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א 
(BATTERY)  

 

FIntroductionE 

אF١–١Eאא
  א א  א א  א  ،  

אאאאאאאK 
 

 
F١–١WEא 

 
אא(Battery Functions) 

אאאW 
١ J  א  אFא E א  א א א 

אFאאKE 
٢ J  א א אא א א  א 

،אאאאאא
אאאאאK 
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٣ J אא،אאFא
  א   א א    א א

אאאKE 
٤ J א אא א א  א  א 

אK 
 

  
  
  
  
  

אא (Types of Batteries)  

א   א א אא א אא      
א     א        א 

   אא     ،א    א א
אHF، JKEאאאאאאאא

אאאKאאאאFאEא
א אא א א  Fא E א  

א K ،א  א   א א א  
W 

 
١ JאאFאE(Lead-Acid Batteries) 

א?אאF?א(Pb)אאא
אEא?אאF?א(H2SO4)אאE،

 א    ?א אF ? ١–٢ KEא א 
Fא E١٢(12 V)٦א    א،א

 א אאאFאא אאE ،
אא٢(2 V)K 
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١ J١ JאאFאE(Lead-acid Battery Construction) 
 א א Fא E Wא אא א אא  אא 

אא אאאאFאא E F
אEאאאFאאאE

F١–٣KE 

 
F١–٢WEאאFאEא 

 
 

F١–٣WEאאFאE 
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 ١ J١ J١ Jאא(Grids)W 

אאF١–٣، EF E،  
אאFא٥٪אאEא،

אאאאאאאאK 
 
 ١ J١ J٢ JאאאEHF(Positive Plates)W 

אאאEHFאF١–٣،Eא
 א Fא  E(Lead Peroxide)(PbO2)א   

אKאאאא،
אאאאאK 

 
 ١ J١ J٣ JאאאF–E(Negative Plates)W 

 א אא F– E אF١–٣ ، E   א
אא(Sponge Lead)(Pb)אאKאא

אאאK 
 
 ١ J١ J٤ Jאא(Separators)W 

 אא F ١–٣ Eא       
 א   א א،א א   א א    

א א  א    K  א א אא  אא 
אאאאאאאאK

אאא
K 

 
 ١ J١ J٥ Jאא(Elements and Cells)W 
?אF ? ١–٣ E F ١–٤ Eא א אא    

א  אאאאF
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،KKKKאאKEאאא
(strap)F١–٣،EאאאK

אאאאאK 
אאאא

א?אK?אFאEא
١}٢(2.1V)KאWא ١٢(12 V)٦(6 Cells)

אאאFאEא٦}١٢(12.6 V)K 
 

١ J١ J٦ Jאא(Electrolyte)W 
 א،FאאאEאא

FאאאEאאאאKאאא
אאא(H2SO4)(H2O)K 

 

 
F١–٤WEא 

 
    א א  א א  א 

 א א Fאא  א אא Eא א א  
א  א K  א   ،  א א

אאאאאאאאK 
א א  א    א ٣٦ ٪   ٦٤ ٪

FE(Specific Gravity)א٢٧٠}١L(1.270 kg/l)Fא
 א    א ٢٨٥}١L KE א א  

אא٢٧٥}١א±٠١٠}٠F١–٥KE 
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 אאFאE(Specific Gravity)W 
אאFאE

אאFאLKEאאFאEFE،אאא
  א     א  א א ٢٦٠}١ ٢٨٥}١

FL E(1.260 -1.285 kg/l) א א  م° ٢٦.٧(ف ° ٨٠(K  ، 
אאאאא٢٦٠}١א٢٨٥}١K

אאאא(Hydrometer)Fאאא
אKE 

 

 
F١–٥WEאא 

 
אא(Electrolyte Preparation)W 

אאאאFאEא
(H2SO4)א א (H2O)א א אא

 א Fא  א אא     E א F
אאאאKEא

אאאאאאאאK 
אאאאאאא

אאאאK 
 א     א ٣٦ ٪   ٦٤ ٪ K 

אאאאא
FאאאאKE 
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١ J١ J٧ JאFאE(Battery Casing)W 
 אא אF١–٣ Eאא 

א،אאאא
אKאאאא

א   Kא    אא   א   
אK 

 
 ١ J١ J٨ Jאאא(Cell Covers and Vent Plugs)W 

 א  א F١–٣  KE א  
אאאK 

אאא
אאF١–٣Eאא

א א  א  א א  א  א 
אאK 

 
 ١ J١ J٩ Jא(Terminals)W 

 

אEHFאF–Eא،
אאFאאאEאאאאאאF١–

٦KE 

 
F١–٦WEאאאאאא 
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אאF١–٧Eאא،W 
 

١ J  א   אFא  WEא א  
 KאאFאא٤٦}١٧E 

 א אF א א ٨٨}١٥ E א א  
א Kא א   א  א  א  א א

F١–٧אKE 
 

٢ JWאאא
א א  Kא       א 

F١–٧אKE 
 

٣ J    (L) W    א א  (L)
 א א K     א אא א

FאאKEאאא
אאאאF١–٧אKE 

 

 
 

