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AssTrRACT. One most important aspect of design of superconducting
generators concerns their stability following a major system disturbance. As
the superconducting field winding of these generators has a relatively very
long time constant, only governor control shall be relied upon to improve
their stability. This paper presents the details of design of a state feedback
controller, based on pole-placement technique, to improve transient
performance of superconducting turbo-alternators, fitted with fast acting
electro- hydraulic governors. The results, obtained by computer simulation,
establish that such a controller, with a time delay to the control signal,
enhances the transient stability of the machine, by rapidly damping the post
fault rotor oscillation.

The capability of superconducting materials to carry large DC with no ohmic loss has
generated some interest in developing large superconducting generators. The most
optimum configuration of such machines, which has evolved after considerable
analysis, consists of a central rotor containing superconducting field winding
surrounded by an air cored stator, operating at ambient temperature. The
superconducting field winding, cooled by liquid helium, is enclosed by two eddy
current shields. The stator is enclosed by a laminated magnetic environmental shield
(Jones 1969 and Keim and Loskoris 1985). The advantages of these machines, mainly,
are enhanced unit rating and efficiency, and reduced unit size and weight.

One most important design aspect of such machines concerns the stability
following a major system disturbance like a three phase short-circuit. Being of
air-cored design there is a poor magnetic coupling between the armature and the
damping screens. Further, low rotor weight will result in low inertia constant. As a
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result, these machines can be expected to have low damping characteristics and high
hunting frequency, which are detrimental to stability. The interaction between the
two screen may further aggravate the problem, though the relatively low synchronous
reactance may give a higher stability limit.

Conventional power system controllers, which control both, the governor and the
exciter in a coordinated manner, are not applicable to superconducting generators, as
the field winding of these machines has a relatively long time constant, a matter that
leaves governor control option only. Previous work, on this machine, revealed that
control of input power, with fast acting governors, based on acceleration feed back,
provides positive damping. The acceleration term there, is achieved from speed error
by means of phase advance network (Alyan and Rahim 1987). A discrete state-space
controller has also been considered (Alyan and Rahim 1988). The controller structure
is derived by using linear optimal control theory. However, great effort has to be done
to choose the randomly selected weighting matrices.

The objectives of the work described in this paper are to examine the performance
of a state variable feedback controller, based on pole-assignment technique to
improve the stability of superconducting generators.

1. The Non-Linear Mathematical Model:

For the purpose of analysis, a doubly screened superconducting generator of 2000
MVA capacity (Alyan and Rahim 1988), is assumed to be connected to an infinite
bus-bar through a transformer and a double circuit feeder. In addition to the
superconducting field winding, the rotor of this machine carries an inner shield and an
outer damper screen. The stator carries the stator winding and an environmental
screen which constitute the outer body. The machine is represented by the well known
Park’s d-q axes model (Jones 1969). The two screens as well as the superconducting
field winding are each represented by a single coil of fixed parameters as appropriate,
in the direct and quadrature axes. Because of the air-cored nature of the machine, the
parameters estimation is based upon a three dimensional field model (Rahim et al.
1984). The transient model of the machine is given in the Appendix.

The generator is driven by a three stage reheat steam turbine controlled by a fast
acting electro-hydraulic governor. The basic parameters of the generator, the turbine,
the governor and the transmission line are given in (Alyan and Rahim 1987). The
overall system is represented by a set of non-linear differential equations (Alyan and
Rahim 1987, 1988, Lowrenson et al. 1976 and Pullman and Hogg 1979).

2. Controller Design

2.1 The Linearized Model

The design of a state-variable controller is done, first by reducing the order of the
non-linear model, and then linearizing the equations about a chosen steady-state
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operating conditions. This simplifies the design procedure because it reduces the
number of equations, and at the same time provides an adequate representation of the
system in the Linearized form.

