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░ ABSTRACT- In this research work a six–phase BLDC Hub motor designed, developed by using an existing 3–phase 

BLDC Hub motor material. This conversion orients towards design modifications in the stator winding layout, the number of phases, 

the number of hall-sensors, placement of hall-sensors and stator winding commutation. Also, a new controller is designed to 

commutate the six-phase stator winding. The rotor is kept the same without any modification in geometry and number of magnets. 

The existing 3–phase BLDC Hub motor, which is used in two – wheel EV application, has 48 slots and 52 magnets and a 

concentrated double layer winding layout is observed in it. This paper presents a novel direct approach for the conversion of the 

existing 3–phase BLDC Hub motor to a six–phase BLDC Hub motor. Using this proposed approach, a six-phase winding layout is 

designed and developed for the existing 48 slots stator of the BLDC Hub motor. This approach reduces the number of iterations to 

determine the proper phase sequence and phase offset among the phase windings compared to regular Cros’ method. In this work, 

first the existing 3–phase BLDC Hub motor is dismantled, and its stator is rewound with the six – phase winding layout, which is 

determined by author’s presented direct approach. The winding was designed in such a way to keep the stator slot fill factor in 

practical limits. Six hall-sensors placed in the stator slots to identify the position of the rotor. Secondly, a new controller is designed 

to run the developed six-phase BLDC Hub motor. Six-phase and 3–phase BLDC Hub motors are loaded at common load conditions, 

for performance comparison, and experimental results of both the motors presented. The results show that the six-phase BLDC Hub 

motor performs better than the existing 3–phase BLDC Hub motor. Hence, this work proves that the conversion of existing 3–phase 

BLDC Hub motor to a six–phase BLDC Hub motor is viable and can be adopted commercially. 
 

Keywords: BLDC motor; Concentrated winding; Design of BLDC; Hub motor; Six–phase winding. 

 

 

 

░ 1. INTRODUCTION   
In India, electric scooters use is gaining more popularity for 

individual local transportation in urban and sub-urban areas due 

to its low running cost per kilometre. Apart from running cost, 

they do not pollute the atmosphere and silence when compared 

with IC engine scooters. In an electric scooter the main 

components are the drive motor, battery, the controller, and 

battery charger apart from other auxiliary electrical and 

mechanical components [1, 2]. While designing an electric 

scooter the first and foremost component to be accounted for is 

an electric motor. Therefore, the electric motor used must be 

able to produce adequate output power for the propulsion of the 

vehicle for a given load condition and the speed. The important 

task is to determine an appropriate type and ratings of a motor 

based on the required performance of the scooter. A Brushless 

DC motor of out-runner topology, also known as the BLDC 

Hub motor, is considered due to its more efficiency and 

reliability [3 – 7] compared to the regular motors. The out-

runner topology drops the use of drive belt or gear wheels or 

pulleys as the rotor is directly welded to the rim of the rear 

wheel tire. This reduces the power loss while transmitting 

power to tire and increases efficiency [5]. The BLDC Hub 

motors used in EV applications are also due to their good 

torque-speed characteristics, low noise level, and simple design 

[7, 8]. In these Hub motors, all teeth concentrated winding 

layouts are observed popularly and compared to traditional 

distributed double layer windings, all teeth concentrated 

winding layouts have significantly reduced overhang portion 

[9] resulting in compact coil size [10] and lowered copper 

consumption [11, 12]. The Brushless DC Hub motors have 

smaller axial length and a larger diameter of the stator, which 

gives lesser active coil side length [13]. Manufacturing of these 

Hub motors is simple and cost saving as the consumption of 

lamination material and copper is lower [14]. A concentrated 

winding Brushless DC Hub motor performance relays on the 

slot-pole count [15, 17] and hence it must be chosen wisely. For 

low-speed direct drive EV applications, concentrated all teeth 

winding layouts usually have SPP in the range of 0.25 – 0.5 

[16]. The Brushless DC Hub motors have fractional slots per 

pole per phase, causing lower alignment among the stator teeth 

and the rotor pole, resulting in lesser cogging torque [18]. The 
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Brushless DC Hub motors are of out-runner topology, have 

their own limitations and In-runner topology BLDC motors 

suitable for high-speed applications [19, 20]. A significant 

challenge for current L1 class standard electric scooters is their 

comparatively low gradeability when measured against their 

internal combustion engine-driven counterparts. Consequently, 

electric scooters often have difficulty ascending ramps in 

elevated areas, as well as in underground or cellar parking 

locations. This limitation can result in discomfort for the rider(s) 

and may potentially lead to hazardous situations during ascent. 

