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Development of Friction Stir Welding Technology for Subframe for Fuel Cell System
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ABSTRACT

In order to save weight and increase productivity, the
FC subframe developed for vehicle mounting of the fuel
cell system employed in the FCX Clarity fuel cell
vehicle is constructed from both extruded and cut parts
produced from 6000 series aluminum alloy. Friction stir
welding (FSW) was used to weld the main structural
parts of the subframe. FSW was applied to 12 types of
lap joints and one type of butt joint. Five tools were
developed for the lap joints and one tool for the butt
joints. The strength of lap joints formed using FSW can
be diminished by the infiltration of the material in the
bottom sheet into the material in the top sheet, a
phenomenon referred to as “hook.” The project discussed
here clarified the mechanism of this phenomenon, and
reduced its occurrence by forming grooves on the probes
of the welding tools. In addition, in the case of butt
welds of forms with radii, the occurrence of elongated
cavity was controlled without the use of filler metal by
having the center of the tool approach the thickest side
of the material.

The use of these methods has enabled the
achievement of a 17% weight saving against a
conventional subframe using stamped parts.
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Fig. 1 Positioning of FC subframe in Honda FCX Clarity
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Table 1 FSW weld structures in FC subframe

Part 1 Part 2
Material 1 Thickness (mm) Material 2 Thickness (mm)
1.3
1.5
A6NO1S-T5 2.0 AB061P-T651
3.0
35
2.0
ABNO1S-T5
3.0
2.0 AB063S-T5 2.0
A6NO1S-T5 1.2
A5052P-0O
2.0
A5052P-0O 1.0
30
AB063S-T5 2.0
A6N01S-T5 2.0 A6961P-T651 7.0

goOrFC OODODOO

lL.FC 000000000

FCOOOOOODODOOODDO FRg.300RSWODOOO
OO0 Tablel OOOOOOOOOOOOOOOOOOOO
gbobooooooboobobmoooobooboomo
0000000000000 0oOoOo0OUU Table20000O
gbobobobooooooobooboboobos3smmOon
24mm ODOOOOOOO 13mm OO0 35mm O0O0O0O
gobooboooooooooooooooobooboooooo
ABNOLS- TSP O OO0 00O0O0O0O000O00OOD0O AB061P-

TeSY" O 0000000000000 000000000g
O000000000OAsS2P-O"Do00ooooooo
OO00OAe0e3s-TE" MO OOOO

gbobooboboobooboobooooooobooobooon
FSwoOOoooooooooooooooooooogo
gbobobobooboooooooboobobobobo
gooobobobooooooobboobooooooboobooo
gbooboooooooogo

o0 rCO0O00O00O0O0DOOOOO0ODOOODOO
goMicOooooooooogooboboboooooog
gbobobobooboobobooooboboboboog

* Type of material

|:| Extruded parts: A6NO1S-T5
l Cut parts: A6061P-T651

|:| Other parts: A6063S-T5, A5052P-O

@ [S\V joining

Fig. 3 Components of FC subframe
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Table 2 Cross-sectional shape of extruded frames

c " Ivi Circumcircle O Minimum thickness [0 Thickness of FSW [
ross-sectional view diameter (mm) (mm) weld (mm)
3 36 15 15
c—/ 73 2.0 2.0
1.3
99 1.3
b 2.0
2.0
111 2.0
3.5
| 156 2.0 2.0
2.0
. }—— 190 20
3.0
2.0
o S ce e SE— 214 2.0
3.0
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Fig. 5 Cross-sectional micrograph of FSW at lap joint

