Production of 3.9 GHz RF Cavity Number 3
The 3.9 GHz cavity no. 3 comprises of the nine-cell RF welded structure, surrounding helium containment (aka “helium vessel”) and tuner were designed and fabricated by Fermilab with some parts and subassemblies contracted outside.   The documentation associated with the fabrication and assembly of the helium vessel is presented in the following pages.   

Cavity No. 3 was fabricated using exactly the same material batch as that used to build cavity No. 5.  The procedure to fabricate Cavity No. 3 is almost exactly the same as Cavity No. 5, where the differences between the two are: (1) Fabrication of the helium vessels, and (2)  Electron-beam (EB) welding the titanium spacer ring to the small conical end disk on  the cavities.  This document is similar to the document titled “Production of 3.9-GHz RF Cavity #5” because most of the documents are the same for both cavities No. 3 and No. 5.  Note that Exhibits 14 through 16 were modified to make it applicable for Cavity No. 3.  Also, Exhibits 18 through 21 are new (not available or applicable for the Cavity No. 5 document).
· Exhibit No. 1:  A flow chart depicting the materials, parts, qualifications and certifications associated with the helium vessel.  

· Exhibit No. 2:  PO 574940.  Two Titanium billets, nominally 10 in diameter and 9 in long were ordered from Nu Tech Precision Metals.  The two billets of Titanium were cut into smaller pieces by the Fermilab shops (no documentation).

· Exhibit No. 3:  Material certification for the two Titanium billets was provided by Nu Tech.  
· Exhibit No. 4:  PO 575918.  The pieces of Titanium were supplied to J Marcs Corporation to machine into final helium vessel pieces.
· Exhibit No. 5:  PO 576156.  Ten bellows assemblies for 3.9 GHz helium vessels were ordered from Advent Associates.  Advent subcontracted the bellows fabrication to Ameriflex.  One of the bellows assemblies was used on cavity #3.

· Exhibit No. 6:  Ameriflex provided a production flow diagram, Cleaning Instructions, Welding Instructions, Cleaning Procedure, AMFX-CLN-001, and Leak Test Certification.  

· Exhibit No. 7:  Ameriflex internal cleaning instructions for titanium bellows.
· Exhibit No. 8:  Ameriflex instructions for welding of titanium bellows. 

· Exhibit No. 9:  Ameriflex procedure for cleaning of standard products. 

· Exhibit No. 10:  Ameriflex leak test certification.  

· Exhibit No. 11:  Supra Alloys provided Ameriflex with the material certification of the Titanium sheet used to form the bellows convolutions. 
· Exhibit No. 12:  Tico Titanium provided Ameriflex with the material certification of the Titanium bar used to form the bellows cuffs.  

· Exhibit No. 13:  Durkee Testing Labs provided Advent with the welder qualifications for the two Ameriflex welders.  

· Exhibit No. 14:  Table summarizing the welding steps for cavity #3.  
· Exhibit No. 15:  Welding helium vessel to cavity no. #3:  Explanation of welds in “He_vessel to cavity no 3 weld.ppt”.

· Exhibit No. 16:  Presentation from Mike Foley describing the procedure to weld the helium vessel to cavity #3 (He_vessel to cavity no 3 weld.ppt). 

· Exhibit No. 17:  Specification for welding Titanium helium vessels at Fermilab. 

· Exhibit No. 18:  Fermilab Welder Performance Qualification (WPQ) provided by Alloyweld Inspection Co. through Packer Engineering. 

· Exhibit No. 19:  Alloy Weld Inspection provided the Procedure Qualification Record (PQR) for GTAW / Manual process for Fermilab.

· Exhibit No. 20:  Alloy Weld Inspection provided the Procedure Qualification Record (PQR) for Electron Beam welding process for Sciaky.

· Exhibit No. 21:  Procedure for TIG Welding Helium Vessels to 3.9 GHz 3rd Harmonic Cavities

Exhibit No. 1.
Cavity #3 production flow chart depicting the various fabricators of cavity and helium vessel parts, plus materials, qualifications and certifications.
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Exhibit No. 2.
Purchase Order for two titanium billets, nominally 10 in diameter and 9 in long, ordered from Nu Tech Precision Metals, PO 574940.  One of the billets was cut into smaller pieces by the Fermilab shops (no documentation).

[image: image2.jpg]FNAL Purchase Order Inquiry

Fermilab Business Services

Jt
L. 2

AREA CODE 630 840-3000

NU TECH PRECISION METALS
460 MCCARTNEY STREET
POBOX 7

ARNPRIOR, ONTARIO K7S3H2

FERMI RESEARCH ALLIANCE, LLC
FERMI NATIONAL ACCELERATOR LABORATORY
P.O. BOX 500 BATAVIA, ILLINOIS 60510

STANDARD PURCHASE ORDER NO.
574940

Status: APPROVED Reprints 4

SHIP FERMILAB

TO RECEIVING WAREHOUSE 2 TO
KIRK RD & WILSON STREET

BATAVIA, IL 60510 US

BILL FERMILAB
ACCOUNTS PAYABLE
PO BOX 500

BATAVIA, IL 60510 US

ORDER DATE BUYER TERMS: FROM RECEIPT F.0.B. SHIP VIA:
10-May-2007 MYEOWARD OF GOODS OR INVOICE, Shipping Point YELLOW
WHICHEVER IS LATER FREIGHT
Unit Ext.
Line Item Description Oty um Price Price Work Pkg-CE  Req Number(s)
1 TITANIUM GRADE 2 BILLET, 10 INCH DIA. 2.00 EACH 2,415.00 4,830.00 00000-41 194161

X9 INCHLONG, ASTM-B-348/
ASME-SB-348 GR2, NUTECH PRECISION
METALS E-MAIL QUOTE DATED 4/19/07
TO MIKE FOLEY

Promised Date: 21-May-2007

Deliver To: FOLEY, MICHAEL H

Project ILC & SRF Infrastructure Task AD_lndust Cavity Fab Task Number 18.1

Exp. Org AD - MECHANICAL SUPPORT (15) Exp. Type MATERIAL PURCHASES
Task Org AD - LINEAR COLLIDER Service Type OP-FUTURE R&D-LINEAR COLL

1.3.2.1

PO Total: 4.830.00
Approval History
DATE ACTION WHo NOTE
29-May-2007 CLOSE GRIFFIN Close status rolled up
10-May-2007 APPROVE YEOWARD
10-May-2007 SUBMIT YEOWARD
10-May-2007 RESERVE YEOWARD

Shipment History

DATE

21-May-2007

DESCRIPTION
RECEIVE

QUANTITY LINE
20 1

ITEM DESCRIPTION

TITANIUM GRADE 2 BILLET, 10 INCH DIA. X 9 INCH
LONG, ASTM-B-348 / ASME-$B-348 GR2, NUTECH
PRECISION METALS E-MAIL QUOTE DATED 4/19/07
TO MIKE FOLEY
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[image: image3.jpg]21-May-2007 DELIVER 2.0 1 TITANIUM GRADE 2 BILLET, 10 INCH DIA. X 9 INCH
LONG, ASTM-B-348 / ASME-SB-348 GR2, NUTECH
PRECISION METALS E-MAIL QUOTE DATED 4/19/07

TO MIKE FOLEY
Invoice History
DATE NUMBER WKP CE PAID DATE AMOUNT HOLD? HOLD REASON
17-May-2007 886103339 00000-50 07-Jun-2007 136.10 NO
21-May-2007 798223100 00000-50 31-May-2007 125.00 NO
261.10

Project ILC & SRF Infrastructure Task AD_Indust Cavity Fab Task Number 18.1.7.2.1.3.2.1
Exp. Org DS - ACCELERATOR DIVISION Exp. Type FREIGHT
Task Org AD - LINEAR COLLIDER Service Type OP-FUTURE R&D-LINEAR COLL

DATE NUMBER

B3

KP CE PAID DATE AMOUNT HOLD? HOLD REASON

16-May-2007 5816 00000-41 25-Jun-2007 4,830.00 NO

4,830.00

Project ILC & SRF Infrastructure Task AD_Indust Cavity Fab Task Number 18.1.7.2.1.3.2.1
Exp. Org AD - MECHANICAL SUPPORT (15) Exp. Type MATERIAL PURCHASES
Task Org AD - LINEAR COLLIDER Service Type OP-FUTURE R&D-LINEAR COLL

Invoice Total 5,091.10
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Exhibit No. 3.
Material Certification for the two titanium billets provided by Nu Tech.  One of the billets was cut into pieces and sent to J Marcs Corporation for final machining.
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Precislion Metals

CERTIFIED MATERIAL
TEST REPORT
Fermi National Accelerator
CUSTOMER: Laboratory NU-TECH W.0. NO.: 40-2666
ASTM B348/ASME-SB-
P.0. NO. 574940 Specifications 348
MATERIAL
CHEMISTRY: Grade 2 Titanium CONDITION: Forged and Peeled
SIZE: 9.75" Dia x 8.75" Long and 10" Dia x 8.625" long

QUANTITY COVERED BY THIS REPORT: 2
SERIAL NUMBERS: N/A

CHEMICAL ANALYSIS
Heat # Fe C N H o Residuals Titanium
(£0.030%) | (<0.08%) | (<0.83%) | (<0.010%) | (<0.25%) | Each | Total
BN4291 0.0220 0.0010 0.0010 0.0020 0.0080 Balance
20050880 0.12 0.02 0.02 0.001 0.10 <0.10 | <0.40 Balance

REMARKS:

This is to certify that the product covered by this report has been supplied in accordance with applicable
specifications and instructions described herein and the material and/or process applied meets the requirements of
the Purchase Order

May 15, 2007 %\V—B wwﬁ‘"{

Date ﬂ Quality Reprisentative

CF-61-0102




Exhibit No. 4.
Purchase Order to J Marcs Corporation to machine final helium vessel pieces.
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Exhibit No. 5.
Purchase Order for ten titanium bellows assemblies from Advent Associates Ltd.
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Exhibit No. 6.
The Ameriflex production flow diagram.  Advent subcontracted the production of the bellows assemblies to Ameriflex, Inc.  
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Exhibit No. 7. Ameriflex cleaning instructions

[image: image10.jpg]AMERIFLEX, INC.

