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Dynamic State Performance Analysis of Three Phase
Transfer Field Machine with Rotor (CAGE) Windings

Obute K. C., Olufolahan Oduyemi, Eze, E C.

Abstract— The new configuration of the conventional
(existing) three phase transfer field reluctance machine is
intended to minimize the excessive leakage reactance
associated with the quadrature axis reactance of the machine,
due to salient nature of its rotor poles structure.

This is achieved by optimizing the rotor design, through the
introduction of cage (rotor) windings at the periphery of the
shaft of the machine sections (M/C A and M/C B). The idea is
that when windings are wounded on the rotor sections of the
machine, resistance is added to the rotor circuit, the rotor
power factor is improved, which in turn results in improved
output torque. This of course increases the rotor impedance
and therefore decreases the value of rotor circuit.
Consequently, the effect of improved power factor
predominates and the starting torque is increased. To cushion
the effect such reduction in induced rotor current, the
auxiliary and rotor (cage) windings of both machines sections
are connected in parallel but transposed between the two
machine halves and short circuited.

Index Terms- Auxiliary windings, Cage (rotor) windings,
induced rotor current, main windings, resultant impedance.

I. INTRODUCTION

The scale or yard-stick upon which every electric motor is
measured is principally the nature of its output
characteristics. Hence, the consistence research on the
improvement of motor output characteristics, which includes
output power, electromagnetic torque, power factor,
efficiency etc becomes pertinent. The output of all plain
transfer field effect machines would be less than that of a
conventional induction machine of comparable size and
rating. This is the attribute of their low direct axis reactance
to quadrature axis reactance ratio, accompanied with
excessive leakage reactance (Agu L.A, 1984). An analysis on
improvement in this disorderliness is the subject matter of
this novel.
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Il. THE MACHINE DESCRIPTION

The structural arrangement of the machine under study is
shown in figure 1. Unlike the existing three phase transfer
field cage —less machine counterpart (Agu L.A, Anih L.U
2002), the three-phase transfer field machine with cage
windings comprise two identical poly-phase reluctance
machine with moving conductors (rotor windings), whose
salient poles rotor are mechanically coupled together, such
that their d and q axes are in space quadrature. As depicted in
figure 1, the stator (primary) windings, are integrally wound.
Each machine element has three sets of windings. Both sets
of windings are identical. The main and auxiliary windings
are housed in the stators slots. The main windings of the
machine carry the excitation current, while the auxiliary and
the rotor windings, carry the circulating current. The (2s-1)
wo low frequency current is confined in the auxiliary and
rotor windings without interfering with the supply. The main
windings of the machine sets are connected in series while
the auxiliary windings, though also in the stator are
transposed between the two machine stacks. They are wound
for the same pole number and both are star connected. The
third set of windings known as the rotor (cage) windings are
wounded at the periphery of the rotor shaft connecting the
two machine sets. Just as in the auxiliary windings, the rotor
(cage) windings are also transposed between the two machine
stacks and then connected in parallel with the auxiliary
windings (see figure 2).
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Figure 1: Connection diagram for three phase transfer
field reluctance machine with rotor (cage) winding
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Figure 2 Per phase schematic diagram of 3-phase transfer field motor with rotor (cage) windings.

I1l. DYNAMIC MODEL OF 3-PHASE TRANSFER FIELD
MACHINE WITH CAGE (ROTOR) WINDINGS

For us to derive the dynamic equations of the circuit model of
3-Phase transfer Field Machine with cage (rotor) windings, it
is paramount to take a look at the variation of inductances
with rotor position since the rotor has salient poles. In
general, the peameance along the d and g axes is not the
same.
Since the rotor is of salient poles, its mmfs are always
directed along the d and q axes. Also, the direction of the
resultant mmf of the stator windings relative to these two
axes will vary with the power factor. A common approach to
handling the magnetic effect of the stator’s resultant mmf is
to resolve it along the d and g axes, where it could be dealt
with systematically. Let us consider the magnetic effect of
current flowing in phase a of the stator. The resolved
components of the a-phase mmf Fa, will produce the flux
components;
gd = Pg Fa sin 0, and ¢q= Pq Fa cos 6;along the d and g axes
respectively.
Where P = peameance
The linkage of these resolved flux components with the
a-phase windings is;
Xaa= Ns (¢pa Sin O; + ¢pq cos 6r) Wb turn.