The ninth order mathematical model of the superconducting alternator, using the
d-q representation may be reduced to fourth order model by introducing the following
assumptions (Alyan and Rahim 1988). The effect of rates of change of rotor angle and
flux linkage in the armature equations are neglected, feeders, transformer, armature
and field winding resistances are reduced to zero; the effect of the eddy currents in the
outer screen is neglected. The validity of these assumptions stems out of their
negligible effects during small disturbances. The field winding reactance is combined
with the reactance of the inner screen on the direct axis, thus eliminating the field
circuit, while maintaining its effect. The reduction of the model is shown in the
Appendix.

It can also be assumed that the combined action of the main inlet and interceptor
valves, as well as the effect of the entrained steam in the turbine, may each be

represented by a first-order transfer function, thus reducing the governor-turbine
system to a second order model.

The Linearized model is of the form;

Y = AlY + BIU .............................................................................. (1)

where A; and B, are the state and input coefficient matrices and U is the input vector.
The transposed form of the state vector Y is defined by the following equation:

Y'=(Ad pAd Aypy APy AG, AT.) coeeiiriiiiiiiiiii e (2)
where 9 is the load angle, Yp, and Y, are the d-axis and g-axis flux linkage of the
inner screen respectively, G, is the governor position and T, is the mechanical

torque. Some of these variables are difficult to measure in practice. This set of
variables is transformed to a new set of measurable quantities as follows;

where T is the transformation matrix. The new state-variables are:
X'=(A0 pAS AN ANy NGy BT ) - oomsemiin susines s snne sy v 5ees 653 exmiss v (4)
The new state-space equation is given by:

K = AN A BIUT o shvon svms om s 96 wn v s WS S 155 T 05508 H S8 ot EAsch i (5)
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where A is the n X n system matrix and B is n X p input matrix, given by:

A = ’I‘AA{I‘—1

The details of the Linearized model are given in (Alyan and Rahim 1988).

2.2 Design Procedure
Consider that the feedback (— KX) is being applied to the system. The closed-
loop response is then governed by the fcllowing equation:

X = (A=BK) X + BU oovooeeeioeoeeeeeeeee oo 7)

The closed-loop eigenvalues are the roots of the determinant | Al — A + BK |,
where A contains the eigenvalues and I is the identity matrix. It has been proven (Jan
and Sanjoy 1971 and Brown 1985) that, if and only if the open-loop system, (A,B), is
completely controllable, then any set of desired closed-loop eigenvalues,
I' = [A1, MAa,... Ay], can be achieved, using a constant state feedback matrix, K. In
order to synthesize the system with real hardware, all elements of the gain matrix, K
must be real. This will be the case if, for each complex &; € TI', A; is also assigned to I'.

The open-loop system described by (A,B), is completely controllable, if and only
if, the n X n controllability matrix, Q, given below, has rank n (Brown 1985).
Q=18 AB o AT TBY s s vin s s o0 G55 855 525k #9763.055 £155 S A 505 s ¥ (8)

When the controllability of the open-loop system is identified, the task is then to
design a state feedback controller, based on pole-placement technique, which yields
the desired closed-loop eigenvalues.

The feedback matrix, K, is determined in such a way that (7) is satisfied for n
specified values of A; € T. That equation can be rewritten as follows (Brown 1985):

a'(h)

|\, — A)I, + (M, — A)7'BK)
Lo = A [ o+ Ly = A) T BE)| ceoeveeeeeeee oo, (9)

il

Let the open-loop characteristic polynomial be A(}); i.e.

AQ) = (ML = A oo (10)
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Since A™! (M) is of the same form as the Laplace transform of the open-loop
transition matrix, this term can be denoted by ¢(A). The open-loop and closed-loop
characteristic polynomials are related by:

A'(A) = A0 | 1, + 6(MBK |
=AM | LAKBA)B | i (11)

The gain matrix must be selected so that, (A’(A;) = 0) foreach d; € T'. This will be
accomplished by forcing the r X r determinant to vanish. Also for any desired A; which
is a root of A’ (X), the following procedure is valid. A sufficient condition for the
determinant of (I, +Kg (A)B) to be zero, if any row or column is zero. Define the j™
column of I, as e; and define y(A;) = @ (A;)B with j*" column being ;. Then ; is a root
of A’(x) if K is selected to satisfy the relation;

