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SUMMARY

This report contains results from a finite element study of the SR machine whose dimen- 
sions were provided by Mr Lewis Unnewehr of Sullair Corporation. The objective of the study 
is to determine the static and steady-state operational characteristics of a given machine design 
to see if it meets certain design specifications.

The study made use of a two-dimension, finite element program that has been developed 
and described in [1-3]. The same set of references also contained information on the simulation 
methods and types of control used in this study. Part I of this report presents the basic input 
data used in this study. The iron parts, including that of the shaft, are assumed to have the mag- 
netic characteristics of M19 steel. The current distribution in the stator coils is assumed to be 
uniform.

Part II contains the results from the FEM calculations: included in here are static charac- 
teristics of the flux distribution at several rotor positions, and computed profiles of the flux link- 
ages, the induced emf, and the static torque as a function of rotor position for a range of current 
excitation. These static characteristics are for the base case design given in Table 1 and are 
obtained with only one stator phase energized at a time. 

Part III of the report contains results from sensitivity studies to determine the effects of 
variations in the airgap, in the relative width of the stator to rotor poles, in the shape of rotor 
poles, and in the skewing of the rotor poles. Unless otherwise stated the curves and data 
presented in this report are for the base case dimensions given in Table 1. Sensitivity analysis 
on airgap length, pole shape, and pole width have been obtained by making the appropriate 
changes on the rotor pole, the stator dimensions remained the same as those given in Table 1. 
Also presented are a set of static characteristics for a machine with a smaller airgap length of 
0.5 mm.

Finally, Part IV of report contains steady-state operational characteristics of the stator 
current and shaft torque of the machine operating in the current- and angle-control modes as 
predicted from a steady state simulation assuming a constant input dc voltage. In the steady 
state simulation the electrical condition of the machine and its torque output are modeled by the 
appropriate flux linkage, induced emf, and developed torque profiles given in Part II.

At the end of the report is a brief discussion on some of the effects that we have studied, 
and the conclusion that the basic design, with standard angle and current controls, appears to be 
capable of delivering the desired torque.

i
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Part I Input data
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Figure I. Cross sectional view of the SR motor



Tablet.
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Geometrie data of the SR motor 

All dimensions in millimeters

Rsh: 18.0
R0 • 40.0
R i: 70.0
R;2.- 102.0
R3: 135.0
Gap : L
L S tk : 140
BetaR: 2 8 ,#

Betas: 28.0°
FF : 24 turns
Ns: 8
Nr: 6
W 1: 21
W2: 25
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Table 2. F initeelem ent data

Number of nodes: 4297
Number of elements: 8496
Number of nodes in aigap: 360
Number of elements in airgap: 720
Number of layers: 30
Radius of outer boundary: 150 mm
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Motor lamination B-H data 

B (Tesla) H (At/m)

0.0 0.0
0.5 54.
0.55 60.5
0.6 67.6
0.65 74.8
0.7 83.5
0.75 93.5
0.8 104.4
0.85 116.9
0.9 131.3
0.95 148.2
1.0 167.1
1.05 187.8
1.1 214.9
1.15 250.7
1.2 298.4
1.25 374.
1.3 485.5
1.35 652.6
1.4 1010.6
1.45 1551.8
1.5 2308.
1.55 3342.
1.6 4775.
1.65 6366.
1.7 8356.
1.75 10743.
1.8 14165.
1.85 18303.
1.9 23874.
1.95 30240.
2.0 44565.
2.05 79580.
2.06 87537.7
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Figure 2. Air mesh



Figure 3. Iron mesh
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Part II Static Characteristics
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Figure 4. Flux lines a t aligned position

■\





Figure 6. Flux lines at 28 deg. position
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Figure 7. Flux linkage curves, 0-45* in I* intervals
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Figure 9 . Inductance curves, 0-45 in I intervals
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Figure 10. Incremental inductance curves, 0-45° in 1° intervals
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Figure 11. Inductance curves, 10-200 A, 10 A intervals



-  18 -

4.00 -

3.00

14 18 23 27 32 36 41 45
Rotor anglo (deq)

Figure 12. Incremental inductance curves, 10-200 A, 10 A intervals
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Figure 13. Back EMF coefficient profile
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P art III Sensitivity Studies
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Figure 15. Effect of changing the rotor pole width
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Figure 16. Effect of a 2° chamfer on both sides of the rotor pole face
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Figure 19. Effect of sloping the rotor pole face
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Figure 20. Flux linkage curves for 0.5 mm airgap case 
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Figure 21. Static torque curves for 0.5 mm airgap case

1Q-2Q0A in IO A intervals
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P art IV Steady-State Waveforms

I
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Rotor a n q le < d e g )

Figure 23. Current waveform at 1000 rpm, I msec off-time
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Rotor angleCdeg)

Hgure 24, Current waveform at 2000 rpm, I msec off-time
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Figure 25. Current waveform at 1000 rpm, 0.3 msec off^time
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Rgure 26. Current waveform at 4000 rpm, Qon = -42 to -38, Qofr= -12 

1° intervals
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Figure 27. Phase torque at 4000 rpm, Bon= -42 to -38, B0ff= -12 
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Figure 29. Phase torque at 5000 rpm, Qon= -44 to -40, Qoff= -12 

1° intervals
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Figure 30. Current waveform at 6000 rpm. Oon= -47 to -43, Ooff= -12 

1° intervals



Rotor a n g le < d e g )

Figure 31. Phase torque at 6000 rpm, Qon= -47 to -43, 90ff= -12

1® intervals
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Figure 3-2i DC link current at 4000 rpm
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Figure 33. DC link current at 6000 rpm
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Figure 3.4. Shaft torque at 4QQ0 rpm, Son=5 -43.5 0Off= -15
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Figure 35. Shaft torque at 4000 rpm, Qon= -43.5 to -41 Qoff= -15
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Figure 36. Shaft torque at 6000 rpm, Oon= -50 90ff= -15
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Figure 37. Shaft torque at 6000 rpm, 90n= -50 to 47.5 90ff= -15
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A *  *  A

On
H it Ii it

- 5 0 . 0  
- 4 9 . 5  
- 4 9 . 0  
- 4 8 . 5  
- 4 8 . 0  
- 4 7 . 5  
- 4 7 . 0  
- 4 6 . 5  
- 4 6 .0  
- 4 5 . 5

AAAA

AAAAi
On

Il Il Il Il I
- 5 0 . 0
- 4 9 . 5
- 4 9 . 0
- 4 8 . 5
- 4 8 .0
- 4 7 . 5
- 4 7 . 0
- 4 6 . 5
- 4 6 . 0
- 4 5 . 5

Table 5. Steady-slate data at 5000 rpin

A A A A A A A A A A A AA A A AA AA A A A A A A  AA A AAA A A A A A A

S p e e d  i n  rpm= 5 0 0 0 . 0 0 0 0 0 0 0 0 0 0 0  *
*  *  *  *  *  A *  *  *  A *  A *  * * * A * A *  *  *  *  A *  *  *  * A A *  *  A *  *  A *

DC I.i nk P h a s e Swi I d i e s D i o d e s
O f f C o n d . Ave . - . E ff . - Max. A v e . I; I f . A v e . E f f  , A v e . E f  f .Il Il Il 11 H It Il Il Il II It It II Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il H Il Il Il Il Il Ii Il Il Il Il Il Il IIl Il Il Il Il Il Il Il Il Il Il Il II Il Il H Ii ii H ii ii

1 8 . 0 3 2 . 0 1 4 0 . 3 17 3 . 9 2 1 7 . 5 7 6 .  I I 17 . O' 6 1 . 4 1 1 1 . 2 1 4 . 7 3 6 . 3
1 8 . 0 3 1 . 5 1 3 4 . 3 1 6 0 . 1 2 1 0 . 4 7 2 . 9 1 1 2 . 0 5 0 . 8 1 0 7 . 3 1 4 . 1 3 4 . 8

