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Mechanical Working of a TiNi Shape Memory Alloy and it’s Application. By Yukio
Mori, Shigeo IsHIDA, Tadayuki Satow, Takashi KonNo, Atsushi Oukawa and Toshio
Honma.

Mechanical working of a TiNi shape memory alloy by machining was discussed as well as attempts
to fabricate pipe connectors. The results obtained so far are satisfactory. Although the process of
machinability is difficult and complex, the working method presented in this paper offers a new
possibility. (Received November 2nd, 1987)

Keywords: TiNi alloy, shape memory alloy, mechanical working, cutting, lathe—-working, grinding,
drilling, pipe—connector.
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Table 1 Experimental condition of lathe turning.

Carbide bit (K-10)

‘\Back rake| Normal side |End relief |Side relief| End cutting | Side cutting | <o R
Tool | angle rake angle ’ angle angle edge angle | edge angle
Positive 15° 5° 12° 12° 15° 15° 0.8 mm
Negative —5° —6° | 5° 6° 15° 15° | 0.8mm
Cutting Cutting speed (V)=5, 10, 20, 40, 80 m/min
condition | Tool feed (f)=0.1, 0.2, 0.3, 0.4mm/rev

Depth setting (d)=0.5mm
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Photo.1 Variation of wear shape of cutting tool on lathe . . . .
turning. Fig.1 Relationship between total cutting

(a): V=10 m/min, f=0.4 mm/rev, d=0.5mm, negative volume (Z) and cutting speed (V).
(b): V=40 m/min, 7=0.2mm/rev, d=0.5mm, negative f=0.2mm/rev, d=0.5mm, R=0.8 mm




WAI624E 128 TiNi AR E SO HIS X OPHIC BT % HBEER L £ OIEH 173

AL DTH D, KPR TYEIGHTICR TR, 4 MRS, TI8IEE (V) 40 m/
min DRI BWEEREZ/R L, 1 VERAERCOEF L X R OB SR, FELL
YIEIENSE > T D 2 L s, ZOFRRIZERSHERD  SOAII X FTRICHERTIhE L,

BN DT T EHERIE B,

Fig. 2 C TEFHCEL T TOMRYNE (Z) L2058 () OBGEE/RT. YIHIEEE 10m/min
DEYIBIRESZE T RT3 TEHFG T TORUNEEDL AKBRAEAANCSOTIXIENK

L e HRBREL I ST B 5, YIHEEEN
40 m/min OEEHITITBECE D BAKET D

ERBUIEIER DT ed, ThBLDERENLY)
HGERE & 2% 0 BTl @8 cBR2 b b, mEE
AT D LI X D EERTEIEEN BN
Z EMND 5 T,

Fig.3 XUl BRIC KT AT AD 75 v 7 jE
¥ (V) RIAEIRL72L DTH B, YIYIHEE
23 ) B E TR M L <, T
YIEIEE 2 B i B\ G5 T EFG T
DA BEFEB SR BEI e,

K\T Fig 42 YL (V) & TAFESN
(P OBtRERT. TEESDIHYE (),
UhAE (d), 7 — XA (R n—E DA, Yl
HITEREE 233 < 72 D e IR I A3 2 A B
b, UIHIEREN—EDOBETILED B KE L
TR ABBEMT S, UL —ERA O TN in T
BIABRELEFE L THAH, Fig.5 13T EXIE
EBIMNTHDOREME (Rmax) OBFRERTL
DTH5D, EEHIIIEDENKE I hLEHE
72 %0 Z OEIANIYIHIZERE N EdH - THLE U
I oEHTHD, Rmax CAEHEITIRSH
VAN

0.4 T ; T

0:V=l0m/min

0.3~ ®:V=40m/min 7

=
=

0.2 .og;ﬁﬁ'
- ®00
> 0.1F od -

® o [ ]
0 1 o | S
200 500 1000 5000 10000
Z (mm?)

Fig.3 Relationship between flank wear (VB) and
total cutting volume (Z).
f=0.4mm/rev, d=0.5mm, R=0.8mm, negative
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Fig.2 Relationship between total cutting
volume (Z) and tool feed (f).
d=0.5mm/rev, R=0.8 mm
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Fig.4 Relationship between normal cutting
force (P,) and cutting speed (V).
f=0.2mm/rev, d=0.5mm, R=0.8mm,
negative
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Fig.5 Relationship between surface roughness 3. WHIIRER
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d=0.5mm, R=0.8 mm, negative 3. 1 Kk X OEERHE
TiNi &40 Pl T B\ T,

A% (m/min) WMAOgEsRE- e EEmEI R KRE LD,
: hOERBE R TEEIEYRT., o T
FBERLC X 2RI A BRE Led i
b is\ A, EBRURL AT L B Y BHAl
Wi Ex e itiB L TEADBERZE
DT huTiabise,
Photo.2  Variation of cutting chip of lathe turning. AREEHE A LRI TN i TR
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Table 2 Experimental conditions of grinding.