Internal Cleaning Instructions
Titanium Bellows

. Work with small quantities only (15 max.)

2. Rinse each part with acetone by running through part while

part is on an angle.

. Brush I.D. and O.D. of parts with acetone

. Rinse each part again with acetone by running through part
while part is on an angle.

. Submerge parts in clean acetone bath for a minimum of 3-5
minutes (note: change acetone frequently)

. Thoroughly rinse each part with clean running D.I. water

. Use filtered compressed air to remove excess water and
vacuum

. Bake parts in oven for 1 hour at 350°-400°F.




Exhibit No. 8. Ameriflex welding instructions

[image: image11.jpg]AMERIFLEX, INC.

Internal Welding Instructions
Titanium Bellows (open-air)

1. Prior to any welding being performed, the airflow in the area
is to be controlled by closing doors and securing fans in work
area.

2. Argon purge will be accomplished through the hose on the
GTAW and underneath on the bar of the PAW.

3. A champagne-cup device will be used for the trailing shield
on the GTAW (see attached picture).

4. The welding gas mixture will be 3:1 Argon to Helium to
ensure proper heating of the weld.

5. The completed part will be set on a cleaned, aluminum plate
to cool (as necessary) then placed into a vacuum-sealed bag
to inhibit oxygen.

(practices developed in accordance with sections 8.6 and 8.7 of
AWS G2.4/G2.4M:2007 ANSI Standard)




Exhibit No. 9. Ameriflex cleaning procedure for standard products.
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Scope

Ameriflex cleaning processes are designed to clean product to a reasonable and consistent level of cleanliness.
Higher levels of cleanliness and other methods of cleaning, i.e. class 100, passivation, electropolish, will be
performed when required by customer specifications or requirements.

Materials

2.1. Final rinse and ultrasonic operations will utilize deionized (filtered) water.

2.2. Gloves will be used in post-cleaning activities of completed product being p&ed for shipment. Gloves

will be cotton or non-chlorinated latex type. %
2.3. Brushes used in the cleaning processes will have non-metallic or stai@ el bristles only.

Process Controls

to clean product. Methods used to assure
gsolved solids measurement.

3.1. Deionized water will be monitored to assure effectivenesgo
water quality may include resistivity/conductivity an

3.2. Cleaning department will have a minimum of ong
for dehydration activities will be calibrated annua

Testing and Inspection

4.1. Product will be inspect for cleanlipess
manufacturing process. Visible sgxs0f soils. dirt, oils, greases, or any other substance that would indicate
lack of cleanliness will be ca @ ejection. Visual inspection will be done in an area providing adequate

lighting for the task. No mpégiftedtion is necessary for general inspection.

4.2. No testing of produ%%' than visual inspection, will be necessary for product acceptance.

Cleaning Processes @

Ameriflex pr L@ave individual requirements and restrictions regarding cleaning processes. These
requiremengSairdyestrictions are based on specific product type or product family. The use of multiple

he specitic order of processes will be determined based on specific product with the intent of
reachingd\@d#sired level of cleanliness.

5.1. Ultrasonic Cleaning

5.1.1. Stage #1. product will be submerged in an ultrasonic tank consisting of deionized water and an all-
metal safe cleanser. Time and temperature will be controlled based on type of product.

5.1.2. Stage #2, product will be spray-rinsed in a tank using deionized water. Time and temperature will be
controlled based on type of product.

5.1.3. Stage #3, product will be submerged for final rinse in deionized water. Time and temperature will be
controlled based on type of product.




[image: image14.jpg]AMFX-CLN-001 REV. “NC”

5.2. Chemical Submersing

5.2.1. Stage #1, product will be submerged in a tank consisting of deionized water and an alkaline cleanser.
Time and temperature will be controlled based on type of product.

5.2.2. Stage #2, product will be placed in a tank of deionized water for rinsing. Water will be agitated
manually by moving the product about the water. Time and temperature will be controlled based on
type of product.

5.2.3. Stage #3, product will be placed in a second tank of deionized water for rinsing. Water will be
agitated manually by moving the product about the water. Time and tez@lture will be controlled

based on type of product.
5.3. Additional Cleaning Processes @
5.3.1. Product with excessive oils may be flushed with hot tap ore ultrasonics or chemical
submersing to preserve baths.
5.3.2. Product with tenacious soils, dirt, grease, oils, n@@aned by hand wiping or brushing.

Dehydration

Immediately following cleaning activities, all m will be removed trom product using a combination of
drying activities.

6.1. Product will be subjected to a vac uﬁ@em or compressed air to remove excessive amounts water.

0.2. After excess water is rcmove ct will be placed into a dehydrating oven to remove all remaining
ill be controlled based on type of product.

moisture. Time and temp ’





Exhibit No. 10. Ameriflex leak test certification
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CERTIFICATION OF TEST -

CUSTOMER NAME: ADVENT ASSOCATES LTD
PART NUMBER: §530. pog MO -NSTIIY
DESCRIPTION : S X .03 X1.52C 048l AsS y
AMERIFLEX JOB #: (L2 3

QUANTITY: \

PURCHASE ORDER #: T4y~ |

We hereby certify that all Helium Leak testing was performed with a Varian Mass
Spectrometer Helium Leak Detector (Model #979).

The sensitivity of this Detector is to detect aleak to 5 X 10~ " cc/sec. of helium
with an external pressure of one atmosphere. This unit utilizes a dry scroll pump.

No leakage in excess of 2 X /O 71O  of helium was indicated.
ek
Je /oo 7 A< M
Date
Q.A. Form 105
certtest

2390 RAILROAD ST.. CORONA CALIFORNIA 92880 - (951) 737-5557 « FAX (951) 737-3992




Exhibit No. 11. Material certification provided to Ameriflex by Supra Alloys.  The titanium sheet was used to form the bellows convolutions. 
[image: image16.jpg]#Supra Alloys Inc.

= Titanium Specialists

351 Cortez Circle
Camarilio, CA 93012
(805) 388-2138 (800) 6478772 FAX: (805) 987-6492
guality@supraalloys.com

IS0 9001:2000 Certified

Material Certification

Customer: AMERIFLEX, INC.

Tﬁamum Specnahsts

Thursday, August 23, 2007

PO #: 30341 ' SQ #: 541617 PS # 13653
MATERIAL DESCRIPTION

CP SHEET Gr 2 AMS-4902 G COND A

Line: 1 L0120" X 36" X 24"

Pieces: 1 Heat #. AT4767005 T3-2615490 Mfg.. KOBE

Elements and Perceni:ages )

c i _EE | _s: N_ COAL i VA ¢ O 1 H ? Tl Ty T 55””'""%

W01 p10 004 i 1146 0038 BAL I

) SN f ZR t MO } U ¢ CR i MN - NB NI

e SO FY SIS SO S A O PN ROR SRS

i . o i _ i - rw, !

Room Temp. Yield Sb'ength __Tensile Strength E!ongatmr | R@ductson ofprea  Bend
Longitudinal L46 0 KSI 70.0 KSI 24 0 % : iGOQD }
Transverse |55, o KSI 171.0KSI 24 0% lcooD ’;

900 ° Vield Strength _____ Tensile Strenath ____ Hlongation Reduction of Area__ Bend
Longitudinat | ' ; ; :
Tranmm&r A S

4

4 s AN I e s B e S A O I 88 5 S i e

Prod Ann. ANN EALED

Surface Cond. FREE FROM CONTAMINATION Beta Transus Miaa QK
NSR Grain Size 6.5TO 8.5 Macro
Ultra Sonic Other

MATERIAL CONFORMS TO ALL OTHER TECHNICAL REQUIREMENTS OF THE .
SPECIFICATION. WE CERTIFY THAT THE CHEMICAL ANALYSIS AND PHYSICAL TEST
RESULTS APPLYING ON THE ABOVE ORDER ARE TRUE AND CORRECT. THIS
MATERIAL DID NOT COME INTO CONTACT WITH MERCURY OR ITS COMPOUNDS
WHILE AT SUPRA ALLOYS INC.