- 1 8 . 0 3 1 . 0 1 2 8 . 5 1 6 2 . 7 2 0 4 . 7 6 9 . 0 1 0 8 . 7 5 6 . 3 1 0 3 . 4 1 3 . 5 3 3 . 5
1 8 . 0 3 0 . 5 1 2 2 . 8 1 5 7 . 5 1 9 9 . 0 6 6 . 0 1 0 1 . 7 5 3 . 9 9 9 . 6 1 2 . 9 3 2 .  I
1 8 . 0 3 0 . 0 1 1 7 . 1 1 5 2 . 6 I 9 3 .  I 6 3 . 9 I 0 0 . 7 5 1 . 5 9 5 . 9 1 2 . 4 3 0 .  9
1 8 0 2 9 . 5 1 1 1 . 6 1 4 7 . 7 1 0 7 . 7 6 1 . 0 9 6 . 8 4 9 . 1 9 2 . 2 1 1 . 9 2 9 . 6
1 8 . 0 2 9 . 0 1 0 6 . 2 1 4 2 . 7 1 0 2 . 2 5 0 . 2 9 3 . 0 4 6 . 8 8 8 . 6 1 1 . 4 2 8 . 4
1 8 . 0 2 8 . 5 1 0 0 . 9 1 3 7 . 0 1 7 6 . 7 5 5 . 5 8 9 . 3 4 4 . 6 8 5 . 0 1 0 . 9 2 7 . 3

- 1 8 . 0 2 8 . 0 9 5 . 8 1 3 2 . 8 1 7 1 . 3 5 2 . 9 8 5 . 6 4 2 . 4 8 1 . 5 1 0 . 5 2 6 . 2
- 1 8 . 0 2 7 . 5 9 0 . 7 1 2 7 . 8 1 6 5 . 9 5 0 . 3 0 2 . 0 4 0 . 3 7 8 . 1 1 0 . 0 2 5 . 1

A A A A A  A  A A A  A A A A A A A A A A A A A A A A A A A A A A A A A A A

S p e e d  i n  rpm= 5 0 0 0 . 0 0 0 0 0 0 0 0 0 0 0  *
A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A

O f f  C o n d . T p a v e  Tpmax T a v e ( s h a f t )  P o w e r  T r i p
it H it it Ii Ii H Ii H H Ii it Ii H it it it it H H it it it it H it ii H it H it it it it it it it it it it Ii it H Ii H Ii it H Ii H H Ii H Ii H H H H I* I' *1 Ii I*

- 1 8 . 0 3 2 . 0 5 7 . 2 6 3 0 4 . 2 7
1 8 . 0 3 1 . 5 5 4 . 8 5 2 9 4 . 4 0
1 8 . 0 3 1 . 0 5 2 . 4 9 2 8 4 . 7 3
1 8 . 0 3 0 . 5 5 0 . 1 8 2 7 5 . 3 7
1 8 . 0 3 0 . 0 4 7 . 9 1 2 6 6 . 1 9

- 1 8 . 0 2 9 . 5 4 5 . 6 8 2 5 6 . 8 3
1 8 . 0 2 9 . 0 4 3 . 5 0 2 4 7 . 5 3
1 8 . 0 2 8 . 5 4 1 . 3 8 2 3 8 . 4 8
1 8 . 0 2 8 . 0 3 9 . 3 0 2 2 9 . 2 4
1 8 . 0 2 7 . 5 3 7 . 2 4 2 2 0 . 0 6

1 7 1 . 7 7  8 9 9 3 9 . 0 6  1 . 5 1
1 6 4 . 5 5  8 6 1 5 6 . 0 8  1 . 5 4
1 5 1 . 4 8  8 2 4 5 3 . 9 5  1 . 5 6
1 5 0 . 5 5  7 8 8 2 6 . 0 5  1 . 5 9
1 4 3 . 7 3  7 5 2 5 6 . 4 3  1 . 6 2
1 3 7 . 0 4  7 1 7 5 5 . 6 7  1 . 6 4
1 3 0 . 5 0  6 8 3 3 0 . 7 4  1 . 6 7
1 2 4 . 1 5  6 5 0 0 3 . 6 5  I . 7 0
1 1 7 . 8 9  6 1 7 2 7 . 4 0  1 . 7 3
1 1 1 . 7 2  5 8 4 9 6 . 5 0  1 . 7 6



Table 6. Sleatly stale data at 60(10 rpin

* * * * A A A A A * * * A A A * A * A * A A A A A A A A A A A A A A A  A A A A A A

* S p e e d  I n  rpiu= 6 0 0 0 . 0 0 0 0 0 0 0 0 0 0 0  *
A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A

IX] I i i n k  IMiane S w i t c h e s  D i o d e s
O n O f f  C o m ! . A V e - .  E f f . M a x , A v e . E f f .  A v e , E f f . A v e . E f f .

H H it Ii it Ii it ii it it Ii it H Ii Ii H Ii H Il H H Ii Ii Ii Ii it ii it it Ii it it H ii ii ii ii ii ii ii it ii ii ii ii ii ii it H ii ii a ii ii ii ii ii it it ii ii it ii it ii ii H it H ii H ii ii ii H ii K „ „

- 5 4 . 0 - 1 8 . 0  3 6 . 0 1 5 7 . 9 1 7 8 , 1  2 3 6 . 4 0 1 . 3  1 1 9 . 3  6 7 . 0 1 1 4 . 9 1 4 . 3 3 2 . 2
- 5 3 . 5 1 8 . 0  3 5 . 5 1 5 2 , 2 1 7 2 . 1  2 2 5 . 0 7 8 . 4  1 1 5 . 7  6 4 . 5 1 1 1 . 4 1 3 . 8 3 1 . 2

5 3 . 0 1 8 . 0  3 5 . 0 1 4 6 . 5 1 6 6 . 3  2 1 3 . 6 7 5 . 5  1 1 2 . 1  6 2 . 2 r o e , 0 1 3 . 3 3 0 .  I
-  5 2 . 5 1 8 . 0  3 4 . 5 1 4 0 . 9 1 6 0 . 6  2 0 2 . 3 7 2 . 7  1 0 8 . 6  5 9 . 8 1 0 4 . 6 1 2 . 9 2 9 .  I
- 5 2 . 0 1 8 . 0  3 4 . 0 1 3 5 . 4 1 5 5 . 1  1 9 6 , 2 6 9 . 9  1 0 5 . 1  5 7 . 5 1 0 1 . 2 1 2 . 4 2 8 .  I
- 5 1 . 5 - 1 8 . 0  3 3 . 5 1 3 0 , 0 1 4 9 , 8  1 9 1 . 4 6 7 . 2  1 0 1 . 6  5 5 . 3 9 7 . 9 1 2 . 0 2 7 . 2

5 1 . 0 1 8 . 0  3 3 . 0 1 2 4 . 6 1 4 4 . 7  1 8 6 . 6 6 1 . 6  9 6 . 2  5 3 . 1 9 4 . 6 1 1 . 5 2 6 . 2
5 0 . 5 1 8 . 0  3 2 . 5 1 1 9 . 4 1 3 9 . 7  1 8 1 . 8 6 2 . 0  9 1 . 8  5 0 . 9 9 1 . 4 1 1 1 2 5 .  3

-  5 0 . 0 1 8 . 0  3 2 . 0 1 1 4 . 2 1 3 5 . 0  1 7 7 . I 5 9 . 5  9 1 . 6  4 8 . 8 8 8 , 2 1 0 . 7 2 4 . 5
- 4 9 , 5 - 1 8 . 0  3 1 . 5 1 0 9 . 2 1 3 0 . 5  1 7 2 . 4 5 7 . 0  0 6 . 3  4 6 . 7 8 5 .  I 1 0 . 3 2 3 . 6

A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A
A ■ S p e e d l n  i pm= 6 0 0 0 , 0 0 0 0 0 0 0 0 0 0 0 A

