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�{��´¥�¸É�ÎµÄ®oÂ��Á�°¦¸ÉÁ­ºÉ°¤­£µ¡�n°�Áª¨µ°´��ª¦
¾ Overcharge & Undercharge

¾ °»�®£¼¤·­¼�
¾ �µ��µ¦�Îµ¦»�¦´�¬µ

¾ �µ¦Ä�o�µ�Â¨³�µ¦Ä�o�µ��·��¦³Á£�

¾ �ªµ¤��¡¦n°��°�¦³��
¾Commissioning Â¨³ �µ¦�·��´Ê��¸ÉÅ¤nÁ®¤µ³­¤

¾ �µ¦°°�Â�� Â¨³ �µ¦�¨·�
¾ ¤¸�{��´¥¤µ�¤µ¥ �¹É�°¥¼n¦³®ªnµ��µ¦«¹�¬µª·�́¥



¾ Â¦��´��ÉÎµ®¦º°­¼�
¾ �ªµ¤�»�ÉÎµ

¾ �ªµ¤�oµ��µ�­¼�

¾ Opened cell

¾ Shorted cell

¾ Â��Á�°¦¸É¦o°�

¾ Thermal runaway

¾ �µ¦�»�¦n°��°��´Êª

¾ �µ¦�»�¦n°��°�Â�n��µ�»

¾ �µ¦Â®o��°��ÊÎµ Dry-out

¾ °·Á¨È�Ã�¦Å¨�r¦́Éª 

¾ Ground fault 

¾ Á�¨º°�Â�� �́ÊªÂ��

¾ Â��Á�°¦¸É�ª¤

¾ Sulfation

¾ �µ¦�»�¦n°��°� Strap

°µ�µ¦Á­¸¥

¾ �µ¦®¨»�¦nª��°�Â�n��µ�»



Undercharge & Overcharge

| Â¦��´��µ¦r�Â��Á�°¦¸É­¼�Á�·�Å�  Overcharge

| Â¦��´��µ¦r�Â��Á�°¦¸É�ÉÎµÁ�·�Å�  Undercharge
�ÎµÄ®oÂ��Á�°¦¸É°µ¥»­´Ê�¨�



Overcharge
| Â¦���́�µ¦r�Â��Á�°¦¸É­¼�Á�·�Å� �³�ÎµÄ®oÂ��Á�°¦¸ÉÁ�·��pµ�¤µ� �ÎµÄ®oÂ�n��µ�»�»�¦n°�Á¦Èª Â��Á�°¦¸É­¼�Á­¸¥�ÊÎµ

¤µ� �³�ÎµÄ®oÂ��Á�°¦¸ÉÁ­¸¥Á¦Èª
| Ã�¥�´ÉªÅ�Â¦���́­¼��ªnµ 2.30V/cell �¸É 20qC �º°ªnµ Overcharge

| Â��Á�°¦¸ÉÂ���ÊÎµ Á¤ºÉ° Overcharge �³Á�·��pµ��»�°°�¤µ�µ�Â�n��µ�»¤µ� Â��Á�°¦¸É�³¦o°� �³�ÎµÄ®o¦³�´��ÊÎµ
¨�Á¦Èª �o°�Á�·¤�ÊÎµ�¨´É��n°¥ �ÎµÄ®oÂ�n��µ�»�»�¦n°�Á¦Èª Â��Á�°¦¸É�³°µ¥»­´Ê�¨�

| Â��Á�°¦¸ÉÂ�� VRLA Á¤ºÉ° Overcharge �³�ÎµÄ®oÁ�·��pµ�¤µ� Â��Á�°¦¸É�³¦o°� �ÊÎµ£µ¥Ä��³Â®o�°¥nµ�¦ª�Á¦Èª �¸É
Á¦¸¥�ªnµ Dry-out Â��Á�°¦¸É�³°µ¥»­´Ê�¨�¤µ� Ä��¦�¸¦»�Â¦��³�ÎµÄ®oÁ�·� Thermal-runaway 

At 2.27V/cell Above 2.30V/cell

|  �µ��¸�µ¦ Overcharge Á�·��µ�¤¸Â��Á�°¦¸É�µ�¨¼�Ä�­�¦·�Á­¸¥Ã�¥Á�¡µ³ Shorted cell



Undercharge
| �µ¦�µ¦r�Â��Á�°¦¸É�oª¥Â¦���́�¸É�ÉÎµÁ�·�Å� �³�ÎµÄ®oÂ��Á�°¦¸É�µ¦r�Å¤nÁ�È¤ �oµÁ�·��¹Ê�Á�}�Áª¨µ�µ� �³�ÎµÄ®oÁ�·�

