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Stasyoner AGM Aküler

Kasım 2016GNB Industrial Power Avrupa | Uygulama Mühendisliği | Stasyoner VRLA-AGM Akü Kullanımı 2



1. Giriş ve Genel Bakış
2. Depolama
3. Kurulum
4. Görevlendirmek
5. Şarj
6. Deşarj
7. Sıcaklığın Etkisi
8. Havalandırma
9. AC Dalgalanma
10. Bakım ve Kontrol
11. Soru & Cevap

Kasım 2016GNB Industrial Power Avrupa | Uygulama Mühendisliği | Stasyoner VRLA-AGM Akü Kullanımı 3

Konular



Giriş ve Genel Bakış
Nominal Veri

= 2.0 VpcNominal voltaj 

Nominal sıcaklık = 20 °C veya 25 °C

Çalışma Sıcaklığı Aralığı      = -40 °C ila +55 °C

Kendi Kendine deşarj @ 20 °C :  ∅ 0.5 % haftada

 ∅ 2    % ayda

= EN 50272- 2 / IEC 62485- 2Güvenlik gereksinimleri 

Test Yöntemleri = IEC 60896- 21
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Giriş ve Genel Bakış
Karakteristik Veriler
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Servis Ömrü @ 20 °C 
[sene] Döngü 1)

Powerfit S300 3 – 5 400

Sprinter 8 – 9 300
Marathon L, XL > 10 400
1) IEC 896-2'ye göre döngü sayıları



Giriş ve Genel Bakış
AGM Aküler: Zaman ve Sıcaklığa karşı Kendi Kendine Deşarj
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Giriş ve Genel Bakış
Sprinter: Deşarj Derinliğine (DOD) karşı Döngü Sayısı
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Giriş ve Genel Bakış
Powerfit, Marathon: Deşarj Derinliğine (DOD) karşı Döngü Sayısı

Kasım 2016GNB Industrial Power Avrupa | Uygulama Mühendisliği | Stasyoner VRLA-AGM Akü Kullanımı 8

0

10

20

30

40

50

60

70

80

90

100

200 300 400 500 600 900 1000 1100 1200 1300700 800 

Döngü Sayısı

D
O

D
 [ 

%
 C

10
]

IEC 896-2 cycle test: 400 döngü @ 60% DOD



1. Giriş ve Genel Bakış
2. Depolama
3. Kurulum
4. Görevlendirmek
5. Şarj
6. Deşarj
7. Sıcaklığın Etkisi
8. Havalandırma
9. AC Dalgalanma
10. Bakım ve Kontrol
11. Soru & Cevap

Kasım 2016GNB Industrial Power Avrupa | Uygulama Mühendisliği | Stasyoner VRLA-AGM Akü Kullanımı 9

Konular



Stasyoner AGM Aküler
Depolama

› Konum: Kuru, donmaz oda,  ≤20 °C

› Çok düşük kendi kendine deşarjlı stasyoner AGM Aküleri...
› … maksimum depolama süresi:

18 months @  ≤20 °C

› Yüksek sıcaklıklarda ne olur ?
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Stasyoner AGM Aküleri
Depolama

› Yüksek sıcaklıklar kendi kendine deşarjı hızlandıracaktır

› “Arrhenius” Kanunu:
10 °C başına kendi kendine deşarj oranı
 yenileme şarjı aralığı yarıya indirilmelidir.

› Örnek:
30 °C    aralık şöyle olmalı

18 ay yerine sadece 9 ay
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Stasyoner AGM Aküleri
Depolama, Şarj Durumu(SOC)

"SOC" (Şarj Durumu) nasıl kontrol edilebilir ?

› Dinlenme Voltajı (tam şarjlı duruö) [Vpc] = Dinlenme süresi 
en az 24 saat sonra Açık Devre Gerilimi (OCV) [VPC]

Kaba Formül:
OCV [Vpc]   =  Elektrolit yoğunluğu (değer)  + 0.84

› Örnek Marathon:
OCV =  1.31 + 0.84 =  

2.15 *) Vpc
*) ftam şarjlı hücre
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Stasyoner AGM Aküler
Depolama, Yenileme şarjı

› Yenileme şarjı, OCV aşağıdaki kılavuz değerlere düşürülürse en geç 
gerçekleştirilecektir:

› 2V-hücre: 2.095 V

› 6V-blok: 6.285 V

› 12V-blok: 12.57   V
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Stasyoner AGM Aküler
Kurulum

› Maks. ortam sıcaklığı farkı ≤3 °C

(alt   üst, sol   sağ)

› Hücreler / bloklar arasındaki mesafe yaklaşık 10mm, en az 5mm

› Akü asla hava geçirmez bir muhafaza içine yerleştirilmelidir.

