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Abstract—In this paper we study a measurement-based
model identification problem for constructing dynamic equiva-
lent models of two-area radial power systems with intermediate
voltage control by Static VAr Compensators (SVC). We consider
two types of feedback mechanisms, namely, combined voltage
and current feedback from the SVC bus, and supplementary
current feedback from the transmission line. Given these system
configurations, we first derive expressions for the aggregated
equivalent reactance and machine inertias in each area, and
then show how these parameters can be computed from the
voltage and frequency measurements at three buses in the
transfer path including the SVC bus.

I. INTRODUCTION

Large-scale interconnected systems such as electric power
systems typically exhibit two time-scale behavior in their
dynamic responses, where the time-scale separation arises
due to the differences in the strength of interconnections [3].
Strongly connected components in the system synchronize
with each other over a fast time-scale and form an aggregate
node, while the different aggregated nodes, which, by as-
sumption are weakly connected, synchronize over a slower
time-scale. In a recent reference [2] we have developed a
method, referred to as the Interarea Model Estimation (IME)
method, for constructing a reduced-order dynamic model
capturing this slow interarea motion for a two-area power
system. Unlike typical model reduction approaches as in
[8], [4] etc., where the model parameters are assumed to
be known, this method relies solely on dynamic electrical
measurements available from specific parts of the system,
and, hence, can equivalently be viewed as a model identifi-
cation method. We showed that the construction of the two-
machine interarea equivalent of the two-area system reduces
down to the estimation of the equivalent reactance and
machine inertia, internal to each area, whereupon we derived
expressions by which these quantities can be computed from
voltage and frequency measurements at any three buses
on the path. In [1] we extended the method to two-arca
systems with intermediate voltage support in the form of
a Static VAr compensator (SVC) [6]. However, [1] studied
the simple case where the SVC was assumed to employ
simple first-order proportional controllers with bus voltage
feedback for voltage regulation. In actual power system
operation, much more advanced forms of feedback may be
used: for example, papers like [9] have used the current
flowing through the SVC branch as an additional feedback
signal for increasing the effectiveness of the regulation using
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a smaller gain. Similarly, the authors of [7] have considered
several other supplementary feedback variables such as line
current, bus frequency etc., to provide adequate damping to
the transient interarea oscillations by the SVC in addition
to voltage regulation. The objective of this paper is to
extend the results of [I] and develop the variant of the
IME method when these complicated mechanisms of SVC
feedback are employed in the system. In particular, we focus
on two feedback mechanisms, namely the combined current
and voltage feedback, and the line current supplementary
feedback.

The rest of the paper is organized as follows. In Section 2
we describe the two-machine equivalent of a two-area radial
power system with a SVC controller. In Sections 3 and 4
we derive the IME algorithm for SVC current feedback, and
line current feedback, respectively. Section 5 concludes the

paper.
II. TWO-AREA POWER SYSTEM WITH SVC

Consider the two-area power system with intermediate
voltage support in the form of a SVC in Figure 1(a). In this
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Fig. 1. Two-machine power system model with SVC

figure, Generators G11, G132, ..., G1,, are strongly connected
(i.e., with small reactances) and form one area, say Area
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1, while generators G271, Gaa, ..., G2, form a different area,
namely Area 2, which is assumed to be connected weakly
to the machines in Area 1. In other words, the reactance of
the lossless transmission line contained in between buses 1
and 2 is assumed to be significantly higher compared to the
individual reactances internal to each area. Each machine
is assumed to be connected to its individual terminal bus
through a transformer having reactance z7,,, k¥ = 1, 2,
i =1,...,n. A SVC is installed at Bus 3, located between
buses 1 and 2 (not necessarily at the midpoint).

