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Abstract

The three-level converter has the advantages of low voltage stress, low switching
loss, and low harmonic content of the output voltage of the power switch tube, and has
been widely used. Among them, the NPC type three-level converter is one of the most
widely used structures. However, there are inherent disadvantages of the NPC type
three-level converter, namely the midpoint voltage balance problem, which mainly
manifests as the midpoint voltage fluctuation and the midpoint potential shift, which
will affect the output waveform quality and even cause harm to the system. For this
reason, this article has carried on the thorough research to the NPC three-level converter
modulation and the midpoint balance control strategy.

This paper firstly studies the working principle of NPC type three-level converter,
and explains the principle of three-level space vector pulse width modulation (SVPWM)
and carrier stack pulse width modulation (SPWM).

Based on the research of the working principle and modulation method, this paper
establishes the mathematical model of the three-level converter in the three-phase
stationary coordinate system and the dq synchronous rotating coordinate system. Then
the paper studies the vector control strategy and designed the phase-locked loop, current
inner loop and voltage outer loop controller, and verifies the validity of the design
through simulation.

For the problem of neutral point voltage balance in three-level converters, this
paper studies the control algorithm based on two modulation methods: SPWM and
SVPWM. With the neutral current as the breakthrough, controlling the average effect of
the switching state output equivalent to the actual three-phase reference voltage, the
paper derived the calculation method of the required injected zero sequence voltage.
And the “prediction-constraint-check-correct” control algorithm is studied. A midpoint
voltage balance control strategy based on SPWM modulation is formed.

Based on SVPWM modulation, this paper proposes the neutral voltage balance
control strategy of the nearest three-vector method. The neutral point voltage balance
and ripple suppression are achieved by adjusting the action time of redundant small
vectors on the basis of ensuring that the order of the switches is unchanged. However,
this method is not effective under small modulation ratios. The paper improves the
deficiencies of this strategy and proposes a neutral point voltage balance control
strategy based on midpoint current prediction. The duty cycle adjustment factor is
calculated for each subsector and the midline current of the next switching cycle is

II



MR T K2 AR L T (830

predicted to balance the voltage difference. Simulations shows that this method has the
effects of voltage balance and ripple reduction at different modulation ratios and
different power factors, and the balance and ripple suppression effects are better.

Finally, the three-level converter system experimental platform is designed and
built. The platform is mainly composed of a three-level converter main circuit, a power
supply module, a DSP core control system, a PWM drive system, a sampling system
and an upper computer monitoring system. Three-level SVPWM modulation,
closed-loop control system design, neutral voltage balance control and other experiment
are completed on the platform.

Key words: three-level converter; neutral voltage balance; SVPWM modulation;
zero-sequence component; current prediction
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R Toll AR L B G850
FAAERRPE AN BT R, BLR n A4 m AR 3k bR I AE s .

LRI f=50Hz B, 7£ MATLAB/SIMULINK %8 ot 5% 7] ) |2 &
PWM J5 34T EAEFE . P 2-3 i Hi O 28 oL T Y

S
=
\O

Vab/V
0

 -600

0.05 0.1 0.15 0.2 0.25 0.3
tims/s

K 2-3 i AR BT

00 18 B P SN LA A AT, T LA

(1) SPWM i il 5 240 th 24 i I A vh 28 b IS AN S e AL, 547 %K
PRNEF BB R, EASIEE 7 &

(2) AR rh, I AE T AR TP AR AL, HE I T R LAY
BHUG AN O IR, IRERUN.

(3) E=MARGML LT, BPACHIEBA LIGE, PULFRMES PWM
IR CE I ROR B, Ry 0 2 L R T I s Btk

2.4 =BT |E)KR=EHKTTIATIRIB L ER
241 ZBHFEZFREXENH

SVPWM il il] 777226 = A B R A R — R g AT ), F — AR E RN =
HMHE, SR5 AR RS A B R R R A 0% B R &

NPC = d1 A B 2 AFAHMRE Al St Py O A1 N =Rb e P, = AESL AT DA
3 =27 PRI HEAFHE . X 27 IR (2-6), FI1E] 19 MEAH
JER &

V=30, e 7T (2-6)

By oV, Vol RE =B E, VRRB=FHe SRR,

K] 2-4 RFEA RSB . 19 MEA B EREME—ANEASTE,
NUUFREA D= AT SRR —NRE, —DRETRE - DHZANTF RS
I P. O FI N MR G Rom 27 DI RORES, =ANFRE AR R av by ¢ =
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M. B 60 BERI A— AN X

Kl 2-4 ZHPREEIRESAR
PR T 19 MEREAH R R =S I RSE, RESRUE 2-2 Fin.
#2222 REHE

RRE HRE EMRE  UNRE FRE
PNN PON ONN POO PPP
PPN OPN PPO OON 000
NPN NPO NON OPO NNN
NPP NOP OPP NOO
NNP ONP NNO OOP
PNP PNO POP ONO

AL, =P E  — NERE . NI RE. AP RE
FIANDNKRKE . K AFREFN =T RIRE, — A DNREX BT RIR
o ADNREN RIS L TN E,

Mt T HCPR, R T BOR A B A . WER AN A, A
T AR RS, e BRI T A A AL A2,

2.42 FFRIRTSIS P R B RAVF

M BRI TR R, AR s T O I, RIS SRR A,
117 25 P PR NI, Ao RS BRI TE k. AR 2.2 mTDUEH, KRE
A R At P AT N PERCIRZS, PRI R AR B i i s e

FREA ML O, SRR P AN, PR R s A R,

o1l -



W RIE TR AR AL B (30

HAX A AR5, & i AR i i 5 B R NS, DT AR R

IENRE— ML O, FMHL P ELN, I IE/NREXS H nl A 5,
Hrb s it 5 8 i s A . SR EMARRH O, —A4ith P BN,
PE AN R T S R R, RS Ty M RIS, TS A

TN NNN A1 PPPOIRZSH, = MI#SSCA B 2 b, PLoxt o s i it e sy
M. OO0 IRZASHI =HIHGERL R £, PR AR 0.

