
ECE 5984: Power Distribution System Analysis

Lecture 3: Approximate Feeder Analysis
Reference: Textbook, Chapter 3

Instructor: V. Kekatos
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• Develop approximate methods for determining voltage drops and power losses

Approximate analysis
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• Assumptions

§ loads are balanced three-phase
§ loads are constant-current (if constant-power, assume negligible voltage drop)
§ lines are transposed and three-phase

• Single-phase (line-to-neutral) equivalent

VS = ZI + VL

Voltage drop:

Power losses: P` := 3R|I|2

�V := |VS |� |VL|
[Kersting]



• Due to transposition and balanced loads, positive-sequence impedance suffices

Line impedance
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D̄ := (DabDbcDca)
1/3GMD:

z1 = r + j! · 2 · 10�7 · ln
✓
D̄

R̄

◆
⌦/m

= r + j · 0.1213 · ln
✓
D̄

R̄

◆
⌦/mile

GMR: R̄

[Kersting]



• Because     is small, approximate 

Voltage drop
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� [Why?]

Example: 

�V ' Re(ZI)

�V = 21.59 V = 0.9%exact voltage drop: 

approx. voltage drop: �V = 21.65 V = 0.9%

<latexit sha1_base64="B9ZpnHfffLfjoA0/T9CK6whgvMU="></latexit>

VS = 2400 V, Z = 0.284 + j0.568 ⌦, I = 43\� 25� A )
VL = 2378.41\� 0.40� V

[Kersting]



Both relative voltage drop and power losses are (approximately) inversely proportional to the LL 
voltage level

‘Voltage-square law’
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If you double the voltage level, you can transfer four times more power for the same 
relative voltage drop (or the same power for four times the distance)

If you double the voltage level, you can transfer two times more power for the same 
copper losses (or the same power for four times the distance)

<latexit sha1_base64="g+M5NTyP3Rd17lOUla76xIrLt24="></latexit>

�V ' Re(ZI) ' Re

✓
Z

S⇤
p
3VLL

◆
) �V

VLN
= Re

✓
ZS⇤

V 2
LL

◆

<latexit sha1_base64="eki66hpxRTaszPmGOrigsOPJq0M="></latexit>

P` = 3R|I|2 ' 3R

����
Sp
3VLL

����
2

) P` =
R|S|2

V 2
LL



• Factors used for fast and approximate voltage drop calculations

Kdrop factor
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Kdrop :=
�V [%]

kVA ·mile

Definition: Voltage drop relative to nominal phase (not LL) voltage for serving 1 kVA load 
with given power factor located 1 mile away

• Simplified expression

• From previous approximation

• Impedance over a mile

typical: lagging PF 0.9

• Current for 1 kVA @ given PF 

<latexit sha1_base64="9vw2olGNE1XZ1UhCW1eudeTRvJQ=">AAAB/HicZVBNSwMxEM36WetX1YvgZbEIHkrdFUUvQsGLNxVsFdulZNNpG5pkl2RWrEv7a3qTevRf+AP8N2ZrD9Y+CPPyJjOTeWEsuEHP+3YWFpeWV1Zza/n1jc2t7cLObs1EiWZQZZGI9FNIDQiuoIocBTzFGqgMBTyGvess//gC2vBIPWA/hkDSjuJtzihaqVnYf756G9YbtxI6tIHwiumJ5AIGQbNQ9MreBO488aekSKa4axa+Gq2IJRIUMkGNqftejEFKNXJmG+YbiYGYsh7tQN1SRSWYIJ1sMHCPrNJy25G2R6E7Uf9WpFQaSbFbstH0ZZhF7MpSB1R2tQ2yrJkdgu3LIOUqThAU+53RToSLkZs54ba4BoaibwllmttvuqxLNWVo/crb/f3/286T2mnZPy9792fFijd1IkcOyCE5Jj65IBVyQ+5IlTAyJCMyJh/O0Bk578749+mCM63ZIzNwPn8ARBaVFA==</latexit>

Z = z [⌦/mile]