Machine Surface grinder (Okamoto DSG-5v)

Grinding method Surface plunge grinding

SDC170N100B (Resinoid bonded diamond wheel)
SD170N100V  (Vitrified bonded diamond wheel)
GC80G9V

SN80G7V (Alumina monocrystalline wheel)

Grinding tool

Grinding fluid . .
coolant Noritake cool S-100NT (JIS W21)

Peripheral wheel speed: 1800 m/min
Grinding conditions Work speed : 18 m/min

Depth setting : 6 um
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ETHY, BEKLE LThS i Fig.6 Relationship between grinding ratio (G), surface
R LTWwBDT TiNi RELDOHHIZ roughness R(max) and grinding tools.
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Table 3 Experimental conditions of sawing.

Machine ‘ Tool ‘ Cutting Fluid coolant ’ rpm

Sawing machine

H—Bi—METAL‘ Kurekatt W-101 ) 23

5. 2 RBFMT

RBPBTIMIVENC =>=v 2w 2@ L, Table 4 TR LB TmIEiTc- k. £
B MO TIE, Table 4 R T LEMBEOARD T IMLARETS >z, HLWT
NOBH LIy v= v /R ETHERDDH, TOPTLERE FY VIR FGHELS, YHE
EEY 9.5m/min FTELTHIENTE R,

Table 4 Experimental conditions of drilling.

vacing oo Cutting flid | Cuttng spood | Feed
Genter drill (SKH9-3 ¢) 4.5 0.5
‘Kobe KMC2 (56¢) Johnson 3.0 0.3
Toyo CeC | Ge¢) JS 635 7.5 0.5
Gooring 556 (5 ¢) (Jis w22) | 2.5 0.1
4?U$\meemm(G25@ 9.5 i 0.3

5 3 AL
MERIMTIE NC el a(FRE L., TEMEELT7 A I Fa—F 4 v/ % B LICEBESS Y
HA+5Z &icX b, Table 5 OLBTRIF /ot EEA2HB5 Z VTS,

Table 5 Experimental conditions of lathe turning.

Machine Tool Cutting fluid lCutting §peed Depth setting Feed
coolant | (m/min) (mm) (mm/rev)
NC lathe | Clamped tool L Johnson 19 0.05
shank: PDJNR 2525 JS 635 0.5
tip . Carbide bit JI1S W22) 38 0. 15
('T802 Alumina coating)

5. 4 < HinT
BEAr—7 Vo4 TEFEHL NCEBRTARDITIMNLE e, &4% Table 6 &7,
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Table 6 Experimental conditions of boring.
\
. Cutting fluid | Cutting speed | Depth setting Feed
Mach X
achine Tool / coolant ‘ (m/min) | (mm) | (mm/rev)
NC lathe | Clamped tool Johnson 9 0.25 | 0.05
shank: STUPS 0010 JS 635
tip : carbide bit JiIs} w22) 13 0.5 0.1
(N308 cermet) ’ l e
!
Brazing bit 9 “ 0. 25 0. 05
(T802 Alumina coating) |

BBEA R —7 V= 4 TRIIFGIE L BIFROEI%EY R
HF v €V RETLH, ZOME L LT Photo.3 D X
S5TeF v 77 Vv—H—fE A —T7 Y457y 7HRFYD
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EXY, Fy v IrEIIETH I ENTE K,

5.5 R U mL

NC e X 53 UY)b InT.44:% Table 7 2517,
DE&ETFTTORUY) D INT T, RO LE S A < BT
LB bhie, 2y ZIMLE 20 TUIFRHD ~v K
Ry 7TDORULY)DILAAEET H - 7o DT Photo. 4 &5
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HELice Y31 b
Photo.3  Original boring tool.

Table 7 Experimental conditions of thread cutting.
. Ly . ‘ .
Machine Tool Cutting fluid | Cutting .Speed t Depth setting
coolant (m/min) (mm)
NC lathe Clamped tool Johnson 13 0.1
shank : ER-2525M16T JS 635

tip : carbide bit (N 308)
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THIELXL Y 1RDYINC DI EH AKX
HZETIORTCYD ZA[ERIC Lic, T OHEERE
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Photo.4  Variation of tapping tools.
A As received, B: Original
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Table 8 Experimental conditions of cutting off.
Machine Tool Cutting fluid Cutting .speed Parting width
coolant (m/min) (mm)
Lathe SKH 4 Johnson 4~7 2
DIACAT NACHI (SKH 9) IS 635 11 2
Jis w 22)
carbide bit (P 20) 17~26 2.4

ITHAPBEOMIETLHEE & 75 7.

AR X b RIE L7 BEMTA Photo. 5 1CiR$, 7
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Photo. 5

An example of trial manufactured joint.
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