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Abstract

A two-stage three-phase Aeronautical Static Inverter (ASI) is being researched in this thesis.
Based on the comprehensive investigation of the advantages and disadvantages of different strategies,
and in order to meet the demand of wide input voltage range, high efficiency and high power density
of middle and low power ASI, the front end employs half-bridge LLC resonant converter; the second
stage selects three-phase dual buck topology as the DC-AC stage. The front end LLC resonant
converter is highlighted in this thesis

Firstly, the disadvantages of low voltage DC power supply are analysed so that the high voltage
DC power supply is obviously better. Then, by comparing some common insulated DC-DC converters,
the asymmetric half-bridge LLC resonant converter is chosen for the front end. Owing to the resonant
characteristics of itself, the converter can synchronously realize soft voltage switching of the power
switches on primary and soft current switching of the diodes on secondary side without additional
buffer circuit. Therefore, it can realize high efficiency and high power density. Moreover, it is also
applicable for wide input voltage range, low and middle power grade application and simple in
structure. Secondly, by introducing three kind of resonant converters (SRC, PRC and SPRC)
operation principles and analyzing the merits and demerits, the thesis makes preparation for inducing
the LLC resonant converter. Then the operation modes of the converter are presented by locating the
switching frequency in two conditions: fs>fr and fm<fs<fr. On that basis of equate the converter as a
two-port network, a completely improved precise parameter design strategy comes out in terms of
frequency domain and time domain analysis.

Besides, several ways to achieve high efficiency and high power density and stability are
presented. The integrated magnetics technique is analyzed by simulation on electro-magnetic field
simulation software. Also, over current protection technique is analyzed.

Then, a 550W LLC half-bridge resonant converter prototype is built, which involves detailed
parameter design. Variable wavegraphs under different load verify the feasibility of the theoretical
strategy. Finally, the two-stage debugging and efficiency test experiments are carried out. The

experimental results verify the validity of analysis and design.

Key Words: asymmetric half bridge, LLC resonant converter, integrated magnetics, over current

protection, dual buck inverter
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BT, BRI ITORAEEISCHT, PRI RIER A B T, P I A RO, 45 tURE DR
/No SIISTBY)HLE S — & WEREEHEf S 1.25V U8, 4 IR T B, & AR
HRIRAS, 4 F R I S Fi R 50mV(RIS 1.3Vt b B8 a8l 4 JRE I Fl PHL-S el i) = AR
FARMANIE, %A KN GE 70 i AR UG LB I ARSI . RS 4 JIRMEL %
R RF o VAT ROZ PR, Rs=47 BX

4.2.2.4 IR FNEEHRARTP

R AT E R B R R ], DR N B IR AR I R A T i R AR S (OCP)

Al—#H, CAHESNALERASOERE, BRI, Re=180Q, Cgti
Rg Ce=10/fin KA i, 1X BifinHX45kHz, HIEATSCa N 1pF.

FEERNZ, ReMEUEES T LRIHTIEIE. ALIH, SEIE, ReIUENI70Q,
BEREAE TR 1EKWH A] LS LR Th g

4.3 LLC SR T Hr 333000 45

TEH AR S B0 R A0 i N5 R0 2 B TR s F IR T, T O U T Il T
2N 4.6, B 4.7 7R,

HI BRI, AR M bR A 32 7 O ) ATE A 5 0 B Y S I R TR, I B
FL S 1) FL ALV T BREEAE S HTB E A
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270VDC % \ 500VA =i

+

IL/(1A/div

,,/"/

—411%

Ugs2/(200V/div)

