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Modeling A Transformer in OpenDSS

1. Single-phase Transformer
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Zsc(1v) = ch(Pu) * Zpase(1V)» where, Zpase(1V) = S_t = S_t
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Modeling A Transformer in OpenDSS

1. Single-phase Transformer

il + Vnm(lV)
' L
I, 74 n Nlh: 1 nan Zsc(1v) Vs I
([ L g | L ]
1 an Iwn i + Iﬁ 3
i nm(1V)
i Vaary
V, : Vs
I 1
I 2 Vin' fwn ! - 4 I
. 3
n’ N
Lvavy = limav) Iln(W)l 1 Inavy 1
= I I, = BI , Where, I, = ,B = .
{ Im(lV) = —Lumar) Im(1v) [_1] nm(1V) |:> 1 nm(1v) 1 Im(lV) [_1]

|7
1v 1v
Vaimavy = Vnavy = Vman) E> Vamav) = [1 -1] [ Z((lV))l E> Vamavy = BV, where, V; = [V:l((lV))l

Also, Vimavy = Zscavylnm@vys 1-€ Inm@avy = Yscav)Vamav)
Let I, = Y.V, where, Y, is the admittance matrix on a one turn or one voltage base. What is Y, ?

I, =Y,V
1 1o }E>Blnm(1V) =YV,

11 = BI 1V
mman) Vnm(1v) = BTV1

} |:> BInm(lV) Yl(B ) Vnm(lV)

-1
> B % =Y,(BT) 'V, = Y, = By, BT
Lim@avy = Ysc(v)Vam@av) Ysc(1v) ¥ nm(1v) 1( ) nm(1v) sc(1V)
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Modeling A Transformer in OpenDSS

1. Single-phase Transformer

Step 2: Consider winding turns ratio.

____________________________________________________

I + Vnm(lV) - \
! Ly |
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1 inn Lyn + e + I Viom 3
| Inm(lV) wm |
i Vaav) Vim@v)
VZ : i V4
I 2 Vinr Iwn! - - Lwm! Vg 4 Iy
A o
“I\‘ ‘n/ ___________________________________________________ m' “IV
Iyn = Inav)/Ny Iyn 1/Ny 0 Lyn 1/N; 0
Lyn' = —Inav)/Ny Ly —1/Ny 0 Inavy Iwn’ —1/N; 0
= I,, = NI h I, N =
Lym = Imv) /N2 I:> Lym 0 1/Nz || Imav) E> 1, WHEIE, Lym |’ 0 1/N,
Lym' = _Im(lv)/NZ Ly 0 —1/N; Ly 0 —1/N,
Vion Viwn
an - an’ = Vn(lV)Nl Tl(lV) [1/N1 —1/N1 0 O ] V n' an’
V,=NT"V,, where,V,,
JLVwm - Vwm’ = Vm(1V)N2 m(1V) 0 1/N2 —1/N2 E> 1 v Vwm
wm' V!
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Modeling A Transformer in OpenDSS

1. Single-phase Transformer

Step 2: Consider winding turns ratio.

_____________________________________________________

! + Vnm(lV) - i
: I @av) Im(lV) i
11 V; ET.I, N1 1 n ; Zsc(lv) & 1 N2 .m: Z3 B I3
i — <— |
Vaan Vm@av) !
Vz : i V4.
[2 2 inn' Iwn’ — — Iwm' Vwr:n 4 14
L - <
T T "
Next,letl, =Y, V. How to obtain¥,,?
L,=Y,V,
I, = NI NI, =Y,(N")"ty
Y T1 } RO } = NY,V,=Y,(N)'V, = Y, =NY;N" TNT
1= sc(1V)
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Modeling A Transformer in OpenDSS

1. Single-phase Transformer

Step 3: Consider winding connections.

/ N

! + Vnm(lV) - ‘:
E v naw) Im@1v) v |
hiy e . Nyl —> 5@V - <«— 1:N, o I
' —> < |
: 1 Vwn Iyn + —> + I Viwm 3 :
i Inm(lv) wm i
! Vhav Vin(iv) i
i % Vy o
I, | 22 an’ wn — — I wm/' Vwm’ 4 i I,
- ® ° :
A &
Let Lyrim = Yprim Vprim- How to obtain ¥ i, ?
Iy = Iyn L1 [1 0 0 0l[Iwn I 1 0 00
I; =1, L{_fo 1 0o of|lwn I 010 0
Iy= Lo >|:> L1=lo 0o 1 olli,, IZ> Iyrim = Al,, where, L,y = Iy VA = 00 1 ol
Iy =1,m | 1, 0 0 0 11U, Iy 0 0 0 1
VV1 :VVW \ Vn] 1 0 0 0][% vy
2= Vin Vo' | _10 1 0 o]|% ATy |
Vo=V [ = el =lo o 1 oflv = V,=A4 Vorim» where,Vy,pim = V|
Ve = Vot | v,..1 1o o o 1]ly, v,
| Y |4
prim prim Vprim I,=Y,V,
Al, = AY,, V,, = Ypim(AT)
Lyyim = AL, }':> v Zr;m Vorim 2> AL, = Yy (A7) 7V }E> primi= L W -2 Yprim = ANBYscay) BTNT AT
w prlm Y, = NBySC(lV) B'N
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Modeling A Transformer in OpenDSS

1. Single-phase Transformer

An example:

//" Define a single-phase tran;{ormer. ¥ ’ ,l
New Transformer.xfmr phases=1 windings=2 xhl=5
~ wdg=1 bus=n kV=66.39 kva=50 %$r=2.5
kv=4.16 kva=50 %r=2.5

’ [ Rated voltage ] Basg kVA Percent
rating resistance

Computing Y, using Matlab:
1 1

Number of
phases

Number of
Transformer name

windings

Percent reactance
high-to-low

~ wdg=2 bus=m
/ g

Specify which winding
will be edited

— — = - = 50000 = 500000 — ;500000 Q
Yse) Zsc(1v) Zsc(pu) * Zpase(1V) [r(pw) + jx(pu)] * é_z (0.05 +,0.05) !
t
1.0 0 0 1/66390 0
o1 0 o0 _|—1/66390 0 11
A=1o 0 1 of NT| o 1/4160’3_[—1]
0 0 0 1 0 —1/4160

Calculate ¥,y = ANBYgc1yy BTNT AT=
0.00011343 — j0.00011343 —0.00011343 + j0.00011343
—0.00011343 +j0.00011343  0.00011343 — j0.00011343
—0.00181039 +j0.00181039  0.00181039 — j0.00181039
0.00181039 —j0.00181039  —0.00181039 + j0.00181039

—0.00181039 +j0.00181039
0.00181039 —;0.00181039
0.02889238 —j0.02889238
—0.02889238 +j0.02889238

0.00181039 —j0.00181039
—0.00181039 +j0.00181039
—0.02889238 +j0.02889238
0.02889238 —j0.02889238

Exported Y ;.i, from OpenDSS: G B

v

v

0.000113

-0.00011

-0.00011

0.000113

-0.00181

0.00181

0.00181

-0.00181

-0.00011

0.000113

0.000113

-0.00011

0.00181

-0.00181

-0.00181

0.00181

-0.00181

0.00181

0.00181

-0.00181

0.028892

-0.02889

-0.02889

0.028892

0.00181

-0.00181

-0.00181

0.00181

-0.02889
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0.028892

| 0.00181) -0.00181 -0.00181| 0.00181) -0.02889| 0028892/ 0.028892 -0.02889

-0.02889
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Modeling A Transformer in OpenDSS

2. Three-phase Delta-Grounded Wye Step-down Transformer

Phase displacement of LV

Vi Vy N;: N, Va Vs Iév winding winding with reference to
1e ® 4 onnection o di
> 41— a the HV winding
I Iy La I, \ /
Dynl
Var IE; Lwa! Var LV windin, f \
- g .
c A,, (;_ Connection Neutral Connection
Note that
v, Ve Ny N, v, Ve . The HV‘51de alvs{ayg comes before the LV side, regardless of which
20 crco AN Y Y NAAN—0——o 5 is the primary winding.
— B 19 <«<— b | «<— *  HV winding is taken as a reference.
12 wB IWb 15 . . .
*  Phase rotation is always counterclockwise.
* 1=30°2=060°3=90°6=180°and 12 =0° or 360°.
IWB, Iwb’
vy ey
B’ b’
Van
V3 VC Nl: NZ VC V6
3e—lc e NV NAN—e—<—0 6
— c—> <«<— ¢ | «—— Vac
I lwe Ly Ig Ven
Ly Lyer Vbn
VCI — VC’ V. Vbc‘

c M- Dynl

https://en.wikipedia.org/wiki/Vector group
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Modeling A Transformer in OpenDSS

2. Three-phase Delta-Grounded Wye Step-down Transformer

+ 1%
4 Va Ni: N, Va Vs Laav) e laav)
1e * 4 4 v, Ni:1 —> Zaav) < 1:N Va Va
—— A —> << a < 1 @ -A 1 2
I wA laaavy
Vaaw
I A’ I !
V ! W wa V ! IWAI
LA = <—'a Var — _
A’ a' Y
A +  Vepan
Ip1vy Ipaav
V2 Vg Ni: N, Vy Vs V2 Vg N;:1 " ZBb(v) (e) 1:N, Vp Vs
206crce AN YV AANNM—0——o 5 2 &—< 22225V,
I, Iyp Lop Is 2 Igpavy
Vv Vv
L,g I .0 _ _
Vp Zs @Wb Vo
_., b._’ +  Veeqry -
B leavy , Leaw
V3 Ve Ni:1l — “4Cc1lv) <« 1:N, Ve Vs
.
2 Ve  Np:N, V. | Vs 3
3e € ° VNV AN———0 6 I3 Iecqvy
—> c— <— C < v
I3 Lyc Lye I c(1v)
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Modeling A Transformer in OpenDSS

2. Three-phase Delta-Grounded Wye Step-down Transformer

_____________________ Step 1: Compute the nodal admittance matrix on a one

i b Viaan ! turn or one voltage base.
Lo I | g - - ;
" v Mgl S Zaaay L N, % laavy = laaar) laan] r1 0 0
° ' ! lacavy = —Laavy Loany -1 0 0
. | . Lyavy
' + > + | Igavy = Ippav) I:> Ipay) _|0 1 0 Ipbiy
i laav) ! Iyavy = ~Ispav) Ipavy 0 -1 01}, av)
>~ Vaan Vaany i Ieqvy = Iceqav) ey 0 0 1 fLeaw
i ! leavy = —lecany [ lcany | 0 0 -1
], - - ';A(lVY 1 0 0
| 1 1v) —
' + VBb(1v) - | “ Ia( 1 0 0 1Aa(1V)
| Ipavy Ipavy | |:> I, = Bl 1y, Where, I; = 5av) , B = 0 1 0 L Iscavy = Igp(1vy
V2 ! — ZBb(1V) <= 1:N, Vi Vs v Ipav) 0 -1 0 I
2 &—< ! ! > 5 IC(lV) 0 0 1 Cc(1V)
_—> ' e ! — - 7
I | * Igp(1vy ’ : Lyp Is e ] 0 0 1 KA(lV)
! | 1 1w
i~ Vrav Man < Vaaav) = Vaav) —Vaa) Vaeay] 11 =1 0 0 0 0 VZEwi
! >~ @ Vebavy = Veavy = Vbar) I:> Vebany|=10 0 1 -1 0 0 Vv
i B _ i LWy Veeavy = Veavy = Vear) Veean/ 10 0 0 0 1 -1 Vean)
; +  Veeaw b 'KA(W)' Vean)
! c@v I ! - a(1v)
Vs Ve Nli:l (9) Zee) &V 1aN, Ve Ve Vaa) Veav)
3 @ : : 6 |:> VSC(lV) = BTV1, Where, VSC(lV) = VBb(lV) ’ Vl = Vb(lV)
1 ! V,
ﬁh : : Ie | Veean) Vear
| i [ Vean) |
! ' Vaa(vy = Zaaavylaaain) Vaav) ZAa(1v) 0 0 Laa(iv)
| | Vebavy = Zebavylep(v |:> Vebav)| = 0 ZBb(1v) 0 Igp(av)
. av) = Zepaylepav)
! | ¢’ Q‘“ Veeavy = Zecanylecav) Veeaw | 0 0 Zcecany| Lceavy

_ -1
E> Vscav) = Zscavylscav) E> YscanVscav) = Iscavy where, Yseary = (Zsc(lV))
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Modeling A Transformer in OpenDSS

LetI; = Y,V,,where, Y, is the admittance matrix on a one turn or
one voltage base. Whatis ¥;?

