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Armature-Controlled D.C. Motor
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Motor Toque: 
(electrical eq.) 

ሻ𝑇𝑚 𝑡 = 𝐾𝑚𝑎 𝑖𝑎(𝑡 𝐾𝑚𝑎 is a constant 
depending on flux

Motor Toque:
(mechanical eq.)  

𝑇𝑚 𝑡 = 𝐽 ሶ𝜔(𝑡ሻ + 𝑐𝜔(𝑡ሻ J is inertia moment
c is friction constant



Armature-Controlled D.C. Motor
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ሻ𝑑𝑖(𝑡

𝑑𝑡
+ 𝑅𝑎𝑖 𝑡 + 𝐾𝑏𝜔 𝑡 = 𝑉𝑎 𝑡

+

Kirchhoff Law



Block Diagrams of Components

  (s)V(s)K(s)IRsL abaaa  

  (s)IK(s)cJs ama 

 Verify This

 Verify This



Block Diagram of Armature-Controlled D.C Motor
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Exercise

Show the frequency-domain block 
diagram of the following RC network:

Steps: First, find the circuit equations
Then, find their Laplace Transforms
Then, Find the overall transfer function
Finally, build the block diagram



Answer

𝑖 =
𝑉𝑖 − 𝑉𝐶1

𝑅1

𝑉𝐶1 =
׬ 𝑖1 𝑑𝑡

𝐶1

𝑖2 =
𝑉𝐶1 − 𝑉𝑜

𝑅2

𝑉𝑜 =
׬ 𝑖2 𝑑𝑡

𝐶2

𝑖 = 𝑖1 + 𝑖2

First, find the circuit equations     



𝑖 =
𝑉𝑖 − 𝑉𝐶1

𝑅1

𝑉𝐶1 =
׬ 𝑖1 𝑑𝑡

𝐶1

𝑖2 =
𝑉𝐶1 − 𝑉𝑜

𝑅2

𝑉𝑜 =
׬ 𝑖2 𝑑𝑡

𝐶2

𝑖 = 𝑖1 + 𝑖2

𝐼 𝑠 =
ሻ𝑉𝐼 𝑠 − 𝑉𝐶1(𝑠

𝑅1
𝐼2 𝑠 =

ሻ𝑉𝐶1 𝑠 − 𝑉𝑜(𝑠

𝑅2

𝑉𝐶1 𝑠 =
ሻ𝐼1(𝑠

𝐶1𝑠
𝑉𝑜 𝑠 =

ሻ𝐼2(𝑠

𝐶2𝑠

𝐼 𝑠 = 𝐼1 𝑠 + 𝐼2 𝑠

Then, find their Laplace Transforms



𝐼 𝑠 =
ሻ𝑉𝐼 𝑠 − 𝑉𝐶1(𝑠

𝑅1
𝐼2 𝑠 =

ሻ𝑉𝐶1 𝑠 − 𝑉𝑜(𝑠

𝑅2

𝑉𝐶1 𝑠 =
ሻ𝐼1(𝑠

𝐶1𝑠
𝑉𝑜 𝑠 =

ሻ𝐼2(𝑠

𝐶2𝑠

𝐼 𝑠 = 𝐼1 𝑠 + 𝐼2 𝑠

𝐼 𝑠 = 𝐼1 𝑠 + 𝐼2 𝑠

ሻ𝑉𝐼 𝑠 − 𝑉𝐶1(𝑠

𝑅1
= 𝐶1𝑠𝑉𝐶1 𝑠 + 𝐶2𝑠𝑉𝑜 𝑠

𝐼2 𝑠 =
ሻ𝑉𝐶1 𝑠 − 𝑉𝑜(𝑠

𝑅2

𝑉𝐶1 𝑠 = 𝑅2𝐼2 𝑠 + 𝑉𝑜 𝑠
= 𝑅2𝐶2𝑠 𝑉𝑜 𝑠 + 𝑉𝑜 𝑠

൯𝑉𝐼 𝑠 = 𝑅1𝐶1𝑅2𝐶2𝑠
2 + (𝑅1𝐶1 + 𝑅2𝐶2 + 𝑅1𝐶2 𝑠 + 1]𝑉𝑜(𝑠

Then, find the overall transfer function



൯𝑉𝐼 𝑠 = 𝑅1𝐶1𝑅2𝐶2𝑠
2 + (𝑅1𝐶1 + 𝑅2𝐶2 + 𝑅1𝐶2 𝑠 + 1]𝑉𝑜(𝑠

Finally, build the block diagram

ሻ𝑉𝑜(𝑠

ሻ𝑉𝐼(𝑠
=

1

൧𝑅1𝐶1𝑅2𝐶2𝑠
2 + (𝑅1𝐶1 + 𝑅2𝐶2 + 𝑅1𝐶2 𝑠 + 1


