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The Optimization Design of High Frequency Inverter

ABSTRACT

With the swift and violent development of the modern power electronic technology,the
inverter is extensive used in various territory.At the same time,the request to the quality of the
output voltage of the inverter is more and more rigorous. The quality of the output voltage of the
inverter includes three part:the precision of steady state,the dynamic property,and the load
adaptability.So the goal that the researchers want to reach is the inverter which has a simple
layout,a excellent dynamic and static property,and a strong load adaptability.The thesis
optimizes the system of contravariant on the basis of the original high frequence contravariantry
scheme,and produces a high-reliability,high-performance,high-quality inverter.

First of all,the paper detailedly introduces the isolated and nonisolated DC converter,and
analyses whose operating principle by the numbers.Then to make sure the principle and meaning
of the DC topological structure which will be applied in this paper.Then introducing and
analyzing the full bridge inverier circuit,and indicating its advantage.

Secondly,the paper analyses the engineering principle of the original high frequency invert
system,which includes the circuitous philosophy of the push-pull boost circuit,and whose
controller ic and the ic’s circumscribed circuit,the way that achieving the closed loop control to
burn voltage of the DC bus with hardware circuit,the working of the full bridge invert circuit and
absorption circuit,and whose controller ic and the ic’s circumscribed circuit and drive circuit.

At last,the paper optimizes the high frequency invert system.Devising the soft switching
work pattern of the DC push-pull boost circuit and the device lectotype. Optimizing the closed
feedback stabilivolt loop method.Increase the function of the soft boot in this system.Improving
and consummating the overcurrent protection circuit and short-circuit protection.Redevising the
schematic circuit diagram and PCB board of the system.

Through optimization designing the high frequence inverter,we can not only inprove the
performance to take load of the power source, the work efficiency,and the stability. But also
simplifying the circuit,saving cost,decreasing the volume and weight of the power
source.Then,we can devise a three phase high frequence inverter which has a much more power
capacity with all of theory that is involed in the paper.

KEY WORDS:switching power supply, the system of high frequence invert, feedback to burn
voltage, SHE-PWM, the voltage utilization of DC bus
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Fig.2.2 The voltage and current waveform of the push-pull converter
DI S, I, Sy KW, JsUil 2k Tl 0 i i g it I, B Ung=Us, 10 W itk B8
PIFR I AN BN BAAHAE, B Uni=Uni=Uio I H. Sy P it s A RS P M g i A e Pl Lol Sk LR
SR LB FT, B Usp=UitUnpo JTEL, Siv Sy WA I 7K 32 AR L IR O FU SIS I 7%, B Us=2U

A Siv Sy [AIIN A, AR AR A — I Ge A ik, A S S bR I Ol A A, BESTT ORI
A AR T 50%, I BCE 5 ALK I T .

MIFRAE S T, Sy RWTI, A HUE U e UL 2 Ny b, JFfERILZ R N, b AR
g, A DyURSZIEIT S, 248 LC JEBUn R Tt i, BRi A Dy RS S Rl
LRI Ry g H L U, 4
N, t,

Uo i
Nl

(2-D

BTFRAE S, FIW, Sy KW, SN LIS U IN7E SO R Ny b, JFAERILZE R Ny L= Ak
ZF, A Dy AR IR, 28 LC yEBUn A g ftl, Bhi A Dy PRURSZ sk
SR o HL s U,



LR Iy 2 1w A 759

U, =22 tm g,
N, T
(2:2)
SR N=Np, Np=Ny A o I F SRS Nt f 2 L, T DAA
— N2 t

U, =-2-22U,
N, T
(2-3)
LD B S 00, kel A i, S i U e X 2-3 MvHARqe, k012
N.

%M¢ﬁﬂ%,ﬁﬁﬁ%$%W@%RF,%:R%Mo
i

i N LR R IR P PR O L P e FBCR I S F D 45 K 5 TR 3K — & K e A8 1 752 T 2 XL Tl
A, E R RIS, AR TN B B Y, [ T OGS it PWM TR 1
172, AR/ i PO R v S P Bk e Nl F R K D B R LR s AR T 3% S50 W e 45
BRI, AT M) TP i A LS IR 6

I S B ] 2.8 AR s s M ERR SN R TR o A U AR I 22 s i A L g
A, SO AR R RIS AR, TR D . R A AL T
WA I B2 2 AR g R NAZ S A R L, S PF 5 SR AR s e, HLAR s s RO SR 44T ot
ik, G RIIE Y R BR o

MBI S B 2.7 AR s s R ERSR SR TR o LD R AR A U O AT
Vi (e, HAS S dsSe 44 Mg oo ROl k) JLdh nlA7 AR N 2 ML B e A A, A7
FENANME B, RAEROR; HHBR A 20 A, S,