The two-machine interarea aggregate model of the above
system is shown in Figure 1(b). This reduced system consists
of two aggregated generators G; and GG with aggregated in-
ertias H; and H, representing each coherent area, connected
to Buses 1 and 2 through equivalent (Thevenin) transformer
reactances xpy and xpg, respectively. The variable reactance
provided by the compensator at Bus 3 is denoted as —x..
The voltage phasors at Buses 1, 2 and 3 are given as

‘71 = Vllel, ‘72 - ‘/24927 ‘7(: = VCZGC (1)

where V /60 denotes the polar representation Vel?. The
transmission line between Buses 1 and 2 is assumed to be
lossless, with a line reactance x, = x.; + x.2. Following
a classical model representation, each generator is modeled
as a voltage source E;/d;, i = 1,2, where §; represents the
state of the i'" generator and E; is constant, in series with
a direct-axis transient reactance z;,, i = 1,2, respectively.
The reactances connecting the generator internal voltages to
Buses 1 and 2 are thus given by

x; = (s +2l;), i=1,2. 2)

We define the notations o1 = x1 + Ze1, 02 = T + Teo.
The dynamic model of the two-machine system in Figure 1,
neglecting damping, is given by [5]

5. =

Quw, 2H& =P, —P. 3)

where, § = 01 — 02, w = w1 — w9 With §;, w; (2 =1, 2) being
the angle and speed of the i'" machine respectively, H =
Hy,H,/(Hy+ Hy) is the equivalent inertia, P,, = (HaP,,1 —
H,P,,2)/(H; + Hy) with P,,; being the mechanical power
input to the i" machine, and P, is the effective electrical
power exchange between the two generators. The constant
Q is the conversion factor from pu speed to rad/s. The SVC
connected to Bus 3 regulates the bus voltage magnitude V, to
a fixed setpoint voltage V;., and thereby provides intermediate
voltage support. For perfect regulation,

EFE
P. = 2 in(be,) (4)
Teq
where for a symmetrical network xz,, = 01 = 02 and

deq = (01 — 02)/2. For an asymmetrical network these two
quantities are given as ., = 01 + 02 and § = §; — 02
satisfying the equation

B sin(é; — 0.) = Ez sin(f. — d2). ®)

01 02

In our subsequent analysis we will refer to the equivalent
angular difference between the generators as simply 9.

We next assume that measurement devices (phasor mea-
surement units) are located at Buses 1, 2 and 3, i.e., high
sampling-rate dynamic measurements of the voltage phasors
at these buses as well as the current phasors at different parts
of the system are available over time. Therefore, consider-
ing the two-area system described above, the identification
problem that we want to solve can be stated as: Given the
measured time-synchronized phasor variables Vi(t), 0:(t),
61(8), Va(t), 62(t), 6a(t), Valt), 6.(), Li(t), 61, (), L(t),
and 01, (t) that exhibit a few cycles of interarea oscillations,
and assuming that E, and FEs are some constant values,
compute Te1, Tea, Ei, 61(t), Eo, 02(t), x1, x2, Hy, and
Hy to completely characterize the dynamic behavior of the
two-machine reduced system given by equation (3).

Two of these quantities, namely x.; and x.o can readily
be computed from ‘71, V,, and V., and the currents /; and
I, at any fixed point of time, using AC Ohm’s law:

jrer = (Vi = Vo) /11, jres = (Vo — Va)/Io. (6)

In addition, if x; and x5 are known, then the machine internal
voltages can be computed from the bus voltages and the line
currents. Thus the problem reduces to the estimation of z
and w9, as well as the inertias H; and Ho. In the following
sections we develop techniques to extrapolate these quantities
for the two types of SVC feedback mechanisms listed in
Section 1.

III. COMBINED SVC VOLTAGE AND CURRENT
FEEDBACK

Considering a proportional controller for voltage regula-
tion at Bus 3, if the SVC voltage and current signals are
fed back, then the susceptance B = 1/xz. evolves in time
according to the closed-loop control

b B (=)~ k(] - L))

T T

Q)

where V. is a setpoint voltage for Bus 3, k; is the regulation
gain, ks is the current feedback gain, /., is the steady-state
current, and 7 is the SVC time constant. Typically 7 is in
the range of 50 to 300 msec [7], which is much faster than
the time constants for the voltage variations in the system.
Therefore, (7) can be approximated as the static equation

B:kl((VT_V;:)_kI(|I~C| _ICO)) 3
Using
|I.|=BVe, I, =BV, ©)
equation (8) reduces to

ki (V, — Vo)

- L+ ky(Ve—V2) (10)

with ko = k1k;. Without loss of generality, we assume 6o =
0 so that §; = 4. To find the functional relationship between
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B and §, we proceed as follows. For the network in Figure
1(b), after a few calculations it can be shown that

(01 E5 + 02F1 cos(6))? + (o2 B4 sin(6))?

