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First Harmonic Approximation (FHA) method
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48 APFC . &4 3 F (2.8KW PFC4])

* (ESEMIEIMERSZD
® SR ASIMM ]
® FERIRFT RN JIIRGE

B : v<15%

Vinac-nom Vbus-nom fswil @
220 Vac 418 Vdc 110KHz - AT _
Vo-nom lo-nom n 180uH @11A = — i
54.5V 50.0 A 97% 6.5A.rms I e iy

CCM Interleave PFC Tools
Discription Variable Names Vin min. Vinnom || Vin max
Input rms Voltage V_in_rms 176 V 200V 220V 240V 264V
Output Voltage Vourt 418V 418V, 418V 418V 418V
Output max Power Pout(max) 2725 W 2725 W 27125 W 2725 W 27125 W
PFC Efficiency n 95.4% 96.1% 97.0% 97.8% 98.8%
Reactor Induct L1,L2(assume) 180 uH 180 uH 180 uH 180 uH 180 uH
Fixed Frequency Frequency 110 KHz 110 KHz 110 KHz 110 KHz 110 KHz
Input Sine PK Current I_in_ac_pk 230A 20.0A 18.1A 16.4 A 148 A
Duty at Sine PK Duty_sin_pk 40.5% 32.3% 25.6% 18.8% 10.7%
Max Current at sine PK of L1 Imax(L1,L2)_sin_pk 14.0 A 123 A 11.0A 98A 84A
RMS current of each reactor Irms(L1,L2) 82A 72A 6.5A 59A 53A
Input currentripple (I_L1+I_L2) Al(in)_pk 1.63 2.41 2.64 248 1.77
Boost Inductor Ripple/AC Current(pk-pk) Y 7.1% 12.0% 14.6% 15.1% 12.0%
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FEEBAME - EV/HEVERRR AT RARIRIT

EV/HEV 3 45 X Boost &, & it J{ 200~420v/2.7KW@90KHz

prag
Interleave Boost Calculatlon Tools for EV-HEV DC/DC V1.0 20160720 m"‘mﬂ X EE'ES'?"

Vin A50v [ 160V | 170V [ 180V [ 190V [ 200V [ 210V | 220V 230V | 240V | 250V | 260V | 2/0V | 280V ] 290V | 300V | 210V | 320V % 330V | 340V | 350V | 360V \ 370V | 380v [ 300V [ 400v [ 410V [ 420V
Vo 420V | 420V [ 420v | 420v | 420v [ 420v [ a20v | 420v N 420v [ 420v [ a20v | a20v [ 420v [ 420v [ 220v | a20v [ s20v [ 420v Fa20v | a20v [ 420v [-—| | 420V | 420V | 420V [ 420V | 420V
Po 2025 W | 2160 W | 2295 W | 2430 W | 2565 W | 2700 W [ 2700 w | 2700 w 2700 W | 2700 W | 2700 W | 2700 W | 2700 W | 2700 W | 2700w [ 2700 W [ 2700 W 2700 W [lR700 W | 2700 W | 270 2700w | 2700 W | 2700 W | 2700 W [ 2700 W
095 | 095 | 095 | 095 [ 095 [T095 | 095 | 095 W o095 | 095 | 095 | 095 | 095 | 095 | 095 | 095 | 095 | 095 o095 | 095 095 | 095 | 095 [ 095 | 095
f 190 KHz | 90 KHz | 90KHz | 90 KHz [ 90 KHz |90 KHz | 90 KHz | 90 KHz 90 KHz | 90 KHz | 90 KHz | 90 KHz | 90KHz | 90 KHz | 90 KHz | 90 KHz | 90KHz | 90kHz [lookhz |- : 90 KHz | 90KHz | 90 KHz
L "o2ut | 92uH | 92uH | 92uH | 92uH [92uh | 92uh | 92ud Neaud [ 92w [ 92w [ o2un [ oaun [oaun [ oaun [ o2un [ 92un [ 92un Wo2un 92uH | 92uH [ 92uH
Duty 64.3% | 61.9% | 59.5% | 57.1% | 548% | 524% | 50.0% | 47.6% Waa.9% [ a18% | 39.0% | 364% | 3a.0% | 31.6% | 204% [ 273% [ 253% [ 23.4% Wo1.4% 18% | 24% | 0.0%
Ton 7.14uS | 6.88uS | 6.61uS | 635uS | 6.08 uS | 5.82uS | 5.56uS | 529 uS W498 uS | 4.65uS | 4.34uS | 4.05uS | 3.77uS | 3.51uS | 3.27uS | 3.04uS | 2.81uS | 2.60 uS §2.38 uS 3uS|0.26uS | 0.00us

