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Abstract— The inherent set-backs of all transfer field 

effect machines are mainly the low output power, low 

electromagnetic torque and low power factor resulting from 

their low direct axis reactance to quadrature axis reactance 

ratio. This problem is worsened by excessive leakage 

reactance, mainly contributed by the quadrature axis 

reactance. To bring down these set-backs to the barest 

minimal, the rotor design has to be optimized. This is 

achieved by the introduction of cage (rotor) windings in 

parallel with the auxiliary windings at the periphery of the 

rotor shaft of the machine sets. The design is principally 

based on the condition that when impedances are connected 

in parallel in any electrical circuit, their equivalent impedance 

will be less than the least impedance in such parallel 

arrangement. When impedance reduces in a circuit, high 

current flows (Ohm’s law) in such electrical network. 

 

Index Terms— Cage-less machine, conventional transfer 

field machine, leakage reactance, rotor (cage) windings. 

 

I. INTRODUCTION 

The ultimate goal of every electric motor is basically its 

torque producing ability. The inherent disadvantage of the 

cage-less three phase transfer field machines is its low 

electromagnetic torque, low output power and low power 

factor, when compared with those of conventional three phase 

induction machine of comparable size and rating. The output 

of a plain transfer field machine would be less than that of a 

conventional induction machine of similar size (Agu L.A, 

Anih L.U 2002).  

 

In order to improve the output characteristics of the machine 

sets, the leakage reactance must be minimized by optimizing 

the rotor design. To this effect, rotor windings are wounded 

at the periphery of the rotor shaft connecting the two stack 

machine (A and B). Just as in the auxiliary windings, the rotor 

windings are transposed between the two machine sets, and 

then connected in parallel with the auxiliary windings. The 

idea is that when resistances (in the form of coils) are added 

to the rotor circuit of the existing machine, the rotor power 

factor is improved, which in turn results in improved starting 

torque. This of course increases the rotor impedance and 
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therefore decreases the value of rotor current, but the effect 

of improved power factor predominates and the starting 

torque is increased (Mehta V.K, Rotit M 2000). 

To bring down the effect of such reduction in rotor-induced 

current, the main windings of the machine sections are 

connected in series and then connected to the utility supply. 

The auxiliary and cage windings of both machine sections are 

connected in parallel but transposed between the two machine 

halves and short-circuited. 

This is to boost the output (rotor) current as there will be a 

reduction in the over-all impedance of the circuit. The use of 

short-circuited rotor windings, would lead to considerable 

improvements in its performance. The rotor windings do not 

only give rise to an increase in the induced e.m.f. but also 

augment output power by effectively lowering the 

synchronous reactance of the output windings, thus leading 

to a higher output and greater synchronous stability. Hence, 

there is the necessity to rise the output of the cage-less three 

phase transfer-field machine by way of using circuits on the 

rotor structure, so as to augment the affect of saliency.  

II. 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, the three-phase transfer 

field machine with cage windings comprised two identical 

poly-phase reluctance machine with moving conductors 

(rotor windings), whose salient poles rotor are mechanically 

coupled together, such that their d-axis and q-axis are in space 

quadrature. As depicted in figure 2, the stator windings, are 

integrally wound. Each machine element has three sets of 

windings. The three sets of windings of the machine are 

identical. The main and auxiliary windings are housed in the 

stator. These are called the main (primary) and the auxiliary 

windings. The main windings of the machine carry the 

excitation current, while the auxiliary windings, carry the 

circulating current. The (2s-1) ω0 low frequency current is 

confined in the auxiliary winding 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 
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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). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Connection diagram for three phase transfer field machine with rotor (cage) winding 

III. STEADY STATE ANALYSIS OF 3-PHASE TRANSFER-FIELD MACHINE WITH ROTOR (CAGE) WINDING.  

 

The steady state analysis of the configured machine can be done, using the schematic diagram of figure 

2;
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Figure 2: Per-phase schematic diagram of configured 3-phase transfer field machine with rotor (cage) windings 
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Figure 3: Modified schematic diagram of the configured machine under stand-still condition that is slip =1  
 

Figure 4:  Per-phase modified schematic diagram of three phase transfer field machine with cage winding under run condition, 

that is slip = (2s-1).  