T H AR AR T 100V AN BCR A 4 B r s, i fE iar U R SR s, oA
SCR MR . 2 2.1 S G 1 LA % 120 1Y T A0 A 00 LB 8 ) 0 e 15 I P A 1 B

% 2.1 REAERTRAEEAILR

Table 2.1 The comparison of the isolated DC converter

HL P A BoIE SN O 40
3% LRI B, AN, AR IR S g, A JLE W~JLT W S i AN B
AL, SRS R . | TR HL
B HLERAR W (a7 0, AR | MELLE BIECR T | JL WL+ W N TR

%, FIEEMES, SRS | A, AR S A il oy TP
i Ff o GRS li M i
U5
€ty AR A i, A5 | @SR, B, | LA W)L Kw | KR Tk A

7




S AR R T

B KT, A4 ELIE ), ] SR LR ARz R
(e =P AL HRL R FL R 25
LS IR BN L

T AR R AR g, e | AT EDE RS, ATEERE | JLE W~JL kW BTl Tl
AR P A R 0 B, TR ORHL | A, 7B AR R W, F L H
by A, B . &

A AR R BRI i, AR | A e ) JLE W~JL kW % 4 A HL T (1)
UM LR e e A L
AN, AR,

IR 7y ] o

§ 2-2 DC-AC &#FiiZR R #H FH

SRARR Y, B H AR A R AR e A ), BRI, R
AR s A AN L P B2 BRI, B R JCUSIE AR o AR LA O HL S O P AN [ 3R it
FIOY g WAt v s R R ) LRI F T s L R A R 1 BRI R . A SO
A LY e MR ATRG P UL T, T AR P e P A A s SR R — N LR R, AR
A R AR AT, BT AAR SR . i A A P

B i) R LR 1) B G ] 2.9 BT

+o0
v
V /\VD, . /\VD;
Uy ::C —é—%
— "
VvV Uo
= /AvD, Yy, Avp.
—o0

El 2.9 BEEFHAZTER

Fig.2.9 Single-phase full bridge inverter circuits
Elrh Us WEINE R, C B TR, Vi~V BIUANFFIEE, VD~VD, A IUAN SR AR,
RO L A BHENE 78 o vy IR IR RS IR IR R, PSS Vo IS, Vo YA st e s
ISt dndL s —A BV o B ViV AU ST — W . SR VD ~VDy 733 S 17 JEERAE

PUASTFRAE IS . ViV, 4T R [N Sl sk T, VoV T4 (R I Il s oW o Aot
8

U,
A




LR Iy 2 1w A 759

AR 1807 o PRI PRI Y, o R Rt BELBCME B i RS LB I T PR AR A U
JEnE 2.10 s

Bl 2.10 Y3 G LB ERRRE

Fig.2.10 The voltage and current waveform of full bridge inverter
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Fig.2.11 The functional block diagram of the feedback of instantaneous value
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Fig.3.1 The schematic circuit diagram of APS
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Fig.3.2 The schematic circuit diagram of push-pull
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Fig.3.3 The schematic diagram of the circuit theory of TL494
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Fig.3.4 The schematic circuit diagram of the drive and control to the push-pull
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Fig.3.5 The schematic circuit diagram of feedback and stabilivolt

I, OUT-+ 49 i i i th ELIR BEZR L s, FUAE R 320V 243, Tl A IM Q) HIFH R150 F1 R151,
—A~ 10K Q HIFH, FI—> 10K QR4 K, 4013 2.5V RS TLA31 ke, Gl vk 5 50500
g FEBE R152 BHAE R 4.7K,C94 AAAAAMERIZS, BTGB AIMEN, BRIk A#GED .. R70
FURLS Al 2 5y AR GAE T« B HIE VCC, 230008 TL431 FOGREE Al S5 h TL494
(1 14 JHZHIURERL S Uree AOGRE IS H S B rE . JCrh, i A St G R R 2

JEHIRE S A PC817 & — A URRR B a1, T ri Bk Z [R5 A4, i S5 e ey, H
(e TR e A, J Bk TPt, iR BeTh o LA G - 2R A\ i 1) A 8 R AR
S AE ) B HS TR N, RAE SRR EONE T A RO RO A RO, FRROLLE S AR R
WS, AR R, il AR I, SERUE AR .