= N; Fa (Pq sin%0; + Pq c0s%0;)

= Ns Fa (24222 2422 05 20) (1)

doi: 10.32622/ijrat.82202007

Similarly, the linkage of the flux component, ¢4 and ¢q by
the b - phase winding that is 2—” ahead may be written as:

}Mba - Ns Fa (Pd Sln er Sln (er - —) + pq Ccos er Ccos (er - —))
=N Fa (— ﬂq M cos 2(6, __)) )
Based on the functlonal relat1onsh1p of Aaa With the rotor
angle, 6, we can deduce that the self inductance of the stator
a-phase winding, excluding the leakage has the form;
Laa=Lo—Lmscos2 0, H
Where; L, = @ and Lms
Those of the b —and ¢ — phases Lo, Lec are similar to that of
Laa but with 6, replaced by (6, - —) and (6,+ —) respectively.
Similarly, it can be deduced that the mutual inductance
between the a and b phase of the stator is of the form,
Lab - Lba - L_ = Lms Cos 2 (er = _) H (3)
Similarly, expressmn for Lic and Lac can be obtained by
replacing 6, with (6, - —) and (6,+ —) respectively.
Since a conventional (eX|st|ng) transfer field effect machine
is composed of two machine sets with two windings each
(Agu L.A, 1978) if the parameter referring to the main
winding is denoted with the subscript A, B, C (ie phase
quantities) while that referring to the auxiliary winding will
have subscript a, b, ¢, the dynamic model can be derived as
follows:
Vasc =

L:l:l::""L::lzg
2

rasc iasc + Phasc
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(4)

Vabe = labe Tabe + Phanc

VagraBc = ldgrase idgrasc + Phdgrase (5)
qurabc = rdqrabc ldgrabe + P)\dqrabc

Where P <, 2 = flux

Rasc = diag [(ra rs rc)] and rapc = diag [(ra 1o rc)]
The flux linkages are expressed as;

Aasc = Lee iagc + LoH lanc

Aabe = L iasc + Lun fane (6)

Where Lgg, Len, Lue and Luw are inductance matrices
obtained from the inductance sub matrices of the two
components machines as shown below.

Let L1 be the self inductance of the main winding and L, be
the self inductance of the auxiliary winding; then the mutual
inductance between the main and the mutual inductance
between the main and the auxiliary winding will be Lo or Ly;
as the case may be;

LAA LAB LAC
Now; Li1=|Lgs Lgg Lge
LCA LCB LCC
L.éa LAIJ LAC
Lio=% |Lgs Lz Lge
Lr’?a Lr’?.r: Ll’?r:
La.é LaB LaC
La==%|Lps Lps Lyc
LCA LCB LCC
Laa ab Lac
Lo==% [Lyg Lpp Lpe
Lnn th Lnn

So far the main and the auxiliary winding are identical,

Loe = L1 (Machine A) + Li; (Machine B) = L4, +L%,

The individual inductance expressions are as follows;

Laa =La1 + Lg CcOS 2 Or Las=Lea=-% Lax Lacos (2 0r —
a)

Lac=Lca=-% Lax Lacos (26 + o)

Lec=Lcg=-Y% La* Lapcos20r, Les= % La + LapcOS (2
0r-a)

Lec= % Lart Laocos(260;+ @), Laa= % Lai £ Laocos2 0y
Lap=Lpa= % Lat Lpocos (26r-a), Loc=Leb = % Lp1 £
L2 cos 2 6;

Lob = % Lo+ Ly2cos(26;-0a), Lee = %2 Lar £ Lp2cos (2 6¢
+a)

Laa=Laa= % Lpiox Lp12cos20, Lap=Loa= Y2 Laocosa
+ Lpo cos (20r - a)

Lee = Lec = Y2 Larz cos o £ Lpio cos (2 6r - ),
Where , a. ==, and; Lat = Lazz = Lato = % (Lwa + Ling)

Lo11 = Lbz2 = Lo12 = ¥2 (Lmg - Lmg)
However, the expressions for the individual inductances
above, can further be used for the inductance matrix for the
main windings for both machines A and B.
For machine A, the inductance matrix for the main winding is
(Chem-mum O, 1997)

1V. ROTOR WINDING INDUCTANCE

The stages of transformation of the voltage equations are to
first transform the a-b-c phase variables into g-d-o frame
where the quantities are in stationary reference frame i.e. d;
and qg. Since the rotor of this machine is salient pole, the axis
of the rotor quantities are already in the q and d axis, so that
the g-d-o transformation need only be applied to the stator
guantities.

