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INTI INTERNATIONAL COLLEGE PENANG 

 

DIPLOMA IN ELECTRICAL AND ELECTRONIC ENGINEERING PROGRAMME (DEEI) 

EEE2113: ELECTRIC POWER SYSTEMS AND MACHINES 

FINAL EXAMINATIONS: JAN2020 SESSION 

 

 

Instructions: This paper consists of FOUR (4) questions. Answer all the FOUR (4) questions in 

the answer booklet provided. All questions carry equal marks. 

 

Question 1  
CLO1, 2: Operational principle of DC machine 

(a) A 50-Hz 3-phase transmission line has the following constants: 

R = 5  / phase 

Inductive reactance = 20  / phase 

Capacitive susceptance = 4 × 10-4 mho / phase 

Calculate the following when the line used in supplying a balanced load 

of 1,000 kW at 33 kV, 0.8 p.f. lagging assuming a  model network:  

  

(i) Sending end voltage (7 marks) 

   

(ii) Line current (5 marks) 

   

(iii) Power factor at the sending end (2 marks) 

   

(iv) Efficiency of transmission (3 marks) 

   

   

(b) A generating station has the following daily loads: 

 

 

 Time(24hrs) 0 – 6 6 – 10 10 – 12 12 - 16 16 - 20 20 - 24 

Load(MW) 40 50 60 50 70 40 
 

 

   

(i) Find maximum demand (in MW). (2 marks) 

   

(ii) Units of energy generated per day (in MWh). (4 marks) 

   

(iii) Average load (in kW). (2 marks) 
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Question 2 

  

(a) The following Figure Q2a shows a single line diagram indicating a network 

connecting 4 generators and 2 reactors. The machine rating and percentage reactance 

are listed below the figure. A symmetrical fault developed along the feeder labelled 

G. 

 
                                                          Figure Q2a 

A: 10,000 kVA, 10% 

B: 20,000 kVA, 15% 

C: 20,000 kVA, 15% 

D: 12,500 kVA, 12.5% 

E:   8,000 kVA, 5% 

F: 10,000 kVA, 5% 

 

(i) Produce the per unit reactance on a power base of 25,000 kVA. (12 marks) 

   

(ii) Sketch the reactance diagram of the system at fault. (3 marks) 

 Reference (Q1b Sep 2008) 

   

(iii) Assess the rupturing capacity of the breaker on feeder G (7 marks) 

   

(iv) Estimate the fault current. (3 marks) 
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Question 3 

CLO5: Operational principle of synchronous motor 

(a) A 66 kV line is fed through an 11/66 kV step-up transformer from an 11 kV supply. 

At the load end of the line the voltage is step-down by another transformer of 

nominal ratio 66/11 kV. The total impedance of the line and transformers at 66 kV is 

12.5 + j33 . Both transformers are equipped with tap-changing facilities which are 

arranged so that the product of the two off-nominal settings is unity. If the load on 

the system is 50 MW at 0.8 p.f lagging, calculate the settings of the tap changer (in 

sec) required to maintain the voltage of the load busbar at 11 kV. Use the base power 

of 50 MVA. 

 (13 marks) 

   

(b) A single core cable has a conductor radius r, internal radius of sheath R 

and V is the potential of the conductor relative to sheath. Prove that the 

potential gradient gmax will have a minimum value when 
𝑅

𝑟
= 𝑒. 

 

  (6 marks) 

   

(c) 
Calculate the economic size of a single core cable in which gmax = 

40,000 V/cm and operating voltage is 50 kVr.m.s. 
 

  (6 marks) 

   

 
 

 
 

Question 4 
CLO3: Operational principle of transformer (Reference Q2 Sep 2008) 

(a) The variable operating cost of three generating units are given by 

F1 = 655 + 6.8P1 + 0.007P1
2 RM/hr 

F2 = 695 + 6.5P2 + 0.006P2
2 RM/hr 

F3 = 755 + 6.0P3 + 0.005P3
2   RM/hr 

If the total load demand varies from 150, 220 and 340 MW, determine the: 

 

(i) Incremental operation cost at each demand level. (8 marks) 

   

(ii) Power output of each unit at the mentioned demand level. (6 marks) 

   

(iii) Total operating cost, FT, that minimize FT for the above-mentioned load 

demands. (6 marks) 

 (Reference Q5c Jan 2009)  

   

(b) An electric supply company supplies a maximum peak load of 250 kW 

and load factor is 40%. Find the total cost of energy consumption per 

annum based on the following two tariffs offered: 

  

(i) RM 150 per kW of maximum demand plus 35 sen per kWh (4 marks) 

   

(ii) A flat rate of 40 sen per kWh (1 marks) 

 

 

~The End~ 

EEE2113 JAN2020 4-1-2020 
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Appendix of Equations: 

 

D.C. Machines 

VT = Ea + IaRacir     (motor voltage and emf relationship) 

Ea = VT + IaRacir     (generator voltage and emf relationship) 

𝑃𝑚𝑒𝑐ℎ = 𝑉𝑇𝐼𝑎 − 𝐼𝑎
2𝑅𝑎𝑐𝑖𝑟      (mechanical power for separately excited    

                                                                                      DC motor ) 

 =
𝑃𝑜𝑢𝑡

𝑃𝑖𝑛𝑝𝑢𝑡
      (machine efficiency) 

 

