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A Study on the Reduction of Ripple Current
for 7 Phase BLDC Motor
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A Study on the Reduction of Ripple Current
for 7 Phase BLDC Motor

by Dong Jun Seo

Department of Electrical & Electronics Engineering

Graduate School of Korea Maritime University

Abstract

Motors are indispensable components in the industrial field, and they are used in
various fields such as transportation, industrial equipment and electric equipment. DC
motors have been used in many fields because of their speed and torque
characteristics. But there are some problems of maintenance and repair due to the life

degradation that is occurred by the structural nature of the brush.

Brushless DC(BLDC) motors are simple in structure and high in efficiency, and
their use is increasing due to the development of permanent magnets and power
electronic devices. The BLDC motor has excellent torque characteristics because it
can make uniform torque by the product of square wave phase current and
trapezoidal counter electromotive force. In addition, since the constant field flux is
supplied to the rotor by using the permanent magnet, the efficiency and the power

factor are superior.

And because BLDC motors maintain high efficiency over a wide operating range,
they are well suited for applications requiring variable speed drive. Generally 3 phase

BLDC motors are limited in high speed due to torque ripple and speed fluctuation.

_Vi_
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In order to improve the torque ripple, it is necessary to increase the number of

phases, poles and slots of the motor.

Multi phase BLDC motors have advantages such as reduction of torque ripple and
increase of efficiency compared with 3 phase BLDC motors and can operate even if
one or two phases fail. These characteristics make multi phase BLDC motors widely
used in military application products and special fields. Particularly, 7 phase BLDC
motors are widely used as propulsion motor for military application products and

underwater applications.

7 phase BLDC motor has higher phase usage rate than 3 phase BLDC motor,
which is advantageous in achieving high output power within a limited space. In
order to achieve high output power, 7 phase BLDC motor operates at a high speed
of about 20,000rpm. The reactance of the phase winding increase due to the high
speed operation, and the reactance value becomes larger as the speed of the motor
increases. The influence of the reactance in the high speed operation is delayed in
the rise of the phase current, making it impossible to make a sufficient phase current
magnitude necessary for the output power, and the output power is lowered. In order
to improve this phenomenon, the advance angle method and the 7 phase winding

excitation method are applied..

However when the advance angle method and the 7 phase winding excitation
method is applied, the ripple current and ripple voltage at the power input terminal

increase, which may be a main cause of electrical noise.

In order to reduce the ripple current and ripple voltage for the 7 phase BLDC
motor operated to achieve high output performance within the limited space, analyze
the ripple current and ripple voltage generated at the power input terminal of the 7
phase BLDC motor. And apply the DC Link Capacitor to check how the ripple
current and ripple voltage change. This paper proposes a mothod to select the DC
Link Capacitor with the minimum and optimum capacity according to the motor

characteristics.
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Fig. 2 Back EMF and phase current of PMSM
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Table 1 Phase current flows according to the operating mode
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Fig. 12 Back EMF and phase current wave form of 7 phase BLDCM
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Fig. 14 Back EMF and phase current of 7 phase BLDCM
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Table 2 Ripple current(Al) vs. Duty ratio(D)

duty ratio(D)| D < (1 — D) Al duty ratio(D)| D < (1 — D) Al
0 0 0 0.55 0.2475 0.2475
0.05 0.0475 0.0475 0.60 0.24 0.24
0.10 0.09 0.09 0.65 0.2275 0.2275
0.15 0.1275 0.1275 0.70 0.21 0.21
0.20 0.16 0.16 0.75 0.1875 0.1875
0.25 0.1875 0.1875 0.80 0.16 0.16
0.30 0.21 0.21 0.85 0.1275 0.1275
0.35 0.2275 0.2275 0.90 0.09 0.09
0.40 0.24 0.24 0.95 0.0475 0.0475
0.45 0.2475 0.2475 1 0 0
0.50 0.25 0.25
0.300
0.250 ; e - —..______‘\“
/r
0.200
= 0.150
0.100
0.050
0.000
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.50 1.00
Duty Ratio(D)
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Fig. 15 Ripple current(Al) vs. Duty ratio(D)
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1Pl A AHEH

=
= = u
AEASd, 294 Far 2 dYE2E Yt Duty ratiod] wWE E

Duty ratio 50%, < D7} 0.5¢
7’4+ BLDC #

Table 3 Ripple current according to duty ratio

dAHF A | =9A AEE 2 | duty ratio AIIA
VI | Fomh] | [eH] [%] ol
50 142.86
60 137.14
70 120.00
600 14 75
80 91.43
85 72.86
90 51.43
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DC Link capacitor &%l @& 2]E39Hs 4] 450 whet Abstd % 49 2t}

Table 4 Ripple voltage according to DC Link Capacitor

A A =93 AY® 2 | duty ratio Capacitor AV [V ]
[V] = < [kil] [ «H] [“%0] &S uF] P

330 3.87

500 2.55

1000 1.28

1500 0.85

2000 0.64

2200 0.58

600 14 75 50 2500 0.51

3000 0.43

3500 0.36

4000 0.32

4500 0.28

5000 0.26

Bus Ripple Voltage(V,, )

16 X 40 Yetd &
UeRd Aol

aA3E

%_
o},

Bus Ripple Voltage vs Bus Link Capacitance
fora 50% duty Ratio

dutyratio 50% & ®We AMWAIH &F o

4000 4500 5000 5500 &000

Bus Link Capacitance(pF)