1 SKID @ 32# GROSS WT A%M% m

SHIPPED VIA FED-EX GROUND

HOWARD VAN ALLEN
MATERIALS MANAGER

Lo-Sce,




Exhibit No. 12. Material certification provide to Ameriflex by Tico Titanium.  The round bar was used to fabricate the bellows cuffs.  
[image: image17.jpg]TF{/Q T]CO TITANIUM, INC Certification of Tests

l ' ‘ ( 52900 Grand River Ave ¢ New Hudson e MI ¢ 48165 ¢ 248-446-0400 ¢ 800-521-4392 ¢ Fax 248-446-1995
519 Todd Drive ® Oak Ridge North ¢ TX e 281-355-6555 ¢ 888-676-7575 e Fax 281-355-6676

TO: AMFLA DATE: 7/31/2007
AMERIFLEX INC CUSTOMER PO: 30233
2390 RAILROAD STREET TICO SO: 314244

CORONA, CALIFORNIA 92880-5410

HEAT NUMBER: 628148

SPECIFICATION: ASTM B-348-06/ASME SB-348/ASTM F-67-00 *** GR. 2 & 3 ***
ASTM B-381-06/ASME SB-381 F-2 & F-3/EN 10204:2004 TYPE 3.1

DESCRIPTION: ROUND BAR 6.000" DIA X 12" 1 PC
COMMENTS: i T )
[CHEMISTRY %: ' ]
Fe IRON 0.05
O  OXYGEN 0.2
N  NITROGEN 0.01
C  CARBON 0.03
RESIDUAL ELEMENTS (EACH) LESS THAN 0.10 FINAL PRODUCT HYDROGEN: .005
~~ — ~RESIDUAL ELEMENTS (TOTAL) LESSTHAN0.40  TITANIUM REMAINDER
[ TENSILE DATA: TEST 1 TEST 2 TEST 3 TEST4 |
TENSILE PSI: 81000 81000
YIELD 0.2% OFFSET: 58000 58500
ELONGATION % IN 28 28
RA%: 45 40

PRODUCT ANNEALED: 1300F,2HRS AIR COOLED
[PHYSICAL/MECHANICAL TEST DATA: B
HYDROSTATIC: ULTRASONIC: GUIDED BEND: \
FLATTENING: - PNEUMATIC: ‘
FLARE: EDDY CURRENT:
MATERIAL FREE FROM MERCURY CONTAMINATION

MATERIAL CONFORMS TO ALL TECHNICAL AND WORKMANSHIP REQUIR El:l/'E}NTS OF SPECIFICATIONS
« 7 g
) 7 j
(_ Qriec J(/ﬂ{é
Carie Westfal, Certification Clerk

O .27 )

VI




Exhibit No. 13.
Welder qualification provided to Advent by Durkee Testing Labs for two Ameriflex welders  
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INSTRUMENTS, SYSTEMS & COMPONENTS FOR VACUUM PROCESSES e
A 4
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DATE: 11/06/07 ) FAX #: 630-840-2457
TO: Ron Evans FIRM: Fermilab
FROM: Bud Botkin Page 1 of 3

SUBJECT: Weld certification

Ron;

Here are the certifications for the 2 welders doing Titanium welding -at Ameriflex.
Regards,

Bud

6029 W. Madison St.  +  Phone 847.865.0823
Nites, Il. 60714-2672 + Fax  847.985.0825
Emeijl: ‘bud@adventvac.com
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DURKEE TESTING LAB

ADye Y\T/Ferw\,("

Durkee Testing Lal:oratoriés, Inc.

PAGE ©2/82

[ENTaY
P.O. BOX 1401415700 Texaco StreeteParamount, CA 90723 (562) 531-7111 PAGE 1 OF 1 CR
3 CUST RO. SHIPFPER / W.0. LAB ND. LOG NO,
4 AMBRIFLEX, INC. 30498 R2726 1937244
r 2390 RAILROAD STREET 5 DATE REC. —
I CORONA, CA 92880 P AMS STD 1595A 09/13/07
f 5 ' DAE COMP.
3 s 09/25/07
WELDER X WELDING OPERATOR .
WELDER QUALIFICATION TEST REPORT
WELDER'S NAME YIM PHENGDALA I.D. _ 4005 .
JOINT WELDING PROCEDURE/EQUIPMENT BUTT .
TEST WELD:
BASE METAL DESCRIPTION ER2 TITANIUM GROUP NO. VI
WELDING PROCESS. _ PAW SINGLE WELD [X] DOUBLE WELD [ )
CURRENT : AC [] DC [X] BACKING: YRS (X] NO [ ]
VERTICAL: DOWN [ ] UP [ ] PENETRATION: COMPLETE ([X] PARTIAL [ ]
POSITION DIMENSION, INCH ’ .
SHEET GROOVK:;: 1c [x] 2¢ [1 3¢ [] 4¢ [ ] TH. ,012* .
TUBE GROOVE: i) 2¢6[] 5[] 6 [1] 0.Dh. TH. X
SHEET FILLET: iIF L] 2F [] 3P [] aF [] TH. .
TUBSE FILLET: 1F [ ] 2P []) 4F [ ] SsF [ ] 0.D. TH. .
VISUAL: PABS [X] FAIL [ ]
RADIOGRAPHIC: ** NA [ ] PAS8 [X] FAIL [ ] **REF CEDTECH TESTING LABORATURIES
BEND : NA [X] DPASS [ ] FAIL [ ] 10708 SO. GARFIELD AVE - SO. GATE, CA 90260
METALLOGRAPHIC: NA [¥] PasSs [ ] FAIL [ ] CONTROL NO. 23401
WELD sp:cmm, AS TESTED, I8  [X] SATISFACTORY [ ) UNSATISFACTORY
QUALIFIED: ..
BASE METAL GROUP NO.: VI SINGLE WELD [X) DOUBLE WELD [X]
CURRENT ¢ AC [ ] »C [Xx] BACKING: YES [X] X0 [ ]
VERTICAL: DOWN [1 UP [ PENETRATION: COMPLETE [X] PARTIAL [x]
e, JINCH .. .0.D INCH .~
MIN. - MAX. MIN. MAY.
SHEET GROOVRE: 1@ [X] G [ ) 3] 4[] .oog" .048" "
TUBE GROOVE: 16 [X] 26 [ '] 56 [] 66 [ 1] .008" 048" .
SHERT FILLET: ir [] 2 [] 3F [] 4rll — ‘
_________TURE FTLLET: 17 [ 1 2r [ 1 4F [ ] 5F [ ] . _

WITHIN THE LIMITS RECORDED, AND IN ACCORDANCE WITH THE REQUIRENENTS OF THE
SPECIFICATION(S) LISTED, THE ABOVE NAMED INDIVIDUAL___ IS QUALIFIED TO

PERFORM THE NELDING PROCESS NOTED.

Weldments, as asted, mast

Spadfication
Al other nformaton fumnished by your company has
been inciuvded hereln for your convenience and is subjact

to vorification by reommuulum

:n/

The recnrding of falee, fictitious or fraudulent
siatamenis or entties on the 1esi report may e

Mnishad as a fetony unace leciera faw
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Durkee Testing Laboratories, Inc.

DURKEE TESTING L4B

PAGE ©83/03

Pt
ENT BY

FERFORM THE WELDING PROCESS NOTED.

@ Ae:ud:ud

alyriel *mnmm-y
CenificatinNumber!
- Weldments, a8 tested, meot Speciffcation requitemenis, :
> ) All ather infarmation fumished by your company has DURKEE TES'.!‘ING ABORATORIES,
=S e
' adequacy, and ralavancy. ‘ KENNETH R. JOHN
GENERAL MANAGER

The moarding of false Setitinge: or fraudiitnn
staiements or entries or: e tnst rapnrt may ba
punished az a felony under federml law

Ih.l'c .

