy is acceptable.

In order to evaluate the PDA upplicu-
tion to fillet welded T-joints und demon-
strale the unique relationship between cu-
mulative plastics and distartion, the
simultaneous mapping analysis was per-
formed under the combined cumulative
plastic strains. Table 1 shows that the dis-
placements obtained from the simultane-
ous mapping analysis are equal to those
calculated by the PDA, which satisfies the
lincar supcrposition requirement de-
scrihed in Equation 5. Therefore, the PDA
procedure is valid and each individual dis-

tortion can be uniquely determined by the
associated cumulative plastic sirain.

L(Eefx,&-P . ngzzg;’J

“wyo “xy’

- l.,-[Ze_{’r]+L2(EE£yJ+ L;(ze_z;]

+L4(Es_{;,]+ L5(££_{’ZJ+ L6(£e§;) (5)

Effect of External Restraints on
Angular Distortion In T-Joints

The external restraining techniques
have heen widely known as useful tech-
nigues for reducing the angular distortion
in welded structures. For pressurce vesscls
or large-scale pipes, pre-expanding has
hcen adopted to reduce the radial shrink-
age. 1n the case of I-joints, it has been re-
ported that restraining and back-hending
of the flange plates are effective means for
reducing angular distortion {Ref. 3).

In this study, the PDA investligates the
elfect of external restraints on the charac-
teristic relationship between cumulative
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and numerical simulations. Re-
cently, Han (Ref. 9) investigated
the relationship between cumu-
lative plastic strains and buck-
ling for buit joints. However, it
i5 still unknown how thcrmal
management techniques affect
the relationship between cumu-
lative plastic strains and angular
distortion in T-joints. There-
fore, the effect of thermal man-
agement techniques on the rela-
tionship between cumulative
plastic strains and ungular dis-
tortion was investigated using

a 1= a0 T T T T T TTTTT

1 1] 10 1000
Timeisec|

(c) With GTA pre-heating

the PDA.

L

Thermal Analysis (Part 1)

The effect of heat sinking was

Fig. 19— Comparison of temperature evolutions for the cases

with different thermal management techniques.

simulated by upplying the rela-
tively low film coefficient, 1.0E-
2 Wimm? °C) with temperature
21°C, on the bottom surface of

Effect of Thermal Management
Techniques on Angular
Distortion in T-Joints

Two thermal management technigues
were selected: heat sinking und GTA pre-
heating. They are inherently different in
terms of heat control. Heat sinking re-
duces the heat-affected zone by applying a
cooling chamber beneath the bottom of
the flange. On the other hand, GTA pre-
heating increases the heat-affected zone
by preheating, which is carricd out hy run-
ning a gas tungsten arc ahead of gas metal
arc welding (GMAW) on the bottom sur-
face of the fNange.

It has been reported that heat sinking
is an elfective way to reduce buckling
(Ref. 7}, and GTA prcheating reduces the
angular distortion in T-joints (Ref. 5).
Most reseurch has been focused on show-
ing their effectiveness using weld tests
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the lMange within x = 0~24.8
mm as shown in Fig. 16. Gas tungsten arc
prcheating was modeled by running a gas
tungsten arc 50 mm ahead of GMAW at
the same speed as GMAW on the bottom
surface of the flange as shown in Fig. 17.
The GTA heat was one-third of that of
GMAW, 477 W( = 110V x 13 A x %) with
a heat input calibration factor of 0.6,

A nugget with heat sinking will be
smaller than that with GTA preheating be-
cause preheating raises the temperature
in and around the weld region. Figure 18
shows the maximum peak temperature
muaps calculated by the user-subroutine,
UVARM. Compared to the nugget with-
out thermal management, heut sinking
generates a smaller nugget and GTA pre-
heating gives a larger nugget.

Hcat management techniques affect
not only the size of the heat-affected zone,
but also the rate of heating and cooling,
which can be rclated to the instantaneous

gradient of temperature in the plates. In
general, heat sinking results in a higher
temperature gradient due to a higher cool-
ing rate, and facilitates achieving a uni-
form temperature in the plates compared
to the case without thermal management.
Contrarily, GTA preheating increases the
maximum peak temperature and reduces
the lemperature gradient.

Figure 19 comparcs temperature cvo-
lutions on three points located on the top
surface of the flange, x = 4.8, 9.8, and 24.8
mm. The distunce between the curves rep-
resents the temperature gradient and their
slopes show the heating and cooling rate.
For heat sinking, a significant change of
the magnitude of the maximum peak tem-
perature, the temperature gradient, and
the rate of cooling are observed. Gas tung-
sten arc preheating does not give signifi-
cant changes in the temperature gradient
and the cooling rate compuared with the
case without thermal management. Dur-
ing heating, two spikes on each curve show
the effect of GTA preheating. Preheating
also increases Lthe maximum peak temper-
aturcs of cach curve, which resulis i a
wider nugget and heat-affected zone.

Based on the results of the thermal
analysis, the two thermal management
techniques, heat sinking and GTA pre-
heating, may give the apposite impact on
not only the temperature evelution and
profile, but also the angular distortion.

Elastic-Plastic Analysis (Part 1)

All boundary conditions for the two
cascs were the same us those of the case
without the external restraints described
in the previous section. The lemperature
evolutions for the two cases calculated by
the thermal analyses were retrieved and
applicd to the clastie-plastic analysis.