�V ' Re(ZI)

voltage-square law

<latexit sha1_base64="vlFlYZD1oBbZFOdh+XWBNG86oNg=">AAAB+HicZVDLagIxFM3Yl7Wv6WPXzVApFCrDjCh1UxC66dJCfYCKZOJVg5nMkNwpqPRf3BW77H/0A/o3zaiLWg+Ee3Jubu69J4gF1+h5P1ZmZ3dv/yB7mDs6Pjk9s88vGjpKFIM6i0SkWgHVILiEOnIU0IoV0DAQ0AzGT2m++QZK80i+4iSGbkiHkg84o2iknn3VwREgfbwvlt1KqdOHoQLo2XnP9ZZwtom/JnmyRq1nf3f6EUtCkMgE1brtezF2Z1QhZwLec51EQ0zZmA6hbaikIejubDn9u3NrlL4ziJQ5Ep2l+rdiRkMdUhwVTNSTMEgjjsLCEGR6NR+kWb3ZBAeV7ozLOEGQbNVjkAgHIyd1welzBQzFxBDKFDdjOmxEFWVovMqZ/f3/226TRtH1y673UspX3bUTWXJNbsgd8ckDqZJnUiN1wsiUzMmCfFpTa259WIvV04y1rrkkG7C+fgFBO5IS</latexit>

✓ = +25.84�

<latexit sha1_base64="BDo/eSbV2XTsCgFDQqJc/UQFHu0="></latexit>

S = |S|ej✓, ✓ = ± cos�1(PF) : +/– for lagging/leading

I ' S⇤
p
3VLL

=
1000 · e�j✓

p
3VLL

<latexit sha1_base64="3TGdqW5Z/LX5aaZ5kUp3WuF8R40="></latexit>

Kdrop =
�V

VLN
⇥ 100 =

Re(z · e�j✓)

V 2
LL

⇥ 105



Kdrop factor (cont’d)
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Example: For a line with , compute Kdrop assuming lagging 
PF 0.9 and nominal voltage of 12.47 kV

z = 0.306 + j0.627 ⌦/mile

• Utilities compute K factors for all combinations of voltage levels and line types

• Questions that can be easily answered with K factors:

How far can I serve a 7500 kVA load within the 3% voltage drop?