£.0. BOX 1401415700 Texaco Sfme{‘Pﬂrmomt, CA90723'(562) 531-7111 PAGE 1 OF 1 CR
h GUST PO SHIFCER 1 WO, LAB 1O, toaNo.
. AMERIFLEX, INC. ' 30391
$ 2350 RAILROAD STREET 3 =it m:;noai
5 CORONE, CA 92880 P AWS D-17.1:2001 CL. 2 AMS STD 1595A 08/24/07
] . E
g c DATE COMP:
1 o 09/10/07
WELDER, X WELDING OPERATOR .
WELDER QUALIFICATION TEST REPORT
WELDER'S NAME _REYNALDD ESTRAD2 . ‘ I.D. _ 401§ .
JOINT WELDING PROCEDURE/EQUIPMENT BUTT WELD
TEST WELD:
BASE METAL DESCRIPTION TITANIUM ___ GROUP NO._ VI .
WELDING PROCESS __GTAW 2INGLE WELD [X] DOUBLE WELD [ ]
CURRENT : AC [} DC [X] BACKING: YES [X] HO [ ]
VERTICAL: DOWN () up [ ] PENETRATION: COMPLETE [X] PARTIAL [ )
I POSITION DIMENSION, INCH )
SHEET GROOVE: 16 [X] 26 [) 3¢ [] 4G [ ] ™. ,028" .
TUBE GROOVE: 16 [ 1 26 [] S@[) 66 [ ] 0.D. TH. %
SHBET PILLET: 1IF { ] aFP [] 37 T ] aFr [ ] TH. .
TUBE FILLET: 1 [ 1 2P [] 4F [ 1 SF [ 1] 0.D. TH. .
PENETRANT INSP **NA [ ] PASS [X] FAIL [ ] .
' VISUAL: PASS [X] FAIL [ ]
RADIOGRAPHIC: #*NA [ ] PASS [X] FAIL [ ] **REF CEDTECH TESTING LABORATORIES
BEND : NA [X] PASS [ ] FAIL [ ] 10708 SO. GARFIELD AVE - S0. GATE, Ca 90280
METALLOGRAPHIC: NA [X] PASS [ ] FAIL [ ] CONTROL NO. 23117 ,
WELD SPECIMEN, AS TESTED, IS [X] SATISFACTORY [ ] UNSATISFACTORY
 QUALIFIED: : :
BASE METAL GROUP NO.: VI BINGLE WELD [X] DOUBLE WELD [X]
CURRENT : AC [ ] DC [xI BACKING: YES [X] NO [ ]
VERTICAL: DOWN [ ] UP [ ] PENETRATION: COMPLETE [X] PARTIAL [X]
_TH. INCH - 0.D INCH .
' MIN. MAX. MIN, MAX.
EHEET GROOVE: 16 (X1 26 [ ) ic [ ] 4@ [ ) .018" L112v - ;
TUBE GROOVE: 16 [X] 26 [ ] 56 [ ] 6c [ ] .0lg" .112" .
SHEET FILLET: ir [ ] 2F [ ] aF [ ] 4% [ 1} .
TUBE FILLET: 17 [ ] 2F [ ] AF [ ] §F [ ] —_ —_— ’
o it
T - 7
T BPECI




Exhibit No. 14.
3rd harmonic dressed cavity #3 weld summary
	Weld
No.
	Weld description
	Drawing or reference
	Type of weld
	How qualified and other notes

	1
	Nb cavity end cell to Nb tube end flange, input coupler end
	MD-442202
	e-beam
	Parameters developed based on microscopic or metallographic analysis of cut, etched and polished weld samples.  Welded at Sciaky.

	2
	Nb cavity end cell to Nb tube end flange, non-input coupler end
	MD-442201
	e-beam
	Same as above.  Welded at Sciaky.

	3
	NbTi large conical end cap A to Nb tube end flange, input coupler end
	MD-442202
	e-beam
	Same as above.  Welded at Sciaky.

	4
	NbTi small conical end cap B to Nb tube end flange, non-input coupler end 
	MD-442201
	e-beam
	Same as above.  Welded at Sciaky.

	5
	Nb end tube to Nb conical flange A, coupler end 
	MD-442202
	e-beam
	Same as above.  Welded at Sciaky.

	6
	Nb end tube to Nb conical flange B, non-coupler end
	MD-442201
	e-beam
	Same as above.  Welded at Sciaky.

	7
	Ti bellows to Ti tube
	MC-457114
	TIG
	Same as above.  Welded at Hi-Tech.

	8
	Ti bellows to Ti tube
	MC-457114
	TIG
	Same as above.  Welded at Hi-Tech.

	9
	NbTi conical end piece to Ti cylinder, coupler end
	ME-440598 detail C and “He_vessel to cavity weld.ppt”
	e-beam
	Same as weld numbers 1 - 6 above.  Welded at Sciaky. 

	10
	NbTi conical end piece to Ti spacer ring, non-coupler end
	ME-440598 detail D and “He_vessel to cavity weld.ppt”
	e-beam
	Same as weld numbers 1 – 6 above.  Welded at Sciaky.

	11
	Ti spacer ring to Ti cylinder, non-coupler end
	ME-440598 detail D and “He_vessel to cavity weld.ppt”
	TIG
	Welded by Dan Watkins, Fermilab, in the A0 glove box.  WPQ and PQR from Alloy Weld Inspection Company.


Exhibit No. 15.
Welding helium vessel to cavity no. #3:  Explanation of welds in “He_vessel to cavity no 3 weld.ppt” 
All the parts for this specific helium vessel were machined and TIG welded at Hi-Tech.  

There are three welds connecting the helium vessel to the cavity:  an EB weld joining the bottom of the vessel to the large conical end cap (weld #9 in Exhibit no. 14), an EB weld joining the titanium slip ring to the small conical end cap (weld #10), and a TIG fillet weld joining the vessel to the slip ring (weld #11).  We are not allowed to do full penetration EB welds because the RF people want to avoid any NbTi or Ti vapor deposition on the half-cells.  They believe it will negatively affect heat transfer to the liquid helium in the vessel.

The two EB welds were done at Sciaky.  In the Power Point presentation you will see pictures of the cut, etched and polished weld samples performed using the same weld parameters.  The TIG weld was done at Fermilab by Dan Watkins.  You will also see pictures of the preliminary weld samples Dan produced in the Power Point presentation.  Exhibit No. 18 shows his WPQ.
The remarks above apply to the helium vessel for cavity No. 3.  All the remaining helium vessels are being machined and welded as described above.  However there are additional steps in the procedure where cavity no. 3 will differ from cavity no. 5.  Both cavities no. 3 and 5 have an EB weld joining the titanium spacer ring to the small conical end disk (weld #10).  This circumferential weld is directed vertically downward (parallel to the axis of the cavity) and joins the small ID of the spacer ring to the conical disk.  For cavity no. 3, there is an additional weld pass with the beam directed horizontally (perpendicular to the axis of the cavity) to insure that the outer corner of the joint was consumed.  DESY objected to this secondary weld pass, so all remaining cavity-titanium spacer ring welds will have only the one circumferential weld that is same as cavity no. 5.  At weld #11, where there is a final fillet weld joining the titanium spacer ring to the titanium cylinder, is a complete circumferential weld.  The procedure for Cavity No. 3 to arrive at the weld is slightly different.  The weld must be built up in increments, then allowed to cool so that the frequency spectrum can be monitored.  The additional steps of cooling the weld and monitoring the frequency spectrum differ from how Cavity No. 5 was fabricated.  The final resulting weld is the same for both cavities.
The table below lists the welds that are different between Cavities 3 and 5.

	Weld No.
	Description
	Cavity No. 5
	Cavity No. 3

	7
	Ti bellows to Ti tube
	E-beam weld – 80% penetration
	TIG weld – full penetration

	8
	Ti bellows to Ti tube
	E-beam weld – 80% penetration
	TIG weld – full penetration

	10
	NbTi conical end piece to Ti spacer ring, non-coupler end (small end group)
	One e-beam circumferential weld (directed vertically downward) joining the spacer ring to the conical disk
	Two e-beam circumferential welds (one directed vertically downward, one directed perpendicular to the axis of the cavity), joining the spacer ring to the conical disk

	11
	Ti spacer ring to Ti cylinder, non-coupler end
	For final fillet weld, weld in increments around circumference, working towards a complete weld
	For final fillet weld, weld in increments around circumference, allow part to cool, monitor frequency spectrum, repeat  to work towards a complete weld


Exhibit No. 16.  Presentation from Mike Foley describing the procedure to weld the helium vessel to cavity #3 (He_vessel to cavity no 3 weld.ppt)
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[image: image23.emf]Vertical Welding Fixture Setup

Place 9-cell niobium cavity with

main coupler end down and large 

end-group clamped to “Leveling 

Plate” on fixture.

Add helium vessel support threaded 

rods.
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Small End-Group Flange

(Ni/Ti)

Large End-Group Flange

(Ni/Ti)
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[image: image24.emf]Helium Vessel Placement

Lower vessel and align vessel 

step to cavity end-group step. 

Secure with spring washers 

and thumb nuts.

Hand tighten thumb nuts only!!

Insure proper clocking of the 

helium vessel with respect to 

the cavity.

Thumb Nut

Flat Washers

Spring

Washer
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Exhibit No. 17.  Fermilab technical specification for welding titanium helium vessels 
[image: image1.emf]Two billets of Titanium, 

Grade 2 ordered from Nu 

Tech Precision Metals.  

PO574940

One billet cut into rough 

pieces at Fermilab Shops. 

Material Certification 

provided by Nu Tech

Rough Pieces final 

machined by J Marcs 

Corp.  PO 575918. 