TLA3L 2N A T (TD A= (AT R AR e P (0 = o ol 0 Ao 1 e B
ALK o AT S AR S Vi (2.5V) 7T E] 36V 248 I S A ET R 02Q, AIAUE
FO N R EZ A B, BERER, BEBOCRE, BEATE R, FFOC SR,

TLA31 AR TERE I Qi 3.6 s

] i > B %
o R} O h (K)

2.5 Vygf




LR Iy 2 1w A 759

& 3.6 TL431 FUKFRMAEE]

Fig.3.6 The typical block diagram of TL431
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Fig.3.7 The project seagate topological structure of full bridge inverter
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Fig.3.8 absorption circuit
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fig.3.9 The response wave profile in the same inertia element of different pulse
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Fig.3.10 Silent Pulse Width Modulation
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Fig.3.11 The oscillogram of SPWM with the control of unipolarity
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& 3-12 XURkiEzES SPWM iRZE
Fig.3.12 The oscillogram of SPWM with the control of bipolar
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AR S U RO = S, I IS 5 0 IESZ3E Ure 24 USUc N, farthh SPWM MIE, TRAEN
Ugs 2 U<UcHY, Hirth SPWM hy i, WEMEA-Uge 55 SRR SNAR L, BN B AS 1 T 1
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FEA AT B 22 (R O ZR AT 4 A [l R A S 2D R A . [RER &SR i
TEV AR, K R ) I P AN o ) R R e A A, Bt R BB R LU AR, RV b
A, Al PRI EAE SPWM A1 A 2 ANAR K o 23004 Fe e A Y SR ARG I
VR TR A AARARAG, SR R BB LEANR, BT EAIRIAS P ) B AR AR, AN 5 B Ak b T3 i ok
I S0 i A0 LU S B N AR AR, IR IE St ] AR I S BORAR A, AN 58 R R T o =
PR —E, BRI AAGI, 2 A B BOCAAR TR . 215301 P AR (R R £ S 20 38 1 oA
PRAET, DR GBI AR A0 2 oo tHBIL,  (H 20 HUUR BRARIN - J A (KD Rk Bk B2 1 2, %
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P RRDMRAETE St 52 1N 2505
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U 2 TF OGP IR ST AR RAR I S AR IR 5 V5, T3 20 SPWM ik
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IZEBLPE I BOR b, AESENHE R P AL o A G e, IRITAR D N T TR SE b e
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Fig.3.13 The oscillogram of regular sampling
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MR ISTERE . W&l 3-13 o, B S A I 2] to 6 WA SZ I D AL, 1 D ik =
T Av B WAL 18 A RUNZ o BHIF R, 75 B s 2] 6 #HIF O XK. wTLUES], R
WERFEE S ARKAEHLL, BKoP S8 S+ 53k

BEIE LI B 5 BN -

u_=asinm,t (3-6)
K 3-6 1, a HEHIES, 0<a<l;o, HIEZGESHEMIE. NE 3-13 Par i PR R

l+asinw,t, 2
0/2 T, /2

(3-7)

(K] AT 45

0= %(l +asinam,t ) (3-8)

FE—ASREE I, kb P I R I B 5 2 & O -
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o :%(TC —6):%(l—asina)rtD)

(3-9

R 3-8 5530 3-9 BIVRTEL AN SRAE s 1K) SPW MR ik 56 B2 R A — N800 AT 39T P9 I 5 Je 40 )
T8 W INF 1)

I IIE 27 (Selected Harmonic Elimination PWM—SHEPWM) & it 5k s HARERMEN—
P75 o T RASAE I AN ST A= SPWM 5 (K1 R4l 23 Y BT B o AL AR H B S (R~ R UTY
AT AISCHT % 3 0K, A8 1/4 BN TR AR 20 235000 ars ayy ase SEBR b, TN B
IR TR, ZREARIE RA N PR E, ﬁ&ﬁ’ﬂiﬁi#ﬂ’%ﬁ%ﬁ%u@/ﬁ BRABUCIEE, , B

u(ot) = —u(wt + ) (3-10)

F, A TR BT AR 5X I, RSO R, AEBOBAE RN ETE 174 FIIRL /2 il
Xﬂtf/J\, Elj

u(a)t) = u(ﬂ - a)t)

(3-1D
(el 3 A2 1 3-10 A1 3-11 (BSERR A WU o0 2 — I BRI« P L R 7RI IS4

[29]

u(owt)= i a sinnot

n=1,3,5,A
(3-12)
X a4
=—J‘ a)t)smna)tda)t
(3-13)
FE— AT 12 ATFRI ZIH, BERE IO IEHIIAA ar ar a3 =AM Z. ZBIEH an K

4| U, . 2 U
a, =— I —dsinnewtdwt +I -—4
| 2 2y

2U
¢ (1-2cosna, + 2cosna, — 2cosna, )
nz

A, n=1, 3, 5, A, Ugky SPWM kb ik ppiEfe. =X 3-14 5 AT #40 & a). a
as, MR R EEMC L A IIME, T2 Asy As B, B SANTRERT ary aps aze IXHE, RIATVH
LSO LRE . sk 3-15 s