V. THE MACHINE MODEL IN ARBITRARY Q-D-O
REFERENCE FRAME

In order to remove the rotor position dependence on the
inductances seen in (8), the voltage equations in (4) need to
be transferred to g-d-o reference frame. The technique is to
transform all the stator variable to an arbitrary reference
frame.

Here, all the stator variable will be transform to the rotor. In
the voltage equations for the main and auxiliary windings of
the transfer field machine of (4), there is no need to include
the rotor equation here since our intension is to adopt rotor
reference frame.

Hence, the voltage equations of the main winding of the
machine will after the transformation yield;

Vo = whp + phg + rig

Vp = (07\Q + pXD + rip (9)

Vo= P)\O + rio

Doing like — wise for the auxiliary and cage (rotor) windings,
we have,

Vq = (®-2r) Ad + pAq + rig

V4 = (0-20r) }\q+ pAdt rig

Vo = phot rio

Vir = (0 -20x) A4, + Pagr T Tar Lgr

(10)

Vir = (0 -20r) "q'dr T Piar ¥ Tdr Ly

Lac=Lea= % Laz cos o+ Lo COS (2 0+ U,), Lga=Lap = Y2 Lago COS

o+ Lpiz cos (2 6 - @)

Leb = Lo = % La1z cos a =+ Lpi2 cos (2 6r + o), Lec = Leg = 2 Lar2

cos o £ Lp1o cos 2 6Oy

Lca=Lac= % Lai2 COs o+ L1z cos (2 0r + @), Leo = Loc = % Larz

cos o =+ Lp12 cos 2 0r

doi: 10.32622/ijrat.82202007
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)

T

1 1 T
—ELG—LmSCDSZ (Br—g —ELG—LMCGSZ (8,+§)

P 1 T 2w 1
L= —ELG—LmSCOSZ (Br_g) L+ L,— Ly cos2 (Br+?) _ELG_LmsCGSZ (8, —m)
1 m 1 2
| ELa—i—LmscosZ (6‘,.+§) —ELa—i—LmscosZ[ﬁ'r—n) L+ L,—L,, cos2 (Br—?)
For machine B, the inductance matrix for the main winding is;
r 1 w 1 m
Lo+ Ly+L,.cos26, — 5Lo+ Ly cos2 (9,,—5) — 5 Lo+ Lns 052 (B,,—|—§)
B 1 m 2w 1
L3 —ELG-I—LMSCDSZ (Br_g) L+ Ly+ L, cos2 (B,,—I—?) —ELO-I—LHJSCDSZ(B,,—TE)
1 T 2w
_—ELG-FLmSCDSZ (Br+§) Lo+ L, cos2(8,—m) L.+ L,+L,cos2 (6',,—?)
2Lic+ 2L, -Ly Ly
Hence Les = L4, +L5; —L, 2L;c+ 2L, — Ly l
Where L= leakage inductance, and L, = @E

2Lys+ Lipg + Ling L

- % (Lmd + Lmq]
- % (Lmd + Lmq)

LGG =

-3 E:‘[':mci + Lmq)
ZLLS + Lmd + Lmq
- % (Lmd + Lmq)

- % E:‘['m.:t + Lmq)

1
- E (Lmd + Lmq]
ZLLS + Lmd + Lmq

("

Now for mutual inductance, For machine A, the mutual inductance matrix is given as;

[ L.+ L,—L,.cos280,

L cosa— L, cos (26, —a)
| L, cosa— L,,.cos (26, + a)

Likewise, for machine B, the mutual inductance matrix is given as;

[ L+ Lo+ Lsc0s28,

LB
12 7L, cosa+ L, cos (260, —a)

| L,cosa+L,,.cos (26, +a)

But Len =14, + L5,

Loy =

—2L,.cos2 8, — 2L, . cos

—2L,.cos (28, —a)

—2L,,.cos (26, + a)

L,—Ly.cos (20, —a)  Lycosa—L, cos (260, +a) ]

