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Abstract—This paper investigates the influence of pole number 

and stator outer diameter on the performance of superconducting 

(SC) generators. The SC generator has an iron-cored rotor 

topology. Firstly, the generator structure is introduced and the 

optimization procedure is described. Then the influence of design 

parameters on performance, in terms of generator volume, 

weight, SC wire utilization, and active material cost, etc., is 

presented. Some relationships for the optimal combinations for 

different performance attributes are established. In addition, the 

influence of SC material price on the determination of optimal 

stator outer diameter and pole number is discussed. Finally, the 

influence of SC coil area per pole on performance is also 

investigated. 

 
Index Terms—Iron-cored, pole number, SC generator, stator 

outer diameter, wind turbine.  

 

I. INTRODUCTION 

ind energy has developed rapidly in recent years, 

primarily due to the dwindling supply of easy-to-access 

fossil fuels and concerns over global climate change [1]. The 

market of onshore wind turbines is mature and the capacity is 

much larger than that of offshore wind turbines [2]. However, 

offshore wind farms are more desirable, due to the high average 

wind speed, limited onshore installation space, lower 

interference with habitats, and shorter distance between wind 

farms and densely populated cities near the coast, etc. In fact, 

the offshore wind turbine market is developing much faster 

than that for onshore [1] [3]. In 2007, the total capacity of wind 

turbines in Europe was 56.6GW, with offshore wind turbines 

sharing 1.1GW. In 2030, it is expected that the total capacity 

will reach 300GW, with a share of 120GW to be installed 

offshore [3]. The disadvantages of offshore wind turbines 
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include the difficulties of constructing foundations, grid 

connections and maintenance, etc. Consequently, a wind farm 

with a smaller number of large power wind turbines is 

preferable to that with many small ones. The INNWIND.EU 

project is targeting 10~20MW wind turbines [4]. 

Superconducting (SC) material has the capability to carry 

large current densities, which makes the produced magnetic 

field much larger than that of a copper coil or permanent 

magnet (PM). Thus, the SC generator can be designed with 

high torque and power densities. American Superconductor 

(AMSC) has designed a 10MW SC generator with air-cored 

rotor for direct-drive wind turbines with a weight of ~150 tons. 

The weight can be as high as 300 tons or 500 tons if PM or 

copper field winding excited topologies are adopted 

respectively [5] [6]. This makes the SC generator a competitive 

candidate for the offshore wind turbine market and can 

significantly reduce the foundation and installation costs. 

The biggest challenge of the commercialization of SC 

generators is the high price of SC wire. For a high temperature 

superconducting (HTS) generator, the cost of the HTS material 

could be up to 90% of the total material cost [7]. The iron-cored 

rotor SC generator topology has gained much attention in 

recent years, due to better utilization of SC material, although 

the weight is higher than that of air-cored topologies. The 

performance has been compared with other topologies in 

[8]-[10]. Some iron-cored rotor SC generators are designed and 

the performances are analyzed in [11]-[14]. The influences of 

design parameters, such as rotor pole width, stator outer 

diameter, electric loading, operating temperature of the SC 

wire, etc., on performance are investigated in [10][15]. DTU 

investigated the influence of pole number on the weight, SC 

wire length and active material cost of air-cored rotor SC 

generator in [16]. Converteam found the optimum pole number 

to be between 16 and 20 [17] [18]. However, both DTU and 

Converteam only gave the results without detailing how the 

results were obtained.  

In this paper, the combination of stator outer diameter and 

pole number is investigated, because they are interrelated and 

exhibits an optimal combination. The investigated performance 

indicators include the volume, weight, SC material utilization 

and active material cost of the SC generator with iron-cored 
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rotor. The distribution of optimal combinations for these 

performance indicators are shown. Finally, some relationships 

for these optimal combinations are established. 

