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Electrical Systems 
Transformers 
 
Construction 
K-Factor 
Winding configuration 
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Electrical Systems 
Transformers & Transformer protection ς 
Oil filled transformer ς dry type transformers 
 
High efficiency 
 
K rating ς steal quality ς core area to operate farther away 
from knee of saturation curve 
 
Harmonics ς positive / negative / zero sequence 
Triplen harmonics 
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Electrical Systems 
Dry type transformer cooling systems. 
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Electrical Systems 
Voltage designations 
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Electrical Systems 
Transformer K factor  
 
Defined in UL 1561 
Ih = rms current value (pu) at harmonic h 
Harmonic currents = additional heating 
K-factor Xfmr > K-factor System 
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Electrical Systems 
Recommended K factor for various applications 
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TYPICAL LOAD k - FACTORS  K-4 

Electric discharge lighting  K-4 

UPS with input filtering  K-4 

Welders  K-4 

Induction heating  K-4 

PLCs / SS controls (other than VFDs)  K-4 

Telecommunications equipment  K-13  

UPS without input filtering  K-13  

Multiwire recepta cle circuits in general care areas  

Health care facilities and classrooms of schools, etc.  
K-13  

Multiwire receptacle circuits supplying inspection or testing equipment on an  

assembly or production line  
K-13  

Mainframe computer loads  K-20  

Solid state moto r drives (variable speed drives)  K-20  

Multiwire receptacle circuits in critical care areas  

And operating/recovery rooms of hospitals  
K-20  
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Electrical Systems 
Magnetization current / over excitation. 
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Electrical Systems 
Transformer connections 
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Electrical Systems 
TENV dry transformers in dirty, dusty environment ς also 
cast epoxy vs. VPI 
 
Auto transformer ς smaller adjust voltage ς no isolation 
 
Reactor ς current limiting ς reduced voltage start ς with 
capacitor for tuned filter 
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Electrical Systems 
Dry type ς 
epoxy cast coil  
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Electrical Systems 
Instrument transformer ς PT & CT 
 
Transformer polarity  
 
PT vs. CT defined by application 
 
PT circuits in parallel ς CT circuits in series 
 
Do not short PT circuit ς Do not open CT circuit 
Special shorting switch 
 
120V / 5A (1A) 
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Electrical Systems 
Accuracy ς XXYZZZ 
XX = max error at conditions 
Y = C or T (calculated or tested) 
ZZZ = volts secondary at 20X rated secondary current. 
 
Example 7: 
What is the max error at what voltage secondary for a; 
 
10C200 current transformer  
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Electrical Systems 
10C200 current transformer 
 
Maximum error of 10% at 200 Volts on secondary side at 
20 times current (100A for 5A secondary)  
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Electrical Systems 
Potential 
Transformer 
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Electrical Systems 
Current 
Transformer 
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Electrical Systems 
Three parts of transformer ς 
Winding conductors, core material, insulation 
Grain steel ς M number (lower is lower loss) 
 
Neutral terminal / conductor = twice size phase ς maintain 
neutral to gnd voltage < 1 V. (solid grounded system) 
 
Arrester 5 ft from transformer (vacuum switches and/or 
lighting exposure) 
 
BIL ratings of transformers 
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Electrical Systems 
Insulation Test 
 
1 min, power-frequency high pot 
Test 
1.2/50 full-wave voltage impulse test 
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Electrical Systems 
Full Wave vs. Chopped Wave test 
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Electrical Systems 
Dry Type transformer BIL 
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Electrical Systems 
Standard impedance < 500KVA = 3-5 % 
>500 KVA = 5.75 % 
 
Fan cooling dry type = 133% rating w/ fan 
 
Caution, temperature of conductor connection 
 
VPI ς vacuum to draw moisture out, inject epoxy, pressure 
applied (inert gas) to push epoxy into winding ς heat to 
cure epoxy 
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Electrical Systems 
Thermal insulation class (AMB 30C) 
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AVG 
TMP 
RISE C 

HOT SPOT 
DIFF C 

HIGHEST 
PERM RISE C CLASS 

55 10 105 A105 

65 15 120 A120 

80 30 150 B150 

115 30 185 F185 

150 30 220 H220 
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Electrical Systems 
NEMA 1 
NEMA 3R 
NEMA 4 
NEMA 12 
 
Dry type reduced environmental requirements and fire 
protection compared with oil 
 