Jda)t +J‘a3%sinna)tda)t + I% (— [;d i Jda)t} = X )
a; a3 3-14

A = 2U, (1-2cosa, +2cosa, —2cosa,)
T
2
A, = 3Ud (1-2cos3a, +2cos3a, —2cos3a, )= 0 (3-15)
T
A= 25Ud (1-2cos5a, +2cos5a, —2cos5a, )= 0
T
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FMHZE Cat LR ERE S B R D) w, 8T 97%: 50Hz/60Hz #D)He. B TARRZS T ol B
o ST AT R 50 Hz 8% 60 Hzs K FH SRR RS, FFOCHFE/ N, TOARMUR B BRI
W, BN T IARFE . S0HZ IR, 5 KITIMER A 18.9kHz, ~FIATFIHIA Ny 9.45 kHz. 60Hz I, %
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Fig.3.14 The graphical representation of HT1215
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AR, S AR 5 O SR T, s ST S0Hz, AIRHITTH 60HzZ: 6 JRIA A Bk, &
M ARl 2, WSCH] SPWM . — 0B n FRaEA TR,  ELRNER TAE; 7~10 B4
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R EE SR, XTDRERR B 12 BOA RS R R It A, F SR A e fr s AR 13 AR R G,
HISPA, AR R 20 14 .
(%) BEhit v IR2110
IR2110 & IR AR A= I RS A L 05 s SR I PR B AR B e T B2, A3
RO DR A AR IR B RS 2 T KTk, RN 9K ) i B 1R Pl S A 3038 o ST AL Py A
T A5 R J A AR AR AR B, SR IR2110 YRS AN, X — % 10V~20V HiJ, —i% 5V
RIS RIAT . SXhE, LA M S AR TR B AR 2 T ROl 7 AR FRAIG, RG] SEE A B e e
IR2110 KT CMOS HIfE T E, FEMN LN SV~20V (B H Y, CMOS B¢ TTL Hi V4B Al {f:
IBHRAT SN, TR it e O R e I A Y A A I B R S
HSPRE & O30, IRV R s S % 52 Ak S B 5 2 A £ 5V Wi &, JF HAE
A KT 50ns MK bR, XAl A0 g A (R TBCR LR BAR . % AR H] CMOS Tt %
fil i, HESHTTPLRE 3 aE . HIEA R R W E 3.15 Fis,

+HV 02 |
C6
T TR —E—Eﬁﬂz
c4 =1 10 VB T 4
5 D1
{25V —e ' =
P10 lﬂu_:nl Y\'Dp Vs _—|: | | R108 010

s g HIN 3 VCC2
EnTia Eg\ \-'cé 1!

F2 \r VSS COM —| Les _I;cw 5

— 16 LO T o4 10025V =

R T 7 4
i | Q21 Jﬁ IRF840
b V4
& 3.15 IR2110 /RIEE]

Fig.3.15 The schematic diagram of IR2110

Bl IR210 SRAIIAE SOP-16 (16 S ) REHIEA, S 1 (LO) A5 8(HO) 77 [Fl
— WV BN S BRI Eh G, al R LR OIS A 2 (COMD AR FE I A 3, $Rts
JA 3(VCC) RS L L s, iy Y, XA S VCCos B 6(V/S) v i V7 B LS S
PEIF]— MR AR A I 7 CVB) A i - L A, B9 FL S S Dy BT EE; 1A 11(VDD)
DU R YU, 3245V T 12(HIN) AT 14(LIN) g 38484 A v, 23 3 A A2 HT1215 () 10
SRR 9 JAUAHE s 13 B8 (SDO A A SC M, A AR R, ORGP I s, OGPl 15 B (VSS)
ISR R, AR

IR2110 SR A 2% HL A S B i, I i A FEUS T 3K 500V, TAEMATT ik 500kHz. ;i Al
AR S S 35947 A0 I IS R B T e DY . T AR S MOl sk 3.3 B

% 3.31R2110 F3|pIE/E

Table 3.3 The voltage of pin of IR2110
2 /MEV = INI-TAY
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VB VS+10 VS+20
VS -4 500
HO VS VB
VCC 10 20
LO 0 VCC
VDD VCC+4.5 VCC+20
VSS -5 +5
HIN,SD,LIN VSS VDD