II. GENERATOR STRUCTURE AND OPTIMIZATION PROCEDURE 

A. Generator Structure 

The structure of the SC generator with an iron-cored rotor 

topology is shown in Fig. 1 (a). The stator tooth and yoke, and 

rotor pole are all made of iron. The materials of the armature 

winding and field winding are copper and second generation 

(2G) of HTS material respectively. The characteristics of the 

HTS material can be found in Fig. 11. According to the strategy 

of cooling HTS material, the iron-cored rotor topology can be 

further divided into warm (with only HTS material cooled) and 

cold rotor iron (with both HTS material and rotor iron cooled) 

topologies. The former has a shorter cool down time due to less 

cold mass. The cold iron has a more stable cryogenic 

environment, due to the large thermal capacity caused by rotor 

iron. However, the cooling power is higher and the cool down 

time is longer [7] [19]. In this paper, the warm rotor iron 

topology is adopted, and the space between the field winding 

and the rotor pole is utilized for cryostat installation for SC coil 

cooling. 

B. Optimization Procedure 

An optimization study will be conducted for each design, 

with a different combination of stator outer diameter and pole 

number. For each design, there are many dimensional 

parameters which can be optimized, as shown in Fig. 1 (a). In 

order to simplify the optimization, some conditions are 

imposed: 

1) The cross sectional area of the SC coil per pole is fixed at 

200 mm
2
. 

2) Some of the rotor dimensional parameters, which are 

related to the cryostat installation, are not optimized, as listed in 

TABLE I. This leads to a simplification of the optimization 

process of the SC generator, since the design of the cooling 

system is reported to be very challenging [9]. The airgap length 

equation in TABLE I is achieved by fitting the data of some 

existing electrical machines in Siemens. 

The influence of the area of SC coil will be discussed in 

section IV. For each specific stator outer diameter and pole 

number, the stator yoke thickness, stator slot width and height, 

and rotor pole width are globally optimized to achieve the 

10.5MNm electromagnetic torque with the shortest stack length 

Lstack. The target torque of 10.5MNm is defined based on the 

requirements of a 10MW direct drive wind turbine, which are 

also listed in TABLE I. These requirements are supplied by 

Siemens Wind Power according to the EU INNWIND project. 

Finite element analysis (FEA) software MAXWELL is utilized 

for torque calculation and id=0 (The d-axis is aligned with the 

rotor field excitation) control is adopted and parameter 

scanning is performed for global optimization.  

During the optimization process, the armature DC copper 

loss is fixed to be 495kW to satisfy the efficiency requirement 

of >95%. For simplification, the armature AC loss and the 

stator iron loss are not considered due to the low fundamental 

frequency. The total length of half a turn of the stator coil, 

Lhalf_turn, which includes the end winding length, is (1a) [20]. 

 𝐿ℎ𝑎𝑙𝑓_𝑡𝑢𝑟𝑛 = 𝐿𝑠𝑡𝑎𝑐𝑘 + 2𝑑1 + 2𝐶𝑠   (1a) 

 𝐶𝑠 =
𝜏𝑦

2 cos𝛼
   (1b) 

 cos 𝛼 = √1 − 𝑠𝑖𝑛2𝛼 = √1 − (
𝑏𝑠

𝑏𝑠+𝑏𝑇
)2   (1c) 

 

where bs is stator slot width, bT is the average width of stator 

tooth, and d1, Cs, τy, α are shown in Fig. 1 (b). 

It should be mentioned that the full pitched stator winding is 

adopted in the investigation. The short-pitched winding could 

be employed, since it can eliminate some harmonics in the no 

load voltage. However, if all of the machine stator windings 

have the same pitch, the comparison of the torque capability is 

fair, since the winding factors are the same. Therefore, the 

influence of winding pitch is not analyzed in the paper. 

A parametric sweep is a useful method to highlight the 

influence of a particular design parameter on the particular 

objective. This method is adopted for investigating the 

influence of the combination of stator outer diameter and pole 

number. For each machine with specific stator outer diameter 

and pole number, the stator yoke thickness, stator slot width 

and height, and rotor pole width are optimized. 

 
(a) 

 
(b) 

Fig. 1. Cross section and dimensional parameters of SC generator. (a) Cross 

section and corresponding parameters. (b) Parameters of stator coil. 

