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Abstract

This dissertation examines the issues of upgrading distribution feeders
from radial to nominally closed loop arrangements. Four types of normally
closed loop arrangement will possibly be formed by tying two existing
radial feeders at their ends normally. First, two radial feeders fed by a
substation transformer to form a typical normally closed loop named as
Type I; second, two radial feeders fed by two different substation
transformers located at the same distribution substation to form a cross-
transformer-type normally closed loop. The latter type is further divided
into two subtypes based on whether the tie breaker of the secondary buses
of the two transformers is normally closed or open, the tie breaker is
normally open named as Type I1.1, and the tie breaker is normally closed
named as Type 11.2; third, two radial feeders are fed by two different
transformers located in different substations to form an interconnection-
type normally closed loop name as Type I1l. Because of the difference in
these four types of feeder arrangements, the factors affected the upgrading
of distribution feeder and the required supporting measures are quite
different. Besides, the operating characteristics, the mode of operations, the
feasibility, and the reliability are divergent naturally. Accordingly, it is
worthy of further study.

First of all, four possible feeder arrangements for forming a normally
closed loop upgrading from existing radial feeders are proposed, and then
the factors that may predominately affect the distribution feeder upgrading
are discussed theoretically. Next, the variations of short-circuit capacities
along a feeder before and after the distribution feeder upgraded under
different parameters and types were evaluated via the derivation of the
short-circuit capacities formulas. And the power flows, voltage drops, and

loading variations of the substation transformers and the feeders were also



discussed before and after the distribution feeder upgraded, as well as the
abnormal operations after the distribution feeder upgraded. Additionally,
the resistive line loss formulas were derived to analyze the impacts on line
loss due to the changing of the structure of distribution feeders; and further,
the feasible closed loop feeder arrangements with load transfer, the
corresponding operating modes, and the maximum loadings as well as
utilization factors of the substation transformers and feeders under normal
operation condition were explored here. Finally, to sum up the impacts of
distribution feeders upgrading, the required supporting measures have been
drawn up. The outcomes are of value to the distribution engineers while
planning to upgrade the distribution feeder, and operating and maintaining

the closed loop type of feeder arrangement.
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Fraiom = B{i“i # Al Ri} (5-17)
i=1

F#ZLoss_ {Z‘I —Al,

PUPE s R AlAR AR T {0 2 MELE P F A G

} (5-18)

I::‘Lloss = I:)F #1,Loss + I::.F #2,L0ss + I:)TL,Loss (5'19)
7(5-19)¢ > T,_,_ossf':h W A R AR AT A 2 I45$:31E% e
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7 (5-20) %7 7%
2
F2I'L,Loss :3"A|mn‘
r] Loy “7‘_@3]: ‘]’ﬁzb”‘i’

Ry ®

i—é

AI:’Loss = I:’I_‘oss - I:)Loss =Re i

Hd

» Re{.} # & Pode it p 47 e § it A (real part) -

}}w\m \ Rioop

FAP B EATAFMT G B
7 i RN
= 7 ﬂbmfg”ﬁéi\‘

T ATICE

(5-21)

—Re{GAI {ZI ‘R - Jznllj

£(5-22)¢ >

AP,

Loss

EE

Type 11.2 3] f& BARR(S L

2 ¥
fE PlArRBEFAIFAERL . GRZFT
P AT

F#L &4 f i FH2 A f 44 ¢

b 3t FH2 B ReT

1. TAF AJeE oGNP

'&\; TF):»‘E/L: I'+ l:L

pins q.é p%’ﬁmm/n 7R R ) ‘f»pt » g {H }\(5 22)"} Z|

v

oss ™

BAFAP EE BN E S F o d N(522)0E B
Bt S % 7 AP 5 f -
AP R R s L

F#1 4%

%ﬁh?ﬁﬁﬂ

-

I

x) o
n

DIL-RFEELE 22

i=1
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3. F#l 2 F#2 & &5 rF i 2sodple @ ot 5 B Hrkenibin o &
iﬁ%$ﬁ@’ﬁ%ﬁﬁ§ﬁwk’@%@WMé?’fﬁ