HOLARTAEREE S : 1 (LO) # i A iAts i HT1215 1) 9 i SPWM Jiki UK & 1 T
P CABR Sl AR [F) — AR 0 R Quoe 24 1 IR iy, NP . BUIN 3 A B VCC il [ 28—
R Dy 6 1/ (VS) 17 JAI(VB) LI H 2SI Co ALK T Quo FHEIEEEI R, LUA H A Co 72
His 2 1 JIHALAAS, & Qo KT, BUIN 6 I 7 W E A28 iy B R 8 I (HO) fikr, i 8
7745 HT121510 K SPWM BRSO, I LABRS) FAF Qus, BuI,  F 2SI E I IR2110 P HFIFI4E
Ji% MOSFET WIS FEHCE . 53 P SR 30 L e 1) B L5 AR TR], SO TR

(B AZ TS B2 AR

IR2110 7E9KZ) SPWM % I 55 2 b BRIE AN BT F 28 A A A28 MU o 70 R B R K I PR agEA T 1
#, DA BB SO . ASCEH] 25V10u 1A FAAE R F 28, RN 2% F AP i 56 0.1uF (1)
AN, FCAVI B 2% FE 25 78 T80 I T 2B B ) v s

H 2 A VR R BT R BEEE B m i o FR OGS 55 A o Ay PR SRR A 19 2% W e
BZIHLAR s DR, N A I U LA/ P BRI ST AR DM N AR B R DR, AR SRR K
B A5 0 HER108. % A M 2APEREWLAR 3.4 Pk,

% 3.4 & HER108 241448

Table 3.4 The parameter of diode HER108

i) WKW RS AR HKIE SN
(EREADLENES WAEART HAL 3L [f] I P IR (1]
HERI08 | Vprm | V vy | VA | Ve | V | t nS
1000 100 1.7 75

§3-4 AENG

ASEE T SO B IR BE A F B AT 70 SR XS DC-DC ELHES T s AR Ge it AT TR Jt B 73
Brs BAEA A T HESPE R 25 5 | BT RE LA S AN HUBR 1K) AR JSU I, UG s S 5t L 1) A S B
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WRA S IR B B AT
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(SR AR AMHT T RA A LA IR BB B A, I RS it
BRI R R, ARG IR S, AR AR . R T

RIAG RYBEIIREAE TS KL, AR XS RS MBI TN A S

§4-1 HEHE B B BT R SEBL

4-1-1 BIFR AP BARF A

DA TR IR 26 K 2 BOT R A AF TARERITT RAPIRA T o B 4.1 JEIT R TF RN 1 i S
AHFBIE B AT R
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Fig.4.1 The oscillogram of the voltage and current of switching tube

H TIPSR AR BIARE A, 2 H A 27 24 e R S 5 FEAS IS, 2 T QA S I Ly o P S AN 2
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AN, BTSRRI R BAT — T B0, X I L TIPSR, S
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1A I RSN CAE I R 3k 27 AR AR & (0 di/ dt F du/dt, AT 7™ A AR 5 ) el T 9
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&l 4.2 FFRE D BITEREFF R RS S RIFFREIE
Fig.4.2 The switching path of switching tube in the condition of hard switching and soft switching
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a) THRFX b ) FEEFXR

B 4.3 AFXELIRFFRAYEFE
Fig.4.3 The oscillogram of switching tube in the condition of soft switching
MBS B mT 50, JFIE AR S W ME4L B T T A0 FE -
PN FIEBFER T IEA P . — TR TE, WA S FERBE R AR E, B S
TR ARALFAR N, ATk LS 5 P IR AT 28 X S T AR, Al A A KIS, il 4.3a s — 2
TS, AIETFOCE TR AT, TP P s %, IRk, AR LA & X,
FTUIFAAE LT %, Wil 4.3b Fir.
PN W ARFE ) A WA . — R OCHr, RIFEIF O SCWT e (i ORFF L R R %, B2
F AR AAR N, AT/ S 5 A8 DX TR, A SR IRT B R Rk, 8] 4.3b o
FHGCNT, RIETF O T, AR OCE A %, Xk, WM IR G LAl S X
B, USRI LT 0%, Wil 4-3a s
TAEFEIF R GAT P IFF RE T GBI ] 4.2b Frow, wLLE W, BGIN S OCE Aol 24 TAE
X 457,
BT R H AR e s F O PR 7 AN DA S 2 5 BE R AT 2 20— T 40 A BT LK
(1) AR B, i ff iR s ( Resonantconverters). %2845 s Sefr I fE 7 4
PRAAZ s, F ORI IER T 30, 20 B ERAZ #e s (Seriesresonantconverters, SRCs)
FFFBGERA 4% ( Parallelresonantconverters, PRCs) #2E0%, Fif ik Hig 5 03k MR OC R
IEPRAR g n o AP ISR R AR AR S (Seriesload resonantconverters, SLRCs) ,
FCAE S 1R R AH R G s g — I8 JF I 1 Bl P Ak ( Parallelload resonantconverters, PLSCs)
oA 5 R A AR e b, RO L —ZIAME R TR 8, 5 3feE A
Feif el e & o AR H AR TR BN S 2 R REY), ZRBGEWBR, —BCR IS 6l
1715
(2) YEIEPEAR 2% (Quasi-resonant converters, QRCs) 1 i k4x 4% (Multi-resonant converters,
MRCs). JXEA A IKRF R IR TCA AN RS 5 e AR el R 2 e 5 — AN B TS
PRARH LS 0 A 2 LRI IR AL #2% - (Zero-current-switching Quasi-resonant converters, ZCS QRCs)
FNEE L R TR HE IR AR e 4% (Zero-voltage-switching Quasi-resonant converters, ZVS QRCs). FFIRE 1)
Z L P ORAE 2 U IR s th— MR BB S o IR SIS 85 (1) 48 1) vk 75 R P A6 1 o
(3) EFFK PWM 228 (Zero switching PWM converters). ‘& A 73 4 22 HL R 5 PWM AX 2%
(Zero-voltage-switching PWM converters) Fl1ZHLJi ¢ PWM A8 f 2% (Zero-current-switching PWM
converters)o. ZRZHAFLL QRCs AEEA, F—NHBITF S IMA R, AR ToF I R T )
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P, SCBUE AT kR SERE AT IR AR, B PWM Ele IR TR IR T O R LR e T I K
RZ, — BRI AR ) 5~10 £5. fEiX— ik, 5 QRCs A,