L+ L,—L,.cos(26,+a) L,cosa — L, cos 28,
L.cosa— L, cos 28, L.+ L,—L,.cos (28, —a) |

L,+L,.cos (28, —a) Lycosa+L,.cos (260, +a) ]

L.+ L+ L,,.cos (28, +a) Lycosa+ L, cos 26,
L.cosa+ L, . cos 28, L.+ L,+L,.cos(26,—a) |

(26, — @) —2L,.cos (26, +a)

— 2L, cos 28,

—2L.cos (26, +a)  —2L,,.cos 28, — 2L,.cos (268, —a)
Lew=
cos2 6, cos (26, —a) cos (268, +a)
“2lms| cos (28, — a) cos (26, + a) cos 26,
— cos (26, +a) cos 26, cos (20, — a)
But Lms — L::zd;ng
- 2Lms - ZcIL?:zq_Lmd}
-.. LGH
Lmq -
cos2 8, cos (268, —a) cos (26, +a)
Lma| cos (26, —a) cos (28, + a) cos 28,
cos (20, +a) cos26, cos (268, —a)
€)

Zn
Where, o = -

Since the main and auxiliary winding for machine A and B are identical, Lig and Lun will be the same as Lgnand Lgg respectively.

doi: 10.32622/ijrat.82202007
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V1. TRANSFORMATION OF FLUX LINKAGES

The ABC and abc subscripts denote variables and parameters
associated with the main and auxiliary windings respectively.
Both ragc and ra,c are diagonal matrices each with equal non
zero elements. For a magnetically linear system, the flux
linkages may be expressed as;

'1.43.:] [LGG LGH] [IABC]
= Wb turns (11
[Anhn LHG LHH Lane ( )

Where G = main winding, H = Auxiliary winding.
To transform the above equation in respect to the cage
winding, we have as follows,

Aasc] [ L Len Lera Loas iABC
Aapc _| Lwc Luw Lypa Lprs || lave (12)
Aaqr1| |Lpag  Lram  Lrara  Lrags||ldar
Agqrzl \Lrsc  Lren  Lrera  Lrsrs Lagra

The inductance matrix terms Lgg, LeH, Lue and Lun are
obtained from inductance sub-matrices Li1, Lz, Loz and Lo
for machine A and B.

Lcra is the mutual inductance matrix between main winding
of machine A and rotor winding of machine A.

Lgre is the mutual inductance matrix between main winding
of machine B and rotor winding of machine B.

Lura is the mutual inductance matrix between auxiliary
winding of machine A and rotor winding of machine A

Lure is the mutual inductance matrix between auxiliary
winding of machine B and rotor winding of machine B.
Lrara is the inductance matrix of rotor winding of machine
A

Lrare is the mutual inductance matrix between the rotor
winding of machine A and the rotor winding of machine B.

VIl. STATOR WINDING INDUCTANCES

To reduce the mathematical complexities of equation 11, it is
rewritten in g-d-o frame as;

dgdp Ao 1" _ |KeLes Kg' Kgley KH [IQ ip 10
(13)
cos cos(@—a) cos(f+a)
Where Ke :2 sin  sin(f—a) sin(6+a)| (19
2| 1 1 1
2 2 2
cos@ sinf 1
K;l=| cos(f —a) sin(@—a) 1 l (15)
cos(8 + a) sin(@ +a) 1
cosfi cos (f— cos (f+ a)
Ky=2|simf  sin(f— sin(B+a) | (16)
2| 1 1 1
2 2 >
cosf sinf? 1
Kz'=| cos(f — sin(ff—a) 1| (17)
cos(f+a) sin(f+a) 1
Where § = 6 = Speed of rotation of the arbitrary reference

frame

doi: 10.32622/ijrat.82202007

0r = Angular rotor position

Therefore the flux linkage of equation 11 is now expressed

as;

Aq = (2L + Limg + Lmd) iQ — (Lmd — Lmg) (ig+gy)
= 2Li g + Lmg iqQ + Limd iq - Lind (ig+Eg) + Lmg (ig+ g
= 2LL iQ + Lmq iQ + Lmd iQ + Lmd iQ' Lmd iQ' Lmd (iq’fiafr) +

Ling (iq+ £r)

2L, iQ+ 2Lmd iQ+ Lmq iQ- Lmd iQ- (iq+idr) + Lmq (iq+ idr)

