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The feeders parallel to a sag sensitive
customer’s feeder should be
considered:

• to limit the number and length
of adjacent feeders (small
substations)

• to have electrically as weak
adjacent feeders as possible

• to prefer feeder branches far
from PCC rather than close to it
(feeder mass accumulates
downstream and thus causes
less problems at PCC)

U, ZS ZT ZL ZF

Usag





6DJ�PDJQLWXGH�DV�D�IXQFWLRQ�RI�
WKH�IDXOW�GLVWDQFH�IURP�3&&

0

10

20

30

40

50

60

70

80

90

100

0 5 10 15 20

'LVWDQFH�EHWZHHQ�IDXOW�DQG�3&&�>NP@

6
DJ
�P
D
J
Q
LW
X
G
H�
>�
@

rural urban



&XPXODWLYH�VDJ�IUHTXHQF\�DV�D
IXQFWLRQ�RI�VDJ�PDJQLWXGH

rural

urban

1.0 1.8 2.5 3.5 5.1
7.8

12.2

21.5

44.9

0
5

10
15
20
25
30
35
40
45
50

<50% <55% <60% <65% <70% <75% <80% <85% <90%

Sag magnitude [%]

C
u

m
u

la
tiv

e
 n

u
m

b
er

 o
f 

sa
g

s

3.8 3.8 3.8 3.8 3.8 3.8
4.7

7.9 7.9

0

2

4

6

8

10

<50% <55% <60% <65% <70% <75% <80% <85% <90%

Sag magnitude [%]

C
u

m
u

la
tiv

e
 n

u
m

b
er

 o
f s

ag
s



> 90 % of UN

> 80 %
> 70 %
> 60 %
> 50 %
> 40 %
> 30 %
> 20 %
> 10 %
> 0 %
= 0 %

SAGGED VOLTAGES IN 20 KV DISTRIBUTION NETWORK
(3-PHASE FAULT, RF = 3 )

Faulted node

110/20 kV substation

Adjacent Feeders

• Remaining voltage at
fault position: 11,8 %
• Fault current 911 A
• Remaining voltage at
substation busbar and
adjacent feeders 80,7 %
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AREA OF VULNERABILITY
(3-PHASE FAULT, RF = 0 )

Sag sensitive customer

110/20 kV substation

• Represents voltages at the
sag sensitive customer’s
terminals while a zero ohm
3-phase fault is applied to
each node, one at a time
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