This work also motivated with the approach of VARCAS; a 

Hyderabad (India) based automobile pvt. Ltd company. The 

company makes Electric scooters with Brushless DC Hub 

motor imported from China. The company wanted the authors 

to design and develop the Brushless DC Hub motor locally with 

some improvements in its performance and reliability. 

 

░2. SPECIFICATIONS AND 

METHODOLOGY   
The approach of VARCAS has set off the work of a Six-phase 

BLDC Hub motor. The existing 3–phase BLDC Hub motor 

specifications are given in table 1. This BLDC Hub motor is 

dismantled, and its stator is rewound with the six – phase 

winding layout, which is determined by author’s presented 

direct approach. The complete assembly of the Hub motor is 

shown in figure 1. 
 

RIM with Rotor 

Magnets

Rear end conver

Front end conver

Shaft

Stator

 
Figure 1. Assembly of BLDC Hub motor 

 

░ Table 1. Specifications of existing 3-phase BLDC Hub 

motor 
 

Parameeter Value 

Rated Out Put Power 850 W 

Rated Speed 550 r.p.m 

Rated Torque 15 N-m 

Rotor Outer Dia 230 mm 

Rotor Inner Dia 210 mm 

Rotor Stacking length 30 mm 

Stator Outer Dia 208 mm 

Stator Inner Dia 163 mm 

Stator Stacking length 29 mm 

Magnet Size (L x W x T) 30 x 12.5 x 2.5 mm 

This 48slot-52magnet count gives a winding factor of 0.9494 

for 3-phase winding layout [15, 21] and 0.9801 for 6-phase 

winding layout. A winding factor value greater than 0.94 gives 

better performance of the motor as the performance is 

influenced by the winding factor. 
 

2.1. Proposed method for winding design 
The following assumptions are made while designing a six-

phase balanced concentrated double layer winding layout to the 

existing 48 slots stator: 
 

1. The number of slots (Ns) should be multiple of the number 

of phases (Nph). 

2. There are no empty slots in the stator.   

3. Two coil sides are placed in each slot.  

4. A slot – pole count must allow the winding layout to get 

back EMF magnitudes equal in all phases and 60 0 E off set 

from each other are considered. 

5. The number of turns in all the coils and span is the same. 
 

The above assumptions give a winding layout capable of high 

performance and easy to wound. The coil span (CS) should be 

close to 180 0 E and is determined by  
 

CS = max (fix (Ns / Nm), 1)     (1) 

                                     

The stator slot angle (θsl) relative to the first stator slot can be 

used to determine phase difference. 
 

θsl = (S-1) (Nm / Ns)180 0 E   (2) 

 

Where ‘S’ is the slot number. These angles may extend outside 

the range -1800 E ≤ θ ≤ 180 0 E. A reminder function is used to 

determine the principal angle related to each of these angles.  
 

θsl = rem {(S -1) (Nm / Ns)180 0 E, 3600 E}     (3) 
 

Equation (3) modified such that it avoids use of the rem 

function and gives the number of slots for phase offset by the 

following equation.  
 