Vel* = (01 + 02 — Boyog)? (an
which gives
Ve(o1 + 02 — Boioa)
= /o3B3 + 032 + 20109 E1 Ey cos(0)
= P(9). (12)

We consider the positive square root (i.e. ¥(d) > 0) because
both V. > 0 and o1 + 09 — Bojos > 0. Using (10), equation
(12) reduces to the quadratic equation
(k2(o1 + 02) + k10102) V2 + (01 + 02)(1 — k2 V)
—kldlo'gv - kg’t/]( )) (1 - kQV )’lﬁ(é—) =0 (13)

where 1(9) is defined in (12). Since V. > 0, the solution is
given as

v = e (14)
03
where,
o1 = kio102Vidkatp(6)—(01+02)(1—k2V;)
02 = o21to22
021 = ((o1402)(A—koVi)—k10102Vr—kat(5))?
022 = A4(kioroatka(o1402))(1—ka Vi) (6)
03 = 2(kio1oa+ka(01+02)).
Hence, from (10) the susceptance can be written as
B(g)ZM (15)

T+ kaVo(0)
Considering the right half of the network in Figure 1(b), the
voltage phasor at any point between Bus 3 and Generator
2, at a reactance of jx from the Generator 2 node can be
written as

‘N/ = |:E2(1—CL2—|—CL2X)—FCLQ(X)ElCOb((S)

4 [az(‘; ) By sm(é)} (16)
where a2 = x/02 € [0, 1], and
x(9) L5 409 — B(d)o109. 17)

The voltage magnitude at this point is given by equation
(18), where %, is independent of §. Linearizing (3) and (18)
about an equilibrium (d¢, wo, Vss(az)), a small perturbation
in the voltage magnitude at the given point can, therefore,
be written as

AV(az,d9) = J(az,00)A8 (19)
with the Jacobian function defined as
oV| 1 '
= “ac = T’I" s X X s 20
J(a2750) 95 L Vss(az) (az X5 X 50)( )

where the function Y,.(-, -, -, ) is as in (21) with all powers

of x(8) and x’ (&) computed at § = &, and Vi, (az) is the pre-
disturbance equilibrium voltage at the given point. Denoting
Vi(ay,00) := AV (a1, do)Vss(ar), it follows from (19) and
(20) that

Val(az,d0) = Tr(az, x, X', 00) Ad. (22)

Assuming the reactance to be distributed uniformly along
the transfer path, the variable as can be equivalently treated
as a dimensionless spatial variable. Equation (22), therefore,
indicates how the product of the two voltages on the LHS
varies spatially between Generator 2 and Bus 3. Similarly,
for the left half of the network (between Bus 3 and Generator
1), it can be shown that at any point at a reactance jx away
from Bus 3 we have

Vn(alaéo) = Tl(a17X7XI750)A6 (23)
where a1 = x/01 € [0,1], and the function Yy(-,-,-,-) is
as in (24) with all powers of x(d) and x’(4) computed at

0 = dp.

Next, if measurement units are located at Bus 1, 2 and 3,
then it implies that, following a disturbance in the system,
the V,, values at these three points on the transfer path, at any
fixed instant of time, are available from the measurements.
We note that Bus 2 corresponds to as = x2/02, Bus 3 to
as =1 (or a; = 0), and Bus 1 to a1 = x1/01. We denote
these three constants as a3, a3 and ai, respectively, with the
superscripts indicating the bus number. Then, from (22) and
(23) we can write

(G“l?(so) Tl(aLXvX/a&O)

- RSB 25
( ) Tl(agvXaX/v(SO) ( )
( ) Tl(a%vXaX/v(SO)

= a1 26
( ) Tl(a§7X7X/750) ( )

Since the LHS of (25) and (26) are known from the bus
measurements, the two unknown parameters x; and xo,
contained in the RHS, can be easily solved for by using
standard nonlinear equation solvers.

Figure 2 compares the variation of V,, (following (21) and
(24)) from one end of the transfer path to the other, for
the additional SVC current feedback case with that due to
SVC bus voltage feedback only (as in [1]). We use & = 20
for the voltage feedback case, and k1 = k; = 20 for the
current feedback case. It can be seen that for these equal
values of feedback gains, the oscillations in voltage reduce
significantly when the SVC current is fed back. Moreover,
more efficient setpoint regulation is achieved at the point of
voltage support. The values of the other parameters used for
the simulation are same as those in [1].