F١–٧WEאאאא 
 

 אאא،אאF
אEאא

אאאK 
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١ J١ J١٠ Jאא(Battery Cables)W 
 אאאא

 א   אF١–٨ KEא א
א١٣א١٩٢١٢אא٥٠٦٠

K 
 אא،אאא

אא אא א א  א א   
אאK 

 

 
 

F١–٨WEא 
 

  אא  ،    א   א K 
אאאאאאאFאE،א

א   א   א  א  Kא א 
א א  א   ،  א   א

אאK 
 

١ J٢ Jאאאא(Chemical Actions)  

אאאאאאא
F١–٩KE 
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אאאאאא(PbO2)،
אאאא(Pb)Kאא

א(H2SO4)אא(H2O)K 

אאאאאאאא
אא،אאאאK 

 
F١–٩WEאאאאאא 

FאאW،אאאWאE 
 

١ J٢ J١ Jא(Discharge Cycle)W 
אF١–٩אאאEF١–١٠E

אאאאאאאא
FאאאאאאאKEאא

א א א    א א א א אא  
אאאK 
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F١–١٠WEאאאאא 

 
F١–٩אא١א–١٠E،א

(O2)אא(PbO2)FאאאאאEא
(H2) א   אFא א  א E (H2O) ، 

אא(Pb)א(PbO2)אא
א(PbSO4)K 

אאאאאאאא(Pb)
אאא(PbSO4)K 

 א א  ،א  אא  א אא  א אא
FEאאא،

אאFאאאאEאא
א א  א Fא  א א    א 

אKEאא،
אאאאאאאאאKE 

 
١ 

 J٢ J٢ Jא(Charge Cycle)W 
 א   א אאF١–٩ אא

אEF١–١١Eא אא K
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אאאאא Fא
אאKE 

 
F١–١١WEאאאאא 

אF١–٩אא١א–١١E،
 אאא אאא אא(Pb)(SO4)،

א(H2O)(H2)(O2)K 
،א א אא   א  א   א א 

א  (SO4)א (H2)א  (H2SO4)  ،
אא(O2)א (Pb)א  אאא

(PbO2)K 
אאא،אאאאF

אאאאאאE
א،אאאאK 

אאאאאאאW 
 

 
 

Pb + 2H2SO4 + PbO2                      PbSO4 + 2H2O + PbSO4 

FאHEHFאEאFאHEאHFאE 
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١ J٣ Jאאא(Advantages and Disadvantages) 
אE،א،Fאאא

אאאאאאא
 א F   א     א  א  א 

אא،אאKאאא،
אאאאאW 

  
אא(Advantages)W 

 ١ J 
 ٢ Jאא 
 א(Disadvantages)W 
 ١ Jאא 
 ٢ J 
 ٣ JאFאE 
 ٤ Jאאאאאאא 

 
١ J٤ Jאאאא(Electrical Characteristics) 

 ١ J٤ J١ Jאאא(Cell Electromotive Force) 
 אאFאאאEאאא

F  E  ،א א א א א  א  
 א  א  K א א   א  

 FאאEא אא،
אאאאאאא

K 
 ١ J٤ J٢ Jאאא(Cell Internal Resistance) 
    א   א א   אא א

אאאאא،אאאאאא
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אאאאKאאא אאאא 
אאא،אא

אאאאK 
 ١ J٤ J٣ Jאאאא 
  (Charging Voltage & Current and Fast Charging)     
  

אאאאאא
אאאאא،א

אFאאאאKE 
 

א،אאאא
 אאא א ٤}٢א ،א

אאאאאK
אא א٤٥ °.אא

אאK  
 

אאאא١٠٪אא
،אאא،אא

 א  א  א ٨٠א ٪    ،     
Kאאאאאא

אאאא٤}٢אא
אאאאK 
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אאאאאאK 
אאאאאF١–١KE 

 
 

א א 

אאא אאאא
Fא١٪אE 

אא אאאא 

אא אא
א 

אא אאאא
אFא٧}٢E 

אא אאאאFא
א٤}٢E 

 
F١–١WEאאא 
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٢ Jאא(Alkaline Batteries) 

 אא Fא Eא אאאא
 אFאE אא  אא  

אאאאאאאK 
אא ٢٠א٪

 אF א אא Eא   Fא א E، א
אאאאK 

אאאאאאאאא
אאF١–٢KE 

 
אא אאא אאא

– 
(NI-Cd) 

א  

– 
(Ni-Fe) 

א  

– 
(Ni-Zn) 

א  

 J 
(Ag-Zn) 

א  

 J 
(Ag-Cd) 

א  

F١–٢WEאאאאאאאא 
 

א    א א א   א  J 
א JKאאאאא٢}١אFאא

 א א ٢אE  ٥،א  ٦
٣אאאאK

אאאאK 
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٢ J١אא J(Nickel-Cadmium Batteries) 
٢ J١ J١ Jאא J(Ni-Cd Battery Construction) 
  JאאאK 
  JאאאאK 
  JאאאאK 
  JאאאאK 