A A A A A A A A A A A A A A A A A A AAA A A A A A A A A A A A A A A A A A A A A

On O f f  C o n i l . T p a v e  Tpiuax T a v e  ( s h a f t )  P o w e r T i i  p
ii it it n it ii ii ii ii ii it ii ii ii it ii Ii ii it ii ii ii ii ii ii ii it it ii ii ii ii ii ii ii it ii H ii ii a it ii ii ii it ii ii ii it ii ii it it ii ii ii ii ii ii ii n n n n u tl

- 5 4 . 0 1 8 . 0  3 6 . 0 5 3 . 36 2 9 2 . 4 1 1 6 0 . 0 7  1 0 0 5 7 2 . 3 6 1 . 5 3
- 5 3 . 5 1 8 . 0  3 5 . 5 5 1 . 42  2 8 4 . 4 5 1 5 4 . 2 7  9 6 9 3 1 . 2 1 I . 55

5 3 . 0 - 1 8 . 0  3 5 . 0 4 9 . 52  2 7 6 . 5 9 14 0 . 5 7  9 3 3 4  8 .4 .3 1 . 5 7
- 5 2 . 5 1 8 . 0  3 4 . 5 4 7 . 65  2 6 8 . 9 0 1 1 2 . 9 6  8 9 8 2 6 . 4 4 1 . 5 9

5 2 . 0 - 1 8 . 0  3 4 . 0 4 5 . 82  26 I . 2 6 I 3 7 . 4  5 8 6 3 6 2 . 3 0 1 . 6 2
5 1 . 5 1 8 . 0  3 3 . 5 4 4 . 0 0  2 5 3 . 5 5 1 3 2 . 0 1  0 2 9 4 6 . 1 5 1 . 6 4

- 5 1 . 0 - 1 8 . 0  3 3 . 0 4 2 . 21 2 4 5 . 8 5 1 2 6 . 6 4  7 9 5 6 9 . 5 7 1 . 6 7
5 0 . 5 - 1 8 . 0  3 2 . 5 4 0 . 45  2 ) 8 . 2 3 1 2 1 . 1 5  7 6 2 4 8 . 4 3 1 . 6 9
5 0 . 0 1 8 . 0  3 2 . 0 3 8 , 73 2 3 0 . 6 5 1 1 6 . 1 8  7 2 9 9 5 . 8 9 1 . 7 2
4 9 . 5 - 1 8 . 0  3 1 . 5 3 7 . 04 2 2 3 . 0 8 1 11 . I I 6 9 8 1 4 . 4 0 1 . 7 5



DISCUSSION AND CONCLUSION

The computed inductance and static torque curves for the machine dimensions considered 
show that both wider rotor width and a small rotor skew produce a shift of the positive slope of 
the inductance curve away from the aligned position. A shift of the positive slope towards the 
unaligned position has two advantages: One is that the phase inductance is at its maximum posi­
tive slope, hence maximum torque, when the phase is energized. Secondly, the flatter induc­
tance profile near the aligned position when the phase current is to be commutated allow a faster 
drop off of the commutated current, thus smaller negative torque.

The broader torque-angle curve with a wider rotor pole width and skewing can be 
explained from the observation that torque reaches a maximum when the stator and rotor poles 
begin to overlap. At a low level of excitation current, the torque remains relatively flat until 
complete overlap when bulk saturation of the stator poles occurs. But with higher excitation 
current, bulk saturation of stator pole happens earlier and the torque peaks then. Thus, with a 
wider rotor pole width, initial overlap will happen earlier and complete overlapping of the stator 
pole will happen before the alignment of rotor and stator poles. A small skew of the rotor in the 
direction of rotation has the same effect. But with skewing, the neutral torque position is shifted 
away from the geometric aligned position; moreover, the maximum static torque could be 
smaller because of the smaller Xmin/Xmax ratio.

Toothed pole-face structure can bring about an increase in the torque by increasing the 
tangential component of the flux density. But on the basis of the same minimum airgap length, 
after adjusting for the increase in effective length of the airgap due to the teeth, toothed pole- 
face structure does not produce more torque. As shown in Figs. 14-20, the most effective way 
of increasing the torque capability of the machine is still to reduce the airgap length, subject to, 
of course, manufacturing costs and tolerances.

The predicted steady state results show that with proper angle and current control on the 
machine the basic design is capable of delivering the required shaft torque at the desired speed.



The aligned position is defined as the position where the axis of the excited phase pole coin­
cides with that of the rotor pole.
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APPENDIX

Given in this Appendix are the numerical values of the flux linkage for the base case 
design. They correspond to the curves plotted in Fig. 7; they are repeated here in numeric form 
to facilitate future calculations requiring these numbers.



Ta
bi

c 
? 

Fl
ux

lin
ka

ge
s

y—v
■a s>a  -x3<

I -
5 S

^vooaro^invoH in^r-r'O vorooM ^a>r-roin(T»r^>f<T>oj 
o  o  o  oo rv r<  ^  r̂ - oo r -  in  ro o v in  cr» ro vo o> 03 oo vo o n n
r -  ^  H  r -  cm in  r -  o \ o  H  04 r o ^  ^  in  m  vo vo vo vo ro o  r -  cn id
O  H  CN Ol PO CO CO CO ^  ^  ^  ^  ^ ^  ^  O  H  Ol Ol ro n
O O O O O O O O O O  O O  O  O  O  O  O  O  O  O  O  O  O O O  O

O O O  O O O O  O O O  O O O O O O O O O O O  O O  O O  O 
O O O O O O O O O O O O O O O O O O O O O O O O O O 
O O O O O O O O O O O O O O O O O O O O O O O O O O

OO i n (N "my S  oo H  i o  m  oo r> o  o  r -

8 S I 2 s 3 l l S | l l 2 i
o  o  o  b  ' 6  o  o  o ’ o '  o  o ’ o ’ O O

I i i i i i i i i i I i i I
oa (N (N 03 (N (N (N 03 03 0 3 < N ( N C N ( N r ^ r ^ ( N c ^ 0 3 C ' 3 r o r o r o r o r o r o < * > < ^ o r> o o r o r o r o r o r o r o  ro' CO m'

O O O O O O O O O O O O O O O O O O O O O O O O O O 
O O  O O  O O O O  O  O O O  O O O  0 - 0  0  0  O O O O  O O  O O O O O O O O O O O O O O OO O  O O  O O O O  O O O  O O O
O O P  O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O H  03 ro m< i n vo r -  co o  o  H  C3 ro m« i n  vo r - o o p o H r 3 r o r F i n  vo ^  oo o  P  H  03 ro m« m  i o r ^ o o S n  

H H r H H H r H H r H H H f N l  H  H H  H  H H H  H H  H  S

&f>

I f l r^roomro(^invoo-ro^roinoinor-chr-POOoooo%vovDxrvoooinvDVDO%Tr<Tkinc3^rr)a^
( N i n M O ^ H H r ^ O  H O O O  ID CN h'  CN ID OO H  ^  CN (O ^  CN CN O  O  VD O  <T* rF H  VO H  LO OO H  PO
r - ^ H o o p o v D o o o H C N r o p o ^ i n m v D V D V D r ^ r ^ r ' ^ H o o p o v D c x )  ovo ch cn ro m  in vo vo vo r -  r -
O H C N C N f O r O r O r O ^ ^ ^ ^ ^ ^ ^ ^ ^ ' t ^ ^ O H O K N C O C O f O  PO M« M< M« M< MV Mf M* M* ^  ^  M*

o p  O O O O  O O O O  O O O O O O O  O O  O O O O O O  O O  O O  O O  O  O  O  O  O  P  P  O  O

.■•g> ] i
3 s O O  O O O O  O O  O O O O  O O O O O

O  O O  O O O O O O O O O O O  O O  O O  O  O  O O O O O O  O O O  O O O O O O O O O O O 
O  O O O  O O O O  O O O O p  O O O  O O  O  O

-  -  -  -  * i  W .  * •  •  • • • • • • •

H H  H H  H  H  H H H

O  O O  O O O O  O  O  O  O  O O  O  O  O O  O  O  O  P  O  O  O  O  O  O  O  O  O  O  O  O  O P  O  O O O  O
£  p  O  O  O  O  O  O  O  O  O  O  P  O  O  O  O  O  O  O  O  O  O  P O  O  O  P  O  O  O  O  O  O  O O  o o o o o

H O  O O O O O O O O O O  O O O  O O O O O  O O P O  O O O O O  O O O O  O O p p  O O O O  O
b  <  H C N n ^ i n v o h o o ^ o H n n N ’ i n v o h o o ^ o  H cn po m» i n vo r -  o o .o  o  H  (N ro m< m  vo r -  oo cr> o
r j  vH  H  H  H  H  H  H  H  H  H  H  CN H  H  H  H  H  H  H  H  H  H  03



;v:s-

- 54 -

Table 7 Flux linkages (com.)

