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Fig.1 QCS magnet—cryostats in the SuperKEKB beam
interaction region (IR). The upper picture shows two cryostats
just after installation in the IR. The lower two pictures show
the cryostat—setup to the Belle—Il detector after moving the

detector to the IR.
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Fig. 1. Schematic layout of the SSW measurement at the inter-
action regtion and a coordinate system in this paper (top view).
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Fig. 2. Magnet centers of the quadrupole magnets in horizontal

direction with respect to design positions on HER.
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Fig. 3. Magnet centers of the quadrupole magnets in horizontal
direction with respect to design positions on LER.
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— Measurement of higher order harmonics for superconducting-quadrupole magnets with
harmonic coil —
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Fig. 2. Z-scan profiles of QCILE. Horizontal axis is distance
from the interaction point and vertical axis is amplitude of har-
monics components. Dashed, and solid lines are measured skew
and normal components, respectively. Dot-dashed line is calcu-
lated normal components. Lead end is left side on this plot.
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Figure 1. Flow diagram of the QCS cryogenic system
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Figure 2. Cool down condition of the QCS-L/R Magnet

Figure 3. Two LHe Vessels of the SC magnet cryostat and
Current leads, control valves, and instrument wires in the
service cryostat
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Superconducting Magnet System for the Interaction Region of SuperKEKB (8-6)
—Heat loads of the QCS-L/R cryostats—
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1. IZC®HIZ

QCS 77 AH AN Belle HIE#H IR ASIINDDT, 4+
A AR WHIBRZ 21T 5, 207D B RS ER A =
ANEENT DT AFZRNIRIEA~DT A (LHe) D F A K
FRITIEF I NEL T2 TD, ZOXOIRER 7T A F A S o
TlX LHe OHF AL DA /MEE O EHMERESND[1,
INERET AT QCS BEEERAIEBHR (77
—T—) OBGHERITIVIEL AT ) 0.161MPa D HfH
WA LHe (ZLAMEIIEER X THAEISILD, 445 H ~8H
DU HRBRIF[2-T]I2 QCS 7T A4 AL D LHe B ZRINES
@ LHe MRt GRIE/3470) 2R 4D Cernox 4 —IRE
FHC LS THIE L, AR ik, MBS S Ic kD,
QCS-L/R 75 AF A% b ~Di@ A LHe i REA
L. QCS 7TA4FAZ YD LHe 710—~DEZ A AR 7=
DT, FOFERITHONTHET 5,

2. QCS-L/R UZAARAYED AHEN

QCSITAA ALY NITIE, 2 2D LHe BEZ3HY . Zhb
DOHINZ QCS HRE TR AT DR SHL T D, & 22
(IP) IZxt T AL E BAFRN B . ENHIFE TR B L ORI ED
LHe BEREMETNS, 2 DD LHe %1%, 1 D% A LHe
Tu—ZE o THEINZGBEIS D8], 27  L ORI T
#30 LHe R IL, Cernox LEFT JKE: ~80Q/K@4.5K)
WX THIEESNA, X 112 LHe BEOHEI 71— Cernox
IREFHON B R~T, (2T 2— AL TOH—E AFRIT
I, BRI SR A OB — R ARIRGIE S L7 KOG
BLAROR—MSHEA FAL, D OIRIRELE 2 L He 25857
~OWFEFITRVEE L D IDIZEKE SN TS,

QCS IT7AF ALY DOWmHANL, FHEET T A THLHEE 2
OID, I TAA AL hA~DR BT, BHH LHe OIRE |
HIZE > T END, IBEZRETHIEICLY, BAfiz
FHHL. LHe O AR IEAZ MERB T DM TED,

leadsf i, TI414a TI412a lelzqi'qu
m . 2 - Comp.
0 m;
Hﬁ Supply H Rear H Front Return 3
LHe Pipes vessel  |vessel Pipes o> ,

Subcooler
The SC magnet cryostat of QCS

tank

Sub-cooled

The service cryostat of QCS

Fig.1 Cooling scheme of the QCS-L/R cryostats and
positions of the Cernox temperature sensors.