 J אאאאאאא
   אא  ،אא

א  א אא א א  
אKאאאא

K 
 J אאאאאK 
 

٢ J١ J٢ Jאאאא(Charge & Discharge Cycles) 
אאאFאאEא

אאאFאאEא،
א    א א  אא

אאW 
 

 
2Ni (OH) 2 + Cd (OH) 2                 Cd + 2Ni (OH) 3 

HאאאאHאא 

 
 

  א    א א א   אא  א 
אאאאK 
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٢ J١ J٣ Jאאאא(Electrical Characteristics) 
 אאא(Cell Electromotive Force) 
 אאא٥٥}١א،

א٤}١Kאא
٤}١١}١K 

 אאא(Cell Internal Resistance)W 
 א   א   א  א א  אא  K

،אאאאאא
אאאK 

 אאcity)(Battery CapaW 
א٤٠١٨٠K אאא،

אK 
 אא(Battery Charging)W 
 א אאאא

  א א  א א    ،א ٢٥ ٪   
אK 

 
٢ J١ J٤ Jאאא(Advantages and Disadvantages) 
 אא(Advantages)W 

١ JאK 
٢ JאK 
٣ JאאאK 

٤ JאאK 
٥ JאK 
٦ JאאאK 
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 א(Disadvantages)W 
١ Jאא٢}١אK 
٢ JאאאK 
٣ JאאאאאK 

 
٣ Jאאאא 

(Low-Maintenance & Maintenance-Free Batteries)  
  א    א  א  א א 

FאKE 
 אאאאא

KאאאאאאאK 
 א١٩٧٢אF١–١٢KE

،א
אאאאK 

 

 
 

F١–١٢WEאא 
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אאאאא

Wאא،אאאאאאאאאאאK
אאאאא

אאא،אא(Sb)א٣٪،
אאאאאא(Ca)

א(Sr)Kאאאאא
אאאאאאאאFאא

אאאאא،
אEאאאאא،K

אאאאאאאאאא،א
אאאאא

אאאאאK 
אאאאאא

  א  א  א  א   א ،  ٣٠ ٪
אK 

،אא    א א
    א  א א    אא ٢٠א ٪ ٣٠ K٪ ، 

א א א       א  א אא 
אאא،א

K 
אאאאאK

אא(separator envelopes)
אאאF١–١٢١–١٣KEאאא

אאאא
אאאK 
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F١–١٣WEאאאאא 

 
אאאאא  

 אאF ١–١٣ E  א    אא   
אK 

א      ،    א א אא 
אKאאאאאF

א  E(test indicator)F ١–١٤ E   א א  א
אאאא(built-in hydrometer)F١–١٢E،אא

אFאKE 
 

 
F١–١٤WEאאאאא 

 
 
 
 
 

 אאאאאאW 
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١ Jאאאאא 
٢ Jאא 
٣ J 
٤ Jאאא

א 
٥ Jאאא 

 אאאאW 
١ Jאאאאאאאא

אא 
٢ JאאאאאFאאא

E 
٣ Jאא 
٤ JאאFאאאאאE 
٥ Jאאא 

 
  
٤ Jא(Recombination Batteries)  
 

 ،    א       א 
א?אK?אאאא

אאאאאKא
אאאאאא

אאאאאK 
  ، אא  אא  א

 א אאאא אא  Kא אא   א א 
אאאאאאאאK 

אא،אאאאא
 ،  א       א     
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אאאאאאאאאF
אKE 
אאאאאאא

אאאאאאK 
 

٥ Jאא(Hybrid Batteries)  
 

  אא?אא  ? ?אאא?،
אאאאKא

٦אאא١٠٠٪אאK 
 

אאאאא٧٥}٢٪אא،
אאF١–١٥KEאאאא

אאאאKא
א،אאאאא

אאאאאאאK 
 
 

 
F١–١٥WEאאאאאא 



א ١٧٢ אא 
אא אא  אFBATTERYE 

 

- ٢٥ - 

 
 

אאא،אאא
Fא אEF١–١٦Eא

אאאF١٦ – ١אABEא
אאF١ –١٦אBFEאאא

א א E אא  א     א א    ،
K 

 
F١–١٦WEאאאא 

אאאאאאאאאא
אאאאאאאF١–

١٥ KE א  א אא  ، א 
אאKאאאאא

אאא،אאK 
א (Battery Ratings)  

 אאאאאא
אKאאאאאא

אאאאא
אאK 

 אא(BCI)אא
אאאאא،אא

Kאאאאא 
١ JאאאאאFCold Cranking Amperes Rating(CCAEE 

 אאאא١٢
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٣٠אF J٧}١٧°FE°Eאא
٢}٧F٢}١KEאאאא

אFאאאאKE 
 א  Wא א א    ٣٨٠

א٦אVאא،
٤٥٠א٨אVא،

K 
 

٢ JאאFReserve Capacity Rating (RCEE 
 אאאאאא٢}١٠
 F א ٧}١ E א  ٢٥ א א   ٧}٢٦° F٨٠

°KEאאאK 
 א   W א  ٩٠ א     

אאאאא،א٩٠
FEאאK 

 
٣ Jא JFAmpere-Hour RatingE 

 א JFאKE(Ah)אאאא
א٢٠אא٧}٢٦°F٨٠°Eא

٧٥}١٥}١٠אK 
 אWא٢٠٤Fאא
Eא،٨٠ J(80 Ah)K 

٤ JאאFWatt RatingE 
  אא א אא  א א Kא א

אאF J١٨°KE 
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FEאאא (Activating a New Dry Charged Battery) 

