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K  490000&25 K 
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K  490&25K 

K   50&324K 

6K אאאLאW 

K  אK 

K  אאK 

K  אאK 

K  אK 

7K אאאKKKKKKK 

K  אK 

K  אאK 

K  אאאK 

K  K 

K  K 

8K אאאאאKKKKKKKKK 

K  אK 

K  אאK 

K  אאK 

K  אאK 
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W 

5 J1Wאאאאאאאאא؟א 

5 J2W אאאאאK 

5 J3W אאLא؟א؟ 

5 J4W WאאאאKאאא
אאאאK 

5 J5WאWא؟אאאא 

5 J1W260،א1 : 2001.8L
L70LKאאאאא

 א  אא א K א א א 50N/tא
אא15%א אK 

5 J2W250،אא1: 100א
20   45L  K א     3.2א

92%،אא40אN/tאא،10%אא
92אKאאא אאK 

 5 J3 W  א  400  1:100 0.8 L
LKא0.25KאKאאאא

60N/tאא10%א אK 

5 J4 W  א40L  א2
،30Kאא1.8LL

א،א3.5LLאFאאEKא
א א  א א  א אL   א

אKאאא K 

 



 

 

  

FFEEאאאא  

אאאא  




F



E





א


א
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אאWאאאFאאEאאאK 
 

אאW 

אאאאW 

1 J אאאאאK 

2 J אאאאאK 

3 J אאאאאאK 

4 J אאאאאאאK 

 

אאW4 

 
אאW 

אאאאאK 
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אאWאא 
אאאא 

אאאאא،
אאא،א،אאא

אאאא،אאאא،
אאאאאאאא

אK אאא)Potential Energy(א
)Kinetic Energy(،אאא

אא    א  ، א א
אא،K

אאאאאאאאאFאאE،
 אא    א א ،     אא

FאאEW 

 אאFאאEאK 

 אאFאאEאK 

אאFאאEאאW 

 אK 

 אאאאאאאK 

 אאאאא،א
אאאאאאאא،

F E،א   א      ، 
אאK 

  א אאא ،،א 
א،אאאאאK 

א אא ، א אאא
אאאאK 
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אאאW 

  אאאאאא אא אא
אK 

  אא   א   א  א אאאא א
אK 

אאאאאאא
אאאאאW 

K  אאK 

K  אאאאאK 

K  אאאK 

אאאאאאאאאאK 

 

WאאK 

1K אאW Regenerative Braking       

א،אאא
،אאאאא،

אKאאאאא،א
א  א אא א אא א

،אאאאאK 

אאאאאאאא
אאFאאE،אאאאא

א،אאא Fאא
אאKE 

אאאא
אאK،אאאאאא

אאK 
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6 J1 W،א   220-V، א א אא א215-V،
1150א-rpm.א،0.04 Ωאאא،

( 19 Kg.m2 )Kאאאאאא،
אאאK 

א،  אא  אאא   
אא( 19 Kg.m2 )K 

 casegeneratorthefor2,casemotorthefor1where
N

N

E

E

2

1

2

1   

N.m. 
2

2a2

1

1a1
I.EI.E

T





  

Amp. 
1

1

1

1

2

2

2a E

1

60

N2
81.919

E
T

E
TI 








  

Amp. 4.104
215

1

60

11502
81.919I

2a



  

Volt 17.22404.04.104220RIVE
a2a2

  

rpm 1200
215

17.224
1150

E

E
NN

1

2

12
  

 

2K אאW Dynamic Braking       

 א    א אא   ،  
א א ،א   א   א 

אאא،אא،
אKא،אאאא،

אאאא،א
א   א א א  א א،א     א

אאאאאאאKאF6 J1Eאא
אאK 



 214 אא 

א אא אא 

 
 

-67- 

 
 

 
אF6 J1E 

אאאא 

 
 6 J2 W  ،א ،  15 ،230-V א  ،0.38 Ω ،

 א 54 Amp.  א ،K א،א א  א
א،אאא،אאאאא

0.9،אא1.75
אאK 

 

Volt The back e.m.f. 2072309.0   

Amp. The maximum braking current 5.945475.1   

Ω The total resistance 19.2
5.94

207
RR

a
  

Ω The additional resistance 81.138.019.2   
 

אאאא،،אאאאא
אא،אאאא،

אאאאאאאKאF6 J2E
אא،אאאא(a)،אאא

א(b)אא،(C) 
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אאאא
אאאK 

 

  
אF6 J2E 

אאאאאK 

 

3K אאא W Reverse Current Braking or Plugging 

א אא،אא،א
א    א א   א  Fא    E، א

،אאאאאאא،
 א  ،א א   אא       אא،

אK 

אא،אאאאא
אא،אא

א،אאאאאאא
،אאא،

،אא،אא،אאא
،אאאאאאאא،

אK 



 214 אא 

א אא אא 

 
 