3. QCS-L/R US54+ RAYLDBET

HESNTZ QCS-L/R 7F7A4F A%y N LHe ZE3DIESE
WX 2 KON 3(LHe @ T-S XD IR, QCS 7T A4 AH
o RO N LR LU CTOMME HZHE L (TI615) 1., @ H s
JE77(0.123MPa) OfaFniRE T, 4.44K THD, WA LHe
DR, Y —EAF R OUMAEEE | #2553 L ORI 5
LHe HZ#ROBAFICEY, BRI 5, M 3R T IO %7
R (TI414a) B L ORTI7ES (T1412a) LHe BERDIRLELIL, 754

F A% N 77 (0.161MPa) O FIEFE (4.75K) I0HAKL, =
DOFERIY, T_TO QCS M EER A ITEAH LHe TH
HENTWDZ DR T,

LHe OIRE EHIVRDTZ QCS 77 A4F AL OBV fif
ZF 1 IR T, QCS-L 7744 AL v +D LHe RO EA TR
QD1E, QCS-R W REW, ZHE QCS-L IT#< BRI A
QCS-R OHLDOENKENW=D WO KE/2 YR —hayR
BHOWDHIL, EOBMREZL DR NN KENZ L2 A9],
4.8

|
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Fig.2 Measured temperatures of the QCS-L/R cryostats.
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Fig.3 Cooling processes of the QCS-L/R cryostats in the
helium T-S diagram.

Table 1 Measured heat loads of the QCS-L/R cryostats.

The QCS cryostats QCS-L QCS-R
mass flow rates (g/s) 22.6 17.4
Supply line (Q1, W) 12.5 14.9
Two LHe vessels (Q2, W) 24.8 17.4
Total heat laods (W) 37.4 32.3

SE Xk

1. K. Tsuchiya et al., KEK OHO’87 (1987), OHO’97
(1997).

2,3,4,5,6, 7, Abstracts of CSSJ this Conf., 1C-a01, 1C-a02,
1C-a03, 1C-a04, 1C-a05. CSSJ2017: 2C-a05.

8. Z. Zong et al. PAS]J-2017, TUP064.

9. N. Ohuchi et al., MT25, Mon—-Af-Pol.11, 2017.
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High—cycle fatigue property for Bannealed Ti—6Al-4V alloy bar
at cryogenic temperature

B P76, /IMvnass, /BT

58I (W0 - BEEHIT FE RS )

Tetsumi Yuri, Masayuki Komatsu, Yoshinori Ono (NIMS) ;
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1. [XC®HIZ

B F R RN BRI EFEFH ey b U DX
— NIRRT M BN T Z o GREHE N TRY BRI
BECOEE AR LA IS/ D720 . EH R Ch oM
RIBIZB T DE YA NVIEF R MR R TA2IEXEETHD
[1], & 1T FETIT, Ti-6A1-4V (Ti6d) 5 EHM ((a+ B)
—anneal MIZ B BESH A fiti L7-$HIRHLERAA (B —anneal #4) % U
MR I T A7 V95 573008k (W 711 R=0.01) 217572
FEE . B AT VIR S RN B —anneal £ D 703+ B ) —anneal
MEVBEFICEN TWDLZ WS L [2], —MMIC, |iRick
DT Z BB EY A7 VR RRE, I T O R E W EIE
B (K, 4R) D7 3 EM L Ml A = D C[3-4], EER T
B BEBLANE L= 3B O 7 R I B LN R o B, £ 2 CTAHF
2T, Tied [EIEREM % O CHOE b S [REEIC B —anneal £412]
ZAERR L . BMEIEIC B W TR A 2 V9 55 ik BR AT $BaE A
DA T VG 5 FEPE & PLEE - R AT o TR RS DV TR s
3D,
2. ERAE

PEERAT I, Ti64 S&FIERE (¢ 15X 4000, JIS H 4650 60
T&. 930°C TELE, 705°C-170min {5#51%224) (a+ B ) —anneal
Pa o, BRESRTIE, #EAT (¢ 350 X200, AMS4928 #HY,
940°C-120min #RFF# K%, 705°C-170min FRFFH Z2H) O
(a+p)-anneal ¥ CHD1], Itz RER V1 XUz, B
AR 1050°C-60min fREFZZEM A L7-% . 720°C~120min
[RERZIF IS EAT 5T, 20 K HA~NUY A (GHe) FIZEIT 535
WX, WS E AT T o7, @Y A7V 5B, IE5%E T
RN T, S 1 R=0.01 TiTo7-, VR JE M H0E 20
KGHe "1CI% 5~15Hz THEHiL . AllrL72nW & 0RERTHIY
%L 107 [ U7z, BRI C I AHAREIES, X BRI KDL AR
HE, RERL O SEM IZ XD E #2235 L O EBSD (2L D98 1
B D ST Z AT T,
3. ERHER

