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Fig. 2. Assembled 4 pairs of half Piezoelectric along with cut Copper
electrodes, 1- Side view, 2- Isometric view

Slod (\ chv.:}ng.).g o DQ)SSJ‘QQ},,; o cas € )‘3499 ¥ JSSS
S p 2] o (Ve

3,5 oolatwl ud SLSge 5 00y
oS ghuiiSs g 05 puir S 4 S iSlgs cul S5 4 5y
oS by Conle 5 & eizxan it o)) b L5y b 15l
55038 bt 295 e 358 OIS g oSty SaS 4y oy oSl L]
9 7o Gl g 08 5 iz 5l (e Vgl i elsplonl s 93
g3 5 03903 s |y 3 S @2 o r el gy o g (538 93
Sl shadey (ol g0 nh Sl gy cpl b i (el ST (o>
103l o causd 1) 263 Cunsld i Cod palaw 53 odd Cuzpn
o ply olSzud jl oolizal WS iSlgiey o2 sl s B9 e
bgin TSI S illae ()0 2 ulio 2ruSid calo L &5 39

3 ok Sty b s gy
Sigulydl (S8 b AC sndiqsts (S pSUl JiSw bl (ol
Gilho MPT gl il zge 551,35 olSiws Sl elgshS V ooy ols5
e o5t ) SopS i ol b oolizal Y-F 5 \-F S
FSW sild el Vb (59,5 b glaanl p jluly olils)] Jlosl
b (S8l i 00dC06l5 (298 S50y i JSde sl (S
@ )55 30 431555 mattene Jlail b W sl olSsd ol Sigual 2l u3lS 8
U 5 s (6l 1 b o0 S0 25 (59500 290 S puogiad s
A ML 4l (3975 b il o JUSiw 93 41 pS'e (295
b sl g sl B olKutils )3 Y-F S il 6)siloyginil s
Wity Glse oty I Shgul il la ol pass

ey

655N (6,138 31 Auglio 13 505 o o] o dilaie )3 (glalas Mo L6
b b e oo L] s 350 o ysSho yugpudly 3 b ks
5 e ] Sl Gl e 4y pugudl Sy 5l odlizal IS,
55 ondlS 33 OMS] c(5)lSm), i S50 Ll 33,5 slaihy ooyl
Bl (hb cllaaMo 1> a3 (g 3 1) (shed 5 5y (8151 390
85 )13 ke (b 258 5l (o plyiedr OUBT pl (3900

oS losy) sliva yy oied 390 > UaFSW 5l sles)| Jlas! ogo
23,5 gl A d ) @ [¥] Giagg ool e (LS adllas
97V S8 Bl S pSUlgs s S 93l ool Sl 55 e o]
Cuws oy 4ol .l g JolS gla 0,8 5l eolaiw] (gl 4y ¥
bl ekl 395 628 0> Cus w4 Capnd VAL 5B BISTL 95
by opzmen s wald Klg oo | (hed 390 )0 Sgul il oo
o8 L (S pSUl JUSw jBan jobar Caw v 53 0 Slagin (olod
e (b g el J3ge Ul 090 55 wnled €l Sigul
g 4al3 1) (50 390 53 (M|l e g dndl i sy

? Expanded half ring

+t+t4+4+4+ + + +

[ ]
T o

2

Fig. 1. Isometric view of a whole piezoelectric ring, 2- Contraction
and expansion for each set of half piezoelectric, due to actuation with
180°phase difference.
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Table 1. Mechanical properties of UaFSW tool and transducer parts
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Fig. 3. Fixture for water jet cutting of Piezoelectric actuators
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Fig. 4. 1- MPI ultrasonic generator, 2- AC transformer 1 to 2, (1. —in-
put, 2. +input, 3. —outputs, 4. +outputs with 180° phase difference)

F G IAC Glya Jawe (il b (Y IMPT gl 51 5931535 (Y :€ IS5
ﬂﬁdm' b +L5L§g?9)> £ ‘—dlbﬁgk Y ‘+L5"9)9‘Y c—dbg,g.\)
(YA+°
hb b byl s el oads S FSW 15l &) cpils g}y
558 laie b aS a)b dgg Sl il dcgemme wiid g Jhge

WV gV ]55,5 gBly jlaine 1l pjo)le )5 4 (b
Candge o] 51 )5l asgocme o gl in pogbuily @ild Joe
Do &Bly Lilayl 6,8 50 Wb 35,5 o S



FAAL SN ais YAV o & o)l D+ 0593 S yuel SilSo swigen s

U, Magnitude
— +0.000e+00
+0.00(¢ 00

ODB: M14-80-Ho127-PT4.0db Abaqus/Standard 6.11-PR3  Sun Nov 0B 20:41:59 Iran Standard Tim|

Tool tip movement

‘ODB: M14-80-H0127-PT4.0db  Abaqus/Standard 6.11-PR3 Sun Nov 08 20:41:59 Iran Standard Tii

U, Magnitude

+1.000e 400

+5.000e-01
+4.167e-01

“«—>

Tool tip movement

QDB: 1M14-80-Ho127-PT4.0db Abaqus/Standard 6.11-PR3  Sun Nov 08 20:41:59 Iran Standard Ti

Fig. 5. Final model of transducer and tool set, 1- Assembled, 2- meshed, 3- Vibration in linear mode, 4- Vibration in bending mode
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Fig. 7. FSW tool insert, 1- Dimensions of cut view, 2- 3D model and
manufactured tool
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Fig. 6. 1- Detached parts of ultrasonic transducer and tool set, (1. FSW
tool insert, 2. Concentrator, 3. Backing, 4. Copper electrodes, 6. Stud
bolt)
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Table 2. Chemical compositions of hot work tool steel H13 and aluminum 6061-T6
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Table 3. Amplitude of vibrations in N, C and S points for a) bending, b)
linear modes.
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Fig. 8. 1- proximity sensor PU-02A, 2- Signal transformer AEC-5502A-01
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Fig. 8. Measurement equipment of vibration amplitude of UaFSW tool tip, 1- Placement of tool set in its fixture on proximity sensor, 2- Function
generator, Oscilloscope, and Piezo drive
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Table 4. Parameters related to investigation of type and vibration
amplitudes in different welding feed rates
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Fig. 13. Welding axial tool load in different vibration types and ampli-
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Table 5. Descriptive statistics and homogeneity tests of amplitude and vibration types effect on welding forces
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Table 7. Comparison of average welding forces influenced by amplitude and vibration types in LSD method
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Table 8. Descriptive statistics and homogeneity tests of welding feed effects on welding forces
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Table 9. Variance analysis of welding feed effects on welding forces
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Fig. 15. Effect of vibration types and amplitude on temperature of the
tool shoulder tip
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Table 10. Descriptive statistics and homogeneity tests of amplitude and vibration types effect on welding plunge forces
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Table 11. Descriptive statistics and homogeneity tests of amplitude and vibration types effect on UaFSW tool tip temperature
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Table 12. Variance analysis of UaFSW tool shoulder tip temperature affected by amplitude and vibration types
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Table 13. Comparison of tool shoulder tip temperature influenced by amplitude and vibration types in LSD method
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Fig. 16. Effect of vibration types and amplitude on weld ultimate tensile
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