M LT 7B AT 0, TR E AR EXS T s R, R EAVN R E RS
R AT R . 3R 2-3 NEEARRE RN R HL

R 23 HARREAEN T A
EANRE PRER fUMNRE RRRER PRE PR

ONN ia POO -ia PON ib
PPO ic OON -ic OPN ia
NON ib OPO -ib NPO ic
OPP ia NOO -ia NOP ib
NNO ic OoOP -ic ONP ia
POP ib ONO -ib PNO ic

243 ZHPZEREKFEFETEREEZEZSHE

=7 SVPWM IR FVECIESH R KRR XA . SEAE A a] o5
I IRPRAS 73 iS5 3R, SRR W 2-5 Fror .
(1) ZHREXRF

SHERERFRMSH RN RGN . WQ-DIR, HRE SR
B HEIEMS R EIENEE, THEA=ARE SRS SR E,

¢ Vae

U] k

Vae (| ZFER| Vi | KX 1t RANE2 f AN
™| R ™ [ ndL NI
[ [
Tabe

N |n n N

Y Yy
pulses | pip | state  |JFRAE M WA | T | iz
| rm e | s [ %z [©

K 2-5 =HF SVPWM i) E k8 ko & K
(2) X830
XA FIW N THR B AR S EBHERN = RA R s, K 2-5 i, BN KE

-12-



M R DIV R AR & (830
I 6 DNKIX, AKX 6 NMNX. Rl T, 1L I IV, V. VI
FoR KX, 1. 20 3. 4. 5. 6 Boan/MX
RS ERIERENMIEL, 160 BEA— RXBEAT AW AR /NX ) XA
FJLFIR R, &R LN T 225 o i Ok B e /N X 3R AT 4 T

La
6
4
__ /2 N\ "3_ ref
g s
1
[Z) ! O
o v,

K 2-6 SVPWM i/ X 4551 b
ik 2-6 o, LAEE T KRIXONHI, SHEBIKREY,, (o B A8 RS2

BAV, MV, ENO, HV, =V, cos0, V,=V, sinf.

2 0<30° 0, v, fE/NXE 1 83 85 . %Vﬂﬁ—\/gVa+ngC’ 2% H,

FoR Y AENKR 1, %Vﬂﬁx/gVa—?Vdc, Wy, AN S i Y, 1
NXIE 3N
H 02301, V, fE/NXIE 2 5456 W, %VﬂSﬁVa+§Vdc, W, 75/

K2 #2530 K6 B Y, KR4 .

LK R, BTN, BHEABESERKEER/NX,
(3) My [E 5
Wt 22 i R B AR IX 8, AR il =R VAN, B =N EARKE T,
Vyo Vi FIZEWREREY,, —le, RNRE-PH 5 FEH
IV +LV,+TV, =1V,
{T1+T2+T3=TS &7
T, T, T,, BI=H"F SVPWM Hidk3 A2 8] & /8 Al B A]
WLk T KX 4 /NX A,
1.t Ny 1

Vi=sVu s V=0 e V=l V=V @)

RARQC-E
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1 NE) T .. T 1 T .. T
EVC,CT3 +7Vdc(cosg+]smg)T2 +§Vdc(cos§+]sm E)T1 V,(cosO+ jsin )T,
(2-9)

L= N B

Re: lVdj’3 \/gV . COS— T+1V . COS— T V., cosOT, (2-10)
2 2 6 2 3

Im: £V sm”TJer .sin — T V. sin o7, (2-11)
2 6 2 3 ‘

BT, T,, nﬁ%ﬂﬁsn[l—zksin(%—e)], Z"S[stin(%+9)—l], T (1-2ksin6) ,

2V
;H\: I:P _ ref
\/_Vdc

FIE, WSRHZHHRIRREY, MK, AR ERER . & 2-4

AT RIXW 6 AN/NXEEAAE R E R,
#2-4 FEARREAEHN AR

X i T I T
[ RIX 1/hX 2kT, sin(z /3 - 6) 2kT, sin 6 T.[1-2ksin(z /3 +0)]
[ KX 2/MX 2kT, sin@ T.[1-2ksin(z / 3+ 6)] 2kT sin(7z /3 - 6)
[ KX 3 /X T (1-2ksind) T[1-2ksin(z/3-0)]  T[2ksin(z/3+6)—1]
[ KX 4/NX  T[l-2ksin(z/3+6)]  T[2ksin(z/3+6)—1] T (1-2ksin )
[ RIX5/NMX 2T [1-ksin(z /3+0)] T [2ksin(z /3-6)—1] 2kT, sin@
[ KX 6/ 2T [1-ksin(z /3 +6)] 24T sin(z /3 —6) T [2ksind 1]

KEZEIA 108 AEFIRE], LG R X I 7 Y [8) 2 8] 474532
R AR LA DNXA = A EEAR EAE R R, mTRH AKX
18 AMEFHI 18145 21 o5 oA KIXAIFE R 8] X8l R /e 5 — AN K IX A1 P I (e
VENFEAEIS (8], 3832 40 ¢ 2R b v I 1) 7 A 53 AN KIX AR A I 1]

(4) I EPIRZS 70 BT

S TR 70 A2 1 B 58 2% 28 AR SR B s DL PR T SRS B AR Y, K2R
O VAR FI I 18] 23 BC 25 RH S B AR s AN 77 A2 28 L B R e A, SIS T
R BOFER], XA & =1 SVPWM i il FE I < .

B S S -E B AR S 7 i -

W DU R BRI P A XA R EAE ] T, 7, TEEATHR
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P X B BGU ) BE R R, ARKRRT, 1, THE. K 2-8 AR
R1-E B 18] 73 Bl FAR B

% o055ty NP
] L I h
Sawtooth Fen Gain1
Generator
»{1/4
™ ]
1 1/
D =T 2 D
T123 M
{172
T3

K 2-7 BB TR e 07 2K

K 2-7 R M S H 5 REIRSHRI EEE, AT —REIREK
FPAB 73 LS =

FHIR A& SR IR R PP 70 B o

KRS 1S N AR — KR s AR R BT — B AT T R ek .
s LR N, PAAE R BN HIERG R E, £ 2-5 N1 KRKX 6 MIXH
RERBER T, HrhftRaES Ny O P2 mlFomat N =AM K. FH-F
AT R

F 25 REREWRFE

[ RIX 1/hX ONN OON 000 POO OO0 OON ONN
[ KX 2 /NX OON 000 POO PPO POO OOO OON
[ KX 3/hX ONN OON PON POO PON OON ONN
[ KIX 4 /NX OON PON POO PPO POO PON OON
[ KX 5 /MX ONN PNN PON POO PON PNN ONN
[ KX 6 /hX OON PON PPN PPO PPN PON OON

e A2 REREFA NI RN

TFRARZFRn i T R A F I TARIRAS, BISCHrai il . RERERR
HLE = A B P IRES U R . RSP ER T o P  BOR R UNER 2-1 flo, IR
PR AR

MR LI Pk ) SVPWM i il AR R @ A b AUD IR, X = RSP AR g
RGBT R

-15-



ISR Tl S AR B (30
Bl 2-8 NIXIHWT I AR LA — RN,V SR X EIIRF A T
IV, HAKXASHHEEREFER/NXEFA S 3. 4. 6.