 

 

 

Figure 4:  Per-phase modified schematic diagram of three phase transfer field machine with cage winding 

under run condition, that is slip = (2s-1).  
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Where, V1 = Main winding voltage  

 V2 = Auxiliary winding voltage 

 V3 = Cage (rotor) winding voltage  

Ld1 = L d2 = L d3 = Ld = Direct axis inductances, 

Lq1= L q2 = L q3 = Lq = Quadrature axis inductances  

R1=R2=R3=R= Resistance of the machine windings  

i1 = Current at the main windings 

i2 = Current at the Auxiliary windings 

i3 = Current at the rotor windings 

 

Also, L12, L13. L21 L23 L31 and L32 are the mutual 

coupling between coil 1, 2, and 3 at the direct axis.  

Similarly, 𝐿12́ , 𝐿13́ ,  𝐿21́ 𝑙23́ ,  𝐿31́  and 𝐿32́  = are the 

mutual couplings between coil 1, 2, and 3 at the 

quadrature axis.  

 

Hence, L12= L13=L21=L23=L31=L32= k√𝐿𝑑 𝐿𝑑 =Ld       (1) 

 
Similarly, 𝐿12́= 𝐿13́= 𝐿21́=  𝐿31́ = 𝐿32́ =  k √𝐿𝑞 𝐿𝑞  = Lq      (2) 

 

Owing to the fact that the pole structure of the 

machine is salient in nature as in figure 5, Ld ≠ Lq. 

that is; 

 

 

 

 

 

Figure 5: The Salient pole structure of three-phase 

transfer field machine with d-axis and q-axis positions.  

 

From figure 5,  

But Ld = N2Pd = 
𝑁2

𝑆𝑑
 

 Lq = N2Pq = 
𝑁2

𝑆𝑞
      

 Sd = 
𝑙𝑑

𝜇𝐴
     (3) 

 Sq= 
𝑙𝑞

𝜇𝐴
 

 

From figure 5, lq > ld,. At constant μA and N, Sq > Sd 

 Ld > Lq 

Where,  ld = Direct axis air-gap length,  

              lq = Quadrature axis are gap length  

Pd, Sd = Direct axis permeance and reluctance 

respectively  

Pq, Sq = Quadrature axis permeance and reluctance 

respectively  

Ld = Direct axis inductance  

Lq = Quadrature axis inductance  

 

Taking the voltage equations of the machine 

sections of figure 2-4, we obtain; 
V1 = (R1+R1) i1+Ld 

𝑑𝑖1

𝑑𝑡
 + Lq 

𝑑𝑖1

𝑑𝑡
 + L12 

𝑑𝑖2

𝑑𝑡
 - 𝐿12́ 

𝑑𝑖2

𝑑𝑡
 + L13 

𝑑𝑖3

𝑑𝑡
 - 𝐿13́

𝑑𝑖3

𝑑𝑡
 

V1 = (R1 + R1) i1 + Ld 
𝑑𝑖1

𝑑𝑡
 + Lq 

𝑑𝑖1

𝑑𝑡
 + Ld

𝑑𝑖2

𝑑𝑡
 - Lq 

𝑑𝑖2

𝑑𝑡
 + Ld 

𝑑𝑖3

𝑑𝑡
 -Lq 

𝑑𝑖3

𝑑𝑡
 

V1 = 2R1 i1 + jωLd i1 + jωLq i1 + jωLd i2 – jωLq i2 + jωLd i3 – jωLq i3 

V1 = 2R1 i1 + jxd i1 + jxq i1 + jxd i2 - jxq i2 + jxd i3 - jxq i3 

V1 = 2R1 i1 + j(xd + xq – (xd - xq) i1 + j(xd - xq)i1+ (xd - xq)i2+ j(xd - 

xq)i3 

 V1  = 2R1 i1 + j (2xq)i1 +(xd - xq) (i1 + i2 + i3)                 (4) 