Il - Y1V1 }
I, = BIsc(lV)

= Blscavy = Ylvl}
Vsc(lV) = BTVl
I2 IBb(lV)
VB(1V) Vb(lV) -1
E> BIsc(lV) =Y, (BT) Vsc(lV) }
— — Isc(lV) = YSC(lV)VSC(lV)
+  Veeary — | 1
I I ! B
Vs £ zccany L0 1N, Ve | Ve = BYscanVscar) = Y1 (BT) Vi)
3 e |
—
Is = Y, =BY(y) BT
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Modeling A Transformer in OpenDSS

2. Three-phase Delta-Grounded Wye Step-down Transformer

: \ Step 2: Consider winding turns ratio.
! ¥ Yaaaw | [ L o 0o o0 0 0]
! IA(1V) Ioav ! N,
Vi 1A N;:1 —> ZAa(wv) L) 1:N, | Va Y 0 0 0 0 0
1 e » -
I TlIT * * ( hwa = laan /M 1 o = 0 0 o0 0
1 | w. lpaivy Iyar = _IA(1V)/N1 IWA, N21
! VA(lV) Va(lV) IWa = Ia(lV)/NZ Iv‘::: 0 _N_2 0 0 0 0 y ]
| Lye = —Ia(1v)/N2 Lya' 0 0 Ni 0 0 0 IA(1V)
V4 _ _ lyg = Igavy/Ny Iyp 0 0 _l 0 0 0 a(v)
A Lyp = —Igav)/N I:> Lypr| _ N, Igavy
: , + Vean . - Lwb = Ipcavy/No I’wb 0 0 0 Ni o o [|Iban
’ 2
2 [ 2 € € |= IWC = IC(lV)/Nl IwC’ N 1 _IC(IV)_
I :B * Ispav) ’ lwer = =lean /M lwe o 0 00y 0
! v v Lye = Ic(lV)/NZ Ly ] 0 0 0 0 —Ni 0
i B(1V) b(1V) I, === /N !
1 ~ ‘wc c(av)/ V2 1
; o 0 0 0 0 +
o 0 0 0 0 -
- 2
B’ Ni, 0 0 0 0 0
: M Lya ~& 0 0 0o 0 0
V3 Ve N:1l — Ly ar o X 0 0 0 o
3 e € Ih IIW‘l 0 —Niz o 0 0 0
I > :C IWZ 0 0 o+ 0 0 0
3 1 w. B
i _ s o o - 0 0o o
| > I, =NI;, wherel,, = PLN= .
! Ilwb' 0 0 0 - 0 0
Vi IWC, o 0 0o o X o
wC ‘1
b L o 0 0 0 -+ (1)
N Ly o o 0o 0o 0o
TTTTTTTTTTTTTTTTTTTTToTTTToooooes o 0o o0 0 0 -—
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Modeling A Transformer in OpenDSS

2. Three-phase Delta-Grounded Wye Step-down Transformer

T ~ Vwa = Vwa' = VaarNy
! + Vaa@v) \: [{wa B Vwa’ - Va(lV)NZ
: Laavy lacivy | @ Vwe = Vg’ = VB(lV)Nl
4 W Nipl — Zaa(1v) <~ 1:N, Va Vs Vwp = Vip' = Vpar)N2
1 .E 1 — N o 4 Vwe = Ve = VeanM
I i hwoa Lpaavy i L4 Ve = Vwer = Veaw) Nz 4
WA
1 1
: Vaa) Vaqv) ! = -2 0 0 0o 0o o o o o o o]%
| : o Yva
i Twar Vagw] o 0 — === 0 0 0 0 0 0 0 0 [[Vyy
L= - B ean| 10 g o L 1o o o o o ol
A Ve — al |:> Veaw | _ NiNg Vs’
i sy, ) Iocar i sanf o 0 0 0 0 0 — —— 0 0 0 o0 [[Vm
V2 no Np1 50 Zeav) L2 1o, vo| Vs Vear) 2 M Viop?
20— e Vel [0 0 0 0 0 0 0 0 = = 0 0 ||V
Vo
_>1 B + > 4+ 0o 0 0 0 0 0 0 0 0 0 — —X||we
2 ! Igp(1v) - 2 Nl f Ve
| V) Vbavy | Viper
1
| I, Vwa
Vé, 5 — — VWA'
, Vva
B; + VCC(lV) H Vwa’
V. v N;:1 lean 4, av) leary 1:N " v, 1]//WB
3 c : —_> ¢ < : € 6 _ nT B’
3e 1 2 I:> Vi=N"'V,, wherey, = ];vvvb
e r Vwb'
13 VwC
Ve
VWC
Ve |

Note: For a delta-connected winding, N = VLL; for a Y-

L VLL
connected winding, N = N
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Modeling A Transformer in OpenDSS

2. Three-phase Delta-Grounded Wye Step-down Transformer

~

+  Vigavy —

1A(1V) I 1V
5 zwaary LD g

Next,letI,, =Y,, V,,. How to obtain ¥, ?

I,=Y,V,
I, =NI,; i|r

+ —> +
lpaivy

Vaaw Vaavy

- - V,=NTV,
| +  Vepavy — ! —
B—(I>V) ZBb(1V) Ib<(1—v) 1:N, Vio Vs E>N11 =¥, (W), }
Il - Y1V1

Ippav)

% %
o o = NY,V, =Y, (NT)1V,

t Veeany — : E> Y, = NY;N" }

I I i
C—(1>V) Zce(1v) C<(1_V) 1:N, Ve Ve Y, = BYSC(lV) B!

fe = Y, = NBYsay) B'N"
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Modeling A Transformer in OpenDSS

2. Three-phase Delta-Grounded Wye Step-down Transformer

Step 3: Consider winding connections

+  Vasaw

| I =lyq+ 1
! IA(1V) 1 1 wA wB
A Va Ni:1 — ZAa(v) < I = lLyp + Lycr
1e o Iy = Lyc + Ly ur
' A @ Ij:IWC wA
I%l I_IWa
' 5 = lwp
' lg = Ly
| M wa
| Ly
! lwa
; + Vepay) - L1 1.0 00 0 1.0 0 0 0 0 07w
' Isav) Ipav) L{ [o oo 01000010 off
1% . Z wB
e e Nl — 2w Ll _fo1 000000100 0t
i B N = || |lo 010000000 0 O£
I Isbay) Is 00000010000011wb'
| Voan) Vocar) Il 1o o oo o0oo0o00010 Ive
1 WC’
| Lye
| — — LTy
| +  Veecan
| I I
b 0 zeeary LY I 100001000000
3e I 00001000O0T1Q0TO0
—> o ikl 4,01 0000001000
I? I:>Ipﬂm—"“w’Where’ Lyrim= I A= 0 01 000 0 O0OOTU OO OFf
| Is 000000100000
; I 0000O0O0O0OO0O 0TSO
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Modeling A Transformer in OpenDSS

2. Three-phase Delta-Grounded Wye Step-down Transformer

) t Vaaaw) )
! Lyav) laaivy | ~Va=" (VA1 1. 0 0 0 0 o
174 . Zaa(1v . v,
L Vo Nl — A < LN a ”94 Vi = Vs ‘;A 001000
s A < Va=Vs a 000100
I Vg =0 Val 10 0 0 0 0 off"x
Vg =V, Vp 0 1.0 0 0 oflV
: Vgr =V; V'l _11 0 0 0 0 o0f|Vs
! @<Vb=V5E> Vol 10 0 0 0 1 Of|Va
| Vyr=0 Vi 0 0 0 0 0 Of|Vs
| Ve =V. v, 001 0 0 o|lv
| + v - c— '3 ¢ 6
! b O Ver =V, Vel 00100 0 0
v ve  Npp1 25 Zepavy 2V v =, v.| 1o 0o 0001
2 &—< o LV, =0 lv.,] o o o0 0 o
—> B +
L Igp(1v) |
! Vev) Vbav) !
: B B I : V
| +  Veeaw b | V;
| ey Leav |
z 178 V-
Vs = Zec(v) & fs |:> V= AT V,ppim, Where,V i = V3 _
3 e X A
_:9 €|_ V5
Iy 1o Ve
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Modeling A Transformer in OpenDSS
2. Three-phase Delta-Grounded Wye Step-down Transformer

Let Iyrim = Yprim Vprim- How to obtain ¥ .., ?

Iprim = Yprim Vprim }
Lyrim = Al

|:> AL, =Y prim Vprim}

vV, = AT Vprim

i +  Vepavy —
| 1 I
Ve ve Npl 55 Zman) 0 1N
2 T; N ; + E> Al = Yprim(AT)_lvw
I:'z Igpav) I,=Y,V,
! Vv Vv
i _ _ E> Ay, v, = Yprim(AT)_lvwilr
+ Veeary — Yw = NBY vy B'N'
2 e Npl S Zean 0 1y, v |
=> Yprim = ANBY 51y BTNT AT

ECpE Department
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Modeling A Transformer in OpenDSS

2. Three-phase Delta-Grounded Wye Step-down Transformer

Number of Number of
phases windings

An example: [ Transformer name )

/I Define a three-phase trans'f;o/rmer. I'4
New Transformer.xfmr phases=3 windings=2 xhl=5

~ wdg=1 bus=K.1.2.3 conn=delta kv=115 kva=500 %r=1
i/wdg=2 bus=M.1.2.3.0 conn=wye kv=4.16 kva=500 %r=1

Specify which winding Winding Rated voltage Base kVA Percent
will be edited connection ‘ rating resistance

Computing Y, using Matlab:

Percent reactance
high-to-low

1 500000
= = = = - = 1149425.2873 — j2873563.2184 S
Yaa@v) = YBb(1v) = Yce(av) ' 12~ 3x(0.02+0.05) j
[r(pu) + jx(pw)] * 57
t
100001000000 1 0 0
0000100UO0OO0OT1T0O0 -1 0 0
-0 1 0000001T000O0 g_[0 1 0
001000O0OO0OO0OGO0TO0Of 0 -1 0
0000O0O0OT10U0GO0@O0O 0o 0 1
0000O0OOOOUOT10 0 0 -1
r1 1
115000 115000 0 0 0 0 0 0 0 0 0 0
1 1
0 - 0 0 0 0 0 0 0
4160/V3  4160/V3
1 1
L 0 0 0 0 115000 115000 0 0 0 0 0 0
v= 0 0 0 0 0 ! ! 0 0 0
4160/v3  4160/V3
1 1
0 0 0 0 0 0 0 0 115000 115000 0 0
1 1
0 0 0 0 0 0 0 0 0 -
4160/V3  4160/V31
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Modeling A Transformer in OpenDSS

2. Three-phase Delta-Grounded Wye Step-down Transformer

Ysc(lV) =

Yaa(1v) 0 0
0 YBb(1V) 0 |=
0 0 Yce(@av)

Calculate ¥y, = ANBY 5.1y BTNT A=

0.00017383 — j0.00043457
—8.6913e — 05 + j0.00021728

—8.6913e — 05 + j0.00021728 —8.6913e — 05 + j0.00021728

—0.00416150 + j0.01040376
0.00416150 — j0.01040375

0+ 0

AN N B W=

0.00017383 — j0.00043457

0+j0
—0.00416150 + j0.01040376

0
0

—8.6913e — 05 + j0.00021728

0.00017383 — j0.00043457
0.000260739 — j0.00065184
0+ j0

1149425.2873 — j2873563.2184

0

1149425.2873 — j2873563.2184

—8.6913¢ — 05 + j0.00021728 —8.6913¢ — 05 + j0.00021728 —0.00416150 + j0.01040376
0+ j0

0.00416150 — j0.01040376
0.19925780 — j0.49814451

0+ 0

0

0+,0
0+,0

0.00416150 — j0.01040376
—0.00416150 + j0.01040376

1149425.2873 — j2873563.2184

0+j0

0
0

0.00416150 — j0.01040376

—0.00416150 + j0.01040376

0.19925780 — j0.49814451

0+j0
0+j0

0.00416150 — j0.01040376 —0.00416150 + j0.01040376 0+j0 0+ j0 0.19925780 — j0.49814451
Exported Y ;i from OpenDSS: G B
v v
0.000174 -0.00043| -8.69E-05| 0.000217| -8.69E-05| 0.000217| -0.00416| 0.010404| 0.004162 -0.0104 0 0
-8.69E-05| 0.000217| 0.000174| -0.00043| -8.69E-05 0.000217 0 0| -0.00416| 0.010404| 0.004162| -0.0104
-8.69E-05| 0.000217| -8.69E-05 0.000217 0.000174 -0.00043| 0.004162| -0.0104 0 0] -0.00416| 0.010404
-0.00416| 0.010404 0 0/ 0.004162| -0.0104| 0.199258 -0.49814 0 0 0 0
0.004162| -0.0104| -0.00416| 0.010404 0 0 0 0] 0.199258 -0.49814 0 0
0 010.004162| -0.0104| -0.00416| 0.010404 0 0 0 01 0.199258| -0.49814
1 2 3 4 5 6

IOWA STATE UNIVERSITY
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Modehng A Transformer in OpenDSS

3. Three-phase Delta-Grounded Wye Step-up Transformer

Vl VA Nl:NZ Va V4
le g 4
—> A= <« a <—
I Lya Iya I,

IOWA STATE UNIVERSITY

As the IEC60076-1 standard has stated, the notation is HV-LV in

sequence. Therefore, this step-up transformer with a delta-connected

primary, and star-connected secondary, is not written as ‘dY1’, but

‘Yd1’. The 1 indicates the LV winding lags the HV by 30 degrees.

Note that

* The HV side always comes before the LV side, regardless of which
is the primary winding.

*  HV winding is taken as a reference.

