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DC Motor

Motor converts Electrical Energy into

Mechanical Energy
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Fleming’s Left Hand Rule
When a current-carrying conductor is placed in an external

magnetic field, the conductor experiences a force perpendicular to

both the field and to the direction of the current flow.
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DC Machine Construction

 Field System

 Yoke/ Frame

 Pole Core

 Pole Shoes

 Magnetizing Coils

 Armature

 Commutator

 Brushes

 Bearings

 Shaft
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Yoke / Frame
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Pole Core, Pole Shoes, Magnetizing Coils
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Pole Core, Pole Shoes, Magnetizing Coils
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Armature
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Armature Lamination
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Armature
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Commutator
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Armature & Commutator
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Brushes
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Bearings
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Shaft
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Types of DC Motor

DC 
Motors

Separately 
Excited

Self Excited

Shunt Series Compound

Long Shunt 
Cumulative

Short Shunt 
Cumulative

Long Shunt 
Differential

Short Shunt 
Differential

Permanent 
Magnet
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DC Motor Back EMF Equation

𝐸𝑏 =
𝜑𝑍𝑁𝑃

60𝐴

𝐸𝑏 = 𝐵𝑎𝑐𝑘 𝐸𝑀𝐹, 𝑉𝑜𝑙𝑡

𝜑 =
𝐹𝑙𝑢𝑥

𝑃𝑜𝑙𝑒
,Weber

𝑍 = 𝑁𝑜. 𝑜𝑓 𝐴𝑟𝑚𝑎𝑡𝑢𝑟𝑒 𝐶𝑜𝑛𝑑𝑢𝑐𝑡𝑜𝑟𝑠

𝑁 = 𝑆𝑝𝑒𝑒𝑑, 𝑟𝑝𝑚

𝑃 = 𝑁𝑜. 𝑜𝑓 𝑃𝑜𝑙𝑒𝑠

𝐴 = 𝑁𝑜. 𝑜𝑓 𝑃𝑎𝑟𝑎𝑙𝑙𝑒𝑙 𝑃𝑎𝑡ℎ𝑠

When the conductor cuts the 

magnetic field, EMF induces 

in the conductor
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DC Motor Starting Current

𝐸𝑏 =
𝜑𝑍𝑁𝑃

60𝐴

𝐸𝑏 ∝ 𝜑𝑁

𝐴𝑡 𝑆𝑡𝑎𝑟𝑡𝑖𝑛𝑔,

𝑁 = 0 → 𝐸𝑏= 0

𝐼𝑎 =
𝑉 − 𝐸𝑏
𝑅𝑎

𝑇 ∝ 𝜑 ∙ 𝐼𝑎

The back emf  develops the 

armature current according to 

the need of  the motor
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Separately Excited Motor

𝐼 = 𝐼𝑎

𝐼𝑓 =
𝑉𝑓

𝑅𝑓

𝑉 = 𝐸𝑏 + 𝑅𝑎𝐼𝑎

𝑁 ∝
𝐸𝑏
𝜑

𝑇 ∝ 𝜑 ∙ 𝐼𝑎
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DC Shunt Motor

𝐼 = 𝐼𝑎 + 𝐼𝑠ℎ

𝐼𝑠ℎ =
𝑉

𝑅𝑠ℎ
= 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡

𝑉 = 𝐸𝑏 + 𝑅𝑎𝐼𝑎

𝑁 ∝
𝐸𝑏
𝜑

= 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡

𝑇 ∝ 𝜑 ∙ 𝐼𝑎

𝐼𝑎 =
𝑉 − 𝐸𝑏
𝑅𝑎
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DC Series Motor

𝐼 = 𝐼𝑎 = 𝐼𝑠𝑒

𝑉 = 𝐸𝑏 + 𝐼𝑎(𝑅𝑎+ 𝑅𝑠𝑒)

𝑁 ∝
𝐸𝑏
𝜑

𝑇 ∝ 𝜑 ∙ 𝐼𝑎

𝑇 ∝ 𝐼𝑎
2

𝐼𝑎 =
𝑉 − 𝐸𝑏

(𝑅𝑎+ 𝑅𝑠𝑒)
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DC Series Motor

𝑁 ∝
𝐸𝑏
𝜑

𝑇 ∝ 𝜑 ∙ 𝐼𝑎 𝑇 ∝ 𝐼𝑎
2
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DC Compound Motor

𝑁 ∝
𝐸𝑏
𝜑

𝑇 ∝ 𝜑 ∙ 𝐼𝑎

𝜑 = 𝜑𝑠ℎ + 𝜑𝑠𝑒

Long Shunt 
Cumulative Compound

www.vishaldevdhar.org

http://www.vishaldevdhar.org/


DC Compound Motor

𝑁 ∝
𝐸𝑏
𝜑

𝑇 ∝ 𝜑 ∙ 𝐼𝑎

𝜑 = 𝜑𝑠ℎ + 𝜑𝑠𝑒

Short Shunt 
Cumulative Compound
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DC Compound Motor

𝑁 ∝
𝐸𝑏
𝜑

𝑇 ∝ 𝜑 ∙ 𝐼𝑎

𝜑 = 𝜑𝑠ℎ − 𝜑𝑠𝑒

Long Shunt 
Differential Compound
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DC Compound Motor

𝑁 ∝
𝐸𝑏
𝜑

𝑇 ∝ 𝜑 ∙ 𝐼𝑎

𝜑 = 𝜑𝑠ℎ − 𝜑𝑠𝑒

Short Shunt 
Differential Compound
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