20 KGHe FZBIF 55|84 EE Table 1 (237, Bt (a+
B ) —anneal #4 D5 [HETRIE (o ) 1%, $EER (o + B ) —anneal $7 O
0 5 0HY 170MPa BV MEZ RT3, B —anneal #4 Tl 50MPa
FWFLEECTHD, Fig.l [CZNE O F ISR G E 2R
T, B LS O (a+ B ) —anneal MIX5E T o FHEEHPSHH AR D>
%5 bi-modal ¥k T, T F DO o FHOHT A XTI 8 um
K120 um THD, —J7. MED B —anneal MITFIFR o FHEE
Lok o FHALAR T, 1A B RIBRDOT A RITZNENHR 870 um &
1930 u m Thb, KEE D 20 KGHe 12175 S-N %
Fig.2 |24, &M Tl. B —anneal M D577 (a+ ) —anneal
M EOBEE S E R R A RN, B O (a+ B ) —anneal £
L B —anneal MY 57 FEIT ARIERIFRE CH D, MiE & b4
5&. (a+B)-anneal ¥ O IFHREMET, Hobt D 7 D3EER L0
PEFZ @\, £72. B —anneal # D F7 R IELFRA O J5 3 HETE
MEVEWMEZ R THDOD (a+ ) —anneal MIEETHE /22T R,
DI, FFE Y B I, AR E O S R A 0> EBSD
WZED AT ZNC LD I R EIZ DUV TRFT LA R C o
WCHRETHTETHD,
SEH
(1) NIMS SPACE USE MATERIALS STRENGTH DATA SHEET

No.1: National Institute for Materials Science, Japan (2003)

(2) T.YURI et al.: Adv. Cryo. Eng., Vol.60 (2014) p.27
(3) K.NAGAI et al.: ISIJ International, Vol.31 (1991) No.8 p.882
(4) E.TAKEUCHI et al.: k&80, Vol.96 (2010) No.1 p.36

Table 1 Tensile properties of («+ ) and  —annealed
Ti-6Al-4V alloy bar and forging in gaseous helium at 20 K.

002 : 0.2% Proof Stress, o p : Tensile Strength,
¢ : Elongation, ¢ : Reduction of Area

; Go2 OB - ]
Materials (MPa) (MPa) (%) (%)
(a+pB)annealed | 1824 1876 8.2 19.1
bar
B -annealed 1563 1703 7.3 4.8
. (a+p)-annealed | 1604 1710 11.1 20.8
forging

B -annealed 1522 1656 34 49

Fig.1 Optical micrographs of Ti-6Al-4V alloy bar (a), (c)
and forging (b),(d). (a),(b) : («+ B )-annealed, (c),(d) : B

—annealed.
900
(20K) Ti-6Al-4V
goof Uniaxial
R=0.01 [OBar(a +8)
a |MBar (B)
£ 700 |OForging (a + 8)
S & @ Forging (8)
~
= 600 = O
=}
g 500 o
E . .-
=5, 400 o & o=
(e] ° [
E 300 ]
2 o O¢ o
£ 200 &=
7]
100
Slanting bars indicate internal type fracture — Not broken

10° 10% 10° 10° 107 10*
Number of Cycles to Failure, Nf

Fig.2 S-N curves of (a+ ) and B —annealed Ti-6Al-4V
alloy bar and forging in gaseous helium at 20 K.
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High-cycle fatigue failure at low-temperature in Alloy718 Ni-based superalloy
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1. #8