V2 = (R2 + R2)i2 + Ld
𝑑𝑖2

𝑑𝑡
 + Lq 

𝑑𝑖2

𝑑𝑡
 + L21 

𝑑𝑖1

𝑑𝑡
 - 𝐿2𝑖́  

𝑑𝑖1

𝑑𝑡
 + L23 

𝑑𝑖3

𝑑𝑡
 - 𝐿23́

𝑑𝑖3

𝑑𝑡
 

V2 = (R2 + R2) i2 + Ld 
𝑑𝑖2

𝑑𝑡
 + Lq 

𝑑𝑖2

𝑑𝑡
 + Ld

𝑑𝑖1

𝑑𝑡
 - Lq 

𝑑𝑖1

𝑑𝑡
 + Ld 

𝑑𝑖3

𝑑𝑡
 -Lq 

𝑑𝑖5

𝑑𝑡
 

V2 =  2R2 i2 + (2s -1) [ jωLd i2 + jωLq i2 + jωLd i1 – jωLq i1 + jωLd i3 – 
jωLq i3] 

V2 = 2R2 i2 + (2s -1) [ jxd i2 + jxq i2 + jxd i1 - jxq i1 + jxd i3 - jxq i3] 

V2 = 2R2 i2 + (2s -1) [ j(xd + xq – (xd - xq)) i2 + j(xd - xq)i2+ j(xd - xq)i1+ 

j(xd - xq)i3] 
V2  = 2R2 i2 +  (2s -1) [ j (2xq) i2 +j (xd - xq) (i2 + i1 + i3)] 

     

  
𝑉2

2𝑠−1
  =  

2𝑅2 𝑖2

2𝑠−1
  + j (2xq)i2 + j(xd- xq) (i1 + i2 + i3) (5) 

Also, V3 = (R3 + R3)i3 + Ld 
𝑑𝑖3

𝑑𝑡
 + Lq 

𝑑𝑖3

𝑑𝑡
 + L31

𝑑𝑖1

𝑑𝑡
 - 𝐿31́ 

𝑑𝑖1

𝑑𝑡
 + L32 

𝑑𝑖2

𝑑𝑡
 - 

𝐿32́
𝑑𝑖2

𝑑𝑡
  

V3  = (R3 + R3)i3 + Ld
𝑑𝑖3

𝑑𝑡
 + Lq 

𝑑𝑖3

𝑑𝑡
 + Ld 

𝑑𝑖1

𝑑𝑡
 – Lq 

𝑑𝑖1

𝑑𝑡
 + Ld 

𝑑𝑖2

𝑑𝑡
 - Lq

𝑑𝑖2

𝑑𝑡
 

V3 =  2R3 i3 + (2s -1) [ jωLd i3 + jωLq i3 – jωLq i1 + jωLd i1 – jωLq i2 + 
jωLd i2] 

V3 = 2R3 i3 + (2s -1) [ jxd i3 + jxq i3 + jxd i1 - jxq i1 + jxd i2 - jxq i2] 

=  2R3 i3 + (2s -1) [j(xd + xq –( xd - xq))i3+j( xd - xq) i3 + j( xd - xq)i1 + 

j( xd - xq)i2 

= 2R3 i3 + (2s -1) [j(2xq)i3 +  j( xd - xq) (i3 + i1 + i2)] 

  
𝑉3

2𝑠−1
  =  

2𝑅3 𝑖3

2𝑠−1
  + j(2xq) i3+ j(xd- xq) (i1 + i2 + i3)                  (6) 

 

Equations 4 - 6 result an equivalent circuit of  figure 

6  
 

 

 

d – axis  

q - axis 

ld 

lq 
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Figure 6: Per-phase steady state equivalent of three phase transfer field machine with cage (rotor) 

windings 

 

Since the rotor and auxiliary windings are short circuited, 
𝑉3

2𝑠−1
 =0, 

𝑉2

2𝑠−1
 = 0. Hence, figure 6 a yields; 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Per-phase steady state equivalent of three phase transfer field machine with cage (rotor) 

windings, when v2 and v3 are short circuited 

 

