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Abstract

INVESTIGATION OF BTB CASCADED H-BRIDGE
MUTI-LEVEL CONVERTER

ABSTRACT

As a high-voltage electric power conversion device, the converter
with cascaded H-bridge multi-level (CHML) structure has been widely
used in China. At the same time, it also exposes some shortcomings, such
as the control accuracy is low, the converter can not run in four quadrants,
and so on. So in some industrial occasions it could not be applied. With
the intense competition in the market, cost control is more stringent. In
the CHML structure the most expensive part is the phase-shifting
transformer, accounting for nearly half of the entire installation cost, also
bulky, heavy, running at high heat, so removing the component is of great
significance for industrial applications.

This paper talks about several commonly used high-power converter
topologies at first, and then presents the converter topology which is
analyzed in this paper- BTB (back to back) cascaded H-bridge multi-level
structure. The structure has no phase-shifting transformer, and it can run
in four quadrants. As it is a back-to-back structure, each side not only
works as a rectifier but also as a inverter. In the article, these two
conditions are given control methods respectively. At first this paper talks
about phase-shifting transformer in the role of CHML structure, and then
discusses control method of the cascaded H-bridge rectifier instead of
un-controlled rectifier, finally the two-unit series rectifier is simulated by
computer. In inverter side description of a single unit of the control
algorithm is discussed, using a carrier frequency fine-tuning method to
minimize the harmonic. At the same time the single bridge or double
bridge control method is comparatively analyzed and then dead band
compensation strategy is presented. Thus a complete unit control
algorithm is constituted. From the overall point of view, the inverter
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(SPER} Abstract

control technology uses the CWM method, and CWM dynamic process is
given by using MATLAB M document, which is listed in the appendix.

In order to establish control algorithm TI chip TMS320F2812 is
applied. TI provides a digital motor control (DMC) function library,
which facilitates the modular design process. MATLAB provides the
interface to CCS, through the establishment of simulation model the
control code can be easily achieved. At the end of the article, simulation
results and waveforms generated in the experimental platform are given.

KEY WORDS: BTB CHML, carrier frequency fine-tuning, single bridge control,
double bridge control, CWM, MATLAB code generation
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(SPERL BoF BRI S S RN

FIE  ERMRINEMSENAE

ZHFMAMBNANEESY, RS BRHEERE, LS HadEEN
TR PWM B LE BB SE. PWM BiEHIFTEHANRII SN, &
EEMEXAET W LSLIII R HE] o

2.1 SBRZBTEHMZELEREA

T RIRERY, BRORAHREMKERSEE, SR TRERER
BRBAER MG/ BRI RS, WD EREN A ER S 8. 24
BTN E M ETNARE - RS EERTE &R, WTENEEL
Gith. BnEBREHIMANERRESTA=ARBIHERLALENLENH.

2.1.1  TEEHRMEL=AKHBA

A NEFRTERE BN ERME L RA Yd KRS, B—KkMh 2%
(DRSS, ZIRWA=ZAF), ZREBIEFAARE ZRMBH=K (LR
1) BRI, AREZKSATRRENR, XEURASBERITE
H— KW, MTTREAR T X PR . AT KRB EUBR, FELER
ZRMEATEM, RBAROREA=ZARBHER. EBU=MAR TR EESE =
RMEEESEA (als bl c)RA=AEERS, HBMLEA@R2. b2. Q)EF=FA
FERI TR AR HR . i 2.1 Fivw.

B 2.1 BHARESRZKWRAEL=ARERE



(SPERL BB BRI NGRS

WRESH IR, ZIRGABEHIH N1 FIN2, W kM RASH B
THERH I E 2 7 (1-KN2 FTKN2, K A RE, UE:

NZ . n _- -z
22U, =—7U_ e’¢
a Nl A \/3 AB
N . n - — (42
U, =220, =—U e/ "" 2-1
b N| B \/'3_ AB ( )
. N . n . TS S P
LUC =7V-2-UC =-—\/§UABG /55
1

Kot n WREBIMHLL, U, WK A HRBENV), U, YBHALHE
V) BIERRIALAH T XF:

¥u=a—nm 22)

U, =kU,
HRQ2-1). Q-2 B4 ER IR EIER:

U, =U,~U,,=nU,-knU, = n(1+ ke’)U, = 13(1 +ke’YU e

ZIRM R B

K22 mEUA=MAEEENER

W ZAHER, BRI TRRA:
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BPERL BT BRME SRR

U, sin@ =U,, sin("%/; - ) (2-3)

FHE- D)2 2)HRAKE2-3)TT 13-

po_ S0 sin(%+a)
sin(% -6) sin(% -a)

LR, 0 TR RTART— AR RARIA: o b IRk s AR —
R FLIE AERLA o

7 0<k<1 MMM, MQ-HRATH: —7/ <o <0. HHHFESE, Tk
Wk R — KRG HERE 30° ~0° KEIMAEE— MR, %4 k=0 &f, B
A Ydl BXSS, MRfa=-n. 6, k=1, 1N Yy0 (BES, MA@ =0,

h 8 2.2 AT LA E):

2-4)

U, =[U,cos0+U,, cos(% -0)le”

7 (2-5)
= "f/%ga [cos@+k cos(% ~-0)le”
HRIE(2-5) R LS HIZR L R -
e VU, 26

U plcos 6 + k cos(", ~6)]

B ERHES T LB, REFEMENAFEARQ4)IHEE k1, BRE
—REIANBE L R R B IR EE B QE-6)R i E Ik AL f s
MRA G —RGA MR, FHELERBRNTITEE.

RIFELU ST, 5/ MATLAB 3% #F%'5 M R UG H R RSB S5, BF
R F— .

BANERRTBHRA AN R, RUSRIMBERESFIHN 6kV
1 690V HR IR L% o K 8 Y — UM HB R MO ARAL AR IE L AR EA MBI
5 NGt 5 R4 5 4-0.4090, -0.2186, 0, 0.2798, 0.6920, X5 HIE %tk

(@R A 02287, 02187, 0.1992, 0.1709, 0.1352.

2.1.2 BHEZELERHEA
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(SPERL EoE BHMIR I S Ry

B R TR B SR MK, T MR TR E X M TI
HBEZ K, HRBERSE B BT, TRASELERAES. T
LR B BT R BRI RO AR 2%, KBTI R — N i R EH R B = A A
FRRRE, HatEnTRFR:

D1 ZS D2 * D3 er

+

— Cd

11

O~
Uc

Ua
['o RPN
Ub [j R

D4 zs D5 ZS D6 ?