*  Phase rotation is always counterclockwise.

e 1=30°2=60°3=90° 6=180°and 12 =0° or 360°.

https://en.wikipedia.org/wiki/Vector _group
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Modehng A Transformer in OpenDSS

3. Three-phase Delta-Grounded Wye Step-up Transformer

Vl VA Nl . NZ V. V4
1e o 4
—_— A —> < a <
I Lya Iya I,
Lyq! Vyr
o—
al

IOWA STATE UNIVERSITY

Nl:l

+  Vaaaw

laavy laav
— ZAa(1v) L)

Nl:l

Nl:l

Vean

laaavy
Vaaw Vaavy

+  Vepan

_(1>V) ZBb(1V)

Ipavy
<

+  Vecan

lea

Ieany
—

)ZC(V) - 1: Ve Ve

Iecawvy
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Modeling A Transformer in OpenDSS

3. Three-phase Delta-Grounded Wye Step-up Transformer

Nl:l

+

Lyavy
—

Vaaav)

1
ZAa(1v) ‘ﬂ)

+ +
Laaavy
Vaary Vaavy
+  Vepavy —
IB(1V) Ib 1V
_>I Vg N;:1 =~ ZBb(1v) <(_)
2

—> +
Igpv)
Vbav

+  Veean
I I
C_(;V) Zce(1v) C<(1_V)

IOWA STATE UNIVERSITY

1:N2

Note:

Compared to the 3-phase delta-grounded wye step-down
transformer, the equation, ¥, = ANBys 1y, BTNT A7, still
applies to a 3-phase delta-grounded wye step-up
transformer. The only difference exists in the formation of
matrix A due to a different connection of delta winding, and
the values of N; and N,. Specifically, according to the figure
on the left, we have

11 el Y| + IWC,

12 = IWB + IWA,

I3 = Ly + Lyp |:>
Iy = Iyq

Is = Lyp

lg = Iy

=N
Il
cCocoocoor

[=NeNeNael =)

SO RO OO

SO OO O

S o oo OO

SO OO RO

[=NeNeNal =)

SO RO OO

(=N ool o N

(=N NN M)

O R O OO OoO

SO OO RO
S OO R OO
O Rr OO OO
S O O O oo
(NNl o Nl
SO O OO
O OO oo
OO OO OO

~

<

w\

SO O O OO
(=Mool e N
SO O OO
o oo oo
(=Moo N
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Modeling A Transformer in OpenDSS

3. Three-phase Delta-Grounded Wye Step-up Transformer

Number of Number of Percent reactance
phases high-to-low

An example: [ Transformer name )

/I Define a three-phase trans'f;o/rmer. I'4
New Transformer.xfmr phases=3 windings=2 xhl=5

~ wdg=1 bus=K.1.2.3 conn=delta kv=4.16 kva=500 %r=1
i/wdg=2 bus=M.1.2.3.0 conn=wye kv=115 kva=500 %r=1

Specify which winding Winding Rated voltage Base kVA Percent
will be edited connection J rating resistance

Computing Y, using Matlab:

windings

1 500000
= = = = - = 1149425.2873 — j2873563.2184
Yaa@v) = YBb(1v) = Yce(av) ' 12~ 3x(0.02+0.05) j
[r(pu) + jx(pw)] * 57
t
1000000O0O0T100 1 0 0
0100100000O0TO0TO0 -1 0 0
a-l000001001000 g_[0 1 0
00100O0O0GO0OTO0TO0O0 Of 0 -1 0
0000O0OT1O0O0UO0TU 0O 0 0 1
0000O0OO0OOOT10 0 0 -1
1 1
4160 4160 0 0 0 0 0 0 0 0 0 0
1 1
0 0 - 0 0 0 0 0 0 0
115000/v3  115000/v/3
1 1
. 0 0 0 160 " 7ieo ’ o1 0 0 0 0
0 0 0 0 0 - 0 0 0
115000/v/3  115000/v3
1 1
0 0 0 0 0 0 0 4160 4160 0
1 1
0 0 0 0 0 0 0 0 0 -
115000/v3  115000/v3]

IOWA STATE UNIVERSITY ECpE Department




Modeling A Transformer in OpenDSS

3. Three-phase Delta-Grounded Wye Step-up Transformer

Yaa(1v)

Ysc(lV) =

1149425.2873 — j2873563.2184

0 0
0 YBb(1V) 0 |=
0 0 Yce(@av)

Calculate ¥y, = ANBY 5.1y BTNT A=

0.13283854 — j0.33209634
—0.06641927 + j0.16604817

—0.00416150 + j 0.01040376
0+ j0

0.00416150 — j0.01040376

AN DN A~ W N —

0
0

0

1149425.2873 — j2873563.2184

—0.06641927 + j0.16604817 —0.06641927 + j0.16604817 —0.00416150 + j 0.01040376

0

0+ 0

0.00416150 — j0.01040376

0
0

1149425.2873 — j2873563.2184

0.13283854 — j0.33209634 —0.06641927 + j0.16604817 0.00416150 — j0.01040376 —0.00416150 + j 0.01040376 0+ /0
—0.06641927 + j0.16604817 —0.06641927 + j0.16604817 0.13283854 — j0.33209634 0+j0 0.00416150 — j0.01040376 —0.00416150 + j 0.01040376
0.00416150 — j0.01040376 0+j0 0.00026074 — j0.00065185 0+,0 0+,0
—0.00416150 +j 0.01040376 0.00416150 — j0.01040376 0+,0 0.00026074 — j0.00065185 0+,0
0+ 0 —0.00416150 + j 0.01040376 0+,0 0+ 0 0.00026074 — j0.00065185
Exported Y ;i from OpenDSS: G B
v v
0.132839 -0.3321] -0.06642| 0.166048| -0.06642 0.166048| -0.00416/ 0.010404 0 0| 0.004162 -0.0104
-0.06642| 0.166048| 0.132839] -0.3321| -0.06642| 0.166048| 0.004162| -0.0104| -0.00416| 0.010404 0 0
-0.06642| 0.166048| -0.06642| 0.166048| 0.132839 -0.3321 0 0/ 0.004162 -0.0104| -0.00416| 0.010404
-0.00416| 0.010404| 0.004162 -0.0104 0 0| 0.000261| -0.00065 0 0 0 0
0 0| -0.00416| 0.010404| 0.004162| -0.0104 0 0| 0.000261| -0.00065 0 0
0.004162] -0.0104 0 0| -0.00416 0.010404 0 0 0 01.0.000261| -0.00065
1 2 3 4 5 6

IOWA STATE UNIVERSITY
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Modeling A Transformer in OpenDSS

4. Three-phase Ungrounded Wye-Delta Step-down Transformer

Vi Va Ni: N, Va Vs
1 e—e— NN~V VI @ ® 5
— A — <" a <
L 1 Iyq I5

IOWA STATE UNIVERSITY

The HV side always comes before the LV side,
regardless of which is the primary winding.

HV winding is taken as a reference.

Phase rotation is always counterclockwise.
1=30°2=60°3=90° 6=180°and 12 =0° or 360°.

ECpE Department




Modeling A Transformer in OpenDSS

4. Three-phase Ungrounded Wye-Delta Step-down Transformer

v v +  Vaaan
1 A N :N V V5 1 I 1V
1 —e— NNV 1z o o5 4 Va N;:1 A—(1>V) ZAa(1v) a<(—) 1:N, 1, Vs
— A — <~ a < 1e——o g ®5
L I lyq Is A + —> 3 a <
hL lwa Lpaavy 5
Vaar Vaan
Vyr Ly g
A -
+  Vepav
I Ipaay
S |V Mt 580 zppav) LY
B + +
I e Igp1v)
Vv Vbavy
Vyr Lyp
B’ i R
+  Veeary -
1 Iy
N1 L9 Zeeany Y 1o,

ECpE Department
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Modeling A Transformer in OpenDSS

4. Three -phase Ungrounded Wye-Delta Step-down Transformer
————————————————————— Step 1: Compute the nodal admittance matrix on a one

+ v

ra) turn or one voltage base.
Laqivy 4 a(1v) -

- Aa(lV) <—

Liavy = vy [laan)] 1 o o
+ + loavy = —laa@vy laqvy -1 0 0 Liaavy
Ligav) @ y Igivy = Ipp(1v) I:> Ipav) _|0 1 0 Isbav)
- I -
VA(lV) Va(lV) Ib(lV) IBb(lV) b(1V) 0 10 ICc(lV)
Icavy = Iccavy Ieav) 0o 0 1
L Ieavy = —lecawy RECIRY 0 0 -1
. _ [La(1v)] 1 0 0
I
1+ Vebav) 1_ I“Ew; _01 (1) g Lyaiv)
B(V) b(1V) - = | B4V = =1
20 ZBb(lV) -— I:> Il BISC(lV)7 Where, 11 Ib(lv) N B 0 _1 0 s ISC(lV) IBb(1V)
- - lean, o o0 1 cc(1v)
I O 0 _1 _VA 1V ]
Igpivy S e o
) Vaav
VB(1V) Vb(1v) VAa(1V) = VA(1V) - Va(1v) VAa(lV) 1 -1 0 0 0 O V;EW;
@ Vebavy = Vear) = Voarv) E> Vepawy|=[0 0 1 -1 0 0 Vbavy
B ~ VCC(lV) = VC(lV) - Vc(lV) VCC(lV)_ 0 0 0 0 - VC(lV)
+ Veean ) e
p | ] Va@v)
A zeeawy LY Vaaqay) Veav)
|:> VSC(W) = BTV1, where, Vsc(ly) = VBb(lV) ,Vi= Vo
_VCC(lV) VC(lV)
_Vc(lv)_
Vaa(vy = Zaaavylaaar) Vaa() ZAa(1v) 0 0 Laaqavy
@ Vebav) = Zevanyleary 5 [Vean|=| 0 zmavy 0 [|lsav
Veeavy = Zecavyleearv) Veea) | 0 0 Zee)] Lleeav)

— -1
E> Vseavy = Zscavylscav) E> YscanVscavy = Iscavy where, Yscar) = (Zsc(lv))

IOWA STATE UNIVERSITY ECpE Department




Modeling A Transformer in OpenDSS

4. Three-phase Ungrounded Wye-Delta Step-down Transformer

’

+  Vasan

Let I, =Y.V, where, Y, is the admittance matrix on a one turn or

one voltage base. What is Y{?
Lpaavy

Vaary

1 ’ I]_ = Y]_Vl }
B I, = BIsc(lV)

Vebavy —

E> Blsc1vy = Ylvl}

Vsc(lV) = BTVl

Igpivy
Veav) Vo)

E> BIsc(lV) =Y, (BT)_lvsc(lV)}

Isc(lV) = Ysc(lV) Vsc(lV)
+  Veean

H -1
1 ean zgey) '@ ; = BYscan)Vscav) = Y1 (BT)  Vsear)

= Y; = BY(y BT

IOWA STATE UNIVERSITY ECpE Department




Modeling A Transformer in OpenDSS

4 Three-phase Ungrounded Wye-Delta Step-down Transformer

+ Viawy - Step 2: Consider winding turns ratio.

I I , i
A4V Zgaavy LV L 0 0o 0 0 0
1
R N -—— 0 0 0 0 0
1
Liaqv) (" lwa = laav)/My ol 2 0o o 0o o0
Vaav) Vaav) lwa = =laan /M e "
a r
lya = Ia(lV)/NZ ]v‘::: 0 A 0 0 0 0 I _
Lya' = =la@v)/ N2 Lya! 0o 0 =+ 0 0 0 IA(“’)
- - Ly = Ipavy/Ny Lyp 4 a(1v)
Ly =—I N Ly 0 0 =5 000 pay
t Veay) — @ < P san/M = | |= '
Lop = Ipa/Na Lp o o o = o o [|ban
Ipav) Iyav) ) o o
9 ZBb(lV) e IWb’ = _Ib(lv)/NZ wb 1 IC(1V)
IWC = IC(IV)/Nl Ilwgr 0 0 0 _N_Z (1) 0 _Ic(lV)_
wi
* Igpav) i fwe' = ~lean)/M lwe i ° ° ° " °
v v lye = Ic(lV)/NZ Y 0 0 0 0 _Ni 0
B(lV) b(lV) N\ IWC’ = _IC(IV)/NZ ' 1
0 0 0 0 0 —
N>
o 0 0 0 0 -—
_ — | N
+ v Ni, o0 0 0 0 0
Ce(1V) M La 7,;1 0o 0 0 0 0
Ly ar 0 Niz o0 0 0 0
IIW“ 0 -3 0 0 0 0
I:’,Z 0 0 Nil 0 0 0
_ I | o o —Nil 0 0 o0
> I, =NI;, wherel, = LN=| .
Ilwb' 0 0 0 —Niz )
IWC, o 0 0o 0o L o0
wC ‘1
L 0 0 0 0 -3 0
L et 0 0 0 0 0 Niz
0 0 0 0 0 —Niz

IOWA STATE UNIVERSITY ECpE Department




Modeling A Transformer in OpenDSS

4 Three-phase Ungrounded Wye-Delta Step-down Transformer

+
Lyvy
=

+

Vaawy

+

Ipav)
-

+

Veav)

+
Ieavy
>

IOWA STATE UNIVERSITY

Vaa@iv)

I
Zpa(1V) a<(iV )

+
Lpaavy

Vaary

Vebav)
I
ZBb(1V) béﬂ/)

+
Igpivy

Vo)

Veean
I
Zce(1v) ﬂ)

Vwa = Vpar = VA(1V)N1
Vwa — Vwa’ZVa(lV)NZ

@ VwB —Vwp' = VB(1V)N1

Vwp = V' = Vb(lV)NZ
Vwe = Vye! = VC(lV)Nl
Vwe = Viper = VC(lV)NZ

= -1 0o 0o o0
Ny N1
Vaan] [0 0 - —— 0
Va@v : 1
Vaaun | _ 0o 0 0 0 +
Vb(av) 0 0 0 0 0
Veany
Vew) [0 0 0 0 0
0 0 0 0 0

= Vi=N"V,, wherey, =

VWA

o 0o 0 o ||Vwa

Vwa

0 0 0 0 ||V

VWB

0 0 o 0"

X 0 0 0 0 ‘]//wb

wb'

= L 0 0 ||V
Ny Ny

R S | L

Ny N A Ve

\v,, .|

wc
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Modeling A Transformer in OpenDSS

4 Three-phase Ungrounded Wye-Delta Step-down Transformer

+  Vasan
I I
ﬁ;v ) Zpa(1V) a<(iV )

+
Lpaavy

Vaawy

+  Vepavy -

+

Igpivy

Veav)

+  Veean

Vs
_. 5
<

I5

<
~
~1ss

IOWA STATE UNIVERSITY

Next,letI,, =Y,, V,,. How to obtain ¥, ?