› Ayrıntılar için bkz. "Kurulum / Çalıştırma Talimatları"
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Stasyoner AGM Aküler
Kurulum

› Orijinal talimatlar ve yedek parçalar dışında veya akü üreticisi tarafından 
önerilmeyen aksesuarlar veya yedek parçalarla yapılan kurulum 
talimatlarına, kurulumlara veya onarımlara uyulmaması veya izinsiz 
yapılan onarımlar garantiyi geçersiz kılar.

› Elektrostatik yüklerden ve deşarjlardan / kıvılcımlardan kaçının !
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Stasyoner AGM Aküler
Kurulum

OCV ile ilgili kural: Blok toleransı tek hücre ile şu şekilde ilişkilidir:

Toleransblok = Toleranshücre * √n (n = Blok başına hücre sayısı).

Dayanak: ölçülen ortalama değer
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Birim Hücre sayısı √n
Maks. ± tolerans[V]

Sulu Tip VRLA Akü

2V-hücre 1 1 0.02 0.03

4V-blok 2 1.414 0.028 0.042

6V-blok 3 1.732 0.035 0.052

8V-blok 4 2 0.040 0.060

10V-blok 5 2.236 0.045 0.067

12V-blok 6 2.449 0.049 0.073



Stasyoner AGM Aküler
Kurulum

Örnek:

AGM akü, 12V-blok

Ölçülen U0-ortalaması: 12.84 V (= 2.14 Vpc)

Maks. ± tolerans: 0.073 V

İzin verilen U0- aralığı:

U0,maks = 12.84 V + 0.073 V = 12.913 V (= 2.152 Vpc) 

U0,min = 12.84 V  - 0.073 V = 12.767 V (= 2.128 Vpc)
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Stasyoner AGM Aküler
Kurulum
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Konular



Stasyoner AGM Aküleri
Görevlendirmek

› … alındıktan sonra mümkün olan en kısa sürede yapılmalıdır çünkü
hücreler / blok aküler nakliye ve geçici depolama nedeniyle zaten şarjı
kaybetmiştir.

› Kabul testlerinden önce, akü aşağıdaki yöntemle tamamen şarj
edilmelidir:
› 2.27 Vpc, ≥ 72 saat,
› or  2.40 Vpc, ≥ 16 saat (maks. 48 sa), ve

2.27 Vpc ≥ 8 saat
› Şarj akımı daima ≥ 10 A/100 Ah
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Stasyoner AGM Aküler
Şarj

Konular:

 Şarj düzeni
 Şarj voltajları ve sıcaklık dengelemesi
 Şarj akımı
 Şarj süresi
 Float akımı
 Dengeleme şarjı
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Stasyoner AGM Aküler
Şarj düzeni
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Stasyoner AGM Aküler
Şarj voltajları

Ayarlar (Vpc)

› Doğrultucu toleransı: ± 1 %

› Belirtilen aralıklarda sıcaklık telafisi yapılmalıdır...(aşağıdaki 

"Şarj Gerilimi ve Sıcaklık" şemalarına bakın)
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Float Arttırma/ Eşitleme. (max)
Marathon L/ XL, Powerfit @ 20 °C 2.27 2.40
Marathon M-FT, Sprinter @ 20 °C 2.295 2.45



Stasyoner AGM Aküler
Marathon L/XL, Powerfit S: Sıcaklığa karşı Şarj voltajı
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Stasyoner AGM Aküler
Marathon M-FT, Sprinter: Sıcaklığa karşı Şarj voltajı
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Stasyoner AGM Aküler
Şarj akımı

›Paralel bekleme veya arabellek işletimi sırasında akım sınırlı değil
›Kılavuz değeri: 10 A - 35 A / 100 Ah
›Yüksek akımlar, şarj süresinin ilgili kazancına yol açmaz
›Daha düşük akımlar şarj süresini önemli ölçüde uzatacaktır

Kasım 2016GNB Industrial Power Avrupa | Uygulama Mühendisliği | Stasyoner VRLA-AGM Akü Kullanımı 28



Stasyoner AGM Aküler
Reşarj: 2.27 Vpc
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Stasyoner AGM Aküler
Reşarj: 2.40 Vpc
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Residual charge current (float current) vs. float voltage and temperature
"Marathon/Sprinter"