Mo = (0.5 +2q) (2Ns/3Nm)    (4) 
 

Where q is an integer. While laying out a winding, coils with a 

span of ‘S’ are placed in slots such that relative angular coil 

midpoints are as close to 00 E and 1800 E apart. Coils close to 00 

E are wound in one direction and the coils close to 1800 E are 

wound in the reverse direction since the magnetic flux direction 

reverses at 1800 E. The coil locations must be chosen that are as 

close as possible to 00 E and 1800 E separation. The number of 

coils per phase is given by 

 

Ncph = Ns/Nph    (5) 

 

For the existing 48 slots and 52 poles Hub motor, the nominal 

coil span CS = 1, the Slot angle θsl = 1950 E i.e. Each coil offset 

angle is 1950 E w.r.t the consecutive coil. The phase offset Mo 

= 4 slots and the coils per phase are 8. The total number of coils 

in the stator is equal to 48. Each coil offset angle and associated 

In and Out slots are listed in table 2. These coils offset angles 

are valid and may extend outside the range -1800 E ≤ θ ≤ 1800 

https://www.ijeer.forexjournal.co.in/
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E. The principal angle (θ) related to each of these angles is 

determined by  
 

θ = rem (θ + 1800, 3600)  (6) 

 

Table 3 provides the angle (θ) of each coil with respect to the 

first coil. The coil’s winding direction is modified (inter change 

of In slot & Out slot) whose angle (θ) is greater than 900 E and 

their corresponding angle by 1800 E. This gives the prospective 

coils for phase A. Table 4 shows the details along with In and 

Out slots. Eight coils should be selected from table 4 to lay a  

winding for phase A. Coils, which are close to 00 E should be 

used and its angular spread of the winding should be minimum. 

Since eight coils are required per phase, the coils numbered 1, 

2, 3, 4, 25, 26, 27, and 28 are closest to 00 E and have a total 

spread of 450 E are chosen. Table 5 shows the phase A winding 

layout. Since the phase offset of Mo = 4 slots lead to an angle 

600 E offset between phases A and D, hence each coil in phase 

D is shifted by 4 slots with respect to the corresponding coil in 

phase A. 
 

 

░ Table 2. Each Coil offset angle and it’s associated In & Out slots

Coil No 1 2 3 4 5 6 7 8 9 10 11 12 

Coil Angle 0 195 390 585 780 975 1170 1365 1560 1755 1950 2145 

In Slot 1 2 3 4 5 6 7 8 9 10 11 12 

Out Slot 2 3 4 5 6 7 8 9 10 11 12 13 

Coil No 13 14 15 16 17 18 19 20 21 22 23 24 

Coil Angle 2340 2535 2730 2925 3120 3315 3510 3705 3900 4095 4290 4485 

In Slot 13 14 15 16 17 18 19 20 21 22 23 24 

Out Slot 14 15 16 17 18 19 20 21 22 23 24 25 

Coil No 25 26 27 28 29 30 31 32 33 34 35 36 

Coil Angle 4680 4875 5070 5265 5460 5655 5850 6045 6240 6435 6630 6825 

In Slot 25 26 27 28 29 30 31 32 33 34 35 36 

Out Slot 26 27 28 29 30 31 32 33 34 35 36 37 

Coil No 37 38 39 40 41 42 43 44 45 46 47 48 

Coil Angle 7020 7215 7410 7605 7800 7995 8190 8385 8580 8775 8970 9165 

In Slot 37 38 39 40 41 42 43 44 45 46 47 48 

Out Slot 38 39 40 41 42 43 44 45 46 47 48 1 

Selecting coils numbered 5, 6, 7, 8, 29, 30, 31, and 32 from table 

4 to form the phase D winding coils and its layout as shown in 

table 6. Keeping phase offset of 600 E (4 slots) w.r.t the phase 

D coils, phase B coils can be placed in the slots. Selecting coils 

numbered 9, 10, 11, 12, 33, 34, 35, and 36 gives the phase B 

winding coils. Similarly, phases E, C and F coils are placed in 

the slots keeping phase offset of 600 E with respect to each 

phase and choosing the coils close to 00 E. Table 7 shows Six – 

phase double layer concentrated winding layout designed for 

the existing 48 slots, 52 poles Hub motor using the proposed 

direct approach method. This Six – phase winding layout 

developed is depicted in figure 2. A 15 strands copper conductor 

used in the winding and each strand gauge is 25SWG. There are 

6 turns in each coil of phase.  The winding was designed in such 

a way to keep the stator slot fill factor in practical limits [22]. 
 