� ¹̈��³�´Éª�´¨Á¢� (Hard Sulfate) �¸ÉÂ�n��µ�» �ÎµÄ®oÂ��Á�°¦¸É¤̧�ªµ¤�»�ÉÎµ¨� Á¦¸¥�°µ�µ¦�¸Êªnµ “Sulfation”

Positive plate PbO2

Discharge

Lead sulfate crystal

|  �oµ Undercharge Á�}�Áª¨µÅ¤n�µ��´��µ¦ Equalize °µ��nª¥Å n̈�´̈ Á¢�°°�Å�o

|  �µ¦�·­�µ¦r�Â��Á�°¦¸ÉÂ öªÅ¤n�µ¦r��¨´�£µ¥Ä� 24 �́ÉªÃ¤��ÎµÄ®oÁ�·� Hard Sulfate Á�n���́
|  �´Ê�Â¦���́�µ¦r��µ¤�¼n¤º°Â��Á�°¦¸É

|  �µ¦Á�È�Â��Á�°¦¸ÉÅªo�µ�ÇÃ�¥Å¤n�µ¦r��ÎµÄ®oÁ�·� Hard Sulfate Á�n���́

|  �¨�°� Undercharge �ÎµÄ®oÂ��Á�°¦¸É¤̧�ªµ¤�»�ÉÎµ¨� ¤̧°µ¥»�µ¦Ä�o�µ�­´Ê�¨�

Kasiean Sukemoke




- Grid corrosion �µ¦�»�¦n°��°�Â�n� GridÃ�¥Á�¡µ³�¸ÉÂ�n��µ�»�ª� °́�Á�ºÉ°�¤µ�µ���·�·¦·¥µÁ�¤¸¦³®ªnµ�
�³�´Éª �´� �ÊÎµ�¦� 

* Á�·��¹Ê��¨°�Áª¨µ ®¨¸�Á¨¸É¥�Å¤nÅ�o ¤¸°»�®£¼¤·Á�}��´ªÁ¦n�
** Á�}��´ª�Îµ®��°µ¥»Â��Á�°¦¸É (Design Life)

Positive Grid Corrosion

Positive Grid + water => Lead dioxide + Hydrogen gas

Pb + 2H2O =>  PbO2 + H2

AM

PbO2

Grid

Pb

Corrosion layer

PbO2
PbOx

Interlayer

2.646.29303.2PbSO4

1.329.87239.2PbO2

1.269.64223.2PbO

1.0011.34207.2Pb

Volume ratio 
related to Pb

Density
g/cm3

Molar mass
g/mol

Product

¤̧�µ¦Á¡·É¤�¹Ê��°��¦·¤µ�¦ 30%

Grid ¤̧�µ¦�¥µ¥�´ª (Grid growth)



Positive Grid Corrosion

1. Á�·��µ¦�¥µ¥�´ª�°�Â�n��µ�»�ª� �oµ¤¸�µ¦�¥µ¥�´ª¤µ��³�´�Ä®o�´Êª�ª��°�Â��Á�°¦¸É¨°¥�¹Ê�¤µ °µ�
�ÎµÄ®o µ�°�Â��Á�°¦¸ÉÂ��Å�o Â¨³ �oµÂ�n��µ�»�ª¤¤µ��³�´��µ��oµ��oµ��°�Â��Á�°¦¸É�oª¥

�¨�̧É�µ¤¤µ



Positive Grid Corrosion

2. �µ¦�»�¦n°��°� Grid �ÎµÄ®oÂ��Á�°¦¸É¤¸�ªµ¤�oµ��µ�£µ¥Ä�­¼��¹Ê�

3. Á�ºÉ°��µ��µ¦�»�¦n°��³�ÎµÄ®oÂ��Á�°¦¸É­¼�Á­¥̧�ÊÎµ ��́�´Ê��µ¦�»�¦n°��°� Grid °µ��ÎµÅ�­¼n�µ¦Â®o��°��ÊÎµ
£µ¥Ä�Â��Á�°¦¸É VRLA