Current Angle
Flux

Linkage
: (A) (deg) (Wb)

10 .0 0 4. OOO 0.0 6 6 5
2 0 .0 0  

: 3 0 .0 0
4 . OOO 0 .1 3 2 9
4 .0 0 0 0 .1 9 8 8

* 4 0 .0 0 4 . OOO 0 .2 6 2 9
50 .0 0 4 . OOO 0.3163
6 0 .0 0 4. OOO 0 .3 4 7 8
7 0 .0 0 4 .0 0 0 0 .3 6 9 1
8 0 .0 0 4 .0 0 0 0 .3 8 6 0
90 .0 0 4. OOO O.3998

100 .00 4 .0 0 0 0 .4 1 1 0
110 .00 4 .0 0 0 0 .4206
120 .00 4 .0 0 0 0 .4 2 8 8
130 .00 4 .0 0 0 0 .4 3 5 8
140 .00 4. OOO 0 .4 4 1 9
150 .00 4 .0 0 0 0 .4 4 7 3
160 .00 4 .0 0 0 0 .4 5 2 1
170 .00 4. OOO 0.4563
180 .00 4 .0 0 0 0 .4 6 0 0
190 .00 4 .0 0 0 0 .4 6 3 3
200 .00 4 .0 0 0 0 .4 6 6 2

10 .0 0 5 .0 0 0 0 .0 6 4 4
: 2 0 . 0 0 5. OOO 0 .1 2 8 7
■ 30 .00 5 .0 0 0 O.1926
- 4 0 .0 0 5. OOO ? 0 .2 5 5 0

5 0 .0 0 5 .0 0 0 0 .3 0 8 5
60. OO 5. OOO 0.3414

' 7 0 .0 0 5 .0 0 0 0 .3 6 3 5
■ 80 .0 0 5. OOO 0 .3 8 0 4

90 .0 0 5 .0 0 0 0 .3 9 4 2
100 .00 5 .0 0 0 0 .4 0 5 7
110 .00 5 .0 0 0 0 .4153
120 .00 5. OOO 0.4 2 3 2
130 .00 5 .0 0 0 0 .4 2 9 8

‘140 .00 5. OOO 0.4 3 5 6
1 5 0 .0 0 5 .0 0 0 0 .4 4 1 0
1 6 0 .0 0 5 .0 0 0 0 .4 4 6 0
1 7 0 .0 0 5 .0 0 0 0 .4 5 0 7
1 8 0 .0 0 5 .0 0 0 0 .4 5 4 8
190 .00 5 .0 0 0 0 .4586
200 .00 5 .0 0 0 0 .4 6 1 9

Current Angle
Flux

Linkage
(A) (deg) (Wb)

1 0 .0 0 6 .0 0 0 0 .0 6 2 2
2 0 .0 0 6. OOO 0.1244
3 0 .0 0 6 .0 0 0 0 .1 8 6 3
4 0 .0 0 6 .0 0 0 0 .2 4 6 8
5 0 .0 0 6. OOO 0.2 9 9 6
6 0 .0 0 6 .0 0 0 O.3340
7 0 .0 0 6 .0 0 0 0 .3 5 6 8
8 0 .0 0 6 .0 0 0 0 .3737
9 0 .0 0 6 .0 0 0 0 .3 8 7 6

' 10 0 .0 0 6 .0 0 0 0 .3 9 9 1
110 .00 6 .0 0 0 0 .4 0 8 4
120 .00 6 .0 0 0 : 0 .4 1 5 9
130 .00 6. OOO 0.4224
140 .00 6 .0 0 0 0 .4283
150 .00 6 .0 0 0 0 .4337
160 .00 6 .0 0 0 0 .4390
170 .00 6 .0 0 0 0 .4439
180 .00 6 .0 0 0 0 .4485
190 .00 6 .0 0 0 0 .4528
200 .00 6 .0 0 0 0 .4566

1 0 .0 0 7 .0 0 0 0 .0601
20 .0 0 7 . OOO 0.1201
30. OO 7 .0 0 0 0 .1798
4 0 .0 0 7 .0 0 0 0 .2384
5 0 .0 0 7 .0 0 0 0 .2901
6 0 .0 0 7 .0 0 0

7 .0 0 0
0 .3255

7 0 .0 0 0 .3490
80 .0 0 7 .0 0 0 0 .3662
9 0 .0 0 7 .0 0 0 0 .3799

1 0 0 .OO 7 .0 0 0 0 .3911
H O . OO 7 .0 0 0 0 .3999
1 2 0 .OO 7 .0 0 0 0.4073
1 3 0 .OO 7 .0 0 0 0 .4139
140 .00 7 .0 0 0 0 .4201
15 0 .0 0 7 .0 0 0 0 .4257
160 .00 7 .0 0 0 0 .4 3 1 1
17 0 .0 0 7 .0 0 0 0 .4363
180 .00 7 .0 0 0 0 .4412
190 .00 7 .0 0 0  . 0 .4459
200 .00 7 .0 0 0 0 .4503



Table 7 Flux linkages (cont.)

Current Angle
Flux

Linkage Current Angle
Flux

Linkage
(A) (deg) (Wb) (A) (deg) (Wb)

1 0 . 0 0 8 . 0 0 0 0 . 0 5 7 8
'

1 0 . 0 0 1 0 . 0 0 0 0 . 0 5 3 4
2 0 . 0 0 8 . 0 0 0 0 . 1 1 5 7 2 0 . 0 0 1 0 . 0 0 0 0 . 1 0 6 7
3 0 . 0 0 8 . 0 0 0 0 . 1 7 3 2 3 0 . 0 0 1 0 . 0 0 0 0 . 1 5 9 8
4 0 . 0 0 8 . 0 0 0 0 . 2 2 9 8 4 0 . 0 0 1 0 . 0 0 0 0 . 2 1 2 2
5 0 ,  0 0 8 . 0 0 0 0 . 2 8 0 2 5 0 . 0 0 1 0 . OOO 0 . 2 5 9 3
6 0 . 0 0 8 . 0 0 0 0 . 3 1 6 0 - 6 0 . 0 0 1 0 . 0 0 0 0 . 2 9 4 3
7 0 . 0 0 8 . OOO 0 . 3 4 0 1 7 0 . 0 0 io .o o o 0 . 3 1 9 3
8 0 . 0 0 8 . 0 0 0 0 . 3 5 7 5 8 0 . 0 0 1 0 . 0 0 0 0 . 3 3 7 1
9 0 . 0 0 8 . 0 0 0 0 . 3 7 1 1 9 0 . 0 0 1 0 . 0 0 0 0 . 3 5 0 2