Machined pieces TIG 

welded at Fermilab to 

complete helium vessel 

subassembly parts.   

Ten Titanium bellows assemblies 

ordered from Advent Associates 

(subcontracted to Ameriflex), 

PO576156

Bellows assembly and helium 

vessel subassemblies e-beam 

welded at Sciaky.   

One bellows assembly 

provided to Sciaky. 

Material Certifiation for 

convolution sheet provided 

by Supra Alloys

Material Certifiation for 

bellows cuff material 

provided by Tico Titanium

Cavity Assembly Tig welded 

into helium vessel assembly at 

Fermilab.   

Ameriflex Welder 

Qualification provided by 

Durkee Testing Labs

Seven bellows assemblies 

provided to Hi Tech for 

balance of helium vessel 

fabrication. 

Fermilab Welder 

Qualification provided by 

Alloyweld Inspection Co.

Niobium ordered

Niobium scanned by 

Fermilab

Half-Cells formed by 

Fermilab 

Material Certification 

provided 

End Group Parts machined 

by Fermilab

End Tube Parts e-beam 

welded by Sciaky

End Group Parts e-beam 

welded by JLab

Half-Cell weld preps 

machined by Fermilab 

Dumbbells and Final Cavity 

Assembly e-beam welded 

by JLab
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[image: image49.jpg]Helium Vessel to Cavity #3 Welding

= Overview of Welding Sequence

1. EB weld titanium helium vessel to large Ni55Ti
conical end cap.

2. EB weld titanium stepped end ring to small No55Ti
conical end cap. This weld has an additional weld
pass that differs from other dressed cavities.

3. TIG weld titanium stepped end ring to titanium
helium vessel.



Prepared By: 
 




               (Don Mitchell - TD)

[image: image50.jpg]! Helium Vessel to Cavity #3 Welding

= STEP 1. EB weld titanium helium vessel to large
Ni55Ti conical end cap on large end group flange

A. Tack weld in four places at 90 degree
iIncrements -- E beam horizontal (perpendicular to
cavity axis).

B. Remove support rods.

C. Place four additional tack welds between the
original four tacks. Execute circumferential EB
weld with E-beam horizontal (perpendicular to
cavity axis).




Approved By: 






    (Mike Foley - AD)

[image: image51.jpg]E-Beam Weld — Ti Vessel to Large End-
Group Flange

1A. Perform electron beam
tack weld on large end-group
flange.

Location and angle
of electron beam
weld. Tack in (4)
places equally
around flange.
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Introduction
Titanium helium vessels are an integral part of the SRF Program at Fermilab.  These vessels are welded around a cavity to provide liquid helium cooling.  This enclosed volume creates a pressure vessel environment which must be designed to meet the ASME Boiler and Pressure Vessel Code requirements.

It is required that all helium vessel welds be designed, fabricated, and tested to meet all requirements within the ASME code.  Full penetration welds created within a clean and oxygen free environment are essential for a successful helium vessel fabrication program at Fermilab.

There are many publications regarding the proper welding of titanium.  This specification is a collection of guidelines found within many of these publications.  This specification attempts to encapsulate the important information necessary, at a minimum, to create a successful titanium helium vessel welding program at Fermilab.  The designers, engineers, and welders involved in this program should also refer to the American Welding Society standards as well as the ASME Boiler and Pressure Vessel Code section IX. In no way does this specification override the requirements within the ASME code or AWS guidelines.  As always, safety is of primary concern.  Although not specifically mentioned in this specification, a safety hazard analysis should be prepared and followed when dealing with titanium cleaning, welding, and testing.
1.0 Titanium Welding Overview
1.1 Titanium and most titanium alloys are readily weldable, using several welding processes.  Properly made welds in the as-welded condition are ductile and, in most environments, are as corrosion resistant as base metal.  Improper welds, on the other hand, might be embrittled and less corrosion resistant compared to base metal.

1.2 The techniques and equipment used in welding titanium are similar to those required for other high performance materials, such as stainless steels or nickel-based alloys.  Titanium, however, demands greater attention to cleanliness and to the use of auxiliary inert gas shielding than these materials.  Molten titanium weld metal must be totally protected from contamination by air.  Also, hot heat affected zones and the root side of titanium welds must be shielded until material temperature drops below 800°F (427°C).

1.3 Titanium reacts readily with air, moisture, grease, dirt, refractories, and most other metals to form brittle compounds.  Reaction of titanium with gases and fluxes makes common welding processes such as gas welding, shielded metal arc, flux cored arc, and submerged arc welding unsuitable.  Likewise, welding titanium to most dissimilar metals is not feasible, because titanium forms brittle compounds with most other materials; however, titanium can be welded to zirconium, tantalum and niobium.

1.4 In spite of the precautions which need to be taken, many fabricators are routinely and economically welding titanium, making sound, ductile welds at comparable rates to many other high performance materials.
2.0 TIG Welder Qualification

2.1  TIG welders must be qualified relative to ASME Section IX of the Boiler and Pressure Vessel Code for titanium TIG welding.  Verification documents and welding coupons for each welder must be produced for review and approval prior to any product welding.  Positive results of the coupon inspection will serve as a final qualification.  The quality of the weld will be based upon its weld bead appearance and color (an indication of oxidation). 
3.0 AWS Standards

3.1 All cleaning and welding procedures will conform to the American Welding Society specification: AWS G2.4/G2 .4M: 2007, “Guide for the Fusion Welding of Titanium and Titanium Alloys.”
4.0 Weld Joint Preparation

4.1 As-cut surfaces should not be welded before the joint faces are finished using a machining technique capable of giving a non-contaminated good-quality surface.  Guillotined joint faces should not be welded.  Experience has shown that this cutting technique which produces a smeared edge leads to excessive weld metal porosity.

4.2 conventional machining techniques including lathe turning, drilling, reaming, mailing, and planning are all used for titanium.  Machined joints provide the most accurate fit-up and are recommended for titanium.  High-speed steel tools are acceptable, but carbide tools will optimize production rates.  Tool life can be extended through the use of low cutting speeds, high feed rates, and copious amounts of cutting fluid, sharp tools, and rigid setups.  Water-soluble lubricants are recommended, but chlorinated cutting fluids should never be used on titanium.
5.0 Cleaning

5.1 Before welding titanium, it is important that weld joints and weld wire or filler material be free of mill scale, dirt, dust, grease, oil, moisture and other potential contaminants.  Inclusion of these foreign substances in titanium weld metal could degrade properties and corrosion resistance.

5.2 Weld wire is clean as packaged by the manufacturer.  If wire appears to be dirty, wiping with a non-chlorinated solvent, prior to use, is good practice.  In severe cases, acid cleaning may be required.

5.3 All joint surfaces and surfaces of baseplate for a distance of at least one in inch back from the joint need to be cleaned.  Normal pickled mill surfaces generally require only scrubbing with household cleaners or detergents, followed by thorough rinsing with non-chlorinated water (de-ionized or ultra-pure) and air drying.  Alternatively, wiping of weld joints and adjacent areas with non-chlorinated solvents such as acetone, toluene, or methyl ethyl ketone (MEK), using clean lint free cloths or cellulose sponges, is acceptable, provided no residue remains.  The solvents are particularly effective in removing traces of grease and oil.  Solvent cleaning should be followed by wire brushing, using a new stainless steel brush.  Under no circumstances should steel brushes or steel wool be used on titanium because of the dangers to corrosion resistance which embedded iron particles pose.

5.4 Light oxide films, as might result from heating in the range 600°F -800°F (316°C -427°C) for forming operations, can be removed by brushing with a new stainless steel wire brush.  Light grinding, draw filing and acid pickling are also effective.

5.5 Once components have been degreased, the surfaces to be joined must be handled only with clean, lint-free, gloves and preferably not at all.  Welding should commence as soon after cleaning as is possible (within 12 hours).  When not being worked on, weld joints should be kept covered with paper or plastic to avoid accumulation of contaminants.
6.0 Acid Pickling
6.1 There are, at times, critical applications which require a thorough cleaning.  For helium vessel welding applications, an acid cleaning treatment is not required.  However, if some of the helium vessel components are heavily contaminated, then an acid cleaning process should be applied.

6.2 An acceptable pickle bath for titanium is 35 vol. % nitric acid (70% concentration), and 5 vol. % hydrofluoric (48% concentration) used at room temperature.  Dipping of weld joint areas for 1 to 15 minutes (depending on the activity of the bath) should be sufficient.  A cold water rinse to remove acid, followed by a hot non-chlorinated (de-ionized or ultra-pure) water rinse to facilitate drying, completes the cleaning.

6.3 Once components have been degreased, the surfaces to be joined must be handled only with clean, lint-free, gloves and preferably not at all.  Welding should commence as soon after cleaning as is possible (within 12 hours).  When not being worked on, weld joints should be kept covered with paper or plastic to avoid accumulation of contaminants.
7.0 Welding Process

7.1 All TIG welds must be performed inside of an argon filled glove-box with an oxygen count of 20 PPM or less.  Welds must be free of significant titanium oxidation and discoloration.  E-beam welding in a vacuum environment is an acceptable vendor option. The vacuum level in the E-beam welding chamber must be less than 1.0 x 10-4 mbar before welding can commence.