A. Estimation of Machine Inertias

The IME algorithm enables us to estimate the equivalent
inertia constant of the system given by

H.H,

H= 2
Hy + H,

27
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- _ 2 2 2FW E s(d
VI = /S + E2a3%L +2F%a5(1 — ag) 7t + B2a372 4 120272 cos(9) <1 —as+ Uzal) (18)
X X X X
X X X
Yr(az, x;x's00) = —Egaf(ﬁ? — Ejoyas(1 — a2); - Engagﬁ
sin(dg) + ¥’ cos(d 2sin(dp) + 2xx’ cos(d
+Ey Eyooas <(a2 _ l)X (do) 2X (do) _a201X (do) 4XX ( o))
X X
(21)
X/ X/ X/
Ti(a1, x;x's80) = —Ejo7(1— a%); — Efosay(1— al)? - Efo3(1— al)zg
2sin(8g) + 2xx’ cos(, sin(dg) + ¥’ cos(d
+E1E20’1(1 _ al) ((al _ 1)0_2X ( 0) 4XX ( 0) — X ( 0) QX ( 0))
X X
(24)

0.07
—— SVC Bus Voltage Feedback
0.06F - = =SVC Voltage and Current Feedback
& 0.05
g - P ~‘\
5 0.04F B \ , \
o A \ / \
c \ D
S 003+ f N ) )
[} d \ ‘ |
S 4 \ / W
= 0.02r f L !
W
Vv
0.01f ¢
0 . . .
0 0.5 1 15 2

Normalized Reactance r

Fig. 2. Comparison of voltage distribution between SVC bus voltage
feedback (k 20, solid line ) and additional SVC current feedback
(k1 = 20, ky = 20, dashed line)

from the expression for the swing frequency, obtained from
the linearization of the swing model (3) about Jy [10]

E V. cos(d1, — bep)
Wg =
2H(£Cel + ch)

(28)

where 07, and 6, are the pre-disturbance equilibrium values
of §; and 0.. The swing frequency ws can be computed
from the measured voltage oscillations, 6., is available from
the measured Bus 3 voltage, while all other parameters are
calculable once x; and zo are estimated by the method
discussed in the foregoing section. In order to calculate
H,, H> we need a second equation involving these two
parameters. As described in [1], this second equation can be
derived from the law of conversation of angular momentum
for the two-machine system, and is given as

Hy
Hy
where w; and ws are the rotor speeds of the two machines.
As these two speeds are not known, we extrapolate them

from the measured frequencies at Buses 1 and 2. The basic
methodology to achieve this is to consider the voltage phasor

_“ (29)

w2

V at any point in any part of the transfer path and express it
in terms of Fy /61, E2/62, and the reactance = with respect
to some chosen reference point, calculate the phasor angle
0 = tan—"(Im(V)/Re(V)) and compute the time derivative
of 6 as a function of x, w; and ws. Hence, considering
the two measured frequencies at Buses 1 and 2, one can
readily solve for these two speeds using the values of the
other parameters obtained from the reactance extrapolation
method. We can show that for the case of combined voltage
and current feedback from the SVC, the expression for the
frequency at any point on left and right halves of the transfer
path are as follows:

1) For any point between Generator 2 and Bus 3 at a
reactance jx away from Generator 2:

U, (01, 02)w1 + Uy, (01, 02) w2

Pl 4 p3 + 2p1p2 cos(01 — d2)

vr(ag) = (30)
where as = 2:/02, and the expressions for ¢, , ¥,,, p1
and po as functions of (ag,d1,02) are given in Ap-
pendix 1.

For any point between Bus 3 and Generator 1 at a
reactance jx away from Bus 3:

1911 (51, 52)&)1 + 1912 (51, 52)(4)2
m2 4+ m3 + 2myms cos(dy — d2)

2)

vi(ay) = 31
where a; = x/071, and the expressions for ¥, , ¥;,, my
and mo as functions of (ay,d1,d2) are given in Ap-
pendix 1.

Substituing as = x2/02 and a; = x.1 /01 in the above
expressions and using the measured values of v, and v; at

buses 1 and 2, respectively, we can solve for w; and ws, and
hence, for H; and H using (27)-(29).