/

" 5us/diV lssimmmiass

aae o

(a) B T R FiL s AR BT

+

AR s AT

Uds2/(200V/div) Ugsz/(iOV/div)

l-——ﬁ- L —] [
—lr ey e 45

|+

(b)Z=#3k N Burst-Mode J&i HL I FLFLIY T

1, 7(500mA/div M

Sus/div

Kl 4.6 JECH D BN T OCE TR L T, TR AR R IR
_ . RUR——
Ugs1/(50V/div) ot 2
U /4V/di77‘2"'
9511 Ugst/(50V/div) 5
R | Ugst/(2V/div)
+ -
,——-—a——y W S ] B
Susldiv Sus/div u
(@) LEIRBFJRIR R (b) L& T T
_ gy RUR—
P gy - :
Ud52/(50V/di:1x) ) _Pl _
" Uge/(5V/div) Uas2/(50V/div) | [ Ugsol(2V/div)
el T rn—-ﬂ--lu-t
+ +
bt . [ — - : -l
2.5us/div 5,us/d|v
(c) NEIRSFNJEIR LR IE (d) FEFFEIETE

4.7 FFRE W JRIR B BRI, il
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4.3.1 LLC MBI TS 0 B RIEER

R 4.2 AW ERHFEARF R AT, AN SR AR S,

NN
=

1]

e

15 93.9%, 7 400W A AWHAR]. BT SN RAE R BIOUE, Wi B RENLIN I #5056 1%

AT RAEJE T AR SPETL T E3EAT T 800W R 3 sk -

R 4.2 Whr BEREHLAS ) RN R I 28R S0

Uirv li/A Uo/V lo/A Po/W LVES fs/kHz
270.3 0.3675 360.1 0.234 84.3 84.8% 63.7
270.5 0.665 360 0.455 163.8 91.1% 63.0
270.5 0.978 360 0.682 2455 92.8% 62.5
270.5 1.285 360 0.905 325.8 93.7% 62.1
270.5 1.624 360 1.142 411.1 93.6% 61.5
269.3 1.942 360.2 1.358 489.2 93.5% 60.5
301.1 0.324 360.3 0.233 83.9 86.1% 72.6
299.1 0.603 360 0.455 163.8 90.8% 715
299.3 0.877 360.1 0.676 243.4 92.7% 71.0
300.5 1.17 360 0.91 327.6 93.2% 70.5
300.3 1.448 359.9 1.134 408.1 93.9% 69.5
300.6 1.734 359.8 1.358 488.6 93.7% 68.7
240 0.419 360.2 0.233 83.9 83.5% 57.5
240 0.773 360.1 0.465 167.4 90.3% 56.5
240 1.095 360.2 0.675 243.1 92.5% 55.5
241 1.458 360.3 0.907 326.8 93.0% 54
240 1.816 360.4 1.135 409.1 93.9% 54.5
241 2.19 360.5 1.362 491.0 93.0% 53.2

K 4.8 by BAEHLRIRCR ik, T ILHAERUE M AL S T RABEIAEE. hEwHR, 2
BRI AR AN 93.9%, W2 ER. B AFERA L T R i LA X, —fek
VOXRANKATBERT, SRR T EEORZESN, A7 T Re 2 FER A B BORR , SORFEAS 2 (43

M AT — AR EL T
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96. 0%

500W LLCR 4

94. 0%

92. 0%

90. 0%

88. 0%

86. 0%

——240V
—&—270V
300V

84. 0%

LI

82. 0%

80. 0%
0.0

100.0  200.0

300.0  400.

HithThE/W

0 500.0

Kl 4.8 Hho> BSRENLAR £k

432 LLC FMEIRT RS E RN LR ER

B LLC ~EMrIBRAS Heds (IS R IEAN 28 e s R I AE — kS, A AR I #s iR i A B4 Dy LLC
R H A FE IR, LB RERT — B B RS, B RS FENLRCEE IR BE tnk 4.3