AP,

Loss "‘” ‘s

Loss SO 7 %77 T AR 18 MUBL ST # A A R
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o1
DS
H
=
g
C"
W
54
sl
=7
i
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RFREAEDTERE R LIRS ELHEN) FRAG F T

%ﬁ%%,ﬁﬁﬁﬁﬁaﬁgﬁ\—&ﬁauawﬁﬁ%ﬁéléﬁ

U2 AR ME LT 5 R ﬁ"ﬁi\‘m}’p K50 T b AR E R ERK R R R
G T PRI ARE R RCE 2 R R AR
TR o F|P > L EREER AR LR N AR

Y N C =+ i & S 4 SR e Th R ok
e A TR PR AR AT RE ST RT AR

Fm o Tin A B S BoR R AAUER TR E MO R L 3%
PR BREFER TN AZE 300 A hiE 2T 0 K AeR) 55
T2 g bl kSR & B TSl 2 BRCERA TR B0 d SRR L B
ARBWRPRBEF A LT Fe 17l G p 2T 7485
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D
S

0 Busbar

F#2

Tie Line

B 5-5 4 6 ¢ S H 5]

LR DA B deTE

Case#l : = 38 ¢ % 3B M 7)== ¥ FPIREFT) > - 3 4
GAF#HL 2 F#2 ¢ R £ F 2138 2 AR s u 5 3216
kVA/km % 5917 kVA/km -

Case#2 : = M F x bt A4 T 23 = § PIREFT) > = 3 4R
BOFHL 2 FH2 ¢ RSTRRTECLHIAM M 2 f %A A WS 0361
kVA/Kkm % 0.715 KVA/Km -

Case#f3 : — 4% % 2 — ¥ ¢ T3Sy A MT @)= ¥ FREFT)
o 3RER L2 R 2 B EFEZ LRGSR 2 f P
2R A B s 0.361 KVA/Km 2 5.917 KVA/Km -

R I R O B el B o
(Load Pattern)x 7 4pfe » $3 & f a8 & L Gz &4 f 44 &

(Load Curve)”™= % fp e » F]p & i 3 @AM * © e § 24 7 5 7 &
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AIEIRGRIFELE DAL RFL - 0 Z R AL F - RS

st = Ak § 4 5w (condition) ¢ 5 on 4T

Condition | : F#1 r 2 FH2 & RID Rt 04 f U o
Condition Il : F#1 12 2 FH#2 & 35/t g § i\ e
Condition Il * F#L & s (fds 4 ) e dpd § 5w @ FH2 4

S E 04 )R B
AR B2 R

MR IR B R THOR R BT S AR R

P Z ARG ESTT ) &P TR

BT £ A

M OHE fJUEIRTT 0 Z BRARALT AT IS MU A 2 I ARA
Z 5-1 WA 47 % )P
an i Case#1A/B Case#2A/B Case#3A/B
L, 1.6 km 8.1 km 8.1km
S, 1333 kW 762 kW 762 kW
+j826 kvar +j472 kvar +j472 kvar
F#1 S 753 kW 430 kW 430 kW
- +j467 kvar +j267 kvar +j267 kvar
Sis ?282 kW 1_304 kW 1_304 kW
+)1414 kvar +)808 kvar +j808 kvar
Tie Line | Ly 0.457 km 0.457 km 0.457 km
L, 2.1 km 9.6 km 2.1 km
5.6 -1827 kwW 1_168 kwW -1827 kw
+j1132 kvar +j724 kvar +j1132 kvar
F#2 S 4701 kw 2671 kW 4701 kW
= +j2914 kvar +j1655 kvar +j2914 kvar
3544 kW 2013 kW 3544 kW
Sia . : .
+J296 kvar +J1247 kvar +j296 kvar
LR ART DRI AT SR B AT ARITRE A
PR AR
2. 4P| A M2 B 05 B PR AR PR S
gz 20% -
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5.4.2 HER % A 17 2 8 3
Case#tl * = 7 @4 5 3 # F £ /I 43

