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Fig. 1 Schematic Drawing of FSE?.
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Fig. 2 Schematic of the experimental procedure for
embedding optical fiber inside titanium alloy. (SIlit
width: 0.5~1 mm, slit depth: 1.7 mm)
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Fig. 3 Dimension of the FSF tool.
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Table 1 Process parameters of FSF

Tilt
Rotation speed Travel speed | Plunge depth )
. angle
[rpm] [mm/min] [mm)] ]
440~1750 25~800 0.8~1.4 3

~advancing side

Fig. 4 Appearance of friction stir formed SP-700
titanium alloy showing surface and back side condition
for travel speeds of (a) 50 mm/min (b) 100 mm/min (c)
200 mm/min (d) 400 mm/min (e) 800 mm/min (rotation
speed is set to 1240 rpm)

B2 EE L, YV —VOk Y #HEEZ{L ST FSF
#oFm (Fig. 4 FHEE) #HlgT2 L, ARELT
WD ENRDND. ZHIFE D HEEIZL > TABRELT
LI THHEEZOND. FREEEOEE () b
DI, KO HENHLS 7D & ABMMET L, FRCH
JE 200 3L TN400 mm/min T, AN OHEE T
frbo TWRNZ ERfEETE 5. L L, Wikiakeis
DFERICE D L, BV BHEDRUVRT A= IZBWTHH
BEARY » RICHSF LTV Z & DR TE 7.
FSF O EHRENC XA B, EHHBIRL TS &35
Z B, BOEENRNEENN LR L, MERREI 2
s EBEbnsg. Eiz, %0 #EINMEV 50 mm/min
B BUNTFYN 800 mm/min DEFIIANY RFEALLTL, #£
AL o TND I L NHERTE D,

Fig. 5 1236V HEEDMRW SR OWrEMRR B DR R %
R EDEENE T LABS EFT 5720, 8bT 54
BHEREZ M 2, ZEHOE DB LT D Z E DR &
%. Fig. 6 (left) ¥, ABZ LR IED7-0IT, [HEHK



EEL LB EOWREE THS. MEIORENZ L > TA
Uy AREICHMENTND Z LBRHERTE S, L,
ANBESHICERSE D a VEREZREL LI
B, BT AP L2 MR TE 2 (Fig. 6
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Optical fiber

Fig. 5 Cross—section after FSF showing interlocked
fiber within titanium (Shoulder diameter: 10 mm,
rotation speed 1750 rpm, travel speed: 25 mm/min,
plunge depth: 0.8 mm)

250 pm

Fig. 6 Cross—section after FSF (left) Shoulder
diameter of 10 mm, (right) Shoulder diameter of 15 mm.
(rotation speed: 1750 rpm, travel speed: 25 mm/min,
plunge depth: 0.8 mm)
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Fig. 7 SEM photos of mechanical interlocked optical
fiber after FSF  showing (a)
perpendicular to the direction of processing, (b)

cross—section

interlocked fiber within titanium, (c) map analysis
showing that titanium has not filled the slit.
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Fig. 8 SEM photo éhowing (a) un—affected zone, (b)
Thermo—mechanically affected zone (TMAZ), (c) Stir
zone and (d) plastically deformed and flowed material.
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Fig. 9 Cross section of embedded fiber for O starting
region, @ and @ middle region, @finishing region

(Tool shoulder diameter: 10 mm)

Fig. 10 cross section observation of embedded fiber

within the middle zone (Tool shoulder diameter: 8 mm)
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Fig. 11 Relation between tensile strength and FSF tool

travel speed (Perpendicular to the direction of

processing)

Fig. 12 Tensile tested specimens (left) and tungsten
tool after FSF (right)
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Fig. 13 Relation between tensile strength and FSF tool
rotation speed (Perpendicular to the direction of
processing)
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Fig. 14 Relation between tensile strength and FSF tool

travel speed (Parallel to the direction of processing)

3.2.3 FSF&MDETEDERE

Fig. 1512350 SHEERID WAL S /AR A ~d . &= 0 HE
DFENE > TABRDEAL L, Rl OFERLO A X
BEKIEL, TR SEOZELE LTEND EE XD
5 (R—Ib - Xy F OB RS IET 5 Z Lk
STHESEN ERTZENmbnTng 919, /-,
Fig. 16 [ZRIEREGIOWIHERE S 0 AE T . 77 7D
WTED L, BRI THIP R RIC L D &
EOEAbITA B/ o Tz, BIERES 1240 rpm TIIAEM
KIS 5 2 L2 k- THESEN LR BR 8 & 72
D, [EI#ERE 1750 rpm TIEABN EH3 52 L2 k- THE
PRSI L7z & B 2 Bk, B SEREEEL 1240 rpm
FVIRTIoERE T Bbis.

Advancing side Retreating side
500 Tpol shoulder diameter
|

= 400 Bi, NgPAN
2 TR
@ L
< 300 o
E 200
=

— Not affected zone ® 200 mm/min

50 mm/min ® 400 mm/min
0 ¥100 mmimin ¥ 200 mm/min
-15 -10 -5 0 5 10 15

Distance from center [mm]

Fig. 15 Hardness distribution of cross section after

FSF for different travel speeds (0.5 mm under surface)

600
Advancing side Retreating side
Tool shoulder diameter
500
- o
E 400 A N .l.‘rl
= I'AA!“A‘A.A‘
g 300 F———— ,"...I‘ .‘I
z — Not affected zone
2 200 620 rpm
A
880 rpm
100 “ 1240 rpm
1750 rpm
0 . . . ; A
-15 -10 S 0 5 10 15

Distance from center [mm]

Fig. 16 Hardness distribution of cross section after
FSF for different rotation speeds (0.5 mm under

surface)
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Fig. 17 Hardness distribution for different distances
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