[SCaCa'e

| | | | | 1 1
0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
tims/s

B 2-8 XM 1 2
B 2-9 ABREIE M T EE R . $EE M 80 5K 8RS KB EEE, N
TIRBIE AW, BN A -, R EIRS R IEFIT R E RS
THIN o BRI T X RO RS AOAE P 8] 18T 2-10 ot 2k i I A7 L
. Al e A SO =

N (main sector)
= ~ = N
T

=S

o

n (subsector)
i_‘ w =

500

sector
Vab/V
0

0.1001  0.1002_ 0.1003 0.1004 0.1005 0.1 0.14 018 022 026 0.3
tims/s tims/s

K2-9  BRIEHE M 1 4RI K 2-10 iy A FL e Je 2 L IS A LA 2R

2.5 RENGE

-500

o~
©
v
<
e o
™
—
0.1

REESND TP AL = B A B AR i AR B, R A R T (R A
b N T =P EBR B KD R AR, IR I8 I XU B A AN A T
TERCRFIE o AR MR A 2 18] R B 20 A AT SRR X s A ALK S, iR T = AP
22 [A) R K B8 A ) P AR SR, R e 0 O R AT SR E

-16 -
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B3 E ZHPTREWNFRYLIEHIRT

3.1 5|18

REAEE = P AR s T N AR T2, AR SOR A H R H R E 7] R R AR
7k, P A R A R RO E5 A S 1, R A LR A, X A2 I
WBEATHE ], SRR R IR IR, Xt BB B R AT I 0], DASEIL R SR AR E
iB17,

AR SN T AE AR LR AR RO dq [R]AD R AR AR B R I = P AR 4 25 A
PR, JRAEBLIEAL B, i 7 =T AR AR R B S, 45 T B A i
[ . FELUAL P P A 4 A R T S PR I8 1) 85 O BT T i

32 ZHPTHRBUFRE

=P AR R S BT 3-1 P o G0 AR i a0 F0 A R AR SRR O3 A
L= P AR IR AR A, AR S R = A R ARAR BT dq R0 ek AR AR &
AR,

4 L (v R
Q Wy T
B L R — 7 Cl
) N =HT { i
T p LR c h
°® A " L

K 3-1 = H PR S A SE A HE 1]
TE=MEIEABPR R T, B HEEE . B e8I FE S SO L R
HIFFE . HRPEF/RE RBEEERE (KVL) N = HEr IEALAR &R T LR T FE

di, )

L py +Ri,=e, —(V, +uy,)
di, )

LE+R1,, =e, —(V, +uy) (3-1)

L%+Ri€ =e —(V, +u,)
o Va = SalUcl _SaZUCZ ’ Vb = SblUcl _Sb2Uc2 ’ Vc = SclUcl _SczUcz - R ONFERUEM,

LONAZHM RS, 1, v i, A1, AR R, e, v e, Ale, ARLRIRESS, u,, N EIE

-17-



R TR AR B (830
2 5 RN = A AR A L

B = AP, AT E, A

e +e +e =0 (32)
i +i,+i =0 )
N 3-1)A1(3-2) 1] LR F
1 1
Uy = _S(Sal +Sb1 + Scl)Ucl +§(Sa2 + sz +Sc2)Uc2 (3‘3)
ZE AN, RS =P AR R SR A A R AR R T B AR Y
X =AX+BU (3-4)
Hbx=[iiiU U, U=le, e e i,, i1
_5 0 0 _l(Sal_Sal—i_Sbl—i_Scl) _l(Saz_Sa2+Sb2+Sc2)
L L 3 L 3
R 1 S +S5, +S 1 S +S.,+S
0 _Z 0 _Z(Sbl_ al 3/)1 cl) _Z(sz_ a2 §2 02)
A=| O 0 _R _l(Scl_m) _l(Sd_SaerszJrScz)
L L 3 L 3
Sal & Scl 0 0
C C C
Se _Sw _Ss 0 0
. C C C |
l 0O O 0 0
L
0 l 0 0 0
L
1
B={0 0 — O 0
L
0 O 0 l 0
L
0 O 0 0 l
L

BT T =P AR AR AE abe AR IEARKR R R AOBCARAL, (Hifi TR
2%, ARTER RGBT KU ZERAE, FAboy dq F2P e A br R T
BUri . gl 3-2 BiaR, abe =HHERIEARSR R E)E R EAE dq [F)25 R A bR
RN, AE abe ZAHFR IEARFR R T I ARSI LA B AE dq [F2P e Ahn R T
BN E R .

-18 -



I R T R E AR i G830

K 3-2  abe i IEAAAR RGO EAE dq FIZD e A by 2 0 A
I = HEF LA bR R B dq [R5 e A AR R AU HAL R RN
[ed e, € i, I, iO]T =R)[e, ¢, €. i, i, ic]T (3-5)
ot R(0) 9 ABC — dg BIALHSERE -

sin(wt) sin(owt—27/3) sin(ot+27/3)

R(0)=|cos(wt) cos(wt—2r/3) cos(wt+2r/3) (3-6)
1/2 1/2 1/2
£ dq A FR 2 T A2 KVL 5
Lﬂ+Rid =e,+Lai -V,
dt !
di (3-7)
i
Lj+Riq =e, +Lwi,—V,
HiM KCL /52
idc:ic+iL:C&+i (3-8)
a U,
WRIEI PR R, TEe, = 0MIFAT MBI D) 2Pl 5 72
P, =3(ei, +ei)/2=U,i, (3-9)
2Up oYy _; 2813 (3-10)
3 e, dt e,

¥ 30(3-9)F1(3-10) B HL 45 :
LCdZUdC _; 2R3
3e, dt’ ¢ e,

NE-7FG-11) i NS TE dq [F2D e AL bR &R T BB, GB-11)AT
NH I TR A — B R R

(3-11)

-19-



I RV TV R AR B (B30
%%CdUdc :id—ZPL/3
3 e dt e,

3.3 ZHEPRRBIKREITHITREE

AR SR R 5% B ) S D P ) F T R 2 1), R P s PO O PR A £ i 5
o FLEARA T EAR RS A ) B2 i I, FRLR A A T A s F e A 3
KA T LA D4 g (B R BEAT P, a4 i DA Ty e S IS B DR )
P, I P A T R S U RE R AN T 1A A o B 3-4 S L FLR U AR
il RGHER

Ve

Vi 5 R | i o "
’ A e R

(3-12)

NPC

.
P
1 L

B34 7 b R FUR SUTFRAE dq ABHE B T RO RGO
3.3.1 $FRIFEH B BTt

Kl 3-5 7R N AE AR [F D e i A AR 2 dg ITPRARER IEABKR R o T, BRI HLE
AT R R R A A B R .