 

░ Table 3. The principal angle of each coil with respect to the first coil and it’s associated In & Out slots 
Coil No 1 2 3 4 5 6 7 8 9 10 11 12 

Principle Angle 0 -165 30 -135 60 -105 90 -75 120 -45 150 -15 

In Slot 1 2 3 4 5 6 7 8 9 10 11 12 

Out Slot 2 3 4 5 6 7 8 9 10 11 12 13 

Coil No 13 14 15 16 17 18 19 20 21 22 23 24 

Principle Angle -180 15 -150 45 -120 75 -90 105 -60 135 -30 165 

In Slot 13 14 15 16 17 18 19 20 21 22 23 24 

Out Slot 14 15 16 17 18 19 20 21 22 23 24 25 

Coil No 25 26 27 28 29 30 31 32 33 34 35 36 

Principle Angle 0 -165 30 -135 60 -105 90 -75 120 -45 150 -15 

In Slot 25 26 27 28 29 30 31 32 33 34 35 36 

Out Slot 26 27 28 29 30 31 32 33 34 35 36 37 

Coil No 37 38 39 40 41 42 43 44 45 46 47 48 

Principle Angle -180 15 -150 45 -120 75 -90 105 -60 135 -30 165 

In Slot 37 38 39 40 41 42 43 44 45 46 47 48 

Out Slot 38 39 40 41 42 43 44 45 46 47 48 1 

https://www.ijeer.forexjournal.co.in/
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░ Table 4. Changed winding direction of coils whose principal angle > 900 E and it’s associated In & Out slots 
 

Coil No 1 2 3 4 5 6 7 8 9 10 11 12 

Principle Angle 0 15 30 45 60 75 90 -75 -60 -45 -30 -15 

In Slot 1 3 3 5 5 7 7 8 10 10 12 12 

Out Slot 2 2 4 4 6 6 8 9 9 11 11 13 

Coil No 13 14 15 16 17 18 19 20 21 22 23 24 

Principle Angle 0 15 30 45 60 75 -90 -75 -60 -45 -30 -15 

In Slot 14 14 16 16 18 18 19 21 21 23 23 25 

Out Slot 13 15 15 17 17 19 20 20 22 22 24 24 

Coil No 25 26 27 28 29 30 31 32 33 34 35 36 

Principle Angle 0 15 30 45 60 75 90 -75 -60 -45 -30 -15 

In Slot 25 27 27 29 29 31 31 32 34 34 36 36 

Out Slot 26 26 28 28 30 30 32 33 33 35 35 37 

Coil No 37 38 39 40 41 42 43 44 45 46 47 48 

Principle Angle 0 15 30 45 60 75 -90 -75 -60 -45 -30 -15 

In Slot 38 38 40 40 42 42 43 45 45 47 47 1 

Out Slot 37 39 39 41 41 43 44 44 46 46 48 48 

░ Table 5. Phase A coils with In & Out slots 
 

Coil No 1 2 3 4 25 26 27 28 

Coil Angle 0 15 30 45 0 15 30 45 

In Slot 1 3 3 5 25 27 27 29 

Out Slot 2 2 4 4 26 26 28 28 

 

░ Table 6. Phase D coils with In & Out slots 
 

Coil No 5 6 7 8 29 30 31 32 

Coil Angle 0 15 30 45 0 15 30 45 

In Slot 5 7 7 9 29 31 31 33 

Out Slot 6 6 8 8 30 30 32 32 

 

 
 

(a) 

 

 
 

(b) 
 

 
 

(c) 

Figure 2. Winding layout (a) Winding of Phase A; (b) Winding of 

Phase A&D; (c) Winding of all Phases

https://www.ijeer.forexjournal.co.in/
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░ Table 7. Six – phase winding layout of 48S – 52P Hub motor using simple approach method 

