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An Analysis on Algorithm of CADPAD Program and Development of KEPCO Version
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Korea Electric Power Research Institute

Abstract - CADPAD program has been used as
a distribution planning teol in KEPCO since
1989. In recent we've been upgraded the 1/O
modules. Now we analyze the key algorithm of
FEEDERSITE module. The objective function is
represented by the sum of the multiples of
power flow and cost. To minimize the objective
function, it is used to Linear Programming
algorithm. We will show this algorithm in this
paper,
1. M
A FA A e 19899 MAAY 8 dF9d &
39 HFEAE 718l7] flsled CADPAD A4t #7]%
E =YY o B¢ AL 343 M= g
o AAVA A&EHeR /O REY NS A
gk, 28y CADPAD AlA®lel d4 Z2adg &
Aato] MAAMTIA Fae dFYF DaAst wdA
& FYPste Aol THsdn wagdes el o
4 R &9 FEEDERSITEY €uz%< #4349

=

FEEDERSITES Zga3e A doly gyry
dole] AHFE, Linear Program FHE FASE
H¥ Linear Programing®] €& H#s 2§ As
AHARE, 29 283 Ho2 FA4do gt

A gl A e FRAR Foidn,
A, AR & Belgd Hasltste Wyos vEe
29 ZHold wHsy, A, AYReE Hislse
Hog Mo oduldsd] widsis, Ax, A 9
A& T =g UES FAee Yoz drde
A2z gj3le] F U]l fo] AMHW wAAY &
Hofl mat HAE-g dugozy EARLr g
AA @} T WEE B =FdA 2istan @9
ARo] xS YRS Pg 2}

-

Gl

rpr oy

2.2 B

2.1 Feeder Network HZzlod

feeder YIEHZ = AH 2 AlEHE e A
Zol #T dolel 9t 2 feeder segment?l ol 13
2 segmentd] FAH g% 23} dolHy ojFojA
o, oldl & feeder’t A TAFAA AQAH AR o
e HE& feeder WolElo] WA ET, WAL doly
74 2 A4 ¥k £%9 dX2 FAHE 9d
A9 8% 7|4 B AdHe F ¥y Ha9 F
L34 2 Jehd},

2.1.1 Network =% 24
WHAZRE 77 23} AHo] HAe) u8oE AY

TFE A% EAE GE 22 ¥de REY S

£
39 gl

Minimize I;EIAX,,C,, 40
o,

@,XF kegmxﬁ a;—b; forall jeN (2

=X, sU, for all jeA (3)
o 7] A, )
A ! nodeE Hddle BE feeder segmentd FE

N BE Ry E& busd I¥

Xk © feeder segment k9 #3} (kVA)

Cr © segment k3 ofg} HE & H%de v &

U © segment kof A4 5 & Hol A& (kVA)

IN; © bus j2 H8& EUl& feeder segments HE

QUT; : bus j2HE A& JHUl& feeder
segment ¥

a;j - bus j8 EFEY

b; © bus jolAlg ¥a1%

2.1.2 H=s po] My

Network ZFEEo st HAHEGL {4z}
5o W En 2 A A g2 BEe] e
stk AR, 2318 (load moment) & HidHstaz
A feeder segments] Zoldl HATT}, F ¥HA, 3
p7ate) g Higstna g feeder segments)
Aol wA g A WA F ¥LE Hagsr] A
e ohg 4 (4)3 Fo] TAkElE

CP= FK+10 " °DRP* @)
oA,
: feeder EF HE U¥HkmT FAUE
cHeAY B Bk AEHE
: RIEE gL A nAvlgez giElr] ¥ A
Ay Eyug
! feeder FF BE Ag
AQrid WALe A4 2 £FEHR vjfo] Fixd
WA A Ze] AA ¥ 8ol ALtdrt
wekd A 7tz BAESE 4z Of9 gol ¥dd

IRTIVQR

o}
Minimize égAX o Distance), for F-8H& (5)
Minimize fSAX { Resistance), for A3t (6)
Minimize éAXk( Cost) for Fv & N
CADPADS WiAA Y processold e HHx {40
F9E o2 HA9 feeder segment®] FHS HAH$

7t A sia 2 ot FREEe] AMEn

-1419-



2.2 AR B BE2F
CADPAD Z23e] WdAY 25U FEEDER-
SITEY] A& FES$-& o3 29

START

[ Read & Check Input Data |
{ Setup Linear Programming ]
[ Optimize Linear Programming |
L Non-Radial Solution ? ]
| Voltage Drop and Tappering ]
[ Result_Calculations |
L Display Results |
END

