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Thesis Title Design of Internal DC UPS in Personal Computer for Voltage

Regulation and Data Management during Interruption of AC lines

Author Mr. Boworn Wittayasomboon
Major Program Electrical Engineering
Academic Year 2007

ABSTRACT

At present, computers have essentially become in life and these are also necessary for
houses and companies. However, there are many failures of the power systems, i.e. blown out,
drop out, in Thailand which cause the hard disks in computer fail down. Those make the data lost.
In order to solve these problems, the uninterruptible power supply (UPS) has been attractively
used. Nevertheless, UPS is still presently big and heavy.

Therefore, a thesis presents a design of internal DC UPS in the personal computer by the
bidirectional converter. The proposed topology is based on a half-bridge on the primary and a
current-fed push-pull on the secondary side of a high frequency isolate transformer. The dc main
is provided by the ac main. When the power has down stream load, the bidirectional converter
essentially operates in buck mode (Half-bridge) to charge battery to a normal value 24 Volt. On
the failure of the dc main, the bidirectional converter operates as a boost mode (Current-fed push-
pull) and battery regulates the bus voltage. The bidirectional converter has a control circuit for
checking the failure of the dc main and sending data to the computer by serial port. The computer

is commanded in hibernate state when the dc main fails.

Keywords : Bidirectional converter, Hibernate state, UPS
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Cell voltage
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(‘ﬁlﬂ : Linden ,Reddy,“Handbook of Batteries” ,Product Engineering Processes)
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(ﬁiﬂ : Linden ,Reddy,“Handbook of Batteries” ,Product Engineering Processes )
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(ﬁll”l : Linden ,Reddy,“Handbook of Batteries” ,Product Engineering Processes )
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(‘ﬁﬁﬂ : Linden ,Reddy,“Handbook of Batteries” ,Product Engineering Processes)
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(ﬁlﬂ : Linden ,Reddy, “Handbook of Batteries” ,Product Engineering Processes )
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Iy, (A) Vius (V) | Ppus (W) | o (A) Viar (V) | Poar (W) | Efficiency | % load
0.1 340 34 3 23 69 74.00 20
0.2 340 68 4 23 92 73.91 40
0.3 310 93 6.5 23 149.5 62.21 60
0.4 280 112 8 22 176 63.64 80
0.5 260 130 12 22 264 57.40 100
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Iy (A) Vius (V) Py (W) Iy (A) Viare (V) Py (W) Efﬁdency % load

0.0279 310 8.65 0.3 24 7.2 83.20 100.00

0.0245 310 7.59 0.25 25.6 6.4 84.30 83.33

0.0196 310 6.08 0.2 25.75 5.15 84.70 66.67

0.0150 310 4.65 0.15 26.4 3.96 85.10 50.00

0.0101 310 3.13 0.1 26.75 2.675 85.60 33.33

0.0052 310 1.60 0.05 27.5 1.375 85.90 16.67
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Load Current (%)
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Visual Basic 6.0 : http://www.thaiio.com
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M519 A-1 MeafRhdsmsumsesnuuuridenas” Standart Wire Gauge (SWG)

(111 : L. UMANAND and S.R. BHAT, “Design of Magnetic Components for Switched Mode

Power Converters”, Wiley Eastern Limited, 1992)

Diameter With Area of bare .
R/Km@20 C Weight
Enamel Conductor
SWG R (Ohm) (Kg/km)
(mm) (mm’)
45" 0.086 0.003973 4340 0.0369
44 0.097 0.005189 3323 0.0481
43 0.109 0.006567 2626 0.0610
42 0.119 0.08107 2127 0.0750
41 0.132 0.009810 1758 0.0908
40 0.142 0.011675 1477 0.1079
39 0.152 0.013700 1258 0.1262
38 0.175 0.018240 945.2 0.1679
37 0.198 0.023430 735.9 0.2202
36 0.218 0.029270 589.1 0.2686
35 0.241 0.035750 482.2 0.3281
34 0.264 0.04289 402.0 0.3932
33 0.287 0.05067 340.3 0.4650
32 0.307 0.06818 291.7 0.5408
31 0.330 0.07791 252.9 0.6245
30 0.351 0.09372 221.3 0.7121
29’ 0.384 0.09372 184.0 0.8559
28 0.417 0.11100 155.3 1.0140
27 0.462 0.13630 126.5 1.2450
26 0.505 0.16420 105.0 1.4990
25 0.561 0.20270 85.1 1.8510
24 0.612 0.24520 70.3 22330
23 0.665 0.29190 59.1 2.6550