(4) T4 PWM AR 3800, 8 R U UAE T R T ORIl B 1 e e e 4 A, A R0k
PUTF RN, HARRS AN TA

(5) FUEIRL T AR 2R e P v BRI AL TT SCHBIR IT O b, A TP B AR L
S P4 P s N D A A 8 22 0T R4S R T IS BHAE P 8 v LARMAC IR [ T T 5 A P i ) S e L s T 7™
AR RER, DT Sl I, RV REHE S5 P I o 7 TEONT S S 22 RO O
A G VEEIL ZVS AR e 35 1 N o

(6) ] SUERTFF G PWM e, e (kMR IAC 99 4.5 F DG (¥ FROGHUREMRIBL, AT OCII R “ b,
BRAR HL I R AR A A, /N T O o e A B RAETT ORI R PP A B I TR, AT SC BB IR AR, Bk
PEI ST REAR

MR SRR VU SOA BTG, B ARSI R F e PWM AR R SCBUHERR TG
4-1-2  HEBRRBBIT R BRI E5 0T

AT HRERCR S M BT, ASCR e PWM S BOR BT 17— FhOTK
A F . SLR BN 4.4 PR

Vi | {;:'- L Vi1
roy Dy D
e . H
[w——jﬂ' = J=
D Aln

'LI|.'—L[_ U:l— Va2

Bl 4.4 #ERTT R ERIKFIEE

Fig.4.4 The schematic diagram of the push-pull circuit with the soft switching
Kl 4.4 5K 3.2 BETFICHES U BRI, HESRHOT OC L HUBR IR I 4R 70 I AE AR s 2 — IR
MOSFET P33y JF I HL A s 528 Mo e — CON 32 ] it 305G F SRR PR 250 I PR 22 4 M R P A D i i 4 )
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PLHESR KT O LA N (¥ BARBE Qs 4.5 o

32



LR Iy 2 1w A 759

|

Vi
-

Vez
-
= =
-
=z !
-

&
0 '/H_. - |

fi fa i

Bl 4.5 #ERIFFRFEM NaIRERIY

Fig.4.5 The ideal oscillogram of push-pull in the condition of soft switching
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RIPHERT, A Co 78T 2Vi, [N Co ERTHRTAHRIE; tt6 %], QEFHIEAMA TR
M, L Co SRR, il Qq A FIFI I FI, Q SWILF WM tots INZY, Qq RMrif
QIR T, TWRLAR LA F LT R MR, Co 78R 2V, [N Co ERTHRHE %, XY
NIRRT R 4, AT,

HARSEIUNEW R W H TR HIG T TLA94 1) 6 JIFE S BRSO 220Q0 , 5 & Ak
2.2nF AN, IXRESRat AR T 20kHz IOREG AR, X PR R IERIR . B R 2% 3-4.

