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SD: shoulder diameter; PD: pin diameter; PL: pin length; PS: 
pin shape; SC: straight circular; TC: tapered circular; SCT: 
straight circular threaded; LHT (RHT): left (right) handed 
thread; 3F: 3 flats 
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FSW of several metal matrix composites [4] 

Working 
material 

Tool material Tool shape Dimensions 

6061-T6 
Al+20%Al2O3 

AISI oil 
hardened 
Tool steel (62 
HRC) 

PS: SCT 
 

SD: 19 mm; 
PD: 6.3mm 

Al 359+20%SiC 
 

AISI oil 
hardened 
tool steel (62 
HRC) 
 

PS: SCT 
 

SD: 19 mm; 
PD: 6.3 mm 
PL: 3.6mm 

Al–10 wt-%TiB2 
 

High C high 
Cr steel (60–
62 HRC) 
 

PS: SSq, 
TSq,SOct, 
TOct, SHex, 
THex 

SD: 16 mm; 
 

Al–15 wt-% 
Mg2Si 
 

H13 steel PS: TCT 
 

SD: 18 mm; 
PL: 5.7mm 

AA 6061– (3–
7)%TiC 
 

High C, 
high Cr steel 
 

PS: SSq,TSq, 
SHex, 
THex, TOct 

 

 
SS: shoulder shape; SD: shoulder diameter; PL: pin length; 
PD: pin diameter; PS: pin shape; SCT: straight circular 
threaded; TCT: tapered circular threaded; SSq: square; TSq: 
tapered square; SHex: hexagonal; THex: tapered hexagonal; 
TOct: tapered octagonal; PDt: pin diameter at the top (larger 
diameter) for tapered pin; PDb: pin diameter at the bottom 
(smaller diameter) for tapered pin 

 
Table 6 Tool materials, geometries and welding variables used for 

FSW of several titanium and its alloys [4] 

Working 
Material 

Tool 
material 

Tool shape Dimensions 

cp-Ti,3mm pcBN SS: concave; 
PS: tapered at 
450 and 
truncated 

SD:15mm;PL:1.7mm;
PDt:5.1mm 

Ti,3 mm 1.Hss;2.WC 
pin, HSS 
shoulder;3.
WC pin, W 
shoulder 

PS:SC PD:5mm;PL:2.85mm; 
SD:18mm 

Ti-6Al-
4V,3-12 
mm 

W-La alloy PS: tapered SD:19-32mm; PL:2.8-
13.3mm 

Ti,2 mm WC-Co  SD:15mm;PL:2mm;P
D:6mm 

Ti metal 
21S 

W alloy Proprietary  

Ti,5.6 mm Sintered TiC   
Ti-6Al-4V W-3 wt-

%Re 
 SD:11mm;PL:1.8mm:

PDt:6mm;PDb:4mm 
Ti-5111 
plate 

W alloy  PL:12.7mm;PDt:25.4;
PDb:9.5mm 

Ti-15V-
3Cr-3Al-
3Sn 

Mo based 
alloy 

SS: convex SD:15mm;PDt:5.1mm
;PDb:3mm 

 
SD: shoulder diameter; PD: pin diameter; PL: pin length; PDt: 
pin diameter at the top (larger diameter) for tapered pin; PDb: 
pin diameter at the bottom (smaller diameter) for tapered pin; 
PS: pin shape; SS: shoulder shape; SC: straight circular; BM: 
base metal. 

7. CONCLUDING REMARKS 

Tool is the heart of FSW process. A proper tool with geometry 
and design definitely will have impact on the working 
materials. In this paper we mainly focused on tool. Proper tool 
selection, tool material, geometry and design has been 
reviewed from different researchers in order to know which 
geometry and tool material is accommodate for particular 
work materials and details are tabulated. Joining of thicker 
section higher strength aluminium alloys such as the 7xxx 
series still provide considerable challenges for FSW tool 
design. The tool design can be improved through the practical 
implementation of some fundamental concepts. These 
concepts can be further fine tuned by computer based stress 
analysis of the complex tool geometry. 
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