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AN ACCURATE SINGLE MACHINE TRANSIENT

STABILITY PROGRAMME

G. G. Gamage and A. K. David

'Summaty

This report brings to the notice of prospective users in Sti Lanka
the availabilicy of an accurate computer programme for single mackine
transient stability studies. The alternator is represented by an accu-
rate mithematical model using the Generalised Machine theory while
f:imc mover, governor control loop and automatic voltage regu-
ator ace represented by diffzrential equations. Provision is available
for both hydro and steam prime mover representation. The system
equations are formulated in state space form as fifteen simultaneous
did:rential equations. Due to the non-lincarities inherent in the
problem a stzp-by-step solution technique based on the fourth-
order Runge-Kutta method has been developed. An approximate
version of the programme that makes numerous simplifications in
respzct of ths michine, transmission network and control system and
thereby reduces the number of state variables to six has also been
desveloped. The computer time is reduced by a factor of over 10
timss but programme accuracy is limited to slightly beyond the
first swing only.

The List of Principal Symbols

T3, X, — Resistance and leakage reactance of the

_ statot. . _
£fd, Xfd  — Resistance and leakage reactance of the
_ field winding.
fkd, *kd  — Resistance and leakage reactance of d axis
damper winding. .
fkq» Xkq — Resistance and.leakage reactance of q axis
damper winding.
Tes Xe ~— Resistance and reactance external to .the

machine.
*md: Xmq — d and q axis mutual reactance bel_:wccn tl;c

stator and rotor.

vd: Vq — axis components of generator terminal
voltage. .

vid — Field voltage.

Vb — Infinite busbar voltage (r.m.s).

Vbd, Vbq — dand q axis componeats of infinite busbar
voltage

af — Flux linkage

g

Y, — Synchronous speed (rad/sec).

L ~ Instantaneous speed (rad/sec).

8 — Rotor angle respect to input busbar volt-
age.
d

P &

Te — Electrical torque.

Tin — Input torque.

Pin — Input power.

K4 — Damping constant.

1. Introduction -

Mathematical models for the representation and study
of single machine transient stability have been available
for some years now. The classical formulation of the

{
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machine equations will be found in (1) while a complete

description of the mathematical model for the case of -

a steam driven turbo-alternator including the effects of
control loops will be found in (2). There is a relative
paucity of material in respect of hydro-powered prime
mover representation but some useful suggestions to-
wards building a mathematical model for this purpose
will be found in (3). The state space method of for-
mation of multi-variable system dynamic equations is now
favoured both for its clarity of expression useful for
conceptual thinking and ease of computational use (4, 5).
The application of the theorem of Liapunov’s Second
Method to synchronous-machine stability analysis also
requires the state space formulation. In the case of linear
systems with time varying parameters the state space
approach provides a useful expression of the complete
solution in integral form. In the case of synchronous
machine swing equation calculations however due to the
non-linearities that cannot be eliminated from the state
space formulation it is necessary to employ a step-by-step
computation based on the diff:rential equations formu-
lated in the state space mode. Predictor-Corrector methods,
Runge-Kutta methods or techniques based onthe repetitive
computation of the eigen values of the system equation
gan be employed. :

Although the development of machine and system
models and computer programmes for obtaining accurate
single machine swing curves have achieved a high degree
of sophistication in countries where advanced computer
facilities are available, as far as the authors are aware no
computer programmes are available in this country for
transient stability studies by accurate numerical compu-
tation of machine swing curves. Furthermore, in view of
the less sophisticated pature of the computer software
presently installed in this country, programmes developed
on more advanced computers cannot be run on the avail-
able machines. Hence it was necessary, as the basis of

- already developed mathematical model and computa-

tional techniques, to build a single machine transient
stability programme including a representation of prime
mover, transmission system and control loops, for the
first time for users in Sri Lanka. The programme has
been written for and tested on the IBM 1130 machine of
the University Computer Centre at Peradeniya. It will
shortly be made available as a library facility for interested
users and power engineets in the country.
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A novel feature of the programme is availability of
alternative sub-routines to represent thermal-powered or
hydro-powered prime movers. - The latter routine models
the reverse surges that are set up in the penstock subse-
quent to changes in gate position. A large surge tank is
assumed, that is to say transient effects occurring in the
surge tank and tunnel are, for the ‘present, ignored.
Another feature of the programme is the availability of
an approximate model as an option available on user
demand. Itisaccurate up to the first swing and cuts down
computer time by a factor of over ten times.