S FEBEERIE R R AP R AR AR R AR T d RS
Sdod 52 G o TS 0 RSB EAMRL DRGSR ;vmr;i
FHL A f g2 FH2 5ids > WA R 3 nF* 8 4> A= fa 4
o o r4 Condition 11 s iR B4 0 F B~ F (R 2 BB

AR REF A HE R 0.1445% ; 2 = 5 Condition | > % "% i<

0.0252% ; &Tﬁi %= Condition Il » % < 0.0136%; * &R 3 g%

Z A A (Plss) » 222 > Condition I 2 & vk 7 5 B~ > B RELF #
FAF 4 K% 39%  # % 4 Condition 11> %% i€ 20% ; A S 3
Condition | » §* 8 & 17% > P 2% 7 F RS B8 R2 70

»]/)l w3
Jedp A d L LAPRE -

Case#2 - =~ T i@ GR;F BT RF XTI ER
Case#2 sificf E & 4rd 5-3 #7177 » o 302 3 AR AIDE I F W

PR RAAS  FIRE  REREGRL TR 8 Case#l 4p
F’?iﬁﬁﬁ%@¢°&£ﬁﬁ§%ﬁT’%”ﬁ”ﬁ$mﬁﬂﬂ

5 % 5 mou Condition HI s hg & B % > ARELF # F 44 %

M 0.12% ; ﬁx@% = Condition Il » %" < 0.0241%; * &= R 3 @+
=

0.3351% » T ' tgk 5 = BRI Y A+ ; #=0 5 Condition | > %
2 4

I A (P ) & A2 > Condition I :z 3 tg & 7 5 8% - H ML
FIE A XrF 1 39% ; Condition |22 11> 5 5% K 16% - ¢+ — #H% %
?u?u%”ﬁ ‘(R 2 Rh) & &3 > 2 530 Case#l 2 4p 3t B 1+

o BTN EHEAREERARE > TP RpRIE RN TR
BEARVL S RAR R T R AR 0 L MR H S AL g
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Case#f3 - = T @GR EHFFEZ TR YT ER
;ﬁg?a REch2 g4 F » F 7 A A B e A e AT i

Case#3 = #* i firggpt — fw » H E % 4ok 5-4 4977

@*:j@%ﬁﬁ%%%ﬁf%&ﬁ$ﬁ§%§1ﬁ’ﬂﬁf@@’

# Condition I 2 Condition Il /=™ » jRE: R M2 T 0+ ] B3%

._‘1
~D‘
=k
‘F‘%
%T

b E 3AZ 1A’g%@ﬁﬂ%?ﬁ:%§_?§fﬂl’iﬁ}ﬁz'ﬂé F#1 48

ERRE fsged %ﬁg;@rwmm FH2 4% 50 > T
TRTEART AR ERABFAIFLHI AR T
A Condition Il $=mT™ > d 3t § ;\‘.f@_g’_ﬂ‘ Bk o MRS T R T T g
AAELFHRE TR S LG e B A
(Pn % Pn) s A5 “ﬁ(WM%o“ﬁﬁﬁ%{‘Lﬁ@yg X gee

FAF ARG (T LA BEE o

ﬁ@ﬁ@ii&%%aﬁi”w;m’mﬁ,ﬁ%mg;
Frim 2 MELF # AL LA B U@,J)\;é LA, HY

BERACR 56 vrom st F RIS WA FFA AL PHAFE
Wi i % Ao B 5-7 froT )I*fg‘%‘ﬂ“'lﬁhm’:; s LARER E OB SR 2 A% AR
ML AR BE 0 AR PRIk G o FEL S HERA AT