 

SC coil 

https://www.researchgate.net/publication/224716653_Design_Challenges_and_Benefits_of_HTS_Synchronous_Machines?el=1_x_8&enrichId=rgreq-9bde977ad32e31891550db8abe18541b-XXX&enrichSource=Y292ZXJQYWdlOzMxMDgwMjQxODtBUzo0MzM2OTg2ODUzNjIxNzZAMTQ4MDQxMzIzMjA5Nw==
https://www.researchgate.net/publication/260513795_Review_of_Superconducting_Generator_Topologies_for_Direct-Drive_Wind_Turbines?el=1_x_8&enrichId=rgreq-9bde977ad32e31891550db8abe18541b-XXX&enrichSource=Y292ZXJQYWdlOzMxMDgwMjQxODtBUzo0MzM2OTg2ODUzNjIxNzZAMTQ4MDQxMzIzMjA5Nw==
https://www.researchgate.net/publication/286240477_Direct_drive_HTS_wind_generator_design_for_commercial_applications?el=1_x_8&enrichId=rgreq-9bde977ad32e31891550db8abe18541b-XXX&enrichSource=Y292ZXJQYWdlOzMxMDgwMjQxODtBUzo0MzM2OTg2ODUzNjIxNzZAMTQ4MDQxMzIzMjA5Nw==


IEEE Transactions on Applied Superconductivity, VOL. X, 2016 

 

3 

TABLE I 

PARAMETERS OF 10MW SC GENERATOR 

Power (MW) 10 
Speed (rpm) 9.6 

Torque (MNm) 10.5 

Efficiency η (%) 95 
hp1(mm) 40 

bp1(mm) 60 

hc1(mm) 60 
hc2(mm) 60 

hc3(mm) 60 

g (mm) 2+0.001×D 
bsc (mm) 12.5 

hsc (mm) 8 

hc3(mm) 60 
Packing factor of stator slot kpac  0.6 

SC coil engineering current density Jsc (A/mm2) 340 

SC coil operational temperature (K) 30 

SC coil maximum perpendicular flux density B┴ (T) 1.34 

Stator current density Ja (A/mm2) 3.5 

Number of slots per pole per phase 4 
Stator coil pitch full pitched 

III. INFLUENCE OF POLE NUMBER AND STATOR OUTER 

DIAMETER 

A. Influence on Torque per Stack Length and Torque per 

Generator Volume 

Some of the cross sections of the optimized SC generators 

are shown in Fig. 2. As the pole number 2p increases, the coil 

pitch of the stator coil reduces and the end winding length 

decreases, which favors fully utilizing the armature winding 

and increasing the torque. However, the ratio of rotor pole 

width to pole pitch reduces, which tends to reduce the 

fundamental flux density in the air gap, as shown in Fig. 3, and 

further reduce the torque. Consequently, there should be an 

optimal pole number to achieve the maximum torque. The 

variation of torque per stack length with pole number is shown 

in Fig. 4 (a). As 2p increases, the torque increases initially, then 

eventually the torque begins to reduce. The optimal pole 

number is related to the stator outer diameter. In this 

investigation, the optimal D/2p for torque per stack length is 

~1/6m. As can be seen from Fig. 3, the maximum flux density 

in the airgap of the SC generator is quite high, 1.5-2T, much 

higher than that of the conventional PM generators, ~1T. 

The variation of torque per generator active volume with 

pole number is shown in Fig. 4 (b). The optimal 2p for torque 

per volume is the same as that for torque per stack length, 

because the pole number does not influence the volume per 

stack length. For the volume in Fig. 4 (b), the length of the end 

windings are not considered. The torque per generator total 

volume (with end winding considered) can be obtained by (2). 