MOSFET Wi i JF I HIZ A CBB HLZY, iR ICHAI h 104,

B R r A 0.3mH ARHE X 4-1 4

2rf =L 41
LrCr
1
Cr = (4-2)
(27f, ) x L,

A, 04 20kHz A HES T AR A 10 TAESR, LR, Crovifdkiiss, i 4-2 45 C
7 0.21uF. SEFRHLEE L 224 1f) CBB L%
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Sus  100MS/Ss Sip D09 %%hms  Smp Sus 100MS/Ss Sip D200 ns Smp
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Fig.4.6 The comparement of driving voltage and output voltage in the condition of hard switching and soft
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Fig.4.7 The current through the power transistor in the condition of sofe switching
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Fig.4.8 The function block diagram of the PID control system
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Fig.4.9 The primary function block diagram of rectification and invert scheme
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Fig.4.10 The optimized function block diagram of rectification and invert scheme
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Fig.4.11 The optimized schematic diagram of the function of feedback stabillization
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Fig.4.12 The schematic circuit diagram of soft boot
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Fig.4.13 The comparement of the output DC voltage with the condition of hard boot and soft boot
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Fig.4.14 The schematic diagram of the pin of TL494 to make the overcurrent protection
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Fig.4.15 The schematic diagram of the short-circuit protection
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Fig.4.16 The schematic diagram of control system
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Fig.4.17 The schematic diagram of power system
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Fig.4.18 The PCB of invert system
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Fig.5.1 The schematic diagram and pin assignment of the push-pull transformer

Bl 5.0a AR 5 50 64 11 12 IR A B IKIER, 3+ 44 13, 14 17, 8. 9. 10 [
ADNHRIFRE MOSFET HIIE, A2 S S 1 BIAT 16 JA 6t oo

A G LT3 (K vEBCTE 1kW,70kHz [R5 A /Lol Sk 10 iy AR AL s s o BCBEH A LR Vinin
N 24V, HiH L Vo ok 400V, firH ELIR [o ok 4A, BIR £ 70kHz, 080 4 95%, WHEEE a 4 0.5%,
M IR EE Vool 2V O ZER ISR, AW G R EE), TARRLERE Bac 4 0.05T, #
MRS, R R B KA 0.4, WTHHFR T b 30°C.

B, BATER:—MEAZF(AC) B ELFU(DC) R R 2 1 (T4

4 =1 (5-1)

LUK Ay AL R PR TEE N

44



LR Iy 2 1w A 759

6.62
e=—==0.025 (cm) 5-2
N (5-2)
WS EL K EAT Dawa N
D,we =26 =0.05 (cm) (5-3)
M FEAR TN Aw
2
szwzo.om% (em®) (54)
AWM PLK, LI 25 5 PE NG FL.
AR 1 HEAR S T ThE P,
P =1 (V,+V,)=1608 (W) (5-5)

AR 2. W UAETI R P, i ARG RILL P OEL, SORRE ERE U=1, Bl

P, =P =1608 (W) (5-6)
A3 HERMAEDIE Py
P = L (W) (5-7)
P, =P, U (W) (5-8)
P, =P, +P, =2660.6 (W) (5-9)
A 4 THEHRAS K
K, =0.145K *f’B,.’ x10™ (5-10)

DA 25 T g il R e, O K=4,  FITLL K =2842(W/em’).
RS VEERETS LT H K,
A

K o

e

K, = =0.9362 (cm®) (5-1D

g

SR 60 M PE—AN S LR ST S K AHIE ) EE 5
W45 )y BE-75, WGPEMEL R PC44, G MPL 4 10.7cm, 50 W A 179g, i )it
B 11.1g, P K MLT H 11.2em, SR A, K 3.39em’, % OHH W, 5 2.799em’, AR A,
%5 9.487cm’s BAS JLATH B K 1.1527em’, B A 118cm®, “FAI%F 1000 [l AL 24 7900,
SR 7 T RERALILE N, RO 5
v, x 10*

= - () (5-12)
KfBACfAc

IR S THEWMEE T, A E DR H Z&E K=0.29
45



S AR R T

4
S L (Alem®) (5-13)
KfKuBACpr
DO THEA R L,
I, = L 7053 (A (5-14)
Viall
IR 10: IMHE—IRGA SR Avys)
1D
A =N (07216  (cmd) (5-15)
WP(B) J
AR IR BRI LIRS,
A
S, = 2 = 4451145 (5-16)
@25
AR 12: HEHT R R,
R
R, =—"=236 (pQ/em) (5-17)
S
np
W 13: PRSI R,
R, = MLT(NP)EX 10 =0.001322 (Q) (5-18)
cm
AR 14 H—IRGA I Py
P =I,"R =6.576 (W) (5-19)

D15 T IRGEALIEEL Ng

Ny a
NS_—(H_) (5-20)

V, 100

in

V=V, +V,

TORERAF T IRGEULIT AL Ns y 84.17 I, HY 84 i
LB 16: AL RS — RG2S, TR —IRGEALN NS HL
TIRGAL PRI As N 0.00409 (em®), IRGEALZ LT ST Sos N 2.52 HX 3 [0, 14

TIRGAFII LAY 354 CuQy/em), tHETIRGEAIHEL Ry 0.011894 (R i T IRGRAHT R

P4 0.1903(W), T — RG] B AH: Pey N 6.7663 (W),
BN HEA SRR a

a= ];S“ x100=0.4208% (521

(4]

AR 18 THERLUHUR

46



LR Iy 2 1w A 759

IR 19:

IR 20:

IR 21

IR 22.