7.2 On a daily basis, prior to product welding, weld coupons of comparable thickness and type will be prepared by the welder.  These coupons will be etched with a date and welder's initials and kept for record.  An acceptable weld coupon can be either circular or rectangular with a minimum area of 2500 mm2. See figure below. The weld coupon’s size and shape shall be consistent throughout the entire product development.

[image: image39.wmf]
Welding Coupon

7.3 On a daily basis, prior to product welding, two test specimens shall be produced.  The tensile test specimen shall be fabricated per the given sketch.  The date and welder's initials shall be inscribed at the end of each specimen.

[image: image40.wmf]
Pre-Weld

[image: image41.wmf]
Post-Weld

7.4 The recommended filler rod for welding grade 2 titanium, used in helium vessel fabrication, is ERTi-2, 40/Ti (unalloyed). Material certification is required.
8 .0 Inspection

8.1 Tensile and bend tests, as well as weld discoloration, on weld coupons made under conditions intended for production are the acceptance criteria.

8.2 A transverse tensile test must be performed on a welded specimen that is welded on the same day and in the same environment as the production product. The results of the welded specimen tensile test will be compared to the tensile test results of a non-welded titanium sample.  Transverse tensile tests normally will not show contamination, since the weld is usually stronger than the parent metal.

8.3 On a separate weld sample, a longitudinal bend test is required.  For grade 2 titanium, the minimum bend radius shall be three times the thickness of the material.  Comparison should be made between the weld and HAC (rather than parent), so as to account for hardening that occurs during the weld thermal cycle.

8.4 The easiest and almost universally adopted inspection method is the monitoring of the color of the weld surface.  This technique, although appearing straightforward may give misleading results since the most detrimental form of contamination, i.e. entrainment of air into the torch shielding gas, could still give a silver weld if the trailing shield were to provide good protection.  However, if welds are inspected during the welding process, then contamination of the electrodes will be noticeable if air has been entrained into the torch shielding gas.  A rule of thumb, guide to interpreting weld zone color, is given in the table and photograph below. A silver, non-discolored appearance is desired.

	Weld Color
	Probable Cause and Treatment

	Light Straw (1)

Dark Straw (2)

Light Blue (3)
	Surface oxide.  Remove by wire brushing with new stainless steel wire brush.

	Dark Blue (4)

Grey Blue (5)

Gray (6)
	Metal contamination.  Welds should be removed and done over after corrections in shielding are made.

	White (7)

Loose deposit (8)
	Metal contamination.  Welds should be removed and done over after corrections in shielding are made.


[image: image42.emf]


Titanium Oxidation Levels

8.5 All welds must be vacuum tight.  No leak shall be detectable on the most sensitive scale of the helium leak detector with a minimum sensitivity of 2 x 10-10 ATM. cc/sec.

8.6 Inspection of a final product will be conducted prior to any ultrasonic or wire brush cleaning.  Do not modify the final welds prior to product inspection.

8.7 Hardness measurements on weld vs. base metal are also sometimes used as an indicator of weld quality.  Normally, uncontaminated weld hardness is no more than 30 points greater on the Knoop, Vickers, or Brinell hardness scales (5 points Rockwell B) than the hardness of base metal of matching composition.  It should be recognized that heat-to-heat variation in chemistry, within specifications, can result in hardness differentials somewhat higher than 30 Knoop or Brinell without any contamination.  In any event, high weld hardness should be cause for concern because of the possibility of contamination.

8.8 The ASME code suggests that, if titanium weld metal hardness is more than 40 BHN greater than base metal hardness, excessive contamination is possible.  Substantially greater hardness differential necessitates removal of the affected weld-metal area.

9.0 Approvals
9.1 A traveler for each helium vessel shall be prepared and shall include this written specification along with all documentation on weld coupon testing, tensile testing, bend testing, visual color inspection of welds, hardness testing, and inspection weld bead appearance.

9.2 The responsible engineer and welder's supervisor must sign off on all inspections.

10.0 Repairs

10.1 If, at any time, a weld is deemed unsuitable, the only acceptable repair technique that may be used is the removal of the entire weld and weld affected zone.  The cause of the inadequate weld must be corrected before the repair is made.

10.2 The problem and corrective action must be fully documented to include a written description, photographs, and written approvals.
11.0 Do’s and Don'ts
11.1 Do use the correct weld preparation and remove all burrs. Do remove all grease, oil, paint and dirt before welding or heat treatment.  Do clean weld areas with acetone using a lint free cloth or use stainless steel or titanium wire brushes.  Do dry titanium surfaces before welding.  Do use clean and dry titanium filler wire of the correct grade.  Do insure that the top and back face of the weld and weld areas are adequately shielded with argon gas.

11.2 Do not heat treat titanium in a reducing atmosphere; it will absorb hydrogen and become embrittled.  Do not use methyl alcohol (methanol) as a cleaning fluid; dry methanol can cause stress cracking.  Do not use sulpho-chlorinated or sulphurised cleaning fluids.  Do not apply cleaning fluid with tissue paper, wool or rags.  Do not wire brush with mild steel brushes.  Do not use hydrogen containing shielding gases.

12.0 Acknowledgments

12.1 The following publications were used in the preparation of this specification.

AWS G2 .4/G2 .4M: 2007: Guide for the Fusion Welding of Titanium and Titanium Alloys
Welding Titanium: A Designers and Users Handbook, TWI, 1999, TIG: The Titanium Information Group.
Titanium: Design and Fabrication Handbook for Industrial Applications, TIMET, Titanium Metals Corporation, www.timet.com   
Exhibit No. 18.
Fermilab welder performance qualification (WPQ) provided by Alloyweld Inspection Co. through Packer Engineering
[image: image43.jpg]Alloy Weld Inspection Company, Inc.
796 Maple Lane
Bensenville, IL. 60106

Welder or Welding Operator Performance Qualification (WPQ)
Welder's Name: WATKINS, DAN -, Stamp: 24

Test WPS No.: PROCEDURE DATED 1-31-08  Rev.: 0. WPQNo.: 166266 Date: 2/6/2008
Welding process(es) / type(s) used: GTAW / Manual :
Type of joint welded: Pipe Groove weld Joint type(s) qualified: Groove and Fillet Welds
Base metal(s) welded: SB-338, Grade 2 to SB-338, Grade 2
Welder Variables (QW-350) Actual Values Used Range Qualified
P- or S-Number to P- or S-Number P-No. 51 to P-No. 51 P-51 thru P-53
Base metal thickness (in.) 0.16 WPS Limits
Pipe diameter (in.) 5.50 2.875" minimum
GTAW / Manual GTAW / Manual
Backing ** Backing used With backing only
AWS classification ERTi-2
Filler metal specification (SFA) 5.16 5.xx
Filler metal F-No. 51 F-No. 5X
Filler metal product form Bare (Solid) Bare / metal cored
Consumable insert No insert used Without insert onlty
Deposit thickness (in.) [>= 3 layers] 0.160 [N/A] 0.3200" maximum
Welding position 2G - Horizontal Flat & Horizontal
Weld progression N/A N/A
Backing gas Backing gas used With backing gas only
GTAW welding current / polarity DCEN (straight) DCEN (straight)
Machine Welding Variables (QW-360) Actual Values Used Range Qualified
Direct / remote visual control N/A N/A
Automatic voltage control N/A N/A
Automatic joint tracking N/A N/A
Welding position N/A . N/A
Consumable insert N/A N/A
Backing ** N/A N/A
Single / multiple pass per side N/A N/A

Fillet Welds: Qualified to make fillet welds of any size on all base material thicknesses and pipe diameters of any size.

** Welds with backing include fillets and double-welded groove welds.

Notes: WELDED IN INERT WELDING CHAMBER PURGED WITH 99.99% ULTRA-PURE ARGON AT 8.5 PPM OXYGEN
CONTENT. INVERTER POWER SOURCE, 3/32" CERIATED TUNGSTEN WITH A #4 GAS CUP, 3/32" DIAMETER BARE
ELECTRODE. JOINT COMPLETED IN 2 PASSES. JOINT CONFIGURATION: 37 1/2 DEGREE BEVEL WITH A .030" LAND
AND A .062" ROOT GAP. 5.50" DIAMETER PIPE COUPON WITH A .160" THICK WALL BY 8" LONG. SLIGHT
OSCILLATION OF THE TORCH ON THE COVER PASS.

Guided Bend Test (QW-160)

Figure Number and Type Result Figure Number and Type Result
None None
None None
None None

Visual examination results: Visual exam satisfactory per QW-302.4 and QW-194,

Radiographic test results: _Acceptable Per QW-302.2 and QW-191.

Welding test conducted by: Alloy Weld Inspection Company, Inc.