Dry type available to about 15MVA 
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Electrical Systems 
Circuit Breaker ς switch to open under current 
 
Driven by spring action both close and trip 
DC power for charging motor 
External relay trip on protection 
Arc drawn ς 
Air / Vacuum / SF6 / Oil 
Coordination ς discussed later in relaying section 
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Electrical Systems 
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Electrical Systems 
Special considerations: 
Need DC to trip / close ς battery fed 
Synchronizing 
Dead bus transfer 
Motor bus transfer ς reclosing 
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Electrical Systems 
Grounding ς 
Ungrounded / low impedance / high impedance / solid 
grounded 
 
Advantages / disadvantages 
 
Ungrounded ς reliable ς first GF no trip 
High transient voltage 
Difficult to locate ground 
Ground detection via open delta transformer (DRAW) 
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Electrical Systems 
Grounding ς 
High impedance ground (10A) ς low damage, can alarm on 
ground increase reliability,  
Need sensitive relay to detect and locate ground 
Transient less than ungrounded but higher than low 
impedance ground. 

37 



Energy Production Engineering 
Thomas Blair, P.E.  

(tom@thomasblairpe.com ) 

Electrical Systems 
Grounding ς 
Low impedance ground (400A) ς easily detected, higher 
damage, easily located, transients less, trip on fault, 
reduced security 
 
Solid grounded ς most damage, easily detected, easily 
located, transients minimum, trip on fault, reduced 
security 
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Electrical Systems 
Differential protection on delta wye may need wye delta 
connected CTs to compensate for 30 degree phase shift. 
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Electrical Systems 
Can add grounding transformer to ground a delta fed 
system 
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Electrical Systems 
System-grounding design considerations ς  
Three levels of conductor insulation for MV cables: 100, 
133, and 173% levels.  
The solidly grounded system permits the use of 100% 
insulation level.  
If fault cleared within 1 hour, 133% insulation level should 
be specified  
If fault cleared more than 1 hour, 173% voltage level 
insulation should be used 
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Electrical Systems 
Grounding ς  
Adequate ground-return conductors to minimize the 
inherent step-and-touch potentials w/ solidly grounded 
systems Instantaneous ground fault relaying to minimize 
the fault duration.  
 
See the NEC NESC and IEEE Std 80 
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Electrical Systems 
All non-current-carrying metallic structures are 
interconnected and grounded.  
Purpose: 
Minimize potential difference between metallic members 
Minimizing the risk of electric shocks to personnel 
Improve protective device performance 
d) To avoid fires in combustible atmospheres 
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Electrical Systems 
Inductance of ground path 
 
L = 4 X 10-7 ƭƴ ό 5 κ ǊΩ ύ     IκƳ 
 
Therefore, L increases as D increases 
 
VD increases as D increases &  
Current tends to flow in closest cond. 
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Electrical Systems 
Two or more rods suggested 
Distance between rods must be Lr1 + Lr2  
Example two 8 ft rods, should be 16ft distance  
(Numerous books and articles show the distance between 
two standard length 8 or 10 ft rods to be 3 m (10 ft), which 
is incorrect.) 
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Electrical Systems 
Impedance depended on IEEE 80 Calc. 
Larger substations and generating stations < 1W 
Smaller substations and for industrial plants < 5W 
NEC, Article 250, approves the use of a single electrode, if 
< 25W 
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Electrical Systems 
Protective relaying & coordination: 
 
Two functions ς Protection of equipment (secondary) 
Security of system (primary) 
 
¢ǊƛǇ ǿƘŜƴ Ŧŀǳƭǘȅ ŎƻƴŘƛǘƛƻƴ ǇǊŜǎŜƴǘ !b5 ŘƻƴΩǘ ǘǊƛǇ ǿƘŜƴ 
faulty condition not present 
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Electrical Systems 
Balance of following concepts: 
Reliability ς Relay system trip when fault exists in 
protective zone 
Security ς Relay system trip only when fault exists in 
protective zone 
Selectivity ς Relay system should trip minimum equipment 
to remove fault 
Speed ς Relay system remove fault fast to minimize 
damage and arc flash incident energy. 
Simplicity ς minimum amount of equipment ς maximize 
reliability 
Economics ς Reasonable cost 
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Electrical Systems 
Most common ς 50, 51, 27, 59, 81O, 81U, 87 
 
PTs and CTs feed relays  
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