FiR:
4.3 WA RRENLAS [F) AN [l N FELE T S5 254
UiV li/A Uo/V lo/A Po/W L& fJ/kHz
240 0.4045 359.6 0.232 83.4 85.9% 67
240.5 0.749 360.3 0.457 164.7 91.4% 66
240.5 1.097 360.1 0.676 243.4 92.3% 65.1
240.4 1.488 360.2 0.905 326.0 91.1% 64
240 1.886 360.8 1.142 412.0 91.0% 63.2
241.9 2.286 361 1.37 494.6 89.4% 62
240.8 3.095 359.9 1.718 618.3 82.9% 56
240.5 431 359.9 2.276 819.1 79.0% 52
270.4 0.373 359.6 0.2324 83.6 82.9% 71
270.5 0.69 359.7 0.462 166.2 89.0% 68.5
271.1 0.994 359.8 0.682 245.4 91.1% 67.5
271.1 1.31 359.8 0.894 321.8 91.2% 66
269.9 1.65 359.8 1.132 407.3 91.5% 65
270 2.024 360 1.372 493.9 90.4% 63.5
271 2.695 359.9 1.718 618.3 84.7% 57.5
270.8 3.775 359.9 2.276 819.1 80.4% 54.5
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299.6 0.3325 358.9 0.2345 84.2 84.5% 79
300.7 0.61 358.9 0.461 165.5 90.2% 78
300.3 0.895 358.9 0.683 245.1 91.2% 77
299.6 1.175 358.9 0.895 321.2 91.2% 75
299.7 1.478 358.9 1.13 405.6 91.6% 74
301.2 1.8 358.9 1.368 491.0 90.6% 725
301.1 2.34 359.9 1.718 618.3 87.8% 65.5
300 3.275 359.9 2.27 819.5 83.4% 62

K 4. 9 ARG FENLRIRCR 2k, s ieoy 92.3%, fEFaikE]; FEFLLE 800W it
BN R AEAUE RN RS 270V T8 80.4%, JF HZ&R 7 5 708 g HE LI

MEREATE 2, AR SRS B IR BUR, T R AR e 2 028 e s A8 B THIN 50 25 18
REBN AR, AR AR A, i A AR SR A R K TRUE A, BRI A E
SRR, s B BN IR R R IR (FE T AR 4.1 A ricid), S BUE R4
W TAESHOR A T2, ToVE TARERCR BAUIRS, i R KRR

500W LLCRZE thi£k
95, 0% }
 —— |
ol = oy |
90. 0% i o S —
=
5. 0% = - —— 240V
vy
’ =270V
20. 0% = .
a 300V
75. 0%
T0. 0%
0.0 100.0 200.0 300. 0 400, 0 500. 0 600. 0 T00. 0 300, 0 900. 0

Hikzh/m
Kl 4.9 [FIfIAN HLU R AR Hds 2R 1 24

4.4 MFESH
ATTTZE T LLC MR s () SEhb SR, A TARTE BRI, RN P e kAT 7
BT . B HT I T -
441 TIERIFES
% 4.4 BHEBIEBRSH

Tk IR A EC42 TGS FE R Kre 500kW/m?
O R 98.8mm AR Ae 183mm?
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i FLBH R p 0.021Qmm?*/m B AT A K 1 48mm

LLC i IRA e as T AR LA IS HUN R 4.4, A2 5 e ihE 1 B AR BRI AR 10t . BRAR IR
STUHEIE MR AL B A pR K, L B A ORE TR IRL IR SRR BUFR AL, 453 U L4 2%

SRR . Oy TR, SeoRAR R SR AT IR E AB:
n-U,

Ta TN A0
S 45 ARE B A\ B P AR IR R K ARSI £ 29709 65kHz, #AB=0.48T. #r] 15 ki

(4.30)

I:)core_T :

P

e 1 = K, -10° - (AB)? Al, -10°° (4.31)
13 A Poore 7=6.12W.
VIR e 28 Y FRANAEAE B2 B, WO TR A% A8 9 A8 A IR P AR B PR RE . MUSITH B e
A PR, ATFEASRAEM, HeHRASGAMER A, fELhrrgssiditd, b
SR JEFEARE S AL, ISR A A R T E B A K . 14 IR &AL G a1
JEFE ti=1.4mm, JFASRHy =250, TR E R
PNy (I, +3t)-1073
St - Mtz

RdCl = (432)

R3] Rye1 =0.052Q.