     א א    א   
א 

،אאאאא
،אאאאא

אKאא
K 

  אאאאא  א א
אאKאאאא

٢٨٥}١Lאאא٨٠٪
אאאאא،אK 

אא א א א אא  א ،א
אאאאאK 

 
 
 
 
 
אאאW 
 

١ JאאEHFאא،אא
F–EאK 

٢ JאאאאK 
٣ Jא א     א א  אא א 

אאאאK 
٤ JאאאאK 
٥ JאאאK 
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אאאאאאא

אאאאF١–١٧FEא
אאאאאKE 

 
 

 
 

F١–١٧WEאאאא 
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א(Battery Voltage and Capacity)   

  
١ JאFBattery VoltageE 

  א אאFאEאא  א١}٢
 א א ٢}٢א    ،    א א

 אא  ٢٧٠}١L Kא אא  
א،אאאאא

אאאאאאאאK 
 

 אאאאאאW 
  ١ Jא 
  ٢ Jא 
  ٣ Jא 
  ٤ Jא 
  ٥ Jאאא 

 
 אא٧}٢٦א°אא٥}١١١٢

 א  א  ،F J٨}١٧° KE אא א
،אאאאאא

אאאאאאאK 
 

٢ JאFBattery CapacityE 
     ،א א   א   א  

   א א א א   ،   
אK(A.h)(Ah) Kאאא٨٤K(84 Ah)א 

١(1 A)٨٤(84 h)א٢١(21 A)٤(4 h)K
אאאא
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אא אא  אFBATTERYE 
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אאK 
 א١٢אאא٣٦١٨٠KF٣٦٤٥٦٠

٧٥١٨٠KKE 
אאאאאא،W 

١ Jאא 
٢ Jאאאא 
٣ Jאאא 
٤ Jאאאאא 
٥ Jאאאאאא 

 
 

 אאאאאאאאא
אאKאאא

אאאאא
אאאK 

 
 אאאאאאא

 א ،אאFא EאאאאFא
א E  א  Fא א   א   א

אKEאאאאא
א   אא  אאF ١–١٨KE

אF١–٣EאאאאאאK 
 
 

אאא אא
٧}٢٦°F٨٠°E ١٠٠ % 

١٠°F٥٠°E ٨٢٪ 
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 J١}١°F٣٠°E ٦٤٪ 
 J٧}٦°F٢٠°E ٥٨٪ 
 J٢}١٢°F١٠°E ٥٠٪ 
 J٨}١٧°F°E ٤٠٪ 
 J٣}٢٣°F J١٠°E ٣٣٪ 

 
F١–٣WEאאאא 

 

 
F١–١٨WEאאאא 

 
אא،אאאא

אאאאא
אאאאאאא

F١– ١٩KE 
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F١–١٩EWאאאאאא 
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אאא (Battery Size & Capacity Selection) 

 אאFWאאאE
  א  א         K

אאאאאא
אK 

  אF١–٤ Eא א   א א    
(BCI)١٢F٦EאKא

אא،אאאאא
אK 

 



BCI 

אאFE אאאא
F J١٨°E 

אא
F٢٧°E א אא 

21 ٣١٠ ٢٢٢ ١٧٣ ٢٠٨–٥٠ ٤٠٠ J٧٠ 
21R ٣١٠ ٢٢٢ ١٧٣ ٢٠٨–٥٠ ٥٠٠ J٧٠ 
22F ٢٢٠ ٢١١ ١٧٥ ٢٤١–٤٥ ٤٢٥ J٩٠ 

22HF ٦٩ ٤٠٠ ٢٢٩ ١٧٥ ٢٤١ 
22NF ٢١٠ ٢٢٧ ١٤٠ ٢٤٠–٥٠ ٣٢٥ J٦٠ 
22R ٢٩٠ ٢١١ ١٧٥ ٢٢٩–٤٥ ٣٥٠ J٩٠ 
24 ١٦٥ ٢٢٥ ١٧٣ ٢٦٠–٥٠ ٦٢٥ J٩٥ 

24F ٢٥٠ ٢٢٩ ١٧٣ ٢٧٣–٥٠ ٥٨٥ J٩٥ 

 
F١–٤WEאאאא 

 
 
 
 



א ١٧٢ אא 
אא אא  אFBATTERYE 

 

- ٣٤ - 

  א  א    א א   א  א 
אאאאFאEF

אאאאא
אKE 
 א   א  אא     א א

 אא אא א א א  א،Fא
אאאאאFE١–٢٠KE،

אאאאאא،א
אאאאKאאא

F E  א      א
אאאאאK 

 
 
 

 
 

F١–٢٠WEאאאא 
 
 
 
 
 
 



א ١٧٢ אא 
אא אא  אFBATTERYE 

 