1 0 0 . 0 0 8 . 0 0 0 0 . 3 8 1 7 1 0 0 . 0 0 1 0 . OOO . 0 . 3 5 9 9
1 1 0 . 0 0 8 . 0 0 0 0 . 3 9 0 2 1 1 0 . 0 0 1 0 . 0 0 0 0 . 3 6 8 4
1 2 0 . 0 0 8 . 0 0 0 0 . 3 9 7 7 1 2 0 . OO 1 0 . 0 0 0 0 . 3 7 6 2
1 3 0 . 0 0 8 . 0 0 0 0 . 4 0 4 6 1 3 0 . OO 1 0 . 0 0 0 0 . 3 8 3 5
1 4 0 . 0 0 8 . 0 0 0 0 . 4 1 0 9 1 4 0 . 0 0 1 0 . 0 0 0 0 . 3 9 0 4
1 5 0 . 0 0 8 . 0 0 0 0 . 4 1 6 9 1 5 0 , 0 0 1 0 . 0 0 0 0 . 3 9 6 9
1 6 0 . 0 0 8 . 0 0 0 0 . 4 2 2 6 1 6 0 . 0 0 1 0 . 0 0 0 0 . 4 0 3 2
1 7 0 . 0 0 8 . 0 0 0 0 . 4 2 7 9 1 7 0 . 0 0 1 0 . 0 0 0 0 . 4 0 9 1
1 8 0 . 0 0 8 . 0 0 0 0 . 4 3 3 1 1 8 0 . 0 0 1 0 . 0 0 0 0 . 4 1 4 9
1 9 0 . 0 0 8 . 0 0 0 0 . 4 3 8 0 1 9 0 . 0 0 1 0 , 0 0 0 0 . 4 2 0 4
2 0 0 . 0 0 8 . 0 0 0 0 . 4 4 2 8 2 0 0 . 0 0 1 0 . 0 0 0 0 . 4 2 5 6

1 0 . 0 0 9 . 0 0 0 0 . 0 5 5 6 1 0 . 0 0 1 1 .0 0 0 0 . 0 5 1 1
2 0 . 0 0 9 . 0 0 0 0 . 1 1 1 2 2 0 . 0 0 1 1 .0 0 0 0 . 1 0 2 2
3 0 . 0 0 9 . 0 0 0 0 . 1 6 6 5 3 0 . 0 0 1 1 .0 0 0 0 . 1 5 3 1
4 0 . 0 0 9 . 0 0 0 0 . 2 2 1 0 4 0 . 0 0 1 1 .0 0 0 0 . 2 0 3 3
5 0 . 0 0 9 . 0 0 0 0 . 2 6 9 9 5 0 . 0 0 1 1 .0 0 0 0 . 2 4 8 6
6 0 . 0 0 9 . 0 0 0 0 . 3 0 5 5 6 0 . 0 0 1 1 .0 0 0 0 . 2 8 2 7
7 0 . 0 0 9 . 0 0 0 0 . 3 3 0 2 .. -'■■■■ 7 0 . 0 0 1 1 .0 0 0 0 . 3 0 7 5
8 0 . 0 0 9 . 0 0 0 0 . 3 4 7 9 • 8 0 .  OO 1 1 .0 0 0 0 . 3 2 5 4
9 0 . 0 0 9 . 0 0 0 0 . 3 6 1 2 9 0 . 0 0 1 1 . OOO 0 . 3 3 8 1

1 0 0 . 0 0 9 . 0 0 0 0 . 3 7 1 2 1 0 0 . 0 0 1 1 .0 0 0 0 . 3 4 7 9
H O .  OO 9 . 0 0 0 0 . 3 7 9 7 1 1 0 . 0 0 1 1 . OOO 0 . 3 5 6 5
1 2 0 . 0 0 9 . 0 0 0 0 . 3 8 7 3 1 2 0 . 0 0 1 1 .0 0 0 0 . 3 6 4 5
1 3 0 . 0 0 9 . 0 0 0 0 . 3 9 4 4 1 3 0 . 0 0 1 1 .0 0 0 0 . 3 7 2 0
1 4 0 . 0 0 9 . 0 0 0 0 . 4 0 1 0 ' ; 1 4 0 . 0 0 1 1 .0 0 0 0 . 3 7 9 1
1 5 0 . 0 0 9 . 0 0 0 0 . 4 0 7 2 1 5 0 . 0 0 1 1 .0 0 0 * 0 .3 8 5 9
1 6 0 . 0 0 9 .  OOO 0 . 4 1 3 2 ' 1 6 0 . 0 0 1 1 .0 0 0 0 . 3 9 2 5
1 7 0 . 0 0 9 . 0 0 0 0 . 4 1 8 9 1 7 0 . 0 0 1 1 .0 0 0 0 . 3 9 8 8
1 8 0 . 0 0 9 . 0 0 0 0 . 4 2 4 3 1 8 0 . 0 0 1 1 .0 0 0 0 . 4 0 4 8
1 9 0 . 0 0 9 . 0 0 0 0 . 4 2 9 5 1 9 0 . 0 0 1 1 .0 0 0 0 . 4 1 0 5
2 0 0 . 0 0 9 . 0 0 0 0 . 4 3 4 5 2 0 0 . 0 0 1 1 .0 0 0 0 . 4 1 6 1
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Table 7 Flux linkages (com.)

Flux
Gurrent Angle Linkage

(A) (deg) (Wb)

I O . OO 1 6 . 0 0 0 0 . 0 3 9 6
2 0 . 0 0 1 6 . 0 0 0 0 . 0 7 9 1
3 0 . 0 0 1 6 . 0 0 0 0 . 1 1 8 6
4 0 . 0 0 1 6 . 0 0 0 0 . 1 5 7 7
5 0 . 0 0 1 6 . 0 0 0 0 . 1 9 3 4
6 0 . 0 0 1 6 . 0 0 0 0 . 2 2 1 6
7 0 . 0 0 1 6 . 0 0 0 0 . 2 4 2 8
8 0 . 0 0 1 6 . 0 0 0 0 . 2 5 8 3
9 0 . 0 0 1 6 . 0 0 0 0 . 2 6 9 8

1 0 0 . 0 0 1 6 . 0 0 0 0 . 2 8 0 0
H O . OO 1 6 . 0 0 0 0 . 2 8 9 5
1 2 0 . 0 0 1 6 . 0 0 0 0 . 2 9 8 6
1 3 0 . 0 0 1 6 . 0 0 0 0 . 3 0 7 4
1 4 0 . 0 0 1 6 . 0 0 0 0 . 3 1 5 7
1 5 0 . 0 0 1 6 . 0 0 0 0 . 3 2 3 8
1 6 0 . 0 0 1 6 . OOO 0 . 3 3 1 5
1 7 0 . OO 1 6 . 0 0 0 0 . 3 3 9 0
1 8 0 . 0 0 1 6 . 0 0 0 0 . 3 4 6 3
1 9 0 . 0 0 1 6 . 0 0 0 0 . 3 5 3 3
2 0 0 . 0 0 1 6 . 0 0 0 O. 3 6 0 2

1 0 . 0 0 1 7 . 0 0 0 0 . 0 3 7 2
2 0 . 0 0 1 7 . 0 0 0 0 . 0 7 4 5
3 0 . 0 0 1 7 . 0 0 0 0 . 1 1 1 6
4 0 . 0 0 1 7 . 0 0 0 0 . 1 4 8 4
5 0 . 0 0 1 7 . 0 0 0 0 . 1 8 2 2
6 0 . 0 0 1 7 . 0 0 0 0 . 2 0 9 1
7 0 . 0 0 1 7 . 0 0 0 0 . 2 2 9 4
8 0 . 0 0 1 7 . 0 0 0 0 . 2 4 4 2
9 0 .  OO 1 7 . 0 0 0  . 0 . 2 5 5 5

1 0 0 . 0 0 1 7 . 0 0 0 0 . 2 6 5 6
1 1 0 . 0 0 1 7 . 0 0 0 0 . 2 7 5 3
1 2 0 . 0 0 1 7 . 0 0 0 0 . 2 8 4 5
1 3 0 . 0 0 1 7 . 0 0 0 0 . 2 9 3 4
1 4 0 . 0 0 1 7 . 0 0 0 0 . 3 0 2 0
1 5 0 . 0 0 1 7 . 0 0 0 0 . 3 1 0 2
1 6 0 . 0 0 1 7 . 0 0 0 O. 3 1 8 2
1 7 0 . 0 0 1 7 . 0 0 0 0 . 3 2 5 9
1 8 0 . 0 0 1 7 . OOO 0 . 3 3 3 3
1 9 0 . 0 0 1 7 . 0 0 0 0 . 3 4 0 6
2 0 0 . OO 1 7 . 0 0 0 0 . 3 4 7 7