IR 23:

mW/g = kf(m)BAC(") _ 0.000318f1.51BAC2.747 ~176

:VI‘%‘EZQK jﬁgi PFe
P, = (mW /)W, x107)=03144 (W)
THE K Py
P, =P, +P, =7.0807 (W)
TR R AR R K

w=22006 (Wemd
A

t
HEETE T,
T =450p % =44°C

LRI E R 25K,
Ku :Kup+Kus
NS A

_ 2nhws(B) _ g 0146

us
a

= NeSwAuim g g3
W,

a

up

FiLLK, =0.0277

MG LL BT, SRAFZ R S 8 S HO0h . BRI S 504 EE-T75,

(5-22)

(5-23)

(5-24)

(5-25)

(5-26)

(5-27)

IE-S2ya]

o 16 B IR, ARSI IE PR A R PC44, BT IR S0A. IR 4A, Wil TAEDT
AN, B ST 0.05em, JRULITECh ST, BTN 45 54k, RIIAMECh 84 [f, &E
N3 SR, IR 5: 5. 84, TARAR N 70kHz, 28SZNmIHUEE N 16mH, I /&N 30uH.,
(2 %l By Wt s 0 2 A TR 2 1 1 o
AR Fad S, R RS LA 2 (K) V2B v 4l B R st S b 12 A s o LI SR T Pl 4] 5-2

IT

47



S AR R T

Nz

[
.
@
L
L
L
L
yém,w.- K

PAER RARE

Bl 5.2 R E=RFIEE R ERE

Fig.5.2 The schematic diagram and bottom view of the flyback transform
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Fig.5.3 The schematic diagram of the 7 filter
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BWEEHAE LI DIARAFE, ARA S DR S AT H M, iRk cosg=0.9, a=0.75. %

ZMG BRI TR ARG, YOS DR ATAS, B IO IKVA, DU AR 28 1 4 H FLA A
3.274A, JUEAE K

I =~21=463 (A) (5-40)

% 1834 MOSFET R B — & et i, HUAUE R 500V, e i 8A ¥ IRF840 1E K idi
AT 8. HEESHILE 5.2 iR,

% 5.2 II=IGNE IRF840 244

Table 5.2 The parameter of power MOSFET IRF840

NE s TR T L RH T IR MG DAk
IRF840 Vbss Rps Ip Vs Piot
500V 0.85Q 8A +20V 125W
(2) H#EHTHETh% MOSFET [iE 4!
W, TR FURSZ (RN 1ok
v
V. =—50 =48 V) 5-41
ds l—D ( )
Hrp, v,=24V, D=0.5
MOSFET [1) A gk Jilid v S5 e 3R A Tk s i fn, - B
L, =1, + NNVC‘L—_V"Q(I ~D)T, =60 (A (5-42)
k
P T T IR KA Rk
[C1, (@ de+ [1 (e de
Imrms = L s =~ 32 (A) (5'43)
TS
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gk EPTIR TR LI IRF2807, H 2V RES 3% 5.3 .

% 5.3 TIFIZNE IRF2807 41

Table 5.3 The parameter of power MOSFET IRF2807

b/ /SIS SR I = /= A B~/ S5 7 I w3 e 2] i 4 KW 4E NREIITR] | AR AT
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75V 82A 13mQ 64ns 13ns 49ns 48ns 160nC
#v AP R B — PO 1h, LSl ke
P, =1, R, ~133 (W) (5-44)
H TN IFEERE, RSP, Sl JFRI 14, 24 3.3W,
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ARTE T S0 A R (AR AR o R B R ) OB R B AT SO B, W TR s AR A

Jo OV AR G DR AR AT SO B, e DR R IE OB A A%, R RIS B R
a0 DR TF R G E SR T T A 2.
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Fig.6.1 The comparement of the oscillogram of the actual and emulational ones of the push-pull drive circuit
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& 6.2 HEMRINSIZN SRR ESCNEH SThRIRAZAIECEL

Fig.6.2 The comparement of the oscillogram of the actual and emulational ones of the drain-source voltage of
the push-pull power MOSFET
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Fig.6.3 The comparement of the oscillogram of the DC busbar voltage before and after filtering
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Fig.6.4 The comparement of the oscillogram of the drive voltage and the drain-source voltage in DC-AC
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Fig.6.5 The comparement of the oscillogram of the output sine wave before and after filtering
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