• Simplified expression

Kdrop = 3.53 · 10�4
<latexit sha1_base64="BPrScnoM4MuY6IMmxZwVMmWoiJ0=">AAACA3icZVBNSwMxEM36bf2qevRgsAgetOzail6EghfBSwWrgq0lm522odlkSWbFsvTor+lN6tGf4A/w35itPfgxEOblzUwm74WJFBZ9/9ObmZ2bX1hcWi6srK6tbxQ3t26tTg2HBtdSm/uQWZBCQQMFSrhPDLA4lHAX9i/y+t0TGCu0usFBAq2YdZXoCM7QUe3i7lW7ifCMWWR0MjyvlE8qTR5ppIH/mB1Vh+1iyS/7k6D/QTAFJTKNerv40Yw0T2NQyCWz9iHwE2xlzKDgEoaFZmohYbzPuvDgoGIx2FY2ETKk+46JaEcbdxTSCftzImOxjRn2Dl22gzjMM/biwy6o/OoeyKv29xLsnLUyoZIUQfHvHZ1UUtQ0N4RGwgBHOXCAcSPcNynvMcM4OtsKTn/wV+1/cHtcDvxycF0t1YKpE0tkh+yRAxKQU1Ijl6ROGoSTFzIiY/LmvXgj79Ubf7fOeNOZbfIrvPcvaF+WmA==</latexit><latexit sha1_base64="BPrScnoM4MuY6IMmxZwVMmWoiJ0=">AAACA3icZVBNSwMxEM36bf2qevRgsAgetOzail6EghfBSwWrgq0lm522odlkSWbFsvTor+lN6tGf4A/w35itPfgxEOblzUwm74WJFBZ9/9ObmZ2bX1hcWi6srK6tbxQ3t26tTg2HBtdSm/uQWZBCQQMFSrhPDLA4lHAX9i/y+t0TGCu0usFBAq2YdZXoCM7QUe3i7lW7ifCMWWR0MjyvlE8qTR5ppIH/mB1Vh+1iyS/7k6D/QTAFJTKNerv40Yw0T2NQyCWz9iHwE2xlzKDgEoaFZmohYbzPuvDgoGIx2FY2ETKk+46JaEcbdxTSCftzImOxjRn2Dl22gzjMM/biwy6o/OoeyKv29xLsnLUyoZIUQfHvHZ1UUtQ0N4RGwgBHOXCAcSPcNynvMcM4OtsKTn/wV+1/cHtcDvxycF0t1YKpE0tkh+yRAxKQU1Ijl6ROGoSTFzIiY/LmvXgj79Ubf7fOeNOZbfIrvPcvaF+WmA==</latexit><latexit sha1_base64="BPrScnoM4MuY6IMmxZwVMmWoiJ0=">AAACA3icZVBNSwMxEM36bf2qevRgsAgetOzail6EghfBSwWrgq0lm522odlkSWbFsvTor+lN6tGf4A/w35itPfgxEOblzUwm74WJFBZ9/9ObmZ2bX1hcWi6srK6tbxQ3t26tTg2HBtdSm/uQWZBCQQMFSrhPDLA4lHAX9i/y+t0TGCu0usFBAq2YdZXoCM7QUe3i7lW7ifCMWWR0MjyvlE8qTR5ppIH/mB1Vh+1iyS/7k6D/QTAFJTKNerv40Yw0T2NQyCWz9iHwE2xlzKDgEoaFZmohYbzPuvDgoGIx2FY2ETKk+46JaEcbdxTSCftzImOxjRn2Dl22gzjMM/biwy6o/OoeyKv29xLsnLUyoZIUQfHvHZ1UUtQ0N4RGwgBHOXCAcSPcNynvMcM4OtsKTn/wV+1/cHtcDvxycF0t1YKpE0tkh+yRAxKQU1Ijl6ROGoSTFzIiY/LmvXgj79Ubf7fOeNOZbfIrvPcvaF+WmA==</latexit><latexit sha1_base64="BPrScnoM4MuY6IMmxZwVMmWoiJ0=">AAACA3icZVBNSwMxEM36bf2qevRgsAgetOzail6EghfBSwWrgq0lm522odlkSWbFsvTor+lN6tGf4A/w35itPfgxEOblzUwm74WJFBZ9/9ObmZ2bX1hcWi6srK6tbxQ3t26tTg2HBtdSm/uQWZBCQQMFSrhPDLA4lHAX9i/y+t0TGCu0usFBAq2YdZXoCM7QUe3i7lW7ifCMWWR0MjyvlE8qTR5ppIH/mB1Vh+1iyS/7k6D/QTAFJTKNerv40Yw0T2NQyCWz9iHwE2xlzKDgEoaFZmohYbzPuvDgoGIx2FY2ETKk+46JaEcbdxTSCftzImOxjRn2Dl22gzjMM/biwy6o/OoeyKv29xLsnLUyoZIUQfHvHZ1UUtQ0N4RGwgBHOXCAcSPcNynvMcM4OtsKTn/wV+1/cHtcDvxycF0t1YKpE0tkh+yRAxKQU1Ijl6ROGoSTFzIiY/LmvXgj79Ubf7fOeNOZbfIrvPcvaF+WmA==</latexit>

What is the maximum load I can serve within 1.5 miles from the substation?

Kdrop · 7, 500 · d = 3 ) d = 1.13 miles
<latexit sha1_base64="PMVaTUy6/yyIP1hLTczk5XyMS/M="></latexit><latexit sha1_base64="PMVaTUy6/yyIP1hLTczk5XyMS/M="></latexit><latexit sha1_base64="PMVaTUy6/yyIP1hLTczk5XyMS/M="></latexit><latexit sha1_base64="PMVaTUy6/yyIP1hLTczk5XyMS/M="></latexit>

Kdrop · L · 1.5 = 3 ) L = 5, 668 kVA
<latexit sha1_base64="BAFl0nr3g+AbDj1ME7Pa6aysfn4="></latexit><latexit sha1_base64="BAFl0nr3g+AbDj1ME7Pa6aysfn4="></latexit><latexit sha1_base64="BAFl0nr3g+AbDj1ME7Pa6aysfn4="></latexit><latexit sha1_base64="BAFl0nr3g+AbDj1ME7Pa6aysfn4="></latexit>