2. The State-Space Method of Formulation

The performance of a dynamic system when formu-
lated in terms of n-vatiables of the system which can be
composed into a n-dimensional vector lends itself to the
state space method of formulation. The vector may be

thought to represent a point in n-dimensional space and ¥

the dynamic process to be described by the trajectory of
the point. )

2.1 Linear Fixed System

If the n-vector X represents the set of state variables,
A is a (nxn) matrix of constant coefficients, B is a
(n x m) matrix of constant coefficientsand u is a m-vector
of forcing functions, the system equation in state space is
given in the well-known matrix form ’

X = AX + Bu  where X = X(t)

The solution of this system equation can be written
(Ref. 6) in an explicit form either in terms of the state
transtion matrix or in terms of the eigen values and eigen
vectors of the A matrix. In terms of the state transition
matrix the solution of the equations in the absence of
forcing functions, (u = O) is

X(t) = eAt X(0), where €At is the transition
matrix. When the forcing function u is non-zero the
solution requires the evaluation of a matrix integral and
takes the form ’

t
X(9: = At X(O)4 [Al—T- Bug).ar
0

Both equations are readily amenable to numerical compu-
tation. The solution can also be conveniently written in
terms of the eigen values (characteristic roots) and eigen
vectors (characteristic vectors) of the A matrix. If the
set £; and the set of vectots qj tepresent eigen values

and corresponding eigen vectors the solution of the en-
forced system can be written

n A
X0 = > [£,-XO)] ¢’ g
j=t

Where 1 is the reciprocal basis of g defined by

[ju] = o

ifj# k and
. ifj=k
and (a.b) refers to the scalar product of the vectorsaand b,

The solution of the forced system can be obtained in
similar fashion as
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X(t) = 2 [5X(0)] eA,q,- +

=1
n t
2 J 53907 M0 g &

=1 0

2.2 Linear System with Time Varying Coefficients
¢ Where the system equation in state s/pace takes the
orm—

X = A®M.X + B@).u
we obtain a sy;tem of linear differential equations with

time-varying coefficients. An explicit solution can still
be written in the form

X()=¢6) X @+ | $67.B@m.uE.d
0

However the state transition matrix is now mote difficult
to obtain. If the A matrix possesses the commutativity
condition of matrix multiplication

Ja.a
' T
¢(t,t)ue

" however as this is rarely the case it is necessary to obtain

the transition matrix from the more complex series inte-
gration indicated below.

: t
¢ =1+ A@D.dr+
T

t ¢
?f Alr) | tf A(r).dr,y dr, +

If the time step t is small the higher integrals become

negligibly small and the method can be used for numerical
integration.

2.3 Synchronous Machine and System Equations

. In the formulation of the machine and system equa-
tions below the following choice of state variables has
been made.

(2) Synchronous Machine

iq = d-axis current
iq = ( - axis current
L' = field winding flux lickage A

W4 = d-axis damper winding flux lirkage

Yrq = q-axis damper winding flux lickage

(b) Voltage control circuit




E = final magnetic amplifier input voltage

'm2
E, = exciter control input voltage
V¢g = voltage applied to synchronous machine
{ - field winding by exciter
Eqs = magnetic amplifier stabiliser - feedback
voltage :
' Bgg == exciter-stabiliser feedback voltage

() Prime Mover and governor control

'Yz = Pilot valve control input signal
Y = Steam or water inlet valve position
P = Machine shaft power input

(d) Mechanical motion

.8 = machifie power angle in electrical degrees
°§ =ra d_g
dt

" The transmission system is represented by voltages Vbd

Vbq which are the.infinite busbar voltages referred to
instantaneous machine axis.

As the equation formulation in Appendix A will show
the appearance of explicit control inputs (forcing func-
tions) have been suppressed. -If the programme was
intended for optimisation studies, it would have been
necessaty to make explicit provision for control inputs.

- An examination of the equation formulation will also
.show that at best the equations can be obtained in the
form: . :

' X = AX 4 F(X)

where certain residual non-linearities inherent to -the
system which cannot be removed are carried in the
Matrix F(X). For small disturbance analysis and for
certain other purposes the equations can be linearised
and the techniques indicated in the above sections can
be usefully employed. However this is. not suitable for
the analysis of large disturbances-and swing curve com-
putation. Hence step by step Runge. Kutta or other
numerical techniques have to be used for computing the
trajectory of the X vector in state space.