B 2.3 NIRRT

1 ) Matlab 5t A _EZ5 #8200 F /9 mdl 30

= _
giiroi A L A . ’ 1 _ _—
g ggf__ﬁ 13 &

1

< [ :'——L.

- Three-Phase
Three-Phase Source V-1 Measurement

Cy Y ¢ _|c

Three-Phase
Transformer
{Two Windings)

Universal Bridge

Soopet

Discrete,
Ts = 5e-005 5. —-
powergui Voltage Measurement

B 24 AR AT

FEAT mdl SO, B EI%E IR R AR 2.5 FToR. % kB A ) s
JUEAT FFT 4341, BRI RWE 2.6, 2.7 Fir.

BHERIKOMEE LR KM, BREMUKRRENTE. 8dM 27
TTLUE ), B 6 Bk ISP SR BRI 5 IO 7 RIS, IR BB &
ERH.
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BT BHRNEI SRS

Bl 2.5 Bk R R R

File Edit Yiew Insert Tools Desktop Window Help

|

NEHS R RRODLL-|S|0E|

Signal to analyze Ty

() Display selected signal (=

FFT window: 2 of 50 cycles

rA ud T A T T

05 0505 051 0515 052 0525 05 05%
Time (g)

FFT analysis—

o

Fundamental (50Hz) = 307.2 , THD= 36.75%

T T T

Mag (% of Fundamental)

|

5 10 15
Harmonic order

20

Structure :

— — Available signals———

3 iScopeData1

| Input:

! ‘Tnpuﬁ

| Signal number:

j — FFT window

|| Sterttime(sy 05

Number of cycles: 2

Fundamental frequency (Hz):

| 50

. ~ FFT settings—
| | Display style :

Bar (relative to fundamertal) |+| |

Frequency axis:

[ ]
| |Harmonic order

0

Max Frequency (Hz).
1000

# Display |

B 2.6 7SRRGB A
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BT BHRMILIN SRS ERITE

File Edit Yiew Insert Tools Desktop Window Help ~
TH R RKNODEL- S| 08| ad
Signal to analyze Available signals
Display selected signal ») Display FFT window Structure :
FFT window: 2 of 50 cycles of selected signal ScopeDatal <
— T 5 e T T T |ném P s -2 -
200} s —
input 3 b |
0F 4 Signal number
-200 5 + N , bd |
- - . =z A e .y FFT window
05 0505 051 0515 052 052 053 0535
Time (s) Start time (s) 0.5
FFT analysis

Number of cycles: 2

Fundamental (50Hz) = 369.3 , THD= 2.64% Fundamental frequency (Hz):

50

FFT settings

1 Display style
Bar (relative to fundamertal) |~ |

]
Frequency axis
|Harmonic order v

I l l Max Frequency (Hz)
e e
8 10

15 20 1000

Mag (% of Fundamental)

Harmonic order

Display

Close

B 2.7 SRR — RO A B S A

B TT B B 45 T A 40 45 Y I R IR AR A AR — R R B R & ELALER 45 A B A
FEFT LB AN FLERE A 30° M ZEALERGS M AN 12 Bk R FR B T B TR

i

T %
.

1
le

——o—r -

P,——o—""_:

2.8 12 PkEEE R HLEE
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(SPERL B BRI A ST

76 12 PRt B, R AW B — IR Y Bk, RSG5 IR
FA Y 3800 D B R:, XPERIAMLHRIEZRIA 30° KAIB A, XX

FEL R BEAT L H M ] 15
2\3

in=—"—1 [sin(or) -%Sin(5(0t + %) —%sin(hot +%)

+l sin(l 1ot + )+ Lsin(l 3wt + ) +eceeee ]

11 13

= ZJ_ —1,[sin(wt) - —sm(Sa)t -~ —) 1 sin(7wt - —)
5 7 2

+ﬁsin(l lot — 1) +-1%sin(1 3ot —m) 4o ]

iy=i,+i, =:4”—3Id(sina)t—1—ll—sin1la)t—%sinliia)t)

Refi, M, ABHZEER —RWAHERE, i A—RUERE.
S 12 ki L B 0 BLA9 B — RO R AL A 1 S AT A B 2.9 BT

Signal to analyze _—
() Display selected signal (3} Display FFT window

FFT window: 2 of 100 cycles of selected signal J

500 F

500 1 1 o 1 1 1 .‘), -
15. 16805 15 1515 1562 15825 153 1535
7 VTime (s) . e e el

— FFT analysis-

Fundamental (50Hz) = 519.3 , THD= 0.75%

05t
0.4}
03f

o
N

Mag (% of Fundamental)

01t

0 5 10 15 20
Harmonic order

2.9 12 RS — RO LI I o AT

20

2-7)

(2-8)

(2-9)



SPE| BB R MIR MR SR

HRER-7). (2-8). Q-9)KE 2.9 W4, FERIEA=HAMEILR 12 BRI ¥
MEH, —RERTH 5 K. 7R 17 R 19 REZEEHBEIE, —KBRFP
BRI 11, 13, 23, BP 12k+1K, HP k ABRE.

FEA CAHE L, m KRR (m A ARED P, BES—KMEHRTS
HIEBE R B mk+1 K, BRIRKIER A m-1 K. XAEEIL IR 5 U A B A K%
¥, ATUKKB/MINERNEESR.

2.1.3 HEBEXSEUEREWARSIZRMNFERSH

£ IR B 98 0 ] LA B M OB, SR A B . BRATIB R B BT =
B % B A MTE BRI SRR 12 BB B AW E MR, MREHE
T RAR T S BOEEN. MIER T RGP, ERALBEINRATHE
TR, HEHWTHE:

Zn

1

_ﬁ
I
11

3

B2.10 ABR 12 B b B 45
A 12 kot BB g BIR B AR, ARSRERAMN MK

B, TR S BTSN ARS, AR R ITRAA A AR
WK, %45 Matlab U T A
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(SPERL % BRI SR EITTE

o e

= o o N ]
|
]

Three-Phase Sourcel

Three-Phase Rectifier Bridge

Transformer
(Two Windings)1

Discrete, A Py
Ts = Se-00S s. ° + -—r
powergui 8 %é b e
. c2
Cy &

[o]

RL2

—

Three-Phase Rectifier Bridge2
Transformer _._1.—__]

(Two Windings)2

B 2.1 4Bt 12 BRI s B 1 B

S — M PR AT W B A AT A3 B A 2.12 AT iR

Signal to analyze-
() Display selected signal (&) Display FFT window

FFT window: 2 of 100 cycles of selected signal

500 F

500 L . ' to” . L S
15 1505 151 1515 152 1525 153 1535
Time (s)

— FFT analysis- e e e

Fundamental (50Hz) = 519.3 , THD=0.75%

Mag (% of Fundamental)