Fig. 6 Cross-sectional micrograph of FSW at lap joint
when top sheet is forced upwards
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Fig. 8 Cross-sectional micrograph of elongated cavity

gbobooooRrROOOODODODOOOOOODOO
gborSwhOoboooooooogooobobobooobooo
gboboboboobooooobooobobobobo
gbobgobobooobooobooooboobobooboooo
gbobobobobooboooobooobobobobo
gboooooogo

gobogn

41. 000000000

gbobobobobobooooobooobooboooban
goooboboobooooobooboobooooooooobooooo
gboboooooobobooobooog

gboboboooooooobooboboboboab
goooboobobooooobobooooooobobooboobooooo
goboobboobboooboooboooboboooo
Fig.9 0 6000 OOOOOOOOOOODOOODDOOO
gboboboboobooooooooobobobooboo
OO0 1000rpm OO0OO0O0O0O0O 100-150 mm/min O
goooboboooooobobooboooooooooooo
gsorpmUbb00oooooobooboboboooboonog
o0o0oo0ooooooobbOn 1100-1200rpmO 0O 0

Rotation

Fig. 7 Cross-sectional image of FSW butt joint

0 son



gboboooobooobooboboboooooobobobobooboo

00 100mm/min OO0OO0O0DOOOO0ODOOOOOOOO
gbobooooooobobobobobobooboooo
goboboboobooogo

00oooo00o0o0ooooob0Oon Fg.loOoooooOO
goooboooboooobooobooobooobooobogoon
gbobooobooooobobobobobobooboooo
goboboooooooboobobobobobooboooo
goboboooooooobooobooooooboobooboobooooo
goboooobooobooboboobbooobbooo
gboboooooooboobobobobobooboooo
goboboooooooboobobobobobooooo
gbobooboboobooooooobooboboboono
gobobooooooobooboboboboboooboooo
gobobooooooooooboooooooboboobooooo
goboboooooooboobobobobobooooo
gboboooooobooobooooboboboboonoo
goobooooooobobobobobobooboooo
gbobooooooobooboboboboboooboooo
goobooooooobobobobobobooboooo
gooo

42. 00000000000DO0O0ODOODOO

goboboboboboobooooooooooooo
U00D0O0Db0O0O0MIANSYS O FLUENTLO O OO CAE
gooboooodg

CATIAVS DO00OO0oooooooobobonb 1300
gooboooooooboboboboboboooooo
00000000000 DO0OMOIANSYS O FLUENT for
CATIAVSLO OO OOoOoOoooooooobooooooo
gbooboooooooboboboboboboooooo
gobobooooooooboooooooobboooooo
goobgoobo

Fig. 110 000000000D0DO000DODOO00ODOD
gboboboboboooooobooobobobobo
gooobobooooooooobbooooooobooooog
gbooooooo

Fig. 1100000000000 D0O00ODODO00OODO
goboobobooobbooobooobooboboooo
gbobobobobooobooboobooobobobobo
gooobobobooooooobooooooooooboboobooo
gooobbobooooobobbobobooooooobooooog
gbooboooooooobogoobo

43.0000000000

gooooobobobbbboooooooooobooo
goooooooboboobobbbbbobbobooooooo
oo5mmiO00000000000DOOODODOOO
goooooooboboobobbbobbobbooooooog
goooooooooooboobobbbbboboboooooog
goooooooboboobobbbbbobbobooooooo
uooooooaao

Groove
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Fig. 9 Example of conditions for lap joint connection of 6000 series aluminium alloys
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Table 3 Results of FSW using developed tools

Joint Type of material Thickness (mm) Cross-sectional micrograph eff‘i]é)ilenrﬁgy

TopO A6NO1S-T5 1.3

Lap joint 78%
Bottom(J A6061P-T6 28.0
TopU A6NO1S-T5 2.0

Lap joint 88%
Bottom[J A6061P-T6 28.0
TopUO A6NO1S-T5 3.0

Lap joint 78%
Bottom[] A6061P-T6 14.0
TopU A6061P-T6 2.0

Lap joint 71%
Bottom[J A6NO1S-T5 3.0
Right sidel] A6NO01S-T5 2.0

Butt joint 91%
Left sidel] A6061P-T6 7.0

(a) Original tool (without grooves)

Interfaceé

0.5 (b) Developed tool (with grooves)

Interface

Fig. 11 Calculation of effectiveness of developed tool using CFD
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Fig. 13 Components of FSW machine
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