2 (LL+ Lma) ig + [iq(Lmg- Lma) +(iq+1gy) (Lmg- Lmd)]
=2 (Lo+ Lmg) ig + (iQ +ig+14r) (Lmg - Lma)

S A =2 (Lt Lma) ig + (Lmg- Lma) (iQ + iq+igy)

Similarly;

AD = (ZLL + Lmq + Lmd) ip + (Lmd - I—mq) (id+id'r)

=2 (LL+ Lmg) ip + (Lma- Lmg) (io +ia +i4) (19)

Ao =2L o (20)

Also, Aq = (2LL + Ling + Lmd) iq — (Limd — Lmg) (io +14)
=2 (Le+ Lmd) i + (Lmg- Lmd) (ig +ig+ig) (21)
M = (2LL + Ling + Limg) ig + (Lmd — Lmg) (o +14;)
=2 (LL+ Lmg) ig + (Lmd- Lmg) (io +ia +igz.) (22)

ho=2LL io (23)

(18)

Also; g =(Ligr + Ling + Lina) 1, — (Lmd — Limg) (iq +iq)
=(Ligr + 2Lmd) i + (Lmg- Lma) (i +iq+ig4,)  (24)
Agr=(Liar + Lmg + Lma) {47 — (Lmd — Lmg) (i +1id)

= (Lwar + 2Lmg) gy *+ (Lma- Lmg) (ia +ia+14)  (25)

NB: Upper case letters represent the main winding
parameters, while the lower case letters and the primed lower
case letters represent the auxiliary winding parameters and
rotor winding parameters respectively

As before (18-20) represent the flux linkages of the main
winding circuit while (21-23) represent the flux linkages of
the auxiliary winding circuit. Also (24-25) represent the flux
linkages of the caged (rotor) winding circuit, r in (9 and 10) is
the sum of the resistances of the main, auxiliary and rotor
windings in both machine halves. Equations 18-25 can be put
into (9 and 10) to yield;

Vo=whp +p [2 (LL+ Lmd) ig + (Lmg- Lma) (iQ + ig+i4.)] + rig

(26)
Vo= (0 - 207) A + p [2 (Lo + Lmg) ig + (Lmg- Lma) (iq + ig+
Lgr)] + Tig (27)
Vgr = (o - 200) Ag,+ p[(Ligr + 2Lma) iy + (Lmg- Lma) (iQ + g+
I'f.fr)+ ﬂ:dr (28)

Vb = who+ p [2 (LL+ Lmg) ip + (Lmd- Lmg) (io + o +ig,)] +
fip (29)

Vi= (o - 20r) Aq + p [2(LL+ Lmg) ia + (Lmd- Lmg) (io +ia +
Lgy)] + Mg (30)

Vi = (0 - 20r) Agp+ [p (Lidr + 2Lmg) Ly + (Lma - Limg) (I + ia+
L)+ Ty (31)

Also for O-variables ;

Vo= p?xo +rio

= p(2L|_ Io) + rio (32)
Vo = pho +rig

= p(2LL i) + rio (33)

11
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Va’r = pﬂa’r + ria’r
(34)

=p(Lrig) +ig
Equations 26 - 28 result the equivalent circuit shown in figure Ligr +2 (0-200)Ag r
3; [ AWV ®

A
r ®An -2(LL + Lmd) i 2(LL + Lmd) (@-20r)Adr r
e MWW C+D SO0 —p < T- AW ®
(iQtig+iar) la
(Lmq - Lmd)
Vo
Vq Vﬁr
e o
o
Fig 3- Arbitrary reference frame equivalent circuit for a 3-phase symmetrical transfer field
machine with cage (rotor) winding in the g-variable.
Also, equations 29 - 31 result the equivalent circuit shown in
figure 4; Lidr +2 Lima r
/M ®
A
r (D)\.o -2(LL + I_mq) iD 2(|_| + Lmn) (w-zmr))\‘qr /\/{/VW\
e AW C+-D « ®
(iD+id+i g, ld
(Lmd - Lmn)
Vb
Vv
Vir
e o

Figure 4: Arbitrary reference frame equivalent circuit for a 3-phase symmetrical transfer field machine with cage (rotor)
winding in the d-variable.