5 10 15 20
Harmonic order

212 A B 12 kol s — OB R BT

22



B BRGNS S

MK AT LA e, 43 B8 2B A e B 5 L S s R ) BB P B TR B
BAEREEL B

D KRR MM, BARRLSMR T RS LB Fml/ME R 1E
Fish, EXHER R B LN EHRRRERAE AN TR AT, FHEE
AR TR A RN E R B A TR, Eik, HEEEEBHRES, MUE
2 FRA NS B () R, O 7 P R v o 0 )L

2.2 BREERRRERERIH

2.2.1 PWMEZRHAELA

BEE B AR THANERE, hEESETFRBHERANIRG, CARHS
EAERIEERIThR L S5 80, WEARME (SCR) KRBIWAS S FA
KM EL L BRI RTF LB, WIRESEE (BIT). IRKH &R E

(GTO). ALMXUR R B (IGBT) I M &FEJICCT). hEH
BN fR A% (MOSFET) PARSZ# & ME (MCT) %. 20 42 90 FAREREK
R AR TR R (IPM) WIFFEI T D&k S AT X BHFRRBR T M. hRE
BT R BRARARKEES, (BT BB FEREERAMREARE, HATU
BRG] (PWM) HBHEMESRTREER, WAHE. UREE. BT
FEVE LR R B, XEARNBEEEREF & SURPRE T ZH
M. B2, BRiXETRBERK MY FTELBRAY, URBEREE, H
FHERBRATIZ R T AR AT e o a0 e AR B i e i, Bt
BMENT KBIER R, ER T EOEMN “FSH”. mEXMEMN “i5E”
BRAEERE, ERTMBEELWMMBRIEZNL, BEiTTRAIIZRELK.
Eik, EAEMEE “FSH” WMBHE, HAZETERFNXE, FITRT
KEFRTIE. HFERKREL, ¥ PWM HEARFIABREMIZEHZ S, F8R
BRI ARRIEZN, BT TRMHERE. RIEEELETNARS, KE
WA AR FHRIEHE PWM iR 28, BIA¥ PWM BRAEMATTY PWM Bif
8. AR R VTR PWM 8BS, fEEa WHRs) PWM BHEAMX
I AC/DC (¥R, TiHiEAH DC/AC Wit (BFEER) BT,

23t )L HERFR SRR, PWM BRBHARCHBESH. PWM BiRSE
LB O SR i RS AR IR R B B A I A RSB R AR S S E
B, SHABRERISHAAE RS BRI RS PWM FFRA2 4 b R iE
TR IR BEKIT X AE: hESHENTRARERICIY, MAETRBERE
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(PERL B BN NSRS

b, B BIER B (voltage Source Rectifier——VSR), thH AR AE
(Current Source Rectifier——CSR), 3F E##7E T EHRIh BN T R,

T PWM A8 CH T MR %, BT FRAThREES, EXR6
B a e, RMEELRT “GEHEETER”. BT PWM ERZMMENR
W R, X rE PWM B 8E K HIEHBARREBE— PR
BAEE, HBTEATENEAEENNA.

KINE K PWM B 2%, HIRIMEHWOIRA X EETES B PRGN, X
RRAES, URKIFXRER, ZHFPWMBHRBITENATEEREERS S
SRR A 354 R R 8 & h b 54, BRI ST () IR B 33 AT JF XA
&, 5HEHBARME, SR PWM BHRESH PWM RAEGFSKAR
FI PWM 3 %IER, M LA B FF AR R T F R R TF RS54, BIZE
BRI EBFEM RN, BRORIEE T PWM BRSHHE. REEEMLR. St
L, BSLA R ER PWM BUTAGE T R RBAELE, RBENRLARTEN
NE%E.

2.2.2 Hiea[EE PWM BT AR ER

B R B B AH A5 PWM B3 B (VSRR $h i T B AT R

A in

l Us | Cd

=
Il
1

B 2.13 84 PWM B E K

LB P AT AR Ls & Sh B BUAR 0 F IS AT SRR IR A PR LR, RS FRLBE
E#TIELTEN. B Re BHESME B H1AS BRI F BRI L. R4 .48 PWM
BRI AR R UL 2 5 T e PARR BB, AREERNRERIEE, EER
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(SPERL B BRGNS

4 N TR = R I R SR B B I R E I R Loy oo BFAR B 2R
T1~T4 MR BE AR B — AR AT XK. WE 2.13 TR, EHHM,
ER R H+H, AR, TR A ER-, RETETH TI~T4, LE2ERMH
HBILE, h—FANA R AR,

WIEE L PWM R, FAEES PWM W B HM L Bk, woHAT
82 A PN ST I LA K /N RUARAE, A8 SR TE 35 9F 5 i B L TR AR
H, B REDRBEEEET 1. A3, DERMBE Ud 855, &8 SPWM
I EN & R B T1~T4 1% PWM B THBEEH, EHEFLA, B
8] ) PWM Hr 30 Bk — N B T AL EIR Uape Uap TR T SR SIE
sx A F R LB M A LB R S5 B Unee 4 B 8H SEBIEA KKE
i, At T Ls MSEBAER, ACHM B Is BIERAR . TR RSB
W, 2 Uape 5 Us SERARRIAT, Is 2 55 e URARR HE R B0 TE 34

XEETHE 2.13 1 AB A BT E RO — AR R/ MMEAL TR
$, A AR LR I -

Is Ls Rs
o- AhA {1 ~y —ee—O
1 US UAB l
o Q)

B 2.14 254 PWM By B2 E

SHFEBESR, FWTFXRER:
U, =U 5 +(joL,+R)I, (2-10)
B Q2-10)8 W, FEMEU, B (oL, +R,)—EMERLT, BHEAEEMN
R U, BRI R 5 U, WABBLZEFTYGE, 11U, MIRERAELL, 3
A5 4\ BT R LR AIAR L 22 A BT R ERE R A .