<latexit sha1_base64="FC4DWA1sVO2UmSfc1y9NtKb6xeY="></latexit>

Kdrop =
Re(z · e�j✓)

V 2
LL

⇥ 105 [% voltage drop (LN)/mile/kVA]



Line segments in series
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• Voltage drops calculated through K factors apply additively

Example

�V01 =
|V0|� |V1|

VLN
% = Kdrop · (300 + 750 + 500) · 1.5 = 0.82

<latexit sha1_base64="2DgdGVVCoegf4eCeETLR/n2XeEY="></latexit><latexit sha1_base64="2DgdGVVCoegf4eCeETLR/n2XeEY="></latexit><latexit sha1_base64="2DgdGVVCoegf4eCeETLR/n2XeEY="></latexit><latexit sha1_base64="2DgdGVVCoegf4eCeETLR/n2XeEY="></latexit>

�V12 =
|V1|� |V2|

VLN
% = Kdrop · (750 + 500) · 0.75 = 0.33

<latexit sha1_base64="PZfrj8pPG1lDLsQGK7EzOkEKsvg="></latexit><latexit sha1_base64="PZfrj8pPG1lDLsQGK7EzOkEKsvg="></latexit><latexit sha1_base64="PZfrj8pPG1lDLsQGK7EzOkEKsvg="></latexit><latexit sha1_base64="PZfrj8pPG1lDLsQGK7EzOkEKsvg="></latexit>

�V2 = �V01 +�V12 = 1.15
<latexit sha1_base64="8FRND/Cbd2fC/aOmmJstXfBiIYE=">AAACEXicZVDbSgMxEM16t95WffQlWATBWjai6ItQ0AcfK9haaEvJptM2NJtdklmhLP0Kv6Zvoo/iB/g3ZtuCt4Ew55zJZHImTJS0GASf3sLi0vLK6tp6YWNza3vH392r2zg1AmoiVrFphNyCkhpqKFFBIzHAo1DBYzi8yeuPT2CsjPUDjhJoR7yvZU8Kjk7q+KetW1DIab2TnY2vv0nAxiffjLkaK7OLjl8MysE06H/A5qBI5lHt+B+tbizSCDQKxa1tsiDBdsYNSqFgXGilFhIuhrwPTQc1j8C2s6mtMT1ySpf2YuOORjpVf3ZkPLIRx0HJZTuKwjzjICr1QefUPZBX7e8h2LtqZ1InKYIWsxm9VFGMab4e2pUGBKqRA1wY6b5JxYAbLtAtseD8s79u/4P6WZkFZXZ/Xqyw+SbWyAE5JMeEkUtSIXekSmpEkGcyIa/kzXv2Jt6L9zq7uuDNe/bJr/DevwDhKZsB</latexit><latexit