B. Simulation Results

In this section, we apply the IME algorithm to the two-
machine system in Figure 1 operating with a power transfer
0of 300 MW from Area 1 to Area 2. The disturbance applied is
a three-phase fault at Bus 3 cleared after 0.05 second without
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any line switching. The machine data can be found in [1].
Here we consider & = 20 pu/pu (a 5% droop), ko = 5 pu/pu
(weak current feedback), V,. = 1 pu and 7 = 20 msec.

The voltage magnitudes at the three buses are shown in
Figure 3. Choosing the peak of the second cycle as a fixed
time instant, we get

Vi, = 0.0211, V;,, =0.0235, V3, =0.0191(32)

Using the IME algorithm (25)-(26), we obtain z; =

Bus 1
== =Bus2
' Bus 3

o
o

=}
=3}

Voltage Magnitude (pu)

Time (sec)

Fig. 3. Voltage oscillations at three buses in the two-machine system
0.338 pu, zo = 0.397 pu whereas the actual values of
these parameters are x1 = 0.34 pu, zo = 0.39 pu. Also
the estimates for Hy, Ho are obtained as 6.39 and 9.61 pu
while the actual values are 6.5 and 9.5 pu, respectively.

IV. DAMPING IMPROVEMENT WITH LINE CURRENT
FEEDBACK

In this section, we assume that the SVC in the two-
machine system in Figure 1 is employed for providing
additional damping to the interarea oscillations, by supple-
mentary line current feedback (for voltage regulation there
will be an additional washout filter to eliminate the feedback
effect in steady-state). Therefore, the susceptance is given as

B = —ks|I| (33)

where k3 is a constant gain and fg is the line current
flowing between Bus 3 and Bus 2. Alternatively, fl can
also be considered for feedback. If additionally, the SVC
is also expected to achieve steady-state voltage regulation,
then there will be an additional voltage error feedback term
on the RHS of (33), similar to as in Section 3.

We first derive an expression for I5 in terms of the angular
difference ¢. From network equations, it is straightforward
to show that

o1Es + oo COS(&)
¥(9)

where ¥(0) = +/0?E3 + 03E7 +20102E1E2 cos(8) as

defined in (12). Next, we note that

1

L= || = 0_2\/1/3 + B2 2V, Exd(6).

cos(f,) = 2908) (34

(35)

so that, using (33) and (35), the equivalent of equation (13)
for this case, can be written as

(01 + 02)Ve + 01ks Vo[ V2 + B3 — 2V, Bxi(6) = ()

which reduces to the quartic equation

VA4 V3 +a3Vi+aVo+as=0  (36)
where

(5] = U%kg, Qo = —2(0’1]{33)2E21/~)(5) (37)

Qs = —(0'1 + 0'2)2 + (01k3)2E22 (38)

ay = 2(01 +02)Y(), as=—(0)> (39)

The solution is given by Ferrari’s formula for quartic equa-
tion as

2
B V(302 + 205 £, 22)
40(1 2

where the subscripts s and ¢t denote dependent and in-
dependent signs respectively, and the construction of the
coefficients 31, 32, A3 and B4 in terms of o; (i = 1,...,5)
is shown in Appendix 2. For typical values of the system
parameters, the signs may be chosen as s = — and ¢ = +.
The subsequent derivations for the normalized voltage at any
point on the transfer path on either side of the SVC bus are
similar to those in Section 3, i.e.,

Tl(al » X X/a 50)A67
Tr(ala X Xlu 6O)A5

(40)

Vn (al) =
Vn (ag) =

(41)
(42)

where

X(0) = 01 + 02+ a1ks [ Va(0)? + E2 — 2Va(8) Ext(6),
(43)
the functions Y, and Y; are as in (21) and (24), and the
expression for x'(d) can be derived as

—o1ks /
e (vomio)

~B>(Ve(0) (8) + V.(0)9(0)) ) (44)

with ¢/ (8) and V// () being the derivatives of 1(8) and V,(0)
in (34) and (40) respectively, with respect to J. It should
be remembered that equations (41)-(42) are considered for
0 = dp. From (41)-(44), the method of solving for x; and
xo follows in the same way as in Section 3.

