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.'IF Tensile Tests
o
* Acquired data
— Tensile strength
— 0.2% proof stress (if possible)
— Modulus of elasticity

— Elongation

« Test temperatures
— Room temperature (300 K)
— Liquid nitrogen temperature (77 K)
— Liquid helium temperature (4.2 K)

* Three (3) samples at least at each test
temperature
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e Tests at Low Temperature
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e Tested Materials (1)
o

1. Nb — 2 specimen types
« JIS Type 7 (old standard)
« JIS Type 13B (current standard)

2. Ti — 2 companies

e Nippon Steel
e Mitsubishi

3. NbTi alloy
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e Tested Materials (2)
JLE

4. Nb-NDb joint (EBW)
5. Nb-Ti joint (EBW)
6. Ti-Tijoint (TIG welding) — 2 companies

7. NbTi-Tijoint (TIG welding)
8. Nb-SS316L joint (HIP) — 2 companies
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/s Test Samples (1
H ples (1)

« Sample shape: JIS Type 7 (old standard)

« Smallest sample shape of current standard: JIS
Type 13B

« See comparison of measured data of Nb
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e Test Samples (2)

JIS Type 7

7 3
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®

JIS Type 13B_~
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/s Annealing
o

 All samples containing niobium were annealed at
750 °C for 3 hours
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."P Notes
Iy

r——

. Ti-Ti joint samples welded by a company has
pits at welded zone (both tensile test samples
and impact test samples).

2. Nb-Nb joint and NbTi-Ti joint samples for tensile
test were not uniform in their thickness.
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/s Nb (3)
J LT

* No clear difference of mechanical properties by
sample shapes JIS Type 7 and JIS Type 13B, at
least at room temperature

» Tests executable at low temperatures only with
old standard JIS Type 7
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ip Ti (1)

TF02-05 Titanium 1 at _\_g

ISTF02-01 Titanium 1 at R.T.

Titanium: supplied from
Nippon Steel

fETFOZ-OQf Titanium 1 at LHe\
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ilp Ti (2)
117
F

P ]\ "

[STF05-01 Titanium 2 at R.T] [STF05-04 Titanium 2 at LN2

.

Titanium: supplied from
Mitsubishi

[STF05-10 Titanium 2 at LHe|
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P Ti (3
v ©)
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ilp Ti (4)
J LT
* No clear difference of mechanical properties of

sample supplied by different companies

* Measured properties consistent with data supplied
by KOBELCO, except elongation at room
temperature
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[STF06-01 NbTi at R.T.\

—

A==

I[STF06-08 NbTi at LHe\
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NbTi (1)
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[STF06-05 NbTi at LN2\
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NbTi (2)
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ilp NbTi (3)
JLE

* Because of less elongation at low temperatures,
0.2% proof stress could not be measured at low
temperatures
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ETF09-01 Nb-Nb Weld. at R.T.\

4

= =3

ETFos-oa Nb-Nb Weld. at \_\—\é
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Nb-Nb Joint (1)

=L

[STF09-05 Nb-Nb Weld. at LN2\

M= =L

[STF09-10 Nb-Nb Weld. at LS\
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Nb-Nb Joint (2)

Nb-Nb Joint (EBW)
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e Nb-Nb Joint (3)
o

* Absolute values of mechanical properties smaller
than those of Nb, especially at low temperatures

« Some samples fractured at welded zone, while
other at base material

« Some samples fractured at two places
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e

Nb-Ti Joint (1)

1V

A==

1‘._ ETF'ﬂ)-os Nb-Ti Weld. 1. at R.X\

ETF"O-OZ Nb-Ti Weld. 1. at \.Na

BPpm==

e

/ETF10-09 Nb-Ti Weld. 1. at \_\—\§
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Nb-Ti Joint (2)

Nb-Ti Joint (EBW)
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e Nb-Ti Joint (3)
JLT

* All samples fractured in Nb part

« Temperature variation of properties similar to
those of Nb, except tensile strength

* Absolute values smaller than those of Nb,
especially at low temperatures
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H /e Nb Joints (1)
Y
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e Nb Joints (2)
o

« Mechanical properties of Nb-Nb and Nb-Ti joints
are very similar

» Since all samples of Nb-Ti joint fractured in Nb
part, mechanical properties similar to those of Nb-
Nb joint

* These characteristics may come from Nb affected
by EBW

20090601 NAKAI Hirotaka 14th S1-Global WebEx Mtg 27



:lp
o

.

=LA

ETFO7-04 Ti-Ti Weld. 1 at R.T.}

L
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TFO7-10 Ti-Ti Weld. 1 at\L\=

20090601 NAKAI Hirotaka

Ti-Ti Joint (1)

r
S mm—

ISTFO07-06 Ti-Ti Weld. 1 at LN

Welded by a company
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[STF08-01 Ti-Ti Weld. 2 at X\

TFO08-10 Ti-Ti Weld. 2 at\L 1
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Ti-Ti Joint (2)

-

AP

[STF08-06 Ti-Ti Weld. 2 at LN2

Welded by Mitsubishi
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Ti-Ti Joint (3)
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ar Ti-Ti Joint (4)
Ho

* Ti-Ti joint samples welded by Mitsubishi has
almost same mechanical properties as those of Ti
samples, except elongation

« Samples welded by a company show lower
mechanical properties than those welded by
Mitsubishi (and also than those of Ti samples)
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ISTF11-01 NbTi-Ti Weld. at R.T.|

.
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[STF11-11 NbTi-Ti Weld. at LHe\

NbTi-Ti Joint (1)

~ [STF11-05 NbTi-Ti Weld. at LN2\
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NbTi-Ti Joint (2)

No 0.2% proof stress
data acquired
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e NbTi-Ti Joint (3)
JLT

* Most samples fracured in Ti part

* Hence properties similar to those of Ti rather than
those of NbTi alloy, except elongation
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Nb-SS Joint (1)

0o —Q

Epy——{A

[STF03-03 Nb-SS (HIP) 1 atR.T

[STF03-06 Nb-SS (HIP) 1 ating

Ap——=Ca

HIP’ed by Kuroki
Composites

,'ETF03-01 Nb-SS (HIP) 1 at)_\-\es
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Nb-SS Joint (2)
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[STF04-03 Nb-SS (HIP) 2 at LN2)

[STF04-06 Nb-SS (HIP) 2 at R.T\

A

HIP’ed by Kinzokugiken

[STF04-08 Nb-SS (HIP) 2 at\L\\e\
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Nb-SS Joint (3)

Nb-SS Joint (HIP)
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:Ip Nb-SS Joint (4)
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« Erroneous data point in modulus of elasticity

« Even by exclusion of doubtful data, smoothened
temperature variation of modulus does not change so
much
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e Nb-SS Joint (5)
JLT

» All samples fractured in Nb part

* Absolute values smaller than those of Nb at low
temperatures, except modulus of elasticity

* Almost same properties of samples prepared by
two different companies
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* A series of tensile tests have been carried out at
KEK with metal materials and welded materials for
application of special approval in accordance with
high pressure safety regulations in Japan

« Some additional tests may be required, because
number of acquired data not enough for special
approval
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