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Electric-Vehicle Lead-Acid Batteries for Electric Forklifts
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Abstract

In the forklift market, there is a strong demand for electric forklifts as combustion engine substitutes due to reinforced
environment regulations. But for conventional electric forklifts powered by flooded-type lead-acid batteries, 24h continuous
operation was difficult because of the long charging time and characteristic deterioration factors of the battery. In addition, periodic
maintenance to supply water to the battery reduced the substitution demand.

We developed valve-regulated electric-vehicle lead-acid batteries for electric forklifts suitable for 24h continuous operation, which

realized:

1. Maintenance-free clean energy source (industry's first)
2. Rapid-charge capability for long-time operation

3. Long lifetime with refresh charge.
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Fig. 1 External view of battery
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Fig. 2 Rapid charge characteristics
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Fig. 3 Expand grid
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Fig. 4 Diagrammatic illustration of inter cell connection
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Fig. 5 Operation pattern of forklift truck

ooooobDOoOo0oOoooooooooooboobooen
gboobobooboooooboosowboooooooo
goboobboAbO0DOobDOoOooOoOobooboOoobooDo
gobooobooOoBOOObOOObOOoObOoOobOoOoDOo
gboboobooooboboobooobobobooonog

obooooobooboobiimbooooboogn
nROOoOooOOoooOOobOOoobOobOoobOoo0oboOoboo
goooboboogoboobosobooooboooboobo

dooooooiocoloooooobboooooon O
Jdddoooooooooooooo o
O
120
WQ& f:‘j =
ﬁ- ADOOO
100( ~3
: \fo\&
T 80 A
é‘
. &
o o 00000
o ROy
O
<
3w D
[ BOOOO
20 (oooo )
0

0 20 40 60 80 100 120

ooooooo
ooboooowaono

060 0OO0OO0OOOOOOOOOOOOOD
Fig. 6 Cycle life test of forklift truck pattern
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Fig. 7 PbSO, amount of positive and negative plates in charging status
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Fig. 8 SEM images of negative plates in charging status
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Fig. 9 Temperature dependence of sulfation on discharge capacity
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Fig. 10 Temperature dependence of sulfation
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Fig. 11 Relation between amount of charge and capacity
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Fig. 12 Cycle life test of forklift truck pattern

gooooooooo Oooooooooo

0130 0O0O0O0O0O00O00b0O0O0O0OO0O0OsSEMOO
Fig. 13 SEM images of with refresh charge and without refresh charge
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Fig. 14 PbSO4 amount of positive and negative plates in charging status
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10 George Wood Vinal : Storage batteries fourth edition. p.310
(1955).
2000000:00000000 000000 p.167 (1964).
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