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Joint Work of Two Identical Synchronous Generators with
Common RL Load

G. A. Leonov, F.F. Rodyukov, G. Séderbacka

A mathematical model for the joint work of two identical synchronous generators with common symme-
tric RL load is constructed. The static stability of the model is ezamined.

1 Introduction

On cosmic stations the autonomous electricity supply for different electrophysical devices and for keeping
the system alive consists of two identical synchronous generators, the rotors of which are rotating in
opposite directions. The last property is principal just for cosmic stations, because it ensures that the
summarized angular momentum is equal to zero. In this paper we consider one case of the function of

such generators with symmetrical RL load.

2 Mathematical Model
As a mathematical model for the synchronous generator (SG) we take equations (1) from Eirola et

al. (1996). For simplification in the equations instead of the currents iy and i, we introduce the new
variables z, and z, according to the formulas

iy = f;l/)u — by fTy — ugCOS U

1 (1)

by = Wy = barsry + ugsiny
In the presence of damping circuits in the new variables the equations assume the form
Yy = YeWo — AsWy — Unye
Yy = “'{,/ku)u — QsWy — U
Ty = VUL, — QrfTy + Yy
(2)

Ty = —UTy — QrfIy + Py
f=s v="kr— Y=Y —T+80
§ = —0[ba,f (Ve Zy — YuTv) + up(Py cOSV + Yy sin v) + m]

Uye and u,e are the voltages on the RL load which are as mentioned above the same for both phases “u”
and “v”.
Uye = Wye — ’:VI\',U"I‘C ~+ S('ill(‘
(3)

Upe = Wee + YVeWue + Eclec

As the RL load of all of the phases of the generators is the same, the first law of Kirchhoff must be
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satisfied.
Lige =5 By F Tagd
(4)
e = T, F 212

The magnetic currents corresponding to the phases of the stators of SG are also summarized on the RL
load. Assuming that these currents are directed on ferromagnetic cores, that is without loss, we can
write them, according to an analog of Kirchhoft’s first law
by = Pur + Pu2
()
Qe =P + P2

Multiplying equations (5) with the number of turns w; of the stator windings of the SG we pass to flux
linkages

Yye = n(wul + wuZ)
wvc - n(wvl e ¢1;2)

where n = w./w, (w. is the number of turns in the inductivity coil of the RL load)

Substituting expressions (4) and (6) into expressions (3) and the last ones into the first two equations
for each of the two identical SG, we get

12‘1;1 == ':kaul — QY1 — ”r(wul 4= LDILE) o+ ’;,"k”(wv] 4= 11/'1,"2)'
*Ec[i(wul + ua) = b f(Ty1 + Tun) — up(Ccos vy + cos vy )]
Yy = _;kaul — QgYPyp1 — ”(,1%’)1'1 + L«'l"l) - ;Y'kn(wul = Uf"uZ)“

ffc[i(w,,, + Yy2) — bagp(x1 + T00) + ug(siny, + sinwy)]

: : . (7)
Vw2 = kW2 — QsWur = (Wur + Pu2) + (Ve + ) -
—€cli (Yur + Yu2) — bay (T + Tuz) ~ ug(cos vy + cosvy))
V2 = — Wz — G2 — (W + Uy2) = Wn (W + Lu) =
“5”[}7(““ +a) = bar (e + o) 4+ ug(siny + sinwv,)]
Forming the differences between the corresponding equations in equations (7) we get
"I'ul - l‘.‘u'l - ’;"\'(U'l'l - 1"1"2) - ().S(LWLI - L"u'l>
1:,'1,1 = l.:‘,.-g = *"vk(l.u'u] = l;/‘“;z) = Ot Wyl — L',»g) (8)

3 Static Stability

With the notations vy, = vy — Uy and v = 1 — 0. equations (8) become
l"“ = A'A'('yl‘ = (YQI"U,
Wy = =Yy — Qs Wy
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Clearly, in the steady-state regime of the system 3, = 0 and ¢, = 0, and because we are interested in
the static stability we assume ¥,o = 9,1 and ¥,2 = ¥,1. Using these conditions and neglecting small
terms o, ~ 1072 compared with terms of order uy ~ 1 and introducing the notations

Colpt = 0 Y=o T+m =¢

the mathematical model assumes the following form:
U;)ul = YPu1 — AWy + cug(cosvy + cosvy)
Yo = ~YePu1 — a1 + cug(sinyy + sinws)
Tyl = V1Ty1 — QrfTy1 + Yyl

Tyl = —VU1Tyl — OrfTo1 + Yol

Tyy = UaTyo — QrfTy2 + Yul

_ . (9)
Ty2 = —V2Ty2 — Qrfly2 + wul

91 = S5

B2 = 55

51 = —0[batr £ (Yu1Zut —Yu1Tor ) +Uf (WP COS VL + Py Sinvy) +my]
§2 = —8[brrf (Yp1Tuz —u1Tva) + U s (W1 €COS V2 + 1y sinva) +mo]
We now write system (9) in the projections on the d-g-axis rigidly tied to the rotor of the first SG. We

have to set v; = 0. Then v+ =y =7 — 01 and v5 = v — 7 + 62 = 62 — 8y. The first two equations of
this system assume the form

Yar = (1 = s1)¥q1 — aar + uyp(1 + cos6)
"bql = —(1—51)%q1 — g1 +Euysind

As s, is close to zero we will neglect it compared with unity. Then the order of the system can be
decreased introducing the new variables § = 6, — 6, and s = s; — s2. Finally the system assumes the
following form (141, Y41 we denote by v¥4, ¥, and introduce Am =m; —my):

Vg = Vg — apg + eus(l + cosb)

Vg = —Wq — Qg + cuysind
Ig1 = —QrpZq + Y4
Tql = —QrfTq1 + Uy
(10)
Iy = —8Tg2 — QrfIqe + Vg

Iy = 8Tqp — Qpplgr + Wy
f=s

§==0{ba, (Vg (Ta1—Ta2)—0a(Tg1—T g2 ) [+ s [ sin 6+, (1—cos ) [+ Am }
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Determining the equilibrium we get the equation

sinfy = AQ—(%% (11)

where 3 = cuys/(1 + a?).
From this equality we get the necessary conditions for stability.
sinfy <0 Am < 2afuy (12)

Because & ~ 1073 to 10*, the electrical variables are slow compared with the mechanical variables ¢
and s. Clearly the fast subsystem has a unique asymptotically stable solution (in it the slow variables
are assumed constant). The exponentially decreasing terms do not affect averaging the slow subsystem.
Therefore to examine the stability of the equilibria of equation (11) it is only necessary to substitute into
it the partial solution of the “fast” subsystem (assuming the derivates of the “fast” electrical variables
to be zero). After examining the stability of the whole system by elementary calculations we get the
second order system

4=z

§ = —6[2ba s (1 + a2),52—j—3—+—;§(1 + cosB) + 2aBuysing + Am]
Oz,,f .

The characteristic equation of the corresponding linearized equation has the form

2
A2+ 25—(5?7(1 +a?)(1 + cosf) A + 20afuy cosy = 0

From the equation it follows that
cosh. >0

is a necessary and sufficient condition for the stability of the system. Finally, using also condition (12)
we conclude that for stable equilibrium the angle 8y is in the fourth quadrant.

3{-§80<2ﬂ'

Thereby the second of the conditions (12) must be satisfied.
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