4. �ÎµÄ®oÁ�·��µ¦®¨»�¦nª��°�Â�n��µ�» (Active material) �ÎµÄ®oÂ��Á�°¦¸É¤¸�ªµ¤�»�ÉÎµ¨�

�¨�̧É�µ¤¤µ

�{��´¥Á¦n�
1. Â¦���́�µ¦r�Â��Á�°¦¸É­¼�Á�·�Å� (Overcharge)

2. °»�®£¼¤·Â��Á�°¦¸É­¼� �»�Ç 10qC �¸É­¼��¹Ê��Îµ
Ä®o�µ¦�»�¦n°�Á�·�Á¦Èª�¹Ê� 2 Á�nµ

�µ¦�³¨°�µ¦�»�¦n°� 
�´Ê�Â¦��´� Float charge �µ¤�¸É�¼o� ·̈�

Â��Á�°¦¸É�Îµ®��Ã�¥Ä®o�Îµ�¹��¹�°»�®£¼¤·�°�

®o°��¸É�·��´Ê�Â��Á�°¦¸É (Temperature 
compensation) Â¨³Ä®o¤̧�µ¦Ä�o�µ� 
Battery current limit

3. °»�®£¼¤·­¼� + Overcharge �³�ÎµÄ®o�µ¦�»
�¦n°�Á�·��¹Ê�Á¦Èª¤µ�



Positive post lifting

Â��Á�°¦¸É VRLA �µ�¦»n� Á¤ºÉ°Ä�¨o®¤�°µ¥» �´Êª�ª��³¨°¥�¹Ê�¤µ �¦³¤µ� 7-10mm



Loss of active material
| Loss of active material

z PbSO4 is larger than PbO2 - when recharged, the PbO2 is sometimes 
reformed ‘detached’ from the plate - this ‘lost’ active material will no longer 
participate in the reaction and will result in lower capacity

z PbSO4 can also be ‘washed’ away from the plate surface by the gassing 
action during overcharge

PbSO4

Initially  charged 
plate

Discharged
plate

“lost” active 
material
PbO2PbO2

O2 gas bubbles

Recharged 
plate



-  ¤´�Á�}�­µÁ®�»�µ¦Á­ºÉ°¤�°� VRLA

�¨�¸É�µ¤¤µ
1. Á�·��n°�ªnµ�Ä� AGM ®¦º° Gell ->  �ªµ¤�oµ��µ��°�°·Á¨È�Ã�¦Å¨�r ­¼��¹Ê�
2. ¡ºÊ��·ª­´¤�­́¦³®ªnµ�°·Á¨È�Ã�¦Å¨�r �́�Â�n��µ�»¨�¨� (Active surface ¨�¨�)

->  �ªµ¤�oµ��µ��·ª­³¤�³­­¼��¹Ê�
-> °·Á¨È�Ã�¦Å¨�r Å¤n­µ¤µ¦�Á�oµÅ��Îµ��·�·¦·¥µ�´�Â�n��µ�»

�{��́¥Á¦n�
1. Â¦���́�µ¦r�Â��Á�°¦¸É­¼�Á�·�Å� (Overcharge) -> Gassing 4. Â��Á�°¦¸É ¦́Éª ¦oµª �¹¤ Â�� ªµ¨rªÁ­¥̧
2. °»�®£¼¤·­¼�
3. Grid corrosion

5. �·­�µ¦r��n°¥

Â��Á�°¦¸ÉÄ®¤n �ÊÎµÂ®o�¨� Á�·�Ã¡¦�°µ�µ«¤µ��¹Ê�
­¼�Á­¥̧�ÊÎµ

l l

Dry-out �µ¦Â®o�¨��°��ÊÎµÄ�°·Á¨È�Ã�¦Å¨�r

3. �ªµ¤�»�°�Â��Á�°¦¸É¨�¨�



¦°¥Å®¤o

Strap corrosion
�µ¦�»�¦n°��°� Strap



Â��Á�ºÉ°��µ��µ¦�¦³Â�� 
��³��­n�®¦º°��³�·��´Ê�

Leak & Ground fault
¤¸�µ¦¦oµª �ÎµÄ®oÁ¤ºÉ°Ä�o�µ�Å�Å�o­́�
¦³¥³ �³¤¸�¦�Å®¨�¹¤°°�¤µ���ÎµÄ®o
Á�·� Ground fault