 
𝑇

𝑉𝐺(𝑡𝑜𝑡𝑎𝑙)
=

𝑇

𝑉𝐺(𝑎𝑐𝑡𝑖𝑣𝑒)
∙
𝑉𝐺(𝑎𝑐𝑡𝑖𝑣𝑒)

𝑉𝐺(𝑡𝑜𝑡𝑎𝑙)
=

𝑇

𝑉𝐺(𝑎𝑐𝑡𝑖𝑣𝑒)
∙
𝐿𝐺(𝑎𝑐𝑡𝑖𝑣𝑒)

𝐿𝐺(𝑡𝑜𝑡𝑎𝑙)
   (2) 

 

where VG(active) and VG(total) are the active and total volumes of 

the generator respectively, LG(active) and LG(total) are the active 

and total length of generator respectively. The variation of 

generator active volume to total volume with pole number for 

different stator outer diameters is shown in Fig. 4 (c). When the 

generator is designed with a bigger diameter, a larger ratio of 

generator axial length will be occupied by the armature 

winding. The variation of torque per generator total volume 

with pole number is shown in Fig. 4 (d). There exists some 

optimal combinations of stator outer diameter and pole number 

to achieve the maximum torque per generator volume. 

 

   
(a) (b) (c) 

   

   
(d) (e) (f) 

   

Fig. 2.  Cross sections. (a) D=7m, 2p=16. (b) D=7m, 2p=32. (c) D=7m, 2p=64. 

(d) D=12m, 2p=16. (e) D=12m, 2p=32. (f) D=12m, 2p=64. 

 

 

 
 (a) 

 

 
(b) 

 

Fig. 3. No load flux density in the middle of airgap, D=5m, (a) Waveforms. (b) 
Spectra. 
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(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 4.  Variation of (a) torque per stack length, (b) torque per generator active 
volume, (c) ratio of generator active to total length (active length means the 

stator or rotor stack length, without end-winding length considered), and (d) 

torque per generator total volume with pole number for different stator outer 
diameters. 

 

B. Influence on Torque per Generator Iron Mass 

It can be seen from Fig. 2, as the pole number increases, the 

area of iron of the cross section reduces. Thus, the iron weight 

per stack length reduces, as shown in Fig. 5 (a). When the 

torque in Fig. 4 (a) is divided by the corresponding weight in 

Fig. 5 (a), the torque per iron mass is obtained, as shown in Fig. 

5 (b). There exists an optimal pole number 2p for each stator 

outer diameter to achieve the maximum torque per mass. The 

optimal pole number increases with stator outer diameter. In 

addition, the optimal pole number for torque per mass should be 

between the optimal pole numbers for torque and mass 

respectively, thus, the following relationship is always 

established: The optimal 2p for torque per iron weight > 2p for 

torque per stack length. It is worth mentioning that although a 

combination of larger stator outer diameter and pole number 

favors to reduce the iron mass, as seen in Fig. 5 (b), the 

requirement for supporting structures for the stator and rotor 

becomes tougher, due to the large diameter. Consequently, the 

total weight of the generator may not be reduced. The influence 

of stator outer diameter and pole number on the supporting 

structure is not considered in this paper. With the supporting 

structure considered, the optimal stator outer diameter for 

torque per generator total mass will be lower than the data 

presented in Fig. 5 (b). 

 
(a) 

 
(b) 

Fig. 5.  Variation of iron mass and torque per iron mass with pole number for 

different stator outer diameters. (a) Iron mass per stack length. (b) Torque per 

iron mass. 

C. Influences on Torque per SC Length 

Because the area of SC coil per pole is fixed in the 

optimization, the total quantity of SC material of the generator 

per stack length is proportional to the pole number, as shown in 
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Fig. 6 (a). The torque per SC wire length, as shown in Fig. 6 (b), 

can be obtained by dividing the torque in Fig. 4 (a) by the SC 

wire length in Fig. 6 (a). There exists an optimal pole number to 

achieve the maximum torque per SC wire length, and the 

optimal 2p for torque per SC wire length < 2p for torque per 

stack length. 