- ٣٥ - 

،אאאאW 
 

١ Jאאאאאאא
٤}٤٢٠א٧}٢٦°א
٧٥}١K 

٢ Jאאאאאא١٠٥٢٠
א٧}٢٦°א٥}١K 

٣ JאאאאאאאF J٨}١٧°E
   א א  ٣٠٠  ٣٠  א     

אF١EK 



א ١٧٢ אא 
אא אא  אFBATTERYE 

 

- ٣٦ - 

אאאא(Factors Affecting Battery Life)   

 אאאאFא
אאEאאאא،

א،אW 
١ Jאאא(Improper Electrolyte Levels) 

  א  א א א  א  ،א אא  
אאאאא א،א

אאאK 
    אא  א א  א א  

אאאKאאא
אאא،אאאאאאא

 א   א א F  א אE،
א  א     א א   א א  

אFאאKE 
 אאאאא،א

 אא   א  א א   אא אF א
١ J١٠KE 

 

٢ JאFאEאFCorrosionE 
 אFאEאאאאא

 אא   א אא  א
אKאאאאא

אאאאאK 
 אא א א א אאא

אאאאאאF١–٢١KE 
 א   א אFא  E א א  א

אK 



א ١٧٢ אא 
אא אא  אFBATTERYE 

 

- ٣٧ - 

 
F١–٢١WEאאאאא 

 
 אאאאא

אאאK 

 

٣ Jאאא(Overcharging)  
 

 אאאW 
  ١ Jא 
  ٢ Jאאא 
  

אאאאW 
١ Jא   א א  אא  

אאK 
٢ JאאאאאK 
٣ J،א אא אאאאאאא

אאאאK 
 
 
 

٤ Jאא(Poor Mounting) 

  א      א     



א ١٧٢ אא 
אא אא  אFBATTERYE 

 

- ٣٨ - 

אאאאאFאאאא
F١–٢٢KE 

 
 

 אאW 
  ١ JאאאאאK 
  ٢ JאאאאאK 
  ٣ JאאאK 
    ٤ JאK 

 

 
 

F١–٢٢EWאא 
 

٥ Jאאא(Heavy Cycling)  
 אאKאאא

אאאאאאאאאא
אKאאאאאא

אאK 
٦ Jא (Sulfating)  

א  א   א   א א  א אא 



א ١٧٢ אא 
אא אא  אFBATTERYE 

 

- ٣٩ - 

FאE،אאאK 
 אא   

א?א?،W 
١ Jאא 
٢ Jאאא 
٣ Jאאאאאא 

 
  אא א  F  א  אא א ١ ٪ ٢ ٪ 

אEאW 
١ Jא 
٢ Jאא 
٣ Jאאא 

١٠אאאאאK 
אאאא٦٠

١٠٠Kאאאאאא
אK 

،אא،W 
١ Jאאאאא

אאאK 
٢ Jא  א א א  א  א  א א 

אאאאK 
٣ JאאאאK 

 
 
 

אאאFBattery DrainsE 

 ،אאWאאאאK 



א ١٧٢ אא 
אא אא  אFBATTERYE 

 

- ٤٠ - 

١ Jאא(Shorts)  
 א  אא

אK 
 אאאW 

١ JאאאאFאE 

٢ JאאאאאFאאEאאאא 
٣ Jאאא 
٤ Jאאאאאאאאא 

 אאאאאאאא
א،אאאK 

٢ JאאFParasitic LoadsE 
אאאאא

א(off)Kא אא אאא
،א،אא،אאF١–٢٣AKE 

א،אאאאא
אאאאאאאאאF١–

٢٣BKE 
 
 

 



א ١٧٢ אא 
אא אא  אFBATTERYE 

 

- ٤١ - 

 
 

F١–٢٣WEA Jאאאאא 
B Jאאאאא 

 
 

אאFE(Jump-Starting an Engine) 
 אאא

        ،Fא א E  
    א א ?א ? ?א ? ?

אא K?  א א א א      א 
אאאאאKאF١–

٢٤Eא
K 

 
 
 



א ١٧٢ אא 
אא אא  אFBATTERYE 

 

- ٤٢ - 

 
 

F١–٢٤WEאאאא 
 

             א 
 F ١–٢٥F Eא     א  א א 

E،אאאאא
אאאאאK 

אאא
 F١–٢٥ KE ،אא   א     א א
אK 

 

 
F١–٢٥WEאFאE 

 
 



א ١٧٢ אא 
אא אא  אFBATTERYE 

 

- ٤٣ - 

אאFBattery Inspection and TestingE 

 אאא،אאאא
אאאאאאא

Kאאאאאא
 א   א א  א     

אאאאK 
 אאאאW 
  ١ J 
  ٢ J 
  ٣ Jאא 
 אאאאאW 
  ١ Jא 
  ٢ Jאא 
 א،אאאאאאאא

אאK 
 א،א،אאאאW 
  ١ Jאא 
  ٢ JאאאFאE 
  ٣ JאאFאאE 
 ،אאאאאא

אאK 
١ Jאא(Visual Inspection) 