ALLL2) 116A | 120A | 122A | 124A | 126A | 127A | 127A | 127A §125A | 121A | 11.8A | 114A | 111A | 107A | 103A | 99A | 95A | 90A M 85A

3A | 12A | 00A

Imax(L1,12) | '12.9A | 13.1A | 132A | 13.3A | 134A | 134A | 131A | 128A §125A | 12.1A | 118A | 114A | 11.1A | 10.7A | 103A | 99A | 95A | 90A J 86A

41A | 34A
Irms(LL,L2) |' 7.9A | 79A | 79A | 80A | 80A | 80A | 77A | 74A B 72A | 69A | 67A | 65A | 62A | 60A | 58A | 56A | 54A | 52A W 50A 35A | 34A
ALL+L2) 52A | 46A | 39A [ 31A | 22A | 12A | 00A | 12A F22A | 30A | 38A | 44A | 49A | 53A | 57A | 59A | 61A | 62A E62A 12A | 0.0A
Imin{L1,L2) |' 1.3A | 1.1A | 10A | 09A | 08A | 08A | 04A | 01A N 00A | 00A | 0.0A | 0.0A | 00A | 00A | 0.0A | 0.0A | 00A | 00A H00A 29A | 34A
D/CCM ™M CCM CCM CCM CCM CCM CCM CCM DCM DCM DCM DCM DCM DCM DCM DCM DCM DCM CCM CCM CCM

G NN NN BN BN BN BN BN BN G DN N BN B DN S S B S .

PRIV K X T, A 2R [X 15
- ‘ ‘ I T T2 @a_ : —Ilmax(L1 Lé)
:: Ripple I(L1+L2) oo ____% e e Al ._______mS(U,LZ):

14.0A
6.0A - ~

\ N 12.0A FE ﬁ\mﬁﬁ
4:0 A \ {/ N |

8.0A _ﬁ @ﬁ -\\

. \ / 6.0A I ~— \
2.0A \ / 40A —
1.0A 2.0A . _~
0.0A 0.0A S~ e

150V 200V 250V 300V 350V 400V 150V 200V 250V 300V 350V 400 V
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FB-ZVSi% ik & &% tit £
HIRERBRBERERAT

MOS CossgEe infineon  |PVWWB0OR099C7 -
IEIRRVEL 600V CoolMOS™ C7 Power Transistor

yEasEn
g)%%%gﬁ%ﬁ%%ﬁ Eoss@400V  4.95 pJ

Vs

Vbus nom)Z_ 2 — 12 W

SR TEAEE L, e
l)TT’lOS - EOSS ’ fSW ’ ( 4_0‘0

[p_szlpz'A[m - 11.25A

20% T E T EHRAE REEE
1
P L_resonant — 5 ) Lresonant )

MOS CossFIZS TR ERRER < 1 R4 TFVdsRIS20%A0BE/E , FILHTE : 3uH B

Ipsw® fr = 084W ( @3uH)
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FB-ZVS# ¥k & &3t 3t
IEIREERAERORIT 3uH , 7Arms , 35Ap-pso%id#

PC95PQ20/20Z-12

23708-1 —1.0232 1 NI20%=23708xAL-1-0232
N=( s )1-2:1.0232 AL=103.22xIg=0.7272

I,,150%
= 9.6T — 10T

Pioss = Pcore *+ Pcon =0.09 + 0.22 = 0.31W

AT = 11K
14.040.4
Ae Ve Acw Rt Ires.P-P fsw IP-rms
62 2790 65.8 35 K/W 23.2A 110 KHz 7Aa | L[ ! 1
[ [_pp_max N real N AL gap AB/2 — mEEE
3uH 35A 96T 10T 30 nH/N2 5.5 mm 0.056 T B =EEE
real Acw/T | Cu-Ae | Length/T DCR Pcoil Pcv Pcore S i |
461 mm2 | 230 mm2 | 45.6 mm 4.5 mQ 022W | 33KW/m3| 0.09W ;Z;ﬁg:
AT 11K
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FEERRITITE (3KWAC/DCEIR )
EERRTEK : 1U , TESETAEEK : 65mm*36m*33m