-69- 

 אF6 J3Eא،אאאא
אא،אאאFEאאFE 

 

אF6 J3Eאאא 
 

6 J3W،אאא220،18.4א،א
600אאא،FאE،אאא

95א،0.1KW 

K  א א  א  א   א ،א   אא
אאא130K 

K  אאאאK 

K  אאאאאK 

 IT   

 
currentbrakingInitial

currentloadFull

TorquebrakingInitial

torqueloadFull
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rad/sec.8.62
60

6002

60

N2






  

  

N.m. The full load torque 293
8.62

10004.18P






  

 The initial braking torque 401
95

130
293   

Volt 5.2101.095220R.IVE
aab

  

 
The voltage across the armature at the instant  
 of braking

b
EV   

Volt 5.4305.210220   

Ω 
The resistance required in the armature circuit to limit the 

 current to 130 ampere 312.3
130

5.430
  

  

אאאאא،אא
אאאאK 

Volt 
When the speed has fallen to its full load value, the back e.m.f. also 

Falls to half of its original value i.e. 25.105
2

5.210
  

Amp. The Current 2.98
3.3123

25.105220



  

N.m. 
The electric braking Torque at half full speed 

m.N302
95

2.98
293   

 

 6 J4W ،אא  א  400 א א  ،200،
 א 0.1 א א   ،600   ،א  

אFאEאW 

K  א  א  א  אאא א   ،א  א
א300אK 

K  אאאאK 
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K  אאאאאK 

Amp. The full load current 200I
a
  

Volt The terminal Voltage 220V   

Volt 3801.0200400R.IVE
aab

  

Volt 
The volage across the armatrue at the instant of 
braking 780380400EV

b
  

  

Ω 
The rasistance required in the armature to limit the current to 300 

ampere 6.2
300

780
  

Ω 
The external resistance required in the armature 
circuit 5.21.06.2   

 

 a
IT   

 
currentbrakingInitial

currentloadFull

TorquebrakingInitial

torqueloadFull
  

rad/sec. 8.62
60

N2



  

N.m. The full load torque 2.1209
8.62

200380I.EP
ab 








  

N.m. The initial braking torque 3.1815
200

300
2.1209   

Volt 
When the speed has fallen to half of its initial value, the back e.m.f. 

also falls to half of its original value i.e. 190
2

380
  

Amp. The current 92.226
2.6

190004



  

N.m. 
The electric braking torque at half full load 

speed 96.1371
200

92.226
2.1209   

 



 214 אא 

א אא אא 

 
 

-72- 

 

WאאאK 
 

 אאW Regenerative Braking 
 

א    א  א א ، א 
אאא،אאא،

א   א א  א אא א   א K
אא   אא  א   א ،א   

א  ،  אא ، א 
אאK 

אאא،אאאאאא،
אא،אאאFאE،

אאאאאK 

 
 אאאאאWDC Dynamic Braking Rheostatic or 
 

א،אאא،אאא
  ،     ،א א     ،א 

  K א  א  א  א אא   
אא،אאאאא

 א א אא   Kא א   א 
א א ،אאאא א،

אאאאא،א א
 אאא א ،  א  אא א 

אאK 
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אאאWReverse Current Braking or Plugging 
 

אאאא،
אא،אאאאאאאא،

،אאאא،
א،אאאאK 

אF6 J4EאאאאאKאא،
אאאא،אNא،אא

( Ns + N ≈ 2Ns )א،( 2 p.u. )KאBC،א
אאאא א  א אא،אא

א Kאאא אא אא،א  
אא  א،אא      אAC 

אF6 J4E 

 
 

 
6 J4 

אאאא 
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W 

6 J1WאאאאאאFאאEאאK 

6 J2WאאאאאאאאWא
אאאאאאאK 

 6 J3W א   אא אא   א א 
אWאאאאאאאאK 

6 J4Wא אאאא ،א א א א
،אאא؟אא 

 6 J5W   א  אא א א א  א א
؟אאאאאאK 

6 J1W،א،25،240-Vא،0.38 Ω،
 א 90 amp.  א ،K אא א  א

א،אאאאאאאא
0.95،אא1.6

אאK( Ans. Rad = 1.2 Ω ) 

6 J2 W،אא  א 25 ،400 א ،0.2،
אא450،אאא74.6%،

אFאEאW 

iE א  א   ،א א אא  אא  
אאK(Ans. 6.1Ω) 

iiE K(Ans. 1028 N.m.) 

iiiE אאK(Ans. 522 N.m.) 
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6 J3 W ،א ، 250-V،א א א אא245-V،
א1200-rpm.א،0.05 Ω، אאאא 200 

N.m Kאאאאאא،،אא
אאK(Ans. Nb= 1250 r.p.m.) 