Rl 4 I FELETEERE ,=0.8mm, ElIASH AN ZEH], WEIS4H 1 B A
2-p-Ny-(I, +4t,)-107

Ric2 = S5 Moms (4.33)
HNHHE T Ry =5.89<107Q.
BeU A TR BT S B BLPTRAT LR K R

Ry = F -Ryc (4.34)

PR AR IR 25 0 R 2 e S 4601 5, BEMRALN T LA 22, ELjiad B G4 1 B i AL
E5%3, MOTHHE G ESANEES FEREMIE X, ERATAMZSRBEHERS. %1 R
Lo,

X=t/A (4.35)

HNRIGFIEIRE N 0.23mm. A& R 5 == 5N G H 2 P R 3 Py 175, U5
ARSI HLPE Raci =0.908Q

RIS X=0.2/0.1378=1.451, +5 55| F,=2592, #EIASHARIZZTHBEM Ra=
1.006x10°Q.

KT JREIA S A T B, AT PATHEAR R 2 R .l p R SR 45 3 JRIL Se
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P AL LR R S 2267 38 5C
EE/JIL@)&{E lims=4.82A, E'Jlﬂ R Eﬁﬁﬁ)&{ﬁ loms=1.18A. &%éﬂ%ﬁbﬁ I:’copper_T y‘j:

2 2
Pcopper_T = Ilrms : Racl + I2rms : RacZ (4-36)
AR B a4 47 I:)copper_T:20-91W°
HOZAE R A5 I S ARFE Prow 1 4:

Rotal T =Feore T + Feopper T (4.37)
ARNEHE1F 2L H &5 S ARFE Poota 7=27.03W.
4.4.2 TEHR BB BARFE S AR

VAR PR RE 20 M 5722 T A ORAE 20 AT 2R ALL, DR R R TT A, LIS ) R T AR AL o
TS B A S B RERL o R K B S 83 3.1 B
TR LR LR AT DO IR 52, SCIAURAER I B 7T DAAE B i TARBAE I H AT, #aB=
0.48T,
MHE(4.31), HRBIBSTUA:
Poe 1r = Kg -10° - (AB) Al -107° =7.59x10™*W (4.38)

core_Lr

SR IR 28 3(4.32) T 55 H B 1 LI FELPHL -
2N, -1,-107
Sr'nrlitz

HECRHZ SR 2 2158, iR G A B mia U IE 520, 254 MR t
=0.8mm, HEGHE R 5 IFERE AR HEA:

R =0.017Q (4.39)

r_dc =

t 0.79
A 0.1378 (440
o B REVG B R S, SALI R RS P 5.6, BB AS IR LA
R ac=F-Re g =0.0952Q (4.41)

THEESE UK A B B, SRR TSR R, RO A RUE 1ims=4.82A:

2
Pcopper_Lr = lrrms” - Rr_ac =2.2IW (4.42)
B e TR L R S A A -
I:%otal _Lr = Fcopper _Lr + I:)core_Lr ~2.1IW (4_43)

443 FRENZBINGE

7E LLC Ml RAT e gdrh, Sl e M35 510 35 P 68 DA K Bl B0 — A 1) Sl 45 e
(1) EIFREW FEBFE
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270VDC % A\ 500VA = FH M7 i 142 It ds R ]

AT FIEBFE, TEAE R T O A AU lomse B E S SLI AT A, R OR
BT EA loms=2.4A, IRFPA60 (11 FIEHLIH Rasony=0.27Q. #3419 5l 41 4E
Peont_ g N+

Peont_0 =2+ loerms” * Ras(on) = 3-1IW (4.44)

(2) B A IS
HE M 60CTQO45 1) 538 % Uponyy 0.53V, Jit ik 43 — M3 ¥ FB A 0 BN 1orms
=0.6A, WY B A ) B Peon p A

I:)cont_D =4-lpay 'UD(on) =1.272W (4.45)

4.4.4 FREBFFRIGFE

LLC FHril iR Huds (0 LI R e = s ST, B —ARE T A ik, ST oy EIF
R 5B MG BTT RAFE RIS AT, PR B LA 0.