I,=Y,V,
1, = NI, }
V,=N"v,,

> NI, =Y, (N)™ 1V, }

I, =Y.V,
> NY,V,=Y,(N)'V,

=> Y, =NY,NT }

Y, = BYsc(lV) BT

= Y, = NBYsay) B'N"

ECpE Department




Modeling A Transformer in OpenDSS

4 Three-phase Ungrounded Wye-Delta Step-down Transformer

Step 3: Consider winding connections

t Vaaan
: Iyav av) | — _
A A zagany N, v, W 51 :§WA
le —® 5 2 = lwB
_? + < 13= wC
I Lyaivy ?5 @ N la=ILya + Iyprt Ly
i VA(lV) Va(lV) : 15 = Iwa + IWC,
: | Ie = Lyq' + Lyp
! | ~ L7 =1L, + Ly [ Twa ]
: — — : IWA
1 ! I
l + Veav) - Ve h] 10000000000 0"
: Isavy Ibav) ' 6 LI oo oo100000 0 of"
2‘:,2 Vs Ni:l —° 7BV <7 1:N, e 5 Jo 0000000100 0"
o Li=l0 1 0001000 10 0|/,
“ s | L
IZ.B o7 + : I::>15 00100000000 1,
Bb(1V) : Il [ooo100100 00 o0
: V) Voav) ! ;) loooooo0o00 100 1 o™
: : Iwc
: _ _ i -IWC’
1 ’ 1
i +  Veean b ]477
v, leav) zeeaay) ean < h 1 0 0000 0O0O0O0 0O
30 > . iy Iy 000010000000
— ! Iy 000 0O0O0OGOT1O0TO0O
Iy ! |:>Iprim=AIW,Where,Iprim= L, A=|0 1. 0 0 0 1 0 0 0 1 0 0
! : I 001000000O0GO0GO01
: i I 000100100000
: : 7, 0 00000010010
vy .
40— /
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Modeling A Transformer in OpenDSS

4. Three-phase Ungrounded Wye-Delta Step-down Transformer

~
N

+ Vaaan)
| I 1 1V :
4 2 zpqayy) LV :N, W, 13
1le — 5
—> + —> 4 <—
I ! Lpaavy ‘,75
i Vaawy Vaary :
i +  Vepan I_ V66
1 I b '
vy 290 zepar) 2 10N, <—
2@ :16
— + + !
I ! IBb(lV) !
i V) Vbav) i
| - B v
i + VCC(lV) / b V|77
| I —®
vy £ zeeqr) L <—
3 e 7
— |
I |
v, !
4 &— h
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~ V=V Va1l 11
Var =Va Var 0
V,="Vs Va 0
Vy = Vs Va| 10
Vg =V, Vp 0
Vgr =V, Vel _|o

@ N ey v, |~ o
Vyr =V, V| |o

VC = V3 VC O

Ver =V, vl o

V.=V, v.| |0

~ V. =Vs [v..| 10

£ Vi = AT Viyim, where Vi =

[eNeNeoNeloNoNeN =l =]

SO O RO OOOCCOOoOoOoO
OCORPROOO R OOO RO
R OO OO OOoOOCOoORr oo
SO OO O RrRrROORrROOO
SR OoOOoORrRr OO0 O0O0O00o
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Modeling A Transformer in OpenDSS

4. Three-phase Ungrounded Wye-Delta Step-down Transformer

~
N
\

',’ I+ Vaa@iv) . \‘. Let Iyrim = Yprim Vprim- How to obtain ¥ .., ?
; AQv v .
1 noova N1 28 Zean &Y 1N, o, V;;S
® —@
— + e + <— I prim = Yprim Vprim
I i Lyaivy ?5
| v ! Lyrim = Al
: A(LV) Vaary |
i B B i |:> AL, =Yprim Vprim}
: ' Vw=A4"Vpy
: +  Verary -— Ve 6 " P
' 1 Ipay .
ol ve  Np1 287 Zean) Y 1o, -
2 0—>—e 6 -
. B n S N i E> Al, = Yprim(AT) Wy
I i Igp1vy i 1,=Y,V,
! Vba) Vbav) !
i i E> Ay, V, = Yzm"im(AT)_lvwilr
! —_ — ! _ T nT
i +  Veean b’ vy Yw=NBYscan) BN
i ——e 7
Vi @ zeeqay) L <—
30— 0 = Yprim = ANBY 51y BTNT AT
— |
I |
v :
4 o /
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Modeling A Transformer in OpenDSS

4. Three-phase Ungrounded Wye-Delta Step-down Transformer

Number of Number of
phases windings

An example: [ Transformer name )

/I Define a three-phase trans'f;o/rmer. I'4
New Transformer.xfmr phases=3 windings=2 xhl=5

~ wdg=1 bus=K.1.2.3.4 conn=wye kv=115 kva=500 %r=1
i/wdg=2 bus=M.1.2.3 conn=delta kv=4.16 kva=500 S%r=1

S i f hich windi //'r )’ }' P t
pecify which winding indi X ercen
( will be edited ] [ Vgoinezgion ] [ Rated voltage ] iZiingVA
Computing Y, using Matlab:

1 500000

[r(pw) + jx(pu)] * % 3% (0.02 + j0.05)

Percent reactance
high-to-low

Yaa@1v) = YBb(1v) = Ycc(1v) = = 1149425.2873 — j2873563.2184 S

100 00000GO0O0O00O0 1 0 0
00001000O0TO0O0O 1 0 o0
00000O0UO0OOT1O0T00 0o 1 o
A={0 10001000100 B={ = o
0010000O0GO0TO0TO0 1
000100100000 0 0 1
000000010010 0 0 -1
- 0 0 0 0 0 0 0 0 0 0
115000/¥3  115000/v/3
1 1
0 i60 ~7ico 0 0 0 0 0 0 0
1 1
0 0 0 - 0 0 0 0 0
NT = 115000/v/3  115000/v3
1 1
0 0 0 0 0 0 160 " 316o 0 0 0
1 1
0 0 0 0 0 0 0 - 0
115000/v3  115000/v3
1 1
0 0 0 0 0 0 0 0 0 7o~ iies

IOWA STATE UNIVERSITY ECpE Department




Modeling A Transformer in OpenDSS

4. Three-phase Ungrounded Wye-Delta Step-down Transformer

Yaav) 0 0 1149425.2873 — j2873563.2184 0 0
Yscarny=| O YBb(1v) 0 |= 0 1149425.2873 — j2873563.2184 0
0 0 Yee(av) 0 0 1149425.2873 — j2873563.2184

Calculate ¥y, = ANBY 5.1y BTNT A=

0.000260739 — j0.00065184 0+ j0 0+j0 —0.000260739 + j0.00065184 —0.00416150 + j0.01040375 0.00416150 — j0.01040375 0+,0
0+,0 0.000260739 — j0.00065184 0+j0 —0.000260739 + j0.00065184 0+j0 —0.00416150 + j0.01040375 0.00416150 — j0.01040375
0+,0 0+j0 0.000260739 — j0.00065184 —0.000260739 + j0.00065184 0.00416150 — j0.01040375 0+,0 —0.00416150 + j0.01040375
—0.000260739 + j0.00065184 —0.000260739 + j0.00065184 —0.000260739 + j0.00065184  0.00078221 — j0.00195554 0 +j0 0+j0 0+j0
—0.00416150 + j0.01040375 0+ j0 0.00416150 — j0.01040375 0+ j0 0.13283853 — j0.33209634 —0.06641926 + j0.16604817 —0.06641926 + j0.16604817
0.00416150 — j0.01040375 —0.00416150 + j0.01040375 0+ 0 0+ 0 —0.06641926 + j0.16604817  0.13283853 — j0.33209634 —0.06641926 + j0.16604817
0+ 0 0.00416150 — j0.01040375 —0.00416150 + j0.01040375 0+,0 —0.06641926 + j0.16604817 —0.06641926 + j0.16604817 0.13283853 — j0.33209634

Exported Y ;i from OpenDSS:

Voo

v
1 |0.000261| -0.00065 0 0 0 0] -0.00026| 0.000652| -0.00416| 0.010404] 0.004162| -0.0104 0 0 0 0,
2 0 0] 0.000261| -0.00065 0 0| -0.00026| 0.000652 0 0| -0.00416| 0.010404|0.004162| -0.0104 0 0!
3 0 0 0 0/0.000261| -0.00065| -0.00026| 0.000652|0.004162| -0.0104 0 0] -0.00416/ 0.010404 0 o1
4 | -0.00026| 0.000652| -0.00026| 0.000652| -0.00026| 0.000652| 0.000782| -0.00196 0 0 0 0 0 0 0 o,
5 [ -0.00416|0.010404 0 0/0.004162| -0.0104 0 0/0.132839 -0.3321| -0.06642| 0.166048| -0.06642| 0.166048 0 0!
6 [0.004162| -0.0104| -0.00416|0.010404 0 0 0 0] -0.06642| 0.166048|0.132839| -0.3321| -0.06642| 0.166048 0 K
T A0 010.004162| _-0.0104| -0.00416]0.010404] _ _ _ _ 0| _ _ _ 0| :0.06642) 0.166048| -0.06642| 0.166048|0.132839 -0.3321f __ __0|____ ( Ok
01 0 0 a 0 0 0 0 0 0 0 0 0 0 0 0 0}

1 2 3 4 6 7 0

One row and one column of zeros are added to the delta-
connected winding to make sure that the primary and second
windings have the same size of admittance matrix.
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Modehng A Transformer in OpenDSS

5. Three-phase Ungrounded Wye-Delta Step-up Transformer

Vl VA N1 . N2 Va VS
@
a

1 ._._/\/\/\,_/VYV\ ®5
—_— A —> ]e <
I I wa s * The HV side always comes before the LV side,
regardless of which is the primary winding.
| HV winding is taken as a reference.
Vyr lwa <L Vg *  Phase rotation is always counterclockwise.
—2, 0 e 1=30°2=60°3=90°6=180°and 12 = 0° or
¢ 360°.
V2 VB Nl: NZ Vb V6
2 e—>—eo— A N\NAN~Y VN L ® 6
—_— B —> < -—
I Lys Ly Ig
VAB
I,
Vpr hws £ V!
_B.’ ;,_ Van
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Modeling A Transformer in OpenDSS

5. Three-phase Ungrounded Wye-Delta Step-up Transformer

Vl VA Nl: N2 Va V5
1 e—e—NNN~"VY VI L ® 5
—_— A —> < a <
11 I Iwa 15

Vyr Lo Iwea' Vy
—®& @
A a’

VZ VB Nl: NZ Vb V6
2 ——— AN~V VYV L >—0 6
e B —> <— b <
L Lys Lyp Ig

Vgr lwe' Iweb' Vyr
_' ’_
B’ b’

IOWA STATE UNIVERSITY

/A
10—

+

Vaaciny

I Loy
N1 280 Zaaany &P 10,

11 IWA

+

Vaavy

+

I
N;:1 ﬂ;V)

+

Vv

+

V, Vs
. 5
— <1_ a -
Liaivy wa 5
Vaan
Lyq'
<— Vo
- .
Vebav) a
I
ZBb(1V) ﬂ) Vs
® 6
+ <
IBb(lV) Is
Vbavy
Veevy —

I Iy
N1 E9Y Zecavy &0 10,
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Modeling A Transformer in OpenDSS

5. Three-phase Ungrounded Wye-Delta Step-up Transformer

+ v -
L) ZAa(m Loy Note:
— ‘AlV) < 1N, N Vs Compared to the 3-phase ungrounded wye-delta step-down
/\/\/\/_NW\ @ .
+ 1_> n a transformer, the equation, ¥, = ANBys.1y) BTNT A", also
AaCvy applies to a 3-phase ungrounded wye-delta step-up
Vaaw Vaav . ; ) .
transformer. The only difference exists in the formation of
~ ~ matrix 4 due to a different connection of delta winding, and
the values of N; and N,. Specifically, according to the figure
+ V
; e on the left, we have
B(1V) Zgp b(1V) 1%
av) < ' 6 I
>—= 6 wa
I a1
+ < wA
I
Ipav) ls i =1ya (i1 11 000000000 0 O™
Veav) Vbav) I =Iyp If Jooo oo 10000 0 0 o
I3 = Iy I3f o 000000010 0 of,
B < 14=1wA'+IW3r+IWcr|:> I{=f0 1. 00 0 1000 10 of,”
- Is = Lyg + Ly Is|] [o o100 0010000 IW:,
— w
+ Veewn - Ig =Ly + Ly lef {0 0000010000 1"
lan e ) L= lye + Ly ;] looo 01000 00 01 o™
Cc(1lV) - 77 Lyc
L
I, .1
- Hwe
1 0 0 0 00 0O0O0O0O0 0
I
’ 000010000000 0O0
000000O0O0T1000
C)> A4=[0 1000 1000100
001000010000
000O0O0O0TO0O0O0O01
0 00100000010
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Modeling A Transformer in OpenDSS

S. Three-phase Ungrounded Wye-Delta Step-up Transformer

An example: [ Transformer name )

/I Define a three-phase trans'f;o/rmer. I'4
New Transformer.xfmr phases=3 windings=2 xhl=5

~ wdg=1 bus=K.1.2.3.4 conn=wye kv=4.16 kva=500 %r=1
i/wdg=2 bus=M.1.2.3 conn=delta kv=115 kva=500 %r=1