Alloy 718 Ni MHEE®IL, ENTIRE —IEHEANT L REH
L, D B2 Emn | 2 - FHERICZ HEN T,
& 4T, likasry b0 O Ich i Eh TR,
i 2 OBRIERHE BEIEM . Br&ht | TEHH) O IR T
WEERHET — 2 OERB KB TOD[1], HHHIE Alloy718
HEER D E YA 7 VR ST RE U5 I B R=0.01) Z5FAfHL . &
Wi T ARFE M CTIE NDC A s e U CE RN AL KIS ) -
EHOATIIyRNEN TSNS T 7y bz
WIS D Z LA L CVD[2], ABFFE T, Loy#igkas
HKT, O F U RIA ML Nb-rich DN EMBFEETD
Alloy718 S5 IZ DN T AKIR T @A 7 V% 77 R iR
AT BERRFNC DWW CREMICBLR LT A A Wt 375,
2. EEAE

HERAA 1T, AMSS5383 |ZHELL CTIERLS NI- K45 8515 64 C
BHD[3], BZEFTIRME - B51E %, 1366 K T 1 h O¥JE LILEE
t Ar TATHEIL, FrEO5A:C HIP AELA L T-, =D,
1227 K CT1 hOERGLEEE Ar TATHHALT=0O5H, 993 K
T8hIFBLUN896 K T 10 h D _BERh LB A HEL . Ar H AT
THHILT, BSOSOV T IRIEZE IR (77 K)
THI R m Y A2V 5 R T o7, 5IREERIL, ¥
HIOP ZOEE 2.38 X 107%s DA T T4 AFTV, 0.2%Ii /7,
SRR RN, S0 DOFEIfEIL, ZE 4L 1016 MPa, 1192
MPa, 9.6 %, 15.1 % ThD, m¥ A7V THERIL, &
(R)1Z 0.01 &L, A% 10 Hz O IE5LIR fir & i T &
107 [l ETIT o7, BT L =3Bk i ORI 12>\ T SEM Tl
BEATHEEBIT, —TROFRER T I3 5 A S A T e
VT SEM-EBSD JE(C 0§ S 7 Lt 24T~ 72,

3. R
Fig. 112, Alloy718 #5itif DFAREL G B4~ 7, yRIARIE Imm
FOHREL DRV A THD, FoyhNIZIET VR M
MBI, FURIAROT —LRITIE Nb-rich DITEY)
NI LRSI, Fig. 2 1%, 34 D 77 K TO S-N #RIXT
%, 10° [AIFFT ETITREETL7-348% 4 T, SEM-EDX 4347
DFER Nb-rich DITTEW %L i LT3 55 2R L DR
DIHERRES VT, Fig. 3 1%, 107 [BIfF 3T ChEKrL 7= 38k i O hiliE
AR CTHY | i D~ 725 E (a) &SGR G B
(b) Z/RLTWD, I 97 LT 7 B4 L THRD,
FEL AU SISt U FE 2 R o T2 S (7 72 o k)
Dl (Fig. 3(b)HRFD) o 2% S5 Ak SEARFE D2 ki X
Alloy718 &M LRI CAHEI T D, BAED T 7y ket D
JEL D & 2 F8 B S 2T i 12OV T, SEM-EBSD I2k5 )5
NEFRNTEAT ST AER . 77 By NI {111}, ZOJEH O x5k
SR A{100} THHZENHIBI LT, iliE TIE Ao fE R
b EANTHE TR IO W TR LTS b 5975,
S E Xk
[1] Y. Ono, et al; Bull. Iron Steel Inst. Jpn., Vol. 20, No. 6 (2015),
.220-226.
[2] Y. Ono etal.: TRANS. OF JSME, A70, 696 (2004), pp. 1131-1138.
[3] Space Use Materials Strength Datasheet, National Institute for
Materials Science, No. 10 (2007).

600 L S ) B S L B S LA B B AL
77K, R=0.01, 10 Hz
o] J
& 500 ]
=
S @
[ L J
S 400 | 1
5 0 o9 1
§ o~
»
8 i © ]
& 300 r ]
[/ Fatigue crack initiated at Nb-rich inclusion. — Not broken
200 T BT BT BT BT
10° 10* 10° 10° 107 10°

Number of cycles to failure, N; / cycles

Fig. 2 S-N curve of Alloy718 casting at 77 K.