Load Study 

𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑑𝑒𝑚𝑎𝑛𝑑(𝑊) =
𝑡𝑜𝑡𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑑𝑒𝑚𝑎𝑛𝑑 (𝑊∙ℎ𝑟)

𝑡𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒 (ℎ𝑟)
  

𝑙𝑜𝑎𝑑 𝑓𝑎𝑐𝑡𝑜𝑟 =
𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑑𝑒𝑚𝑎𝑛𝑑(𝑊)

𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑑𝑒𝑚𝑎𝑛𝑑(𝑊)
  

𝑑𝑒𝑚𝑎𝑛𝑑 𝑓𝑎𝑐𝑡𝑜𝑟 =
𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑑𝑒𝑚𝑎𝑛𝑑(𝑊)

𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑 𝑙𝑜𝑎𝑑(𝑊)
  

𝑑𝑖𝑣𝑒𝑟𝑠𝑖𝑡𝑦 𝑓𝑎𝑐𝑡𝑜𝑟 =
𝑠𝑢𝑚 𝑜𝑓 𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑑𝑒𝑚𝑎𝑛𝑑(𝑊)

𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑑𝑒𝑚𝑎𝑛𝑑 𝑜𝑛 𝑝𝑜𝑤𝑒𝑟 𝑠𝑡𝑎𝑡𝑖𝑜𝑛 (𝑊)
  

𝑝𝑙𝑎𝑛𝑡 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑓𝑎𝑐𝑡𝑜𝑟(𝑝𝑙𝑎𝑛𝑡 𝑓𝑎𝑐𝑡𝑜𝑟) =
𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑑𝑒𝑚𝑎𝑛𝑑 𝑜𝑛 𝑡ℎ𝑒 𝑝𝑙𝑎𝑛𝑡(𝑊)

𝑡𝑜𝑡𝑎𝑙 𝑝𝑙𝑎𝑛𝑡 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦(𝑊)
  

𝑝𝑙𝑎𝑛𝑡 𝑢𝑠𝑒 𝑓𝑎𝑐𝑡𝑜𝑟(𝑢𝑡𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟) =
𝑎𝑐𝑡𝑢𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑(𝑊∙ℎ𝑟)

𝑝𝑙𝑎𝑛𝑡 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦(𝑊)×𝑡𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒(ℎ𝑟)
  

 

Per Unit System 

𝑍𝑝𝑢(𝑛𝑒𝑤) = 𝑍𝑝𝑢(𝑜𝑙𝑑) × (
𝑉𝑏(𝑜𝑙𝑑)

𝑉𝑏(𝑛𝑒𝑤)
)
2

×
𝑉𝐴𝑏𝑎𝑠𝑒(𝑛𝑒𝑤)

𝑉𝐴𝑏𝑎𝑠𝑒(𝑜𝑙𝑑)
   (changing per unit value from one base  

                                                                                          reference to another base reference) 

 
 

Transmission Line Model 

[
𝑉𝑆
𝐼𝑆
] = [

1 𝑍
0 1

] [
𝑉𝑅
𝐼𝑅
]      (short line model) 

[
𝑉𝑆
𝐼𝑆
] = [

1 +
𝑌𝑍

2
𝑍

𝑌 +
𝑌2𝑍

4
1 +

𝑌𝑍

2

] [
𝑉𝑅
𝐼𝑅
]    ( model) 

[
𝑉𝑆
𝐼𝑆
] = [

1 +
𝑌𝑍

2
𝑍 +

𝑌𝑍2

4

𝑌 1 +
𝑌𝑍

2

] [
𝑉𝑅
𝐼𝑅
]    (T model) 

[
𝑉𝑆
𝐼𝑆
] = [

𝑐𝑜𝑠ℎ𝑙 𝑍𝐶𝑠𝑖𝑛ℎ𝑙
1

𝑍𝐶
𝑠𝑖𝑛ℎ𝑙 𝑐𝑜𝑠ℎ𝑙

] [
𝑉𝑅
𝐼𝑅
]    (long, rigorous model) 

 

 

Transmission Line Parameters 

L = 2  10-7 ln (GMD/GMRL) H/m   (inductance) 

C = 2  / ln (GMD/GMRC) F/m   (capacitance) 

 

Cable Grading 

𝑔 =  
𝑉12

𝑥 ∙𝑙𝑛⁡(
𝐷2

𝐷1
)
       (dielectric stress) 

𝑉𝑛 =  𝑔𝑚𝑎𝑥 𝑟𝑛−1 𝑙𝑛⁡(
𝑟𝑛

𝑟𝑛−1
)  ; n = 1, 2, 3…   (voltage distribution) 
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Optimal Dispatch 

 =
𝑃𝐷+∑

𝛽𝑖
2𝛾𝑖

𝑛
𝑖=1

∑
1

2𝛾𝑖

𝑛
𝑖=1

      (incremental cost) 

𝑃𝑖 =
−𝛽𝑖

2𝛾𝑖
       (power output) 

 

Voltage Control Method 

𝑡𝑠 = √

|𝑉1(𝑝𝑢)|

|𝑉2(𝑝𝑢)|

1−
𝑅(𝑝𝑢)𝑃(𝑝𝑢)+𝑋(𝑝𝑢)𝑄(𝑝𝑢)

|𝑉1(𝑝𝑢)||𝑉2(𝑝𝑢)|

   (tap-changing transformer adjustment ratio) 
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