�µ¦Á�·� Thermal runaway Ä�Â��Á�°¦¸É

Thermal runaway �º° °µ�µ¦�¸ÉÂ��Á�°¦¸É ¦o°�Â¨³�ª¤Ä���³�µ¦r� 

�¹É��ÎµÄ®oÂ��Á�°¦¸ÉÁ­¸¥Ä��¸É­»�



�³Á�·�Á®�»�µ¦�r�̧ÊÁ¦ºÉ°¥Ç ��Ä��¸É­»��³¤¸�¦³Â­Å®¨­¼�¤µ����ª��»¤Å¤nÅ�o �ªµ¤
¦o°��¸ÉÁ�·��¹Ê��³­³­¤���ÎµÄ®oÂ��Á�°¦¸É¦o°�¤µ� Â¨³���ÎµÄ®oÂ��Á�°¦¸É�ª¤ �́É��º° 

Á�·� Thermal runaway

¦¼��¦µ¢ Â­���¦³Â­ Float �°�
Â��Á�°¦¸É �´�°»�®£¼¤· 

Â­��Ä®oÁ®È�ªnµ�¸É°»�®£¼¤·­¼��¹Ê��³¤¸
�¦³Â­ Float Å®¨¤µ��¹Ê�

Á¤ºÉ°Â��Á�°¦¸É¤¸°»�®£¼¤·­¼� �³�ÎµÄ®o¤¸�¦³Â­ Float Å®¨­¼�
Á¤ºÉ°Â��Á�°¦¸É¤¸�¦³Â­Å®¨­¼��¹Ê� �È¥·É��ÎµÂ��Á�°¦¸É¦o°�¤µ��¹Ê�

�¦³�ª��µ¦Á�·� Thermal runaway



1. Â¦��́��µ¦r�Â��Á�°¦¸É­¼�Á�·�Å�
�µ¦�µ¦r�Â��Á�°¦¸É�oª¥Â¦��´�­¼� �³
�ÎµÄ®o¤¸�¦³Â­Å®¨¤µ� Â��Á�°¦¸É�³
¦o°��¹Ê�  �¹�¤¸�ªµ¤Á­¸É¥��¸É�³Á�·� 

Thermal runaway ¤µ��¹Ê�
2. �¦³Â­�µ¦r�Â��Á�°¦¸É­¼�Á�·�Å�
�µ¦�µ¦r�Â��Á�°¦¸ÉÃ�¥Å¤n¤¸�µ¦�ª��»¤�¦³Â­�³�ÎµÄ®oÂ��Á�°¦¸É¦o°� Ã�¥�´ÉªÅ�
�³�Îµ�´��¦³Â­�µ¦r�Â��Á�°¦¸ÉÅªo�̧É 0.1C10 

3. °»�®£¼¤·Âª�¨o°¤�°�Â��Á�°¦¸É­¼�Á�·�Å�
Â��Á�°¦¸É�ª¦�·��´Ê�Ä�®o°��¦´�°µ�µ« 20-25C Â¨³�¼o�ª¦¤¸�µ¦¦³�µ¥°µ�µ«�¸É�¸                  
�oµÅ¤n¤Á̧�¦ºÉ°��¦´�°µ�µ«�³�o°��¦´�Â¦��´��µ¦r�¨� Ã�¥Ä�o¢{��r�́� Temperature 

compensation ®¦º°Ã�¥�Îµ�ª��µ�°»�®£¼¤·Á�¨¸É¥

�o�Á®�»�¸É�ÎµÄ®oÁ�·� Thermal runaway



4. Â��Á�°¦¸É�µ�¨¼� shorted cell

Á¤ºÉ°¤Â̧��Á�°¦¸É�µ�¨¼��°¦r�Å� �³�Îµ
Ä®oÂ��Á�°¦¸É ¼̈�°ºÉ�Ç¤¸Â¦��´�­¼��¹Ê� 

�ÎµÄ®o¤¸�¦³Â­ Float Å®¨¤µ��¹Ê� Â¨³
�³¦o°��¹Ê� �¹�¤¸�ªµ¤Á­¸É¥�¤µ��¹Ê�

5. Â��Á�°¦¸É�µ�¨¼�¦́Éª¨��¦µª�r
�ÎµÄ®o¤¸�¦³Â­��µ�­¼�Å®¨�nµ�Â��Á�°¦¸É ��¦o°�Â¨³ Thermal runaway