S i f hich windi / / / P t
pecify which winding indi X ercen
( will be edited ] [ Vgoinezgion ] [ Rated voltage ] iZiingVA
Computing Y, using Matlab:

1 500000

[r(pw) + jx(pu)] * % 3% (0.02 + j0.05)

Number of ’ t Number of ’ [ Percent reactance ’

phases windings high-to-low

Yaav) = YBbav) = Yee(av) = = 1149425.2873 — j2873563.2184

100000000000 1 0 0
000010000000 1 0 o0
0000000 OT1O0O0 0 0o 1 o0
A=010001000100,B=0_10
001000010000
000000100001 0 0 1
000100000010 0 0 -1
_ 0 0 0 0 0 0 0 0 0 0
4160/v3  4160/3
1 1
0 0 115000 115000 0 0 0 0 0 ° ’ ’
1 1
0 0 0 _ 0 0 0 0 0
N = 4160/3  4160/V3
1 1
0 0 0 0 0 0 115000 115000 0 0 0 0
1 1
0 0 0 0 0 0 0 - 0
4160/V3  4160//3
1 1
0 0 0 0 0 0 0 0 0 0 115000  115000.
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Modeling A Transformer in OpenDSS

5. Three-phase Ungrounded Wye-Delta Step-up Transformer

Yaav) 0 0 1149425.2873 — j2873563.2184 0 0
Yscarny=| O YBb(1v) 0 |= 0 1149425.2873 — j2873563.2184 0
0 0 Yee(av) 0 0 1149425.2873 — j2873563.2184

Calculate ¥y, = ANBY 5.1y BTNT A=

0.19925780 — j0.49814451 0+ 0 0+ 0 —0.19925780 + j0.49814451 —0.00416150 + j0.01040375 0+ /0 0.00416150 — j0.01040375
0+j0 0.19925780 — j0.49814451 0+j0 —0.19925780 + j0.49814451 0.00416150 — j0.01040375 —0.00416150 + j0.01040375 0+ /0
0+ 0 0+,0 0.19925780 — j0.49814451 —0.19925780 + j0.49814451 0+ 0 0.00416150 — j0.01040375 —0.00416150 + j0.01040375
—0.19925780 + j0.49814451 —0.19925780 + j0.49814451 —0.19925780 + j0.49814451 0.59777341 — j1.49443353 0+j0 0+j0 0+j0
—0.00416150 + j0.01040375 0.00416150 — j0.01040375 0+j0 0+ 0 0.00017383 — j0.00043457 —8.69130652e — 05 + 0.00021728 —8.69130652e — 05 + 0.00021728
0+ /0 —0.00416150 + j0.01040375  0.00416150 — j0.01040375 0+ /0 —8.69130652¢ — 05 + 0.00021728 0.00017383 — j0.00043457 —8.69130652e — 05 + 0.00021728
0.00416150 — j0.01040375 0+j0 —0.00416150 + j0.01040375 0+ 0 —8.69130652e — 05 + 0.00021728 —8.69130652¢ — 05 + 0.00021728 0.00017383 — j0.00043457

Exported Y ;i from OpenDSS:

v

v
1 [0.199258| -0.49814 0 0 0 0] -0.19926| 0.498145| -0.00416| 0.010404 0 0/0.004162| -0.0104 0 o],
2 0 0/0.199258| -0.49814 0 0] -0.19926/ 0.498145/0.004162| -0.0104] -0.00416| 0.010404, 0 0 0 0!
3 0 0 0 0/0.199258] -0.49814| -0.19926/ 0.498145 0 0/0.004162| -0.0104| -0.00416| 0.010404 0 01
4 |-0.19926| 0.498145| -0.19926| 0.498145| -0.19926| 0.498145| 0.597773| -1.49443 0 0 0 0 0 0 0 o],
5 | -0.00416| 0.010404]0.004162| -0.0104 0 0 0 0/0.000174| -0.00043|-8.69E-05| 0.000217|-8.69E-05| 0.000217 0 g
6 0 0] -0.00416| 0.010404{0.004162 -0.0104 0 0|-8.69E-05| 0.000217| 0.000174| -0.00043|-8.69E-05| 0.000217, 0 o1
7 10.004162| -0.0104) ____0____C 0|.-0.00416/0.010404|_ _ _ _ ( ol ___ _0/-8.69E:050.000217|-8.69E-05] 0.000217/0.000174] -0.00043|_ ___©0 ___ 0|,
01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0!

1 2 3 4 5 6 7 0

One row and one column of zeros are added to the
delta-connected winding to make sure that the
primary and second windings have the same size of
admittance matrix.
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Modeling A Transformer in OpenDSS
6. Three-phase Grounded Wye-Delta Step-down Transformer

Vi Va Ni:N, |4 Vs
®
a

® 4
< * The HV side always comes before the LV side,

L I hwa ls regardless of which is the primary winding.

HYV winding is taken as a reference.

Phase rotation is always counterclockwise.

1 =30°,2=60°3=90° 6=180°and 12 = 0° or 360°.
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Modeling A Transformer in OpenDSS

6. Three-phase Grounded Wye-Delta Step-down Transformer

Vi Va Ni: N, Va Vy
1 — e AANAYYN P ® 4
—_— A —_— < a <
L 1 Iyq Iy

IOWA STATE UNIVERSITY

/A

10—
A

11 IWA
Vyr Ly g
Al

+  Vaaan
I I
A_(1>V) ZAa(1v) “éi” Vy
°4
+ > o+ <
Liaivy 4
Vaar Vaan
+  Vepary — a Vs
-——e 5
Vy EI
5
+ —_> + Ie b
Igpvy wb
Veav)

ECpE Department




Modeling A Transformer in OpenDSS

6. Three-phase Grounded Wye-Delta Step-down Transformer

Step 1: Compute the nodal admittance matrix on a one

VAa(lV)
IA(lV) Zya avy L Ia(lV) 1I‘N
v V2

+
IAa(lV)

Vaary Vaawy

+  Vepan
I I
ﬂ;v) ZBb(1V) béﬂ/)

+  Vecan
A zecary L q

+ +

Iecavy

Vean Ve

IOWA STATE UNIVERSITY

turn or one voltage base.

lycivy = Laaavy [Ta(11)]
lacivy = —laaivy Loy
I =] I
@ J Bav) = v I:> B(1V)| _
Iyavy = —Ispav) Ipav)
leavy = lecany Ican
_ leavy = ~lecavy | lc(v)
ete)
Laaivy
Ipav)
1, = BI , where, I; = A
E> 1 sc(1v) 1 Ib(lV)
Ieayy
| Tecv)
Vaavy = Vaavy = Vaav) Vaaan)|
@ Vebavy = Veavy — Vbar) Vebv)
Veeavy = Veavy — Vear) Veean |
|:> Vscavy = BTV, where, Vscavy =
Vaa(vy = Zaa(vylaa(iv) Vaav)
@ VBb(lV) = ZBb(lV)IBb(lV) VBb(lV)
Veeavy = Zecanyleean) Veean) |

|:> Vsc(lV) =Z

o O oo

Vaa(iv)
Vebaw |, V, =
| Veeawy

ZAa(1V)
= 0
0

Liav)

Ippav)

Iecavy

0

0 Lyaavy
g , Lsccivy = |IBp1v)
1 lecavy
-1 Vaan ]

Va@v)
_01 g g V)
0 1 -1 Vbv)
Vear

_VA(1V)_ _Vc(lV)_
Va@v)

V)

Vb

Vear

_Vc(lv)_

0 0 Ly
Zp(1v) 0 Ipp1v)
0 Zcc(1v) ICC(IV)

-1
scavylscavy E> YscanVscav) = Iscavy where, Yseary = (Zsc(lV))
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Modeling A Transformer in OpenDSS

6. Three-phase Grounded Wye-Delta Step-down Transformer

+  Viean

I I
ﬁ;") ZAa(1V) a<(iv)

Let I, =Y.V, where, Y, is the admittance matrix on a one turn or

+ one voltage base. Whatis ¥;?

_ I, =Y,V }
+  Vepavy — I, = Blscavy

Iyany

IB(lV) VA
b
290 zppav) & = Blsay) = Y1V1}
Vsc(lV) = BTV1

E> BIsc(lV) =Y, (BT)_lvsc(lV) }

Isc(lV) = Ysc(lV) Vsc(lV)
+  Vecan

I I -
1 "W zgeqyy V) = BYscan)Vscav) = Y1 (B") Vi)

Iecavy I:> Y1 = BY vy BT
Ve
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Modeling A Transformer in OpenDSS

6 Three-phase Grounded Wye-Delta Step-down Transformer

+ Vaaav Step 2: Consider winding turns ratio.
; Lyav Iaqiv) i
Vi WA N1:1 (9) Zpa(1v ) < 1:N2 A Vy = 0 0 0 0 0 ]
! —® 4 N11
n a <= -2 0 0o 0 0 0
I ! 4 — !
Aa(1v) :  lywa = Laavy/Ny L 0 Ni 0 0 0 0
Vaav) : Lyar = —Laan /Ny e %
: Lyq = Ia(lv)/NZ IWA 0 A 0 0 0 0
1 _ wa 1 _IA(lV)_
Var Lya' = =la@v)/Ny Lo 0 0 5 o o o
— —_ ; V IWB = IB(lV)/Nl IWB 0 0 _l 0 0 0 a(lV)
! +  Veav)y - # > @ J Iyg' = =Ipav)/N1 = Lwer | _ Ny Isavy
vl N1 BQY zgy Toan) CrT2s Iy = Ipa)/ N2 bl tlo 0 0 =0 o ||ban
2 ' 1 Vo EIS Lyy' = —Ipayy/Na i o o0 o -2 o o |lfean
| Lyc = Iccun/N we N [ L) |
b we = leavy/N1 Lycr 1
! Lycr = —Icav)/M Lye 0 0 0 0 5 0
' Lye = Ic(lV)/NZ Y 0 0 0 0 —Ni 0
! — 1
! L e = _IC(IV)/NZ 0 0 0 0 0 1
v, Nz
. o o o 0 o0 -+
I, L N>
: b Ve &= 0 0 0o 0 o
: Ic Loy : > 6 Iy L 0 0 0 0 o
V3 Ve N;: 1 —(1>V) Zce(1v) L) 1:N, VC # IIWA’ 0 Niz 0 0o 0 o0
6 wa X
6': Iwa, 0 v (1) 0 0 0
Icc(lv) : IWB 0 0 o 0 0 0
| _ Y _|o 0o —x 0o 0o o
Vear) ! E> Ly = NI, wherel,, = Lup [ N= o 0 0 & 0 o0
' Ilwb' 0 0 0 - 0 0
Vc’ IWCC, o 0 0 0 & o
> ;:m 0 0 0 0 —Nil 0
< Lyer 0o 0 0 0 0 Niz
0 0 0 0 0 —Niz
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Modeling A Transformer in OpenDSS

6 Three-phase Grounded Wye-Delta Step-down Transformer

_______________________ T Viwa — VwA’ VA(lV)Nl
Viwa — Vwa’_Va(lv)Nz

VwB —Vyp' = VB(1V)N1

[EEN
S
§___,
-~

+ + :Fl _.6 4 Vwp = V' = Vb(lV)NZ
Liaiv) ! I Vwe = Vwe' = VearyM
v ! Vwe = Vier = Vc(1V)N2
AQV) Va(lV) 1 VwA
: L X 9 0 0o o 0o 0 0 o o o]Ywa
1 Ny N1 Vwa
_ ~ Vo' Vaann] o o Ni —Ni 0 0 0 0 0 0 0 0 ||V
V, 2 V.
, V. a(1v) 11 wB
1+ Vsbav) 1_ ¢l 55 |:> Vaan | _ 0 0 0 0 = -0 0 0 0 0 o0y
BAV) zpp iy PV ! -— “an| f[o 0o 0 0 0 0 — —-— 0 0 o0 o0 ||V
—_— @av < 1N2 Vb 15 VC(IV) N> N3 L . Vwbl
’ Vo) [0 0 0 0 0 0 0 0 o - 0 0 |V
T 1 1 | [Viwe!
! 0 0 0 0 0 0 0 0 0 0 —_ ==
! L Ny Nl | Ve
| [V
' 1%
Vo V‘:/:'
] Viva
+ Veean ?, Ve Vipa!
Ieavy Zee(n) Ieayy LN ],:/ 66 Vg
—_ < : Vg
2(_ g I = Vi=N"V,, wherey, = ];:i
+ + I ¢ Viwp'
Iecavy we Vwe
Veary Veaw) i ];';VC’
Lyer | Ve
é VC’ wc

a- @-
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Modeling A Transformer in OpenDSS

6 Three-phase Grounded Wye-Delta Step-down Transformer

N Next,letI,, =Y,, V,,. How to obtain ¥, ?