€j + K'lpj()\l) T i e (12)

since this forces column j to be zero. Thus:

This equation by itself is not sufficient for determining K. However, if an
independent equation of this type can be found for every A; € T', then K can be
determined. Controllability of the system, (A,B), is sufficient to guarantee that the
rank ¢ (A;) = 0 for each A. If all the desired A are distinct, it will always be possible to

find n linearly dependant columns, (X)), Yu(R), ...y, (A,) from the column
matrix, W(A).

Then:

K=- (ejl €j2 €j3 €j4 €js ej6) 'q)_l ()&) ............................................... (14)

Equation (14) gives the required gain matrix, K, for any arbitrary assigned
closed-loop eigenvalues.

Results

Open-Loop Eigenvalues

The open-loop eigenvalues are the roots of the characteristic equation of the
determinant of A. Because of the wide range of operation, it is expected to have
different sets of eigenvalues, depending upon the operating point. Hence the
operation region is divided into 24 subregions, and a set of six eigenvalues is obtained
at the center of each subregion. Table (1) shows the eigenvalues for two operating
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Table 1. The open-loop eigenvalues

P=0.7 & Q=0.5 P=0.7 & Q=—0.5
A -10.0 -10.0

B = 3.3 - 3.33

As - 3.101 - 3.03

Aa — 1.069 - 1.115

As, he ~0.065 + j10.964 —1.115 + j7.565

points. It can be seen that, the first four eigenvalues are negative real numbers whose
values do not change appreciably with the operating point. The last two eigenvalues
are complex conjugate pair, which indicate hunting oscillations of the rotor.

The Uncontrolled Response

A symmetrical three phase short-circuit is assumed at the high voltage terminals of
the generator transformer. This fault is sustained for a period of 140 ms. The response
of the machine is obtained by solving the non-linear model by numerical integration,
using Runge-Kutta Vernier method. The rotor angle oscillations, which are of
particular interest for both transient stability studies, and for the design of the state
feedback controller, are plotted in Fig. 1 and 2 for the two operating points of Table
(1). It can be seen that, for both operating points, subsequent to the short-circuit, the
rotor sets into a swing mode oscillation, which are poorly damped. It can also be seen
that there is a considerable increase in the first swing of the rotor angle from the
steady state value. To improve the performance of the system it is essential to achieve
higher damping of the rotor oscillations and also reduce the first swing of the rotor
angle. The state-space controller, based on pole-placement technique, shall be
designed so as to achieve these twin objectives.

Closed-Loop Responses

A schematic diagram of a multi-variable controller, with six state inputs and a
single output, is shown in Fig.3 (Pullman and Hogg 1979).

The controller design is based upon the pole-placement technique described
earlier, to generate a gain, K, for a set of chosen closed-loop eigenvalues. The above
process is repeated, for each of the 24 subregions, till satisfactory damping of the
oscillations and acceptable valve movement are obtained. Table (2) shows the final
choice of the eigenvalues corresponding to the operating points considered in the
previous section.
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Table 2. The closed-loop eigenvalues

239

P=0.7 & Q=0.5 P=0.7 & Q=-0.5
M ~11.0 ~11.0

s -333 -3.3

As = 3,1 - 3.0

A - 10 - 1.0

As, Ae -2.0 + j10.9 2.0 £ 7.5

The corresponding closed-loop response of the valve position and rotor angle are
included in Fig. 1 and 2.

It can be observed, from Fig. 1 and 2, that there is a marked improvement in the
damping of the rotor oscillations, thus establishing the effectiveness of the controller
in damping out the rotor oscillations. At the same time the value movement is
confined to two consecutive operations. The increase in the amplitude of the first
rotor swing in case of controlled system, as compared to that the uncontrolled system,
is due to the increase in input power caused by the full opening of the valves.
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Fig. 3. Schematic diagram of turbo-generator and control system
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Innovative Corrections

Though the damping is enhanced, there is an increase in the first swing of the rotor
angle. The reason for this is that, following the short-circuit, the governor valve is
opened further, thus increasing the mechanical input torque to the generator. It is
obvious, that some innovative corrections are needed to nullify this trend.