6. ¦³��¤¸�{�®µ �µ¦r�Á�°¦r�Îµ�µ��·�¡¨µ�
�oµ�µ¦r�Á�°¦r�Îµ�µ��·�¡¨µ�Ã�¥�ÎµÄ®oÂ¦��´�°°�­¼�Á�·�Å� �³�ÎµÄ®oÂ��Á�°¦¸É¤¸
�ªµ¤Á­¸É¥��¸É�³Á�·� Thermal runaway ¤µ��¹Ê�

�o�Á®�»�¸É�ÎµÄ®oÁ�·� Thermal runaway



дѥішіњлўѥѰэшѯшѠіѨѷѯѝѨѕ

| Float charge

¾Â¦��´�Â��Á�°¦¸É°µ�­¼�®¦º°�ÉÎµ�·����·
¾Â��Á�°¦¸É¦o°�
¾Â¦��´�¦·�Á�d¨­¼��·����·
¾ Shorted cell ®¦º° Opened cell °µ��¦ª��´�Å�o  �µ�Â¦��´�Â¨³�¦³Â­ 

¾�n°¥�¦́Ê��¸ÉÂ��Á�°¦¸ÉÁ­ºÉ°¤Â¨³¤¸�ªµ¤�»�ÉÎµ ¤¸Â¦��´�Ã¢¨��¸É���·�̧

¾Opened cell °µ��¦ª��´�Å�o�µ��¦³Â­AC / DC

Kasiean Sukemoke




Normal voltage distribution

2.23 2.25 2.24 2.28

0
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1 2 3 4
Blocks

Vo
lts

CHARGER = 9 V

2.23 V 2.25 V 2.24 V 2.28 V

Normal voltage

� Â¦��´��µ¦r�Á�°¦r = 2.25 x 4 = 9V
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CHARGER = 9 V

2.33 V 1.98 V 2.32 V 2.365 V

SHORTED

Shorted cell voltage

1.98

2.33

2.37

2.32

0

0.5

1

1.5

2

2.5

3

1 2 3 4
Blocks

Vo
lts

Shorted cell voltage

� Â¦��´��µ¦r�Á�°¦r = 2.25 x 4 = 9V

� Â��Á�°¦¸É�̧É�°¦r�Á�¨¨r�³¤¸
Â¦��´��ÉÎµ

� Â��Á�°¦¸É¨¼�°ºÉ�Ç�³¤¸Â¦��´�
­¼��ªnµ���·

� Â��Á�°¦¸É�́Ê�®¤��³¤¸°µ¥»
�µ¦Ä�o�µ�­´Ê�¨�

9



Open cell voltage

2.17 2.19

2.50

2.14

0

0.5

1

1.5

2

2.5

3

1 2 3 4

Blocks

Vo
lts

2.17 V 2.19 V 2.50 V 2.14 V

CHARGER = 9 V

OPEN

Open cell voltage

� Â¦��´��µ¦r�Á�°¦r = 2.25 x 4 = 9V
� Â��Á�°¦¸É�̧ÉÃ°Á¡n�Á�¨¨r�³¤¸

Â¦��´�­¼�

� Â��Á�°¦¸É¨¼�°ºÉ�Ç�³¤¸Â¦��´�
�ÉÎµ�ªnµ���·

� Â��Á�°¦¸É�́Ê�®¤��³¤¸°µ¥»
�µ¦Ä�o�µ�­´Ê�¨�

10



9 �nµ Ohmic �°�Â��Á�°¦¸É �º°�nµ Resistance, Impedance ®¦º° Conductance �°�Â��Á�°¦¸É

G = Conductance (Siemens, S / Mhos,     )      - ª́��nµ�ªµ¤�Îµ AC �°�Â��Á�°¦¸É 
Z = Impedance (Ohms ,:)    - ª́��nµ�ªµ¤�oµ��µ� AC �°�Â��Á�°¦¸É 
R = Resistance (Ohms ,:)     - ª́��nµ�ªµ¤�oµ��µ� DC �°�Â��Á�°¦¸É 

:
9 �nµ Ohmic ­µ¤µ¦��°��¹�­£µ¡�µ�Á�¤¸/Å¢¢jµ/Â�n��µ�»£µ¥Ä�Â��Á�°¦¸ÉÂ���³�´Éª-�¦�Å�o