IAa(lV)

Vaary

I,=Y,V,
' 1, = NI, }
B B V,=N"v,,

+  Vepary -—

I Iy '
E;V) ZBb(1V) éi” 1: N, ':>NI1 =Y, (N1,
| Il = Y1V1

> NY,V,=Y,(N)'V,

=> Y, =NY,NT }

Y, = BYsc(lV) BT

Iecavy i = Y, = NBY .y B™NT
Vean
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Modeling A Transformer in OpenDSS

6 Three-phase Grounded Wye-Delta Step-down Transformer

Vaiavy — \

Step 3: Consider winding connections
Lyany
Va I = Iy

= V) <

N;:1

94 52i1w3
I iy 3= lwe
! Aa(1v) | @ Iy = Iy + e
! Vaav) | Is = 1, + Iyp
i ! Ie = 1yp' + Ly
' | [ Twa
' [i’ Iy
: +  Veavy — “ 1> hva
| Is(w)z Iy —— 5 L1 1 0 0 00 00 0 0 0 0 07lwa
V, | Vg Ny: 1 Bb(1V) <~ 1:N, V, | |<— L{ 1o o 00100000 0 Ofs
26— s I5] 1o o oo 000010 0 o
1 3| wB’'
: = [L|7|o 0o 1 0000000 0 1w
| : Is|] 1o 0o 01001000 0 0w
: ; Il 1o o oo 00010 0 1 ol
: : IwC
' ' Ly
' | L]y
: + VCC(lV) WG
I I Loy %6
V, Ni:1 S zecary LY 1N, v | | <— I 10000000000 0
13 c 1- —> <— AV c A i
| 2 000 0100UO0TO 0O 0OTO 0O
+ ! o |l 4_l0 00 00O O0OO0OOT1O0TUO0O
Iecav) | =D Tprim = Al where, Lrim=| *LA=10 4 1 o o 0 0 0 0 0 0 1
Vo) | Is 0001007100000
: 00000O0O0T1O0TO0T10
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ECpE Department



Modeling A Transformer in OpenDSS

6 Three-phase Grounded Wye-Delta Step-down Transformer

Lyany
>

N;:1

Vaary

+

N1 13(11/)

+

I
N1 80

VAa(lV)

Zaa(1V) <—

IAa(lV)

Vebavy —

I
ZBb(1V) <— bav)

Veeany
I
zeecary LY 1N, v,

Iecavy

Ve

%

US___________

IOWA STATE UNIVERSITY

~ V=V Va1l 11
VAI =0 VA’ 0
V.=V, Va 0
Vy = Vs Varl 10
Vg =V, Vg 0
Vgr=0 Vel |0

@ N vey v, | = o
Vyr = Vg Ve 0

VC = V3 VC 0

Ver=0 Ver 0

Ve="Vs Ve 0

~ Vo=V, vl 10

=) Vi = AT Vi, Where, Vi, =

OO O OO OO RrOOoOOoOo

S OO PRrRrROOOOCOoOOOO

PO O OO OOoOOCOoOKr oo

SO O OO RrRrROORrROOO

SR OoOOoORrRr OO0 O0O0O00o
o
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Modeling A Transformer in OpenDSS

6 Three-phase Grounded Wye-Delta Step-down Transformer

VAa(lV)

I
N1 290 Zaayy

IAa(lV)

Vaary

+  Vepav

I
N1 287 Zerav) &

+

Veeany
I
C_(1>V ) Zce(1v)

Iecavy

IOWA STATE UNIVERSITY

Laavy

+

Vaawy

Ipav)

Ic(lV)
<

Ve

\ Let Iyrim = Yprim Vprim- How to obtain ¥ .., ?

Vs
_.I 4
<
iy Lyrim = Yprim Vprim }
i Iprim = Al,
i |:> Al = Yprim Vprim
1.755 Vi =A"Vyim
d_
s
| E> Al = Yprim(AT)_lvw
i I,=Y,V,
i E> Ay, v, = Yprim(AT)_IVWilr
Ve Yy, = NBY1y) BTN
——¢ 6
1]
e |:> Yprim = ANBY 51y BTNT AT
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Modeling A Transformer in OpenDSS

6. Three-phase Grounded Wye-Delta Step-down Transformer

An example Transformer name Number of ’ t Nll‘lmb?r of ’ Percent reactance
/1 Deﬁneathree-phaLe-hm\s?mﬂ.—‘/ phases P windings | high-to-low ’
New Transformer.xfm#¥ phases=3 windings=2 xhl=5 Ve
~ wdg=1 bus=K.1.2.3.0 conn=wye kv=115 kva=500 %r=1
~ wdg=2 bus=M.1.2.3 conn=delta kv=4.16 kva=500 %r=1
Specify whi/c:l winding Windin / / Base k/VA Percent
( will be edited ] [ connecgion ] [ Rated voltage ] rating

Computing Y, using Matlab:

1 500000
= = = = - = 1149425.2873 — j2873563.2184 S
Yaa@v) = YBb(Vv) = Ycc(1v) ' 12 3 (0.02 + j0.05) ]
[r(pw) + jx(Ppu)] * 573
t
1000000O0O0O0TO0O 1 0 0
0000100UO0O0GO0TUO0O -1 0 0
a0 00000001000 g_[0 1 0
001000O0OO0OO0OGO0TO0 1f 0 -1 0
000100100000 o o0 1
9010000210010 0 0 -1
- 0 0 0 0 0 0 0 0 0 0
115000/+/3  115000/v3
1 1
0 i60 ~7ico 0 0 0 0 0 0 0 0
1 1
0 0 0 - 0 0 0 0 0
NT = 115000/v/3  115000/v3
1 1
0 0 0 0 0 0 160 " 316o 0 0 0 0
1 1
0 0 0 0 0 0 0 - 0
115000/v/3  115000/+/3
1 1
0 0 0 0 0 0 0 0 0 4160 4160/
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Modeling A Transformer in OpenDSS

6. Three-phase Grounded Wye-Delta Step-down Transformer

Ysc(lV) =

Yaa(1v) 0 0
0 YBb(1V) 0 |=
0 0 Yce(@av)

Calculate ¥y, = ANBY 5.1y BTNT A=

0.000260739 — j0.00065184

0+ 0
0+ 0

0+ /0

0.000260739 — j0.00065184

—0.00416150 + j0.01040375

0.00416150 — j0.01040375
0+ 0

0+ /0
0+/0
—0.00416150 + j0.01040375
0.00416150 — j0.01040375

0+ 0
0+,0

0
0

1149425.2873 — j2873563.2184

0

1149425.2873 — j2873563.2184

—0.00416150 + j0.01040375

0.000260739 — j0.00065184
0.00416150 — j0.01040375

0+j0

Exported Y ;i from OpenDSS:

AN N AW =

0+ 0
0.00416150 — j0.01040375
0.13283853 — j0.33209634

—0.06641926 + j0.16604817

0

0.00416150 — j0.01040375
—0.00416150 + j0.01040375

0+ 0

0.13283853 — j0.33209634
—0.00416150 + j0.01040375 —0.06641926 + j0.16604817 —0.06641926 + j0.16604817

0+ 0
0.00416150 — j0.01040375

—0.00416150 + j0.01040375
—0.06641926 + j0.16604817 —0.06641926 + j0.16604817
—0.06641926 + j0.16604817

0.13283853 — j0.33209634

0
0

1149425.2873 — j2873563.2184

G B
v v
0.000261| -0.00065 0 0 0 0] -0.00416| 0.010404| 0.004162| -0.0104 0 0
0 0] 0.000261| -0.00065 0 0 0 0] -0.00416| 0.010404| 0.004162| -0.0104
0 0 0 0] 0.000261| -0.00065| 0.004162| -0.0104 0 0] -0.00416| 0.010404
-0.00416| 0.010404 0 0[ 0.004162| -0.0104|0.132839, -0.3321| -0.06642| 0.166048| -0.06642| 0.166048
0.004162| -0.0104| -0.00416| 0.010404 0 0 -0.06642| 0.166048| 0.132839, -0.3321| -0.06642| 0.166048
0 0/ 0.004162] -0.0104| -0.00416| 0.010404| -0.06642| 0.166048| -0.06642| 0.166048| 0.132839 -0.3321
1 2 3 4 5 6

IOWA STATE UNIVERSITY

ECpE Department




Modeling A Transformer in OpenDSS

7. Three-phase Grounded Wye-Grounded Wye Transformer

Vl VA N1:N2 Va V4-
1 .—._/\/\/\,_NYV\

d ® 4 . .
_—s A _—> < 4 < * The HV side always comes before the LV side,
Iy I Iwa L4 regardless of which is the primary winding.

HYV winding is taken as a reference.

/ *  Phase rotation is always counterclockwise.
Vyr lwa g’ V, +  1=30°2=60°3=90° 6=180°and 12 = 0° or 360°.
—@ o—
A’ a’
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Modeling A Transformer in OpenDSS

7. Three-phase Grounded Wye-Grounded Wye Transformer

+  Viean
4 Va Ny: N, Va Va Iyaav Iaav
av) z (1v)
1 e——ANANVV o ® 4 41 Va Ni:1l > %4a(1V) <
O A <47 < 1
I I Ly Iy A + —_— +
L Lwa Lpaavy
Vaaw) Vaavy
J I,
Var 4 2 a’' Vyr lwa
—e *— A _ _
AI al A’ ,
+  Vepan a
I I
VZ VB Nl NZ Vb V5 . V, Vg Nl: 1 gV) ZBb(lV) g)
2 e e AAAYN . . 2
—> | B — <I_ b < B +
I Iyp wb Is 1 lyp Igp(1v)
Veav) Vb
I o 1 b' ’I B’
v 2y, e N _
— o — B’
B b’ +  Vecan
V. v N-:1 leqn) Zce(1v) leav)
/A Ve Nl NZ A Vs 3 3 c 1 — <—
3 > AAALYYN . o6 c N
—_— C — I c # I3 Ly ICc(lV)
I3 Iyc we 6 v
cav)
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Modeling A Transformer in OpenDSS

7. Three -phase Grounded Wye-Grounded Wye Transformer

--------------------- Step 1: Compute the nodal admittance matrix on a one

v, :
1+ paan ! turn or one voltage base.
AQV) » a(v) | ~ ) i
— “all) < i Iyaavy = Laaavy Laav) 1 0 0
+ —> 4 i lav) = ~laaqv) faq) -1 0 0 0rLgan
Liav) ! @ J Isav) = Isvav) = Isan|_[o 1 o0 Iobuy)
Vaciry Vacuy) i Iy(ivy = —Ippiv) Ivavy 0 -1 0 lecauvy
1 C
! IC(lV) = ICc(lV) ey 0 0 1
i _ leavy = ~lecavy | lc(v) 0 0 -1
_ - o ‘?(w)‘ 1 0 0
+  Vepary - | a a(1r) -1 0 0 Lyaavy
I
Igavy , Ihavy I:> I, = BI where, I, = [P0V g=[ 0 1 0/, = |Ispav)
N Bb(1V) -— ! 1 sc(1vV)» 11 Ib(lV) g 0 -1 ol sc(1V) | o
/\/\/\/_/'\/'W\ : I 0 0 1 ce(1y
! cav)
+ >  + | I 0 0 -1 Vi ]
l | ey | A(LV)
Bb(1V) : _ v ) Vaan
Veav) Voary < Vaa@vy = Vaavy = Vaav) Aa(1v) L =10 0 0 07y,
i Vebavy = Veavy — Voar) Vebay|=10 0 1 -1 0 0 Vo)
! Veeavy = Veavy — Vear) Veeay/ 100 0 0 1 -1 Vear)
+  Veean : [V4aw) ean.
C
| |/
Ieavy ey v a(1v)
= fceV) <« 1 T VAa(W) Vaav)
! |:> Vscavy = B V1, where, Vsevy = [VBban |, V1 = Vo)
+ ? + ! _VCc(lv) VC(lV)
cc(1V) | .
Vean Vear ! Hean),
i VAa(lV) = ZAa(lV)IAa(lV) VAa(lV) ZA(l(lV) 0 0 IAa(lV)
| @ Vebavy = Zepav)lebv) |:> Vepan) | = 0 ZBb(1V) 0 Igpavy
- - : Veeavy = Zecanyleean) Veear) | 0 0 Zeen) | Uecav)
_____________________ ! ’ 1
E> Vscav) = Zscavylscar) E> YscanVscav) = Iscavy where, Yseary = (Zsc(lV))
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Modeling A Transformer in OpenDSS

7. Three-phase Grounded Wye-Grounded Wye Transformer

’

+  Vasan
I I
gw ) ZAa(1V) a<(1/ )

LetI; = Y,V,,where, Y, is the admittance matrix on a one turn or
one voltage base. Whatis ¥;?