Diameter With Area of bare .
R/Km@20 C Weight
SWG Enamel Conductor
, (Ohm) (Kg/km)
(mm) (mm’)

22 0.770 0.39730 43.4 3.6070

21 0.874 0.51890 33.2 4.7020

20 0.978 0.66570 26.3 5.9390

19 1.082 0.81070 21.3 7.3240
18 1.293 1.15700 14.8 10.5370
17 1.501 1.58900 10.8 14.3130
16 1.709 2.07500 8.3 16.6780
15 1.920 2.62700 6.6 23.6400
14 2.129 3.24300 5.3 29.1500
13 2.441 4.28900 4.0 35.5600
12 2.756 5.43000 3.1 49.2200
11 3.068 6.81800 2.5 51.0000
10 3.383 8.30200 2.1 74.0000
9 3.800 10.5100 1.6 94.0000
8 4219 12.9700 1.3 116.0000

’ Standardized at CEDT




M1519 N2 MenRhdmsumsesnuuunsienias American Wire Gauge (AWG)

(M1 : Robert W. Erickson and Dragan Maksimovic, “Fundamentals of Power Electronics” 2™

edition, Kluwer Academic, 2001)

88

Diameter With Area of bare
Resistance
AWG Enamel Conductor 4
) (10" QQ/Ohm)
(mm) (mm’)

0000 11.68 107.23 1.608
000 10.40 85.03 2.027
00 9.27 67.42 2.557

0 8.25 53.48 3.224
1 7.35 42.41 4.065
2 6.54 33.63 5.128
3 5.83 26.67 6.463
4 5.19 21.15 8.153
5 4.62 16.77 10.28
6 4.11 13.30 13.0
7 3.66 10.55 16.3
8 3.26 8.367 20.6
9 291 6.632 26.0
10 2.67 5.241 329
11 2.38 4.160 41.37
12 2.13 3.308 52.09
13 1.90 2.626 69.64
14 1.71 2.002 82.80
15 1.53 1.651 104.3
16 1.37 1.307 131.8
17 1.22 1.039 165.8
18 1.09 0.8228 209.5




&9

Diameter With Area of bare
Resistance
AWG Enamel Conductor 5
. (10 QQ/Ohm)
(mm) (mm’)

19 0.948 0.6531 263.9

20 0.874 0.5188 3323

21 0.785 0.4116 418.9

22 0.701 0.3243 531.4

23 0.632 0.2508 666.0

24 0.566 0.2047 842.1

25 0.505 0.1623 1062.0
26 0.452 0.1280 1345.0
27 0.409 0.1021 1687.6
28 0.366 0.08046 2142.7
29 0.330 0.06470 2664.3
30 0.294 0.05067 3402.2
31 0.267 0.04013 4294.6
32 0.241 0.03242 5314.9
33 0.236 0.02554 6748.6
34 0.191 0.02011 8572.8
35 0.170 0.01589 10849
36 0.152 0.01266 13608
37 0.140 0.01026 16801
38 0.124 0.008107 21266
39 0.109 0.006207 27775
40 0.096 0.004869 35400
41 0.0863 0.003972 43405
42 0.0762 0.003166 54429
43 0.0685 0.002452 70308
44 0.0635 0.00202 85072
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unpu EE
o
A
x
Geometri | Geometri Cros- Bobbin Mean Magnetic
Core
cal cal sectional | Winding | Length Path Core
Type .
A Constant | Constant | Area Area per turn | Length Weigh
(mm) K, K. A, A, MLT L (2)
(cms) (cm") (cmz) (cmz) (cmz) (cm)