Mechanical/Radiographic tests conducted by: ALLOYWELD INSPECTION COMPANY, INC. Lab test no.: 166266

We certify that the statements in this record are correct and that the test coupons were prepared, welded, and tested in accordance with the
requirements of Section IX of the ASME code.

o Organization: _Alloy Weld Inspection Company, Inc.
Certified By: - %"’ 2/6/2008  ASNT SNT-TC-1A, LEVEL 3

> STUART KLEVEN Date

WPQIX - C-WPWé.1.1
Form 2005 Rev, 0
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_CALLOYWELD INSPECTION COMPANY, INC

796 MAPLE LANE PHONE: (630) 595-2145 FAX: (630) 595-2128 ~ BENSENVILLE, ILLINOIS 60106-1585

X-RAY READER SHEET
DATE: JANUARY 5, 2008

1950 N. WASHINGTON STREET ORDERNO: V90003
. AP&%&%”( S - REGISTERNO: 166266
WORK ORDER NO: 49405
PAGE 17ioF 1
INSPECTION INFORMATION
PARTNUMBER = WELDER QUALIFICATION  [MATERIAL WI HEAT CODE
FILMNUMBER = 7188 ’ NO OF VIEWS 4 ‘ NO OF FILM " (BICRSHOTS

PROCESSED IN ACCORDANCE WITH:
ASME SECTION Vi

X-RAY

SERIAL NUMBER REMARKS OR OTHER DISCONTINUITIES

Non-Conforming
Cracks
Shrinkage
Shrink Cavities
Porosity

Gas Holes
Voids

Surface

SN: 1A-B
B-C
C-D
DOA

SN: 2 A-B
B-C
C-D
D-A

X[ X[><[><| <[> ><|><| Accept

This report is limited to the defects of the type that can be located with the above method. Any changes to shaded areas make this report

ALLOYWELD INSPECTIOIQ'"WQADIO‘G‘}RAPHER SIGNATURE

2 T
ACCEPTABLE - PCS. \e’?f\‘, s _5 AN A
i j‘ < - / : - i
NON-CONFORMING___— PCS. ( \ arermara 7\
P4 NAS 410/MIL-STD 410E LEVEL II ‘

WELDING: ARC-HELIARC, BRAZING, SILVER AND SOFT SOLDERING ¢ INSPECTION: MAGNETIC PARTICLE, PENETRANT, X-RAY,
COMPUTED RADIOLOGY, IMMERSION ULTRASONICS, PASSIVATING, NITAL ETCH, SURFACE TEMPER ETCH, STRESS RELIEF




Exhibit No. 19:
Alloy Weld Inspection provided the Procedure Qualification Record 

(PQR) for GTAW / Manual process for Fermilab.
[image: image45.png]Alluy Weld Inspection Company, Inc.
796 Maple Lane
Bensenville, 1L 60106
Procedure Qualification Record (POR)
PORNo: T-714091 WS No.: GTAW MANUAL Date: 1372008 Page: 1of2

Wi Proceste) | 57y GTAW  unant
Tt (OWATE)
W ype: Groosewet
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e ey (QWA0) Shidng: 1008 Argon 0y chmbery 40 CF
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AWS Clsifaon: TR Hacking: 1003 Az i chanben 40 11

Filler Metal -No; 51 =
Weld Metal Analysis A-No: NA et et el )

JPolarity: DCEN (straighty
Size of Filler Metal (in); 332 ::1““‘"‘ '”\ﬂam) DCEN (straight
Weld Deposit € (n.): 0.197

e voiz s

Filler Metal Product Form: Bare (Solid) = TR

T i T ‘m:’,(sm EWCe:2 /332" dia.
eat Input: N

Consumable Insert: e

Flox: -

Technique (QW-410)
Travel Specd (inimin): Manual
String/Weave Bead: Stringer and weave bead

Positions (QW-405)
Position of Jont: 26 - Horizantal
Weld Progression: N/A

Oscillerion: NA
e Mult/Single Pass (per side): Multipass

Preheat (QW-406) Mult/Single Flectrode: NiA

Preheat Temp ) °F | NozzlefGas Cup Size: #4

Interpass Temp. 350 “F | Weld Environment: Closed chamber

(1) Welder: Dan Watkin
Root pus: Siringer with beyhoe
Final pass: Slight oseilation

Corok- A whv




[image: image46.png]POR No: T-T14091

Alley Weld Inspection Company, Inc.
Procedure Qualification Record (POR)

Tensile Test (QW-150)

Poge: 2

Width | Thickness Ares Ultimate Total | Ultimate Siress Failure Type

Specimen No. (in) (in) (i) Load i) @sn and Location

1 07465 01470 01100 ot SN Ductle - WM

o2 07440 | 01562 0.1162 7137 61400 Duetile - WM.
Guided Bend Test (QW-160)

Figare Number and Type Resaic Figure Number and Type Result
OW-162 3 Fuce Fond Acceptable QW-462.3) Rout bend Acceptable
QW-162.3) Fce bend “Accepible QW62 3 Koot bend | Accspiable

None Nonc
Visual Examinatin: Acccpioble
eray ingpected per ASME Seceion 1X, paragraph QW-191 2.2 - Acceptable
Welders Nme: - Dan Watkins ;3091 Stamp: 24
POR vas done and welding of
coupon was witnessd by: Fermi
ests Conducted By: ~ Bodycose Testing Group Test 1D 1714091

We certify tha the satementsin this record are corroct nd tht th fest welds were prepared, welkded, and tesed in accondance with the

requirements of Section IX of the ASMI

Prepared By:

132008

T L

Quality Enginect

Corom ey wrwaL




Exhibit No. 20:
Alloy Weld Inspection provided the Procedure Qualification Record 

(PQR) for Electron Beam welding process for Sciaky.

[image: image47.png]Alloy Weld fuspection Company, Inc.

796 Maplc Lane
Bensenville 11, 60106

Procedure Qualification Record (PQR)

PQR No.: T-714092 WPS No.:

ELECTRON BEAM

Date: 6/13/2008 Page: 1of2

Welding Process{es) / Type(s):

Joints (QW-402)

Weld Type: Groove weld

Square groove
Backing: Open batt, no back weld
Root Opening: [\ in.

Root Qpénmg

SQUARE GROOYE

Base Metals (QW-403)

Postwetd Hent Treatment (QW-407)

Material Spec., Type or Grade: Type: None,

SB-861. Grade_2 1o SBB-861. Grade 2 Temperalure: of
P-~No.: 51 o P-No.: 51 Time: hr
Thivkness of Test Coupon (in.): 0.197 -

Diumeter of Test Coupon (in.): 5 Gas (QW-408)

Filler Metals (QW-404)

SEA Specification: N/A (FUT-‘DN)

Gas Composition / Flow Rate
shictding _Vacuom <= 4,0-10°% Torp

Trailing:

AWS Classitication:

Bucking:

Fitler Metal F-No:

Weld Metal Analysis A-No:

Size of Flller Metal (in.):

Weld Deposit 't {in:): 1.197

Filler Metal Product Form:

Paositions (QW-405)
Position of Joint: N/A

Electricat Characteristics (QW-409)
Current/ Polurity:
Amps: __3OmA
Volts: S50 KN
Tungsten Type / Size: N/A
Heat Input: N/IR

Weld Progression: N/A

Prehicat (QW-406)
Preheat Temp.:

ap:

Technique (QW-410)
Travel Speed (in/min); -
String/Weave Bead: N7A
None
fSingle Pass (per side):

20 ;va/wn'v\

Osciltation:
Muit.
Mult./Single Electrode:

Smere Pasc

8" oTW
Vacuoum Cpamesn

Electrode Spacing:

Weld Environment:

CoPOQRIN-A-WPW GL1
) Furm 2005 - Rev,
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Altay Weld inspection Company, Inc.
Procedure Qualificstion Record (PQR)

Tensite Test (QW-150)

Page: 20f2

Width Thickness Area Ultimate Total Ultimate Stress Failure Type

Specimen No. {in.} (in.) (in?) Load (Ib} (PS1) and Location

1 0.747 0.1542 0.1152 T438 64740 Dudtile - WM

2 0.749 0.1544 0.1156 7231 062600 Ductile - WM
Guided Bend Test {QW-160)

Figurec Number and Type Result Figure Number and Type Result
QW-462.3() Face bend Acceplable QW-462.3(8) Root bend Acceptable
QW-462.3(w) Face bend Acceplable QW-462.3(a) Root bend Acceptable

None None
Visual Examination: Acceptable
Xeray inspected per asme scetion ix. paragraph QW-191.2.2 - acceptuble.
weldersName: Yo Heava (Sctae ) 10: Stamp:

PQR was done and welding of

coupon was witnessed by:

Fests Conducted By:

FERMI_ Maclnard L‘ole.\j 3-42-0%

BODYCOTE TESTING GROUP

Test D T-714092

We certify that the statements in this record are correct snd that the test welds were prepared, welded, and tested in gccordance with the

requiremients of Section X of

Prepared By:

[the ASMIEE Code.