Flux
Current Angie Linkage

(A) (deg) (Wb)

1 0 . 0 0 1 8 . 0 0 0 0 . 0 3 4 9
2 0 . 0 0 1 8 . 0 0 0 0 . 0 6 9 8
3 0 . 0 0 1 8 . 0 0 0 0 . 1 0 4 6
4 0 . 0 0 1 8 . 0 0 0 0 . 1 3 9 2
5 0 . 0 0 1 8 . 0 0 0 O. 1 7 0 9
6 0 . 0 0 1 8 . 0 0 0 0 . 1 9 6 4
7 0 . 0 0 1 8 . 0 0 0 0 . 2 1 5 8
8 0 . 0 0 1 8 . 0 0 0 0 . 2 2 9 9
9 0 . 0 0 1 8 . 0 0 0 0 . 2 4 1 1

1 0 0 . 0 0 1 8 . 0 0 0 0 . 2 5 1 3
n o  .00 1 8 . 0 0 0 0 . 2 6 0 9
1 2 0 . 0 0 1 8 . 0 0 0 0 . 2 7 0 1
1 3 0 . 0 0 1 8 . 0 0 0 0 . 2 7 9 2
1 4 0 . 0 0 1 8 . OOO 0 . 2 8 7 9
1 5 0 . 0 0 1 8 . 0 0 0 0 . 2 9 6 4
1 6 0 . 0 0 1 8 . 0 0 0 0 . 3 0 4 6
1 7 0 . 0 0 1 8 . 0 0 0 0 . 3 1 2 5
1 8 0 . 0 0 1 8 . 0 0 0 0 . 3 2 0 1
1 9 0 . 0 0 1 8 . 0 0 0 0 . 3 2 7 6
2 0 0 . 0 0 1 8 . 0 0 0 0 . 3 3 4 9

1 0 .  OO 1 9 . 0 0 0 0 . 0 3 2 6
2 0 . 0 0 1 9 . 0 0 0 0 . 0 6 5 1
3 0 . 0 0 1 9 . 0 0 0 0 . 0 9 7 6
4 0 . 0 0 1 9 . 0 0 0 0 . 1 2 9 8
5 0 . 0 0 1 9 . 0 0 0 0 . 1 5 9 5
6 0 . 0 0 1 9 . 0 0 0 O. 1 8 3 6
7 0 . 0 0 1 9 . 0 0 0 , 0 . 2 0 2 1
8 0 . 0 0 1 9 . 0 0 0 ’ 0 . 2 1 5 5
9 0 . 0 0 1 9 . 0 0 0 0 . 2 2 6 7

1 0 0 . 0 0 1 9 . 0 0 0 0 . 2 3 6 9
1 1 0 . 0 0 1 9 . 0 0 0 O. 2 4 6 6
1 2 0 . 0 0 1 9 . 0 0 0 0 . 2 5 5 9
1 3 0 . 0 0 1 9 . 0 0 0 0 . 2 6 5 0
1 4 0 . 0 0 1 9 . 0 0 0 0 . 2 7 3 8
1 5 0 . 0 0 1 9 . 0 0 0 0 . 2 8 2 3
1 6 0 . 0 0 1 9 . 0 0 0 0 . 2 9 0 7
1 7 0 . 0 0 1 9 . 0 0 0 0 . 2 9 8 8
1 8 0 . 0 0 1 9 . 0 0 0 0 . 3 0 6 7
1 9 0 . 0 0 1 9 . 0 0 0 0 . 3 1 4 3
2 0 0 . 0 0 1 9 . 0 0 0 0 . 3 2 1 8
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TiWe 7 : RtJX linkages (com.)

Ruk Rux
Current - A ig ie Linkage Current Angie Linkage

(A) (deg) (Wb)
• ■ ;/ >

(A)
I■ 

- ■
(Wb)

1 0 . 00 2 8 .0 0 0 0 .0 1 1 5 1 0 . OO 3 0 .0 0 0 0 .0 0 9 2
2 0 .0 0 2 8 .0 0 0 0 . 0231 20. OO 3 0 .0 0 0 0 .0184
JO-OiO 2 8 .0 0 0 0 .0 3 4 6 3 0 .0 0 3 0 .0 0 0 0 .0 2 7 5
4 0 .0 0 2 8 .0 0 0 0 .0 4 6 1 40 . OO 3 0 .0 0 0 0 .0367
5 0 .0 0 2 8 .0 0 0 0 .0 5 7 6 5 0 .0 0 3 0 .0 0 0 0 .0 4 5 9
6 0 .0 0 2 8 .0 0 0 0 .0 6 9 0 60. OO 3 0 .0 0 0 0 .0 5 5 1
7 0 .0 0 2 8 .0 0 0 0 .0 8 0 1 7 0 .0 0 3 0 .0 0 0 0 .0 6 4 2
8 0 .0 0 2 8 .0 0 0 0 .0 9 0 8 8 0 .0 0 3 0 .0 0 0 0 .0 7 3 4
9 0 .0 0 2 8 .0 0 0 0 .1 0 1 2 9 0 .0 0 3 0 .0 0 0 0 .0 8 2 6

100. OO 2 8 .0 0 0 0 .1 1 1 4 1 0 0 . 00 3 0 .0 0 0 0 .0 9 1 7
110 .00 2 8 .0 0 0 0 .1 2 1 1 1 1 0 .0 0 3 0 .0 0 0 O.1008
120 .00 2 8 .0 0 0  • 0 .1 3 0 7 1 2 0 .0 0 3 0 .0 0 0 0 .1 0 9 7
1 3 0 .0 0 28 .0 0 0 0 .1 4 0 2 1 3 0 .0 0 3 0 .0 0 0 O.11 8 6
1 4 0 .0 0 2 8 .0 0 0 0 .1 4 9 4 1 4 0 .OO 3 0 .0 0 0 0 .1 2 7 4
1 5 0 .OO 2 8 .0 0 0 O.1586 1 5 0 .0 0 3 0 .0 0 0 '0 .1 3 6 1
1 6 0 .0 0 2 8 . OOO O . 1 6 7 6 1 6 0 . 0 0 3 0 . OOO 0 . 1 4 4 8
1 7 0 . 0 0 2 8 . 0 0 0 O . 1 7 6 5 1 7 0 . 0 0 3 0 . 0 0 0 ‘ 0 . 1 5 3 3
H O . OO 2 8 . 0 0 0 ' 0 . 1 8 5 2 1 8 0 . 0 0 3 0 . 0 0 0 0 . 1 6 1 8
1 9 0 . 0 0 2 8 . OOO O. 1 9 3 8 1 9 0 . OO 3 0 . OOO 0 . 1 7 0 2
2 0 0 . 0 0 2 8 . OOO 0 . 2 0 2 2 2 0 0 . 0 0 3 0 . 0 0 0 ■ 0 . 1 7 8 4

1 0 . 0 0 2 9 . 0 0 0 O. O l O l 1 0 .  OO 3 1 . 0 0 0 0 . 0 0 8 5
2 0 . 0 0 ' 2 9 . 0 0 0 0 . 0 2 0 2 2 0 . 0 0 3 1 . 0 0 0 O. 0 1 7 0
3 0 ,  OO 2 9 . OOO O . 0 3 0 3 3 0 . 0 0 3 1 . 0 0 0 0 . 0 2 5 6
4 0 . 0 0 2 9 . 0 0 0 0 . 0 4 0 4 4 0 . 0 0 3 1 . 0 0 0 0 . 0 3 4 1
5 0 . 0 0 2 9 . OOO 0 . 0 5 0 5 5 0 . 0 0 3 1 . 0 0 0 ■ 0 . 0 4 2 6
6 0 .  OO 2 9 . 0 0 0 0 . 0 6 0 6 6 0 . 0 0 3 1 . 0 0 0 ' ;0 . 0 5 1 1
7 0 . 0 0 2 9 . 0 0 0 0 . 0 7 0 7 7 0 . 0 0 3 1 . 0 0 0 O . 0 5 9 7