EEI2 0.731x10° | 0.458x10° 0.14 0.085 2.28 2.7 2.34
EE16 2.02x10° | 0.842x10° 0.19 0.190 3.40 3.45 3.29
EE19 4.07)(10-3 1.3X10—3 0.23 0.284 3.69 3.94 4.83
EE22 8.26){10-3 1.8)(10-3 0.41 0.396 3.99 3.96 8.81
EE30 85.7x10° 6.7x10° 1.09 0.476 6.60 5.77 324
EE40 0.209 11.8x10° 1.27 1.10 8.50 7.70 50.3
EE50 0.909 28.4x10° 2.26 1.78 10.0 9.58 116
EE60 1.38 36.4)(10_3 2.47 2.89 12.8 11.0 135

EE70/68/19 5.06 75.9)(10_3 3.24 6.75 14.0 18.0 280
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upy ETD
A
A
|
]
Geometri | Geometri | Cros- Bobbin Mean | Magnetic
Core
cal cal sectional | Winding | Length Path Core
Type .
A Constant | Constant Area Area per turn Length Weigh
(mm) K, K. A A,y MLT Ly (g
(cm) (cm") (cm’) (cm’) (cm’) (cm)

ETD29 0.0978 8.5x10° 0.76 0.903 5.33 7.20 30
ETD34 0.193 13.1x10° 0.97 1.23 6.00 7.86 40
ETD39 0.397 19.8x10° 1.25 1.74 6.86 9.21 60
ETDA44 0.846 1.74x10° 1.74 2.13 7.62 10.3 94
ETDA49 1.42 41.0x10° 2.11 2.71 8.51 11.4 124
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iy EC
I —
™, zi
[
[
e —-—-tr
'/"‘--_I__.--"'\ 1
Geometri | Geometri Cros- Bobbin Mean Magnetic
Core
cal cal sectional | Winding | Length Path Core
Type .
A Constant | Constant Area Area per turn Length Weigh
(mm) K, K. A, A,y MLT L @
(em) (cm) (em’) (em’) (em’) (cm)
EC35 0.131 9.9x10” 0.843 0.975 5.30 7.74 355
EC41 0.374 19.5x10° 1.21 1.35 5.30 8.93 57.0
EC52 0.914 31.7x10° 1.80 2.12 7.50 10.5 111
EC70 2.84 56.2x10° 2.79 4.71 12.9 14.4 256
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ny PQ
i
A,
3
Geometri | Geometri Cros- Bobbin Mean Magnetic
Core
cal cal sectional | Windin Length Path Core
g g

Type .

(4,/2D) Constant | Constant | Area Area per turn | Length Weigh
1
(mm) K, K. A, A, MLT L ()
(cms) (cm)) (cmz) (cmz) (cmz) (cm)

PQ20/16 224x10° | 3.7x10° 0.62 0.256 4.4 3.74 13
PQ20/20 33.6 xlO_3 4.8)(10-3 0.62 0.384 4.4 4.54 15
PQ26/20 83.6 xlO_3 7.2)(10-3 1.19 0.333 5.62 4.63 31
PQ26/25 0.125 9.4x10” 1.18 0.503 5.62 5.55 36
PQ32/20 0.203 11.7x10° 1.70 0.471 6.71 5.55 42
PQ32/30 0.384 18.6)(10_3 1.61 0.995 6.71 7.46 55
PQ35/35 0.820 30.4)(10_3 1.96 1.61 7.52 8.79 73
PQ40/40 1.20 39.1);10_3 2.01 2.50 8.39 10.2 95
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MARNUHIN N

swazideaazaaNAYeILesA ET-ARM7 STAMP LPC2119

I o L
ET-ARM7 STAMP LPC2119 ifluvesalulnsnouInsmes luaszna ARM 7
A 9 4 A Y o ° A Y
TDMI-S Core taonl% luTasaouInsaos 16/32 daviia 64 vwvvulenaianudar nonlsy
P ¢ o ! o
MCU (185 LPC2119 U84 Philips 1agnseantuy 1nsdas19ue9ues atiuagiiuizoamssning
< 4 [ 1 o L
Tflvnaaniie i heaonsi ldsegnd 4
Y] 9 4 o o 1 o o’dy d‘
MI9A219IATIAT19UIUeTAT MCU 1199953 2mnUgUns sl nugIud
o [ yq 9 & v A [ o v A [ I
sSulunazdavieonun i ldnuniouen Fansiasesnduyaasziinmsaisesesiailu
4 1 @ [ .
sudsuie I aunsoasldauldlasazain dauesald v +3.3v awnsosessu vo milu
Fyaa 5V 14 duesall Connector UARTO (RS-232) 8117w 1 wosad1miuhin1s Download

