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Abstract

This paper presents the control algorithm of a single-phase AC/DC/AC PWM converter for the linear
compressor of a refrigerator. The AC/DC/AC converter consists of a full-bridge PWM converter for the
control of the input power factor and a half-bridge PWM inverter for the control of the single—phase linear

compressor. At the DC-link of this topology, two capacitors are connected in series. These DC-link voltages

must be balanced for safe operation. Thus, a new control method of DC voltage balancing for the half-bridge

PWM inverter is proposed. The balancing algorithm uses the Integral-Proportional controller and inserts the

DC-offset current at the Proportional-Resonant current controller of the inverter to solve the DC-link

unbalanced voltages between the two capacitors. The proposed algorithm can be easily implemented without

much computation and additional hardware circuit. The usefulness of the proposed algorithm is verified

through several experiments.

Key words: Linear compressor, Unbalanced voltage, IP controller, Single-phase inverter, Half-bridge inverter
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Fig. 1. The proposed single phase PWM converter for
linear compressor.
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Fig. 2. Control system of the proposed topology.

(a)Controller for the single-phase converter

{(b)Controller for the single-phase inverter.
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Fig. 3. Operation block diagram of the half-bridge PWM
inverter (a)The current path in positive direction (b)The
current path in negative direction.
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‘/{1111 + ‘/de AV

del — 2 2 (5>
ViatVie AV

‘/(11‘2 = “ 2 ©_ 2 (6>

A7)4 QM FH AR W £/ BAgk e
20 ol ARAE o A FARS Aea

Time 11+ZQ—C/ TA Vit (7
0

A (NeRRy Afd =99 Ao vy E¥
i LZACR Yeds & F i ols ad 49
fEskATh 2" 4= g AAE] Age] stdrn
= o AWE &Y A R ARE 2A Zloh ol
Fol 289 ALl oete] Y AFE ¢ xS
A EHEG. o AR AdF AdEe Alnd &4
< S7F AZIAL A hsle) BEA e Evd R

rERAY @5 o] A2 5 T

---» Gic2 Charging current increase

offset

s S liny

C,.2 Charging time increase <

Cuct Charging.

Cuc1 Discharging barell i i

Cuc2 Charging

(a)
If I{Icl < Iécz

——» Cu2 Charging current decrease

N Linv offset
/ <
g 7 7 7
> o ~. Pt 9
Cy2Charging time decrease¢———i ‘‘‘‘‘‘‘ 5
C a1 Discharging Cucr Charging
Cuc2 Charging Cuc2 Discharging

(b)
Tig. 5. Effect of DC current injection (a)Injection of positive
current (b)Injection of negative current.

bl
ogt

4. Motot= ARt 25y HA A2 E
41 299 BA 22| Fo Hof 74
st AYAEHES E8 AF F4d o
ArRAeR F - FAS] ufiEe] a9 59 3ol
AF AfFE FIFoEZA H4A B 7t
HAJE Agte] shetRch &
Hol a7

of

ol
ol
iy
L

[}

o
oz
RO

O
i
& 4
i)

stk ASAE S F4
F oA WUz see AGNY gl du
A%E I8 5h)% gol e ARE FAHA wAL

it

42 HRtt =Y Mg M379 4
Aleket st ga = - sk AAY Age
Zte} Ask AME Fote S48k, olE 283t &

B AgS Axtstd ofge] Aat Ak
‘/{1(‘17‘/{112:‘&‘/(11:+A‘/{11 (8>
047"/\1 A‘/d(:v‘_‘_—_T Z]l% %ﬁé% /\é%o]:ﬂ—, A {111'\_1____’ 6‘]’2
nex] QIME e Fatol] oJgh m W Aot o]
o wyi e AEe TR =1E A9S A=

wigstd QWY &9 Aol d=re] &



259
(16)
an

)]