Slot 
Phase 

A 

Phase 

D 

Phase 

B 

Phase 

E 

Phase 

C 

Phase 

F 
Slot 

Phase 

A 

Phase 

D 

Phase 

B 

Phase 

E 

Phase 

C 

Phase 

F 

1 In     In 25 In     In 

2 
Out, 

Out 
     26 

Out, 

Out 
     

3 In, In      27 In, In      

4 
Out, 

Out 
     28 

Out, 

Out 
     

5 In In     29 In In     

6  Out, 

Out 
    30  Out, 

Out 
    

7  In, In     31  In, In     

8  Out, 

Out 
    32  Out, 

Out 
    

9  In In    33  In In    

10   Out, 

Out 
   34   Out, 

Out 
   

11   In, In    35   In, In    

12   Out, 

Out 
   36   Out, 

Out 
   

13   In In   37   In In   

14    Out, 

Out 
  38    Out, 

Out 
  

15    In, In   39    In, In   

16    Out, 

Out 
  40    Out, 

Out 
  

17    In In  41    In In  

18     Out, 

Out 
 42     Out, 

Out 
 

19     In, In  43     In, In  

20     Out, 

Out 
 44     Out, 

Out 
 

21     In In 45     In In 

22      Out, 

Out 
46      Out, 

Out 

23      In, In 47      In, In 

24      Out, 

Out 
48      Out, 

Out 

2.2. Placing of Hall sensors 
The number of hall sensors used for BLDC hub motor is equal 

to the number of phases. Typically, more Hall sensors might be 

required to provide the necessary position feedback to handle 

the six phases effectively. This requires strategic placement to 

cover multiple phases and ensure reliable operation. 

Implications for the placement and utilization of Hall sensors, 

such as each sensor must be positioned to capture accurate rotor 

position data corresponding to the increased number of phases. 

The placement of Hall sensors must be carefully aligned to 

accurately detect the rotor position and facilitate the correct 

sequencing of the phase currents. Precise alignment of the Hall 

sensors becomes even more crucial with additional phases. The 

six hall sensors are to be placed 600 E apart from each other. 

There are two ways to place the hall sensor, one is by mounting 

it on a board inside the motor positioned to pick up the magnetic 

flux and the other is by mounting it in the stator slots. In this 

research work, it is proposed to place it in the stator slot. Placing 

of hall sensors begins with calculating the mechanical angle of 

each slot. 
 

 
 

(a) 
 

https://www.ijeer.forexjournal.co.in/
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(b) 
 

Figure 3. Hall sensors placement (a) 6 hall sensors grouped into two 

sets with PCBs; (b) Final placement with packaging. 

 

Slot mechanical angle (θslm) = (3600M) / Ns      (7) 
 

Electrical angle of Slot (θsle) = (Nm/2) θslm         (8) 

 

The six hall sensors are to be placed 600 E apart from each other, 

by equating the equation (2) to (60 + q360) 0 E where q is any 

integer in the range 0 to [(Nm/2) -1] produces an integer result. 
 

Ko = (0.5 +2q) (2Ns/3Nm)               (9) 
 

For the existing BLDC hub motor, which has Ns = 48 & Nm = 

52; the q = 6 produces an integer result for Ko = 4. Hence, the 

spacing between each hall sensors are 4 slots that will give 600 

E apart from each other. Figure 3 shows the placement of Hall 

Sensors in the slots of the stator. Any misalignment can lead to 

incorrect phase switching, resulting in suboptimal motor 

performance, increased noise, and mechanical vibrations. Thus, 

meticulous calibration and testing are essential during 

installation. 
 

2.3. Design of the Proposed controller 
 

 
(a) 

 

 
(b) 

Figure 4. (a) Block diagram of 6-phase BLDC Hub motor; (b) Circuit 

diagram of the 6-phase windings excited with two inverter sets. 