From figure 7, So far R1 = R2 = R3 = R, 

Z2↑↑ z3 = [
(

2𝑅

2𝑠−1
)+ (𝑗2 𝑥 𝑞) (

2𝑅

2𝑠−1
)+ (𝑗2 𝑥 𝑞)

(
2𝑅

2𝑠−1
)+ 𝑗2 𝑥 𝑞+ (

2𝑅

2𝑠−1
)+ (𝑗2 𝑥 𝑞)

] 
= 
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2𝑅

2𝑠−1
)+ (𝑗2 𝑥 𝑞)]

2

2[(
2𝑅
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)+ (𝑗2 𝑥 𝑞)]
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= 

2𝑅

2𝑠−1
 +𝑗2 𝑥 𝑞 

2
 

= 
2𝑅

2(2𝑠−1)
 + 

𝑗2 𝑥 𝑞

2
 

Z2↑↑ z3 = 
𝑅

2𝑠−1
 + 𝑗 𝑥 𝑞          (7) 

Hence, figure 7 can be redrawn as below;  

 

 

 

 

 

 

 

 

 

 

 

  

Also, 
2𝑅

2𝑠−1
 = R + 

2𝑅 (1−𝑠)

2𝑠−1
   (8) 

Hence, figure 8 becomes;  

 

 

 

 

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: The modified equivalent circuits of the machine with mechanical load and electrical loads 

(responsible for cu-loss) 

 

 From figure 9 (Voltage across a-b VTH), 

VTH = [
𝑗(𝑥𝑑−𝑥𝑞)

𝑗(𝑥𝑑−𝑥𝑞)+ (2𝑅+𝑗2 𝑥𝑞)
] 𝑉1 

 

= [
𝑗(𝑥𝑑−𝑥𝑞)

2𝑅+𝑗 (𝑥𝑑−𝑥𝑞+2𝑥𝑞) 
] 𝑉1 

 

V1 

2R i1 
j2xq 

i1 + 

i23 

W W W 

i23 

  R 

  2s -1 
j (xd - xq) 
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Figure 8: The modified equivalent circuit of three phase transfer field machine with cage 

winding with mechanical load only 
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If 2R <<j (xd – xq + 2 xq), we have; 

VTH = [
𝑗(𝑥𝑑−𝑥𝑞)

 𝑗(𝑥𝑑−𝑥𝑞+2𝑥𝑞) 
] 𝑉1 

 VTH  =   [
𝑥𝑑−𝑥𝑞

𝑥𝑑+𝑥𝑞
] 𝑉1  volts   (9) 

 

 

Also 

ZTH = 
𝑗 (𝑥𝑑−𝑥𝑞)(2𝑅+𝑗2 𝑥𝑞)

𝑗 (𝑥𝑑−𝑥𝑞)(2𝑅+𝑗2 𝑥𝑞)
 

= 
𝑗 (𝑥𝑑−𝑥𝑞)(2𝑅+𝑗2 𝑥𝑞)

2𝑅+𝑗 (𝑥𝑑−𝑥𝑞+2𝑥𝑞)
 

If 2R <<< j (xd – xq + 2 xq), then; 

ZTH = 
𝑗 (𝑥𝑑−𝑥𝑞)(2𝑅+𝑗2 𝑥𝑞)

𝑗(𝑥𝑑−𝑥𝑞+2𝑥𝑞)
   

= 
 (𝑥𝑑−𝑥𝑞)(2𝑅+𝑗2 𝑥𝑞)

(𝑥𝑑+𝑥𝑞)
 

But (xd – xq) (2R + j2 xq) = 2R (xd – xq) + j(2xq (xd – xq))      
= 2R (xd – xq) + j(2xq xd – 2xq xq))   
 

 ZTH = 
2𝑅 (𝑥𝑑−𝑥𝑞)

(𝑥𝑑+𝑥𝑞)
 +

𝑗(2𝑥𝑞 𝑥𝑑− 2(𝑥𝑞)
2

)

(𝑥𝑑+𝑥𝑞)
       (10) 