2.2.3 BB PWMERMARSH

BB PWM 2358, MBI TR BT RNERBEARIE, BITA
RFMEIE S0, ATLASCHUA N B 0 IE 3K, A2 098 9 2h 2R (R MO ) B J ) s J
fEM. FE—HESEN PWM BHI7E, BRBEREABTRIER, FRiXEH
B R RILIS N EIIR. TLCRAMN PWM BARE: UK FAHE SPWM
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(SPERL BB ERMIRNEH SR

KA, SVPWM HiR, ditaiisgsizsE.
H T X BB R THAT T, BB PWM BRI A EKE:

I; @ TB
e 4

~ = Cd [] Al

JL

11

‘ = Cd [] 22

2.15 BT BT H O LA
it BT B8 X B A4 $MEUE 0 R B BT R ) Matlab 45 B :

-=|Conn1

Conn2

Vde

[ Subsystem

s | Conn 1

- | Conn2
Vded
Subsystem1
Discrete,
Ts = 5e-006 s.
powergui

E216 HARBITLEKERIE
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B BHRWIEINE SR

Honh et SEEBERBER 300V, HEMTERWT:

i i i i i i i
0 05 1 15 2 25 3 35 4 45 5

Bl 2.17 SAITHIEE PWM B E A

Bl B ATAT A, BT B PWM B A A BAIRE SRS MOLK R T
RIE R RIThRE, FE PWM RiiA S AH /R R, KFRNERTE.
R, BHEERED RESHPER N EFEENER, BHRHER T H
ISR, BN RTRE TR ALREMEERIR. BTB S X T @A
MR AR EAS, HRAE— A BB ERA . SRR T —Fir b
BB EER SRR, RRBNARINESAIT:

Converter | p Converter 2
4 C1 [1Cg ———> 1 1| A
J ZST-J ZST L/2 L/2J ZST-J Z

T

E1 = 1)11 {1 .I' Vf'vz = E>
- = 2 E I &= &=

KET 3T % K37
20 kHz

it

B 2.18 XA 4 B R E A B e
i ISAE — A B A B R S SRR S 4 P LU R B AR L
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(SPERL B=8 PN BT R

R=F T ERTEERRE

3.1 IhEBTHUIKAAIIES

B4 T, B R 0 PR AR AR AR U T A T R BRI T N A R BT SRR
R LR AT A, R BHR T A SRR TR ST DR . X
REEFAEN PWM AGIE, B HBESER/DN, RN ATL %
TR BT S AR T E . BBOKFAHE SPWM KR T EAZERIR KT RARE
TR ETFFFRIBE, F SPWM HAMAFRIEG &R AR, TH
EREEERBNRN, AR R . T LAZE 87T 8 BR R i IR A 8% o
BUTZ R . AR T i 250 R B MU EER X0 % A SR S I REAT T
W, LLATH B BB SRR

3.1.1  BAEZUEIAEZHRIERR P BHI R

S AR LR SRR S R, DU BN Hh s B A

A0 PWM %I AR R I EEBABUK PR, &RBORBIE
SWHAER . BEEBABAT BAD, R Y A FEumeE ek
H 201 TR, (R I A A5 TR 0 S RO SR A B B ST T R AN I
2n %, KAK#ETHBEE (n RERDELTH. RREEBAHGBKT
KA, BAE PWM HHITT 4 Pike: BiKEEB A PWM B HIMEBOKFEAE
PWM W, RABKEEBM PWM BHIN, LHESEBERDIN, RSN
AW HRBTREOELR, BEREBSIELTR HNROAFIELR.
FEtt, RASMKEEBL PWM BHERENE SRR THR B IR, £
BAHBEDE BN TR RITTIHF S5,

T T R M SR A A PWM TG REE, B30 Sl T RBTEREE
AHSEP—AOEBREE, B 324HTHIUK B PWM BtIREE.
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(PERL BT R TR g

B 3.2 44 T Bk KT PWM ASINEEE, Bt 4 A BB AR
S, WHAERR, BELAESEAXTZAREN, AHIFEEHES: R
W25 XM ENE S . 4 NP, FTFHsh AL+ AT 3D A2+K8
SRR R BT R, HPATERS A2+ E TR THES) Al+
M —ENRAE OKTFREBAD: AT AL-WEERE Al+HBHIRAE
W, FRER, BT Bl-MEER BI+HE M RABER . X, el ED
NI 1 F 2 M Al. B1 5§ A2, B2 FFAE=®BFH SPWM . tBATBA
R Al A2+ BEIT A, A1+ A2+ BB ] b, (LI R 2 R s
55 RARBE ATHE R A2+ ARSI, BRIMEENES AN Bl+5 B2+,
XFREI A ERETLAE Al. Bl 5 A2, B2 EEZMREIK =6 SPWM . #
Al. Bl 5 A2, B2 A% i AT DN AR AT LATS 21 55 5L 5 B AR 47 4% — AR i
B A1B2, XR—A 5 HFH) SPWM K.

B 32 ATEH, HEAEBHEPWM BHINARE, SEITIERATT
AT SPWM 1, Bt BB, FEEThEETH LK SPWM Rk AiAL
FEARGETF (HERAMHRD, XEESME, TURBRL B PR, HERE
MIF RS K KIRE, METHRBNE. XABHE PWM AHIZ AT LAR%ERIX
PEIFRORR, REHAESH L EMMBER. ATUBR, WmRENSAE AT
#4T7 SPWM 6, BRIFEABA, WA R ATHH T SPWM BH £
HFR, E8MZ GG PWM kit FIBES KT, B FEMEMIT RMEAR
e, FEib, BEBAHERZKFE#HMHEPWM K EAE. R, @dbltE
BIZMATET 4N, 45 ThER 8T (0 i HH 0 B I A (R O B 6 P I SPWML 35, (Rt
TEAKFRA PWM BT, SRR THMEIERMRAKN, AREE
P& DR B TR R T .

Bl £ B LT R I, it B0 RSP SR S RO S AT g AR LI A,
B SRR E 3% U LI R BEMER, 3T FmERmaE, fibiE
BREMEHRE, SN0 TFREHBEER, WHgEESF. Kht,
ATHREEFRBEFHR, 558 CRAMIETHEIEZLS, o mT 3
KM DL, BARZT RSSO EAERE PWM BT EH 3 KK, B
ZARI 3 KIS BRALARR, & R RIERS, SAEEER 3 IEBAHEIRE, LH
IR E AL IE %K. W H BRI e A R L PWM K.

T RERYA R, £ ENERKFTRESRGET, PWM EBHIFTEER
BEHHE  mERR T % PWM EHIRE ER B ER AR RK. A TEEFE
S REBIDIZEMASF ARG RN EREES K, —REBAERER AR
R RITX A AT LU XER R AR A RREBENBERESHR S
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SB=F RO I e

JEHIEEAE: Upma/Ud. KA SPWM #7750, 2k 5 4H B R M IR E A7 7E
EMV3EER, LSRR 1 B, AR AT DUA B B R R R A —
B, FTLAR R ERAEFAZERE V3 2.