&

TRGAF PRREEHEE MRMRIFAPEZE S - BEET AR

WHAFRT FA S F FIREET P AL TS FHAL



SIGERDEFELIRTIR S FAARNZREERALT
SoRIT AR FRELS R L
AT G L ABLIE AR (B 5 R PAE o
AR SR PRE LA L BE VAR A DL
MARELIE A 0 A H AR AR RSP o Fp > F RV EERT S F
e 0 M T M SRR R A T
G A N BRI S A A AT R s PR
HMis o F A3 RAARD FTIRNBEFH FA MG RREZFT P
B

fed AR s s Type |l 2 Type 1.2 5 fE48 3 7] AL $H5Rpedf 4 7 & # ¢

7

L g g s ARa o 3 Type Il 2 Type I Bl FARERa %o

‘ Condition | O Condition 11 Condition 111 ‘

Condition 111
Condition 11
Condition |

Case#l (ase#2 Case#3

B15-6 = fh.% i o= 48 f O T $ SABL H FAE A 208 0 R
F 5 A

Condition 111
Condltlon 1

BIS-7T=f%b| =4 éggk TR MR A 2k v R— U R T i
WA L AR
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% 5-2 Case#l #i#. % %

e
Condition | Condition Il Condition 111
i 4

Pr 41 Loss 5.8 kW 0.3 kW 0.3 kW
e 41 kW 1.7 kW 41 kW
Case#1A = 46.8 kW 2 kW 41.3 kW
P 16392 kW 2931 kW 11107 kW
(PLoss /P ) x100% 0.2855% 0.0682% 0.3718%
P Loss 17.3 kW 0.7 kW 8.8 kW
P2 toss 20.7 kW 0.9 kW 14.7 KW
Py s +0.9 kW +0 kW +1.8 kW

Case#1B
P o 38.9 kW 1.6 KW 25.3 KW
P 14605 kW 2931 kW 11133 kW
(Pl /Pn ) x100% 0.2603% 0.0546% 0.2273%
AP 1o = PF'#l,Loss = Pr i1 Loss +11.5 kKW +0.4 kW +8.5 KW
AP 45 10ss = PI;#2,Loss —Pr i Loss -20.3 kW -0.8 kW -26.3 kW
AI:)Loss = PI_'oss - I:)Loss -7.9 kW -0.4 kKW -16 kW
(AP, /PLoss ) x100% -17% -20% -39%
[(Pos/Pr)~(Pos /P) |%100% | 0.025206 | -0.0136% | -0.1445%
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% 5-3 Case#2 it & %

R
Condition | Condition |1 Condition 111
4

P s 8 kW 0.3 kW 0.3 kW
P2 Lo 52.9 kW 2.2 KW 52.9 kW
Case#1A PLoss 60.9 kW 2.5 kw 53.2 kW
P, 8246 kW 1665 kW 6262 kW
( PLoss/Pin ) x100% 0.7385% 0.1502% 0.8496%
PF'#LLOSS 23.8 kW 1 kwW 13.2 kW
PF'#Z,Loss 271 kW 11 kW 187 kW
Pri Loss +0.2 kW +0 kKW +0.5 kW

Case#1B
Ploss 51.1 kW 2.1 kW 32.4 KW
P 8262 kW 1666 kW 6297 KW
(Plws/P) x100% 0.6185% 0.1261% 0.5145%
AP 41 Loss = PF;#l,Loss = PriLoss +15.8 kW +0.7 kW +12.9 KW
AF)F#Z,Loss = PF;#Z,Loss - PF#Z,Loss -258 kW -11 kW ‘342 kW
APLoss = I:)L'oss - IDLoss -9.8 kW -0.4 kW -20.8 kW
(AP, / Poss ) x100% -16% -16% -39%
[(PL'OSS /P )= (P./ Pm)}xloowo -0.12% -0.0241% -0.3351%
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7 5-4 Case#3 .2 %

T
Condition | Condition Il Condition |11
4

PF#LLOSS 11.1 kw 0.5 kW 0.5 kW
PF#Z,LOSS 41 kW 1.7 kW 41 kKW
Case#1A P s 52.1 kW 2.2 kW 41.5 kW
P, 13051 kW 2624 kW 10800 kW
( P s / P, ) x100% 0.3992% 0.0838% 0.3843%
P Loss 10.1 kw 0.4 KW 6.2 KW
P2 toss 42 KW 1.8 KW 30.7 kw
Pri.Loss +0 KW +0 kW +0.2 kW