But ZTH = RTH + XTH 

Hence RTH = 
2𝑅 (𝑋𝑑−𝑋𝑞 )

(𝑋𝑑+𝑋𝑞 )
 - Real value of ZTH           (11) 

XTH =  
𝑗(2xq xd−2(xq)2) 

(𝑋𝑑+𝑋𝑞 )
 = 

𝑗2𝑥𝑞 (𝑋𝑑−𝑋𝑞 )

(𝑋𝑑+𝑋𝑞 )
 - Imaginary value of ZTH  (12) 

 

 

Hence figure 9 reduces to;  

 

 

 

 

 

 
 

 

 

 

 

 

Figure 10: Thevenin equivalent circuit of the machine model. 

 

From figure 10, 

i1 = 𝑖23 = 
𝑉𝑇𝐻

𝑍𝑇𝐻
 = 

𝑉𝑇𝐻

(𝑅𝑇𝐻+ 𝑅+ 
2𝑅(1−𝑠)

2𝑠−1
)+ 𝑗 (𝑋𝑇𝐻+𝑋𝑞)

 

 

= 
𝑉𝑇𝐻

(𝑅𝑇𝐻+ 
𝑅

2𝑠−1
)+ 𝑗 (𝑋𝑇𝐻+𝑋𝑞)

                                         (13) 

 

 𝑖1
2 = 

(𝑉𝑇𝐻)2

[(𝑅𝑇𝐻+ 
𝑅

2𝑠−1
)+ 𝑗 (𝑋𝑇𝐻+𝑋𝑞)]2

 

 

=  
(𝑉𝑇𝐻)2

(𝑅𝑇𝐻+ 
𝑅

2𝑠−1
)

2
+  (𝑋𝑇𝐻+𝑋𝑞)2

          (14) 

 

IV. POWER ACROSS AIR –GAP, TORQUE 

AND POWER OUTPUT IN THREE-PHASE 

TRANSFER FIELD MACHINE WITH 

CAGE (ROTOR) WINDINGS  

j xq R 

   

+ VT

H 

i1 
ZTH 
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  2s -
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With regards to the equivalent circuit of figure 9, the 

power crossing the terminal ab in the circuit is the 

power that is transferred from the stator windings to 

then auxiliary and cage windings, through the 

machine air-gap magnetic field. This is called the 

power across the air gap or simply air-gap power, 

whose three phase value is shown below;  

 

PG = 3 (i23)
2 

𝑅

2𝑠−1
 Watts   (15) 

Auxiliary/rotor windings copper Pc (aux/rotor) = 

3(i23)
2R     (16) 

 

Putting equation 16 into equation 15, we have;  

PG = 
𝑃𝑐(𝑎𝑢𝑥/𝑟𝑜𝑡𝑜𝑟)

2𝑠−1
  

 Pc (aux/rotor) = (2s-1) PG Watts  (17) 

 

But Mechanical Output (gross) Power (Pm) of the 

machine is given by; 

 

Pm = PG – Pc (aux/rotor) 

 

 Pm = [3(𝑖23)2
 

𝑅

2𝑠−1
] - [3(𝑖23)2

 
𝑅] 

 

= 6 (i23)
2 R 

(1−𝑆)

2𝑠−1
 Watts 

 

Pm = 2PG(1-s) Watts   (18) 

 

From equation 17 and 18, it can be inferred that high 

slip operation of the machine will favour 

auxiliary/rotor winding copper losses Pc(aux/rotor) at 

the detriment of the mechanical output (gross) 

Power (Pm), and would make the machine highly 

inefficient. Hence, the machine is particularly 

designed to operate at low slip, even at full load. 