Effects of varying Ay and \,

In an attempt to contain the increase of the first swing of the rotor angle by
preventing the further valve opening, following the short-circuit, it is thought of
modifying the closed loop eigenvalues, A, and A,, which are associated with the time
constants of the valve and the turbine. The chosen values of A; and A, are changed in
random combination, and accordingly the feedback controller gains are recalculated.
The response of the system is obtained at the two operating points, using the new
controller gains. The values of all the other eigenvalues were unaltered during this
trial. The response of the system is compared with previous response in Fig. 4 and 5. It
can be observed that, for the point with negative reactive power, the increase in the
first swing of the rotor angle is considerably reduced, when compared with the
previous closed-loop response. However, for the operating point, with positive
reactive power, there is no reduction in the first swing of the rotor angle. Also, it can
be seen that the degree of damping is adversely affected, a matter that may not be
considered satisfactory.

Effects of time delay to control signal

The additional input mechanical power, which is sustained during the period of
short-circuit, is responsible for the acceleration of the rotor. It is proposed here, as a
corrective measure, to delay the control signal, U, , to the governor valve. With this
modification the system response, at lagging pf. operations, was studied by using time
delay of the values; 0.1, 0.2 and 0.5 sec. The corresponding rotor oscillations and
valve movements are plotted in Fig. 6,7 and 8, respectively, for the operating point,
with positive reactive power. It can be noticed from these figures that, better results,
for the first swing, are obtained for long time delays. The reductions in the amplitude
of the first swing for the considered delay intervals are about 4°,6” and 8’ respectively.
This is because the delay of the valve opening prevents the increase in the input power
which is behind the overshoot. However this improvement is on the expenses of
system damping and valve movement.




M.A.A. S. Alyan, et al. 241

100
80
oo |
a
& 60
Qo
:‘5
o
o 40
()
=
3
20
0 ]
3
Time (Sec.)
(a) Governor Valve movement
i
F r o\
\ with A, = =20, A2 =-25
100 - \ ————with &, = 11, A, =-3.33
80
=)
&
~ 60
Q@
o
b
P 40 —— ——
o -
°
o
20 r
0 I ] J
0 1 2 3

Time (Sec.)
(b) Rotor angle oscillation

Fig. 4. Controlled System performance at P=0.7 & Q =- 0.5 p.u.




242 Improved Stability of Superconducting...

100 F (’\
80
N
Q‘ pm
c
Rl
= 40 =
O
& p—
()
=
g 20 |-
0 U L |
0 1 2 3
Time (Sec.)
(a) Governor Valve movement
80
F with A, =~25, %, =—3.33
B ———-with A, ==11, A, =—3.33
=)
Q
=)
)
(@)
[=
<
LO.. _____
°
o
| J

Time (Sec.)
(b) Rotor angle oscillation

Fig. 5. Controlled System performance at P=0.7 & Q= 0.5 p.u.




M.A.A.S. Alyan, et al. 243

_.

o

S
1

@
=
I

80 |-

40

Valve Position, p.u
1]

20 -

Time (Sec.)
(a) Governor Valve movement

with time delay of 0.1 sec.

———— without time delay.
80

Rotor Angle, (deg)

Time (Sec.)
(b) Rotor angle oscillation

Fig. 6. Controlled system performance at P=0.7 & Q=0.5p.u.




244 Improved Stability of Superconducting...

100
80
=
2 60}
<
2
= L
o
o 40
()
=2
3 [
20
0 u l | |
0 1 2 3
Time (sec.)
(a) Governor Valve movement
with time delay of 0.2 sec.
80 ———— without time delay.
=)
[}
E
o
©
o
<
S
s}
o
|

Time (sec.)
(b) Rotor angle oscillation

Fig. 7. Controlled System performance at P =0.7 & Q=05pu.