Case#1B
P 52.1 kW 2.2 kW 37.1 kW
Pi'n 13051 kW 2624 kW 10807 kW
(Ploss/ P ) x100% 0.3992% 0.0838% 0.3433%
APF#l,Loss = PF'#l,Loss - PF#l,Loss -1 kW -0.1 kW +5.7 kW
APF#Z,Loss = PI;#2,Loss - PF#Z,Loss +1 kW +0.1 kW -10.3 kW
AI:)Loss = PL'oss - I:)Loss 0 kw 0 kw -4.4 KW
(AP, / Poss ) x100% 0% 0% -11%
[(Flass/ Py ) = (P /Pr) | x100% 0% 0% 10.041%
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6.3.1 ,& 3

e S S~ NN BERAY: B - ST
e - ¥ o2 - B T - e % T
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~ o
He #.,m«cl = | 1 A BN ,me o 3« o
2l Boof % X OE 0§ 0 o e
1 T . T R
A O VT D R S S
i I T B T Y R N o
o 3 ﬁ %m.,r S BTN m. Mm,w = ,ﬂ.,_»,. - Bm d
5= g B =< FCIE N S = S f% N ,mm i
mM\ /Bﬁmr /M"mr b i = .«1% g it M/u ﬂ 1 W Loop D2
# wow ..mw B o R R a2 O s =l
Xu [y [y “TN ,m\mm\ mm.ﬁr “.,,.N el e um. ﬂ..l + i Loop D1
e o R T B S A+ Sy N R W
e T S AV - G}
g o ow ool s el e # g
¥ o O SO W oW gl o = om T
S L 200 Al W s om B o 2
R - T N T i 2
e | o Y B L ae e B2 W= -
o o WO oy e e om o oA e
A S R CRE - TS SO - B S S
% ow o E O 0T M O oW o4
By L OB A 2, 8 o g H= o
S N S -~ PN BN VU PR .
ol X t2 W WY m R B oW o B)
e 50N W % A e oem< @ A e @ T
v % ©ogk o e W R ow R
B & = o8 o om T oA 2 % o

W 6-14£ 4] Type | % B Phbs T i % -
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EEPELBF P ROR BN RS A - BRT AL RRE
Flec B TP 7 4oyt o

uq@ doo
ur doo

———— —
—

B 6-3 & 3 Type | % B 7R 3 i 28 4=

2 6-1> H¥Y 2 RRBREZGRTAFE Uf (RO VRN S AR
b AENFTHFRE R ARLBREL BRDARLPE o A B
= ﬁ;é_f‘,-i Al Type | & B IRER & .?fuf;,.\ff{&c* P IZEHE S T FRE 0 A
ERFIGVAAPE R - @G MO ERZ o A F o aiE e

3 161/22.8 kV 2. A~ B g
%?%%aﬁ’ﬁ—%?%?uﬁQ%%$QWéﬁaﬁﬁ%%ii
B Rl AR EEY B Rz iR F 7 U M (Air Break Switch,
ABS) ¥ B i % > B RyR A BARE - S F - S0 HRE S L3
EFFREAR T FH LS AL 0 H - S FREAGARA
£ pldet 2 kEL‘Loop ALY > ¥ E - TR R 22.8/0.22 KV 2 e 2R E
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Loop D2
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d B 7-1 VAo A e 2 RIFIT A G T @R by &
HIAFBES )P YR EE R Pt AR LFL T E S
W LA O RFERTLN P LIEPRRE I LTS L
Bivadd s Fpt > FELE - PR LG i‘ﬁi&#%‘ﬁé%égﬁ’
MR ERLE S PV R AZERL2FT 5 Ra o E R TS
eI rf P ARBEIARTEHH IRT LIFRH R
Ho P v@EINRLGEEDEE «c A2 ST AP FPRRE L ATH
ZH#54 2 ZH#S5 ¥ PHREAGR > N2 Pt RFP(EHFF T2 5 ¥

fri SRR BH2 v SUH#E3 2 SUHBA % BFIRELAR AR 5 en i S )