3. Accurate Model . =
3.2.x Mathematical Model of Machine

According to the two-axis theory, the general equa-
tions ‘which - describe the voltages, flux linkages and
electrical torque for an alternator in per-unit form ‘are,

o - Fﬁ.%,
Y% "P‘}'q -u»h +
Vea = Plpg * Tilyy

L 92

+ ’Aid eod(1)

2ee(2)

L eee(3)

%1}3; xddid +. Sméifd LS e o(6)
0 = * ncte * Zppatea * Fadtea . (7

Wy =% pdta ¢ Zpateg * z’kkdikd «o(8)

UV % gale * Fagteg ves(9)
.w°%= xmq.iq + 'kkqikq ...(w).
e "%"(‘}'éq 3 AD I
termiral val tage | |
Toerge ‘f(f.f/f’ﬁf: )y

Hochand.cal, équ-ation of moﬁon

o , N
Vg - : ) e\’
%I?' (',rin' T~ rlas») =_P § ««(13).
%.1.2 Automa tic -volh‘gie r_egﬁlator( _

Block diagram of AVR is_shown in fig.1.

By =G, (Vgr =-V) ..(14)“
?'2 i+ ] +Bs t ws! el 5.
'PTM LT )

E. ‘< B.<E

Wmin) 2T ax)

E = _m2 B.-+YK_, .o(16) |
i+ pT,, m2 n2 .

E - < E <B

~ “(wmin) (max) -

.
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G s;' -
© _'00(1.7)
f& 1+p Tx. e
‘B Gms T“;Sp K ‘.( . ;'
ﬂ‘.ﬂ 2 -—-—‘E Y ] 18 .
1+ Tm P X we
. 'st Tx;p (1)
& = ~ 1] 9
'EKS" 1+ 7 p vfd . )
%8 .

3.x Prime Mover and Governor

Block diagram of hydro prime mover and governor
is shown in Fig. 2. .

The reverse surges which accompany a change in
gate position in water turbines were approximated by a
first order transfer function with the assumptions:

1. The pipe and water are incompressible.
The velocity of water varies directly with the

_ Therefore transfer function for water turbine

1I— TW p
Pip = Ty Y G; +%00.(20)
14 —P
2
For steam turbines
1
P, == T YG} ...... (209)

P
5
Where T, = penstock delay

T; = entrained steam delay.:

The transfer functions of speed sensor and relay valves

YI =Y0'—'G1. P8 ...5(2!}
Y, = & (22)
’ G,Y
Y o )
—ITI,Z—I; +k (23)
Whete k = Relay bias

2. . .
_ gate opening. _ k, = Governor setting
3. The turbine output is proportional to the pro- 3.1.4 Transmission Line
' duct of head and volume of flow. The axis components of machine tezminal voltages and
4. The head losses in the conduit and gate may be currents are related to the axis components of the infinite
neglected. : bus voltages as follows:
v Yoltage tran-| . Compar-lE :| Mag. amp. (1) g | ¥age amp. (2) E Exciter 'v
t | eformer and | P ater o d m2 ¢ x [+ £d
ST SRE. mi. - m2 b 4
rectifier Sva |H T T e T
. : Pim Plmo Ply
Terminal
veltage 'y 3
. = ref. E
. Bs Mag. amp. Btab, |
Reference -Cc. T p L
veltage = f 3 +"’8Tm
: p
b 5, e
Eiciter stab. '
- -G T p -
. xs_x
- “ 1+ psz
Fig. 1
PMlot valve Relay ‘valve .
) [
o, [y, | T |,
infinite bus
b
i i v
[} »8 9
. e B P -3 q b
—lval - * taroator
Stean, 3 ;‘ Ep <1 ] . K vbd
Inpet o | T 1 [— T v
., L SPIE _ . m{:" bq
Fig.¥as Fig.”3
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_ . Inderiving this relation the shunt admittance, magnet-
- 1sing currents in the transformers and charging ‘currents
in the transmission lines are neglected.