. § 0 . 0 0 2 9 . 0 0 0 0 . 0 8 0 7 8 0 . 0 0 3 1 . 0 0 0 0 . 0 6 8 2
9 0 . 0 0 2 9 . 0 0 0 0 . 0 9 0 7 9 0 . 0 0 3 1 , 0 0 0 0 . 0 7 -6 7

1 0 0 . 0 0 2 9 . OOO 0 . 1 0 0 3 , 1 0 0 . 0 0 3 1 . 0 0 0 0 . 0 8 5 2
H O . OO 2 9 . 0 0 0 0 . 1 0 9 9 n o .  OO . 3 1 . OOO 0 . 0 9 3 7
1 2 0 . 0 0 2 9 . 0 0 « 0 . 1 1 9 3 1 2 0 . 0 0 3 1 . 0 0 0 0 . 1 0 2 2

• 1 3 0 . 0 0 2 9 . 0 0 0 0 . 1 2 8 6 1 3 0 . 0 0 3 1 . 0 0 0 0 . 1 1 0 7
1 4 0 . 0 0 2 9 . 0 0 0 O . 1 3 7 8 1 4 0 . 0 0 3 1 . 0 0 0 0 . 1 1 9 1
1 5 0 . 0 0 2 9 . 0 0 0 0 .1 4 6 8 1 5 0 . OO 3 1 . 0 0 0 O. 1 2 7 4
1 6 0 . 0 0 2 9 . 0 0 0 0 . - 1 5 5 6 1 6 0 . 0 0 3 1 . 0 0 0 0 . 1 3 5 6
1 7 0 . 0 0 2 9 .  OOO 0 . 1 6 4 3 1 7 0 . 0 0 3 1 . 0 0 0 0 . 1 4 3 9
1 8 0 . 0 0 2 9 . OOO 0 . 1 7 2 9 1 8 0 . 0 0 3 1 . 0 0 0 0 . 1 5 2 0
1 9 0 . 0 0 2 9 . 0 0 0  " 0 . 1 8 1 4 1 9 0 .  OO 3 1 . 0 0 0 0 . 1 6 0 2
200' .  00' 2 9 . OOO O.. 1 8 9 8 2 0 0 . 0 0 3 1 . 0 0 0 0 . 1 6 8 2
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Table 7 Flux linkages (com.)

Flux ' ’ Flux
Current Angle Linkage Current Angle Linkage

(A) (deg) (Wb)

1 0 .0 0 3 6 .0 0 0 0.006.9
2 0 .0 0 3 6 .0 0 0 .0 .0 1 3 8
3 0 .0 0 3 6 .0 0 0 0.0.207
4 0 .0 0 3 6 .0 0 0 .0 .0 2 7 5
5 0 . 0 0 3 6 .0 0 0 0 .0344
60. OO 3 6 .0 0 0 0 .0413
7 0 .0 0 3 6 .0 0 0 0 .0 4 8 2
80 .0 0 3 6 .0 0 0 0 .0 5 5 1
9 0 .0 0 3 6 .0 0 0 0 .0 6 2 0

10 0 .0 0 36 .000 0 .0 6 8 9
110 .00 3 6 .0 0 0 0 .0 7 5 8
12 0 .0 0 3 6 .0 0 0 0 .0 8 2 6
130 .60 36 .0 0 0 0 .0 8 9 5
140 .00 36 .000 0 .0964
150 .00 3 6 .0 0 0 0 .1 0 3 3
160.Q0 36 .000 0 .1 1 0 2
170 .00 36 .000 0 .1 1 7 1
1 8 0 .OO 36 .000 0 .1 2 3 9
190 .00 36 .000 0 .1 3 0 8
2 0 0 .OO 36 .000 0 .1 3 7 7
1 0 . OO 37 .000 0 .0 0 6 7
2 0 . do 37 .000 0 .0 1 3 4
3 0 .0 0 3 7 .0 0 0 0 .0 2 0 1
4 0 .0 0 37 .000 0 .0 2 6 9
5 0 .0 0 37 .000 0 .0 3 3 6
6 0 . 0 0 37.000. 0 .0 4 0 3
7 0 .0 0 3 7 .000  ' 0 .0 4 7 0

. 8 0 . 0 0 37 .000 0 .0 5 3 7
9 0 . 0 0 37 .000 0 .0604

100 .00 37 .000 0 .0 6 7 2
11 0 .0 0 37 .000 0 .0 7 3 9
12 0 .0 0 37 .000 0 .0806
13 0 .0 0 37 .000 O.0873
140 .00 37 .000 0 .0 9 4 0
15 0 .0 0 . 37 .000 0 .1 0 0 7
16 0 .0 0 3 7 .0 0 0 0 .1 0 7 5
170 .00 37 .000 0 .1 1 4 2
1 8 0 . 0 0 37 .000 0 .1 2 0 9
1 9 0 . 0 0 37 .000 0 .1 2 7 6
200 .00 37 .000 0 .1343

i ■■ *

(A) (deg) (Wb)

1 0 . 0 0 3 8 . 0 0 0 0 . 0 0 6 6
2 0 . 0 0 3 8 . 0 0 0 0 . 0 1 3 2
3 0 . 0 0 3 8 . 0 0 0 0 . 0 1 9 7
4 0 . 0 0 3 8 . 0 0 0 0 . 0 2 6 3
5 0 . 0 0 3 8 . 0 0 0 0 . 0 3 2 9
6 0 . 0 0 3 8 . 0 0 0 0 . 0 3 9 5
7 0 . 0 0 3 8 . 0 0 0 0 . 0 4 6 0
8 0 . 0 0 3 8 . 0 0 0 0 . 0 5 2 6
9 0 . 0 0 3 8 . 0 0 0 0 . 0 5 9 2

1 0 0 . 0 0 3 8 . 0 0 0 0 . 0 6 5 8
1 1 0 . 0 0 3 8 . 0 0 0 0 . 0 7 2 3
1 2 0 . 0 0 3 8 . 0 0 0 0 . 0 7 8 9
1 3 0 . 0 0 3 8 . 0 0 0 0 . 0 8 5 5
1 4 0 . 0 0 3 8 . 0 0 0 0 . 0 9 2 1
1 5 0 . 0 0 3 8 . 0 0 0 0 . 0 9 8 6
1 6 0 . 0 0 3 8 . 0 0 0 0 . 1 0 5 2
1 7 0 . 0 0 3 8 . 0 0 0 0 . 1 1 1 8
1 8 0 . 0 0 3 8 . 0 0 0 0 . 1 1 8 4
1 9 0 . OO 3 8 . 0 0 0 0 . 1 2 4 9
2 0 0 . 0 0 3 8 . 0 0 0 0 . 1 3 1 5

1 0 . 0 0 39.. 0 0 0 0 . 0 0 6 5
2 0 . 0 0 3 9 . 0 0 0 O . 0 1 2 9
3 0 . 0 0 3 9 . 0 0 0 0 . 0 1 9 4
4 0 . 0 0 3 9 . 0 0 0 0 . 0 2 5 8
50,. 00 3 9 . 0 0 0 0 . 0 3 2 3
60,. 00 3 9 10 0 0 0 . 0 3 8 8
7 0 . 0 0 3 9 . 0 0 0 0 . 0 4 5 2
8 0 . 0 0 3 9 . 0 0 0 0 . 0 5 1 7
9 0 . 0 0 3 9 . 0 0 0 0 . 0 5 8 1

1 0 0 . 0 0 3 9 . 0 0 0 • 0 . 0 6 4 6
1 1 0 . 0 0 3 9 . 0 0 0 0 . 0 7 1 1
1 2 0 . 0 0 3 9 . 0 0 0 0 . 0 7 7 5
1 3 0 . 0 0 3 9 . 0 0 0 0 . 0 8 4 0
1 4 0 . 0 0 3 9 . 0 0 0 0 . 0 9 0 4
1 5 0 . 0 0 3 9 . 0 0 0 0 . 0 9 6 9
1 6 0 . 0 0 3 9 . 0 0 0 0 . 1 0 3 4
1 7 0 . 0 0 3 9 . 0 0 0 0 . 1 0 9 8
1 8 0 . 0 0 3 9 . 0 0 0 0 . 1 1 6 3
1 9 0 . 0 0 3 9 . 0 0 0 0 . 1 2 2 7
2 0 0 . 0 0 3 9 . 0 0 0 0 . 1 2 9 2
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Table 7 Flux linkages (com.)