B 3-5 [ Asb 2% A SR A
FEE 3-6 11, V,,, RIS H RO, VOB M B R HER &, 1V, ATV,

-20 -



M R DIV R AR & (830
IR HL P L R IS HE R B o R g By B 6 Ko M HERBAE, 6,%
TN IR R O A . FEL P R R SR ME R R DL I Bl ). BYURH PR AL T IE
AR, V.V, NES, B16, =0, & WEFIMEER,

V(0 =0) =V, sin(6 =0,) =V, 080, =V, s, (3-13)
CHEMFAR RN
L e
BTk,
V,=V,5c080, =V, sin, (3-15)

I N (3-15), AT LT HBAR 20y Y H TR O A R I R R A ME R
(6, —6,) w] LUIE I H ) o R T R R 1Y) ¢ By Bkt IR . A iR e BUERS, VN
—HRE, V,N%F. SO R R 3-6 Prr.

2nf, ¢27r

A kT V. R A wt+0,
A b T Pz 22 Yl 0= Jwdt >

A5t M@‘W
sin(wt+6,) |

cos(wt+8,)

36 BT R SHE
3.3.2 BERMIMEHIRRT

HIG-12) A, AHds dq S EAAER G, A SCRAT AT RS 12 S0
X AT RS . EOREESLY, . Y ERIE Y, . V) 5i, . i FIRAR. TRIEE
SHERL RSV, VRV, VR, naG-16)HTR:

varvie [ LG/ FAM |V
g

_¢ V:S

{Vd =KV,
. (3-16)
V, =KV,
BRG-16ANK3-7), BHEFIXB-17):
L@mid =e,+Loi, —KV,
di (3-17)

di ;
Lj;’+Riq =e,+Lowi,— KV,

KRR AT RS T, 2V v I G-18) iR

-21-
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V, =(e,+Loi,+AV,)/ K
. ) . (3-18)
V,=(e,+Lai, +AV,)/ K
BRG-1)RNAKB-17), BHE R K (3-19):

L€£+RQ= AV,

dt

h (3-19)
L;;+R@:—An

M1 30(3-19)F H R 3 N(3-18) W] DAL B L AR AR ), A Ja RERS 45 21 P9
SR —BBIERR R, PR W] A TE P A% 85 TR AT 420, Horb Ay, o Av;
i,y i, FRARMWT

AV =k, (i, —i)+k, [ @ —i,)de
’ (3-20)
AV, =k, iy i)+ k, | iy —i,)dr
Hobiy s DB, i, Mg Ml . ARAEIN(3-16) 5 2(3-20) 1 N 28 B T HLIAL P PR 4%
i, &l 3-7 N R GHEE

PIFz Il 4%

PIIZ il 4%

37 LRI RO
3.3.3 EEINMEHIZEIR T

8 HL S FELRUX AR S 1) Sl o, H IR AR AR S ORAIE B B 26 L IR R AR E
PEUA K REFIIPTLRE T . AIRGB-12) T AE 2, T R i s i B i A v AT
ZNEITT, RSB 2 E I ME . A ST T P4 B A BE X HE I AR A I
AT it

N T AT BB F R PR PR E (B, A 75 EEORAIE AR e a3 40 A\ DR St 2
HOPHT . DML IRFE L KT AR A5 AR AT -
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%[ed (g +ip) + €, (i +i,0) | =V, Gy +,0) (3-21)
EB:‘F‘%)EH EEIX_XJ EEEEW’ eq =0, &Zd :idl +id2 ’ ip :ipl +ip2 ’ tﬁﬂ’f’ty\j'
%edid =V, (3-22)
I = F P AR g 1) E AR I LAE B0 R IR 2 -
i =2ce
r da
FELJAE AR )84 S R O 1 F R NI R R, DR T DU E PR A
EST R, R MR P ] R GUAE B T LR NI 3-8,

(3-23)

vdc ref

- id Zed ip ic 1 Vac
PI P—» — _ >
4 v, + sC

K 3-8 HLEA NS RGAHERE
HIE] 3-8 T LAB F, BRLR R BB f AR A & 2e, /3y, , N T IHBRI%AE
BRI, R AR ST AT A -
_ v

| K,
ldiref - e (Kp + T)(Vdciref - vdc) (3_26)
d

3.4 (hEWIE

P& A FAS R UG UE A T L AL X P A 1) AR e e vk A IR PR AT L 3 A P e
K 3-9 9 BiAH A et A JEE ot RUBER f D7 BT

T T T T T
100 .
>
2 0F y
-
-100 -
1 1 | 1 1 | 1 |
0 0.05 0.1 0.15 0.2 025 03 035 0.4 045 05
T T T
6L
=
£ o4 /
=
2 o2
0 1 1 Il 1 1 1 1 Il
0 0.05 0.1 0.15 0.2 025 03 035 0.4 045 05
T T T T T T
< 50
&
s
495 = 1 1 1 | 1 1 1 1 1 =
0 0.05 0.1 0.15 0.2 025 03 035 0.4 045 05

time/s

B39 BIHHI R b A R A R
M 3-9 Ha] UE B AR BN 0.25s WiBBIRasE, R Ak br R 100
FHHE RO BRER 1 AR, ATXS PLL SE3E R IEMR PEREAT T 50k

-23.-



R Toll K2 AR L B (G850
T 3-10 AR RIUNE B W 0 . BRI AL, ,, =0, fE 0055 %
SE L, o =104, AT DUE I Dy H i o 5 45 A R R PR A B A 1 Be
A TR SRR — 2 s, (B 0.05s WIKERAE, EM T FRIF IS BRI
B, BA RIS,

B 3-11 v E B F B BRI A0 B . WIdRI 21V, |, =400V, fE
t=0.5s IF 45 7€ V,, ., =500V , NI AT LU i B BB AE PR I 5L N A — € B M,
VAT A, REREIRIRIK AR e . I0UE T RS AR R e, HRA—
5E I PR

30

25

15 /
<
3 (
=
0 \ Iq

1 I I I 1
0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7
time/s

Kl 3-10 JoIhHRS E MY ERET 1d1q 15 B3 TE

550

500 —

vde/V
IS
2

400 [~

350 1 1 1 1 1
380 420 460 500 540 580 620

time/ms

M 3-11  HimBR RS e ERET Ude 15 B
3.5 KRENE

AREE AT IR T = WP A AR AR = M R AR R N I BCER . Y T
T fEH KRGttt SRR T dq R edeAsbn 2 T IR R . R AR 1
22 e b T B i N N R S B S sl 3 W= R R 2 WA S St E
Wit Jiik, B G UE 10 AR I s s i IR s .
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B 4 F =B PEERED R B E T EES R