Rezidual şarj akımı = float şarj akımı + oksijen döngüsü için akım + korozyon akımı

2.2 2.21 2.22 2.23 2.24 2.25 2.26 2.27 2.28 2.29 2.3 2.31 2.32 2.33 2.34 2.35 2.36 2.37 2.38

Float şarj voltajıVpc

10

100

1000

10000
100 Ah için Rezidual şarj akımı/mA 

60 °C
45 °C
35 °C
25 °C

Stasyoner AGM Aküler
Float gerilimi ve sıcaklığa karşı rezidual şarj akımı “Marathon / Sprinter”
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Stasyoner AGM Aküler
Dengeleme Şarjı

Dengeleme şarjı:
› …şu durumlarda gereklidir

› Kapsamlı deşarjlardan sonra
› yetersiz şarj durumlarında
› Tek hücre / blok gerilimleri aşağıdaki şemalarda gösterildiği gibi 

belirtilen aralığın dışında ise (3 örnek ; talep üzerine geri kalanlar 
temin edilebilir)

› … Maksimum 2.40 Vpc, 48 saat
(hücre/blok sıcaklığını takip edin, 
45° C'yi geçmemelidir)
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Stasyoner AGM Aküler
Float şarjı sapması
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2 V – hücreler 6 V – bloklar 12 V – bloklar

Marathon +0.2 / – 0.1 +0.35 / –0.17 +0.49 / –0.24
Sprinter --- +0.35 / –0.17 +0.49 / –0.24
Powerfit --- +0.35 / –0.17 +0.49 / –0.24
Ortalama değer 2,27 Vpc'den Volt cinsinden izin verilen 
float gerilimi sapması

2 V – hücreler 6 V – bloklar 12 V – bloklar
< 6 ay 2.15 – 2.49 6.60 – 7.19 13.33 – 14.16
> 6 ay 2.17 – 2.47 6.64 – 7.16 13.38 – 14.11
Ortalama değer 2,27 Vpc'den Volt cinsinden izin verilen 
float gerilimi sapması
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Konular



Stasyoner AGM Aküler
Deşarj

› …seçilen deşarj akımına atanan beklenen final akü 
voltajının altında asla

› GNB Industrial Power tarafından aksi 
belirtilmedikçe, nominal kapasiteden daha fazla 
tüketilmeyecektir
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Stationary AGM batteries
Discharge (cont’d)

› The voltage of the weakest cell is fallen to
Umin = final voltage Uf [Vpc] - 0.2 V

› Example:
Final voltage Uf = 1.75 Vpc

Weakest cell can have
Umin = Uf - 0.2 V = 1.55 V
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Stationary AGM batteries
Discharge (cont’d)

› Umin weakest block = Uf per block - 0.2 • n  [V]
(n = number of cells per block)

0.2 • n = 

› Example for 6 V block:
Final voltage Uf = 5.25 V ( 1.75 Vpc)

Weakest block can have
Umin = 5.25 V – 0.35 V

= 4.9 V
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12 V block 6 V block
0.49 V 0.35 V
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Stationary AGM batteries
Influence of temperature - General

› Nominal temperature is 20 °C or 25 °C *(
and the optimal temperature regarding lifetime and capacity

› Higher temperatures
reduce the lifetime and number of cycles

› Lower temperatures
reduce the available capacity

› Let’s have a look into the details...

*( Sprinter P/XP, Powerfit S300: Nominal temperature 25 °C; 
service life based 20 °C
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Stationary AGM batteries
Influence of temperature - General

› Common rough formula (law of “Arrhenius”):
Self-discharge and corrosion rate 
double per 10 degrees Celsius 

› Therefore...
Service life halved per 10 degrees Celsius
Example:
10 years at 20 °C become reduced to
5 years at 30 °C
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Powerfit: Service live vs. temperature
Stationary AGM batteries
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Sprinter: Service live vs. temperature
Stationary AGM batteries
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Marathon: Service live vs. temperature
Stationary AGM batteries
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Stationary AGM batteries
Endurance in cycles vs. temperature

› Common rough formula (law of “Arrhenius”)
doesn’t work anymore. 

› The influence of temperature is not as strong as in 
float charge operation because negligible corrosion
during discharges in comparison to re-charging. 
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Endurance in cycles vs. temperature
Stationary AGM batteries
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Stationary AGM batteries
Capacity vs. temperature

› International standards
› IEC 60896-21
› IEEE 485

› Manufacturers’ guidelines/rules
… see following specific diagram
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Marathon: Capacity vs. temperature
Stationary AGM batteries
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Sprinter: Capacity vs. temperature
Stationary AGM batteries
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Stationary AGM batteries
Ventilation – Why?