אאאאאא
 א  א F ١–٢٦ E א א   Kא 

אאאאW 
 ١ JאK 

٢ J א א  F     א א 



א ١٧٢ אא 
אא אא  אFBATTERYE 

 

- ٤٤ - 

אאאאKE 
٣ Jאאא

אאK 
٤ J א אא א Fא  E אאא   א

אK 
٥ JאאאאFאE

אK 
٦ Jאאאאאא

אאאאK 
٧ JאאאFEK 

 

 
F١–٢٦WEאאאאאא 

  
٢ Jאאא(Electrolyte Test or Hydrometer Test)  
٢ J١ Jאאאא 

  אא א?א א ? ?א א א ?
אאאאא(Hydrometer)אF١–٢٧E

אאאאK 
 



א ١٧٢ אא 
אא אא  אFBATTERYE 

 

- ٤٥ - 

 
F١–٢٧WEאאאאא 

 
אאאאאFEאאא

אאאאאאאאF١–
٢٨Eא،אאאאאא

F١–٢٩EאאK 
 

 
F١–٢٨WEאאאאאא 

 
 אאאאאאאא

אאאאK 
 אאאאאאאא٠٥٠}٠אא

אK 
 אאאF١–٥FEא١–٢٩KE 



א ١٧٢ אא 
אא אא  אFBATTERYE 

 

- ٤٦ - 

אא F١E F٢E 

אאא ٢٢٥}١ ٢٦٠}١ 

אאא٢٠˚F J٥}٦˚KE ١٠٠˚F٥}٣٧˚KE 

א  J٠٢٤}٠ H٠٠٨}٠ 
אאא ٢٣٣}١ ٢٣٦}١ 

F١–٥WEאאאאאא 
 

 
F١–٢٩WEאאאאא 

 
 אF١–٢٩Eאאאאאא
٠٠٤}٠אא١٠˚F٥}٥˚KE 

 אF١–٦EאאאאK 
 אF١–٧Eאאאאא

אאאKאאאא
  א  KאאאF١–٧ E  ٢٠

אאאאאא،
אאאאאאK 



א ١٧٢ אא 
אא אא  אFBATTERYE 

 

- ٤٧ - 

א
א 

א 

٢٦٥}١–٢٩٩}١  

٢٣٥}١–٢٦٥}١ ¾ 
٢٠٥}١–٢٣٥}١ ½ 

١٧٠}١–٢٠٥}١ ¼ 

١٤٠}١–١٧٠}١ א 

١١٠}١–١٤٠}١  

F١–٦WEאאאא 
 


א 

אאא 

אא אא אאא 

 ٢٢٥}١ ٢٦٠}١ ٢٨٠}١ 
١٨٠}١ ٢١٥}١ ٢٣٠}١ ٪٧٥ 

١٣٥}١ ١٧٠}١ ١٨٠}١ ٪٥٠ 

٠٩٠}١ ١٢٠}١ ١٣٠}١ ٪٢٥ 

 ٠٤٥}١ ٠٧٠}١ ٠٨٠}١ 

F١–٧WEאאאאאא
אא 

 
٢ J٢ Jאאאא 

 אא אא א
אאאאא

א K אא  אא א
אאאK 

          א א   ،
אא אא(Built-in hydrometer)F١–٣٠AEא



א ١٧٢ אא 
אא אא  אFBATTERYE 

 

- ٤٨ - 

      Fא   E(sight glass)F ١–٣٠BKE
אאאאאא

F١–٣٠BKEאאאF
Eא     א א       ،

אאKאאאFאאE
 א     אא א   ،א K  אא  

 א      ،   ،  אא   
אW–––K 

 

 
F١–٣٠WEA Jאאאאא 

B Jאאא 
 

٣ JאאFBattery VoltageE 
 ،אאאאW 

  ١ JאאאאFאאE 

  ٢ Jאא 

٣ J١ Jאאאא(Open-Circuit Voltage Test) 

אאאאא?אא?Kאאאא



א ١٧٢ אא 
אא אא  אFBATTERYE 

 

- ٤٩ - 

אאאאאKאאאאא
אאאאאאא

אF١–٣١KE 

 

 
F١–٣١EWאאאאFאאE 

אאאאאא
אאאKא

אאא،אFאEא
אK 

אאאאאאאאאW 

١ Jאא٦٠١٠٠˚F٥}١٥٧}٣٧˚KE 

٢ JאאאאFאאא
אאאאE،א

אאK 

٣ Jאאאאא،א
١٥אאאאאא

א،K 

אאF١–٨EאאאאאK 

אאא٧٥٪،אא
אאאאK 



א ١٧٢ אא 
אא אא  אFBATTERYE 

 

- ٥٠ - 

 

אאא
FE 

א 

٦}١٢ ١٠٠٪ 

٤}١٢–٧٥ ٦}١٢–١٠٠٪ 

٢}١٢–٥٠ ٤}١٢–٧٥٪ 

٠}١٢–٢٥ ٢}١٢–٥٠٪ 

٧}١١–٠}١٢ –٢٥٪ 

٧}١١ ٪ 

 

F١–٨EWאאאא 

 