’ | N z | ‘\ } | IO
y . N nlwo
\‘..__."’ \“L-_—/‘l (? 3 o‘ o‘
‘ ‘ : % EE
L g h g \\ - ,/ 3 E}I) ™
~-|-- Q
— 3243241 —— [/ Nt

Jﬂ EEE SEECEEN 26.0+0.5 34.75_0:3

i
g = 54.5V/50A J \
,g@ + 33-1=32  25-3=22
BT 4 B NNy

BlBAFH Ng//Ng
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FEERRITTH ( 3KW AC/DCEIR )

BELF vs. BRI (Typ.)

1= 2Np: Ns = Vbus min - Dmax _ 511 PQ3535
FPE15K/

Vo max +Vd

T Pcv-AB(f) |

Vin_min
Np = 2

ure fise of hot spot AT(*C)

-Ton max
AB - Ae

PC95-PQ3532 (35) Winding Window

Ve Ae AL Width Height
17300 196 7320 10.4 22
Rt Tmax Ta-max AT — |Pmax-PQ35
15K/W 110°C 55°C 55K 3.67W
—  Pcore — Pcv — AB — Np
50% 1.83W 106 KW/m3 0.248T 13.91
real Np ~ Np ~ Ns < n
15T 15.3 6T <54 5.1
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FEERRITTH ( 3KW AC/DCEIR )

| Width 8 | 21 Height |

real.Height 19.29 Cu-thick single-Cu n ( p)
10% NP| 0.67 0.4 0.2 2
8.83 A NP | 0.67 0.4

0.5 0.25 2
0.4 Insulation film ‘
0.5 28 26

0.4 0.025 0.22
0.5 . .
0.4 Vin_min

05 =y - Ton_max

: real. AB =
8: Np - Ae

04

0.5 =l5vakk 6T

0.4 =5va] 15T 1 83W
0.5 B2 6T l

0.4 n
0.5 Pcv =99 KW/m3 real.Pcore =1.71W
0.4 L

0.5

o  Peoit = PpcrtPacr

0.5

0.4

0.5 strap length Irms
05 strap area > DCR [ Pocr

—r—}

) A
=) gann

8mm >

A

= 0.230T

0.4 cu(100°C)
04
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FEERRITTH ( 3KW AC/DCEIR )

real.Pcore = 1.71W

[ )| A
( ] 0.4mm
strap length s ¥
strap area DCR P < 8mm >
Pcugoor) :> :> Vi
D,..= \/p/ = 0.229mm 10 ;
pen LTINS ey 10
(o w vV
Q=Layer Thickness/D,., ////%
» = 0.20/0.229 = 0.87 @ /7 ﬁ ==
Qs = 0.25/0.229 = 1.09, %o /} /% Vs
o 1. 1 Laye
EAC-P = 1.24 Rpc.p ° / //// .
ac-s = 1.60 Rpc p 3 \ ,/ P /
Pcoip = 0.40 * (1+1.24) =0.89 /,
I:,CoiI-S =0.61*(1+1.60) =1.60 1,;5 5 i 2 4 10
Q=Layer Thickness/D,,

) = = =
Protal = Pcore +Pcon = 1.71+2.49 = 4.2W Figure. 3-5 Eddy Current Losses - Ryo/Rpc
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FEERRITTH ( 3KW AC/DCEIR )

PTotaI = PCORE +PCOIL = 1.71+2.49 = 4.2W

PCORE = 41% I:,total
I:’COIL = 59% I:,total

AT = 4.2x15 = 63K B9 84D
ﬁ*iﬂﬁj\%l.HEii‘E PCORE /PTota|= 40%1 60%

B5E Results

Pcore/PromaL Np Ns Pcore Poor ProtaL AT
40% 18T 0.15x8 2P 7T 0.20x8 2P 2.30W 2.03W 433 W 65K
50% 15T 0.20x8 2P 6T 0.25x8 2P L.71W 249 W 4.20W 63 K
60% 12T 0.20x8 3P 5T 0.23x8 3P 1.02W 2.82W 3.84W 58K
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3 it SR AV R T AR 1T el