Figure 20 shows the deformed shapes
for the three cases with the sume magnili-
cation scale factor: Case 1 = without ther-
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Fig. 21 — Comparison of averaged angular distortions for the casey with different

Lﬂ

straining and GTA preheat-
ing effectively reduces the
angular distortion. The ef-
fect of the combinaiion of
GTA preheating and cxter-
nal restraining (Case A, re-
strained at X = 100 mm) was
also tested, but a slight in-
crease in the angular distor-
tion was obtained compared
to the case with only GTA

(c) With GTA pre-heating

preheating,

To investigate the
causes of thesc differences,
cumulative plastic strain

Fig. 2(t— Comparison of deformed shapes for the cases with differ-

ent thermal management technigues.

maps lor the three cases are
plotted in Fig, 22. For Cases
1 and 3, a similar distribution

mal management, Case 2 = heat sinking,
Casc 3 = GTA prcheating. The average
angular distortions caleulated for Cascs 1,
2, and 3 are 1.04, 2,75, and (.5 mm, re-
spectively, and are plotted with dimen-
sionless parameters in Fig. 21, 1t shows
that heat sinking increases angular distor-
tion, but GTA preheating reduces angular
distortion. This oppuosite elfect between
the two thermal management techniques
on the angular distortion was cxpected
after abserving the resuits of the thermal
analysis. Figure 21 shows that external re-

pattern of the cumulative
plastic strains is shown. On the other
hand, u significant reduction of the size ol
the plastic zone is obtained by heat sink-
ing. The distribution pattern of the trans-
verse cumulative plastic strain for Case 2
is different from those ol Cases | and 3.
For Casc 2, the transverse cumulative
plastic strain on the top surface of the
flange is wider than on the bottom of the
flange, which may cause the bend-up an-
gular distortion and eventually reduce the
amount of the bend-down angular distor-
tion. For the vertical cumulative plastic

strain, the reduced size of the plastic strain
zone in the flange may affect the angular
distortion as well. Even though there is
significant change in the distribution pat-
tern of the longitudinal cumulative plastic
strain, the resultant effect may he small
hecause the longitudinal component is not
as sensitive as other components on the
angulur distortion. For the xy-plane shear
cumulative plastic strain, no significant
change is shown, For Case 3, it is not clear
what causes the reduction of the angular
distortion because there is no signilicani
diffcrence of cumulative plastic strain dis-
tributions hetween Cases 1 and 3. Com-
pared to other components, it is observed
that the distribution ol the xy-plune shear
cumulative plastic strain is slightly af-
fected hy GTA preheating. Gas tungsten
arc preheating increases the area of the
positive shear strain region on the bottom
(or corner) of the tlange and the area of
the negative shear strain region on the top
of the flange. However, it is not clearif this
observation and interpretation is right at
this point.

Elastic Analysis and Postprocessing
{Parts 2 and 3)

As discussed previously, it is not easy to
figure out the relationship between cumu-
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he negligible.

3) Heat sinking increased the angular
distortion. The PDA showed that heat
sinking mainly controdled nominal cumu-
lative plastic strains, such as transverse,
vertical, and longitudinal components.
The bend-down angular distortion in-
duced hy the transverse and the vertical
components was reduced by heat sinking,
which resulted in the increase in ungular
distortion. For other components, the
change in angular distortion was relatively
small, thus negligible,

4) Preheating with o gas tungsten are
reduced the angular distortion. The PDA
showed that GTA preheating mainly con-
trolled the contribution of the xy-plane
shear cumulative plastic strain existing in
and around the welded region. The reduc-
tion in angular distortion resulted from
the reduction of the bend-up angular dis-
tortion induced by the xy-plane shear cu-
mulative plastic strain.
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WELDING FOR PIPELINE AND ENERGY APPLICATIONS SYMPOSIUM

Papers are sought on the welding and joining of products and components related to pipeline and energy
applications. Authors are encouraged to submit a 500 to 1,000-word abstract by July 30th, 2004, to be

considered for presentation at the 2005 Symposium on Welding for Pipeline and Energy Applications. The two-
| day Symposium is taking place in conjunction with the 53rd annual AWS Welding Show, April 26 through April 28
' at the Dallas Convention Center in Dallas, Texas.

Papers representing original experimental investigations, theoretical and statistical modeling, and applications in
welding and joining for pipeline and energy applications are sought in the following areas:
» Properties and structural integrity of weldments
» Design and manufacture of welded structures
» Corrosion of weldments
» NDE of weldments
» Weldability of high-strength steel and aluminum alloy pipelines
» Weld phase transformations & microstructures
.+ Dissimilar welding and joining of graded materials
| » Welding processes and procedures
» Innovative welding consumables
» Sensing, control and automation
» Computer modeling and simulation
» Advanced and alternative joining technologies
» Robotics and automation
= Application studies
» Others

To submit your abstract for consideration or for more information on the Symposium on Welding for Pipeline
and Energy Applications, and all AWS programs and conferences, visit www.aws.org/conferences or contact
Doreas Troche, manager, conferences and seminars, via e-mail at dorcas @ aws.org, or 800-443-9353, ext.313.
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