٣ J٢ Jאא(Battery Load Test) 

 אאא?אאא?א?אאK?
אאאאאאK 

 אאאאאא٥٠٪א
אאאאFKE١٥

אאאאKאאאא
F١–٣٢EFEFE

FאKEאFEא
אאK 



א ١٧٢ אא 
אא אא  אFBATTERYE 

 

- ٥١ - 

 
F١–٣٢EWאאא 

  אאאאאאFאא
٢٢٥}١אE 

 אאאF١–٣٣Eא٥٠٪א
אאאא(CCR)אאאKאא

אאFאEאאאא،F١–٩E
אאK 

 אאאאאאאאאF١–٩Eא،
אFאE،אאא

א،אאאאאאאאK 

 

 
F١–٣٣EWאאא 

F١ J אאFLE،٢ JאאE 

 

 



א ١٧٢ אא 
אא אא  אFBATTERYE 

 

- ٥٢ - 

 

אא אFE

٧٠˚F٢١˚E٦}٩ 

٦٠˚F٥}١٥˚E ٥}٩ 

٥٠˚F١٠˚E ٤}٩ 

٤٠˚F٤}٤˚E ٣}٩ 

٣٠˚F J١˚E ١}٩ 

٢٠˚F J٦}٦˚E ٩}٨ 

١٠˚F J٢}١٢˚E ٧}٨ 

˚F J٧}١٧˚E٥}٨ 

F١–٩EWאאFאאE 

 

Wאאאאא
אאאאFEאאאא،

אאK 

אאאא (Battery Chargers)  

 אאאא،אW 
 ١ Jאאאא 
 ٢ Jאאא 
 ٣ Jאאא 

  ٤ Jא 
  א   א  א א א  א 

אאאאאאא،א
אא    א K   א   א א



א ١٧٢ אא 
אא אא  אFBATTERYE 

 

- ٥٣ - 

Fא١–١٧KE 
 

 
F١–٣٤WEאFאE 

 
אאFאFE١–٣٤Eאא،

 א א  א א א א  א   
אאאאKאאאא

אאאK 
אאW 

  ١ J 
  ٢ J 
  ٣ J 
  ٤ Jא 

 
١ Jאא(High-Rate Fast Charging) 

 אאא
א א א Fא٧٠٪٩٠٪אא Eא א 

אאאK 
  אא א

 F١–٣٥E   ،א א  א  א  א



א ١٧٢ אא 
אא אא  אFBATTERYE 

 

- ٥٤ - 

אאאאK 
אאאא،אא

אאאאK 
 אאאאא٢٢٥}١،

אאאK 
 אא٦٠١٢אאא،
 ٤٠٦٠ ٣٠ K  ،א   א 

אאאאFאW٩
אא٤٥א،٤KE 

 
 
 

 
 

F١–٣٥WEאא 
 

 
 
 
 

٢ Jא(Constant-Potential Charging) 
 אא،אאאא



א ١٧٢ אא 
אא אא  אFBATTERYE 

 

- ٥٥ - 

אאאKאאא
אאאאאאK 

 אאאא،אאאאאא
 א א  א    א א א א א 

א     F א   א א   
אKE 

 
٣ Jאא(Constant-Current Slow Charging) 

אאאאKא
٣٥١٪אאK

אאאאאאK 
א א אא א   ٢٤ 

אאא،אאK 
אאאאאאאא

אאF٣אאEK 
 

٤ Jאא (Trickle Charging)   
 אאF١–٣٦Eא

אא،אא K
אאאאאא

א   א א  ،א    א  א א 
אאאאאא

אאאK 
 



א ١٧٢ אא 
אא אא  אFBATTERYE 

 

- ٥٦ - 

 
F١–٣٦WEאא 

 
 

אאא(Battery Troubles)  

  א א  ،א  א אא  א 
א אא     אא  א  א א

אאKאאאא
אאא א א א

אK 
 

 אאאW 
  ١ Jאאאאא 

٢ Jאאאאא 
٣ Jאא 
٤ Jאאא 
٥ Jאאאאאאאא 
٦ J א א  אא אF

אאE 
 



א ١٧٢ אא 
אא אא  אFBATTERYE 

 

- ٥٧ - 

 
F١–٣٧WEאא 

FA Jא،B JאE 
 אא(battery temperature sensor)

  F١–٣٧ Eא    א א  א א  
אאאאאאK 

 אF١–١٠Eאא،F
אאאאאאKE 

 
 
 
 
 
 
 
 
 
 
 



א ١٧٢ אא 
אא אא  אFBATTERYE 

 

- ٥٨ - 

א א א 
אאא

FE 
١ Jא 

 
٢ J  

א 
٣ J  א

 א   
א 

١ J א  
 א ، 

אא 
٢،٣ Jאאא

א 

א
א

א
FאE



١ Jא 
 

٢ J  א
 א   

א 
 

١ J א  
 א ، 

אא 
٢ Jא אא

א 

א
א

אא
FאE 

١ Jא 
 
 

٢ J   
א 

 
 
 

٣ J  א  
אא 

١ J א  
 א ، 

אא 
٢ Jא א א

 א F 
א  א 

אאE
٣ J אא

א א
Fא א   

אEא
א

א 

١ Jא ١ Jא   
 א ،  



א ١٧٢ אא 
אא אא  אFBATTERYE 

 