445 FREHIRFNIRFE

FIFRE W YRS HRE S5 MR B Aar IF A A 06, (RS [ 58 (A 10 T LR 8 b B A H
PTENITE A, (0 — B @ BEHUIR I TF O DMK L 2 — M LR . T RS IR B B RE ) 5
DRr /I

%thzzécmuwﬁg (4.46)

IRFP460 [1] Ciss=3100pF, Ug=15V, M IKEHFE Pyrive o=0.140W.
4.4.6 SIFESHE

P 4.10 D92 i g 28U (O BAE LU o0 AT I, BRI AL, AR TR 2 BORAE (S 40 7R AR K T
Ir s WCEBR R AR B RO R BN A R AR HEAT HE— BRI, AR TR A5 AE S AR IR ANk 45
45 32 ZER T 2 I BH BT A rE A 0% BB/ NGRATRO N AE, B B AE B R A B D
MIGedl, RN T BRI, 1 R R s M SRl i, m] DA B
BOHEIRIMZE 24 N IR F I (R BN AE

B T S OB A B R R R R A 0%, i FTAR AR BE R WA 50 /N O ORS,
A DAY NG (AL A AT R R B, IR NS, (HIX 5 B R AR IR s AR ZR & 5 1

PR i o LA 55— 22 AU IR U R 5 AR IR SR AR ESR 0L, DR/ INBAR AT i B 5 A T A
Kok

FESERRA RS AR, 3 2 i R L A S AR IS DTS I B, A2 R LB O BAE S e
HHIRE . HERFE TS IR 5 AR ISR 45 R AT — € 220,
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B AT TR R 2B 227 185

Diode 3.1%
Lr 6.8%

Drive 0.2% Ferret 19.7

Copper 67.2%

P 4. 10 3 28 LRG0 A1 1R
gi b, USRI AR AR UE RSN, BUE TN 1SRN Pioss:

I:1033 = Ptotad Tt I:%otaI_Lr + I:%otal Tt I:t:ont_Q + I:Eont_D + I:)drive_Q =31.09W (4.47)
TN R
P
n=——->-—-100% =93.8% 4.48
Po + Foss ( )

Bl 4.11 Fios Rl Sy B AR 3R RSN FBUAR 23 31 9 240V, 270V, 300V B 4% I8 IR HiFE 5 4 77
T EAARI BRI, WE ETUE N, SR aA RS N e REA S, JEHE
B TR BUNE, RORIR A 3RS, TR R I AR A S o AR A 10 A R A R AR FLE (1)
HRAGUARTR] T4 4R I P R 2 o a2 LR ANV I PR A BT LT AR S, T AR 3 A ZE IR AN K,
XA T A2 i T S8 P 803 it 2 31 A Y ) R

100.0%

98.0%
96.0%

94.0%

92.0% =
/ b\ —— 270V
90.0%
‘ oo [ls - 300V

88.0% ;
= A= = 240V
86.0% -
4

84.0% -

82.0%

80.0% T T T T T 1
0 100 200 300 400 500 600

Kl 4.11 $FE TS 2R 2R
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270VDC %ii N\ 500VA = AH#T 25 # 1L AR I 28 1A il
45 I\

A FAE b A o A AR L] TP 6 BUE DA 0N 550W ) LLC SR IE IRAZ Hedi b
Bl — GO IER B AR IS 881G B IRENL, 53— EONTESR I RENL, AR VEARRUR 128 5 &%
AR Bt 2B 3R, DA A2 ] LK £ A S A 1 BB P B A B0t o e J T e 00 B 3 2
PRI AN R DR B B E 1 B 70 M Ak 2 ) I PR A AT AT 4k
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H