Similarly, equations 32 - 34 combine to yield the equivalent

circuit shown in figure 5.
2L o Lo r

r L i < Han MWW\_o
P MWW 000 i 2L, r
A —«—8 00 MWW Py 4

VO Vér
Vo
L
e
o

Figure 5: Arbitrary reference frame equivalent circuit for a 3-phase symmetrical transfer field machine with cage
(rotor) winding in the O-variable
12
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VIIl. ROTOR TO STATOR WINDING INDUCTANCES

Obviously, both rotors of the machine halves are identical.
Therefore, they possess equal and similar parameters. Let us
consider the inductances between the rotor winding, and the
stator windings of machine A. The winding placements are
depicted in figure 6 below

From figure 6,
LygLaa
Lera=Lrac=|Lpq Lgd
LegLea
(39)
Laq Lad
Lure = Lren = |Lpg Lug
ch Lo

NB Lgra = Lurs On the account if the identity of the two
machine halves.

Also

Laq = LAq = Lmq COos er, Lad = LAd = Lmd Sln er

Loq = Leq = Ling cos (0 =), Lpt = Lea= Lmg sin (0r- =)

Leq = Log= Ling c0s (Or- ), Leg = Lea= Lo sin (01~ )
(36)

IX. ROTOR TO ROTOR WINDING INDUCTANCES
On the account of identity of the two machine halves;

L.+ L (]
LrarA = Lrere = 0 far mdL +L ] (37)
ldr md

X. THE TORQUE EQUATION OF THE 3-PHASE TRANSFER
FIELD MACHINE WITH CAGE (ROTOR) WINDING

The torque equation of the configured machine is obtained by
integrating the rotor winding parameters into the derived
torque equation of the conventional 3-phase transfer field
machine with no rotor winding.

The expression for the torque equation of the cage winding
transfer field machine is given as;

Te :2 (g) [(iQs + I:qrs) qu (iDs + ids + i&s]
- [(iﬂs + ids)qu (iQs + I'r.]:- + ir.']s)](SS)

Where,

igs IS the g-axis stator current in the main winding of transfer
field machine

igs is the g-axis stator current in the auxiliary winding of
transfer field machine

ips is the d-axis stator current in the main winding of transfer
field machine

igs is the d-axis stator current in the auxiliary winding of
transfer field machine idr is the d axis rotor current in the
(cage) rotor of transfer field machine.

doi: 10.32622/ijrat.82202007

I5, is the g-axis rotor current in the (cage) rotor of transfer
field machine

13
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Figure 6: Rotor to Stator winding inductances
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XI. CIRcCUIT PARAMETERS FOR THE DYNAMIC STATE SIMULATION OF THE MACHINE

Table 1
S/No | Parameter Value
1 Lmd 133.3mH
2 Ling 25.6mH
3 Lis=Lia=Ler 0.6mH
4 m=ra=r=r 3.0Q
5 J 1.98x10°kgm3
6 \Y/ 220V
7 F 50H;
8 P 2

Matlab plots for the machine output characteristics using (1) through (38), the plots of the machine’s output
characteristics are shown in figure 7 and 8.

Time, [sec]

Figure 7: Rotor speed run up plot for the configured machine

Electromagnetic Torque, [N-m]

ge— e 3 S— S—

1 2 3 4 5 6 7 8 9 10
Time, [sec]

Figure 8: A Plot of Electromagnetic magnetic torque verses Time

15
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XIl. RESULT AND ANALYSIS OF THE MACHINE

For the dynamic operation of the machine, the rotor speed
run-up plot against time for the configured (cage) machine is
shown in figure 7. There was a little transient at different
stages while rotor speed builds up before an application of
load at 7 seconds. After another little transient, the rotor
speed now settles to a steady-state at about 1410N-m.

Also the graph of electromagnetic torque against time for the
caged machine with oscillations noticed at different stages is
shown in figure 8. It is observed that on no-load, value for
electromagnetic torque is zero. On application of load torque
at 6.9 seconds to the machine, it oscillates and settled to a
steady-state of 3.4N.
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XI1l. CONCLUSION

From the analysis of the improved transfer field machine, the
inclusion of rotor winding into the conventional machine
provides better output performance characteristics, necessary
for its wider applications in engineering industries
(Fitzgerald A.E, Charles K. Jr, Stephen D.U. 2003), (Gupta
J.B 2006), (Menta, V.K. Rotit Menta (2000).
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