M.A.A. S. Alyan, et al. 245

=

Q_ — e -

c

il

:‘5

o

a

(o]

2

]

>

J
3
Time (sec.)
(a) Governor Valve movement
with time delay of 0.5 sec.
———— without time delay.
80 [‘

=)

()

I

)

o

C

<

S

o

o

Time (sec.)
(b) Rotor angle oscillation

Fig. 8. Controlled System performance at P=0.7 & Q= 0.5 p.u.




246 Improved Stability of Superconducting...

Conclusions
From the foregoing discussion it can be concluded that:

1. Large superconducting generators, turbine and transmission system forms
completely controllable system.

2. The post fault oscillations of the rotor can be effectively damped out by
employing a pole-placement state-space feedback controller in conjunction
with a fast acting electrohydraulic governor.

3. The first swing of the rotor angle can be effectively curtailed by incorporating a
time delay to the controller to the governor servomechanism.

Thus the prime mover control by a pole-placement state feedback controller
enhances overall transient stability of the superconducting generator by rapid
damping of the oscillations and curtailing the first swing of the rotor angle.
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Appendix

Transient model of the alternator

The transient model of the superconducting alternator is represented by the
following equations;

DO W iscus eies seimnms summi cmmanns wvmis s 5 s5wae varss NaE o8 5 §585 G55 MERWIEH SRR § 45 BEm 0 (15)
PW =W, (T = T)/2ZH e (16)
PYE = Wo (V= Rl )i a7
Pa = Wo (Vg + YPq + (Ra + Redla) + Wl sons vewesn suss sws vamsasss evs s v suvs v s (18)
PUDL = —Wo RIDIIDI +eervreveeereeoreeseesreseeesseeees e e essereeseseessseerseesse e, (19)
PUD2 = ~Wo RD2ID2 «evverveeeeeieeeeeeeees e e et e e ee e (20)
PYq = Wo(Vg = Wa + (Ra + Re)ig) =Wy ooooiiiiiiiiiiiiiiiiiiiee e, (21)
DYWL = = WoROIIQ1 «eeveereeeitee et e oot (22)
PYQ2 = WoR Q2102 +orvveerreeieeite e ee ettt (23)

Linearized model of the system

According to the simplifying assumptions given before, the generator equations
are reduced to the following;

V2 Wiy e smons sns sienibos sose s o as A58 S0505 585 5605 oo rmun b S¥R b b mmmsmm (24)
W17 T s A mmomm i s o 5 4 i s i kA i YRR S S (25)
PWD2 = —WoR DD tentnitiiiiiii e (26)
PYQ2 = —WORQ2IQ2 tvieiiiiiii i (27)
PV =Wo(Vi— Reg) =0 oo, (28)

The terminal voltage and current are given by;
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The transmission system is represented by;

Vit = Wy GIBE 8 — Kby cnvo commmon cpuy spmason sampmes omis sumusses ws wesss s ssamosmassns o (31)
Vo= VpCo8 8 + Xelg vvvververiiiiiiiiiin, RS OUROPRT (32)
The change in the d-axis flux can be written in the following form;
PLb) = [LPLL] 555 somocms s s snmn v s sumnsms sams snms oo gomn aommmes sen swes vsws sun s e (33)
where;
Ya — Xa Xap2 Xar iq
[v] = Vo2 = | — Xap2 Xp2 Xep2 . ip2 | e (34)
Py — Xar Xrp2 X¢ ig

Using the assumption of constant flux linkage of the field winding, the row and
column associated with the field winding may be eliminated by using simple matrix
reduction. The result of this reduction gives;