4.1 5|8

= PR R AR AT AL P S EALP A 1), R RPN B S EAL B s RV R AS B T
Mo H R FLAE I B2 I AR OB S R i i e i . A A
2318 FSC LU P PR R AN I AT, A A A Ok R R e A e, T A A R
FEAETEEIGAL, 38 R RN AT UL AR B I IR AT 520 2R S8 75 iy

AREE AL 7T SPWM HI 1) = H~F o i H P s i SRS M¢%%
WMAFHRAFEANRTF BRI EAN, FHFRH P -29 K- 5812 157 1) S22 )
ik, SREWR T R =R 8L (NTV) H i P A i s, JREr e HOAR 2
BEAT G, R T BT AR R A AT ) e e ST A A 1 SR o 7 BORH SRR B
O S5 B 7 VAR AN [R] U 1) bR (] Dy 6 DR B B A H s ST R 9/ S0 A
H, HARFELE.

4.2 FT SPWM F#I8Y A s B £ &7 TR B

421 HESIAFEFTEKR N

H A ERLAT ST I A0 7 A i AT = F ST AR s T AL P PR A T R S B
o b HLA (BN . IR R AR N R 2 T T, ARG = F T SPWM i 1l Al
SVPWM i il #8275 ELFL P2 AR R A 3 A5 i S s, 38 b s BT B0 300
AR BN AFLE UL ST R R B B B AR A — 3, # e S 80h AT
HLL = A A4

WK 1-1 F 7R NPC B = f~PARHeds, UL oa MBI — A - 4 T
A B = Fhd@ W B B FRIRES . JEELE AT SN S A, IR A AR MR T G
RERRAN: V. =[S,,5,,5.1, XFS =-1,0,1, x=a,b,c. KIEH-IKEFRBIH

B (KCL), Ak simtn] AR Rk

i, =[1—abs(S)}i, +[1—abs(S,))i, +[1—abs(S,)]i. (4-1)
KA, +i,+i =0, FTLEE]
vp =—abs(S )i, —abs(S,)i, —abs(S.)i. (4-2)

Hobi i, i ARR=AET, abs(e) NAFTE KL

_25-



R Tl AR S B (830

H1 20(4-2) W] WIT SR ZS e mi vh 4 FL it i K /N5 77 181, AN SPWM Il ) f 2

s e H R I 5 T IR BRSNS 57, AT BEA e aod 42 ) ) #h D SRl T RS

E—NERIEA T A, BHETFIORES,,S,, S, i B FRRCR 5 =M 5% i R %
wo E(4-2) 580 b, AT PLUX AR IR

iyp =—abs(V,)i, —abs(V,,)i, —abs(V,, )i, (4-3)
ey, v,V AELRH =S %%
=MZHHRIERIER T
V ., (6)=msinot
{I/rbl(t) =msin(wt—2mr/3) (4-4)
V. .(t)=msin(ot+2r/3)

Horbm R LE
LI H B CARER, A8 EN R >R SR R XS B R
BB R . FEANFFREY, (1), BALRH=MSH BN
V@)=V, () +V,()
V() =V, () +V,(2) (4-5)
{%®=%MH%@

1 VVX ZO N 4E \vae
, AT LA R S R
-1 V_ <0

mAﬁ%@ﬁ%mnh{
iy = 150V, )V, +5E0(V,, Wi, + 520V, IV, 1~ Vi[sen(V,, )i, +sgn(V,, )i, +sgn(V,, )i,
(4-6)
AR A BRI A, R A R A IR AR, BB
SRR LU P B S R 2 R L A T R i, 0, A
FEII LT ARG 0. % T SPWM T, Pl R B T, .
Liyy =0, TR MIE AR
SV, W oady S0V, )W iy + 520V, Vi,

ralla

sgn(V,, )i, +sgn(V,, )i, +sgn(V,,. )i,
FEREA AN, TER RIS B B B R ZE AV, (k) » IXFERENS 8T 1%
PR R, A BRI R EE P AL R S R IR RIS AR N

1 i
AVdcl = _AI/ch = C %T; (4_8)
de

R B R CARTE R ZERT, iy, FEAEEHI9 0, TR

V= (4-7)
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Inpeon = ~CacAV 4 (K) 1 T, (4-9)
YEER
—iyp — [0V, IV i, + 580V )V ity +sgn(V )V i ]
sgn(V,, )i, +sgn(V,, )i, +sgn(V,, )i,
H(4-10) 9L PRIE O FREN I Z T 7 2 E

4.2.2 T SPWM iFHIA B m Bk FEESIE AR (T EWIE

v, = (4-10)

4-1 3 NPC HY =i VAR 4 g 56T SPWM i il 1) o i H A~ 42 i B0 HE
Ko IZEERYEAR G K =R, ZASHERU R EREZE, (HEW
TFREV,, EAVIESHERILY, 0 Vo Vo

Vil PWM{3 ) o
v Vea=Vsar Vo =y
! V=V +V, V| NPCEEHd:

Vrtl - V/‘(‘=[/I‘L‘1+VD
V.
L T < Vel

b BT [ T
ik
[ 4-1  NPC 7R3 2 b s Py s i A <]

FFPor 8V, KT K AR -

W = ARSI E KN TN (Vs Voia s Vi) » VB =ARSZE HUH 70
MR KL, — RGOS, EAEFDEEASHARMY,, T 5 sgn(V,,)
RS, sgn(V,, ) Msgn(V, ) IREFAZE . A AT LA FIH sgn(V,,) » sgn(V,,,) »
sgn(V,) 73 sgn(V,)» sgn(V,), sgn(V,), RiEHFF o BT {E, &

—iyp —[sgn(V,, WV, i, +sgn(V,, WV.,.i, +sgn(V, WV, i.]
Sgn(l/;al )ia + Sgn(Vrbl )lh + Sgn(l/rcl )lc

A

Vy= (4-11)

TPV, LR

FRBFF BN ES GBI, TR RBUFEARNET S EIRK,
KA ZRSZ 268 |V, =V, + V) (K VLR . AR S0 R LR L% 8

(D WPV, +V,_ >1, AV, =1-V

max

2) Wy, +v, <=1, Wav,=1-V_,

(3) HAAFLE v, A E A
T oy &8V, KR AE IE:
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(1) 2V, =mid(V,,,V,,,,V...)