FHpE A L E e PR EERE R E

Focf 0 ERAHINTD)I (T Tk p o
Eop o R E M EE G L B AP B Fog PN
Bhiday’ 5 PR PFE A Hc B] 72 T L AEE - BRT AR
P2 BuApE R B LB ARRE T A B R ASB 2 Cip
£ R f o a = ApRE L E[65]

day \/ Z( hour[h]z) (7_1)

Quey = \/ o4 hZ;,(Qhour[h] ) (7-2)

1 day )
month day day [d ] ) (7'3)

d=1

month \/di 3 (Qday [d ]2 ) (7'4)
ay o=

1

m=1

annual \/1 3 ( month[m] ) (7'5)
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Qannual \/ Z(Qmonth[ ] ) (7'6)
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( B4 )

Y
m=1;mii&? i»
d=1;di % % #
h=1; hit % /| p¥

A 4

3R BRT B R P B g

Paay (@)=, |5 > (R [N]°) 5 Quy () = zZ(Qhou,[h] )
h=1

PR BT B R4 Y ] ?\. :

Pmomh (m) \/ z( day [d]z) * Quomn (M) = _Z(Qday[ ] )

PR BRT kB ugpE S on g

I:,annual \/ z (Pmonth [m] ) annual \/ Z (Qmonth [m] )

v
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@72»1.3 u[;;v:vx;}g_&:{ Ié?‘ 4% 1)

BEREEpT R EEp O FL o R P B FHALA
ML X ERRBEARNE AR ML P A R ESR
BAE A A S BN T ey RIBAPE o d N E
FOTRE SR TR RN Y - VR ¥ PR T

TR HAAG T M f i I ARA R B REAR A [66] 0 4
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i=1
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TLE P = Priioss T Pljoss (7-11)

TLP A = Priioss T Pljoss (7-12)
TL,, =TLE® +TL2 A (7-13)
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AEII B BRI RE A AR S > B T-5 TR oA RfEiT
T T TR LB ks B 2 TR b R
BEdded 7-34757% » &2 Send $onf PNl A T4 0k
Fobl kB n b I R AT A A 0 3 F Loop AT R E & d
Loop Bif 2 sELdf 4 > 4ok 7-5 #7F ; Ap i > Loop BF) % R E &
d Loop A B2 MELAE 4 4ok 7-6 97 0 FAcis o RREY RS AT
HRT 2 RBAT A Aok 77 M 0 K TT ¢ 0 BREBeR S B F

PopnAesS o MR E LR tided T8 4T 0 £ ¢ BEARAZ B
EEAEA BT AT AL RS Y kol ¥ 0 R Fle giE K FRSE R

%R RIRIHIEE 0 T A BRI L ol P LR B A A

T ®TTA T ®L B
D, D,
S S
A0 Busbar BO Busbar
CB1 d] d] CB2 CB3 CB4
1611 m 390 m 166 m
1610 m
A5
= | B6
Al \@ | BL —
®/_ Loop A 260 m S ®/_ /2 m Loop B Mzm \®
A5 S, S,
Su 352 m A4 | o B2 B5 e
= N\
_ 406 m 496 m 519 m
S
A3 " 65

S 496 m \@ — 406 m =
A2

AL~A5fe 7 = (4 - ) B1~B6pe T &k (# - ) \®
T SAS
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B 7-5 ff2ifiudo it 3 e T AR 2 0] 5
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A 731G RT e T T R