I - o i
HFRRGI/ AT —HRIRAT Ak o A @
Innovation & Creation :

® I MERRRAAL
' . HEeA
HEABER o #afpusii
MBI ~ g -4
) o AL
ware g aree B
sy B X O BRI R AR

HErs#t ‘ ﬁ‘a

\ LR TSR
IR 453 b 10 LR BIR
BT RN N %) SR AHRER
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3 tt SR B TR i U

: Integrated] mﬁ@gﬁﬁﬁi J
Magnetics | piiesaiis A

Hybrid | \{7° YN BESRF AT Acoustic | {KEREF i
Technique 28R A Technique | #=Iiv A

L-1 Trimming| L-INY 22 JH 1T Big Powder | X #AIG ANITH T
Technique J L-I TrimmingiZ R Technique | BARIBIMYREEAR

{KEMC ./ 4 XH: il  Edgewise | Iy5° 4" %
Spike Blocker Spike Blockeriz R TeChmque KIDEIISTS

m‘\ m#.ﬂﬁ
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3 it SRR TR T U

MISERIN., IR BN, Ll trimmingfzZN, SpikeBlocker{iANZF
EKW?%’%EEE%CCM PFC@%J&E EB’E; I Integrated

Hybrid
A, KB, WA, SERE, EMCH S spite Blocker | | 128NEtICS | | Tachnique
L I8 . Ty e S ® L1444 F] T 2 {6 THD
e FHEEERZNEERL o BLEBRERLENPE Ferrite Core Ferrite + Powder Core

. .- = F'rl
THD THD h N

-
HE

Integrated Magnetic Reactor

|
o

Ferrite + Powder Core

6.1% 3.3%

EEfaENRSERaENETE | |

e Pt \\ - LA (at 300 )

350

Inductamce L[uH|

300

258

200

150

100
1 1 |
s [~ Integrated Magnetic Interleave PFC Reactor —
20~50KHz @ 6KW J
o T T T
o 5 1 1% n 5 0
OC Biaz [A]
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oAt SRRV B TR 1T el T
HISEREIN, IBEHIERIN, Ll trimmingdszZR, SpikeBlockerfiARZF
RERCRTRE EEERSEARE
220Vac:’380VdC1.5K\1ﬁIf@4OKHZ . E
. 20 5% 2]
3
=12 | 1=9.2A | A

TER. 2R
=R RAEZSFH
150s —RiEMER !
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FEE EV/HEVEIR

3 it SRR TR T U

MISERIN., IR BN, Ll trimmingfzZN, SpikeBlocker{iANZF
BBREMCEB I R [mZ (F138)

-

w55 4 HF I
—- 5% 4 -
T ; | .
! > _ o SN BN
1

H@T—ﬂ _“__. _”__. E;i—;j
) = : z . :
CORE
Parasitic capacitorconstruction
SR IE T 1 A B B 5 e AR  — _—_—————
_ Output M38 dc/

Inverter

BEMEEATESIV/ANBESHMHE

BRI E LWLCRM = £ 1MHz L ESMiEF E M S ik
BMEEE, BERNREEEMITIUR!
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o3 it SR A B T 4R iR T T
HIEERETR. SESE?ZEQB'ZK L-1 trimmingfZZK.  SpikeBlockerFi R

[ Edgewise ] Toroidal Edgewise Reactor
Technique

Spike Blocker

- z 3 - 3 " R iy T T ! SIS = ;’; }
. Zooml : 5 K ,‘ /‘ . N < v
m ' | 7\ Jﬂ —F 1
PR
L-1 Characteristics 1kal /\ ,

—FE 0*
T o L e T o o 1o A / E#d2.0%2pP |
w g NENNNNNNNA ERRRRN | A i N M
e S R e Cters | , S

Ind

T

|

ARRRRRRN MR ARRH NARRARRARRRARAN s .
RN /’/ ~ \/\\V\*

0.1 / \ \ N
=0 / \ /
0.01 ¥
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Change the World (Q&a)

Innovation

Cooperation Optimization

Thank you !

Energy Collector  UPS & Converter APF,SVC New-Ene. Automobile
AEEER UPS,EBJ& EOERER BRI SE
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