Fig. 3 SEM images showing the fracture surface (a) and te vicinity of
the fatigue crack initiation site (b) of the specimen tested at 77 K
(0:=323 MPa, N=9.44x10° cycles).
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Development of light—weight cryogenic container for space and aviation
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TERDMLZER L ENZIE - ZEXUE - BRD 3 DD/RT—
AT BTHEES LT3, T4 Tl A380 (=7 /3 R) | BT87
(R—A 7)) B OITIEMIERE R L) | BEMiPE, Z2MED
A B s S22 g o & - & Bk (MEA : More Electric
Aircraft) NEA TWD, BBRY AT AL, B8 G 12
HORWIBA T REL 72D | VAT AO/EERIRRER FIZEE T&

DOTEEMD) _EIZD72 3D, LU MEA 3 AT,

KENDBREIRDO TN T —F KX ROH LB R
AT ABMFELI A, F- . MEA B AC IV BER RO E &
DR T D RTREMES E< BER K ERMN DB L ELR D, &
O T — A, BRI B L,

LU SRR ARG A 22 - i 2 LS 975720
Wi, AL NN B e AR TH D, FEHIRFEDN
BR%E Lo B s b AL, B ISR S CnB ),
HBAGE 7 — 7 VTR B CTH DAY, Wil — B 13D CTHELY,
FZCARMITR NV —7 Tk, M B EL TR SN B
EEHAMN A TH - WAEHEA~IS AT 5720, 163k, BsShi
Wil — B SV BRI A4 AL (WA 2225 %) % B
FTHIEEAE LT, RWFIETIL, 7744 AZ v RO
LT, RFBMHETRIL 7T AF > (CFRP) L0 72 Mg-Li
BRI TIZB T 2RO TN S W TR FT AT -
77

2. EEREM- AR

FERFURHE, CFRP X0 LEE DS/ NS () = fE8 o Mg-Li
Ha o~ IT) B AL, @ 2R MR LT
HOITWD Al OLED 2.69 g/cm®, CFRP OLED 1.6
g/cm® THHH . Mg-Li 413 1.36 g/cm® E0ESR DAL 22k T
MEFED S ELE NS0, A [El, BUT OfAEK (Li= ~14mass%h
(36at%), Al=~3mass% (2at%), Ca= Imass% (0.5at%), Mg=Bal.
~82mass% (61.5at%)) ® Mg-Li &4 T, 0T EhE Fld
L7cftm e L7,

Mg-Li &&OKIR T2 28Rt Z i Hm 32720,
BZaRIEZAT o7z, PELEE I, F22 8 1 (RR) Soo Bk
PRGBS TM-7000 Y (F4E0) . IEIRE1Z-190C 5
BCETRE L, FIREEIL, 5°C/min T, He H A DM
TER R TIT o7, 2 BB TR, 4.8X4.4X19.8mT
b5, Fo AR TORS RS Z TR D72D1T X BRIETEE
& (X-ray Diffractometer: XRD), Rigaku RINT-2100/PC T
MEZEATo7z, WRBARIE, 10X 10X 1 nmCHEM T
BRIZZ o> CRBR R 2 ER LT,

3. EEBRER

1 12-190°C 5 35°CETHIE L7- 2R (BIEIR) JE
O fE R Z 79, -190 C TrX U 9 (L(T)/L293K)-1) 23
-0.547%, F£7= 35°C TIZEEIRN 0.057%L72>7=, ZOAEIL,
IR 20°CAIMELL TROT-, DL EDZEND, i@ D4
BAEEFRR I ARIR CIEX BRI Z A2 LAV oTz,
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Thermal expansion (%)
= =
~ o
T T

6 n 1 n 1 n 1 n 1 n
-200 -150 -100 -50 0 50
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Fig.1 Thermal expansion (IL.(T)/L(293K)-1) of Mg-Li Alloy
from liquid nitrogen to room temperature.
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1 OFERLXY, -140°CHl T TR L TV EZIESR
(dL/dDH 1.5X107°/K 75 2.5X10°/K 12k, EHIZ,
-15.6 C f3F TR _EF AT W BV R 3R (dL/ dT) DY 2.5 X
107°/K 225 3.5 X 10° /KB T HZEE e LT,

Z OBGE B FTIRGET D & (KRR TO XRD %
Mg-Li B4 TiTo72, ZORER. IREL T THIET LK
DAL SO EPTE — VBRI m A BN S 7 N3 AT L& R
L7223, FNE T, —15.6°CHTT LA L Tor — 23 E £
NS 7 M T DIREREMIL, Z O FOREREME X
DRE L, ~140°CHHITLL R OREERFEIEIVEDICRE N
LINGgoTz, DED Mg-Li BA DR T i D k& ~-1H
R MR CULE 2721 C©a | B RIR R DO 72 2
{BICKIIGE L TWD D e R8Tz,