› Lead acid batteries generate hydrogen and oxygen during 
overcharging

(electrolysis  water decomposition)

› 1 Ah decomposes 0.336 g water and generates 0.00042 m³ H2

› Air becomes explosive if hydrogen content ≥ 4 % 
and when ignited by a spark

› Dilution by fresh air necessary to bring H2 to less than 4 %
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Stationary AGM batteries
Ventilation acc. to EN 50272-2 respectively  IEC 62485-2

› Q = v ·q · s · n · Igas · Crt · 10-3 [m3/h]
with

› Q = Quantity fresh air [m³/h]
› v = necessary dilution of H2  factor 24    

› q = 0.42 · 10-3 m³/ Ah generated H2

› s = 5, general safety factor
› n = number of cells
› Igas= current producing gas in mA per Ah

rated capacity for float or boost charge current
› Crt = capacity C10 [Ah] to 1.80 Vpc @ 20 °C
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Stationary AGM batteries
Ventilation acc. to EN 50272-2 respectively  IEC 62485-2

› Simplified formula:
Q = 0.05 · n · Igas · Crt · 10-3 [m³/h]

› Igas = values [mA per Ah] to be used:
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Float Boost
Vented (Sb < 3%) 5 20

VRLA 1 8

(values take into account temperatures up to a max. of 40 °C)



Stationary AGM batteries
Ventilation acc. to EN 50272-2 respectively  IEC 62485-2:

› The amount of ventilation air flow shall preferably be ensured by 
natural ventilation, otherwise by forced (artificial) ventilation.

› Battery rooms or enclosures require an air inlet and an air outlet with a 
free area of opening calculated by

A ≥  28  Q  [cm²]
with
Q = ventilation air flow [m³/h]

Note: For the purpose of this calculation the air velocity
is assumed to be 0.1 m/s
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Stationary AGM batteries
Ventilation acc. to EN 50272-2 respectively  IEC 62485-2:
Close vicinity to the battery

› „… In the close vicinity of the battery the dilution of explosive gases is 

not always secured. Therefore a safety distance extending through air 

must be observed within which sparking or glowing devices (max. 

surface temperature 300 °C) are prohibited. The dispersion of 

explosive gas depends on the gas release rate and the ventilation 

close to the source of release. For calculation of the safety distance d 

from the source of release the following formula applies assuming a 

hemispherical dispersal of gas. …“
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Stationary AGM batteries
Ventilation acc. to EN 50272-2 respectively  IEC 62485-2:
Close vicinity to the battery

“ …                                               5)

with: Igas = current producing gas (mA per Ah)
Crt = rated capacity (Ah)

NOTE The required safety distance d can be achieved by the use of a partition wall 
between battery and sparking device.

Where batteries form an integral part of a power supply system, e.g. in a UPS system the 
safety distance d may be reduced according to the equipment manufacturers safety 
calculations or measurements. The level of air ventilation rate must ensure that a risk of 
explosion does not exist by keeping the hydrogen content in air below 1%vol plus a 
safety margin at the potential ignition source. …

5) Depending on the source of gas release the number of cells per monobloc battery (N)  or vent openings per cell (1/N) involved must 
be taken into consideration, i.e. by a factor of       , respectively . …”
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mmd CI rtgas
338.28 

3 N 3 N/1



1. Introduction and General
2. Storage
3. Installation
4. Commissioning
5. Charging
6. Discharge
7. Influence of Temperature
8. Ventilation
9. AC Ripple
10.Maintenance and Control
11.Q & A

Nov 2016GNB Industrial Power Europe | Application Engineering | The Use of Stationary VRLA-AGM Batteries 57

Agenda



Stationary AGM batteries
Superimposed AC ripple

› … comes rather from the inverter than caused by 
the rectifier  UPS!