9 IEEE 450 (Maintenance Vent Lead-Acid Battery) Â¨³ IEEE 1188 (Maintenance VRLA 

Battery)  Å�o�¦¦�»Ä®o�µ¦ª´��nµ Ohmic Á�}�­nª�®�¹É�Ä��µ¦�Îµ¦»�¦´�¬µÂ��Á�°¦¸É

9 �µ¦Á¡·É¤�¹Ê��°��nµ�ªµ¤�oµ��µ� ®¦º° �µ¦¨�¨��°��nµ�ªµ¤�Îµ Â­���¹��µ¦Á­ºÉ°¤�°�Â��Á�°¦¸É

Ohmic value



Ohmic value

The internal cell components can be modeled as a 
combination of resistors, capacitors and coils.

pos.                    positive plate               electrolyte       separator       electrolyte          negative plate    neg.
terminal        (grid and active material)                      (grid and active material)         terminal



Â��Á�°¦¸É�̧É�Îµ�µ¦��­°�

1. �j°��¦³Â­Å¢­¨´��ªµ¤�¸É�ÉÎµ
Á�oµ�¸É�´ÊªÂ��Á�°¦¸É

2. ª´�Â¦��´�Å¢­¨´��¸É�´ÊªÂ��Á�°¦¸É

3. �Îµ�ª��nµ Conductance �µ�

G =
�¦³Â­ (Aac)

Â¦��´� (Vac)
x cos())

�µ¦�µ¦��­°��nµ�ªµ¤�Îµ Á�}��µ¦��­°�Â�� AC Ã�¥Á�¦ºÉ°��³�j°��¦³Â­Å¢¢jµ
­¨´��ªµ¤�¸É�ÉÎµÁ�oµ�¸ÉÂ��Á�°¦¸É Â¨oª�¹�ª´�Â¦���́�¸É�°�­�°��µ�Â��Á�°¦¸É �µ��´Ê��¹�
�Îµ�ª��nµ�ªµ¤�Îµ�°�Â��Á�°¦¸É

®¨´��µ¦ª´��nµ�ªµ¤�Îµ (Conductance)



9 �µ¦¨�¨��°��nµ�ªµ¤�Îµ Â­���¹��µ¦Á­ºÉ°¤�°�Â��Á�°¦¸É

�ªµ¤­´¤¡´��r�°� Conductance �́� °µ¥»



9 �µ¦¨�¨��°��nµ�ªµ¤�Îµ ®¦º° �µ¦Á¡·É¤�¹Ê��°��nµ�ªµ¤�oµ��µ� Â­���¹��µ¦Á­ºÉ°¤�°�Â��Á�°¦¸É

Â¦��´��ªµ¤�oµ��µ�£µ¥Ä��ªµ¤�Îµ 
(Conductance)

�ªµ¤�»�µ¦Á­ºÉ°¤

Å¤n�n��°�­¼��¹Ê�¨�¨�¨�¨� °µ¥»¤µ�
Float/OCV �ÉÎµ­¼��¹Ê�¨�¨�¨�¨�Short Cell

Float ­¼�­¼��¹Ê�¨�¨�¨�¨�Open cell

Float/OCV �ÉÎµ­¼��¹Ê�¨�¨�¨�¨�Sulfation

Å¤n�n��°�­¼��¹Ê�¨�¨�¨�¨� �µ¦Â®o��°�°·Á¨È�Ã�¦Å¨�r
Å¤n�n��°�­¼��¹Ê�¨�¨�¨�¨� �µ¦�»�¦n°��°�­nª��ÎµÅ¢¢jµÂ¨³�´Êª 

Å¤n�n��°�­¼��¹Ê�¨�¨�¨�¨� �µ¦�»�¦n°��°�Â�n��µ�»

�ªµ¤­´¤¡´��r�°� Conductance �́� 
�ªµ¤Á­ºÉ°¤�°�Â��Á�°¦¸É



Â��Á�°¦¸É 2V 1170Ah �Îµ�ª� 120 ¨¼� ��­°��¸É°´�¦µ 3 �́ÉªÃ¤� 1.8V

�¸É�nµ %Conductance < 60% Â��Á�°¦¸É­nª�Ä®�n¤̧�ªµ¤�»�o°¥�ªnµ 80%

�¸É�nµ %Conductance 60-80% Â��Á�°¦¸É­nª�Ä®�n¤̧�ªµ¤�» 80-100%

Greference = 3800 S

Conductance-Capacity 2V 1170Ah

0

20

40

60

80

100

120

0 10 20 30 40 50 60 70 80 90 100
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�ªµ¤­´¤¡́��r�°� Conductance �́� Capacity



| Conductance
¾Â��Á�°¦¸É�¸É¤�̧nµ Conductance �ÉÎµ�ªnµ 80% �o°�­�­´¥ªnµ�·����·
¾Â��Á�°¦¸É�¸É¤�̧nµ Conductance �ÉÎµ�ªnµ 60% �o°�­�­´¥ªnµÁ­¸¥Â¨oª

