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A Novel Method for Calculating the Stroke of LPMSM for Driving
Linear Compressor Using High Pass Filter
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ABSTRACT

Linear compressors with a free piston driven by a linear motor are widely attention in the cooling apparatus
such as refrigerator due to the high efficiency. The stroke of piston in the linear compressor driven by
LPMSM (Linear Permanent-Magnet Synchronous Motor) can be obtained from integrating the input voltage and
current of LPMSM, but it may be diverged due to dc components in the voltage and current. The strategy to
prevent the divergence of stroke using both the high-pass filter and dc offset compensation was suggested.
The equations for the magnitude and phase of the stroke and also dc offset including the stroke are derived as
a function of the cut-off frequency of HPF. The accurate stroke of a piston can be calculated by compensating
for dc offset. The performance of the newly developed stroke calculation scheme has been verified by
experimentally on a linear compressor drive system, where the control was implemented by a 16-bit DSP.

Key Words : LPMSM, Linear compressor, Stroke, Integration, High—pass filter
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AHEE HEGE7] 754 LPMSMe] AR 2223 A 1Y 9

nogEel 598 287 dae WA rde
Bl AFAE Bt TEEAL A4S 2Ezar 4
()% o] AT,

= E&smwt + L t 3)
aw o

_ T8
Xi(s) = ——7 X (s) @
(A7 r= gle £ = mejEE e AuFate)

" i
@
1o
[
[l
ru
[
>,
o
1>
=
=
=

0,
_O‘L
H
=l
1
i)

‘X;L = ‘X;s + Xd( (5)
HA 2EZAY] AF F HA IFAAES Fdv
Aejoln e te A% 2o maUn
X, = 1 &sin [wt+tan™! (L )] 6
f. g QW f
1+(7)

A7) QWE Fshrct neLE e ABTnest
e A 44T A AENTE BAGe 2

gk A7 v Awt

X,

E
o (Wt) = —sinwt = X sinwt @)
aw

s Bl _Tp ©)



10 ENETHE WG FUE FLH 20065 21

A D3 A (9F AHgste] 2EEA A2 thEn

= [e]
o] g0} glew of 3
e grldze AsgRel Mastn 1oREe
wFsiso] whd@th weREY 24 sEwa

%0 o' 2% At |

E
X =X,— X,;,, = —stnwt = X sinwt (11)
aw P

ol71M, 2ER A9 IAA § Xp=En/(aw)°]th
I 4E AVHEY AFRAEE Ee = 1V 7HA
star IWE FHE7E 60HzE 49, a1
F37t 05Hzol A 3Hz2 W3t A dF
259l o5 g 9ol Wzt a9
AFAEe] Mg Bl Aold.

(M
[
[
1o

1.0
Gain
[p-u]

0.995 . . .

5.0

Phase

[deg.] //

0.0 . . . .
5.0

Xdc B
[mm] [

0.0 L . L L
D.5 1.0 1.5 2.0 2.5 3.0

Jc [Hz]
38 4 ASFTISHsiel 3 1HZE SN
Fig. 4 Characteristics of HPF with cut-off frequency

N
i
ox.
e
>
{m
i
&
oX,
e
b
ol
o
=
o
k3
(]

(i
el

neRHe) AeTArE 1HE ARSI
BFERest 945

nggRel o5, A4 % ARYE wtol o

) ARYEIN A= F2ES A%

7 7o) 60Hzz AT 3

ol wRTAAE skl AolsE

TR FHOR FIH

Ao rlr

rE o
lo
_>‘“1_'4

e

IS T A

e

[>

5
H
r

s

N

i=3

<>

)

o 2
2 £
2
;1{; ot oH
z2
P>
N

AN o Loplr B OE R 2
d 7
2
=2
>

ur &L

X

2 -y Iy
i

ogh o 12

¢ =2

Ao

(i
o
m |
&
2 N
o)

Y
LA/

O

nege 29
@ 7717 B ARelA
Age

2
N
N
b [
i
4r
2
M
2
o

2 Al gafojdZ =t
F4E719 LPMSM AA 8 Aghe o 19

E 1 LPusMe| A % o=

Table 1 Rating and parameters of LPMSM
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