X'(0) =

- = = Supplementary Line Current Feedback
—— SVC Voltage and Current Feedback

o
=}
5}

Jacobian Curve Fit
o o o
o o o
N [ >
J
4

o
o

0 0.5 1 15 2
Normalized Reactance r

Fig. 4. Comparison of voltage distribution between SVC voltage and
current feedback (k1 = 20, k; = 20, solid line) and supplementary line
current feedback (k3 = 10, dashed line)

2120



Figure 4 compares the variation of V,, for the case of
combined SVC voltage and current feedback (as in Section
3) with that due to the supplementary line current feedback.
We use k1 = k; = 20 for the SVC current feedback case,
and k3 = 10 for the supplementary feedback. It can be seen
that for approximately the same amount of voltage regulation
at Bus 3, the voltage oscillations at each point of the
transfer path are significantly damped by the supplementary
feedback. This testifies to the fact that supplementary control
can be a useful tool for improving interarea damping, as
used in [7]. If additional voltage feedback is used for voltage
regulation then the dashed curve will dip more at r = 1, the
point of voltage support. The values of the other parameters
used for the simulation are same as those in [1].

V. CONCLUSION

In this paper our main objective has been to study how
voltage oscillations at any point in a radial two-area power
system with intermediate SVC control, vary as a function of
the electrical distance of that point from a common reference
following a disturbance in the system. This has enabled
us to estimate the aggregated model parameters for each
area, using dynamic measurements of voltage, currents and
frequencies available from specific parts of the system, so
that a reduced order two-machine interarea equivalent for
the system can be constructed. This reduced order model
can now be used for control design for damping the transient
interarea swings in the system following any disturbance.

VI. APPENDIX 1

We first define V.(d1, 02) to be the solution (14) with ¢ ()
in (12) replaced by ¥ (81 — d2), and define B(d1,d2) as in
(15). We next define

Sr(51, 52) = plA(EQUl sin(252) + Fio9 sin(61 =+ 52))
pgA(Elog sin(261) + Esoqsin(dy + 62))
where
~ —ag0202 By Egsin(51—6
A = o BB snOn) (5 (14, V)t ke (Ve Vo)
_ ago ano0 E
P - Ez(l_a2+x(521,g2))’pz:x(2512,521)' (45)
Then
911 (81,02) p17E 02 COS(T(%&%);)PQ*szfST
Vr2(61,02) = p1E2(l1—a2)+p2E2(l—az)cos(d1—02)
+p2ﬁE261 cos(8) —69)+p1TEg01+ Sy
A(81,62)
where
AB182) = X(81,82)° (14k2Ve(d1,02))° (46)
7’r(61,62) = a2(1+k}2VC(61,62))2X(61,52). (47)

For the left side of the network, we can derive that

911 (61,02) = miEia;cos(61—82)+maEiar
+7n27'rE102+m17"rE102605(61752)751
A(61,62)
_ myFEgo1+moREgoq cos(81—82)+S
912(61,02) = NCI D)) L

where
_ o1(1—ay)E _ oo(1—aq)
m = Gy 27m2*E1<“1+72<61,621> ) (48)
#(61,02) = (1—a1)(1+k2Ve(61,52))>x(61,02) (49)

and the expression for S; is exactly the same as that of S,
but with A replaced by A where
—(1 — al)U%UEElEQ sin(51 — 52)

P(61 — d2)
+hik2 (Ve — V).

A

(k1 (1 + k2Ve)
(50)

The symmetry of the Jacobian functions on either side of
the transfer path with respect to the spatial variables a; and
as can be readily seen from the expressions for ¢,; and ¥;;,
i = 1,2. Also, from the above equations and (30), (31) it can
be verified that v,.(0) = wa, (1) = wy and v, (1) = 14(0).

VII. APPENDIX 2

Let o, .., a5 be as in (37)-(39). Then, by Ferrari’s for-
mula, the coefficients (31, .., 34 in the solution (40) of the
quartic equation (36) are given as follows:

303 a3 o3 Qaliz | Qg
= ——=+— =—= — — (51
B2 80[% + o’ P 80[? 20[% + aq D
304% aga% o0y Qs
= - — — 52
i 2560/11 + 1604? 404% a1 (52)
B B3 P B
B2 = — 5 ~H1 p3=—joet g 3 (53)
2 3
- ks H3 | H2 — 3 54
4 5 + 1 +277H5 V14 (54)
5032 2
= ——=— — 0 55
B3 G Mt 30 (ps #0) (55)
Br = P2+206 (56)
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