5. &5

AWFGETIX, 7T7A A AZ Y OMELEL T, = EfHETRL
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WPERFE DO RMIZ DWW TR EIT 272, £ OREH, IR
FIREIZBW UL QAT e R LT,
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Magnetic Microscopy for Local Magnetization Distribution in Bent and Welded Stainless Steel
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XT/]/X%]&] j:;'gmréfké_bﬁ Bﬁ{ﬁﬁ \g?—f@r"‘)iﬁk SUS304 SUS304L 5US316 sus316L
LTOIAF ALy MR EIAS WL TS, £z, if T ] .
IR E I B W TR E A L ZIRE T HE Ty
BATIEMMEET M EL TS TN, LsL, ATV LA ‘
HiCIE, IR IC Lo T IR ED A — AT F A MED B oroEy  m— —
EHTHYNT P AMASOZEENELDZ LB T DAl —
BOL], HRAA BRI W TH RO BN AL F: NG,
/L\F'ﬁbﬂiiﬂﬂ’@(ﬁ%ﬁﬁﬂ@ﬁﬁfbﬁTi@?ETE IXEELRD,

2. 22y R b o TR Sy A E 352 THLE

@’f?ﬁ'ﬂi@ PEIZINZ TEORGHERE A FEAM X 5 Al REME
BD, AHFIETIL, KA —2AT F A NRAT UL RO
45 S OFIN T30 o %k LU C L 22 S R AE A - CREGUE Fig. 1 Tllustration and photograph of the bent and welded
BEIUGT BTkl CER AR — L KT HMIHSHPM) % samples of stainless steel.
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2. A%

AR E S G & LTz akBHE SUS304, SUS316 & N Eh
DIKRFETH % SUS304L. SUS316L T, ZHHDF
BIOBF LA Fig. 112”7, Fig. 1 MHbnbd Iz, £k
I TIG iRHEE 45° g inT& 90° i “fﬂﬂI?ﬁ\}i’ﬂEéh’Cb D, -0.10
ZENZENONIN L% A4 DA TR S 7212 SHPM 025
@ﬁﬁm: L EFFOBR AT EPE L, 7235, WEICB (b) Magnetic field

- B, (mT)
RREIX 0.5 0.1 o . . o . :
s fikEl mm mon ZL7- Fig. 2 (a) magnetic field distribution obtained by the SHPM
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Fig.4 Impregnated WP of 1 ITER T coil.
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Fig.3 Measurement results of ITER TF joints.
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Fig. 1 Schematic view of TF insert coil.
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Fig. 2 Current sharing temperature (7,) against
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after 1000 electromagnetic loading cycles.
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D lijima 2LV BEVEMEE DD TIRE SN[, 2Ek
MR (Fig. DX, BEF Yo —WIZ, OV —LR0
7 —U—. Ga I PERISHLToREE T, 2,000CH DRI
7B R E AL, 2 X 10 Torr UL F O E 28 vhCHEii 4
HEWHFESN TS, TR, 1998 AL D K[E A~ A 7N
SERED Collings 2507 /L —7 OHERE[2]R°, 2003 4EE DA
417 Edison Termoelettrica spa :¢> Ceresara 267 )L —=>7
DOHEE[3]TH, 10 °Torr LT O EE 2 CREVM LI E
1T (Fig. 2), F7-fVTr Cld, HI[E D Western Super—
conducting Technologies f1: T, [FIkEZ¥E & (C L H B EEN
15 NbyAl #4 OBFFEBRFE DM T T 5[4],

ZDIANT, SRR LEL TR U O LRSS, i EZE
GO ZEMENINCIBICH -7, TR R Sl
DIDITHEEFIRIUEL TR, REREEZET v /3 —I3
FAM C LD E 2B 25, Zivh [RIRGED [
EBHEND1ODOERE LR,

Fig. 2 RHQ aparatus at Ohio State niv. in US (left
and at Edison Termoelettrica spa in Italy (right) [3].