3.2 Desctiption of the Coxﬁputer Programme

Equations 1 to 25 were written as a set of 15 first
. order diffzrential equations,as shown in Appendix A and
were solved by step-by-step integration using fourth
order Runge-Kutta method of integration. A Runge-
Kutta method has been chosen because of its high accu-
racy and ability to integrate through discontinuities (self-
starting property). However the method is prodigal in
the use of computer time because of the need to compute
four values of effective slope at each integration step.

The time step must be small compared with the a.c.
cycle period, since the terms pap  and Py resultin changes,

of the axis quantities at about supply frequency. The time
step selected for test calculations of the programme was
2.5 ms. Each step of integration consumes about 1 second
of computer time on an IBM 1130 Machine. Therefore to
obtain a numerical computation up to about the second
. 'swing of the rotor, the computer time was about 20

minutes. Clearly the programming of an IBM ‘1130 type’

small computer for swing equation computation is of
interest in the off-line mode. only.

4. Approximate Method

Even though the use of the accurite method gives
results closer to the practical ones, it consumes a large
amount of computer time. Therefore to reduce com-

puting time the following -approximations were made.

The rate of change of flux linkage in the stator
voltage expressions were negligible.

Transients in transmission lines were negligible.
No damper windings.

In equations (1,)(2), (24) and (25) and value of
v =y, :

(0

. (2)
)
(4)

The simplifications made in the control systems:

(1) Negligible time delay. in magnetic amplifiers.
Hence AVR can be represented by a transfer
function of order 2.

(2) The governor loop simplified to order 1.-

. With these simplifica-
tions of the system number
of state variables reduced to
six as shown in Appendix B

_ and the time step could be
\ ' increased to about 2§ to §o°
ms, because the time cons-,
tants of the system were
large compared to step size.
Hence computer time was
* reduced by a factor of about
10 - 20.

5. Results
For test calculations of the programme a machine of.
37.5 MVA with a steam prime mover was selected.

TABLE 1 A
Parameters of the System -
(1) Synchronous Generator

Machine ratings : 37.5 MVA, 30 MW, 0.8 p.f., 11.8 KV,
3000 r.p.m. : ' :

N = 0.002 p.u. X, = 0.14p.u.
164 = 0.00097 p.u. X4 = 0.14p.u.
fid = 0.12§ p.u, " fkq = 0.012§ P.W.
X4 &= 0.04 pu. Xpq  =o.04pu.
Xmd = 1.86p.u. Xmq = 1.58 p.u.
H = 535S '
(2) Exciter
Gy = 0.00079 Gy - §2.1
Ty = 0.044 8eC Ky = 0.00018
Emz(min) =00 ) Emz(max) = 0.000298 p.u.
Gnma =122 'm2 = 0.I5€¢C
Kms a —0.00186 F*(mh) =2 —0.000854 p.u.
E, (aax) = 0.000854 p.u. Gy \ = 3,06
Ty = 0.2 seC Gy = 00139
Tms = 0.15¢C Gyg = 0,0052%
Tys = 2.08€6C
. /

(3) Governor and Prime mover
G, = 0.0149 Gr = 1.0 ’
Gp = 1.33 Ty = = ©.I s6C
T, = 0.188 seC K = —0,267
'G’ = 1.43 /T. = 0.49 seC
(9 Transformer and Transmission Line

X, = 020 pu. before faule

X, = 034  pu. after fault cleared

£, = 0.0194 pu. before fanlt

r, = 0025 pu. after fault cleared
TABLE 2

Initial Conditions

Input bus voltage = 1.0 pu.
Generator output , .. = 0.8 Ya“
Power Factor m 0.8 lagging
Enginvir, Yeptember 1977
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Fig. 4 shows the swing curves computed for a three
phase short circuit lasting for zooms. at the infinite bus.
Curve A is that obtained using the accurate method neg-
lecting mechanical damping (kd = o), since it is negli-
gibly small compared to other damping present in the
system. Curve B and curve C have been obtained from
the approximate method for thesame fault with kd = o
and o.§ respectively. The significant difference between
the curves A and B can be attributed to the electro-
dynamic damping which was neglected in the latter case.
Representing this damping effect by an arbitrarily assumed
mechanical damping constant of 0.5 in the approximate
method(cutveC) it was foundthat the accurate (curve) A
could be approximated at least during the first swing
for this type of fault.

