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 Singapore-registered Professional Engineer (Electrical)

 ASEAN Chartered Professional Engineer

 Principal Consultant, Potentia Dynamics Pte Ltd

 Former Head, Power Quality & Engineering Analysis Unit, 
Quality Power Management Pte Ltd

 Former Executive Engineer from SP PowerGrid’s
Power Quality & Transient Management section.

 Writes on http://powerquality.sg, to share my views and 
experiences in this fascinating world of power quality.

www.pd.com.sg



 Typical Problems / Complaints

 5 Common “Daily Encounters”
- Problem
- Findings
- Lesson(s) Learnt

What is a PQ problem?

“Any power problem manifested in voltage, current 
or frequency deviations that result in failure or 
misoperation of customer equipment.”



 Harmonics

 Lightning

 Surge / Transients

 Non-specified power / power quality problem

My computer 
died on me 
yesterday

It has to be a
HARMONICS*
problem

* Can be replaced with
Lightning/Surge/Transient



 Earth fault – related (60%)
- true downstream equipment/cable fault
- misapplication
- external events

 Malfunction of protective devices (15%)

 Lightning (5%)

 Harmonics / Waveform Distortion (5%)

 Overvoltage/Undervoltage (5%)

 Voltage Dip (5%)

 Others (eg. Human errors, unknown, 
environmental) (3%)

 Overload (2%)



 Lift / Elevator in an under-construction 
residential cum commercial building keeps 
getting ‘stuck’

 Tripped on Residual Current Device (RCD) / 
RCCB frequently

 Affected workers’ movement up/down the 
building

TWO TYPES of Earthing 
Systems in Singapore

• TN-S
• TT



Main Uses
• Personnel 

protection 
(direct 
contact)

• Fault 
Protection 
(indirect 
contact)

• Fire

General Type vs Selective Type (With Delay)



Type of RCD Uses

Type AC Can detect full wave AC residual

currents only

Type A Can detect full wave AC and

pulsating DC residual currents

Type B Can detect full wave AC, pulsating DC

and pure DC residual currents

Typical Trip Ratings: 
- 10mA, 30mA, 100mA, 300mA
- 500mA, 1000mA

Can Trip anywhere above 50% 
of its trip rating



 ‘Consultant’ had designed a 30mA RCD for 
the lift. Tripped every few minutes.

 Site operators changed it to 300mA.

 Frequency of trip decreased but still 
occurred several times per day









 Misapplication of 30mA RCD protection 
(meant for personnel protection)

 Average leakage current recorded ~ 200mA

 300mA RCD can trip anywhere above 150mA

 Standing leakage current of the equipment 
(lift) was not taken into consideration

 Type of load was also not taken into 
consideration (used a type AC instead of a 
type B RCD)



 PV System frequently trips the RCD

 Previously, the PV contractor’s setup did not 
pose the same problems











 100mA RCD was used

 Differences was due to the different 
brand/make of the inverters used

 Hence different standing leakage current

 Test results showed 18 instances whereby 
leakage was above 50% of 100mA

 Highest leakage recorded was 165mA



 Standing leakage current of equipment to be 
taken into consideration

 Not assume all equipment have same level of 
leakage current

 To use appropriate type of RCD
- type B for transformerless inverters; which 
are able to inject DC during fault



 External events tripping the RCDs

 Some experienced multiple concurrent trips 
of a no. of RCDs

 Trip Incidents coincided
- heavy thunderstorms
- voltage dip
- switching events



 Too many loads lumped under one single RCD

 RCDs “living on the edge”

 Nearing the 50% threshold

 An RCD can trip anywhere 
>50% of its trip rating

 Loads with mains filter

 Extension plug
w “in-built” surge protection





 Keep standing leakage current to about 20 to 
25% of RCD trip value

 Less circuits per RCD

 Putting a surge protective device (before the 
RCD) reduce the frequency of tripping during 
thunderstorms

 “High Immunity” RCDs

 Choose right type of RCD



 Most cases down to misapplication of RCDs

 Know purpose of protection

 Consideration of standing leakage current

 Type of loads to be protected



 Starting a medium-voltage DOL motor 
frequently triggers the earth fault protection

 3-CT configuration

 Conducted a simulation test at

 1) Main Incoming panel

 2) Outgoing to Motor panel

 3) All other loads ‘OFF’



M Other Loads 
(OFF)

6.6kV

1050kW





700A



100A



2.5A



 During the ‘inrush’, the differences from 
produced a ‘seemingly’ high ‘earth-fault’

 Issue solved by using a core-balance CT

 1 CT vs 3 CTs

 Introducing a ‘time delay’ is also possible 
provided protection coordination with other 
circuits are achievable



 ‘Extreme’ Point of Views

 ‘Very Lax’ to ‘Very Stringent’



 Too ‘lax’

 Only provided voltage-based limits
- VTHD% at Point of Common Coupling (PCC)
- Individual Vh% at PCC

 Code has provisions to request expected 
harmonic injection values from Customer (in 
practice, hardly ever practiced)







 Has led to parts of the medium voltage 
network (22kV) to see exceeding limits of 
the harmonic voltages

 Particularly the 5th order

 Then it becomes a challenge for the Grid 
Operator to find out & trace the ‘significant’ 
contributor





4%
VTHD

3%
Vh05

5A



 Some Grade ‘A’ Offices imposed harmonic 
limits per tenant

 Both voltage and current harmonic limits

 Tenant approved loads: 
Between 30A 1P/3P and 150A 3P

 Limits varies

 VTHD: ~ 5%

 ITHD: ~ 5 to 20%

 *At 5%; will certainly need a harmonic filter



S/N Intake Loading (A) Ihrms (A)

1 63A 3P 1.21 – 8.20A 2.04 (max)

2 80A 3P 1.69 – 21.42A 6.16A (max)

3 32A 3P 1.15A to 5.87A 1.34A (max)

4 40A 3P 0.36 – 9.2A 3.68A (max)



 Poor understanding of harmonics from both 
tenants and the landlords’ facility 
management agents

 ITHD% values taken ‘at face value’

 May result in unnecessary installation of 
harmonic filters





 PQ Education is necessary (again!)

 A comprehensive power quality management 
programme is essential at all levels
- Loads End
- Customer LV & MV
- Utility End

 Monitoring both voltage & current harmonics

 Setting limits for both



Thank you for your kind attention.

Questions ?