Hux Hux
Current Angle Linkage Current Angie Linkage

(A) (deg) (Wb) (A) (deg) (Wb)

1 0 .0 0 4 0 . 0 0 0 0 . 0 0 6 4
2 0 .0 0 4 0 . 0 0 0 0 . 0 1 2 7
3 0 . 0 0 4 0 . 0 0 0 0 . 0 1 9 1
4 0 . 0 0 4 0 . 0 0 0 0 . 0 2 5 5
5 0 .  OO 4 0 . 0 0 0 0 . 0 3 1 8
6 0 . 0 0 4 0 . 0 0 0 0 . 0 3 8 2
7 0 . 0 0 4 0 . 0 0 0 0 . 0 4 4 6
8 0 . 0 0 4 0 . 0 0 0 0 . 0 5 0 9
9 0 . 0 0 4 0 . 0 0 0 0 . 0 5 7 3

10 0 .0 0 4 0 . 0 0 0 0 . 0 6 3 7
1 1 0 .0 0 4 0 . 0 0 0 0 . 0 7 0 0
120 .00 4 0 . 0 0 0 0 . 0 7 6 4
1 3 0 . 0 0 4 0 . 0 0 0 0 . 0 8 2 8
1 4 0 . 0 0 4 0 . 0 0 0 0 . 0 8 9 1
1 5 0 . 0 0 4 0 . 0 0 0 0 . 0 9 5 5
1 6 0 . 0 0 4 0 . 0 0 0 0 . 1 0 1 9
1 7 0 . 0 0 4 0 . 0 0 0  ' 0 . 1 0 8 2
1 8 0 . 0 0 4 0 . 0 0 0 0 . 1 1 4 6
1 9 0 . 0 0 4 0 . 0 0 0 0 .1 2 1 0
20 0 .0 0 4 0 . 0 0 0 0 . 1 2 7 3

1 0 .0 0 4 1 . 0 0 0 0 . 0 0 6 3
2 0 .0 0 4 1 . 0 0 0 0 . 0 1 2 6
3 0 . 0 0 4 1 . 0 0 0 0 . 0 1 8 9
4 0 . 0 0 4 1 1 0 0 0 0 . 0 2 5 2
5 0 . 0 0 4 1 . 0 0 0 0 . 0 3 1 5
6 0 . 0 0 4 1 . 0 0 0 0 . 0 3 7 8
7 0 . 0 0 4 1 . 0 0 0 0 . 0 4 4 1
8 0 . 0 0 4 1 . 0 0 0 0 . 0 5 0 4
9 0 .  OO 4 1 . 0 0 0 0 . 0 5 6 6

10 0 .0 0 4 1 . 0 0 0 0 . 0 6 2 9
H O . OO 4 1 . 0 0 0 0 . 0 6 9 2
12 0 .0 0 4 1 . 0 0 0 0 . 0 7 5 5
1 3 0 . 0 0 4 1 . 0 0 0 0 . 0 8 1 8
1 4 0 . 0 0 4 1 . 0 0 0 0 . 0 8 8 1
1 5 0 . 0 0 4 1 . 0 0 0 0 . 0 9 4 4
1 6 0 . 0 0 4 1 . 0 0 0 0 . 1 0 0 7
1 7 0 . 0 0 4 1 . 0 0 0 0 . 1 0 7 0
18 0 .0 0 4 1 . 0 0 0 0 . 1 1 3 3
1 9 0 . 0 0 4 1 . 0 0 0 O . 1 1 9 6
200 .00 4 1 . 0 0 0 0 . 1 2 5 9

10 .0 0 4 2 . 0 0 0 0 . 0 0 6 2
2 0 .0 0 4 2 . 0 0 0 0 . 0 1 2 5
3 0 . 0 0 4 2 . 0 0 0 0 . 0 1 8 7
4 0 . 0 0 4 2 . 0 0 0 0 . 0 2 5 0
5 0 . 0 0 4 2 . 0 0 0 0 . 0 3 1 2
6 0 . 0 0 4 2 . 0 0 0 0 . 0 3 7 4
7 0 . 0 0 4 2 . 0 0 0 0 . 0 4 3 7
8 0 . 0 0 4 2 . 0 0 0 0 . 0 4 9 9
9 0 . 0 0 4 2 . 0 0 0 0 . 0 5 6 1

100 .00 4 2 . 0 0 0 0 . 0 6 2 4
110 .00 4 2 . 0 0 0 0 . 0 6 8 6
120 .00 4 2 . 0 0 0 0 . 0 7 4 9
1 3 0 . 0 0 4 2 . 0 0 0 0 . 0 8 1 1
1 4 0 . 0 0 4 2 . 0 0 0 0 . 0 8 7 3
1 5 0 . 0 0 4 2 . 0 0 0 0 . 0 9 3 6
1 6 0 . 0 0 4 2 . 0 0 0 0 . 0 9 9 8
1 7 0 . 0 0 4 2 . 0 0 0 0 . 1 0 6 1
1 8 0 . 0 0 4 2 . 0 0 0 0 . 1 1 2 3
1 9 0 . 0 0 4 2 . 0 0 0 0 . 1 1 8 5
20 0 .0 0 4 2 . 0 0 0 0 . 1 2 4 8

1 0 .0 0 4 3 . 0 0 0 0 . 0 0 6 2
2 0 .0 0 4 3 . 0 0 0 0 . 0 1 2 4
3 0 . 0 0 4 3 . 0 0 0 0 . 0 1 8 6
4 0 . 0 0 4 3 . 0 0 0 0 . 0 2 4 8
5 0 .  OO 4 3 . 0 0 0 0 . 0 3 1 0
6 0 . 0 0 4 3 . 0 0 0 0 . 0 3 7 2
7 0 . 0 0 4 3 . 0 0 0 0 . 0 4 3 4
8 0 . 0 0 4 3 . OOO 0 . 0 4 9 6
9 0 . 0 0 4 3 . 0 0 0 0 . 0 5 5 8

1 0 0 .0 0 4 3 . 0 0 0 0 . 0 6 2 0
1 1 0 .0 0 4 3 . 0 0 0 0 . 0 6 8 2
1 2 0 .0 0 4 3 . 0 0 0 10 . 0 7 4 4
1 3 0 . 0 0 4 3 . 0 0 0 0 . 0 8 0 6
1 4 0 . 0 Q 4 3 . 0 0 0 0 . 0 8 6 8
1 5 0 . 0 0 4 3 . 0 0 0 0 . 0 9 3 0
1 6 0 . 0 0 4 3 . 0 0 0 0 . 0 9 9 2
1 7 0 . 0 0 4 3 . 0 0 0 , 0 . 1 0 5 4
1 8 0 . 0 0 4 3 . 0 0 0 0 . 1 1 1 6
1 9 0 . 0 0 4 3 . 0 0 0 0 . 1 1 7 8
2 0 0 .0 0 4 3 . 0 0 0 0 . 1 2 4 0
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