[Wd]:[ - Xb Xaam ].['id
Pa2 Xaam Xpom Ip2

The linearized model of the generator and turbine reduces to the following;

pAd 010 0 0 0 Ad 0
paw A7 0 Ay A 0 wy2H Aw 0
pAYp, Ay 0 -A;, 0 0 0 Ayp, 0
PAe | = | An 0 0 -Ac 0 0 | Apg |+ | 0 [ (AU ....(36)
PAG, 000 0 0 1Tg O AG, 1T
PAT,, 0 0 0 0 KgTy Ty AT, 0
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where;
XadM Xa
Al = D AZ = Qq
W RDZXadib woRDZX ‘d
= o oiftadm 7b A, = worb2hd
& D ! D
A5 _ woRQZXaqu A6 — woRq2Xq
Q Q
: Wo
A7 = (A2X4 sSin X1 = A1X3 COS X]) oH
w . W,
A8 = ﬁ Al sin X] Ag = _ﬁ A2 cos X]
A10 = —'A3 sin X'l All = —AS cos Xl
¢ Xade
XY = X, + X, X =
d 1 dM dM Xad+ Xf
D = X'4Xpom — XZam Q= Xg¥es — X
o de
X, = X, — —“adm _
T Xow

Xpam = Xpa + Xadm

The transformation from the unmeasurable quantities in(Keim and Loskoris1985)
to the measurable quantities of (Alyan and Rahim 1988) is done according to the
following;
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Ad
Aw
AV
Al
AG,
PAT,,

Where;

Aj;

Il

Ay =

Il
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1,Q

1 0 0 0 0 0 Ad
0O 1 0 0 0 0 Aw
A|2 0 A13 A[4 0 0 AWDZ
=| As 0 Ag Ap 0 0 Moz |
0 0 0 0 1 0 AG,
0 0 0 0 0 1 AT,
Vb X' 1 Xe Xpam .
V‘ [ X‘:j + Xe Vld cos & (1 D ) qu sin 6]
xexadMVqt
DV,
_ XeXq02Var
QV,
Vo 1aXpom . I. X2
& + L= )
I, [ D sin 0 cos d]
IdxadM
)
[ Xq02
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List of Main Symbols

= voltage (pu)

current (pu)

= reactance (pu)

resistance (pu)

fluxlinkage (pu)

time constant (sec)

mechanical torque (pu)

valve position (pu)

load angle (radians)

rated angular frequency (radians/sec)

3
T T T

A€ X T L
Il

£
I

References

Alyan, M.A.A.S. and Rahim, Y.H.A. (1987) The Role of Governor Control in Transient Stability of
Superconducting Turbo-Generator, IEEE Trans. on EC. EC-2(1): 38-46.

Alyan, M.A.A.S. and Rahim, Y.H.A. (1988) A Discrete State-Space Controller for Superconducting
Turbo-Generators, IEEE Trans. on EC, EC-3(2): 300-304.

Brown, W.L. (1985) Modern Control Therory, Book, Prentice Hall Inc. 2nd. Ed.

Jan, C.W. and Sanjoy, K.M. (1971) Controllability, Observability, Pole Allocation, and State
Reconstruction, IEEE Trans. on AC, AC-16(6): 582-595.

Jones, C.V. (1969) The Unified Theory of Electrical Machines, Butterworth, London.

Keim, T.A., and Loskoris, J.F.F. (1985) Design and Manufacture of a 20 MVA Superconducting
Generator, IEEE Trans. on PAS, 144(61).

Lawrenson, P.J., Miller, T.J.E., Stephenson, J.M. and Ula, A.H.M.S. (1976) Damping and Screening in
the Synchronous Superconducting Generators, Proc. IEE, 123(8): 787-794.

Pullman, R.T., and Hogg, B.W. (1979) Discrete State-Space Controller for a Turbogenerator, Proc. IEE,
126(1): 87-92.

Pullman, R.T., and Hogg, B.W. (1979) Integrated Control System for a Turbogenerator, Int. J. of Control,
29(3): 505-521.

Rahim, Y.H.A., Prior, D.L. and Jones, C.V. (1984) Air-Cored Alternators: A Numerical Analytical
Transient Field Model, IEEE Trans. on PAS., 103(7): 1773-1780.