JE2 R 5L | ) A 5 £ R JE2 R 5L | FIH* R 5 -
Al Bl 20m A3 B4 406 m
Al B2 352 m A3 B5 925 m
Al B3 848 m A3 B6 1337 m
Al B4 1254 m A4 Bl 1254 m
Al B5 1779 m A4 B2 902 m
Al B6 2185 m A4 B3 406 m
A2 Bl 352 m A4 B4 20 m
A2 B2 20m A4 B5 519 m
A2 B3 496 m A4 B6 931 m
A2 B4 902 m A5 Bl 1514 m
A2 B5 1421 m A5 B2 1162 m
A2 B6 1833 m A5 B3 666 m
A3 Bl 848 m A5 B4 260 m
A3 B2 496 m A5 B5 1185 m
A3 B3 20.m A5 B6 1597 m
T4 L E A MehE Bonf
EE T EER %

Al 0 0 E* 2R o Al2Blik-feaahzdor B

A2 6902 kW | 2269 kvar Kl S

A3 5681 kW | 1867 kvar ¥ TR

Ad 2408 KW | 792 kvar E¥ TR

A5 741 kW 244 kvar E¥ TR

Bl 5061 kW | 1663 kvar E¥ TR

B2 0 0 E* TR A2EB2Lp- feRb2d ne BB Y

B3 0 0 E* 2R > A3E B3 ik -feRabzd ow BB

B4 0 0 E* 2R o AAEBA LR - feRabzd ow B

B5 1702 kW | 559 kvar E¥ TR

B6 4320 kW | 1420 kvar E¥ TR
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% 7-5Loop A % ¥ txd Loop Bz Mpdp 4 7 8 4