- ٥٩ - 

אא 
א

 
Fאא

E 

١ Jאא
FאאE 

٢ Jא א  
  אאF 

אאE 

١ Jאא א 
 

٢ J א א א
 א אא א

א 
א

אא 

١ Jא א    
  אFא

אא   
   
א

אאE 
٢ J   א

אא 

١ Jא  א  א
  א ،א
אאא
 א ،א 
 א אא א

אאא،א 
٢ Jא א א

אא
 א א 

א 

א
א 

١ Jא א    
  אF  א

  ، א א 
   ،א  
     

אאE 
٢ J  א 

א 
٣ J א 

  F א
אEא    ،

١ Jא  א  א
   ،א
אא،א

א 
 
 

٢ Jא  
א 

٣ Jא א א
،א  א א

אאאאא



א ١٧٢ אא 
אא אא  אFBATTERYE 

 

- ٦٠ - 

א    ،א
    
،
א  א 
אא

   אF 
א  א 

E 

א 
 

F١–١٠WEאאא 
 

א (Battery Maintenance)  

   א אא   א א  א    
אא     א K אא    א  

אאאאאKאא
     א 

אאאאK 
 

  
אאאW 

١ JאאאFא
אאאE 

٢ JאאאFאאEא 
٣ Jאא 
٤ Jאאאאא 
٥ Jאאאאאא 



א ١٧٢ אא 
אא אא  אFBATTERYE 

 

- ٦١ - 

אאF١E 
 

WF√EאאFXEאאאא،אW 
١ JאאאאאאאאאKEF 
٢ J،אאאאאאא

אאאאKEF 
٣ Jאאא?אאKEF? 
٤ Jאא(BCI)אאא

אאאאאKEF 
٥ J،אאאKEF 

 
WאאאאאאאאW 

١ Jא(A)Wא١٢١٢K(B)
WאאאKא

؟FאאאEW 
  –א(A) 
  –א(B) 
  –(A)(B) 

  –(A)(B) 

٢ J،אאאאאW 
  –אאא 
  –١٢א 
  –א 
  –א 

٣ J،אאאW 
  –אא 
  –א 



א ١٧٢ אא 
אא אא  אFBATTERYE 

 

- ٦٢ - 

  –אא 
  –אא 

 
٤ Jאאאא٢}١٠Fא٧}١

Eא٢٥אא٧}٢٦°F٨٠°E،W 
  –א 
  –אא 
  –א J 
  –אאאאא 

 
٥ J،אאאאאאW 

  –א 
  –א 
  –א 
  –אאא 

 
WאאW 

 ١ JאאאאאK 
 ٢ JאאאאאK 
 ٣ J؟אאK 
 ٤ JאאאאאK 
 ٥ Jאאא؟ 

 
 



א ١٧٢ אא 
אא אא  אFBATTERYE 

 

- ٦٣ - 

אאF٢E 
 

WF√EאאFXEאאא،אאW 
١ J١٢א٦אאKEF 
٢ JאאFאאEKEF 
٣ Jאאאאאאא

KEF 
٤ Jאאאאאא

KEFאאא 
٥ JאאאאFאKEFE 

 
WאאאאאאאאW 

١ Jאאא،אאאW 
  – 
  – 
  –א 
  –א 

٢ JאאW 
  –אאאא 
  –אא 
  –א 
  –אא 

٣ J،אאאאW 
  –אאאאא 
  –אאאא 
  –אאאאא 

–אאאא



א ١٧٢ אא 
אא אא  אFBATTERYE 

 

- ٦٤ - 

אא 
٤ Jאא،אאW 

  –אא 
  –אא 
  –אא 
  – 

 
٥ Jאא١٢٣٠

אF J٧}١٧°FE°Eאא٢}٧،
W 

  –א 
  –אא 
  –א J 
  –אאאאא 

 
WאאW 

 ١ J؟אא 
 ٢ JאאאK 
 ٣ J؟אא 
 ٤ J؟אאא 
 ٥ JאאאK 

 
 
 
 
 



א ١٧٢ אא 
אא אא  אFBATTERYE 

 

- ٦٥ - 

אאF١E 
 

W 
 ١ JXFאE 
 ٢ JXFאE 
 ٣ J√ 
 ٤ J√ 
 ٥ JXFאE 

W 
 ١ J 
 ٢ J 
 ٣ J 
 ٤ J 
 ٥ J 

W 
 ١ JאאאאW 
   Jאא 
   Jאא 
   Jאאא 
   Jא 
   Jאא 
 ٢ JאאאאW 

 
 

Pb + 2H2SO4 + PbO2                      PbSO4 + 2H2O + PbSO4 

FאHEHFאEאFאHEאHFאE 

 
 



א ١٧٢ אא 
אא אא  אFBATTERYE 

 

- ٦٦ - 

 ٣ JאאW 
   Jאא 
   J 
   Jא 
   Jאאאאאאא 

 
 ٤ JאאאאW 
   Jאאא 
   JאFאEא 
   Jאאא 
   Jאא 
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