+ = 4+

Lyaivy
Vaaw Va@v)
I, =Y,V }
+_ Vonc __ i o I, = BISC(1V)
IB_(;V) ZBb(1v) Ibéﬂ/) 1§N2 Vo | Vs = Blscav) = Ylvl}
+W+ : <1_ Z \ <.—5 Vseary = BV,
Igpavy . wb Is
Veav) Vb(1v) i . > B Lscayy = Y, (BT)_lvsc ) }
_ ~ N < Vp Iscaivy = Yscan)Vscan)
+  Veeary — i b’

-1
IC—(1>V) Zce(1v) IC<(LV) E> BYscvyVscavy = Y1 (BT) Vscan)

+ —> 4+
Iecavy

= Yy = BYy () BT
Vean Vear
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Modeling A Transformer in OpenDSS

7 Three-phase Grounded Wye-Grounded Wye Transtformer

+  Vasan ‘.
AW Zpayy LV A
» ® 4
+ —> 4 @ S
Lga(1v) | 4
Vaaw Vaawy :
Vo
+  Vepar)y — ?
I Iyav |
oo | Np1 280 Zman &P 1N, o, V55
AN\ YN *—<c—=o
> T | <5
Igpivy wb | 5
Veav) Vbawvy !
Ly
L Yy
B v
! +  Veean 1‘:’
! I} Ieay !

o | % Np1 8P Zecan L0 N, v | Ve
3 *— ® 6
—_—> + + Ie c <
I3 Iecavy we Is

Vean Vear i
I, . !
2 f./c’

IOWA STATE UNIVERSITY

Step 2: Consider winding turns ratio.

 lywa = Laavy/Ny
Lyar = —Laan /Ny
Lyq = Ia(lv)/NZ
Lyg = _Ia(IV)/NZ
Lyp = IB(lV)/Nl
Lyp = —Ipan) /N1
Lyp = Ipavy/ Ny
Lyp' = —Ipavy/N2
Lye = Icavy/M
Lycr = —Icav)/M
Lyc = Ic(lV)/NZ

=

1= —Icqv)/N;

N~ IWC

|:> I,, = NI, wherel,, =

r 1

Ny
1
Ny

o

o o O o o o o o o

|
° zl-FI"

©c o © © © © o o ©°o

o o (=] o (=] o (=) o 2|
Nl"‘

ooooooooz"ﬂ»—\oo
Flr

0 0 0 0 |
0 0 0 0
0 0 0 0
0 0 0 0
19 o o |[faawn]
Nll Ia(lV)
N, 0 0 0 IB(1V)
o = o o [|[lban
" leavy
o -L o o],
Nz L | lev) )
0 0 — 0
Ny
0 0 -= o
Ny
o 0 o0 =
Nz
o 0 o -=
Nz
0 0 0 o0
0 0 0 0
0 0 0 o0
0 0 0 0
Nil 0 0 0
-L 0 0o o
Ny
0 Niz 0 0
o -+ 0o o
Nz
0 0 Nil 0
0 0 —Nil 0
0 0 o0 Niz
0 0 0 —Niz
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Modeling A Transformer in OpenDSS

7 Three-phase Grounded Wye-Grounded Wye Transformer

___________________________________ Viwa — VwA’ VA(lV)Nl

1 Vaa@v) : Vwa = Viwa! = Va@an)N2
A Zhq1v) a(1v) ].'/ A @ Vws = Vs’ = VN1
a
» ® 4 Zwb _Zwb’ = Zb(w)%z
—> + a < wc ~ Vwc! = Veavy)V1
I
Lyaivy i 4 Viwe = Ve = Vean)Ne v
Vaav | - v
av) ! L 1 %9 0o 0o 0o o o o o o o]|Y%a
: Ny N1 Vwa
v, Vaaw] [0 0 — —— 0 0 0 0 0 0 0 0 ||V
— Va(lV) : 1 1 VWB
s Vo ! > V| [0 0 0 0 mo-g 0 0 0 0 0 0|y
Isav) vy | V. Vo) o 0 0o 0 0 0 Ni _Ni 0 0 0 0w
- ZBb(1V) - 1;N2 p 5 Vean ’ ’ 1 1 V!
V2222 > e 5 Veay) 0 0 0 0 0 0 0 0 A 0 0 Vwe
—_— - Vwe!
+ ; + }1:’ I 0o 0 0 0 0 0 0 0 0 0 — ——fW
Bb(1V) | 5 L N Nod | Ve
| \V.,, .1
Veav) Vbawvy : ver
: VWA
Wy ]:}”A,
i — wa
Ly Vo 1
+  Veean b e
leqavy %) : o
c(1v c V.. or
=7 Zeeav) <« 1:N, V66 = Vi=N"V,, wherey, =|*
@—C L ] wb
+ + Ie (i,‘ < Vb
Iecaavy we Ig Vwe
| VWC’
Vean Vear ! Vie
Iwc’: —Vwc'
< f./c’

IOWA STATE UNIVERSITY ECpE Department



Modeling A Transformer in OpenDSS

7. Three-phase Grounded Wye-Grounded Wye Transformer

+ e

+  Vpav

+ —
Igpivy

Veavy

+  Veean

I
i | i Np1 S8 Zecan

Iecavy

/\/\/\/_/WV\

N

~

SRR 25 ekl

Vaawy

+

a/

I I '

N1 29 Zean) X 1N, o,
’ Ve

b

Vbawvy

leany
<

Vear

1:N2 ﬂIIC
v €

IOWA STATE UNIVERSITY

Next,letI,, =Y,, V,,. How to obtain ¥, ?

I,=Y,V,
I, =NI,; i|r

vV, =NTV,,

OO NI, =Y, (N V, }

I, =Y.V,
> NY,V,=Y,(N)'V,

=> Y, =NY,NT }

Y, = BYsc(lV) BT

= Y, = NBYsay) B'N"

ECpE Department



Modeling A Transformer in OpenDSS

7 Three-phase Grounded Wye-Grounded Wye Transformer

+  Vaan \
Laavy 4 laavy VI
Va Ni:1l —7 “Aa(lV) < :44
°
+ > 4 <
Lyaivy #
Vaaw Vaawy |
+  Vepar)y — a !
I I )
AV zppavy P ‘:755
IV 222% °
+ —_— + él'—
Igpivy o
Veav) Vbawvy !
Ve

® 6

<—

[ ——
)}

IOWA STATE UNIVERSITY

Step 3: Consider winding connections

L =1y,
I = lyp
@ I3 = Iyc
Iy = Iyq
Is = Iyp
I = Ly
I 100
Ll 1o 0 0
L] _10 0 0O
= {70 o 1
Iy 0 0 O
Ll lo oo

|:> Lyvim = Al,, where, I im,

(=l No o Ne)

eNeNeNel =)

SO OO oo

OR O OO Oo

SO OO O

SO O O oo

SO OO OO

[=NeNel ==

SO RO OO

SO OO oo
o OO oo
(=N o N

~

g

[v]

SO OO OO
[=NeNoNenN =
SO OO OO
SR OO OO
SO OO OO
[eNeNel ol
(= e NN NNl
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Modeling A Transformer in OpenDSS

7. Three-phase Grounded Wye-Grounded Wye Transformer

~
v N

:’/ +  Vaaan) N
' Laavy 4 laavy I/IT
Vi Va N;i:1l =~ “%Aa(1V) < 4
® 4
+ > 4 <
| Lyaivy *
I Vaav) Va@v) I
| +  Vepar)y — a i
1 I I 1
V.}Z B_(;V) ZBb(1V) béﬁl) ‘(55
IV 222% .
+ —_— + <
Igpivy lls
Veavy Vbawvy i
Ve
® 6
le

IOWA STATE UNIVERSITY

~ V=V Va1l 11
VAI =0 Vyr 0
V.=V, Va 0
Vgr=0 Var 0
Vg =1, Vp 0
Vgr =0 Vg _10

@ N vey v, | = o
Vyr =0 Vyr 0

VC = V3 VC 0

Ver=0 Ver 0

Ve="Vs Ve 0

- V., =0 vl 10

=) Vi = AT Vi, Where, Vi, =

OO O OO OO RrOOoOOoOo

S OO PRrRrROOOOCOoOOOO

[=NeNalololoNoNoNeol =N =]

SO O OO RrRrROOOOOO

S PR OO0 0000000
o
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Modeling A Transformer in OpenDSS

7. Three-phase Grounded Wye-Grounded Wye Transformer

~
N

:’/ 1+ Vaaav) . \‘: Let Iyrim = Yprim Vprim- How to obtain ¥, ?
v Va N;:1 290 Zpaqay) “éﬂ” Vy
® 4
+ e + 61"_ Iprim = Yprim Vprim
| I 4
: Aa(1V) ! Ipn'm _ AIW
. Vaaw Vaar :
i _ i |:> Al = Yprim Vprim}
: B ; ! V,=ATV,,
| +  Vepar)y — a ! v prim
1 I I 1
W | Vg N1 28 Zepav) o ‘{55
ANV Y 1 _ -
n S n <— E> Al, = Yprim(AT) 1VW
: Igp1vy 1:5 1,=Y,V,
i Veav) Vbawvy !
| | = AY,V, = Yprim(AT)-IVW}
! +‘ y - : Y, = NBY 1,y BTNT
' cc(1v) !
1 IC(lV) Z IC(lV) 1
V:a Ve Ni:l — 7~ “Cc(1V) < Iiﬁ P IZ> Y prim = ANBY 51y BTNT AT
prim sc
+ e + :
Iecavy {6
Vean Vear i
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Modeling A Transformer in OpenDSS

7. Three-phase Grounded Wye-Grounded Wye Transformer

An example: [ Transformer name )

/I Define a three-phase trans'f;o/rmer. I'4
New Transformer.xfmr phases=3 windings=2 xhl=5

Number of ’ t Number of ’ [ Percent reactance ’

phases windings high-to-low

~ wdg=1 bus=K.1.2.3.0 conn=wye kv=115 kva=500 %r=1
i/wdg=2 bus=M.1.2.3.0 conn=wye kv=4.16 kva=500 Sr=1

Specify which winding Winding Rated voltage Base kVA Percent
will be edited connection ¢ rating resistance

Computing Y, using Matlab:
1

500000
= = = = = 1149425.2873 — j2873563.2184
yAa(lV) be(lV) yCC(lV) ] 12 3 (0.02 +_]0-05) J
[r(w) + jx(Pu)] * 573
1000 0 O0O0OOOUODO0 1 0 0
0 00O01O0O0O0OO0ODO0OO0ODO -1 0 0
4=10 0 0 0 000 O01O0O0TUO0 g=|0 1 0
001 00O0OOO0OO0OTGO0OTG OO 0 -1 0
00O0O0OO0OOT1TTUO0OTO0OTO0OQ OO 0 0 1
00 10 000 9 00010 0 0 -1
- 0 0 0 0 0 0 0 0 0 0
115000/v/3  115000/v3
1 1
- 0 0
0 4160/V3  4160/V3 0 0 0 0 0 0
1 1
0 0 0 - 0 0 0 0 0
NT = 115000/v3  115000/+/3
= 1 1
0 0 0 0 0 - 0 0 0
4160/v3  4160/43
1 1
- 0
0 0 0 0 0 0 0 115000/v3  115000/+/3
1 1
0 0 0 0 0 0 0 0 0 -
4160/v3  4160/3]
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Modeling A Transformer in OpenDSS

7. Three-phase Grounded Wye-Grounded Wye Transformer

Yaa1v) 0 0 1149425.2873 — j2873563.2184 0 0
Yscary=| O YBb(1v) 0 |= 0 1149425.2873 — j2873563.2184 0
0 0 Yee@v) 0 0 1149425.2873 — j2873563.2184

Calculate ¥,y = ANBY 5.1y BTNT AT=

0.000260739 — j0.00065184 0+,0 0+,0 —0.00720793 + ;0.01801984 0+,0 0+,0
0+,0 0.000260739 — j0.00065184 0+ 0 0+,0 —0.00720793 + j0.01801984 0+,0
0+,0 0+,0 0.000260739 — j0.00065184 0+ 0 0+ 0 —0.00720793 + j0.01801984
—0.00720793 + ;j0.01801984 0+j0 0+j0 0.19925780 — j0.49814451 0+ /0 0+,0
0+,0 —0.00720793 + j0.01801984 0+ 0 0+j0 0.19925780 — j0.49814451 0+,0
0+ j0 0+,0 —0.00720793 + j0.01801984 0+ 0 0+ 0 0.19925780 — j0.49814451
Exported Y ;i from OpenDSS: ¢ s
v v
1 | 0.000261| -0.00065 0 0 0 0| -0.00721 0.01802 0 0 0 0
2 0 0| 0.000261| -0.00065 0 0 0 0 -0.00721| 0.01802 0 0
3 0 0 0 0| 0.000261| -0.00065 0 0 0 0| -0.00721 0.01802
4 | -0.00721] 0.01802 0 0 0 0| 0.199258| -0.49814 0 0 0 0
5 0 0| -0.00721 0.01802 0 0 0 0] 0.199258 -0.49814 0 0
6 0 0 0 0 -0.00721| 0.01802 0 0 0 01 0.199258| -0.49814
1 2 3 4 5 6

IOWA STATE UNIVERSITY
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Modeling A Transformer in OpenDSS

8. Three-phase Delta-Delta Transformer

Vl VA N1: N2 Va V4-

1e —o—/\/\/\~ VY VYV L ® 4

_>I A ﬁ ;@ < I « The HV side always comes before the LV side,
1 wa 4

regardless of which is the primary winding.

HV winding is taken as a reference.

Phase rotation is always counterclockwise.
1=30°2=60°3=90° 6=180°and 12 =0° or 360°.

