
Power System Studies on CYME (Learning Note) 
⚫ CYME One line drawing power system modelling 

 
◼ The above one-line drawing power system represents a power generator attached with a 

external power utility grid and a consumption load. The external grid provides the voltage and 
frequency references, and the generator operates as a local power source. 

◼ The external grid has 33kV rated voltage with 100MVA rated power 
◼ Cable sizing: 

◆ KERITE 35kV MV105 1/0AWG 3C CU is selected as the cable between the grid bus and 
the HV bus 

◼ Transformer configuration: 
◆ Delta-delta type 
◆ The transformer ratio is between 33kV HV bus bar and 0.4kV LV generator bus bar 

◼ Generator configuration 
◆ Select swing generator type 
◆ Configure generator in the library with 1000kVA power rating 85% PF, and 0.4kV rated 

voltage 
◼ Load configuration 

◆ The load is defined with 500kW and 15kVAr power consumption 
⚫ Balanced Load Flow analysis 

◼ Applying Newton-Raphson Balanced analysis method 
◼ The load flow analysis result is shown below: 

 
◼ From the above result 

◆ As all the voltages nodes remain 1 pu, the system is well-regulated and there are no 
voltage-drop issues under this operating condition. 

◆ From the LV bus bar, the generator is producing 0.5 MW and 0.02MVAr power while the 
attached load is consuming 0.26MW and 0.43MVAr power. It means the generator has 
covered all the real power demand from the load and the extra 0.24MW real power is 
exported to the grid, and the grid has supplied the extra reactive power the load needed. 



⚫ Transient Stability Analysis 
◼ Important note: cycles = seconds * frequency. Ex. 240 cycles = 4secs*60hz 
◼ Based on the above power system, a motor is added as an extra load 

◆ The motor with 0.4kV rated voltage 3.7HP (2.76kW), and 79%PF 
◼ A three-phase fault is applied on the external grid bus 

◆ The fault starts at 12 seconds 
◆ And the fault will be cleared at 12.2 seconds 

 
◼ The transient stability simulation results are shown in below graphs 

◆ From top to bottom, the results shows the frequency of the HV grid bus and the LV bus, 
the voltage of the HV grid bus and the LV bus, the active power of the electrical generator, 
and the reactive power of the electrical generator. 

 

 
◆ 1st: When the fault at the HV bus occurs between 240 (4sec) and 252 (4.2sec) cycles, the 

LV bus bar has higher frequency spike compared to the HV bus bar, and they both back 
to normal frequency around 300 cycles. It indicates the generator and the grid lost 
synchronism during the fault, but they resynchronized after the fault was cleared. And it 
shows the transient stability of the system. 

◆ 2nd: For the voltage, the HV bus goes down to zero while the LV bus goes down to around 
0.8 pu. And they both back to normal voltage around 300 cycles once the fault is cleared. 
It indicates the system has quick restoration of the voltage. 

◆ 3rd: when the fault occurs – grid voltage suddenly drop, the stored energy is distributed. 
⚫ When fault just occurred: Pmech > Pelec, the machine inertia injects energy, which 

causes a temporary power spike 
⚫ When the fault is cleared: Pmech << Pelec. 



◆ 4th: the reactive power result of the generator indicates the electromagnetic power 
exchange. The generator tried to preserve synchronization by absorbing reactive power. 
And the severe spike also indicates the aggressive fault. 

⚫ Short circuit analysis 
◼ a short circuit analysis at all buses is operated. 
◼ The below one line drawing gives the three phase line-line fault current at each bus bar. It 

shows lower fault current at HV bus bar and higher fault current at LV bus bar, because the 
impedance is higher at the HV level. 

 

 

 
⚫ Arc flash study 

◼ Definition of arc flash: The circuit breaker is not triggered when the fault occurred, which 
generates a lot of heat on the circuit. The arc flash is caused by the currents that cannot be 
caught by the circuit breaker. 

◼ The arc flash study provides the safe distance the operator should keep away from the 
equipment. 

◼ Based on the above one line drawing power system, a fuse is added to perform the arc flash 
study. 



 
◆ Fuse sizing: the LV bus bar is 0.4kV, and the load consumes 500kW power 
◆ The load current is calculated to help size the fuse (assume 90% load factor) 

𝐼𝑙𝑜𝑎𝑑 =
𝑃

√3 ∗ 𝑉 ∗ 𝑐𝑜𝑠𝜙
=

500𝑘𝑊

√3 ∗ 0.4𝑘𝑉 ∗ 0.9
= 800𝐴 

◆ Also from the previous short circuit analysis, the fault current at LV bus bar level is 50kA 
◆ Above, the fuse should have 800A nominal current at 0.4kV rated voltage, and it’s with 

50kA breaking capacity. The selected fuse is shown below 

 
◼ Arc flash study simulation: 

◆ In this example, the IEEE-1584-2018 standard is applied, and the arc flash clearing time 
is set as 100ms. 