 

V. TORQUE/SLIP CHARACTERISTIC OF 3-

PHASE TRANSFER FIELD 

RELUCTANCE MACHINE WITH CAGE 

WINDINGS  

From figure 10, The expression for the steady-state 

electromagnetic torque of the machine is given as 

below;  

Te = 
𝑃𝑚

𝜔𝑚
 = 

𝑃𝑚

𝜔(1−𝑠)
    

      

= [6 (i23)
2 R 

(1−𝑆)

2𝑠−1
 x 

1

𝜔(1−𝑠)
] 

 

= 
6(𝑖23)2𝑅

𝜔 (2𝑠−1)
 N-m                                                (19) 

 

Putting equation 14 into equation 19, we have; 

Te = 
6

𝜔
 (

𝑅

2𝑠−1
) [

(𝑉𝑇𝐻)2

(𝑅𝑇𝐻+ 
𝑅

2𝑠−1
)

2
+ (𝑋𝑇𝐻+𝑋𝑞)2

] N-m  (20) 

 

Equation 20 is the expression for torque developed 

in the machine as a function of Thevenin voltage 

(VTH) and slip (s). 

 

 

 

 

VI. PRODUCTION OF TORQUE/SLIP 

CURVE FOR 3-PHASE TRANSFER FIELD 

MACHINE WITH CAGE (ROTOR) 

WINDINGS  

It is the interactions between the windings (main, 

auxiliary and the rotor) currents that produce the 

fluxes, which is responsible for torque production. 

With the machine parameters tabulated as in table 1, 

they can be applied to equation 20 for a Matlab Plot 

of the torque developed at various ranges of slips. 

Figure 11 is a plot of the average value if the torque 

developed against slip, showing what is normally 

termed the motoring and generating mode (region) 

of the machine. in the motoring region, just as in our 

cageless  3-phase transfer field machine and the 

normal 3-phase induction machine, the torque 

developed is in the direction of rotation of the field 

(Agu L.A, Anih L.U 2008). 

 

Table 1: Parameters for 3-phase transfer field machine with cage (rotor) windings  

S/No Parameter  Value 
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1 Lmd 133.3mH 

2 Lmq 25.6mH 

3 LLs = Lia = Ler 0.6mH 

4 rm = ra = rr = 2R 3.0Ω 

5 J 1.98x10-3kgm3 

6 V 220V 

7 F 50HZ 

8 P 2 

 

VII EFFICIENCY/SLIP CHARACTERISTICS 

OF THE 3-PHASE TRANSFER FIELD 

MACHINE WITH CAGE WINDINGS. 

The efficiency/slip relationship for the configured 

3-phase transfer field machine can be studied for 

better, using the per phase steady-state equivalent 

circuit of the machine as in figure 9. 

 

The input impedance looking through the input 

terminals is; 

Z = 2R + j2xq + [
𝑗(𝑋𝑑−𝑋𝑞) (𝑗𝑥𝑞+

𝑅

2𝑠−1
 )

𝑅

2𝑠−1
+ 𝑗(𝑥𝑞+ (𝑋𝑑−𝑋𝑞))

] 

 

 = 2R + j2xq + [
𝑗(𝑋𝑑−𝑋𝑞) (𝑗𝑥𝑞+

𝑅

2𝑠−1
 )

𝑅

2𝑠−1
+ 𝑗𝑥𝑑

]  (21) 

The current I1 in the main winding;  

 iI = 
𝑉𝐼

𝑍
         (22) 

 

Similarly, the current in the auxiliary and rotor 

windings (i23) is given by;  

i23 = [
𝑗(𝑋𝑑−𝑋𝑞)

𝑅

2𝑠−1
+𝑗(𝑥𝑞+ (𝑋𝑑−𝑋𝑞) 

] 𝑖1   (23) 

 

The copper losses in the main, auxiliary and rotor 

winding = 3[2𝑅(𝑖1)2 +  𝑅(𝑖23)2 ]  
        =3𝑅[2(𝑖1)2 + (𝑖23)2 ]    (24) 

 

But, Input Power = Output Power + Copper losses 

in the main, auxiliary and rotor winding, excluding 

windage and friction losses; 

 Input Power = 6R (
1−𝑠

2𝑠−1
) (𝑖23)2 + 3R (2(i1)

2 + (i23)
2)  

      = 3R [2 (
1−𝑠

2𝑠−1
) (𝑖23)2 +  2(𝑖1)2+(𝑖23)2]   

(25) 

 

The machine efficiency (ɛ) = 
2(

1−𝑠

2𝑠−1
) (𝑖23)2

2(
1−𝑠

2𝑠−1
) (𝑖)2+ 2(𝑖1)2+(𝑖23)2

    (26) 

 

The characteristics curve of the relationship 

between the machine efficiency (ɛ) against slip s is 

obtained, using equ. 26, as in figure 12. 