ERHE S00VA ZEMT S TR RNIK AL LR

51 515

AR 5 2 A T R B AL R G ) 270VDC-115V/400Hz (6 2% 2 = AH &R 1E AR
, BARGMEEBAERWME 5.1 Fion. N7 &R LUSEREM TAEEAT, WE iz g Ar
BB IR, A& ST T RN Buck ARSI HOR T AR, RIG5ER T Pk
IR S5

MBuckifidsag

|

I Lst T+180v/ !
' gé] N o o1 Zoaps | :
| cq [ i i
| o o § | ST el Zi%q Q3 D4 JH Q5 D6 X I
RO — N2 I ‘g

At El Y A A |
: Lm ;[:13 : L1 T L2 a3l 2 L4 I Ub 15 -c3 L6 UCI
| = L Cin== D1 Jq Q2 D3 Jq Q4 AD5 %r_—i + |
I Qﬁ] N =cs D2K &p4| Q2 I
| | -180v I
L _____ L

52.1 FHESH.

J5 AR A 1) E H R O = AR X Buck AR, H A HER WA 5.2 ffis:

Cin il _|g Q1 %g Q3 D4 _|g Q5 D6
+ [ + +
L1 i L2 _Oa L3 L., L4 ljob s L Le Lioc

i Ap1 D3 o4 ADS Q6
"T —He —5 —H
K 5.2 =AW Buck 1745 58 4 Hi BRI

(1) TR IE

RIETERESEER, H i = AR DRI E G iU RV 8 SPA15N60C3(600V/15A),
TR B AR ) CSD10060(600V/10A).

MRYEATER, R 80V, HU BB A NP AS 250V/22uF #ik, 6 ZH IR,
(2) HE#It

RN RSY 2 B AR A3 %0 75 IRGES, s &d% 0.9mH K/t
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WlEAL B E AT TFA RA R 1 Kool Mu (8 A75-269. FRAE 10 1 K /N ] B8 24
JEAR 9 0.9mH I, Wit IR B Bl N 3A K4, HiYE magnetics A &) (IRES USR], Al 15
F), BN ImH B, FFESEH] 110 M.
(3) PP

TR FLA A 2 RO 8 I FUERDE R H PR IR 20 i, DRI HE U ) THD, B i
TR, IR AT, RIS AR, WA T REMMIESR, TR
R, BRIl IERR Ay 2uF, SEE IS 1uF I FEAIRIG, AT PAB/N ESR.

5.2.2 ¥HI B EEHER
il R GRE B 0 & 5.3 Fiion:

U, |g . HW\:L loa
. e | T
anf |Lfa |La
U,
Kiat |

Kvaf -t

5.3 X Buck i¥i725 25 4% il HE K
2 1) B S P i R ) O 8, S A Y R R R S v R R bR P AR R AR S S, SRR
5 [ 5t IR A I i PR LR A n A5 B AR % B RV BT O IR G

5.3 M BRI SLIGEIE KK 2
5.3.1 LIGEIE
5.3.1.1 BRI EIR

% 5.1 NJEZ Buck = AR SFEHLAEA Al ) Dh 3 i ) RS e ot . 1 5.4 Fom
NJE R Buck =AHIEALEE 1R H 2k o
# 5.1 X Buck =738 &5 A 2R I s

Ui(V) Ii(A) Uav b c(V) Ia,b,c(A) Pa,b,c(W) PO(W) TH D/(%) ;‘kz
116.96 0 0 1.11
0.041
361 11555 0 0 0 1.53 0
0.041
115.15 0 0 1.03
0.141 116.78 0.267 30.8 1.26
92.7 91.12%
361 0.141 115.53 0.267 31.2 1.184
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115.12 0.267 30.7 1.282
116.63 0.423 49.3 1.267
0.216
361 115.32 0.423 48.8 146.7 1.101 94.11%
0.216
115.01 0.423 48.6 1.198
116.31 0.887 103.2 1.0431
0.442
361 115.06 0.887 102.1 306.9 1.0532 96.18%
0.442
114.66 0.887 101.7 1.0514
116.04 1.29 149.7 1.01
0.636
361 114.65 1.291 148.0 445.0 0.967 96.92%
0.636
114.21 1.29 147.3 1.032
115.6 1.721 198.9 1.121
0.843
361 114.15 1.725 196.4 591.9 0.932 97.26%
0.843
113.87 1.722 196.6 1.02
115.12 2.132 245.4 1.12
1.042
361 113.71 2.134 242.6 729.35 0.922 96.44%
1.042
113.31 2.13 241.3 1.03
Ja 87 R 2k
98, 00%
—~—EE=
9d. 00% R
. it
' {
90, 00% L . .
0 200 400 600 800
W ThE/W