2.2.1 Read & Check Input Data

FEEDERSITEREY A WA ZaA2dMe 1/0
Z2ade2RE gdLd 22 HolgE YojEola 3
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E. 1 Input Data

- Power Factor

- Optimization Option

~ Percent Voltage Drop Limit
-~ Percent Load Ratio

Control Parameter

~ Capagity
Feeder Type - Resistance & Reactance
i ) - Capital Cost
- Coordinate’ & Demand Year
~ Loads(kW, KVAR)
. - Type Number
Feeder Segment - Phase
- Length
- Coordinates & Built Year
~ Voltage
- MVA Rating
- Capital Cost
- Capital Cost
~ Voltage Rise

Bus

Substation

Regulator Type

2 2 Naprtks g

Feeder Types

Bus Locations & Loads
Feeder Segments
Substations

Regulator Types

100 types
7,000 buses

14,000 segments
100 substations
100 Types

2.2.2 Setup LP
Setup LP $2oiMe Ug¥ wlojg s A48 =
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Setup LP

[ Setup arcs for the stations f

Setup the artificial arcs to serve each node j

l

[ Setup arc to carry system load J

{ Calculate cost for optimization option J

Return & END

2.2.3 Optimize LP
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Optimize LP

Check all LP arrays for correctness
- Locete arc data
-~ Check distance array
- Check duals
— Check for multiple arcs

Find an incoming ARC
{If there is no arc to come in ~ the solution is optimal)
~ Opening pivot selection
- Scan candidate fist of good arcs first
- (Generate a new candidate queue of good arcs
- Save the best arc so far

Find outgoing ARC and delete it
~ i the incoming arc was UB then the flow
change s really in the direction from NOJ to NDI
- Step back aiong J path
or, Step back on both paths
~ Incoming arc goes to opposite bound, still
non-basic
-~ Outgoing arc goes to LB
or, Quigoing arc goes to UB -> Flag it.

Change flows around cycle
(Skip if degenerate pivot)

Update tree unless incoming arc is also
cutgoing arc

~- Step up to the next node on the pivot stem

- Undate left successors of node NR

- Update right successors of node NR

- Update node on pivot stem

{node LR was node NR}
~ Connect IPORD of sub~tree back tc main tree
~ Cut IPORD of main tree from sub-tree

Take the network linear problem soiution and
setup flows in each feeder segment based on the
LP result
- Setup flow from basic arcs
~ Skip zero flow segment
- Skip station arcs
- Swap segment nodes so that they agree with
the optimum flow direction
~ Setup an atificial segment to the fictitious
station
- Accumulate foad to the fictitious station
- Setup flow from non—basic UB arcs
~ Betup the station loads
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Develops the sequence of segments as if one
was walking away from the substations and down
each feeder
- Flag segment that carries the bulk of load to
each node
- Flag primary feed segments by negating LORDR
but skip over any segments feeding a
substation node
—- Skip over any segments that do not have any
feeder load
~ Save the number of segments feed from this
node
- Reorder LORDR into groups of segments
pointing to successors
- first save non-primary feed segments
- (now save primary feed segments)
~ now save segments in preorder sequence
- Skip over station that did not pick up load
- will return to this node (ND) later save in stack
- Continue down the feeder since this is a
primary feed segment
- Back-track to last node in stack no more
successors to ND

Return & END

2.2.4 Non-radial Solution
o] 2€le pnon-radial solution?2 A% limiting
segment® A AT L 2ZH radial solutione® ZF3H3

2.2.5 Voltage Drop & Tappering
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[ Compute the voitage drops at each node I

Take the LP solution and determine necessary
reconductoring to resolve low-voltage problems
( Uses a dynamic programming approach )
- Determine if there is any low voltage problem
- End a tree, go through voltage tappering if
there is any low voltage
- Define the feeder for the voltage tappering
algorithm
- Perform VT algorithm.
- Calculate F(S) and A
- Calculate necessary re-conductoring and new
VDs
~ Reconductoring not adequate. Display warning
message
- Recalculate voltage drop of the buses omitted
at feeder end for the VT algorithm
~ Start a new tree
- Do the last segment
~ Recalculate the voltage drop of the substation

2.2 .6 Result Calculations & Display
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