› …depends on the “State-of-Art” of the 
electrical equipment
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Stationary AGM batteries
Superimposed AC ripple

› …causes heating-up and shallow cycling
› Overcharging and accelerated corrosion of positive grids
› Hydrogen generation (water loss, drying out)
› Capacity drop by insufficient charge factor 

› Influence depends on amplitude, frequency and waveform
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Stationary AGM batteries
Superimposed AC ripple

› Effects are not fully clarified currently …

› After recharging and during float charge operation the effective 
value (RMS) of the AC shall be as low as possible but

never exceed 5 A/100 Ah
(acc. to EN 50272-2 respectively
IEC 62485-2)
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Stationary AGM batteries
Maintenance and control

› In fact:
VRLA-batteries are called
”maintenance-free”

› …which does NOT mean:
”VRLA-batteries 
don’t need any control”
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Stationary AGM batteries
Maintenance and control

› What must be accepted:
VRLA-batteries are

maintenance-free
regarding refilling of water
but...
need control, and…

› Customers need more
information...
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Maintenance and control
Stationary AGM batteries
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Maintenance and control
Stationary AGM batteries
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Maintenance and control
Stationary AGM batteries
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Maintenance and control
Stationary AGM batteries
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Stationary AGM batteries
Maintenance and control

› Non-compliance with installation instruction, installations or 
repairs made with other than original accessories and spare 
parts or with accessories or spare parts not recommended 
by the battery manufacturer or repairs made without authorization 
render the warranty void.

› Avoid electrostatic charges and discharges / sparks!
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Stationary AGM batteries
Maintenance and control

› To avoid leakage currents keep the battery clean and dry. Plastic 
components, e.g. cell containers must be cleaned with pure water 
only

› Acc. to EN 50272-2:
Minimum insulation resistance between the batteries circuit and 
other local conductive parts should be > 100 Ohm per Volt 
(of nominal battery voltage) corresponding to leakage 
currents < 10 mA

› Tests, e.g. capacity tests, must be carried out according 
to IEC 60896-11.

› In addition...
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Stationary AGM batteries
Maintenance and control: Checks

› Checks at least every six months:
› Battery terminal voltage
› Individual voltages and temperatures of a few (approx. 20 %) 

selected cells (blocks)
› Temperature in the battery room

› ... must be measured and recorded
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Stationary AGM batteries
Maintenance and control: Checks

› Annual checks:
› Battery terminal voltage
› Individual voltage of all cells (blocks)
› Temperature of some cells (blocks)
› Temperature in the battery room

› ... must be measured and recorded

› Visual checks:
› Screw- connections,
› battery installation,
› ventilation
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Stationary AGM batteries
Checks: some criteria

› Float voltages:  Maximum difference of individual cells / blocks to 
the average value … as shown in table “Float voltage deviation” 
(slide 33) of this presentation.
During the assessment the battery voltage must be within 
the ± 1% tolerance.

› Surface temperature-difference between cells / blocks should not 
exceed 5 °C.

› If outside these limits, call our service-agent.
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Stationary AGM batteries
Maintenance and control: measuring instruments

› Digital multimeter, accuracy class 0.5 or better.

› Liquid-in-glass thermometer, 0 to 60 °C. Scale marks not more 

than 1 K. 

› Digital thermometer. Scale marks not more than 1 K. Absolute 

accuracy at least 1 K. Touch probe or IR-sensor. 

› Clip-on ammeter, accuracy class 0.5 or better. Up to 500 A. 

DC/AC measurable separately.

› Accuracy classes acc. to IEC 60896-11, -21.
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Stationary AGM batteries
Maintenance and control: protective clothing (ref. EN 50272-2)

In order to avoid personal injury from electrolyte splashes when 
handling electrolyte and/or vented cells or batteries, protective 
clothing shall be worn, such as

› protective glasses (see EN 166) or masks for eyes or face,
› protective gloves and aprons for skin protection.

In the case of valve-regulated or gastight sealed batteries, at least 
protective glasses and gloves shall be worn.
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Stationary AGM batteries
Checks: general advices

› Measure the temperature first! Important in case of cabinets, -
opening can distort the measurement by heat exchange.

› Strong inserting of the test probes into the measuring openings of 
the pole screws whilst rubbing slightly. Hereby, oxide layers will 
be removed from the measuring point, and the voltage will be 
measured accurately.
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Stationary AGM batteries
Checks: replacement – of single cells/blocks or completely?

› Recommendation for new single cells/blocks: 
› AGM: max. 25% 
› Gel: max. 33%
› Vented: max. 33%

› In case of 4 units per system, e.g. 4 12 V = 48 V: 
Replace 1 block only or all 4.

› > 50% service life: Complete replacement.

› Spare cells/blocks must be fully charged!
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Questions & Answers
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Thank you for your attention

Contact:
Exide Technologies GmbH
Im Thiergarten
D - 63654 Büdingen 

Siegfried Miller
Application Engineer Network Power
Application Engineering
Phone: +49 (0) 6042 / 81-121
Mobile: +49 (0) 170 / 2270229
siegfried.miller@eu.exide.com