 

VIII. POWER FACTORS/SLIP 

CHARACTERISTIC OF 3-PHASE 

TRANSFER FIELD MACHINE WITH CAGE 

WINDINGS 

From the Thevenin equivalent of the configured 

machine of figure 9 the machine’s power factor 

(cosθ) is given by;  

Power factor (cosθ) = 
𝑅𝑒𝑎𝑙 (𝑍)

√𝑅𝑒𝑎𝑙 (𝑍)2+𝐼𝑚𝑎𝑔 (𝑍)2 
 

 

 = 
𝑅𝑇𝐻+

𝑅

2𝑠−1

√(𝑅𝑇𝐻+2𝑠−1
𝑅 )2+ (𝑋𝑇𝐻+𝑋𝑞)

2
    (27) 

 

A  plot of the power factor (cosθ) against slip(s) is 

shown in figure 13, using equ. 27 

 

IX. ROTOR CURRENT (I23)/SLIP(S) 

CHARACTERISTIC OF 3-PHASE 

TRANSFER FIELD MACHINE WITH 

ROTOR WINDINGS  

Using equation 13, a plot of rotor current (i23) 

against slip(s) is obtained as in figure 14 below:  
 

X. RESULT ANALYSIS OF THE 

CONFIGURED THREE PHASE TRANSFER 

FIELD MACHINE WITH CAGE (ROTOR) 

WINDINGS 
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From the steady-state electromagnetic torque 

versus slip characteristics curve of figure 11, the 

result reveals a good similarity with improved 

output characteristics to those of the conventional 

three phase transfer field machine with no cage 

windings. At slip (S) = 1, the injected voltage at the 

auxiliary and rotor windings is zero. Hence, 

necessitating  a zero torque. However, torque may 

be developed at this slip, if the two windings are 

excited with direct current, hence, making the 

machine run at synchronous mode.  

 

Due to the incorporation of rotor windings to the 

rotor circuit of the conventional transfer field (T.F.) 

machine, the machine efficiency improved 

tremendously due to reduction in overall 

impedance of the machine. 

 

Further-still, due to additional winding (rotor 

winding connected in parallel with the auxiliary 

winding), induced rotor current at start improved, 

leading to concomitant boost in maximum and 

starting torque of the machine at better and 

improved power factor. For the machine, at 

synchronous speed, (Ns = Nr, s = 0.5) current 

decayed to zero, but at zero speed (Nr = 0, S = 1), 

starting current is maximum. This is a feature also 

obtainable in conventional cage-less T.F. machine. 

 

XI CONCLUSION AND RECOMMENDATION  

Analysis on improvement on the output 

characteristics of conventional three-phase transfer 

field machine by introduction of cage (rotor) 

windings has been concluded. The rotor (cage) 

windings were incorporated into the conventional 

three phase T.F machine, with a view to attenuating 

the excessive leakage reactance due to the salient 

pole structure of the machine with a corresponding 

increase in its rotor current, thereby boosting the 

output power and power factor. The equivalent 

circuit of the configured (improved) machine was 

derived and then analyzed based on circuit theory 

(Thevenin’s) approach. 

Under steady-state operation of the machine, it 

exhibits a lower pull out and starting torque as well 

as lower efficiency than the conventional induction 

machine of same size and rating. 
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Figure 11: A plot of Torque/slip characteristics of 3-phase transfer field machine with cage windings. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12: Efficiency/Slip characteristics of the 3- phase transfer field machine with cage windings 
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Fig: 13. Power factor/slip characteristics of 3-phase transfer field machine with cage windings 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14: A plot of Rotor current/slip characteristics of Three phase transfer field machine with cage 

windings 
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