AR SR = AP, — AR R =M=4E], H B30
S ST LB HLSE AL I p A s AR, IO AN TR T AR 2% A AR R B 5 S e
2, RERIEERBHL BEREESAIERE, BaKBTRERAEEK
A XBRAERM PWM 5 XA ERKIE. BAEER: E=MAMEBE
EHMAR—NERESRE=FROEEES, 3&2 LRERLAGESHE
e Hrp XA Z KRR A8, Ul =KIEBENERS T L Z MM
.

WRBMK=KIERIRER k, ERBER 1, FAHRIREAM, WERERD
BB A

U = M[sin(at) + ksin(3wt)]

ATHIBEEABREFMAE, BIENEAEKRKIHLSIFREET 0, KB

B H e A BEE B R BB B U B K RIE K

3
1+3k)2M
12k

U,, =8k(

RIEX k KFHLIFEREA 0, BE k=1/6 . HKEH
B

U = —2——-M ~ 0.866 M

XFEAR 2 S Y R HE B A

e VA Hlig 5 H e R R R IRIR Y

- RIBEF
1+ TN —IA HR i T

051

1 1 1 1 1 1
1 2 3 4 5 6

B33 #ERL PWM G 5B N KR

31



(SPERC 55— F AR ) I 4

0, WRAE R EZIRENE S LA R S T AR BRI 1/6 M =UEE,

g R U (VA B AR 24 TSR 10 3 /2 o BRI VR I IX Bk AT LAk

BIM =2/3 ~1.1547, ENZEVEHIA B BRGS0 T, AT 4 S R ik = 2

29 15%M &, Wk 3.3 fin. APk, of U M=1.15. BI#EEL PWM
LGP WAS W R

U= 1.15[sin(a)t)+%sin(3a)t)] (3-1)

B L AR LU ArdE: — SR WIIE Sk B BHRONRR, B 3 MR AL
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WA ERBY, BRI R R

MR S4B E R A DU AR R R R —
AR AT I Th R BB, AR AR R B T AR, RN RS
B, X — A BT — AR R . BT — 4, TV AT A B R B
S, S T A A T B — A — B KSR o 2 5T
SR, LRAARARESIVUTREA ML BER .
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4.1 TMS320F2812 Bt 1L 12 Figit

EHBEHIUGE, FEETREFFRMUEH. EHETMERESLT
BRI UL A5 & B K HL(AN Intel 24 569 196 Z51)E# DSP (31 TI A& #
C2000 &%),

BEVRE—HREHR EEMT CPU. RAM. ROM(EPROM B, EEPROM).
8 % I/ 588 ZFPhREI ERAT FIIFAT VO O W Intel /A F1H 8031 RFI%.
Bx T LA EBEAThEESL, BHEERA A/D. D/A, 10 Intel 24 F)H7 8098 &%, 7
WEMJLTER, RPN T R R ae BT e, BEEE BALK
HREMTEIRZSER, GSABRERSFESNRERE, FTELENERE
BACREOR, WA E RS, KRV ARERHEER.
IR, BFEBILKIRR DSP MR EIRANE, WEMITR T A ik
M, HORBLF, MSHXIEE TS, MM{ES DSP SM4AFEAREASEM,
Mk RERE ) KR P 852 BRME A8 A LR P PG A DSP 2815k i2 5
FerntERe, DSP SBHERE A VKR EZE K.

S8R HUAELE, DSP S8R AR EMEME. DSP RAERN CPU, ¥ X
BENFHEE AEFRSFRRESRNFIFO 238, RMEM. B H O
#HRPHEO. HEANERT A/D FRFEARFFAEK, TTIRE PWM #it. DSP
R ABUE R B4, RBEMILMRRF SR, RN FFBEFAE
. AEBEREMENRESR, MROBUTKLE, § DSP 844 BE mE 5
IZEAES1. DSP 2L 16 fL8E A HLEATE S PATHT IAIER 8~10 4%, SER—IKFehm
BHR 16~30 f&. DSP BIERME T BE T WALKIIESE, BFE T FFT RiEM
B AR BRI B S EE R . BhAh, DSP SR ITAG 80, BH LK
ITRFR, #HEAFWAESE, FETATMLHESFREANE, NEHAM
FEFTEEUR . RURA T Gn/ W C fmiFas. C HRIBIHIASS.

HAETE BN S B E RN DSP X E#EMIB AT (TD
TMS320 #%, BRAERRPIEFEMRESH TMS320F2812, % FEBRET
TMS320C2xx WHZHIE RBUFAS S0 8% . 88 1F BRI FhoMEE A ra L & HoAth
BHE SRS LIRS T RIFHTE.

TMS320F2812 FF k15 & 0] LRV 4aiE 5 M C & 5 . X T NS $IT 5 F2812
ROUBEHER LR LH, FHE—BEE C ESENTRIES, KT
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REFENITRUE. BT EE R EeT LUCRA Q #rtE X, TI AF
A PRAT AT Q M IQMATH %%, M H TI ArERETHRT CiE
E1 DMC (BUFmbLEESED REVE, SEAS T FE MBI HIERR L. &
VBB LRI R 3 ANE AR PR, 8 I e AL I T R, T LR
AL AR I HVERR .

4.1.1 HBENSHER

ARG T3R5 FPLAG i PRI A B AR AR 1 LR BRR PR, e =M
REWOEIE, TT LAY 2R RS R SR E A TR IE . BB S A (0IE
SERT2S T1 T bWk . B m RS 4.1,

o - |
ADCINx (la) ILEG2_DC lmea&‘;\
.| ADC BUS bttt
\DCINjy 7 e
M “ DRV ImeasC
ADCINz (Vdc) | HMW VdcMeas
— Q15

K41 RENERR

i NN % TMS320F2812 [¥) 16 £ ADC il i i%#% 2% ChSelect #ATAC &,
it ADCINx 3|BIXHERIE SERFE, M FED AN ImeasA. ImeasB.
VdcMeas, #RJEHRAE = HXEFR TS C AHFLIAL ImeasC. Hi T TMS320F2812 i3]
TS (M Y FE 2 0~3V, BT LAZERAEZ A2 A BB A5 S e e B soifF LR 7
Bl Wb SKAE A5 2 ) BB S T 34 23 A5 {6 ImeasAGain . ImeasAOffset.
ImeasBGain. ImeasBOffset. VdcMeasGain. VdcMeasOffset, LUE X RAEEFAT
RHE

4.1.2 REITEER

H G FL g P s A T T3, AR BIBKTE 5 o RT3 B ik b 5 5K
B T ALE S . AR 4.2,
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QEP_A S ElecTheta
—_—» A —
MechThet
QEP_B BV | Qep pRv | o ed
> ; DirectionQep >