 



 

 

  

אאאאאא  

אאאא  




א


א





א
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אאWאאאאאאאאK 
 

אאW 

אאאאאא
אאאאW 

1 J אאאK 

2 J אאאK 

3 J אK 

4 J אK 

 

אאW 
 

אאW 
אאאK 



 214 אא 

א אא אאא 

 
 

- 77 - 

אאWאאא 

   א א א   א א  
אאאאאאאאא

אW 

 אאאאאK 

  א  א    א  א   א א
אK 

 אאאאK 

 אאאאאK 

 אאK 

 אK 

 K 

 

אאאאאאא 

אאאאאא א،
א  א  א   א א א א 

W 

1E אאאW 

K  אא،אאK 

K  א  א אאא אא   ،א א  א
،אאא،KKKKK 

K  אאאאK 

K  אK 

K  אאK 
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2E אאW 

K  אא،אאK 

K  אאאK 

K  אאאK 

K  אאאK 

3E אאאW 

K  אאK 

K  אאאK 

4E אW 

K  אאאאK 

 

אאאא،אאא
אאאK،אא

א،א ،א א 
אאאא،אKאאא

 א   ،א א  א    א  
אא Kאאאאאא

، אאא א א   א אאא
אאK 

א אא،אאא
،אאW 
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1E אאאW 

،אאאאאאאאא
אאאאאאאאK 

2E אאאW 

E  א א  Wאא  א א  ،  א
אאא،א،א

،אאא{W 

1K אאK 

2K אאK 

3K אאאאאK 

4K אאאK 

5K אאאאאK 

6K אאאאK 

7K אאK 

8K אאאK 

E  א אא Wא  א אא    א :
אאאאאאאK 

iE אאאWאא،
אאאא אא  Wאא ،א

،אאא،אאאא
אאאא אא  Kא  Wא א א

אאK 
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iiE אאאאW،אאאא
אאאאאא،אK 

E  א   Wא א א   א  א 
،אאW 

iE אא  Wא،א،אא א
 א א  א א  ،  א א  

א   K א א  א 
אK 

iiE א א א א Wא     ،א
א אאא 

 ،א א   1:6א،
אאאKא

 ،    אא אא     אא
אK 

iiiE אאאאVWאא א
V ،א א  א  ،אא

،אאK 

ivE אאאWא،אא
،،אאא،

   א א     Kא  א א  
 ،   א  א   אא א 

אא،אK 

vE אאאWא
אאאאאא،

אK 
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E  אאאWאאאאW 

 אאאאא،אאאאאאK 

 אאאאK 

 אאאK 

 א،אא
אאאאאאKאאאא

אאא،אאאאאK 

3E אאW 

אאאאאאא
،א،אא

אKאאאאא،אאא
אאא  K  אא   א 

 א אא ،אא א אאא
אאאא 

E  אאW 

א א     א   א א א 
אאאאאא،א

אאאאאאא
،אאאאW 

E  אאWאאאאאא
א א   אא      א א

אאאאא،אF7 J1EK 
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E  אאWאאא אאא
אא،אאא

אא،אאאאא
،אאאא

אאאאאאFאאאE
،אא–،אF7 J1E 

E  אאWאאאאאא
 א אא א  ،א א       

אאFאאאEאא،
אאאא،אא

אאאאאKא( To )،
אאא( Ts )،א ( Ta )  

 ( Ta = To + Ts   min. )אאKא
אא( To/Ts )،אאאאאאא

א،א،אאא
،אאאאאאF7 J1EK 

E  אאאאאW،אא
אאאא

،אF7 J1EK 

E  אאאאWאאאא
،אאא،אאאF7 J1(K 
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7 J1אא 
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אאאאW 

אאאW 

iE אאאאאאאא
אאאא،K 

iiE אאאאאאאאאK 

אאאא
،אאKאאא

אאאא،
،אאאKאא
אאאא،אאא،אא

אאאאאK 

אאא،אאאא
אא،אKא

אאאאא،א
אא،אאאאKא

אאאאאK
،אאאאאאא

אאאא،אאאא
אאאאK 

4E אW 

،אאאאאאK
אאאאאW 

iE אאאK 

iiE אאWאא،אא
אאא،אאאאא

אK 
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W 

7 J1Wאאאא؟אא 

7 J2W؟אאאK 

7 J3Wאאא Jאא؟ 

7 J4W؟א؟אאאאאא 

7 J5W؟אאאאאא 

7 J6Wאא؟אא؟ 

7 J7W ؟אא 

7 J8Wאא؟אאאא؟א 
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