S | TEBREA | RLESMR | Tk | TABREA | B8R
T =4 B 4 BILA ) BEW | BAI4 BAR A

Al=B1 29.72 kW 1.132 kW | A3=B4 6.37 KW 22.99 kW

Al=B2 29.72 kW 19.93 kW | A3=B5 6.37 kW 52.37 kW

Al=B3 29.72 kW 48.01 kW | A3=B6 6.37 kW 75.70 kW

Al=B4 29.72 kW 71.00 kW | A4=B1 20.14 kW 71.00 kw

Al=B5 29.72 kW 100.7 kW | Ad=B2 20.14 kW 51.07 kW

Al=B6 29.72 kW 123.7 kW | A4d=B3 20.14 kW 22.99 kW

A2=Bl1 9.79 kW 19.93 kW | Ad=B4 20.14 kW 1.132 kW

A2=B2 9.79 kW 1.132 kW | A4=B5 20.14 kW 29.38 kW

A2=B3 9.79 kW 28.08 kW | A4=B6 20.14 kW 52.71 kW

A2=B4 9.79 kW 51.07 kW | A5=B1 33.47 kW 85.72 kW

A2=B5 9.79 kW 80.45 kW | A5=B2 33.47 kW 65.79 kW

A2=B6 9.79 kW 103.8 kW | A5=B3 33.47 kW 37.71 kW

A3=B1 6.37 kW 48.01 kW | A5=B4 33.47 kW 14.72 kW

A3=B2 6.37 kW 28.08 kW | A5=B5 33.47 kW 67.09 kW

A3=B3 6.37 kW 1.132 kW | A5=B6 33.47 kW 90.42 kW

% 7-6Loop B 7 A% gcd Loop A # i 2 MEAF 4 7 8 4

Tt | TEBEA | RRAR | Tk | TERREA | 224K
TEH | B4 AL | TEE | BRAFA B4

Bl=Al1| 16.51kW | 0.563kW | B4=A1l | 13.44kW 35.31 kW

Bl=>A2 | 16.51 kW 9.91 kW | B4=>A2 13.44 kW 25.40 kw

B1=A3 | 16.51 kW 23.88 kW | B4=>A3 | 13.44 kW 11.43 kW

Bl=>A4 | 16.51 kW 35.31 kW | B4=>A4 13.44 KW 0.563 kW

B1=A5| 16.51 kW 42.64 kW | B4=A5 13.44 kW 7.32 KW

B2=A1| 1559 kW 991 kW | B52Al1 | 12.17 kW 50.10 kW

B2=A2 | 15.59 kW 0.563 kW | B5=A2 12.17 KW 40.02 kW

B2=A3 | 15.59 kW 13.97 kW | B5=A3 12.17 kW 26.05 kw

B2=A4 | 15.59 kW 2540 kW | B5=A4 | 12.17 kW 14.62 kW

B2=A5| 15.59 kW 32.72 kW | B5=A5 12.17 kKW 33.37 kW

B3=Al | 1444 kW 23.88 kW | B62Al | 14.72 kW 61.53 kW

B3=A2 | 1444 kW 13.97 kW | B6=2A2 | 14.72 kW 51.62 kW

B3=A3 | 14.44 kW 0.563 kW | B6=A3 14.72 KW 37.65 kW

B3=A4 | 1444 kW 1143 kW | B6=>A4 | 14.72 KW 26.22 kW

B3=A5 | 14.44 kW 18.76 kKW | B6=A5 14.72 KW 44.97 kW
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2T7-ThELES BE R AR L FE 4

Tt | TERBBRARLAIEL | RRgRnir4 RBAX | EE
Al&B1 46.23 kW 1.695 kW 47.925kW | 4
Al&B2 45.31 kW 29.84 kW 75.15kw | 11
A1&B3 44.16 kW 71.89 kW 116.05 kW | 20
Al<B4 43.16 kW 106.31 kW 149.47 kW | 25
Al<B5 41.89 kW 150.8 kW 192.69 kW | 29
A1&B6 44.44 KW 185.23 kW 229.67 kW | 30
A2¢>B1 26.3 kW 29.84 kW 56.14kW | 6
A2&B2 25.38 kW 1.695 kW 27.075kW | 1
A2<>B3 24.23 kW 42.05 kW 66.28kW | 8
A2¢>B4 23.23 kW 76.47 kKW 99.7kwW | 15
A2&B5 21.96 kW 92.62 kW 11458 kW | 19
A2<>B6 24.51 kW 155.42 kW 179.93 kW | 28
A3¢B1 22.88 kW 71.89 kW 94.77kW | 13
A3 B2 21.96 kW 42.05 kW 64.01kW | 7
A3<>B3 34.58 kW 1.695 kW 36.275kW | 3
A3<>B4 19.81 kW 34.42 kW 5423kW | 5
A3¢B5 18.54 kW 78.42 kW 96.96 kW | 14
A3¢B6 21.09 kW 113.35 kW 134.44 kW | 21
A4eB1 36.65 kW 106.31 kW 142.96 kW | 22
Ad<=>B2 35.73 kW 76.47 kW 112.2kwW | 17
A4&B3 34.58 kW 34.42 kW 69 kW 10
A4 B4 33.58 kW 1.695 kW 35.275kW | 2
A4<B5 32.31 kW 44 kW 76.31 kW | 12
A4 B6 34.86 kW 78.93 kW 113.79kw | 18
A5&B1 49.98 kW 128.36 kW 178.34 kW | 27
A5&B2 49.06 kW 98.51 kW 14757 kW | 24
A5¢B3 47.91 kW 56.47 kW 104.38 kW | 16
A5 B4 46.91 kW 22.04 kW 68.95kW | 9
A5 B5 45.64 kKW 100.46 kW 146.1 kW | 23
A5<>B6 48.19 kW 105.14 kW 153.33kW | 26
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L 7-8 1E 3 e R A A T4 RS S 2
=M% | TL | VD

loss max. max. I TL

B2&A2 245.0 kW | 438 A 1.17 % 417 A * kK

=L L
?I-L

A3©B3 251.5kW | 364 A 1.1% 418 A * %
Ad4eB4 252.0kW | 415A 1% 421 A *
Al®Bl 237.8 KW | 492 A 1.56 % 419 A X

A3<B4 2840kW | 416 A 1.21 % 421 A

A2&Bl 2645 kW | 493 A 1.56 % 421 A X

A3=B2 288.0 kW | 440 A 1.36 % 421 A
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