◆ The result is shown below 

 
◆ The 0.536 cal/cm2 indicates a extreme low incident energy. Based on the standard, it’s 

safe for bare-hand work as it’s below 1.2 cal/cm2 threshold. 
⚫ DC system design 

◼ For DC design, a AC/DC charger, battery, DC motor, and DC load are added. The one line 



drawing is shown below: 

 
◆ AC/DC charger sizing 

⚫ As there has a battery, DC motor, and a DC load, the DC current for the charger is 
selected to be 50A, based on 125V DC voltage, and 90% efficiency, the nominal 
power can be: 

𝑃𝑐ℎ𝑎𝑟𝑔𝑒𝑟 = (𝑉𝑑𝑐 ∗ 𝐼𝑑𝑐)/𝜂 = (125 ∗ 50)/0.9 ≈ 7𝑘𝑊 

 

◆ DC cable sizing: 
⚫ A 100A nominal current rating and 400V voltage rating cable is selected 

◆ DC motor sizing: the info of the designed DC motor is shown below: 

 
◆ Battery sizing 

⚫ From previous setup, the DC bus has 125V rated voltage due to the charger sizing. 



⚫ The nominal voltage of the battery is designed as 120V with 60 cells. 
⚫ As the DC motor mentioned above consumes 2kW power, the DC load is sized as 

4kW. 
⚫ The battery is designed to provide 6kW for 1hr backup time: 

𝐴ℎ =
𝑃𝑏𝑎𝑡𝑡𝑒𝑟𝑦 ∗ 𝑡

𝑉𝑏𝑎𝑡𝑡𝑒𝑟𝑦
=
6𝑘𝑊 ∗ 1

120𝑉
= 50𝐴ℎ 

⚫ From above computation, the battery sizing is summarized below: 

 
◼ DC load flow analysis 

◆ The DC load flow analysis is performed on DC buses, battery, charger, motor, and DC load. 
The results are shown below: 

 

 

 

 

 



⚫ Battery: the battery is under floating condition, as it’s not under either charging or 
discharging operation. 

⚫ Charger: the charger is overloaded as it’s supplying 36kW power that is above its 
nominal 7kW rated power, and it’s overloading 5 times higher than its rating/ 

⚫ DC motor: the motor is operating normally under fall load based on the 0.996pu 
voltage 

⚫ DC load: the load is consuming 34 kW power that is far beyond its rated 5kW power. 
◆ Solution: the rated voltage on DC load is not same as the DC bus bar (adjust from 48V to 

125V) 
⚫ Now the new load flow analysis is shown below: 

 
⚫ The DC load is operating normally. 

⚫ Harmonics Study 
◼ The harmonics is caused by the devices that are not operating under normal frequency such 

as 50 and 60 hz. 
◼ Design filters (RLC group) to catch harmful harmonics 
◼ 1st step: add harmonics injection, here the ‘shunt frequency source’ is applied. And the 

applied harmonics 6pulse IEEE 519.81 is shown below. The harmonics absorbs 2MW active 
and 0.25KVAr reactive power as a load. 

 
◼ 2nd step: operate harmonics analysis 

◆ Frequency scan from impedance calculation 
⚫ The fundamental frequency is 50hz, and the biggest order of the harmonics is 25 for 

the selected harmonics. So the frequency scan is determined from 50hz to 1250hz 
◆ The harmonics analysis results are shown below: 



 

 

 
◆ The first graph shows the voltage distortion across harmonics orders, the tall bar relates 

to the fundamental voltage, and the small bars at higher frequencies relates to harmonics 
voltages. And the magnitude of the harmonics indicates the distortion is quite minimal. 

◆ In the second graph, the waveform of the grid connected HV bus reflects to the result of 
the harmonics voltage shown in the first graph, the waveform is fairly sinusoidal with 
minor distortion. And the LV bus voltage waveform has very small magnitude, which 
associates with the low fundamental voltage shown in the first graph for LV bus. 

◼ 3rd step: add single tuned filter 
◆ The key points to design a single tuned filter: 

⚫ The target harmonic order 
◼ Select the 5th harmonic order to target 

⚫ The desired fundamental reactive power for L & C calculation 
◼ Based on the previous load flow analysis of the LV bus bar, the load consumes 

0.43MVAr reactive power, the generator produces 0.02MVAr reactive power, and 
the harmonics generator consumes 250kVAr reactive power. The net reactive 
power is 0.66MVAr, here the example aims the fundamental reactive power as 
0.5MVAr. 

⚫ Q factor for R resistance calculation 
◼ Higher Q factor (60-80) provides sharp tuning, strong harmonic absorption. 
◼ Lower Q factor (20-40) provides more damped response 
◼ Above, this example picks 60 as the Q factor to calculate the resistance’ 

⚫ The rated capacitor voltage relates to the LV bus bar rated voltage 0.4kV 



◆ The designed single tuned filter is shown below: 

 
◼ Harmonics analysis with single tuned filter 

 
Comparing the above and previous result, the harmonics voltage distortion is gone. 