sha1_base64="8FRND/Cbd2fC/aOmmJstXfBiIYE=">AAACEXicZVDbSgMxEM16t95WffQlWATBWjai6ItQ0AcfK9haaEvJptM2NJtdklmhLP0Kv6Zvoo/iB/g3ZtuCt4Ew55zJZHImTJS0GASf3sLi0vLK6tp6YWNza3vH392r2zg1AmoiVrFphNyCkhpqKFFBIzHAo1DBYzi8yeuPT2CsjPUDjhJoR7yvZU8Kjk7q+KetW1DIab2TnY2vv0nAxiffjLkaK7OLjl8MysE06H/A5qBI5lHt+B+tbizSCDQKxa1tsiDBdsYNSqFgXGilFhIuhrwPTQc1j8C2s6mtMT1ySpf2YuOORjpVf3ZkPLIRx0HJZTuKwjzjICr1QefUPZBX7e8h2LtqZ1InKYIWsxm9VFGMab4e2pUGBKqRA1wY6b5JxYAbLtAtseD8s79u/4P6WZkFZXZ/Xqyw+SbWyAE5JMeEkUtSIXekSmpEkGcyIa/kzXv2Jt6L9zq7uuDNe/bJr/DevwDhKZsB</latexit><latexit sha1_base64="8FRND/Cbd2fC/aOmmJstXfBiIYE=">AAACEXicZVDbSgMxEM16t95WffQlWATBWjai6ItQ0AcfK9haaEvJptM2NJtdklmhLP0Kv6Zvoo/iB/g3ZtuCt4Ew55zJZHImTJS0GASf3sLi0vLK6tp6YWNza3vH392r2zg1AmoiVrFphNyCkhpqKFFBIzHAo1DBYzi8yeuPT2CsjPUDjhJoR7yvZU8Kjk7q+KetW1DIab2TnY2vv0nAxiffjLkaK7OLjl8MysE06H/A5qBI5lHt+B+tbizSCDQKxa1tsiDBdsYNSqFgXGilFhIuhrwPTQc1j8C2s6mtMT1ySpf2YuOORjpVf3ZkPLIRx0HJZTuKwjzjICr1QefUPZBX7e8h2LtqZ1InKYIWsxm9VFGMab4e2pUGBKqRA1wY6b5JxYAbLtAtseD8s79u/4P6WZkFZXZ/Xqyw+SbWyAE5JMeEkUtSIXekSmpEkGcyIa/kzXv2Jt6L9zq7uuDNe/bJr/DevwDhKZsB</latexit><latexit sha1_base64="8FRND/Cbd2fC/aOmmJstXfBiIYE=">AAACEXicZVDbSgMxEM16t95WffQlWATBWjai6ItQ0AcfK9haaEvJptM2NJtdklmhLP0Kv6Zvoo/iB/g3ZtuCt4Ew55zJZHImTJS0GASf3sLi0vLK6tp6YWNza3vH392r2zg1AmoiVrFphNyCkhpqKFFBIzHAo1DBYzi8yeuPT2CsjPUDjhJoR7yvZU8Kjk7q+KetW1DIab2TnY2vv0nAxiffjLkaK7OLjl8MysE06H/A5qBI5lHt+B+tbizSCDQKxa1tsiDBdsYNSqFgXGilFhIuhrwPTQc1j8C2s6mtMT1ySpf2YuOORjpVf3ZkPLIRx0HJZTuKwjzjICr1QefUPZBX7e8h2LtqZ1InKYIWsxm9VFGMab4e2pUGBKqRA1wY6b5JxYAbLtAtseD8s79u/4P6WZkFZXZ/Xqyw+SbWyAE5JMeEkUtSIXekSmpEkGcyIa/kzXv2Jt6L9zq7uuDNe/bJr/DevwDhKZsB</latexit>

