=&] =243 5E R, M 213 M 15,2012
Transactions of Materials Processing, Vol.21, No.1, 2012
http://dx.doi.org /10.5228/KSTP.2012.21.1.5

Dynamic Load& O|&%t uta} % Z2(m M

o2t

7l&

Forming of Metallic Bipolar Plates by Dynamic Loading
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Abstract

The weight of the bipolar plate is one of the crucial aspects of improving power density in PEMFC stacks.
Aluminum alloys have good mechanical properties such as density, electrical resistivity, and thermal conductivity.
Furthermore, using aluminum in a bipolar plate instead of graphite reduces the bipolar plate cost and makes machining
easier. Therefore in this study, an aluminum alloy was selected as the appropriate material for a bipolar plate. Results
from feasibility experiments with the aim of developing fuel cells consisting of Al bipolar plates with multiple
channels are presented. Dynamic loading was applied and the formability of micro channels was estimated as a
function of punch pressure and die radius. Sheets of AI5052 with a thickness of 0.3mm were used. For a die radius of
0.1mm the formability was optimized with a sine wave dynamic load of 90kN at maximum pressure and 5 cycles of a
sine wave punch travel. The experimental results demonstrate the feasibility of the proposed manufacturing technique
for producing bipolar plates.
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@ Punch
@ Channel Part 1 (R 0.1)

@ Upper die
@ Channel Part 2 (R 0.3)
® Lower die

Fig. 1 Schematic diagram of stamping die

Table 1 Die dimensions of serpentine type stamping
core-die

Dimensions of Part-I, Part-II (unit: mm)

Part-I | Part-II
H=06 | H=06 L’C );{/ _/BB
i U |H
$=08 | S=08 72 [/ 1
W=14|w=14 )
R=0.1 | R=03
LForce

(a) press ' (b) unbending |
Fig. 2 Sketch of stamping process
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Table 2 The chemical compositions of selected(wt. %)

Alloy Si Fe Cu Mn Mg Cr Zn Ti Al
Al5052 0.149 0.291 0.008 0.032 2.365 0.168 0.001 0.014 Bal
Table 3 The conditions of aluminum stamping so | - Ramp 7
experiments Sine Square
Stamping Dynamic Load A 21
- ~
Load type Stamping Sine, Square, 3 “r
Ramp S sil.
Punch pressure 70, 80, 90 50~70, 50~80, -2
(kN) 50~90 £ 40l
. 0.5Hz
Velocity 1kN/s (frequency) %8 ; i
10 1 2 3 4 5 6 1
Cycle 1 2,3,4,5 Time, S (Sec)
Channel round 0.1,03 0.1,023 Fig. 3 The Load-Tim.e curves according to different
(mm) type of dynamic load
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(a) Non-crack

(b) Un-filling

(c) Crack

Fig. 5 The criterion for specimens of the stamping
process

Table 4 The facture diagrams at different punch
pressure(70kN, 80kN, 90kN) and die rounds
(R0.1,R0.3)

70kN | 80kN | 90kN

R 0.Imm A A X

R 0.3mm TAY 25 (0}
(O : Noncrack, A : Un-filling, X : Crack)
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Channel round, R (mm)
Fig. 6 The fracture diagrams according to dynamic
load(sine) 0.5Hz
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Fig. 7 The fracture diagrams according to dynamic
load(square) 0.5Hz(O : Noncrack, A : un-
filling, X : Crack)

]_

o

7] Wi}, weba HdielEol kNSl A
Zo] o R AHLE AA ST

Fig. 6, 7 o ZH dlFS o]gs Av AY Ay
2 vehd Aotk Ablste] 7 35S 7}ate]
APE REwelA 39 9 mggE RRe Y
ehbA orgkth. o) Fig. 4o Moli= ¥s} o
7N1Ee AWy B4 5FLS o] &3 A

[e5
e

— e o o= iy
MRS w shFe] wE wWele 717t Al
Ao Atk AL el & 5 vk &, 2w
o] Wy &nvt AAH 2AUPE S dovle
Tego] T sk Aol AvH13]. wheEbA 14l
Fo] A ERE V)EY ~¥For HY A I
o] MAFE AoF AR HETh Wb A}z a)e]
Ao AXE5E 90kNS ZHoZ AFE 2|
A FERE o] wAYEIGIT) ol @AY
dle AAstFe Ao, Ha7 FA4 Wt



Dynamic Load& ©] &3l

<A
M M) /;:,\ M M M Vertical : section A-A
E Horizon : section B-B
all AT
B ' B
AR ORI
|@A
Fig. 8 Observation points for measuring the stamping
depth
0.7

M Vertical cross section
0.6 - M Horizon cross section

Depth, h (mm)
e o @
w - W

=
)

0.1
0.0
RO.1 R 0.3 RO.1 R 0.3
(a) S0~80KN (b) 50~90kN

Load (kN) and Channel round R (mm)
Fig. 9 Channel depth according to different load of
bipolar plate(5 cycles)
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