) [2]

. MIDKRLARETCOEARZSNIE

Fig. 3 IXEBRI KK F CREBMLIEIT> TWDLERT- T
b5, BEAMIT, #1359 2,000°ClahnEisin, A<t
TV, MUWER LB LD OEWHT 2, KA T
DEGALEL N A GE CTHHZEMHIH L=,

Fig. 3 Reel to reel RHQ treatment in an open air.

DENA AL ORI R L, ADDNIHER D E L ALER
LRIpoTWE, Fig. 4@ RHQ UEFTOMA . (OIT0Ek
DEZLILLTZE | (IEA RO R KL L T8 T D,
REGSILFRL TR RIIIE, YTV LT Ga{b & DAL
MR DR RENIRAEL e A BRI E R NGO,
(a) Before RHQ Treatment

Fig. 4 Comparison of the wire surface morphology before and
after RHQ treatment in the high vacuum or in an open air.
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1. [FL&IZ 2. EEBAE
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(I, FOIZEAEITED Ti NS TS, Nb &
T ROREIZEITSH Nb,Sn OERAEES Y,
Nb,Sn HFHZIDIA EN TEBSFHENSEINTZD T 52
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ZNEIN R LS TRY, FTIICIE 500 CRRE DL
ZACTH MR E MM 2ok 3 L3RS VA, JEiZ Kanno
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PREIRING 4TI, 600°C LA CTHEMED KIE 7 T35 )3 e
RENTZE G TS (Fig. 1), AFECTERT 2
fRE AT o A4, SCk[2]8 13 R > TREEMD
AKHRICEAZED T, EHIZAREEL KIEIZEL, U7
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Kanno Z#|ZJ%18 250 FERHE AKX G ARRE T 7
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RO IR R O LEE R 21T o 72, iR Ti i
X7 0 X E RS D D AT = X LRI 5
DHIZEN, KAFZED B TH D,

90 I T l T T
80 F Kanno et. al. (1986)
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Fig. 1 Reduction in area versus tensile testing

temperature for Cu—8 mass%Sn binary alloy and Cu—
8 mass%Sn containing 0.048 mass%P, 0.014 masshMg
or 0.016 mass% B. Mean grain size is 200 um [2].

Elongation (%)

Lola], WPESHD Cu-13.5mass%—0.3mass%Ti KL% DA,
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TR THLIEND, ARFNDERA LTz, IR, &
PEA R (~ ¢ 220) TOHNEU ¢ 80 DEBRYA X T, IA
BUL TR O Y E AL 7212 600°CT 200h DEJEALEA
ALFRZ KA CHRM LT, SR DR PEE DFT
il 13 IR 5 SR R 2 SE 0 U 7=, SR 1l A S 3k T S o it
5] R (RUB-TKI1S, it KARTZA & 300kN) 2 ff
AL TEED —CIRE TITo7z, R IE JIS Mtk 14
T b CEAT R IEAS ; Tmm, AT E;35. 1mm) (ZEDHI
ML UHE U, BB R AR Bk m v 123 L . B Y
IRV R L CRA P CalBra 3L 72,

3. EEBHER

Fig. 2 1T, fERIL7- 4 #E DT o XE &
ESERBRIRE O BILR TH D, SCHRI2] D R L RIERIZ,
T _NTOEEHE T 300°C~400°C D EI DR O /M
ZHY ., BIERENT 600°CLL EDEIRTIE, otk
AL THON L ET DR RN ELI, SCHR2]D R
RUIFIEFH U, RAFZETIE, TI IINCE DM O ok
TR B R Mg IIMOUELIDBIE BRI KENTEND
Motz M B E, R O E ORI AR E O R
WEL, BIREEORED AN =R LZOWTHEmT D,
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Fig. 2  Elongation at elevated temperatures of Cu-
13.5Sn-0.3Ti, —0.02Mg, —0.02B and binary bronze alloys.
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on the bronze processed NbsSn wire
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23 (Cu,Zn) EVEIR~ERET22LC, BM B IR AL
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DG EIGS RN 7 895728 Nb,Sn HHHZE Bfibt O B 4
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WIE Cu ~DFEEENRR — R 7 OBHRIZHY ., Zn D Sn 4
1305 Th5D, &8 Zn BAHE0T 84, Sn BEAHHS7T
AU 6 FEHTHHL . 7 e X EE&0WMEIN THAENELL{LHL
T %, Sn T FE AR L SIS 2 & 2R i SR B A A
FiL., 20 ETEmE L ML 35107288 = 03 CEAR
MThHd, £ T, KFETIFA UL (In)ICTHEBHL,
Cu-Sn-In =J0RE4/Nb JEBRIARIEL T, =0 2GR
MIZHRT D In IRz DWW TRRFILZ,