[Kersting]



• Factors for approximately calculating voltage rise incurred by capacitors

Krise factor
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Example: For the previous line, find the Krise and the capacitor rating needed to fix a 
voltage drop of 3.5% to 2.5% located 1.5 miles away

Definition: Voltage rise relative to nominal phase voltage by 1 kVAR capacitor located 
1 mile away

Krise :=
�Vrise [%]

kVAR ·mile

Krise =
x

V 2
LL

⇥ 105

<latexit sha1_base64="i9GUzqnPWMVwePKh7Zj+nmd5AIc=">AAACFHicZVBNSwMxEM36WetX1aOXYBE8SNkVRS+C4EXQg4KtBbeWbDrbBrPZJZkVy7J/w1/jTepN7/4bs+0erB0I8/JmJpP3gkQKg67748zNLywuLVdWqqtr6xubta3tlolTzaHJYxnrdsAMSKGgiQIltBMNLAokPATPl0X94QW0EbG6x2ECnYj1lQgFZ2ipbs297voIr5hpYSA/90PNePaaZ62SvrnJn45yH0UEhnru00m3Vncb7jjoLPBKUCdl3HZrX34v5mkECrlkxjx6boKdjGkUXEJe9VMDCePPrA+PFipmN3WysbKc7lumR8NY26OQjtm/ExmLTMRwcGizGUZBkXEQHfZBFVf7QFE100swPOtkQiUpguKTHWEqKca0cIj2hAaOcmgB41rYb1I+YNYXtD5WrX7vv9pZ0DpqeG7DuzuuX3ilExWyS/bIAfHIKbkgV+SWNAknb+SdjMin8+a8Ox/OaNI655QzO2QqnO9fyLCfIQ==</latexit><latexit sha1_base64="i9GUzqnPWMVwePKh7Zj+nmd5AIc=">AAACFHicZVBNSwMxEM36WetX1aOXYBE8SNkVRS+C4EXQg4KtBbeWbDrbBrPZJZkVy7J/w1/jTepN7/4bs+0erB0I8/JmJpP3gkQKg67748zNLywuLVdWqqtr6xubta3tlolTzaHJYxnrdsAMSKGgiQIltBMNLAokPATPl0X94QW0EbG6x2ECnYj1lQgFZ2ipbs297voIr5hpYSA/90PNePaaZ62SvrnJn45yH0UEhnru00m3Vncb7jjoLPBKUCdl3HZrX34v5mkECrlkxjx6boKdjGkUXEJe9VMDCePPrA+PFipmN3WysbKc7lumR8NY26OQjtm/ExmLTMRwcGizGUZBkXEQHfZBFVf7QFE100swPOtkQiUpguKTHWEqKca0cIj2hAaOcmgB41rYb1I+YNYXtD5WrX7vv9pZ0DpqeG7DuzuuX3ilExWyS/bIAfHIKbkgV+SWNAknb+SdjMin8+a8Ox/OaNI655QzO2QqnO9fyLCfIQ==</latexit><latexit sha1_base64="i9GUzqnPWMVwePKh7Zj+nmd5AIc=">AAACFHicZVBNSwMxEM36WetX1aOXYBE8SNkVRS+C4EXQg4KtBbeWbDrbBrPZJZkVy7J/w1/jTepN7/4bs+0erB0I8/JmJpP3gkQKg67748zNLywuLVdWqqtr6xubta3tlolTzaHJYxnrdsAMSKGgiQIltBMNLAokPATPl0X94QW0EbG6x2ECnYj1lQgFZ2ipbs297voIr5hpYSA/90PNePaaZ62SvrnJn45yH0UEhnru00m3Vncb7jjoLPBKUCdl3HZrX34v5mkECrlkxjx6boKdjGkUXEJe9VMDCePPrA+PFipmN3WysbKc7lumR8NY26OQjtm/ExmLTMRwcGizGUZBkXEQHfZBFVf7QFE100swPOtkQiUpguKTHWEqKca0cIj2hAaOcmgB41rYb1I+YNYXtD5WrX7vv9pZ0DpqeG7DuzuuX3ilExWyS/bIAfHIKbkgV+SWNAknb+SdjMin8+a8Ox/OaNI655QzO2QqnO9fyLCfIQ==</latexit><latexit sha1_base64="i9GUzqnPWMVwePKh7Zj+nmd5AIc=">AAACFHicZVBNSwMxEM36WetX1aOXYBE8SNkVRS+C4EXQg4KtBbeWbDrbBrPZJZkVy7J/w1/jTepN7/4bs+0erB0I8/JmJpP3gkQKg67748zNLywuLVdWqqtr6xubta3tlolTzaHJYxnrdsAMSKGgiQIltBMNLAokPATPl0X94QW0EbG6x2ECnYj1lQgFZ2ipbs297voIr5hpYSA/90PNePaaZ62SvrnJn45yH0UEhnru00m3Vncb7jjoLPBKUCdl3HZrX34v5mkECrlkxjx6boKdjGkUXEJe9VMDCePPrA+PFipmN3WysbKc7lumR8NY26OQjtm/ExmLTMRwcGizGUZBkXEQHfZBFVf7QFE100swPOtkQiUpguKTHWEqKca0cIj2hAaOcmgB41rYb1I+YNYXtD5WrX7vv9pZ0DpqeG7DuzuuX3ilExWyS/bIAfHIKbkgV+SWNAknb+SdjMin8+a8Ox/OaNI655QzO2QqnO9fyLCfIQ==</latexit>

�Vrise ' |Re(ZIc)| = X|Ic|
<latexit sha1_base64="GdKHd02AnZTRxjenG7aq6fsfCNE="></latexit><latexit sha1_base64="GdKHd02AnZTRxjenG7aq6fsfCNE="></latexit><latexit sha1_base64="GdKHd02AnZTRxjenG7aq6fsfCNE="></latexit><latexit sha1_base64="GdKHd02AnZTRxjenG7aq6fsfCNE="></latexit>

