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Optimal Design of 2.8 kW Active Clamp Forward Converter
for Electric Vehicle LDCs with Wide Input Voltage Range
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ABSTRACT
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Fig. 1 Circuit diagram of ACF converter.
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Table 1 Design specifications of ACF converter

Parameter [Unit] Value
A= At Vi [V 320~ 826
=2 A, Vou [V] 7~16
=9 Ad¥, P [kW] 2.8
Ha =9 A9, Poumin [KW] 0.8
}’]EH %‘ﬁ ﬁ‘l‘l’, Icharging,max [A] 200
A AR ZE, Alcharging [App) 5
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Table 2 Designs of ACF converters according to turn ratio and switching frequency

Parameter [Unit] Value
Wyl | vl Ny - N, 40 3 (Case 1) 36 : 3 (Case 2) 30 : 3 (Case 3) 24 © 3 (Case 4)
293 FI, £ [kHzl | 50 [ 75 [100 [ 125 50 [ 75 [100 [ 125 [ 50 [ 75 [100 [ 125 | 50 [ 75 [ 100 [ 125
A3F QE e L, [uH] 382.08 477.6 286.56 343.872 204.7 238.8 143.28 163.75
A JdY' ) L, [uH] 42 35 37 32 32 30 25 23
92 AgAlE 2, C. [nF1{2000 1000 | 600 | 400 | 3300|1400 | 800 | 400 | 5000 | 2000 | 1200 | 800 | 7000|3300 | 1800 | 1000
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Fig. 2 Simulation results of ACF converter with design under
the condition of case 1 100 [kHz].
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Fig. 3 Comparison of losses and efficiencies of ACF converter according to design case under the condition of 600 [V] input voltage.
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Table 3 Device selection for hardware fabrication

Element

Manufacturer

Device

PC9% PQ65/54

PC95 PQ50/50

STMicroelectronicsiil:

STPS200170TV1Y

STMicroelectronicsiil:

STTH16003TV1

Toshibarjil:

TW0452120C

STMicroelectronicsiil:

SCT20N170AG

Table 4 Conditions for

loss analysis

Parameter [Unit]

Value

01 Eﬂ x—] o]—

Vin [V]

450, 600, 800

=

i
=

st Vout [V]

13, 14,

15

FIR=

T,

out [kW]

2.8

= 2]
=
=]

(e}

[>
Ho |t

Z.‘J—]')\

fow [kHZ]

50, 75, 100, 125

T,
&

i

O

a9 3
ZQtol] u}
NA 29
&o] AstEe ¥
case 48 Z4E Wty
turn—off %ﬂ o 9
de BT & =
s}
[kHz] 201&

o

5% 9
!

OFAJ- 8

rlﬂl I

=

R =]
ol

M o2 rlo

rlr mlo

BB

9t 600 [V]
E~YNNR

G

pil

case 1, 29] 100 [kHz]

Z71001 A
e

IS B

[

B

ol o
==

]

o
Z17
case 19] 50 [kHz

—

o

case 3, 4/] 100, 125
Z79A &g 7+

A oo Folat & 9ul FAT HY 2AL 2o /\%ﬂ
TR Qe A9 "R S Seld 545 7, 1

g de G /Mg feEldk AR case 2/] 125 [kHZ] Z%
ZAol), webA F 2o disiA ¥ 49 o] FUHHQ &4
BEAS Asgct o2 8 RE 52 2494 case 19 50
[kHz] 2718 AH&3e v Ff&o] 3 case 29 125
[kHz] 22139 && Aol AW 117 %, A 037%= v
Zo AS Feolgd = vk w3 case 29 125 [kHz] =1&
case 19] 50 [kHz] A WiHv] L, 10% 724, L. 24% 72, C.
80% a7k JbsetRz Y Wk SHdA felde et

waby g&3 A9 2
125 [kHz] 211& HA

a4l =

= 719 trade-offZ
Aoz AT

13} case 29

W S, (Switching loss) M S, (Conduction loss) WS, (Switching loss) S, (Conduction loss)
Cc. M, D, ML, L, ML, @n(Case150][kHz]) @n (Case 2 125 [kHz])
600 100

95
500 92. 92.81 92.67 92.11
92.43 91.89 91.15 .\91.99\9&32 —
orE
400 91.46 90.74 2008 91.67 90.95 2015 91.08 026 90 -
m
g 85 &
= 300 1 262 3
w 259.26 247 39 3.27 - 249.63 -n- (s}
§ 2120§39_Jﬂ 227 21"' Zm 2233-3-19 224,314 243.137 205 23‘2_9_63220 85 A= 24051 80 i
200 B | o E=E = . = S
B | | 75
“ g g gl _m g gH gi gl gl "
Mg Bg Eg mg B B RC BC BC
Case 1.2 i1 2: 12 12 i1 2: 12 12 i1 2812
fo [kHz] 50125 i 50125: 50125 50125 : 50125: 50125 : 50125 : 50125: 50125
Vour V] 15 14 13 15 14 ;13 15 0 14 13
Vi, V] 800 600 450
A
J8 4 Case 150 [Kiz] & case 2 125 [kHz] =71 &4 & 58 d|w Z3}

Fig. 4 Comparison of losses and efficiencies of design case 1
50 [kHz] and case 2 125 [kHz].
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