QEP_Index _ | HAW.
| HW

IndexSyncFlag -

42 HEPEEFREAR

FEHgLEEH A, By Z =MES, 49 CAP1, CAP2, CAP3 5|
ENDSP 5 H. SR gD a3 A 4.3,

B 43 Stgmid At

Yo LA 22 e e LS Bl b, 4%k T HERE AT, dRiSat At 2 AN TT K
WES (A, B) fI—Mr&fE S (2), MMF SR EZEINGES 4N QEP_A,
QEP B 1 QEP_index. iX%5(5 5%\ F2812 ) CAP/QEP £ [ HiEK /5 i T FaHL
LT RO | A B AR . ARYEIX 3 AME S F2812 M O BT 2 MW E
2, 455 QEP_CLK ! DIR. QEP_CLK Fiff GP Timer 2 (#Jif %4, DIR #%1i] GP
Timer 2 VFE# . W FEFR:
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le L

— One revolution
QEP_index I | (360 mec\h:ncal degrees) ’_-| < | |
L \\-

N

QEPCLK
(HW)

DIR
(HW) |

4.4 FEEEX R T — AR AR B

e R 4 B A 7 A 0 Bk 2 5 LA S B A R RRE L, T 4.4 BT OB XS
NN FEHE— ALY QEP_A 1 QEP_ B & 1000 K.
TMS320F2812 f] QEP H#& i+ 5 {5 5 i {5 R 4% MUK Y 4 Bk i _E FHE AT B
SkFER, kR Ui B s e R QEP_CLOCK REHMAL R 4 f5. M
4, 1000 KSR IRIME 9 4000, B TRk S S 87 AL R LEIR, 75
1B th gk AR ST B B B F0 £ A1 88 LB R &R o

TMS320F2812 1, #-FiEkk 77 7E GP Timer2 HIfRSAL BRI, B
GPTCON #7389 BIT14 £ ¥ FrEAE R BT ZI A0 & v 538 T2CNT MIER R
B, ZEMEFEELE RawTheta B, k@R BIE. Bk, #7688
Bt 2 LBk 2 R BRI« % B T RawTheta BI{E, ¥ FHLBALE & MechTheta
For, EREERAXN 4000 ANEEhBKR, HUKZIE MechScaler * 4000=360° LA
4R RED MechScaler = 1/4000 (p.u.), & Q30 #&x\HE=2 MechScaler =
268435(p.u.). MechTheta = MechScaler * RawTheta, XI5V HL# & ElecTheta =
PolePairs * MechTheta.

4.1.3 MMAIESHREER

HTHIETHRESERESE, BELE—F PWM 47 ORI T
RITXH PWM 5 5. &K E PWM BAREFHFHELI, HE5HEARPWM
WHEARGREMERBERAERSNE, TIAFRETET SVPWM
AREERABER . WK LRI T
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Vapte - Coe}Te

oQ

EE vy SN

4.5 fRIESREMT

FEIZE5H KT, Ualpha & Ubeta & HUHLE T L M B 7E o 370 B # LS %
fH; Ta. Tb. Te 7374 LK% 728 CMPR1. CMPR2. CMPR3 H#EHE, A
KiZH PWM1. PWM3. PWMS KA. i B TFHE B ANATE TR %
HIAK. ETFHEZBIAEX H DBTCONx FE8EE.

SVPWM &I A HM AR SiTEZE TR MR PWM 415 48
[, BRERBEFERAINAR. SVPWM %5 8T 15 B IR g E Tl
B R BE SR B T AT, DM TR BR E A

s/ b/ o)
v ™
vDC | A 7 z
p— [z z
B ey N o

o v e

. /
. ACI or PMSM -/

4.6 EBEHFEHRR

B 4.6 Bish— RIS ZVSDIIRINE, & XFXEFEA 1 ®75R, %
Wi 0 FRR, BMAZMH. KBEEHERBERRNE:
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£4-1 M. KEERAREERR

< b a Van Ven Ven Ve Vac Vea
0 0 0 0 0 0 0 0 0
0 0 1 Neel3 | Vo3 | Vo3 Voc 0 ~Vie
0 1 0 Vol | 2Voed3 | Vo/3 -Voc Voce 0
0 1 1 Vpc/3 Vod/3 | -2Vpe/3 0 Voc - Vec
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1 0 1 Voc/3 | -2Voc/3 | Voe/3 Voc -Voc 0

1 1 0 2Vodf3 | Vo3 Voc/3 -Voc 0 Voc
1 1 1 0 0 0 0 0 0

HK 4-1 ATLAE ) VST XTI 8 FHFORE, HAFStN (¢, b, a) # (0,
0, 0O F (1, 1, DRE, WTELESLELE 2 M ARBL N 0. FTLLVSI
FFRFGTAXR 6 NMEFHEZEMHAE, B CLARK ZHR AT EATIE d, q
E5&EFRFAMXNKR,

42 BESEIFRT MM PRR

c b a Vi V. Vector
0 0 0 Op
0 0 U
-Voc ¢
0 1 0 - Zb_f Voe Uun
3 e
3 5
1 0 0 _x _Voc Uses
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1 0 1 Pre ¥ Useo
3 e
1 1 0 0 U
_2 Voc | 1
1 1 1 D 0 Oy

SR TR 4-2 KA LUME B s S B B F
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Ui (010) IBI Us (011)

O (111 O (000) o (001)
U (110) © . ) 0 o

U (100) Usgo (101)

B a3 wWhETHREZMEREE

MMT 8 HAXGTANBERABK-FEZAFNT 6 MHX, Bd & MK
RS 1) B2 T DA Bl 4 A B T 5% o TR LA 00 o T 8 28 1 H F K SRS
ETBERE U i a . B HBETF: U M Upewo FEGBHTE—EFHE
HE AR, ZHBIERETE Uy M Us AR HEEX H .