Krise = 4.03 · 10�4
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Krise ·Qc · 1.5 = 1 ) Qc = 1, 653 kVAR
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Uniformly distributed discrete loads

10

• Analyze voltage drop at end of segment and total power losses

• N loads uniformly distributed over a line segment of length L

• Current loads drawing equal current

1 2 3 4 5

di di di di di di

dx dx dx dx dx
S

IT
n

l

N

L
[Kersting]



Uniformly distributed discrete loads (cont’d)

11

Voltage drop

�V = Re

⇢
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Uniformly distributed discrete loads (cont’d)

12

Can you replace all loads with two loads rather than one that agrees both in voltage 
drop and power losses?

[Kersting]



Loads uniformly distributed over areas

13

• Assume constant-current loads uniformly distributed over a geographic area

• Wanted: Find voltage drop at the end of the primary and total power losses

• Given
§ load density D [kVA/mile2]
§ area shape and dimensions
§ geographical area A [mile2]
§ load PF (assumed constant)
§ per-mile impedance of main line
§ nominal voltage VLL

• A primary distribution line runs across and serves the area

• Total current at the substation entering the primary

<latexit sha1_base64="llsOMr7FZYhIElh2uVjiRU4wHXg="></latexit>
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Rectangular area
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Voltage drop

Power losses

�V = Re

⇢
1

2
ZI

�

P` = 3

✓
1

3
R|I|2

◆

Example: Find power losses and choose voltage level between 4.16 and 12.47 kV for 
rectangular area with

` = 10, 000 ft; w = 6, 000 ft; D = 2500 kVA/mile2; PF = 0.9; z = 0.306 + j0.627 ⌦/mile

1 mile = 5280 feet

• Compare to uniformly distributed loads [Kersting]



Triangular area
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Voltage drop

Power losses

Example: Find voltage drop in triangular area and placement of a 1,800 kVAR
capacitor to bring voltage within 3%

�V = Re

⇢
2

3
ZI

�

P` = 3

✓
8

15
R|I|2

◆

• K factors can be combined with formulas derived from distributed loads

` = 15, 000 ft; w = 6, 000 ft; D = 3500 kVA/mile2; PF = 0.9

Kdrop = 0.00035291
�V [%]

kVA ·mile
; Krise = 0.00040331

�V [%]

kVAR ·mile

• Load increases as moving away from substation

[Kersting]



Why rectangular and triangle areas?
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[Kersting]



Trapezoidal area
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�V = Re {ZI} w1 + 2w2

3(w1 + w2)
Voltage drop

Power losses P` = 3R|I|2 8w
2
2 + 9w1w2 + 3w2

1

15(w1 + w2)2

• Square area as special case

• Triangular area as special case w1 = 0; w2 = w

w1 = w2 = w

[Kersting]



Area coverage principle
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• For the same line, geometry, and power factor

depends on geometry (square, triangle, trapezoid)

�V = � · Re {ZI} ) �V

VLN
= Re

⇢
�z`S⇤

V 2
LL

�
= Re

⇢
�z`DAe�j✓

V 2
LL

�
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• Assume constant load density D

• For the same % voltage drop, service area can change as

`0 = ↵`
w0 = ↵w

�
) A0 = ↵2A where ↵ =

✓
V 0
LN

VLN

◆2/3
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�V = 3%, VLN = 1

` = 2, w = 0.5, A = 1
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�V = 3%, VLN = 2

` = 3.17, w = 0.79, A = 2.52
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↵ = 22/3 = 1.587

↵2 = 24/3 = 2.52
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Summary
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• Approximated voltage drop as 

• Replaced uniformly distributed loads with discrete loads to match 
losses and/or voltage drop

• Introduced Kdrop/Krise for fast calculations of voltage drops

• Derived formulas for voltage drop and power losses for basic area shapes

• Aforementioned tools are useful for planning/design purposes 
– sizing transformers and capacitors
– deciding voltage levels
– assigning customers to feeders
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