. A ) A ' 7
Hex File Wiﬂhlclﬁ1u1uﬂ1§ﬁ@ﬁ1§W1HWﬂi@]ﬂuﬂﬁJ (RS232)

A d
AUANUAVYDIVDIA

1) 1% MCU 5208 ARM7TDMI-S 195 LPC2119 404 Philips Ju11a 16/32 1

=

2) 1% Crystal 19.6608 MHz Iag MCU a@wnsndizulanasionnuiiigega
58.9824 MHz 1310191471320 Phase-Locked Loop (PLL) 78717 MCU 194

3) se95ums ldsunsunuy In-System Programming (ISP) 11ag In-Application
Programming (IAP) NIUNG On-Chip Boot-Loader Software W11N19 UARTO (RS232)

4y Wusadu i 3.3V Mt 3.0V - 3.6V + 10% Error)

5) nelu MCU Un128a21091 115000V Flash vuia 128 KB, HUI8A1N
Yoy Static RAM ¥110 16 KB

6) $1uIU GPIO agAia 46 O Masaendeiuszuy 1o Miludyanw sv 18
Fadayaa GPIO 1ziim3 13 miuved Function duq3n

7) nugunnl 1HIusEHI19 40 D1 +85°C

8) AT

- PCB U119 40 x 65 Haaiuas



J2eZUINNUNI 38.1 HADWAT ANV 63.5 HAIUAT

FLYLTTHINUT 2 x 25 V1 /O Connector 2.54 HaaluAT

Iﬂi\iﬁ’%lNiJﬁ)gﬂ ET-ARM7 STAMP LPC2119 uaasadmnilsenou 9-1

Tag

99 o

UL LI IR LI ELLITLLILLE

1

P99 7

|§EEEEE§§|§§§§§§§E|H§§33&5

606 60

mnszneu 9-1 Taseasauesa ET-ARM7 STAMP LPC2119

v 1
HUYLDV 6

Huwv 2/5

HuyoY 3

numv 4
Hugov 11

nugy 7

HugLav 8
HugLav 9

Humv 12

(ﬁm : http://www ett.co.th)

Ao ASan0a 19.6608 MHz

fim CPU ARM7 LPC2119 U84 Philips

f® GPIO 0 @aue PO.0 — P0.25 1@ P0.27 — P0.30 :IUIUNIHNA 30
@ S @ J ]

NANInseeTUgUnsainddyam 10 1w 3.3V uaz 5v 14

fio Ao UART 0 #30NW035A0UNTY (Serial Port) @M TUAAADNY

Qﬂﬂiﬂiﬂﬁi@ﬂ RS232 taziilu ISP Download Connector @115

T1/51n51 Hex file a4103

A 1 4
19 3AABNT1IA (GND)

)Y

fiD 9ARBLTIRUL3.3V YBIUBTA

79 GPIO 1 6aud P116 — P1.31 $1U2usianua 16 11a313030951)
gunsalitdaae 1o iy 3.3v uaz 5v 14

fiD a3AF RESET @Y Wuetav 10 Av a3a% LOAD (BSL)

A9 LED a1ad Laaaan1umsalinauueamanis I

1T W ) [ L4
v yanodnQ M RESET d115U Reset gilnsainiouen
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PL L memRacERET FIOTDORWML b ,MJ:
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PLIE IE_£ | piiaTRACERT2 £ A
7 o | F119TRACERETS .
b - F1 3VTRACES NG =
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: I. " {
— . T :
= b = (REELOPWAMLEINT? [ =
3 7
P : AT "
s 3
K T 5
n 7
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; REsc ARy
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XTAL
- XTaL2
= Philgs LFC211%
-av3
‘|’ 18
o |4
=]
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b -
| 10uFEY
H | Tle
ETT 00, LTD WA W.ETT.C0TH)
'
= PR TE e ey
s FT-ARMT STAMPLFCIIS Rev, L
Thie TEEe T
File R AR T1IOET ARG Dol Teawn By
1 2 3 | 4