 

The block diagram of the closed loop control system of 

developed Six-phase BLDC Hub motor and circuit diagram of 

stator winding excitation with two inverter sets is shown in 

figure 4. Launchpad F28069M Piccolo™, a specific model of a 

development board of Texas Instruments™ is used to generate 

the PWM pulses to two Inverter sets with the help of feedback 

signals of hall sensors. This control board is equipped with a 

TMS320F28069M 32-bit MCU featuring 90 MHz C28x CPU, 

256 KB Flash, 12-bit ADC, 2 encoder interfaces (eQEP) and 16 

PWM pins.  
 

 

░ Table 8. Three – phase Inverter Set1 and Set2 switching logic 

The switching control logic to generate PWM pulses to the two 

sets of 3 – phase Inverters is shown in table 8. The developed 

logic implemented by programming a TI C2000™ based MCU 

platform through the MATLAB Simulink. 

2.4. Development of hardware system 
The Six – phase winding of BLDC Hub motor is grouped into 

two sets of Three – phase and the six Hall sensors grouped into 

θr Ha Hb Hc 
T 

11 

T 

13 

T 

15 

T 

14 

T 

16 

T 

12 
Hd He Hf 

T 

21 

T 

23 

T 

25 

T 

24 

T 

26 

T 

22 

00 - 600 1 0 1 1 0 0 0 1 0 0 0 1 0 0 1 0 1 0 

600 - 1200 1 0 0 1 0 0 0 0 1 1 0 1 1 0 0 0 1 0 

1200 - 1800 1 1 0 0 1 0 0 0 1 1 0 0 1 0 0 0 0 1 

1800 - 2400 0 1 0 0 1 0 1 0 0 1 1 0 0 1 0 0 0 1 

2400 - 3000 0 1 1 0 0 1 1 0 0 0 1 0 0 1 0 1 0 0 

3000 - 3600 0 0 1 0 0 1 0 1 0 0 1 1 0 0 1 1 0 0 

https://www.ijeer.forexjournal.co.in/
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two sets, since two 3-phase inverter sets are used to supply the 

stator of the six-phase BLDC Hub motor. The phase offset 

between the two inverters on each leg is maintained at 600 E 

through the gate switching pulses of corresponding legs. The 

hardware setup of inverters, a gate driver board, F28069 

Controller, and six-phase hub motor are shown in figure 5. 

Increasing the number of winding phases from three to six in 

BLDC Hub motor has certain implications for the inverter 

system used to drive the motor. Such as the commutation 

control becomes complex as each phase needs precise timing 

for switching. The control algorithm for the inverter becomes 

sophisticated, inverter requires more electronic components 

than its three-phase counterpart, including additional power 

switches, gate drivers, and potentially more complex digital 

signal processing capabilities. This increase in components can 

lead to a rise in the overall cost and size of the inverter system. 

But the shift to a six-phase offers notable benefits in terms of 

performance, reliability, and efficiency. These advantages can 

make the transition appealing for applications demanding high-

performance and robust electric motor solutions. 

 

 
 

(a) 
 

 
 

(b) 

Figure 5. (a) Hardware setup of two 3 – phase Inverters sets with 

Gate driver board; (b) Six-phase Hub motor with Hall sensors 

feedback and F28069 Controller. 

░ 3. RESULTS AND DISCUSSIONS 
An existing 3–phase BLDC Hub motor converted to a six–phase 

BLDC Hub motor. Six-phase and 3–phase BLDC Hub motors 

are loaded at common load conditions, for performance 

comparison. 
 

 
 

(a) 
 

 
 

(b) 
 

Figure 6. (a) Hall Sensor Ha & Hb feedback signals of set1 having 

1200 phase offset; (b) Gate Pulses of T11 & T13 with 1200 phase offset 
 

Experimental wave forms of hall sensor feedback, switching 

gate pulses, line voltages and current are shown through figure 

6 to figure 7. The experimental loading values of 3–phase and 

six–phase BLDC Hub motors are listed in table 9. 
 