The swing curves computed for a three phase short
circuit of duration 200 ms. directly at the machine termi-
nals are shown in fig. 5 from both accurate (curve A) and
approximate (curve B) methods. 1In using approximate
methods a damping factor of o.5 was introduced to take
into account the effect of damper windings. This damping
factor which was sufficient to represent the electro-
dynamic damping in the previous case is found to be
insufficient here, mainly because of the severity of this
fault. A significant feature of curve A is the back swing
which lasts for'about 150 ms. immediately after fault.
This back swing was not prominent in previous case.
as that the fault is less severe. Asa consequence of neg-
lecting the pyd and pagq terms incanalysis using the approxi-
mate method this back swing is not observed in curve B.

From fig. 6 it is seen that the machine is just unstable
{’or a 3 phase short circuit lasting for 350 ms. at the infinite

us.

The electrical torque curves for the same fault of
swing curves fig. 4 are shown in fig. 7. Very large elec-
trical torque swings at power frequency are observed in
the accurate analysis (curve A) and are features of the
accurate method only. Since the variations in flux linkages
are not fully represented in the approximate method of
analysis only an averaged out form of these large torque

swings appears in the output (curve B). This is a serious.

and well known drawback in approximate methods of
analysis of this type.

Engineer, S ejJIMP?r 1977

0.5

1.0 1.5

Fig. 5

torqua' Pelty—

N
v

time sec. —»
Oh .

-

0.2 0.3

Fig. 7

6. Conclusions
A working computer programme has been built for
the accurate or approximate study of single machine
stability by obtaining the swing curves subject to various
types of faults. The programme has been tested for
various types of faults and output results reported.
Further work is now in progress to analyse multi-

machine stability problems in small power systems in
view of the relevence of this problem to Sri Lanka.
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Appendix A
The equations 6 to 10 were solved to obtain,

9
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These values of yq, W4, ifd, ikd and lkq wete substx-
tuted in cquauons 1 tO§, 24 and 25, and obtained the first
five equations of the state space formulation. The equa- .
tions 13 to 23 were tewritten to obtain the rest of the
equations of the above formulation. .
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Appendlx B
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' With the assumptlons mad!;he *number of state vati-
ables reduced to, six and the state variables selected are

CZ. a ":( Ta *+ Te)?*-".h ( x'd,"'; A"e)‘~ X'
( x' a- Xa)( Ta * ) -
TG

.XTM (’éa ""d)
7l CZ..‘I:V-.. Cz_ .

‘ ~c5'.°ll

T'*‘Tz"."'z_:

28

o ¢, v, B**, P** 3 and p*. . S
¢f& ’ ctloo 1 i 'i n:m%’-'- '. ,..-,'-.: [ %fd . ’ C3vbd ¥ c4qu R I
-u- . - { : _G* v - "‘1 y 1 G————xEm -l-"k"
fd DRI SR MR A Ved T, \"F,Z |
) ) A G . . GG . "}" . G . )
. X8 1. 0% . . L
el - T T B | (k + Gt}
. = ' : ‘ +|
P e e llges 6,656 o GzG yo
in L ¢ * T .. T .\ﬂ‘ Ui
168 . i i o 4 $ }
LSS s .
. PS i v . 1 L] -.‘ T -Ka . ,98 ’ ( T‘OS)
nr. o TR 'd L P . A ; J
Where, | !
X‘=¥@+xa+xe,‘ e » AN
e X (xeg-x )‘_ 2539168 24 ow!g e;ﬁms eSmam
Co= = T¢ = e 4 =2 @ 2. g@@ww’ -
£ x d * %3 *X xZ,A R :
' . ' " 00 Dmd o cazs'!g qﬁmn S8 qza)wmca sem

20an D108 panm yudant § comed d@ég ©300m-

" asled .gddhme eem gibust »d8. gad@zs DI,

3.0 BED 880 9 SDwFuo Bwd wdme §OmE
600 08 cosin® HoR Cam gnd Enm wsigo
n@ms W0€R 5Ty BhsInw 2:808 268s Aozt
0 &0 pmBeds! Bewlsne Honcad. ¥E v Huds’

T 91082 Diem Hewdmn wew gf) Bcw Bed. uOmd

20nC» 8820 suwes O8x) oddB wdncasd
550 ¢0mn BdGwews? BHWEGE BHOY G0 A, |
0 Pcd ng connldnd aif geldurde ednemd

|20 80 Bn8® wew BDedA ;Poed® 6538 pdd e

O 8¢n® § Busbeds? 8udS Bul:d nlv 9ibus =07

GO qd. o5ipe, udcyud 68 1 CEH 8dd8n

69350205} eznewns 8oE BB mdsiznd v SO653
50 .8ocrwusied. &P won (0 gRABe 8EAg -
§B0ed pusln ddaisecd; 98 ndy C1ed. qa-
»HD MEY 08 woc B89 ¢ WO DEh dane

0 dnads? 80n0n CA® Y YO AHAEDmMmOe

6e0A 081432057 nd® gm0 88wy B&umcy cA.

