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Outline

® Background of material testing for High
Pressure Gas Safety Act (HPGSA)

® Results of material tests at KEK

* Tensile test of pure niobium

* Tensile test of pure titanium

* Planned material tests
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Relevant Laws & Technical Standards

® High Pressure Gas Safety Act;

® Designated Equipment Inspection
Regulations;

®* Note “On Implementation of Functional
Standards regarding Designated
Equipment Inspection Regulations”
(Exemplified Technical Standards);
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KEK SC Cavities & Cryomodules

* Niobium In DEIR and ETS as
materials for designated equipments

* Special technical approval (STA) Is required
before manufacturing

® Titanium In DEIR and ETS as
materials for designated equipments

" given at temperatures lower
than liquid nitrogen temperature

* Special technical approval (STA) Is required
before manufacturing
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KEK Assurance of Tenacity at Low Temp.

® Charpy test for assuring tenacity at low
temperature

* DEIR Art. 40 (Mechanical Test Standard)

* Impact test standard for welded part
* In case of tensile strength of parent material is

450 MPa or smaller, mean absorbed energy
of 3 samples shall be 18 J or larger, and the
minimum shall be 14 J or larger (for sample

cross section: 10 mm x 10 mm)
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Published References

® Nb Tenslile strength

* Aerospace Structure Metal Handbook Code
5201

® Nb 0.2% proof stress

* Proc. Roy. Soc. A281 (1964) 223

® Nb Coefficient of linear expansion

* Handbook on Material for Superconducting
Machinery, Metals and Ceramic Information
Center, MCIC-HB-04, January 1977

* Computer code “CRYOCOMP”
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P Published References (Cont'd)

® Walsh R. P. et al., Proc. 9th Annual
Workshop on RF Superconductivity 1
(2000) 195 (cited as “Ref.1” In this
presentation)

* Niobium data from ATI Wah Chang web

page:
www.wahchang.com/pages/products/

products.htm
* Titanium data from Kobelco web page:
www.Kkobelco.co.jp/english/titan/index.html
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Test Specimen (Ex JIS 7)
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Test Specimen (JIS 13b)
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Niobium Test Specimens

@\

@E I

Rolling Line

IND & 7|8 i858 B2 & _ @@ KEK Az +-maziin
1 | | I —— — r
| 1

ILC08/20081118 NAKAI Hirotaka




HIGH ENERGY ACCELERATOR RESEARCH ORGANIZATION

Niobium Test Specimens
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Niobium Tested

® Same material as KEK Base-Line cavities
® Annealed at 750 °C

® Difference in roll and cross directions

® Difference in specimen dimensions

* Ex JIS 7 - specimen for low temp. testing

* JIS 13b - current minimum-size specimen
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Niobium Test Results (Ex JIS 7)

Tensile Test Results (Form 2) No. STF-D1-2

Lot No. : Tokyo Denkai 9315-84 0270 t2.5 Material : Nicbium

Test Date : July 24 (Thu), 25 (Fri), 26 (Sat) and Oct. 4 [Tue)

Testers | MAKAI Hirctaka and YATABE Eiichi Testing Place | PF-AR East
Tesfing Machine ; Shimadzu Autograph AG-5000C Test Specimen : Ex JIS T and JIS 13b

Strain Gauge : Kyowa Elect. Instr. KFL-1-C1-11 (¥010-007) Gauge Factor : 2.02 Gauge Adhesive : PC-6

Cross Section Test Temp. Tensile strengln | 0.2% Proof Stress | Mod. Elasticity Elongatian
Specimen Ma. Remarks
[mm’] K] MPa] [MPa] MPa] [%]

7-2 127 g3a ST 122180 23.0

7-8 128 636 626 122007 21.0
7-10 126 L 661 640 ‘ 118223
T-8 12.8 ‘ - . . . Dala logger chack
7-1 125 ? ' 1 . . - - Cool-down failed

7-3 12.5 118618 19, *slip included

7-9 127 119465 4. *slip included

T-4 127 g7 744

7-5 126 98520

77 2.7 10778
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Niobium Test Results (JIS 13b)

Tensile Test Results (Form 2) No. STF-D1-2

Lot No. : Tokyo Denkai 9315-84 1270 12,5 Material : Nicbium

Test Date : July 24 (Thu), 25 (Fri), 26 (Sat) and Oct. 4 [Tue)

Testers | MAKAI Hirctaka and YATABE Eiichi Testing Place | PF-AR East
Tesfing Machine ; Shimadzu Autograph AG-5000C Test Specimen : Ex JIS T and JIS 13b

Strain Gauge : Kyowa Elect. Instr. KFL-1-C1-11 (¥010-007) Gauge Factor : 2.02 Gauge Adhesive : PC-8

Cross Section Tesl Ternp. Tensile slrength | 0.2% Proof Stress|  Med. Elasticity Elgngation
[mm’] (K] [MPa] MPa] [MFa] [%]

Specimen No.

13b-1 327 a0z 178 458 111354 47.0

13b-2 335 0z 1 49 108695 ez
13b-3 32.8 302 1 4G 110677

13b-4 333 a0z 1 45 1093448
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3% AT wah Chang

Allegheny Technologies
TECHNICAL DATA SHEET

MECHANICAL PROPERTIES
Tensile strength, (psi) sheet, annealed Grade | 30,000

Yield strength, (psi) 0.2% offset, sheet, annealed 15,000

Elongation, %, annealed 30

Young's Modulus, (psi) 15.2 x 10°

Hardness, (500 kg) Brinell, arc cast 60 to 75

electron beam cast 45 to 65
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Tensile Strength (Nb)
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0.2% Proof Stress (Nb)
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Modulus of Elasticity (Nb)
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Elongation (Nb)
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Titanium Test Results (Ex JIS 7)

Tensile Test Results (Form 2) No. STF-D2

Lot No. : Mippon Steel Corporation TC80575 Material : Titanium (TP340C)

Test Date : Oct. 4 (Sat), 6 (Mon) and 9 (Thu), 2008

Testers | MAKAI Hirctaka and YATABE Eiichi Testing Place | PF-AR East
Testing Machine | Shimadzuw Autograph AG-5000C Test Specimen : Ex JIS T

Strain Gauge : Kyowa Elect. Instr. KFL-1-C1-11 (¥010-007) Gauge Factor : 2.02 Gauge Adhesive :

Cross Section Test Temp. Tensile strengln | 0.2% Proof Stress | Mod. Elasticity Elengation
Specimen Ma. Remarks

fmm? K] MPa] [MPa] [MPa [%]

9.30 LHe 861 599 133141 43.8° "slip included

9.42 LHe Tag* 133321 33.1° "slip included
942 LHe aro* 135200 36.5° *slip included
9.35 LMZ 457 125810
9.28 L2 451 132096

9.40 LMzZ 1 160702

9.41 Room Temp. 118425

9.37 Room Temp. 105716

9.39 Room Temp. 121318

9.46 - - - . - for lemp. comp.
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Tensile Strength (Ti)

Titanium
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Titanium
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Modulus of Elasticity (T1)

Titanium
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Elongation (Ti)

Titanium
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Planned Material Tests

® Tensile tests at room, LN2 and LHe temp.
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part of Nb-Nb (EBW)
part of Ti-Ti (TIG)
part of Nb-Ti (EBW)
part of Nb-NbTi

® Charpy tests at room, LN2 and LHe temp.
* Nb-Stainless Steel (HIP with Cu)
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Material Testing Machine at KEK
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Specimen Set In Testing Section
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Material Test at LN2 Temp.
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Cryostat for LHe Temp. Test
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Material Test at LHe Temp.
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