 
 

(a) 
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(b) 
 

Figure 7. (a) Line Voltage VAB & VDE of Six-phase Hub motor 

with 600 phase difference; (b) Line voltage VAB & Current IA 

waveforms of Set 1 winding of Six-phase Hub motor 

 

 
 

(a) 
 

 
 

(b) 
 

Figure 8. (a) Plot between Input power and Torque; (b) Plot between 

Output power and Torque 
 

 
 

Figure 9. Plot between Efficiency and Torque 

 

░ Table 9. Three – phase & Six – Phase BLDC Hub motor experimental loading summary data 

S. No. 

 

 

  

Load 

Torque 

(N-m) 

 

  

3 – Ph motor  

Input Power 

(w) 

6 – Ph motor  

Input Power 

(w) 

3 – Ph motor  

Output Power 

(w) 

6 – Ph motor  

Output Power 

(w) 

3 – Ph 

Motor η 

(%) 

  

6 – Ph 

motor η 

(%) 

 

  
1 0.00 108 48 0.00 0.00 0.00 0.00 

2 0.51 228 96 35.51 28.62 15.57 29.81 

3 2.81 336 228 189.70 152.12 56.46 66.72 

4 5.36 492 342 352.07 273.58 71.56 80.00 

5 7.91 660 444 499.86 393.10 75.74 88.54 

6 10.20 780 558 625.76 497.62 80.23 89.18 

7 12.75 900 672 750.17 610.01 83.35 90.78 

8 15.56 972 792 848.43 729.56 87.29 92.12 

9 18.11 1032 876 909.81 826.41 88.16 94.34 

10 18.87 1068 912 839.48 846.67 78.6 92.5 

░ 4. CONCLUSIONS 
The Six – Phase concentrated the double layer winding layout 

was developed for existing 48 slots, 52 magnets BLDC Hub 

motor using the proposed direct approach method. The winding 

layout has a winding factor of 0.98 and the no-load cogging 

torque pulsations over one revolution of the rotor is 624. Cros’ 

method does not indicate phase offset and angular spread of 

coils around the slots of the stator periphery is unsymmetric 

even though the number of coils in a phase is an even number. 

Whereas in the proposed method phase offset is clearly 

indicated and it is symmetric with minimum angular spread. 

The proposed six-phase winding layout produces balanced 

dynamic radial forces on the rotor resulting in less vibration and 

noise. Hence the presented direct approach is a good choice for 

determining the winding layout for conversion. It is also valid 

for other poly – phase winding layouts of more than three – 

phases. Six-phase and 3–phase BLDC Hub motors are loaded at 

common load conditions, for performance comparison, and 

experimental results of both the motors presented. The results 

show that, at the rated output power of about 850W, the 3 – 

Phase Hub motor produced 15.56 N-m torque whereas the 6 – 

Phase Hub motor produced 18.87 N-m. Thus, an increase of 

21.7% of torque is obtained in the proposed Six – phase BLDC 

Hub motor than the three phase BLDC motor Hub of same 
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volume. Hence, the electric vehicle using a six–phase BLDC 

Hub motor can climb steeper upgradient than a vehicle using 3-

phase BLDC Hub motor. The efficiency of 3 – Phase Hub motor 

is 87.29% whereas 6 – Phase Hub motor is 92.5% at the rated 

power output. The six-phase BLDC Hub motor performs better 

than the existing 3–phase BLDC Hub motor. Hence, this work 

proves that the conversion of existing 3–phase BLDC Hub 

motor to a six–phase BLDC Hub motor is viable and can be 

adopted commercially. The six-phase BLDC motor can deliver 

higher torque and efficiency, which directly translates into 

improved vehicle performance and longer driving ranges. This 

advantage is a substantial selling point for EV manufacturers 

aiming to differentiate their products in a competitive 

marketplace. Additionally, the improved efficiency can lead to 

reduced energy consumption, potentially lowering operational 

costs over the vehicle's lifespan, which enhances the economic 

appeal to both manufacturers and consumers. The future works 

that are to be carried out are (i) The fault tolerant capability of 

the proposed Six - phase BLDC Hub motor has to be examined. 

(ii) Thermal efficiency of the motor must be analyzed and 

improved due to high coil packing density. 
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