(2) R sgn(V,,)=sgn(V, +V,..)» VIR @-1D) T4 30 1 45 8 /T E i
1EHf.

(3) WM sgnV,,,)=-sen(V,+V,,)» WHIAZFFHEV,FEV,, WS
sgn(V,.,) KA T84k, IAR@-10)Tfh v a5 2 frRi), B &5 2500 v, 17 1&
1E. BIERITTENS sgn(V,, ) =sgn(V, + V) » 3 = MIEHEAT B

My =V B, Lsen(V, ) =sgn(V,+V,,), fHH@&12)REHiT5H

ral
V — _iNP — [_ Sgn(l/ral)l/;alia + Sgn(l/rbl )I/rblib + Sgn(l/rcl )erclic] (4_12)
’ - Sgn(l/ral )ia + Sgn(l/;bl )lb + Sgn(l/rcl )lc

= Vi =V, i, /?"\Sgn(V,.,,l) =sgn(V,+V,)) 1%%(4-13)ﬁ$%ﬁﬁ‘%

mid
V — _iNP - [Sgn(l/ral )V:‘alia B Sgn(V:‘bl)I/rblib + Sgn(l/rcl)l/rclic] (4_13)
’ sgn(V,,, )i, —sgn(V,,))i, +sgn(V,,)i,
NV, =V, Wy Asgn(V,)=sgn(V, +7,,) . SHE-14)REH i
I/() — _iNP B [Sgn(l/ral )I/ralia + Sgn(Vrbl )I/rblib B Sgn(V:’cl )I/rclic] (4_14)

sgn(V,,, )i, +sgn(V,, )i, —sgn(V,, )i,

H(4-12)s (4-13) @G- 1D ERATIEANNZTHEY,

TN THK 5T SPWM 1 il (1) i A S 42 1) SR A T L AE

HESH: PerLBE Ny, =5001, RLEHRENC =C, =10uF , HFEF|
FEFRARRE UL N B A B 25 AN, TCIEAR B AR AT A AL S i I RCR
Fr LIRS 2R Co FFB— N HLBH R = 100Q - T NI 13k, Hh R=17Q, L =2mH .

(1) AHIN A R H S 18E 42 il
MM S, BT s A AR S L, R AR 4-2 B

300 - Vel _
250 =
>
S0 AN Ve =
2 _
g
100 .
s
50 .
o |
| | | | | I | |
50 T T T T T T T T |
n .
>
2 30 —
3
9
% 20 |
S 10 |
0 _
10 | | | I | I | | =
12 14 1.6 18 2

0 0.2 0.4 0.6 0.8 1
time/s

B 42 RN A s P Pl i o s A AR AR
(2) t=0 I BN A i F PP 747 )
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FRAE P 5Pl SPWM Bk, 78 =0 B 2 IRATE Z 740 &
SRR S FEA AR R T AN 4-3 TR o

300 —

250

2 200

B

-

g 10

2 100
50

0

50
40

(Vel-Ve2)lV

EAVIIRZH R,

/ Vel

<

Ve2

K 4-3 =0 I AR RSP I e s HA AR

0.8 1
time/s

ISR 4-3 AT LLRIL, FEANFF o EIG, R R R B R R & T A
M, BANIRERLRRLE s, HEBARMARNA THERT. WHIET SPWM
[y H AR SPAARE BRTA K
(3) t=0.5s B I\ H 5 H TSP 2 o

R P47 SPWM 23, £F t=0.5s I 21 ERA T ZE 74
i, R R T R AR T

300
250

Z 200

)

é 150

© 100
=

50
0

50
40

2 30

S

)

> 20

S 10
]
-10

K 4-4 AR

=X

AN=ER

EANIIGS 5 H

[ L Vel

Ve2

0 0.2

K 4-4  t=0.5s I I A P2 i b rd B L AR A B

0.4 0.6

time/s

i FEBOINN S FA I R TS BT, T LAED R HOII N P-4 4 1) Sk
JAA 2B AT, R LT T RO 2 B R, i B e A A

FEH R

(4) 2N B R TR o Sl 4 )
N T B RAIE R T SPWM I A B P T SRR A R, AR R A
L2 TK BT e b g B B LA f B R AR SRR, I R e LS AR A BT AN B 4-5

Ptz o

-29 -



s IRV DM KA &t GBS0
\l\ T T

350 —
300

\’\4

Vel&Ve2/V

- o

2 8 2
T —T—F—

<

)

(Vel-Ve2)lV
T
|

-150 — -

200 = | W | | | | | |
0 0.5 1 15 2 25 3 3.5 4
time/s

K 4-5 A HL T R AR RARI T R AR
WL 4-5 W ULE 2], t=1s I A RO AERAS, BAE T sl A 1R
IR, AT 1.5s B HALZEHEH 200V 2246 E] 0V BRI s B A7 AE 0 ) %
W P P ) SR MR AR BE G A b B AL AR AR I TR) N TP, 32D
TZEVENA R .

4.3 FT SVPWM IR &I = K& AP = H Ik T HI TR

FE = H1°F SVPWM i il Hh I 5C 77 1 e 436 1) Ji U R A T O IR S A IR R &/
ARSI AN TF RS R — MR A48, HHRAE O fIN 838 P Al O Z A1k, /)
KB Vg W R TFFISRAS ONN Rl POO, 3 P24 % H o AR ), DR e = 7
ANFEIARZS IVE IR [R], A0t 4 Y F R P2 A

B IENRE Vg oy TEHIS TR 5 B WO & dg,  TUNRE TV oo, 1FIRFTTE
G A-k,)dg, » Htk, e[0,1] 2 /NRE Vg 195 2 R R [FIBE,
k,, [0, 1172/ NREV,, KSR RE, 5 X5k, K. 5SHRKEV, AT ]
KIX 5 /NX, BARIMA A s s, A A % Ve R 81 an 18 4-6 B

PP PIP!P!P!

AO — — 0
|

a o : L T

—

: |O:0:O|O| |
bIN N[ T T NINTSN
| R i

1 jolol 4
CN:N:N | NIN 1IN |L
[1 PR R >
Rdsydpy dyy dsi duy dpp J/2dg)

K 4-6 RN il P IEHIN R R BRI S C1RIX 5 /XD
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MR =R R AT S, MR T i b B RSk E 1 A R
T RE K, Ak, HIME .
MV AT T RXES, PREmERER N
i =2k, =V i, +d,,i, +(2k,, —1)d,,i, (4-15)
1V ALTH TR 5 ANXE, AMER/NREY,, RERNRE Y, Fit
Ve, 125N 00 (@-15)4kfii N
iy =2k, —Ddgi, +d,,i, (4-16)
K iyp = 04RA3(4-16), 52 H L

oodgi, —d,,i
k, :—Sl2d iM - (4-17)

HLr ke 242 ) e e H S T T

F RO (20 AT T, ke, (RO Y B2 [0,1], 240 <k, <THS, k =k, 29k, 21
W k=1, 4k, <O, k,=0.