¾ �oµ�nµ Conductance �ÉÎµ Â¨³Å¤nÂ�nÄ�ªnµÂ��Á�°¦¸ÉÁ­¸¥®¦º°Å¤n �o°��Îµ�µ¦
�·­�µ¦r�
¾ �nµ Conductance �nª¥Ä®oÁ¦µ¦¼oÂ�ªÃ�o¤�µ¦Á­ºÉ°¤�°�Â��Á�°¦¸ÉÅ�o

¾Â��Á�°¦¸É�¸É¤�̧nµ Conductance �ÉÎµ¤µ��ª¦�¨�°°��µ�¦³��

�µ¦�¦ª�®µÂ��Á�°¦¸ÉÁ­¸¥



| Discharge

¾ Ä���³�·­�µ¦r�Â��Á�°¦¸É�¸ÉÁ­¸¥ ®¦º° ¤¸�ªµ¤�»�ÉÎµ¤µ� °µ��³¤¸Â¦��´��ÉÎµ�´Ê�Â�n
Á¦·É¤�·­�µ¦r� �́��´Ê��µ¦�·­�µ¦r�Á�}�¦³¥³Áª¨µ­´Ê�Ç °µ�¡°¦³�»Â��Á�°¦¸É�¸ÉÁ­¸¥Å�o

¾�µ¦�·­�µ¦r�Á�}��µ�Á�¸¥ª�¸É�ÎµÄ®o�¦µ��ªµ¤�»�¸ÉÂ�o�¦·��°�Â��Á�°¦¸É

¾�ªµ¤�»�ÉÎµ�ªnµ 80% �º°ªnµÂ��Á�°¦¸ÉÁ­¸¥
¾ Á¡ºÉ°Ä®o�¦µ��ªµ¤�»�¸ÉÂ�o�¦·��o°��·­�µ¦r�Â��Á�°¦¸É���¹� End voltage

¾Â��Á�°¦¸ÉÄ®¤n°µ�¤¸�ªµ¤�»Á¡¥̧� 90-95% �°�¡·�´�Á�nµ�́Ê� °µ��o°�Ã¢¨�
�µ¦r�Á�}��e ®¦º°�Îµ�µ¦�µ¦r�/�·­�µ¦r�®¨µ¥Ç �¦́Ê� �ªµ¤�»�¹��³�¹Ê��¹� 100% 

Capacity test



Dummy Load

9Ã�¥�´ÉªÅ�Á�}�Ã®¨��ªµ¤�oµ��µ� (Heater)

9¤¸¡·�´�Á®¤µ³­¤�´��µ¦Ä�o�µ� 

9­µ¤µ¦��¦´��¦³Â­Å�o¨³Á°̧¥�Á¡¥̧�¡°
9¤¸¡´�¨¤¦³�µ¥�ªµ¤¦o°�

Load Tester



Capacity test

Capacity test or Discharge test
|  ��­°��ªµ¤�»�°�Â��Á�°¦¸ÉÃ�¥Ä®oÂ��Á�°¦¸É�nµ¥�¦³Â­Ä®o�´�Ã®¨��ªµ¤�oµ��µ� (Heater)

|  ��µ��¦³Â­ Â¦��´�­»��oµ¥ Â¨³¦³¥³Áª¨µ °µ�Á¨º°�Ä®oÄ�¨oÁ�¸¥��´��¦³Â­Ã®¨��¦·� ®¦º° �µ¤�ªµ¤
Á®¤µ³­¤ Ã�¥��µ��¦³Â­Ä®o°oµ�°·��µ��µ¦µ��µ¥�¦³�»Ä��¼n¤º°�°�Â��Á�°¦¸É

Ta (Áª¨µ�¸É�·­�µ¦r��¦·�)

Ts (Áª¨µ�µ¤�µ¦µ�)
X 100%%Capacity =



Capacity test

Â¦��´��ÉÎµÂ­���¹��ªµ¤�·����·�°�Â��Á�°¦¸É



�Îµ�µ¤


