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DIRECT AXIS SYNCHRONOUS MACHINE EQUATION MANIPULATION FOR
THE PURPOSE OF SIMULATION

Non-Reciprocal Per Unit System (Lypgy = 1 and Rig = 1)

|. Variables

Inputs: vig and igs
Output: yys

Internal: ifq, ika, Ej = 2 yita, and yig

Unknowns: g, ikd, Wds Eél = %Wm, and yygq; 1.e., output plusinternal variables

Note: There are 5 unknows. Therefore, we need 5 equations.

I1. Voltage Equations:

Vid = £\Iffo|+Rfo|ifo| (1)
(V23

Vid = 0= ~Pyig + Regika 2
0B
I1. Flux Linkage Equations:

Vid = Lttditd + BLlmd(ikd —ids) = Lifditd + Blmd(itd +ikd —ids) (3)
Wikd = Likdikd + Lmd (ifd — ids) = Likdikd + Lond(ifd + ikd — ids) (4)

Wds = —Ldids+ Lmd(itd +ikd) = —Liids+ Lmd(itd +ikd —ids) ()
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V. Solve for the Inputsto the Integrators

Select Ea and g asthe ouputs of the integrators.

A E
Modify Eq. 1 to get E

Lfd Lig
Lmd Lttd

Multiple y¢q by 1 in the form of
Vig = ———dllffd+Rfdifd (6)

Take the Laplace transform of Eq. 6 and divide by R¢q

Vid _ Via _ _ Ltrg

“rd s g/ gy 7
R 1 ogRtg 1 )
where
Lmd
/
= —W¢q 8
97 Ltgqg ®)
Vigq = S’C&OE&—Hfd 9)
where
Lttd
= 10
TdO (DBRfd ( )
Solvefor E(q
1
E/ = Vig— | 11
1= 57 (Vtd —ld) (11)

do
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B. Wi
Multiply Eq. 2 by L}, and take the Laplace transform of it.

s
0= m—BLa’o‘Pkd + RidLgolkd (12
L. Lid
Lo = Lid+ Trra
B
Lygl
Lio = Likd+ md i fd (13)
Ltt
LmaLi fd + (LmdBLlmd — BLZ)
= Ljg+ 3
ffd
L (Lifd + Blma) — BLag
= L+ 3
ffd
L2
= (Likd+Lma) — BL—md
ffd
L2
Ldo = Likd— Pl (14)
Ltfd
Divide Eq. 12 by Ryg
O0=s Lo Wid + Lijolkd (15)
®BRkd do
0= S‘C/d/O\Pkd + L:j/olkd (16)
where
L//
"o do
= 17
TdO O)Bde ( )
Solve for ¥
Wid = Y lkd (18)
st/ do

do
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V. Solvefor itg and —L{,ikd

A. g
Solve Eq. 3for Li¢gi g and take the Laplace Transform of it

Lttdltd = ¥d+ BLlmd(lds— lkd) (19)
Divideby Ltfqg
Yig L
ltg = —+B—m(|ds—|kd) (20)
Lifd Lttfd

Multiple W4 by 1 in the form of '[—m

Ly ¥ L
L fd+Bn1d

ltq =
Lod Lffd  Ltfd

(lds— lkd) (21)

E/ L
g = T P (1) @2)
md ffd
BL2
(Log—Lg) = Ld—(l—d—l_—md)
ffd
L2
(La-Lp = Doms
Lttd
La—Ly _ Bl
Lind Ltfd
L
(Lau—Lgu) = PLma (23)
Lttd

/

E
10 = -+ (Lou— L) (los — k) (24)
md
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B. —Lioikd

Copy Eq. 4 herefor easy reference.

Ykd = Likdikd +Lmd(itd —igs)

Wkd = Lkkdikd +Lmditd — Lmdids (29)
Multiply Eq. 22 by Lq and write it below.

L2
LmlfdzEﬁE—”“(Ids—lkd) (26)
f fd
Substitute Eq. 26 into Eq. 25 and take the Laplace Transform of it.
,, Blag

‘Pkd=kad|kd+Eq+de(|ds—|kd)—Lmdlds (27)

Write Eq. 27 using the distributive property of multiplication.
L2 L2
‘Pkd:|-|<|<o||kc|+|5é|+B mdlds_B ™ ¢ — Linalds (28)
Lttd Lttd
Write Eq. 27 with terms grouped by current.
L2 L2
Pid = E&—(Lm—B—”‘d)lds+(kad—B—m)|kd (29)
Lttd Lttd
Copy Eq. 14 here for easy reference.
L2
Ldo = Likd — ?_—md (30)
ffd
2

Investigate Liyng — Plig

Lfg "
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L2
Ly = Lg— Pling
Lttd
L2
= Lyg+L— B_md
Lttd
L2
Lyl = L bomd (31)
f fd
_ Lra(Blmd +Litd) — BLag
Lttd
Lisgl
_ Litdbmd (32)
Lttd
Equation 29 can be rewritten using preceding equations for inductances.
Yiq = E&—(LQ—L|)|ds+ L:j,olkd (33)
Solving Eq. 28 for —Lj lkd
—Lgolkd = Eq— (Lg — Li)lds — Pkd (34)
C.  wus
Equation 5 can be used to solve for Wys
Was = —Lilds+ Lmd(Itd + lkd — lds) (39)
Summary
E; L (V ltq) (36)
= < (Vid — ld
9 st
1 /"
Wi = _STT do'kd (37)

do
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E/
ltq = L—q+(|-du—|—8u)(|ds—|kd) (38)
md
—Ldolka = E§— (Lg — Li)lds — Pid (39)
Was = —Lilas+ Lmd(Itd + lkd — las) (40)