VAT T RKER 6 DXI, NMEANREY, , REEHAKREY,, Bk
Ve, BTN 0, (4-15)7T AL A

Iyp = (2kp2 —Dd,i, +di, (4-18)
/7"\in =0, /g:%UTﬁ
K, = sl =ity (4-19)
’ 2d i,

Hor e, Az ) b R e A T R T4
H1 & 4-7 WL, IR Bl =R Ek T m B R R R, 2 5 TSR
IETUNRERE IR R A T B8, (B SR R AI IR A AR .

I P : P : P i Pi P11 P
AO | | — ; ¢}
o A R R d
X | | | 3
T Tt >
4 | |ojoio0lo! |
bl N I N | N1 N |
| | | | »Z
I I I : I I I
>y 1 oto} | ]
‘I NININ i NININI|L
: : I ' : : -
ko 1dsn dpy | dy |2(1_kp1)d51: dM: dp; :kplds

K 4-7  NTV JEMA-TTE s E f R &R P51
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N T SR B = R R P R S R SR I b S RSP RE T, AR SCR
F MATLAB/SIMULINK 343847 17 FLIRAIE » 7F FL s FL I 00 A IR B i 5 00 R AT 4
H, &SNk 4-1 B,
R A1 AR R RGN ESH

S BUE A

BB C1/C 3 uF

A HLFH R 160 Q

TRV HL L 8 mH

FEP A f 50 Hz

P £, 5 kHz

IX_X‘HD]” EEE'F%{E Vgrid 190 V
AL 0.68 B, P EL A LA A S B R SR B R U 1] 4-8 FITom
;;g :R T T T T T T T T T ]
ﬁﬂ ]
0 011 0.‘2 013 0.‘4 015 0.‘6 0.‘7 0.‘8 0.“) 71

times/s

2 0 AWM

time/s

K] 4-8  m=0.68 i} Bt FL 2 L AT AUHL R % TR
HHE 4-8 AT UL, 7E 0.5s BFIIA NTV s RSP0, 4 € BB R
400V, Vi Fl V., BEFELE 200V, HAIN NTV s P50 5 1 al B R 80
3V IR/NE] 1.9V,
M LA 0.96 B, 7 LA L R AT R s H R R T K] 4-9 R

(Vel-Ve2)/V
& L
| % |

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
time/s

P 4-9 m=0.96 B B HL 2 H S AT Hp i i TR
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M 4-9 AU, 7E 0.5s BPIMN ST = % i P iU RSP 3R, JR4h e B R

LEHLIE 300V, PIRFLE ARV, MV, @EEifEr 150V, HIMANEIL =% &+
A L ST AR S b R FL R S0 3V kNl 1.4V

MRS LG 0.42 B, P9 EEL A HE R AT AR R T A0 4-10 s .

400

Vel&Ve2/V
2

g

1 1 1 1 1 1 1 1
0 0.1 0.2 03 04 05 0.6 0.7 0.8 0.9 1

(Vel-Ve2)/v

1 1 1 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 08 0.9 1
time/s

Bl 4-10  1AHIEE Y 0.42 BF B FELAS AT HR R L R R
HH & 4-10 AT 0L, 7E 0.5s BN i =k sEykrp s Pl dil Bk, 64 € Jin
BEZEHL R 700V, IIANZEEE, RS IR A R, SUm e
AN o BEIZSVEAE W HI] EL ORI RORBUF, H ] N ORI A R R AR,

4.4 FT o o R TUNAY A e B I SR ) SR

NTV o 2 e/ NI LG R SO R P AR AT, A SCA B LR 7
MER: (1) HBERRY, BT 1NKE, TTRNRR Y, 152 R Rk,
BRI S /MR TGS R IR % RV, WP S R (AT 2 N TR
AR, (2) HE B WA R IR R A, %5
IR SRR 2, B L, = 0 7T BETETE I B A B AR

T AR S AR/ P E R X T SO R R AT, A SO NTV of
PP B ELEAT G, 4 T — 000 v 25 PR A 050 24 T P 7 P 2,
JEABIRHERIK Y 6 AN K T AN b 4 He U BBk, e, 34T 5L, 7950
S o g5 AL T o 5 P S 0

R T S R, AU T N . AT T A A
e, R B T R A T B A R 2, Rtk AE A
P A B SR D ERE . IO\ R AR, 55 24 0
VT LR )R — L

W] 4-11 iR, ORIV s s 2 P DR AT DA H 0k 1)
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SIS LA R, ana(4-20)07R

oL

+
- Ve
iom :|:7 —
C 1+
= Vai

K4-11 HinbLHErRER

-

1 &1, )

Vsl D)=~ er (i, +iyp / 2)dt +V, (k)
1 ¢tn1, | .

Vol +1) == er (i, —iyy/2)dt +V, (k)

b, SR PN B R RS A IR R R TR iy, 2S00 IR BT 20 20 Tl

LA
T JE A 2 B E A A
1 pk+2)T,
Ve, (k+2)=— G @, +iy/2)dt+V.,(k+1)
C o (4-21)
1 ¢G+2)1, | )
Vorlk+2) = i (i, —iyp / 2)dt +V, . (k+1)
K @2 AAK(4-20), MAPERV,(k+2) =V, (k+2), 135
1 ke, 1 (T, |
Vs By == ] o = Jir et + Ve, () (4-22)

13X (4-22) n] i, XA R B RSP FEAS R AR e . X(4-22) 8 B, mT DIAS F)

ine(k +1) = TE[VCI (k)= V.., (k)] —ine (k) (4-23)

m

e e (k) I i (ke + 1) R AEAN R E AP 4, B B2, BT

- 1 ¢k, |
i (k) = — jkT i pdt

1 G+, | (4-24)

lNP(k+1)=T— (e, Ipat

N(4-24) 58 LT AE R —/N VR ) B 30 45 R I e 28 S i B P87 T 7 10T 250 S
HL o

XHEFTFEREAE, AR R A 200 kARG 28§ AR,
i 8] 7 ) o e B 1] 4-12 Bl
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Vei(k)H ) :
BN k k+1
Vet ekt _e®  ie(E4D)
I/ \I/ \I
j j j >
k k+1 k+2 time/T,,