C_AVdC

*
d,

K,
b(AV
=5CA T,

Lpal

[— KAV +

Uk
Lpal

9

Yac ™ Yal

inv

WAne HYYF7) 7

! ) T R 3 2 o m o TR Ry T X R
T = e — = ﬁﬂﬂmﬂ%% ﬂﬂﬂ%ﬂ%
N m o' ® — ) ﬂWoﬂm.l
- Y 2 2RO EY BAIREy
N R o) Ju = _,ow " ﬂ EEM N X ] - Nk
<0 - 5 oo ~ B B L o T o U
= nF |3 7 FIT e TEEHe
i~ Ao a, e T Mg B
o8 + TN oK% ¥ RIS L=< TRl BT
B3 w 5 : o rax <0 oly B o
5 I = = 4 oo B8R T o = mo B W e
B S e Y S A
= o B Ry 7@ N T gy =W R
mh © + BT o I —~ ﬁoﬂﬁiﬂ_‘%ﬁﬁ Sl W -
g gl TER O R W WS AT o HZ T
2, = L Y | 0
W <V Bre oo L w6 mlZdyyg me " ETg
Mo T + AN T = R R g s T wE
oo S o A R ey SR
e I N ﬂn_ﬂowu Il Il ~ & ﬂima}LﬂﬂAoLdﬂ}
= NS NN - I NI
— & SN ol < 3 KT LT e SRR ~
T o << & ok o)) R - T S el
g = Otwﬂ_ o ]Ot__.du)n_i
wﬂr = ilin 6xd|_d dﬂ%? =) g3
—~ Noa PR ST LY S e
RO A T T ) Mo odo o g m M % W OEe oY
Ton | 7o o1 o N of B %o or Tomi ®
T S NN = o B M35 & W S
~ o ~ (e ~ — = = N
o oF — i) WO R R
E : i g S
ﬂlz\&l . —_ wp ojp =
= W L T ° of BE T =
Y < " S ™ =" 2o —F WS N
ol P TR 2w 2RO N o &
M e 4T iy NE S A g 0P = X o <
ol M =R = oy 5 5 EA AR _
om R G I =B S _ I IR, ~
L © + %0 mE 2, N I ol ., o S uk N
+ T L S 7 G Y U
Bw Ey Sle Pw TOERs ® Az ol -
o 5 T g om0 T T e S e
B DS *E s oz D pErEal D
"3 | I "HT F T xy (- P g 1 T
o N z 7o ‘UM w ™ = ol W_\l Vm E @H N o W ©° V;M
o GGG N 9 ey 4
el T @ Ak g M N K ) oy B !
= N omo T % W B 2
E_u&. NCBR o s iy L:Am7mna i
T Bo o M- NS o = = = A |
ol oo Mﬂio ol o.ﬁﬂﬂw_u.,_ e
=N Tor | W T L= M I
M B o oo N E MR <
- Xﬁ ™ 0 3
X > cellron T ol om < ™o N O 3
O T NN B do ¥ o X T

Gl

I A|

4 2

=

=

=

=

bo
o0 Ee el

o

Fo4 60[H)e)

o

A5, ABE
A} .

1

9
i

[e)
R

=

o <]

)

o= vehdt) uhebA

% 91

=
]

Efol

(15)

F ek,

1
=

=002 Fojxth
T

*

A Vdc

3} o] A el

o}



260 The Transactions of the Korean Institute of Power Electronics, Vol. 22, No. 3, June 2017

AC-DC Converter DC-AC Inverter

W
Filter .
L
o\
Grid
226V, 60Hz
- =
il H
HEL SN 053 /: in Lree H
i > pr-Current| | y* i Sine wave
i Vie | prvotage & Conttion rec | i Current Order
H Controller = O H [
Hl g Lpeak ~ Erec : :
L . : i
Converter Controller Vier, Viez
Vet | \ j i i H
M/: :
1 | I
Vact1 +Vacz 1Wiest 1 * 1 { H
1 I inv 1 i
] T ot ;
H ! Sl ([ e —————————
Inverter Controller

Fig. 6. Overall control block diagram of the proposed back-to—-back PWM converter.
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TABLE I
PARAMETERS OF THE PWM CONVERTER

Grid voltage: Grid frequency:
220 [V] 60 [Hz]
Parameter | DC-link capacitor: | Filter inductor:
of power | 4,700 [uF] 5 [mH]
CEhEree fsrzzicel;l:f DC voltage oder:
10 [kHz] 50 [V
Parameter | Switching .
) Current order:
of power | frequency: 1A]
inverter 10 [kHz]
Rated Rated frequency:
P t
e;ral;ne o power:750[W] 60 [Hz]
ot fnear Inductance: Resistance:
COMPIESSOT | 5501y 10 [Q]
leCroy] i
/]
V1|
27 I
]
{‘_1'] | ;I.
-21dp W | + |
/DC Voltage Balancing %Conl:rnll
| Pl

r 1

0 [sec] 0.5

Fig. 9. Comparison between voltage difference of each
capacitor and estimated unbalance voltage when the
transient response of balancing control.
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Fig. 10. Transient response of the balancing control.
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