B 5.4 JEZ0 Buck — i A5 52450 ih 2k
5.3.1.2 AR EL AR I E R

# 5.2 Jy 500VA P 2 3 = AH I AR SR HLAE AN [R5 N FEUHS T AN TRt D3 0 2803 SR B 404
SIS E T ANEREF 7T50W I ERE R, JERTEE T 1.5 f5id 4 5 e ik .

K1 5.5 FiT7~ 9 500VA 1 4 X = AH AR 25 S i) iz th 2, b Pl ) i, AR e 98 2028 3 i K 86.3%,
BTSN T 2% T LA 3 85%, i B K.
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% 5.2 P A AR B REAL ) R S0 B

Uin/V lin/A Uanic(V) Pamic(V) Po/W THD/% E S

115.15 29.13 0.897
241 0.499 115.65 29.33 88.22 1.144 73.4%

116.97 29.76 1.84
115.05 48.3 1.322

241.8 0.762 115,51 48.47 146.9 1.012 79.7%
116.88 50.13 1.146
114.65 97.93 1.152

241.9 1.45 115.09 98.87 297.9 1.196 84.9%
116.44 101.06 1.683
114.24 144.62 1.487

240.1 2.146 114.69 145.77 440.0 1.132 85.4%
116.02 149.58 0.946
113.76 192.78 0.929

240.5 3 114.17 198.34 589.4 1.091 81.7%
115.46 198.31 1.7
113.12 245.4 0.919

241 3.98 113.78 245.6 737.8 14 76.9%

115.14 246.8 1.16
115.21 29.28 1.353

270.6 0.451 115.67 29.27 88.95 1.158 72.9%
116.95 30.4 1.012
115.13 48.32 0.911

271.1 0.68 115.56 48.46 146.83 1.138 79.6%
116.85 50.05 1.23
114.73 98.16 1.597

270.6 1.296 115.15 99 298.23 1.2 85.0%
116.45 101.07 1.356
114.33 144.82 1.128

270.3 1.89 114.74 145.81 440.27 1.189 86.2%
116.07 149.64 1.484
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113.86 193.04 1.593
272 2.625 114.23 198.42 590.27 1.31 82.7%
115.59 198.81 1.236
113.32 245.2 1.32
271 3.46 113.8 245.2 737.2 0.912 78.6%
115.12 246.8 1.18
115.13 29.25 1.092
299.4 0.4055 115.61 29.26 88.93 1.28 73.2%
116.94 30.42 1.117
115.05 48.27 1.153
300.8 0.609 1155 48.43 146.79 0.956 80.1%
116.89 50.09 1.4
114.67 97.92 1.403
299.6 1.153 115.08 98.83 297.85 1.093 86.2%
116.45 101.1 1.427
114.26 144.68 1.253
300.3 1.698 114.66 145.68 439.82 1.121 86.3%
115.98 149.46 1.284
113.81 192.89 1.42
300.6 2.3 114.14 198.2 589.52 1.148 85.3%
115.46 198.43 1.006
113.30 245.2 1.22
300.3 3.02 113.81 245.2 737.2 0.952 80.5%
115.09 246.8 1.013
50. 0%
B5. 0% /Lé—_-'hx%t\
BO. 0% — [ oa0v
78. 0% y 3 - 3;‘8}\
TO. 0% _ 300V
65. 0%
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