. Engimr; September 19'77



@m‘-ﬂ |

[OLY:; a/ﬁama g,cuﬂu@urr,ai)uﬂm LTy o g

Suur@updu iiese @ Gsvavurar Bsp .
é0g B Qe dssmgu @ aTulniar

@Qonmasul gyérar LraulaTwTeryT@GL QT WlL)er
e euri & efl 6t ammsrgg]&@as Q& e oS08
@wsAwss gofl, SLda®d, sLb, sralund
WSS pBssT58 YRuear sl . BF &Fwer
ur@serreé @olésuu@d HCs Cadruld gy
or&s Ourglaurssuur L Qurfé Qsmearms
owl . urelgslé QFbawvwrear el gwrHih
yopale@ed Ghssou@@pg. Biwell, Hrred
wsdwusRser @oavgergih GO 1eHG eaef
wenssear a.crarar. QsrgHé swarur@aedr B
Qe wyaumsealley LEETES PGRSML ams
S @& susruT@sarms O&TG&EE0UL Perearar:
@is0 Opéslaruier o drer -
ovwure® @GaCs - gLLmealear preorh JOEG
aefl e puler v torear Sie mLu
- e@arssuuL@eaergl. Qurs, QFraissed win
Caldw, gyLrdaew QsrEgH HRuabhmsGe e
umer. TGwETHD HGESHSET QEdugTd - D
wr PEdr YoTESE GWDESEGHYU  BSHENSG
L g8 gavewearaTar 9B @y 2.0
angsLiu Qerargl. Qsrenss saflGmy b usgl
wngé CuhuLL. srreflurTd GmpasLUL
@érer CurHeuh MEPéRG HLLé Osbew
(y)gewrw IWeEGs eHCp UUTOTS WTSHTib
Qoéssamypugrs w @UUL@6rerg.

Enginecr, September 1977

S SLLOuU@L QEmsn aadsdar §. 4.
- dleseuLng. eaalgyo,

a&U190 o ewr Lileir’

LU
o GrHTLEN QurmLedns Gmm
GMDES. HOrmoymLw GFhad

- groussflest mmwuq mu].suu) S|MLD

ug,gp_&rrm 9 lSl.UI_JmLQ g,m&uq&m

GsrEUYy
Qeburmd spadruyd, &. erevw. 396r g

8 b grgamgé Ceips Qemspsdnuyd, 3 b

Sr&hound gopss Havowvymrw QFbap
shruyd: ° QEFbygrer www "~ FrjgEsawma,
1:10 erarp IR55H50 FQuiensujb wewrdw -
yiv Qaenewr. erpgésawmea Cumearp Geve
Cou gy evewswimar an;sg/asassvmmas&rm Q& ®
111 eir
Cupemprui
Qsmsnsellergi, &mpgls a;mmmassrﬂmg/m
G&namadm@ww ELLLURWL Qemspn s
o1 Qenosulldr urdldsuuL T — oW
aowddd Gea ghsarGea uraudaruléd o crarar.
@Qeaumsurer swisefldr gyewalwasdr
P g, @edaamss aaursalear ovy.cugGar
eparsgugiCu @55 gualdar Csréawrgib.
Qb5 YQUuTHTG AUYAUMLEGL W DY
epaursgaulgsr® Vearaugw aldraysdruy
70 ST LB 6D Sl
(o) Qevygrear sHs@EGD 3 b .5!1'.5.@3?“0
GODPHS Hawevymrw Q&nsnaens
@w 1:10 earerp 619@,5’5,@60 EQwfen guyib,
wmr&'vu;m Qanrav erfgéswame e

bssaa.
(45) Q&mg,mreur Lo 5o arr,r_sg/a;e.summ 3 i By
- uensd Qemspseyier urellugpE
L &S5V,
29-