6/1372008

Uate

Quality Engineer

CoPORIN -A-WPW ALY
Form 2008 - Rev.




Exhibit No. 21:  Procedure for TIG Welding Helium Vessels  

to 3.9 GHz 3rd Harmonic Cavities
Procedure for TIG Welding Helium Vessels

to 3.9 GHz 3rd Harmonic Cavities

 
M. Foley, E. Harms, T. Khabiboulline, D. Mitchell and D. Watkins

      June 9, 2008

0.  Prepare glove box for welding.  Circulate nitrogen through glove box to reduce humidity to less than or equal 15%.  Connect liquid argon dewar to glove box and establish argon atmosphere at less that 20 ppm oxygen.

1.  Install RF fittings on main coupler port and field probe port and measure the frequency spectrum of the cavity.  The RF behavior of the cavity will be closely monitored at periodic intervals during the TIG welding process.  Install titanium filler ring in gap between helium vessel shell inner wall and titanium spacer ring on cavity.  Be sure that filler ring is properly seated around entire circumference of helium vessel shell.

2.  Measure the frequency spectrum of the cavity.  If blade tuner flanges are close to parallel, use stainless steel rods and brass nuts to set parallel gap between blade tuner flanges -- finger tighten only.  If the blade tuner flanges are significantly out-of-parallel, the cavity may have to be bent.

3.  Install flanges and fittings on HOM coupler antenna tubes for pumping argon through the cavity.  Install flange and fitting on helium vessel input port for pumping argon into helium vessel.  Install aluminum disk with exit hole on helium vessel gas return pipe flange.  Measure frequency spectrum of the cavity.

4.  Install cavity with helium vessel, all required tools, aluminum base plate, and titanium grade 2 welding rod in transfer chamber.  Establish vacuum in transfer chamber.  Note:  If the cavity is too long to fit in the transfer chamber without being deformed when the chamber is closed, install the cavity directly into the welding chamber.

5.  Move cavity/helium vessel, tools, welding rod, and base plate into welding chamber.  Install aluminum base plate on bottom (main coupler end) of cavity for stability during welding.  Attach cabling for monitoring the frequency spectrum of cavity, and tubing for circulating argon through helium vessel and cavity during welding.  The line for passing argon through the cavity should have a ceramic particulate filter installed upstream of the cavity rated to 0.01 microns.

6.  Establish glove box atmosphere at less than 20 ppm oxygen.  Set argon flow rate through cavity and helium vessel at ~ 0.5 ft3/min.  Maintain argon flow through helium vessel and cavity at ~ 0.5-1.0 ft3/min throughout welding process.

7.  Measure frequency spectrum of the cavity.  Disconnect RF cabling.  Tack filler ring to spacer ring in four locations at 0o, 180o, 270o, and 90o from start.  Initial tack should be placed at location of minimum gap between helium vessel shell and spacer ring.  Re-attach RF cabling and check frequency spectrum of cavity.  Allow to cool for ~ 5 minutes.  Check frequency spectrum – if satisfactory disconnect RF cabling and proceed. If at any point in this or the following procedure the RF measurement indicates that the cavity has not recovered sufficiently, allow additional time for cool down.  Increasing the argon flow rate through the cavity and/or the helium vessel will accelerate cool down.

8.  Place four additional tacks at 45o, 225o, 315o, and 135o.  Remove (or loosen) stainless steel support rods and re-attach RF cabling.  Check frequency spectrum, allow to cool for ~ 5 minutes and check frequency spectrum again.  If satisfactory, disconnect RF cabling and proceed.

9.  Place eight additional equally spaced tacks, and repeat frequency spectrum check, cool down and second frequency spectrum check process.  Always remember to disconnect the RF cables before welding.

10.  Place two TIG fusion welds, each ~ 45o in length and diametrically opposed from one another.  These welds fuse the filler ring to the helium vessel shell and the spacer ring on the cavity.  Check frequency spectrum – allow to cool for ~ 5 minutes – check frequency spectrum.  Repeat this process three additional times, thus closing the entire circumferential gap between the helium vessel and the spacer ring.

11.  Place two TIG fillet welds using titanium grade 2 welding rod (0.062” Diameter), each ~ 45o in length and diametrically opposed from one another.  Check frequency spectrum – allow to cool for at least 10 minutes – check frequency spectrum, and proceed if cavity has recovered.  Repeat three additional passes to complete circumferential fillet weld of helium vessel shell to cavity spacer ring.  

12.  Allow cavity to cool while monitoring mode spectrum every 10-15 minutes.  Increase argon flow rate through cavity and/or helium vessel if necessary.  After cavity has recovered sufficiently, carefully remove from glove box.

TIG Weld Parameters

All TIG fusion welds and fillet welds are done manually at ~ 10 volts DC and 62-78 amps.
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[image: image52.jpg]E-Beam Weld — Ti Vessel to Large End-
Group Flange (Cont.)

1B. Remove support rods.
Add four additional equally

spaced tack welds. L) y , »
<—— Remove support rods

and perform 360 degree

1C. Perform electron beam .
continuous weld.

weld on large end-group
flange.




[image: image53.jpg]Helium Vessel to Cavity #3 Welding

= STEP 2: EB weld titanium stepped end ring to
small Ni55Ti conical end cap

A. Seat stepped end ring on lip of small conical end cap.
B. Add fixturing to apply sufficient pressure to end ring so

as to maintain proper fit and alignment during tack welding.

C. Tack weld in four places at 90 degree increments with E-
beam vertical (parallel to cavity axis).

D. Remove fixturing. Add four additional tack welds
E. Execute circumferential EB weld with E-beam vertical
(parallel to cavity axis).

F. Execute circumferential EB weld with E-beam
perpendicular to the axis of cavity.



[image: image54.jpg]Fixture Setup for E-Beam Weld at
Small End-Group Flange

Add threaded rods and

“Bottom Block” assembly. Tirese e Ie

Flat Washer
Hex Nut

Bottom Block
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[image: image55.jpg]Fixture Setup for E-Beam Weld at
Small End-Group Flange con,

Plunger Holder

2B. Add “Plunger Holder” and
“Spring Plungers” to add
pressure to stepped flange
end ring to maintain proper
fit and alignment during tack
welding.

Spring Plungers.
Each plunger provides

1.3 — 2.7 Ibs. of down force.
This is not enough load to
de-tune the cavity.
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[image: image58.jpg]39 Harmonic He Vessel Welding

Helium Vessel-to-Cavity No. 3

22 June 2008



[image: image59.jpg]E-Beam Weld — Ti Vessel to Small End-
Group Flange

2C. Perform electron beam

tack weld on small end-group Location and angle
flange. : of electron Ipeam
weld. Tack in (4)
places around flange
’ 7 between spring plungers

13



[image: image60.jpg]E-Beam Weld — Ti Vessel to Small End-

! Group Flange (Cont.)

2D. Remove hardware. Remove “Plunger Holder”

and perform a 360 degree
continuous weld.

2E & 2F. Perform electron
beam welds on small end-
group flange.
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[image: image61.jpg]E-Beam Weld — Ti Vessel to Small

End-Group Flange (Cont.)

E-beam
(primary)

E-beam

Titanium
spacer
ring

NBTi
small
conical
end cap

Approximate
location of
original joint
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[image: image62.jpg]Helium Vessel to Cavity #3 Welding

STEP 3: TIG weld titanium stepped end ring to titanium
helium vessel
A. Based on estimated TIG weld shrinkage, adjust fixturing to deflect

bellows such that after weld the bellows will assume a neutral position.
(Unless shrinkage is too severe)

B. Inslert titanium filler ring in gap between stepped end ring and helium
vessel.

C. Install assembly in glove box and execute argon purge to desired level
(< 20 ppm oxygen).

D. Tack weld in multiple spots always trying to maintain uniform
deflection around circumference.

E. Complete TIG weld in segments with goal of maintaining uniform
deflection around circumference (possibly use additional titanium filler
rod to increase weld integrity).

F. Place multiple fillet welds in segments, working up towards a complete
circumferential weld.
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[image: image63.jpg]T I G Wel d Stepped Flange

End Ring
(Titanium) 360 degree
continuous
Small End- TIG weld.

Move to an argon purged Group Flange
g|OV9 box and perform final (Ni/Ti)
T1G weld of titanium stepped
ring to titanium helium vessel.
Weld to be performed in a
“free” state.

A filler ring is added to fill the
gap between the stepped ring
and the helium vessel. The
filler ring helps with alignment
and supplies filler material to
complete the weld.

A fillet weld on top of the filler
ring completes the assembly.

Filler Ring
(Titanium)

Helium Vessel
(Titanium)

17



[image: image64.jpg]TIG Weld (cont.)

TIG fillet weld o Helium Vessel

(0.062” dia rod)

Spacer / filler
rng

Stepped Flange
End Ring

Small End-
Group Flange
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