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New Generation Valve Regulated Lead-acid Battery
with Higher Performance and Higher Reliability
for Motor Cycle-use :

Influence of Self-discharge by Vibration
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Hiroshi Haruyama Shin Osaki Eiji Hojo Yasuhide Nakayama

Abstract

We have been developing the GYZ battery series as a next generation type valve regulated lead-acid battery for
motorcycle. In these developments, it was found that capacity of VRLA battery decreases more than the amount
of ordinary self-discharge while the vibration test is conducted under open-circuit state condition. Thus, we
have investigated about the relation between the capacity decrease and various vibration conditions to elucidate
this phenomenon. As a result, it was found out that the amount of capacity decrease is different depending on
the vibration conditions; especially, maximum capacity decrease is observed in the condition of vibrating towards
length side direction vertical to the plate surface compared with other vibration directions, and its capacity loss
increases with acceleration of vibration. The cause of this phenomenon is not due to deterioration of the plate
but promotion of self-discharge reaction, because this capacity drop recovers when the battery is charged. In
conclusion, it was verified that the promotion of self-discharge reaction is caused from forced diffusion of bulk
electrolyte existing in the separator towards the inside of plate especially by vibration to length side direction
vertical to its plate surface, thereby continuing to supply active materials with high specific gravity electrolyte

resulting in increase of self-discharge rate.
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Table 1 Specifications of GYZ16H type VRLA bat-
tery.

ltems GYZ16H
battery
Battery type Wet
Capacity / Ah 16 / 10 HR
Mass / kg 5.6
Number of plates (positive / negative) 4/5
Plate size Height / mm 108.0
Width / mm 76.0
Positive plate thickness 2.0
/ mm
Negative plate thickness 1.5
/ mm
Active material Positive / g*cell” 200
mass Negative / g-cell” 180
Active material density High density
Terminal structure Bushing
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Fig. 1 GYZ16H type structure as experimental
test battery. The battery is connected in series by
six cells in the length side direction. The plate is ar-
ranged in parallel to the short side direction.
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Fig. 2 External setting photographs of test battery
in vibration-testing machine.
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Table 2 Change in 10 HR capacity and capacity
decrease after vibration examination test with charg-
ing for GYZ16H type VRLA test battery.

,E\Blattery 10 HR capacity / Ah
o.

Capacity decrease
/ Ah

After test
17.0

Before test
1 16.7

-0.3

Table 3 Change in 10 HR capacity and capacity
decrease after vibration examination test without
charging for GYZ16H type VRLA test battery.

Battery 10 HR capacity / Ah Capacity decrease
No. / An

Before test  After test
2 16.7 159 0.5
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Table 4 Matrix of vibration examination conditions for GYZ16H type VRLA test battery.

Thermocouple

Vibration directions Acceleration Vibration time / h

/G 10 20 30
Height side direction parallel to the plate surface 4 - Tested -

6 - Tested -

8 Tested Tested Tested
Short side direction parallel to the plate surface 4 - Tested -

6 Tested Tested Tested

8 - Tested -
Length side direction vertical to the plate surface 4 Tested Tested Tested

6 - Tested -

8 - Tested -

Table 5 Battery numbering and its vibration examination condition for GYZ16H type VRLA test battery.

Battery No. Vibration examination condition

Repeated number

Vibration directions Acceleration / G Vibration time / H
3 Height side direction parallel to the plate surface 8 10 1
4 8 30 1
5 4 20 1
6 6 20 1
7 Short side direction parallel to the plate surface 6 10 2
8 6 20 2
9 6 30 2
10 4 20 2
11 8 20 2
12 Length side direction vertical to the plate surface 4 10 2
13 4 20 2
14 4 30 2
15 6 20 2
16 8 20 2
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Fig. 4 Relation between 10 HR capacity decrease

and acceleration for GYZ16H type VRLA test bat-

tery.

(a) Height side direction parallel to the plate surface
(n=1), (O)

(b) Short side direction parallel to the plate surface
(n=2), (&)

(c) Length side direction vertical to the plate surface
(n=2), (O)

Vibration time : 20 h

The average value of n = 2 was plotted, and the

maximum value and minimum value were indicated

as a range bar.