It should be mentioned that the SC coil end length is not 

considered in Fig. 6. By including the end length of SC coil, the 

torque per SC wire total length can be obtained by  

 
𝑇

𝐿𝑠𝑐(𝑡𝑜𝑡𝑎𝑙)
=

𝑇

𝐿𝑠𝑐(𝑠𝑡𝑎𝑐𝑘)
∙
𝐿𝑠𝑐(𝑠𝑡𝑎𝑐𝑘)

𝐿𝑠𝑐(𝑡𝑜𝑡𝑎𝑙)
   (3) 

 

where Lsc(stack) is the length of SC wire used within the stack, 

Lsc(total) is the total length of SC wire including both Lsc(stack) and 

Lsc(end). Lsc(end) is the length of SC wire used in the coil end 

winding. Lsc(end) can be obtained by (4). 

 𝐿𝑠𝑐(𝑒𝑛𝑑) = 𝜋𝜏𝑠𝑐   (4) 

 

where τsc is the pitch of SC coil. The variations of 

Lsc(stack)/Lsc(total) with pole number to achieve 10.5MNm are 

shown in Fig. 7 (a). If the generator is designed with a larger 

stator outer diameter, more SC wire will be used as the end 

winding. The variations of torque per SC wire total length 

T/Lsc(total) with pole number are shown in Fig. 7 (b). For 

T/Lsc(total), there are optimal combinations of stator outer 

diameter and pole number, and for all stator outer diameters a 

lower pole number is preferable. 

 
(a) 

 

 
(b) 

Fig. 6. Variation of SC wire length and torque per SC length with pole number 
for different stator outer diameters, the end length of SC coil is not considered. 

(a) SC coil length, stack length=1m. (b) Torque per SC wire length. 

 

 
(a) 

 
(b) 

Fig. 7. Variation of length ratios of SC wire straight length to total length and 
torque per SC length with pole number for different stator outer diameters, 

torque=10.5MNm. (a) Lsc(stack)/Lsc(total). (b) Torque per SC total length. 

 

D. Influence on Cost 

The quotations of SC material, copper and iron are listed in 

TABLE II. The variations of iron, SC material, copper and total 

costs with pole number and stator outer diameter are shown in 

Fig. 8. As the pole number increases, the iron cost reduces, 

because less iron is utilized, as shown in Fig. 2. However, the 

SC material cost increases, due to poor SC material utilization, 

as shown in Fig. 7 (a). The copper cost is constant, which can be 

explained from (5), since the total copper loss and current 

density of the armature winding is fixed in the process of 

optimization. 

 𝑃𝐶𝑢 = 𝜌𝐽2𝑉   (5) 

 

where PCu is the copper loss, ρ is the resistivity, J is the current 

density, V is the volume of copper. Optimal combinations of 

stator outer diameter and pole number exist for the total cost, as 

found in Fig. 8 (d). The optimal pole number for total cost is 

larger than that for SC material cost, due to the reduction of iron 

cost. 

 
TABLE II 

QUOTATIONS FOR MATERIAL COST 

SC material Copper Iron 

100€/m 7.5€/kg 0.8€/kg 
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(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 8. Variation of cost with pole number for different stator outer diameters, 
torque=10.5MNm. (a) Iron cost. (b) SC cost. (c) Copper cost. (d) Total cost. 

E. Influences on the Ratio of Stack Length to Stator Outer 

Diameter 

The variation of stack length with pole number for different 

stator outer diameters to achieve 10.5MNm of torque is shown 

in Fig. 9 (a). The ratios of stack length to stator outer diameter 

are also shown in Fig. 9 (b). As the stator outer diameter 

increases, the generator becomes flatter. 

 

 
(a) 

 
(b) 

Fig. 9. Variations of stack length and ratio of stack length to stator outer 
diameter with pole number for different stator outer diameters, 

torque=10.5MNm. (a) Stack length. (b) Ratio of stack length to stator outer 

diameter. 

 

F. Safety Margin of SC Coil 

During the optimization process in section II, the current 

density in the SC coil is fixed to be 340A/mm
2
. Usually, the 

operating current density should include a safety margin, with 

respect to the critical current density, in order to safely and fully 

utilize the SC material. For the SC material, the critical current 

density and flux density are interrelated, if the temperature is 

fixed. Consequently, the critical current of the SC coil is 

difficult to determine before optimization, because an accurate 

value of the flux density in the SC coil cannot be obtained 

before the optimization. In this section, the safety margins of 

the SC coil for the optimizations in section III are reviewed.  