2. EBFE

Table.1 (2777 Cu-Sn-In & 4% & B A MR CYRILL
KEHT600°CD 200 REF OBV EALBILIREAT T2, T D%,
Cu-Sn—In &4 Nb HEa4H A L7 Lot 2 ERLL . WP IR BE
FRLZR NI AR 1.0mm P £ THIHIN TAEFT-7-, /ERL
7-EHI E 22 BULEE 21TV ) Nb,Sn fHZ A S H 72,

ENLER % O L O B iR 38 1 AR B 22 IS DV TR,
EPMA (Z X AR Z2 AR W 21T o7, Fio, B SR EE
(Z)1XSQUID 1ok~ THIE LT, FE AR EIRE EE (/) FriElc o
WU, 4.2K BT 18T ETOABIESZEIINSECHEE 4
U A CTER B (L) 2R E LT, 7ok, [ AT 1
uV/cm OBEENFEAELZFFOBRMEE LIz, £7-. AHFZEIC
BUID L FEOFEAMIE Nb,Sn AR &H7-0 D /. (Layer J) &L,
Nb,Sn FHO W HifEC L EZBRLIZEE LT,

3. ERKER

— I, Cu IZBITAEETRIIL, Cu R EEEIR T
MDAV ARXDEIZINAECDLOT HG LML D% 51
£H D LHEEILTNB[3], RIS, T AXDZEICL ST
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7Zn 0L REVE T EBRO A ZRTOT, Zn LVHEEN
7o [E ALK T & LTI RECE S, Fig.l 12, Sample-A
(14.0Sn-3.0In) JE kW 12 8517 D EPMA 12485 SEM &5t
F A%z~ T, Cu-Sn-ln ZIe-R2 AR /Nb FURIZHE 72

Table. 1 Nominal compositions of the Cu-Sn-In ternary bronze
matrices for the several Cu=Sn—In/Nb mono—cored composites

Item (code) Matrix (mass%)
Sample-A Cu-14.0Sn-3.0In
Sample-B Cu-16.0Sn-0.5In
Sample-C Cu-16.0Sn-1.0In
Sample-D Cu-16.0Sn

Cu-14.0Sn-3.0In/Nb
(Sample-A)
Mono-cored

700 °C X100 hr

Fig. 1 Typical SEM image and element distribution mappings on the
cross—sectional area of the Cu-14.0Sn-3.0In/Nb mono—cored
composite (Sample—A) sintered at 700°C for 100hrs
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Eifz3

AMWFZ2IENIFS Bl & T.% 7 v =7 MUFFF036), NIFS —
M 2 [[7 AF 28 (NIFSI4KECFO013) . M Y BF AF 2 (& A%
(B)16H04621) D X252 T 7=,
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1. S. Kawashima, et al.: CSS] Conference, Practical Development
of Distributed Tin processed Nb,Sn wire (2014)
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Fig.1 (a) Sn mapping on the Nb,Sn area by EPMA analysis,
(b) Fracture SEM image of No.1, (¢) Fracture SEM image
of No.2
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Fig.2 (a) /-B characteristics of samples, (b) Fracture
SEM image of central area in Nb module(Sn diffusion
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Fig.3 Cross sections of DT wire designs
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Fig.1. Cross—sections of developed precursor wires. (a) SS-1Mg and
(b)MF684-14Zn1Ge.
0 Nogors.=

) Dore o s

Fig.2. Fractured microstructures of Nb,Sn layer of (a) SS—1Mg and (b)
reference GB matrix wires. The average grain size is 261 and 280 nm,
respectively.

Fig.3. EPMA mappings on the cross—section of ME684-147n1Ge wire
after the heat treatment at 750°C for 50 h.
L ‘ ¢ 4 R

Fig. 4. Fractured microstructures of Nb;Sn filament in (a) a reference
(MF684-GB) and (b) MF684-147Zn1Ge wires after 800°C for 50 h.
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