Table 6 Change in 10 HR capacity and capacity decrease after vibration examination test without charging
under various conditions for GYZ16H type VRLA test battery.

Battery No. Vibration directions

10 HR capacity / Ah Capacity

decrease / Ah

Before test After test

3 Height side direction parallel to the plate surface 16.64 16.53 0.11

4 16.59 16.43 0.16

5 16.54 16.53 0.01

6 16.48 16.48 0.00

7 Short side direction parallel to the plate surface  16.62, 16.77 16.48, 16.59 0.14,0.18

8 16.64, 16.77 -% ,16.59 -%*,0.18

9 16.69, 16.64 16.54, 16.46 0.15,0.18
10 16.69, 16.74 16.51, 16.58 0.18,0.16
11 16.64, 16.75 16.34, 16.62 0.30, 0.13
12 Length side direction vertical to the plate surface 16.77, 16.72 16.59, 16.48 0.18,0.24
13 16.61, 16.56 16.37, 16.30 0.24, 0.26
14 16.61, 16.69 16.45, 16.51 0.16,0.18
15 16.46, 16.56 16.06, 16.29 0.40, 0.27
16 16.74, 16.82 15.84, 16.32 0.90, 0.50

% Exclusion due to abnormal voltage observed during vibration test.
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Fig. 5 Relation between 10 HR capacity decrease

and vibration time for GYZ16H type VRLA test bat-

tery. The average value of n = 2 was plotted, and

the maximum value and minimum value were indi-

cated as a range bar.

(a) Height side direction parallel to the plate surface
(Acceleration : 8 G; n=1), ()

(b) Short side direction parallel to the plate surface
(Acceleration : 6 G;n=2), (&)

(c) Length side direction vertical to the plate surface
(Acceleration : 4 G;n=2), (O)
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Fig. 6 Change in open circuit terminal voltage with

vibration time for GYZ16H type VRLA test battery.

Vibration conditions

Direction : Length side direction vertical to the plate
surface

Acceleration : 4, 8 G

Operation time : 20 h
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Fig. 7 Transition of internal temperature of GYZ16H
type VRLA test battery with time without vibration.
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Fig. 8 Transition of internal temperature of GYZ16H

type VRLA test battery during vibration test without
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Vibration conditions

Direction : Length side direction vertical to the plate
surface

Acceleration : 8 G

Operation time : 20 h
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Fig. 9 Transition of internal temperature of GYZ16H

type VRLA test battery during vibration test with

charging. The first position cell is the positive termi-

nal side of battery.

Vibration examination conditions

Direction : Length side direction vertical to the plate
surface

Acceleration : 8 G

Operation time : 20 h
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Table 7 Change in 10 HR capacity and amount of
self-discharge of GYZ16H type VRLA test battery
after storing 3 days at various temperatures.

Temper- 10 HR Capacity / Ah Amfount of
ature / C self-discharge
Before storage After storage 7 %- day’

25 16.71,16.77 16.75,16.87 -0.1
40 16.71,16.62 16.58,16.45 0.3
50 16.59, 16.60 16.22,16.32 0.7
60 16.36, 16.34 15.96,16.76 1.0
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Fig. 10 Relation between storage temperature and
10 HR capacity decreasing rate of GYZ16H type
VRLA test battery.
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Fig. 11 Modeling of self-discharge promotion mechanism by vibration at the room temperature taken place in

the red dotted circle portion on black dotted line in the cross—sectional side view of electrode assembly (a) based
on the case of the static condition at 40 “C (b) for VRLA battery : height and short side directions parallel to the
plate surface (c) ; length side direction vertical to plate surface (d). Reaction site in (b) indicates the appearance
of specific gravity decrease of electrolyte due to produced water by self-discharge reaction.

The amount of self-discharge observed in the case (c) is considered to correspond the case in the static condi-
tion of high temperature of 40 °C.

The promotion of self-discharge reaction observed in the case (d) is caused from forced diffusion of bulk electro-
lyte towards the inside of plate, thereby continuing to supply active materials with high specific gravity electrolyte
resulting in increase of self-discharge rate.
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