The temperature of the SC coil is assumed to be 30K, and the 

flux density, B┴, perpendicular to the surface of the SC tapes is 

calculated. In fact, flux densities, perpendicular and parallel to 

the surface of SC tapes, B┴ and B//, both have an influence on 

the critical current density. Only B┴ is considered, because B┴ 

has much more significant influence on the critical current 
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density than B// [21]. The no load flux lines and the distribution 

of B┴ in the SC coil are shown in Fig. 10. The self-induced B┴ 

in the SC coil for a range of stator outer diameters and pole 

numbers after optimization are listed in TABLE III and shown 

in Fig. 11. The maximum B┴ in the SC coil does not vary 

significantly with stator outer diameter and pole number. With 

a current density of 340A/mm
2
, all the SC coils can operate 

with a safety margin of between 23%~27%. The J-B┴ 

characteristic (not available online) is based on the 2G HTS 

material developed by Siemens Corporate Technology. 

Although it is desirable to keep the same safety margin across 

all the optimization studies, it increases the complication of 

optimization. It is acceptable to fix the SC coil current density, 

since the safety margins of the SC coil for different designs do 

not differ significantly. The normal flux density in the SC coil 

under rated load operation is close to that under no load 

operation, because the flux density imposed on the SC coil by 

the armature winding is much lower than that by the SC coil, 

due to the comparatively lower current density. 

The safety margin of between 23% and 27% is for the 

straight parts of the SC coil. In some cases, the critical part may 

be in the end-winding, because the SC wire is under stress due 

to bending, which degrades the J-B characteristic of the SC 

material. However, for a large generator coil, the bending 

usually does not affect the SC material performance 

significantly. Therefore, the safety margin only considered for 

the straight parts of SC coil in this paper is safe. 

 

 

     

 
(a) Flux lines and perpendicular flux density in the SC coil 

 
(b) Flux density in the iron 

Fig. 10 No load flux lines and flux density distribution, D=7m, 2p=32, (a) flux 

lines and perpendicular flux density in the SC coil, (b) flux density in the iron. 

 

 
TABLE III 

MAXIMUM PERPENDICULAR FLUX DENSITY IN THE SC COIL OF GENERATORS 

WITH A RANGE OF STATOR OUTER DIAMETERS AND POLE NUMBERS 

 D=6m D=8m D=10m D=12m 

2p=16 1.320 1.356 1.372 1.377 

2p=32 1.327 1.379 1.386 1.408 
2p=48 1.310 1.357 1.394 1.417 

2p=64 1.286 1.344 1.392 1.413 

 

 

 
Fig. 11. Critical engineering current density - flux density characteristics of the 
SC material. The operational current density and maximum self-induced B┴ in 

the SC coil for designs in TABLE III are also shown as operation points. 

IV. OPTIMAL COMBINATIONS OF STATOR OUTER DIAMETER 

AND POLE NUMBER, AND INFLUENCE OF SC MATERIAL PRICE  

The influences of stator outer diameter and pole number on 

torque per generator total volume, torque per iron mass, and 

torque per SC wire length are summarized in this section, as 

shown in Fig. 12 (a)-(c). It is clear that the optimal stator outer 

diameter and pole number combinations for these performance 

indicators are different. The optimal combinations for generator 

volume, iron mass, and SC wire length, are located in the 

middle, left side and top right corner of the figures respectively. 

The following relationship is always established: the preferable 

pole number which can maximize the SC utilization < the pole 

number which can maximize the generator volume < the pole 

number which can maximize the generator mass. 

The price of the 2G HTS material used in this paper is 

~100€/m, which is expensive in comparison to MgB2 HTS 

wire. However it is expected that in the future this price will fall 

below 15€/m [7]. This represents a huge price reduction which 

could bring some changes to the distribution of optimal 

combinations of stator outer diameter and pole number for total 

cost. The torque per active material total cost with different SC 

material quotations are shown in Fig. 12 (d)-(f). As the price of 

SC material reduces, the influence of iron becomes larger 

comparatively. Consequently, the optimal pole number for total 

cost tends to be bigger, since a larger pole number leads to a 

reduction in iron cost. Furthermore, the final determination of 

D and 2p, which should be determined from a view of 

compromise with a range of performance indicators, could be 

different. Overall, a larger stator outer diameter and pole 

number are preferable, as the SC material price reduces. 