(Received 22/12/1992);
in revised form 20/06/1993)




252 Improved Stability of Superconducting...

Sl A S 1 ] Ul
Yl jaad b e

VQM‘MQL«:L»er?)\JTﬁw@»ﬁJ‘Q\,._.LG}:}JLL:.DM‘}A

11001 Lol JI_(EYAY Do oo sl b Ll 5]

1VEYY Lol JIo(Are) o Loed paw Ml sl ww/w_@z%ﬂlwwﬁ y
2 gl Ayl Ll 3l 1o AU o1 el ol A3l T

e WL S 1) Jok O LpSal gy Jono gl A1 51gk1 5 5has ny
G ol st gl (L oS Bl G 0l (T oo O g0 el
sl L Ly 31 Sl ks ) S plazalsy Jl sl 818
sy o oLEY) sl A8y | o sl A5 slge e gublise Jlg sl
G Jreo sl A0 3Tyl et s iadendll syl AT sy
o (535 gbline Jlg 51 e 5,36 0555 gl gmabliall ST s
sby el 1 (heses 330 g8 By Ao L3114 s9g M5 0y o5
Gl dmd bl e s Sl LI oo e 885U Gy 5l ol 41 S5
0350 st ghat Lt 5l Ui guie il bl i 315 gty
oo Ledhis oy a8 Lo 131 Lol 5eliSy ool W,J.sf s ol L
Wi MY b a1 el (603 1y . il oldl ol
LBlaally okl G Jais LIS

a5 P Al el o L el g GJ\ sl ("'M
LU S asil g ug Ol sl L§\ JA{)\J_MY‘ Al I &g el



http:r1I.;s:.w/_~~/-4J.UI

M.A.A. S. Alyan, et al. 253

O il ‘_SMELAl ol g Ll eu ] by ze )3 e OY L dladll
oda UM ag JSly bl LA o @LJU)U,U\ Lasacy SLL lagae
sl Q\P\Mu)\wlyfﬁucwwﬁu|ﬂﬂ|

P

JS 5542 n Gl e Lddadl Lo gl ol gl d (..§.>v.ﬂ\ ol

(‘)_m Lol s A8 6.3\} el wllawally ‘.S“J’L"‘M EA ol P

Sl olals ubj.g.ﬁ- O Y\ cJlas JS...; PORW u\.U)l\ )\ja......i

Ll s i  SWCpC S HURCH VAL cdb-‘:; A 8 050 6“:“’\"*‘“

Slabaall 3 oSoudl Sl o L slazeVl o2 QLS 2ol
RVPIE

V.M.:_‘\_m&;‘_ @M}Dvg(ibw_ “L:J&.A\yw-;\r;u}‘

ol i‘-‘)?'y Cjﬁl\ ka*U u.a‘_);—‘ aalad uu:é\ﬂ Mﬁ- ‘.\.w ‘J,.»L»\ Jﬁ
St J,,o)_ﬂ\ Fb g_S'.‘.")J;‘U.)"’J"dJQ‘ (Ué.?.)ﬁ}ué\jé\rjim\).\.‘\
L S Gk Jogay Jl AW & e Dl 5 Al i il
i gares bl plladl LS o5 adey 5yl B Jasty g2 IV 038
é;M‘JwLﬁﬂ\@#%ﬁ@éPW&U;W\O o sSe
Jlidadl e SWslall oy o el am AV ol plasanly
dsboy 3] plla il bz elldy b o ¥olas 1 ) iy ko o ¥ole

Lt s (Sl plla Ll o g up\)_;\ Dolre Slasl QLS Wad
.Ujo.U«la.mliJ.u& Lu@ucu\ o)l




254 Improved Stability of Superconducting...

G 51Vl 3 1 Vb ey o 23l (Sl pllas O pdlacd) el
JJJ',A L_S)l-"" u.\_.a))_; R.la.mb_.v 3)‘.)«“ J_:.pf.“ PVt CJ\.UJA.U )\).U‘ fé-v'-s‘
Lt g e £S5 s S Slelanay