A

p!
Ug,(011)
TV, R g

I v, Ualfa Ug001) IV
T
44 ETHESHTE

T 4.4 KBLERE U MEBFEREXTHRA:

T =T +T,+T,
T T,
U, =2U,+2U,
out T o T 60

AH T M T BE—EB A T P KR & U M U 23515 F AR 4],
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To FT ¢ REAGET (8] & 0 KEXTRLIRELERTA], B 4.3 TR SRR X R4S B IR AT
HAHRIEAA:

U, = %|U60 sin(60°)
1

U =£Ua

s0|c0S(60%)

MBI 47 T 4042 6] SR B IRAEL R 2V ao/3, N RABATTEUR RS F BRI L
Vo/V3 (EHERKENERGEBRE Vi WHRERKER Vo/v3) KR
oM, Mz RBHEMET R 23, BB IA—kE 25 5 B 15 4
[Uol=[Usol=2/+3 , A LT A 24T LA 3

T - (\/—Uala beta)
I= TU beta

ZE ETBIFR P Ut F Upera 7T 5K B Uou AR F B A HIARBLIE Vde/ /3 13—
WEHI(a, BYMAE, TT-T)-T: & 0 REEAKKE. T, :5AHTH
FHXHER T

1
(\/_Ualfa beta

l2 = = Ubeta

~ |w~l N l_'ﬂ

B, WE Uu M THELETEEE Usp. Uy TERMBXS,
[Uso|=|U201=2/ /3 » 5% BAE P AF 18] B A X 7T AR R 0«

f = (—V3U, +Up)

~]|;~3 N}Ié‘l
NI-—‘NI'—‘

J_Uam + szta)

t, =

fE LEMEFRP, T, REEKE U ZEAM T FREMNE. R
TREX. YMZXINZE:
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(
X=U

beta

ly = %(\/EU‘,% +U,,,)

1
Z= 5 (_\/—3-Ua(fa + Ubela)

Xt F RE Uou L THHEA 2 8] K & Uy Ugo T LRI X, WA 18 ty=-Z, ,=X;
AL T4 Usor Uno FTBEIBX, W t=Z, t,=Y. RETUHEH, 2 Uout fi7 T
AR R ERAEREX P, HNH G HATUAE X, Y & 2 ®R,
B R X RWR 4-3 FiR:

®4-3 BXHBTER RN KR

Sector | Ug, Uso Ueo, Uy20 Ui20, U1so Usao, Uswo Usz40, Uzo U0, Uo
t -Z 4 X -X =Y Y
K X \ Y z Z X

BAMRE U WREFAERAH 4 M 1, WBAEE Uout FIEMHIX.
FR X AT LB X 5% M I BRI, BB HE Uy B (a,B) Hi%)
Eifid CLARK RZEHALN MR EES B Vs Vien F Viego HBAK:

(
Vrefl =Up
J V — —Ubeta +Ualfa X ‘/5
ref2 2
V =_Ubeta—Ualfax\/§
| ref3 2

ELHIN LR =AHUERIE S, AR LET R ERERRR, BT,

4y, KFE, ®a=1, HMa=0;

vy KFE, ®b=1, HMb=0;

4y KTE, ®e=1, FMc=0.

Wa, RXHEARK: sector=4*c+2*b+a. &5, BIEFEBRXER
T AR LU T ST RS 2
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4.2 M Matlab/Simulink #EEIZ|{Ca3CIR

4.2.1 Matlab 5 T162000 %% DSP &= 5 #93E0

TI ARG T 1R B B SR IR B FF R %, T MATLAB AT EAAS
ABE—TRER AT A B E BHUET A, 1A MATLAB KHiRiLiz
Bt i c e T BR, nEEYE RS 6 DOS ¥ M Windows —H, BRI
HIThEEAER], (HREERHAKFT . MATLAB AR#E TI A 84§ DMC 27
Bigk, BEERHA Simulink P HIFEMER, AL T BRARFR R,

Target support package TC2 & MathWorks 2 & 1 TI A & &1 RH—/M
F Simulink 1 Real-Time Workshop 1P R TR, AT XANMTRITEM, BAN
AT LATE Simulink FR8Eeh#% i@ ML #1817k, )58 Real-Time Workshop £
A TMS320F2812 Evaluation Module E¢# Texas Instruments Code Composer
Studio Integrated Development Environment (CCS IDE) ) ANSIC 445 (2008 4
3 A 1 H MathWorks 2 ] # H#) MATLAB R2008a A 3CHF TI KI7F A B8 F
TMS320F28335). Target support package TC2 B LAFIA TI f4wi% L B354 Bk
RIBGRIFRE  F2812 VLR, KRG THRD F2812 FHIT. KT FHRAI
fREG I R, Target support package TC2 1Rt T #F Real-Time Workshop K] H #5
F2812 eZdsp F! F2812 eZdsp Stand alone code using Flash Memory, 4547
Ram HE1THFRFAFEMZE Flash HiB17HAHEEY,
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Library: Target Support Package TC2/C2000 Target Preferences 'Eé}arci

Custom Board

F2808 eZdsp

F2808 eZdsp Stand alone code using Flash Memory

F2812 eldsp

F2812 eZdsp Stand alone code using Flash Memory

F28335 eldsp

F28335 eZdsp Stand alone code using Flash Memory

K 4.5 Matlab $24EH) TIC2000 H brits sk

ERRAFFT TRE R B AR, BT M Sh B AR R I N BB R SO,
Matlab M35 ShBEAN[F)AE A F 2 ShEe Ak ER, S F2812 $RAEHI DhRetE R & 4.6.
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C281x DSP Chip Support Library

Wtilities
b
From Mermnory To Memory
Read From Memory Wirite To Memory
Scheduling
€281x C281x C281x
IRQN 0p MPIEIFR7.INTS
EV Timet Hardware Interrupt idle Task Sw Int Trigger
Timer Hardware Interrupt Idte Task Software Interrupt Trigger
C28x
Watchdog
Watchdog
Control
C281x C281x C281x t287x
Ap enth entp
ADC PYWM QEP CAP
ADC PWM QEP CAP
Communications
C281x C281x €281x C281x
Rxp )Tx Datap Data
SPI RCV SPIXMT SCI RCV SCI XMT
SPl Receive SPI Transmit SCI Receive SCI Transmit
C281x C281x
b
GPIO DI GPIO DO
Digital Input Digital Output
RN CZ81x
M AMsg
sg b
eCAN RCV eCAN XMT ccP
eCAN Transmit CAN Calibration Protocol

eCAN Receive

4.6 Matlab $24LH C281x S LI
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4.2.2 FEHEZHKBEIIER
PWM 87 EARRI K 4.7 B, HewhlEsmE 4.8 Fir.
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B 4.9 £ —AUAAEBAR IF 5% k35 a5 R R, ARE i O R R
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Saddlewave Duty Cycle Control

YY VYN

double

Scope

F2812 eZdsp
Stand alone code

double o [} double
»
double

using Flash Memory

saddle wave

Kl 4.9 HERMIEZR R SR
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FRE RBH