The investigation of D and 2p involves a huge amount of 

computing work, because the optimization should be conducted 
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for each electrical machine with specific D and 2p. Therefore, 

some practical components are not considered, such as the 

design of cooling systems and supporting structures, to make 

the investigation less computationally-intensive. The 

complexity of cooling systems for SC coils varies with pole 

number, since the number of SC coils varies. Furthermore, the 

weight, power (the power of the cooling system is related to the 

generator efficiency) and cost of the cooling system changes 

with pole number.  

V. INFLUENCE OF AREA OF THE SC COIL 

For the optimization in section III, the area of SC coil per 

pole is fixed to be 200mm
2
. In this section, the influence of SC 

coil area on performance is investigated. For each area of SC 

coil, the generator is re-optimized. The optimization method is 

the same as that detailed in section II. It should be noted that the 

operating current densities of the SC coil are not fixed. In the 

optimization in this section, a 25% safety margin, with respect 

to the critical current, is maintained. For the design with D=7m 

2p=32, the operating current density and maximum 

perpendicular flux density in the SC coil are shown in Fig. 13. 

The area of the SC coil appreciably affects the critical current. 

As the area of the SC coil decreases, the operation current 

density of the SC coil reduces. 

Six optimized generators in section III, with D=5m 2p=8, 

D=5m 2p=48, D=7m 2p=32, D=7m 2p=80, D=12m 2p=8, 

D=12m 2p=80, are utilized respectively to investigate the 

influence of SC coil area on torque capability. The variations of 

torque per stack length with the SC coil area are shown in Fig. 

14. The torque increases with the SC coil area, however, the 

increase tends to saturate beyond a certain point, due to the 

magnetic saturation in the iron. For each stator outer diameter, 

the curve for a design with a bigger pole number is less bended 

than that with a lower pole number. As the pole number 

increases, the quantity of iron decreases, which can be seen in 

Fig. 2. Consequently, the influence of iron saturation reduces, 

and the curve becomes less bended. 

 
Fig. 13. Critical current density - flux density characteristics of the SC material. 
The operating current density and maximum self-induced B┴ in the SC coil for 

designs with a range of SC coil area per pole are shown as operation points. 

D=7m, 2p=32. 

 
Fig. 14. Variation of torque per stack length with the SC coil area per pole of 

generators with a range of stator outer diameter and pole number. Base values: 

5MNm (D=5m 2p=8), 7MNm (D=5m 2p=48), 15MNm (D=7m 2p=32), 9MNm 
(D=7m 2p=80), 5MNm (D=12m 2p=8), 30MNm (D=12m 2p=80). 
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Fig. 12. Contours of (a) torque per generator volume, (b) torque per iron mass, (c) torque per SC wire length, (d) torque per total cost, SC=100€/m, (e) torque 

per total cost, SC=60€/m, (f) torque per total cost, SC=20€/m. 
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VI. CONCLUSIONS 

In this paper, the influences of stator outer diameter and pole 

number on generator volume, weight, SC material utilization 

and active material cost, etc., are investigated. The SC 

generator has an iron-cored rotor topology. There exists 

independent optimal combinations of stator outer diameter and 

pole number for defined generator volume, weight and SC 

material utilization specifications. For the same outer diameter, 

the following relationship is established for all models: the 

preferable pole number which can maximize the SC utilization 

< the pole number which can maximize the generator volume < 

the pole number which can maximize the generator mass. 

Usually, the combination of stator outer diameter and pole 

number should be determined by a compromise between the 

generator volume, weight and total cost, etc. The price of SC 

material has a significant influence on the final design. Overall, 

as the price of SC material reduces, a larger stator outer 

diameter and pole number are preferable. 
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