Kl 4-12 R AR =
K420 TP SRS B M v (k+1), F P RE N E G E R
B HORREIX — S H . B B, TR A
ine (k) = ~[d poy (k) = d gy ()Y, () + d i (Vi () +[d oy (k) = o ()i, () (4-25)
XTI =AM k+1), 8
ine(k+1) = [ (k +1) = dyy, (K +D)i, (k +1)+d o (k +1)i, (k +1)
+[dppo (k+1) = d oy (K + D] (k+1)

A5V, B B AT L N A E L. iRy, AT 1. 3. 5 BIX, IBATFR
FPHILL/NRE ONN JHE, BL POO 455K, 2 IE/NRE VS o, M BNk, dy,
FUNREE Vg ooy I HR U=k, )y W e (k+ 1) T LAZR R A

in (k +1) =[2k , (k +1) = 11d, (k +1)i, (k +1) +d,, (k + )i, (k +1) = d, (k +1)i, (k +1)

(4-26)

(4-27)
e
. 1(k+1):l[l_a’M(k+1)ib(k+1)—dsz(k'+1)ic(k+l)—;'Np(k+l)
P 2 dg, (k+1)i (k+1)
TR AR IR, 20(4-28) K AR B AE 4wy B k2 C 3. AR
TR (k+1) BRI ERRERE N . A TR (k+1) FIIR SR BERE, A3k
Fl—M Z2Eh %, @5 (k—1) B AN EE & R R332 (k + 1) B P 0 B A

ia,b,c (k) - ia,b,c (k - 1)

] (4-28)

Iype (k+1) = ia,b,c(k) +

T = 2ia,b,c (k) - ia,b,c (k - 1) (4-29)

m
m

F—MIEN, WRBHEREV, AT 2. 4. 6 AKX, HAFFRFHIELL OON
JFUf, LA PPN 4. MRS ZATIE L, 2 IENRE V) ppo, M BN ,dg,, B
INFEEV g ooy I T HEN (1=K ) dgy 523 EEN REL K, (k+1) FTLAFRIR N
dy, (k+1)i, (k+1)—d,, (k+1)i,(k+1)+inp(k +1)

ds,(k+1)i (k+1)

ARAE AN 7] /1N X 2R B A FH U AN ) % Bt 7 A B IR R AN R], - 78 20(4-28) F1(4-30)
EEml B/ NXBHE, AR T RIX 6 AN/NXE 2 T R4, Wk 4-2 s,
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R 42 TR 6 MNMX L2 LR R 5L

R SRS
1KIX 1 /MK k (k+1) = %[1 L dsa(k ;rsll)(zk (f 1;1)(; iNf)(k +1),
RS A (k) =1 St el Dy
L KK 4 pK ko (k+D)= %[H dg, (k+1)i, (k +3S2—(611€A4+(1/€)Z(1]3ii(1/;+1) +ine(k +1)]
BNCERNES btk + =2 - 2 Z)&(f git)(; iNf)(k )
1 KX 6 MK alk+1 =21+ 2 ("dllzz iklllzlfff;(k £,

WERV, A TRIX, = HEGUR 1% R R L. SRR 4-3 Pron.
R 43 AFKXHGF R R
FIRX FIHRX  FIHKRX  FIVKX  HFVRX  HVEKKX

l, 1, =1, 1, =1, 1, —>1, 1, —>1, l,
L L, —)la L —)lc I L —)la L, —)lc
1, L. 1, —>1, 1, —>1, I, —>1, 1, —>1,

N T B UE B S AT BLVE AR, AR SCRI ) MATLAB/SIMULINK #4745 B30 1IE
(1) HeH FELE 00 P A B g0 17
P EBHUNE 4-2 Fin. LKL RN 0.68 B, 7E 0.5s I I NTV o 5 P54
%, BUEV, ., =400V, A A S R EOE A 4-16 Fs.

200 —
160
21120

Vel&Ve2/V

80 1
40 1

(Vel-Ve2)V
S b oo
=§ T
=
| |

K 4-13  m=0.68 A I i AL AT TN A8 1087 55032k R 0 FRL R o s FL T T
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H & 4-13 T 0L, PRAS B BEE LA L s v ATV, IR AR E £E 200V, HoImN K
T R IR TR ) R P SRR SR R RS0 3V kN 0.7V BTG
NTV 1 5 B S8 ) SRy o AU R 1.9V 00, B AR B .

AR 0.96 B, 7E 0.5s BEIIA NTV H P HEE, WEY,
HL 2 F R A s R T A0 1 4-17 Pl

H I 4-14 7T 0L, PREZS LRV, AV, B 78 300V, HMASE T S HiR
TR AP S92 e v S RS0 3V I/NE 0.4V, 5 NTV HE A H R P45
WAL, R ST A s TN ) o AP B, s RS 1.4V )
F] 0.4V, HUH TR B R A 0.43s 4872 F) 0.01s, CGERCRIA .

200 —
160
1120
80
40

=600V,

dc_ref

Vel&Ve2/V

(Vel-Ve2)V

2 4o
? =T

.

time/s

Bl 4-14  m=0.96 FF M N JEE T v 50 r 37 Tt 0y 167 vk b 28 o R R o 5 Pl PR DT
i HI A 0.42 BF, £F 0.5s BFIDN NTV 1 S E S, &EV, . =700V,

HL 2 F TR T e R R U 1 4-15 PR

400

cref

300

0 -

Vel&Ve2/V
o
S

(Vel-Ve2)'V
5 o
|

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
time/s

B 4-15  m=0.42 W NN EET- r st Lt P00 A0 P8 5732 PR 2% bt P R P o5 Pl S O T

H & 4-18 FT 0L, PRAN B BEEL LA L s v, RV, I RS e 7E 350V, HoImN K
T S LR TN ) RSP S S RO SUR T 4V NS 2.8V, AR T
NTV A s A SRR /N R I R 0 SR RCRANEE B 7]
(2) FTIAARAE L
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FEReE EA MRS E, M= PR R RS TARE W ARSH, /A
[FIEBIEE R, 2R ARG NTV A i P47 S0 A0 L T s e 3 F000 ) e F
B EERAT O B IAE . (F ESHUR 4-4 iR,
R 44 TP BR RGN ASH

ZH HfH LA
BB C/C, 3 uF
HLZY C WIHa Lk 250 \%
HLZE G WIiR Lk 150 \%

BB 200 \
JEB AR L 8 mH
FEPIE f 50 Hz

WA B R AE Veria 190 \Y%

LAFI Y 0.87 I, =0 BFZI43 BN NTV H s S Sy A 3L 1 b e i 7
TP A e P L, EE R TN S R R T IR 4-16 AT 4-17 AR

T T

T

50

(Vel-Ve2)lV

2

0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1
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