FEEFAHETHRFRBEEAERT, BERRAERRAREREAG R PE
RIB. ACH S LR H B0 ERSIAIME T AR, HEHRHTEREEM™
WERBE—FIR N — TR S BT . SEE RS —RICERTER, R
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SRR RGEAT T i E T, ERAH AT
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(SPERT s

Lip=3
% BT ERSHGTH
clear;

disp(VEM AN BB TS E: )
n=input('n=");
disp(THHMIAZERFUBE: 1)
Vi=input('V1=");
disp(HRIAZERELHE: )
V2=input('V2=");

alpha=(60/n)*pi/180;%60° /BTN
k=zeros(1,n);%& 150 ZHL
TR=zeros(1,n); %% 5 2835t
for i=1:n
p=i-3: % A A BERFEAE-30° 2+30° Z[A)
theta=alpha*p; % S TCAE A A
k(i)=sin(theta)/sin(pi/3-theta);
TRG)=((sqrt(3))* V2)/(V 1*(cos(theta)+k(i)*cos((pi/3)-theta)));
end
disp(* )
disp(‘HH B BB LGHRESHHR: )
disp(k)
disp(" )
disp('vHEAB BN SR REMAR LA BA: (R M/—mly)
disp(TR)
disp(' )

MiE—:
clear
cle

Yol T34 SR e R VAR I ¥

disp(CWM B - T{EX A% B E/NT N FHRBLBEE (N hEHETH) AL
T

x=[0:0.01:2*pi];

disp('iF AR M BE T(0 2 pif6):);

for T=0:pi/300:pi/6;pause(0.01)

%T=input('T=");
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U=sqrt(3)/(2*sin(pi/6+T));
y1=zeros(size(x));
y2=zeros(size(x));
y3=zeros(size(x));

y4=zeros(size(x));

y5=zeros(size(x));

y6=zeros(size(x));% 4 5 B e B3 5 it &%
N=length(x);

for M=1:3

for k=1:N;

end
end

if x(k)>=2*(M-1)*pi+0&x(k)<2*(M-1)*pi+pi/6-T;
y1(k)=0;

elseif x(k)>=2*(M-1)*pi+pi/6-T&x(k)<2*(M-1)*pi+pi/2;
y2(k)=U*(sin(x(k)-pi/6+T));

elseif x(k)>=2*(M-1)*pi+pi2&x(k)<2*(M-1)*pi+5*pi/6+T;
y3(k)=U*(sin(x(k)+pi/6-T));

elseif x(k)>=2*(M-1)*pi+5*pi/6+T&x(k)<2*(M-1)*pi+7*pi/6-T;
ya(k)=0;

elseif x(k)>=2*(M-1)*pi+7*pi/6-T&x(k)<2*(M-1)*pit+3*pi/2;
y5(k)=U*(sin(x(k)-pi/6+T));

elseif x(k)>=2*(M-1)*pi+3*pi/2&x(k)<2*(M-1)*pi+11*pi/6+T;
yo(k)=U*(sin(x(k)+pi/6-T));

end

y=yl+y2+y3+yd+y5+y6;
ysin=sin(x);

y3times=y-ysin;

subplot(313);

plot(x,y);

hold on

axis([0 2*pi -1.5 1.5));

set(gcea, X Tick',[0:pi/3:2*pi])%5E X x Ab4r#h grid FFAL MG B
set(gca,'XTickLabel',[0:pi/3:2*pi])

xlabel("& TR A R B TE)

grid on

hold off

subplot(311);

plot(x,ysin);

hold on

axis([0 2*pi -1.5 1.5));
set(gca,' X Tick',[0:pi/3:2*pi])
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xR

set(gca,'’ X TickLabel',[0:pi/3:2*pi])
xlabel('Z K # )

grid on

hold off

subplot(312);
plot(x,y3times);
hold on

axis([0 2*pi -1.5 1.5]);
set(gca,' X Tick',[0:pi/3:2*pi])

set(gca,'X TickLabel',[0:pi/3:2*pi])
set(gca,'Y Tick',[-1.5,-0.5,0,0.5,1.5])
set(gca,"Y TickLabel',[-1.5,-0.5,0,0.5,1.5])
xlabel('E N 1"

grid on

hold off

end

.

R =:
clear;
disp(CWM 554 T{EX a])
x=[0:0.01:2*pi};
Yedisp(FH AR M L T(0 3 pif6):');
%T=input('T=";
for T=0:pi/300:pi/6;pause(0.1)
U=sqrt(3)/(2*(sin(pi/3+T)-sin(T)));
yl=zeros(size(x));
y2=zeros(size(x));
y3=zeros(size(x));
y4=zeros(size(x));
yS=zeros(size(x));
y6=zeros(size(x));
N=length(x);
for k=1:N;
if x(k)>=0&x(k)<pi/2-T;
y1(k)=U*(sin(x(k)+T)-sin(T));
elseif x(k)>=pi/2-T&x(k)<pi/2+T;
y2(k)=U*(sin(pi/2)-sin(T));
elseif x(k)>=pi/2+T&x(k)<pi;
y3(k)=U*(sin(x(k)-T)-sin(T));
elseif x(k)>=pi&x(k)<3*pi/2-T;
y4(k)=U*(sin(x(k)+T)+sin(T));
elseif x(k)>=3*pi/2-T&x(k)<3*pi/2+T;
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y5(k)=U*(sin(3*pi/2)+sin(T));
elseif x(k)>=3*pi/2+T&x(k)<2*pi;
y6(k)=U*(sin(x(k)-T)+sin(T));
end
end
y=yl+y2+y3+yd+y5+y6;
ysin=sin(x);
y3times=y-ysin;

subplot(3,1,1);

plot(x,y);

hold on

axis([0 2*pi -1.5 1.5]);

set(gca, X Tick',[0:pi/3:2*pi))%E X x Abtr#h grid At aIfr &
set(gca, X TickLabel',[0:pi/3:2*pi])

xlabel("4H B R )

grid on

hold off

subplot(312);

plot(x,ysin);

hold on

axis([0 2*pi -1.5 1.5]);
set(gca, X Tick',[0:pi/3:2*pi])
set(gca,'’ X TickLabel',[0:pi/3:2*pi])
xlabel (‘B # 7")

grid on

hold off

subplot(313);

plot(x,y3times);

hold on

axis([0 2*pi -1.5 1.5]);
set(gca, X Tick',[0:pi/3:2*pi))
set(gca, X TickLabel',[0:pi/3:2*pi])
set(gca,'YTick',[-1.5,-0.5,0,0.5,1.5])
set(gca,'YTickLabel',[-1.5,-0.5,0,0.5,1.5])
xlabel(' B INFEHE")

grid on

hold off

hold off

end
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