6500 7000 7500 B0O00 8500 9000 9500 10000

Fig. 16 Ripple voltage vs. DC Link Capacitor(duty ratio 50%)
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4.1.2 A EH A A

AlE#oldol A& DC Link Capacitor®] &5 ol 3E 59 Zo] ®3IA7|HA
As7] Ad  dEdy  gHgEAF 2 gFHYY  ZVlE Flsnh
ANEZ oA ATAE SF 3249 ZEAY F AIANEH &F ALk
&3 Hsr] gedE 2 AfAIE %A sdsHA A s

—

>

Table 5 Case of simulation according to capacity of DC Link capacitor

T AW B 8T (uF) T ANAE BT (uF)
1 1000 6 3000
2 1500 7 3500
3 2000 8 4000
4 2200 9 4500
5 2500 10 5000
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Collection @ kmou



" 203 218 1000[uF]9) AHAIEH S

AqEe A As7] €Ty HEFHASY
9 YEZAF Aot AlEH ol Ades A4S oF 644[V]E28[VIolH, HAA}L

oF  671[V], AAALE oF 6lev]e Ayt ysigh =3I AFE oF

438[AJx83[A]01 M, HUNAF= oF 520[A], HaAF= oF 355[A]19] A7} vpsioh

Hevl

\”' MH‘ | I

!HIIMV il

HRFIA]

Fig. 21 Ripple Current(1000uF)
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% 229 238 2000[uF]9 AWAIEH S
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Fig. 22 Ripple voltage(2000uF)

I Al ZHsec]

Fig. 23 Ripple Current(2000uF)
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Fig. 24 Ripple voltage(2200uF)
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Fig. 25 Ripple Current(2200uF)
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Fig. 26 Ripple voltage(2500uF)
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Fig. 27 Ripple Current(2500uF)
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Fig. 28 Ripple voltage(3000uF)
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Fig. 29 Ripple Current(3000uF)
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Fig. 30 Ripple voltage(4000uF)
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Fig. 31 Ripple Current(4000uF)
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Fig. 32 Ripple voltage(5000uF)
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Fig. 33 Ripple Current(5000uF)
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At b 2o ZoE wuH, AN $Fe A% FhAddE
gEdF 2 gEAYY g4 ZFVF A UdEHUA e AR gldn. o=
UA 32404 g ATYAIH & wE HIZAR[F 2 gSASES AtE
At fAHE AP BelFa

Table 6 Summary of simulation results

GER= AUV AFA]

S | Az | Hm | gEdAd | AW Az | gU3AF
1000 671 616 644+28 520 355 438+83
2000 653 626 640+14 482 392 437+45
2200 651 632 642+10 469 400 435+35
2500 649 633 641+8 457 410 434424
3000 647 634 641+7 458 416 437+£21
3500 646 635 641+6 454 420 437+17
4000 647 635 641+6 461 418 440+22
4500 645 636 641+5 457 420 439+19
5000 644 636 640+4 457 425 44116

Al2do|d 21t

Capacitor 2 vws 2| EHY |

1]

=

H

T

ElT]

rar Y|

BT /25

DC Link Capacitor & Z[uF]

Fig. 34 Summary of simulation results

_39_
Collection @ kmou



4.2 AY
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(a) Configuration of 7 phase BLDC motor test

(b) Picture of 7 phase BLDC motor test
Fig. 35 Test facility configuration
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Fig. 37 Measurement result without DC link capacitor
Table 7 Measurement result without DC link capacitor
TE Va[V] 1A[A]
Capacitor ]2 -& 600+5 590+260

g EX 7= 74 BLDC AE7] ol U= 9F 330[uF] AdjAIEe} HE A2%
DC Link Capacitor®] Z3Oo=Z DC g ZAFe Fyhro ofzte] o] o o}
a9 382 AExAzIxE ESHE MY 2 HF agzoy 3 Fr= oF

3.2x100[ sec] 2 FTEE oF 3,150(H]o] VAT,
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Fig. 38 Frequency of ripple current
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Fig. 40 Measurement result with 2.1[mF] DC link capacitor

Table 8 Measurement result with 2.1[mF] DC link capacitor

T ValV] IA[A]
2.1mF Capacitor 600+5 570+150
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A 9 d/E
Power
Supply
Fig. 41 With 2.5[mF] DC Link Capacitor
774 BLDC #5719 <IME@e] g5 e= dd 8 ARs AT 2=
19 42, 3% 99} Er}

_46_

o}e)



Va[10V/div] La[20A/div]

1800
610 i T it
M P 1
590
=0
—
200[usec]

Fig. 42 Measurement result with 2.5[mF] DC link capacitor

Table 9 Measurement result with 2.5[mF] DC link capacitor

T Va[V] TA[A]
2.5mF Capacitor 59343 5454135
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Fig. 43 With 5.0lmF] DC Link Capacitor
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Fig. 44 Measurement result with 5.0/mF] DC link capacitor

Table 10 Measurement result with 5.0[mF] DC link capacitor

T Va[V] IA[A]
5.0mF Capacitor 593+3 600120
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Table 11 Summary of experiment results
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Fig. 45 Summary of experiment results
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Fig. 46 Calculation results according to capacity of capacitor
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