Ailszneu 9-2 i"lflﬁglaflﬂsllﬂﬁﬁﬂid’ﬂ ET-ARM7 STAMP LPC2119

(ﬁm - http://www.ett.co.th)




¥ Y
monnuazanlumsldnuuesa ET ARM STAMP LPC2119 duanniodonlds

ET-ARM7 START KIT V1.0 / EXP (iu3a “ARM Base Socket” Taglua1uve3ya “ARM Base

Socket” 158 ET-ARM7 START KIT V1.0 tag ET-ARM7 START KEI V1.0 EXP Us¢nev 1y

Y dy Ao & ) o == = 9 Y [ 1
A8 :answugmmnﬂummumiﬂﬂymﬂuguaz‘ﬂﬂam"lwmmwmﬂimmsum MCU

aszna ARM Taonioluvesaldiamionacsldnuiiuiiu 1318 Fnueduasdauldun

199504189910 19 DY Bridge Rectifier U11A 1A W50W2995 Filter  eun5a 19y
4
urasn1e' W14 AC ag DC YA 7-12v
o @ 9 I o dy Y o
1993 Regulate U11A +3.3V / 500mA d1wsuldauilunvasse lwidesnses vy
Tuga “ET-ARM STAMP LPC2119” 11823995 /O anafldnuuvasiievinna 3.3v
Y S A A 1 9y qgj v Y v A
W3DN LED Haadan1us My tagya Connector l¥ouad 1411 MaaIfuasdlle
) [ 9 I A dy Y o
1995 Regulate w1 +5v /1A d@wmsuldauduuvasie lwidesises vy
4 1 § [ 1 1
voudaINa LCD uazgilnial 10 anqldiuuvasiiovuiavuia +5v wieu LED
] 4
UEAAIADIUZALAL 11AZYA Connector LFONAD 191U NIdIGHazA N0

[

199510 UNDIOUAAINA LCD 111 Character W5o VR Usuanuaing Tagldduana

GPIO1[16.21] Tum3s1¥oure 99310 LCD ULy 4 Bit Interface

1495 LED u@@anaiuy Sink Current 14161 3.3v Tagl# LED d1aauing 3 mm.
$1uu 4 ya dwmsuldFlumanagounstiaues Output A199)

295dFunsean 033V Tesld@dumudsuar lduuunenduouiivnulsy
$1uu 4 ya dwmsuldlumsnagoumsiiauves A/D

2995 Push Button Switch 31121 4 9a d1vsuldmadoun1siiauves Input a199

1995 Mini Speaker %50 1dmagauMIA Ui Beep 1Totd8901

Y k4
A AaAa

dy A o v @ = A a A Y g v
NUNTIHIUUANT WNITINUANVUIA 8cm X 4.5¢cm Wﬁ@jcﬁlﬂuw #1969 Photo Board

34 AD100 Y119 360 0

I
A

9 H
U160 Header 115150451119 “ET-ARM STAMP LPC2119” %30 lugaduani

=\

k4
YAIAUNSU Connector d115Uae l§ag9snAaeIm e RUUAIfuaz Al

iwaxgﬁﬂmmm{ﬂ ET-ARM7 START KIT V1.0 / EXP t@a9aannisenoy 4-3
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Abstract

This paper presents a design of internal DC UPS in
the personal computer by the bidirectional converter. The
proposed topology is based on a half-bridge at the primary
side of the tranformer for charging battery and a current-fed
push-pull at the for backuping power during interruption ac
line. Battery has normal value of 24 volt. Experiment results
show that the bidirectional converter can be used for
charging battery and backuping power during interruption ac
line. The bidirectional converter can be suitably appled for a

simple—low cost internal DC UPS.

Keywords : Bidirectional converter
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1. Farvualulnuemfauuaines

Battery voltage = 24 V

Input voltage rang = 300 V (Vmin) — 350 V (Vmax)

Output power = 100 W (Pbatt)

Operation frequency = 100 kHz (fs)
2. darimualulnuauinaw

Battery voltage = 24 V

Output voltage = 310 V (VBus)

Output power = 150 W (Pbus)

Operation frequency = 100 kHz (fs)
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