Vie

DdO0
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Modeling A Transformer in OpenDSS

8. Three-phase Delta-Delta Transformer

+  Vieany -
V. 1/ . 1/ Lyav Iaaav)
1 :—_:;/\/\/\/_/WV\ Ny: N2 Za .44 4 : (9) ZAa(1V) <—
— A —> < 4 <
L 1 Iyq Iy

Igpavy

Vv

+  Veeary -

I I
4 Zeeaw) ﬂ)

| Yprim |
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Modeling A Transformer in OpenDSS

8. Three-phase Delta-Delta Transformer
Step 1: Compute the nodal admittance matrix on a one
turn or one voltage base.

v, F I} A Iyavy = laa@v) [la@v)] 1 0 0
16— ! ! P laqvy =~1 !
| ! a(1v) Aa(1V) a(1v) -1 0 0 IAa(lV)
L | ' e @ J sany =Ieav Isan|_[o 1 off,
1 ! h b
| | Iy(ivy = —Ippiv) E> Ivav) 0 -1 0 Ii SZ))
! c

i : Icavy = Iccavy Iev) 0 0 1
i | L leavy = ~lecavy Heaw) ] o 0
: B . 'jA(w)" 1 0 0
E +  Vepavy - | 4 S V.SS 1 ;2112 _01 (1) g faav)
o I : < = = - =
; gV) ZBp(1V) ﬂ) 1! E> I, BIsC(lV)r where, I Iyan [ B 0o -1 of Isc(1v) Iib((iz))
: : lea) 00 1 ’
C 7 ﬁv o e ] 0 0 - Vaaw)]
! av i v =V -V Vaan)] ve)
1> Ve Vbav) ! VAa(lV) B VA(W) Va(W) Vi o L-10 000 Veav)
| ! Bp(1v) = VBav) — Vb(1v) ppa(=(0 0 1 -1 0 0 Vb
i : VCC(IV) = VC(IV) - Vc(lV) VCC(lV)_ 0 0 0 0 L- VC(lV)
: — - ] Vi) | Ve |
| +  Veean : V( )
: Ieavy Leavy | Yaaw ar
PIRECOEI . a(1v) V)
| ! E> Vscavy = BTV, where, Vseayy = [Vevan |, V1 = Vbav)
C o+ D, Vee) Vea)
| cc(1v) I /
| Vc(lv) Veav : _VC(IV)_
1 c ]
: av | Vaa(vy = Zaa(vylaa(iv) Vaav) Zaa(wv) 0 0 taaqay)
i : @ Vebavy = Zepav)lebv) Vepavy | = 0 ZBb(1V) 0 lsbay
! ! Veeavy = Zecavylecavy Veean) | 0 0 Zeea) | eea)
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Modeling A Transformer in OpenDSS

8. Three-phase Delta-Delta Transformer

LetI; = Y,V,,where, Y, is the admittance matrix on a one turn or
one voltage base. Whatis ¥;?

v L =YV, }
- I, = Bl 1y
+  Vepary —

B(1V) Iyav) 5 _
= ZBp(v) & 1 < E> Bls1vy = Ylvl}
_ pT
+ —> + Vsc(lV) =B Vl
Ippaavy
Veav) Vv

E> BIsc(lV) =Y, (BT)_lvsc(lV) }

B Isc(lV) = Ysc(lV)Vsc(lV)
+  Veean

I I
£ zeeqyy LY

-1
= BYscanyVseavy = Y1 (BT) ~ Vsear

+ > +
lecany

= Y, = BYs(1y) BT
Vear

Veany

IOWA STATE UNIVERSITY
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Modeling A Transformer in OpenDSS

8. Three-phase Delta-Delta Transformer

Step 2: Consider winding turns ratio.

_— }
1_) -——= 0 0 0 0 0
1
h Lyaav)  lwa = Laav)/M o 0 Ni 0 0 0 0
Lyar = —Laan /Ny I::A' 2
Lyq = Ia(lv)/NZ Lva 0 A 0 0 0 0 o _
Iwa’ = _Ia(lV)/NZ Iwa' 0 0 Ni 0 0 0 IA(lV)
— _ lyg = Igavy/Ny Iy 0 0 _l 0 0 0 Ia(lV)
v, A + v _ IWB’ = _IB(lV)/Nl |:> lyp' _ Ny . B(1V)
2 —— i I Bb(V) Ipay Lyp = Ib(lV)/NZ IIWb 0 0 0 A 0 o ||Ibav
Ni: 1 ﬂ;V) ZBb(1V) <(—) Lypr = =Ipavy/N2 IWb 0 0 o -L1 o 0 lean
L Iyc = Icavy/Ny Iwg, Ny . | lev) )
é w
. Bb(lV)V Lye = IC(W)/N2 [ 1, ] 0 0 0 0 _Ni 0
B(lV) b(lV) I 1= —I |74 /N2 1
e «av o o o o o =
2
1
| 0 0 0 0 0 -
V. ! x 0 0 0 0o o0
3 3 l:? 1+ Veean) ! 'IlwA ~& 0 0 0o 0 0
I > v N;:1 g) Zce(1v) 2(1/) IW/;’ 0 0 o 0 0 o
3 IW ; 0 -3 0 0 0 0
+ ? + Iﬁ? 0 0 Nill 0 0 0
Cc(1V) — _ |fws’ _|9 ©° -x 0 o0 0
. y > I, = NIy, wherel, PLN= N
c@v) c(1v) I e e e
IIWCC, 0 0 0 ONZ Nil 0
Lye 0o 0 0 0 -z 0
L et 0 0 0 0 0 Niz
___________________________________ 0 0 o0 0 0 ’N%

IOWA STATE UNIVERSITY ECpE Department




Modeling A Transformer in OpenDSS

8. Three-phase Delta-Delta Transformer

__________________________ Vwa = Via' = VaaryN1
Vwa = Vwa' = Va(lV)Nz

v, @ Vwe — Vg’ = VB(1V)N1
1 &— Vwp = V' = Vb(lV)NZ
— Vwe = Ve = VeavryNa
I 1Aa(1V) Vwe = Viper = Vc(1V)N2 v
WA
L X 9 o0 0o o 0 o o o0 o o]Vw
Ny N1 Vwa
V 1 1
aan] lo o = = 0 0o 0 0 0 0 0 o0 ||v,,
N N wa
- Vaqu) o 0 0 0 L -~ o9 o o o0 o o]l
+  Vepary — |:> Vsan) = N M Vig’
e 5 say] 1o o 0o 0o o0 0 = -2 0 o o o ||V
Igavy , Iyav) v N, N v
— ZBb(1V) =" 1:N, W, <I— cav) 1 1 wb
s V] {0 0 0 0 0 0 0 0 & -% 0 0 5‘”6
+ > + o 0 0 0 0 0 0 0 0 0 — -}
Igpavy 3 N Vo Ywe
[V,
Veav) Vv
VWA
VWA'
_ _ Vwa
Vo,
+  Veean V:/v(;
Ieav Leavy Voo
_(>) ZCc(1V) <«— |:> V, =NV, wherey, = ];:/‘Z
+ —> 4 Vs
I VWC
cc(1v) v
wc'
VC(1V) Vc(lV) Ve
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Vi
1 &—
—
I

+

Veb@avy

I
N1 28 Zepav)

Igpav)

+  Veean

Ieavy
>

leavy

ZCc(1V) <—

N1:1

lecany

Vear

IOWA STATE UNIVERSITY

Next,letI,, =Y,, V,,. How to obtain ¥, ?

I,=Y,V,
1, = NI, }
V,=N"v,,

> NI, =Y, (N)™ 1V, }

I, =Y.V,
> NY,V,=Y,(N)'V,

=> Y, =NY,NT }

Y, = BYsc(lV) BT

= Y, = NBYsay) B'N"
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8. Three-phase Delta-Delta Transformer

ST Step 3: Consider winding connections
/ +  Vasan \
1:N, A Iy = Iya + Ly
—e 4 I = Lyp + 1y,
<:I_ @ I3 = Iyc + Iyp
Lpaivy A Iy = Iy + e
Is = Lyp + Lygr
' le = Lye + 1,p
! [ Twa
_ _ ' Lya'
a' V. lwa
1+ VBb(1V>I— ;'55 L1 1 0 0 0 0 0 0 0 0 1 0 Ol
S B b(1V) ¢ Ll o1 00100000 0 0|2
Nizl — - 7Bhan) < s 12_0000010010001:;
s ! = |70 0o 1 0000000 0 1| kw
Isvar) ! Is] 1o 0 0100100 0 0 0w
! Il lo oooooo010 01 ol
| 4%6%%) ! I
i IWC
| LTyt
Ve
P36 Iy 10000000010 0
?16 I 010010000000
: o ~_|is{ 4_l0 00001001000
i |:>Ipnm Al,,, where, I, I LA 00100000000 1
: I 000100100000
! I, 0000O0O0O0T1O0TU0T1O0

~
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8. Three-phase Delta-Delta Transformer

+  Vasan A
I I I
1:N, V, Vy VA=W Val 11
—® 4 Vo =V, Varl o
i Ve=V, Va 0
I g _
Aa(1V) : Vy =Vs Vo' 0
: VB = V2 VB 0
: VB’ = V3 VB’ _ 0
i @ 3 Vb = V5 |:> Vb - 0
—_ — : be = V6 Vb’ 0
+ V _ a Vs VC = V3 VC 0
Eran >4 5 Vo=V vl |1
N1 G zppay O < V=V, AL
1- —_> < s Vc —_ ‘6/ Vc o
1 ~ Ve =V, LVl
e + !
IBb(lV) |
Vb !
Vs
——9 6
<—
2 =) Vi = AT Vi, Where, Vi, =
lecany i
Veany i

IOWA STATE UNIVERSITY

OO O OO OO RrROORrROo

S OO R OO R OO OOO

PO O OO OOoOOCOoOKr oo
SR OoOOoORrRr OO0 O0O0O00o

SO O OO RrRrROORrROOO
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8. Three-phase Delta-Delta Transformer

/ +  Vaaan \\‘ Let Inrim = Yprim Vprim. How to obtain Y., ?
LN, V.
_.I 4
<.—II Iprim = Yprim Vprim
Lpaav V4
o ! Lyrim = Al
: |:> AL, =Yprim Vprim
b Ve - a| | ¥ Vw = A Vprim
| Bb(1V) <
s IB(lV) 7 Iyav)
N;: 1 Bb(1V) <— <_'I
i = Al, =Y, (AT)"V
s + : w prim w
Igpavy : I, =Y,V,
| 4%6%%) !
i E> Ay, v, = Yprim(AT)_IVw
]i, Y, = NBY 1,y BTNT
16
——9 6
<—
e |:> Yprim = ANBY 51y BTNT AT
Iecqavy i
Veany i
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Modeling A Transformer in OpenDSS

8. Three-phase Delta-Delta Transformer

An example [ T £ ] Number of Number of Percent reactance
ransrormer name phases windings high—to—low
/I Define a three-phase trans'f;o/rmer. ¥ I'4
New Transformer.xfmr phases=3 windings=2 xhl=5
~ wdg=1 bus=K.1.2.3 conn=delta kv=115 kva=500 %r=1
i/wdg=2 bus=M.1.2.3 conn=delta kv=4.16 kva=500 S%r=1

Specify which winding Winding Rated voltage Base kVA Percent
will be edited connection J rating resistance

Computing Y, using Matlab:

1 500000
= = = = - = 1149425.2873 — j2873563.2184
Yaa@1v) = YBb(1v) = Ycc(1v) ' E 3+ (0.02 +0.05) J
[r(pw) + jx(Ppu)] * 573
t
100000O0UO0O0T1O00 1 0 0
01 001000U0TO0UO00O0 -1 0 O
A-1000001001000 p_[0 1 0
001000O0UO0OTO0GOGO0 1f 0 -1 0
000100100000 0o o0 1
90100010010010 0 0 -1
115000 115000 ° 0 0 0 0 0 0 0 0 0
1 1
0 0 7160 " 7ico 0 0 0 0 0 0 0 0
1 1
NT = 0 0 0 0 115000 115000 ° 0 0 0 0 0
1 1
0 0 0 0 0 0 1160 " 7ico 0 0 0
1 1
0 0 0 0 0 0 0 0 115000 115000 0
1 1
0 0 0 0 0 0 0 0 0 0 1160~ #icl
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Modeling A Transformer in OpenDSS

8. Three-phase Delta-Delta Transformer

Yaav) 0 0 1149425.2873 — j2873563.2184
Yseary=| 0 YBb(1v) 0 |[= 0
0 0 Yce(@av) 0

Calculate ¥y, = ANBY 5.1y BTNT A=

0.00017383 — j0.00043457
—8.69131e — 05 + j0.00021728 0.00017383 — j0.00043457
—8.69131e — 05 + j0.00021728 —8.69131e — 05 + j0.00021728

—0.00480529 + ;j0.01201322 0.00240264 — j0.00600661

0.00240264 — j0.00600661 —0.00480529 + j0.01201322

0.00240264 — j0.00600661 0.00240264 — j0.00600661

Exported Y ;i from OpenDSS:

—8.69131e — 05 + j0.00021728 —8.69131e — 05 + j0.00021728
—8.69131e — 05 + j0.00021728
0.00017383 — j0.00043457
0.00240264 — j0.00600661
0.00240264 — j0.00600661
—0.00480529 + j0.01201322

0

1149425.2873 — j2873563.2184

—0.00480529 + j0.01201322
0.00240264 — j0.00600661
0.00240264 — j0.00600661
0.13283854 — j0.33209634
—0.06641927 + j0.16604817

0

1149425.2873 — j2873563.2184

0.13283854 — j0.33209634

0.00240264 — j0.00600661
—0.00480529 + j0.01201322
0.00240264 — j0.00600661

—0.06641927 + j0.16604817 —0.06641927 + j0.16604817

0
0

0.

0
0

.00240264 — j0.00600661
.00240264 — j0.00600661
—0.00480529 + j0.01201322
—0.06641927 + j0.16604817 —0.06641927 + j0.16604817
—0.06641927 + j0.16604817
13283854 — j0.33209634

IOWA STATE UNIVERSITY

ECpE Department

G B

v v
1 | 0.000174| -0.00043|-8.69E-05 0.000217| -8.69E-05| 0.000217| -0.00481| 0.012013| 0.002403| -0.00601| 0.002403| -0.00601
2 [-8.69E-05| 0.000217| 0.000174| -0.00043|-8.69E-05| 0.000217| 0.002403| -0.00601| -0.00481| 0.012013| 0.002403| -0.00601
3 | -8.69E-05| 0.000217| -8.69E-05| 0.000217| 0.000174| -0.00043| 0.002403| -0.00601| 0.002403| -0.00601| -0.00481| 0.012013
4 | -0.00481| 0.012013| 0.002403| -0.00601| 0.002403| -0.00601| 0.132839] -0.3321| -0.06642| 0.166048| -0.06642| 0.166048
5 [0.002403| -0.00601| -0.00481| 0.012013| 0.002403| -0.00601| -0.06642| 0.166048| 0.132839] -0.3321| -0.06642| 0.166048
6 [0.002403| -0.00601{ 0.002403| -0.00601| -0.00481| 0.012013| -0.06642| 0.166048| -0.06642| 0.166048| 0.132839| -0.3321

1 2 3 4 5 6




Thank you!
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