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Keywords. Power Supply, PSU, Battery chargercreated with the purpose of reusing ICT equipment in third

Repurposing, WEEE world countries. Indeed, to date Computer Aldternational
has provided a secodife to over 230,000 PCs. More
Abstract recently IBM with their “UrJar” project have been looking

into the prospect of reusing old laptop batteries to provide
ICT equipment is usually replaced at regular interuasally power for lighting in offgrid areas [9].
before the equipmeritas failed, opening up the opportunity
of providing asecondlife throughrepurposing In this paper Since ATX PSUs contain ¢h same basic components
we investigate the technical feasibility of repurposing tMOSFET, diodes, transformer, inductor and capaciésr)
standard ATX power supply found in many desktojpund in most battery chargers it should be relatively
computers into a 12V battery chargerWe provide an straightforward to modify them given the correct
overview of the ATX power supply before describing how thafrastructure. For the ATX PSUs investigated in this work, it
power sipply may be modified into a battery chargewas fownd that regardless of the manufacturer, all the power

alongside experimental results. supplies have a common design containing power transformer
(with multiple secondary to produce a range of voltages)
1 Introduction driven by a haHbridge or forward power convertein [10-

12] we exploited this levMestandardisation to repurpose ATX
Computer equipment is often made redundant before Up8Us into PV powered mobifghone battery chargers where
failure, due to the rate at which computer hardware agié charge control is already built into the mobile phone.
software advances. Indeed many organisations (cociher
and government) have an ICT replacement policy, and it w&ile a large amount ofliterature exists on the design of
reported in [1] that PCs are made redundant every four yegagery chargers, no substantial research has been carried out
and laptops every two years, as result of being out of date gAdthe reuse of existing computer power supply as battery
the reduction in their performance. In [2] and [3] the life spafargers. This paper will demonstrate the technical feasibility
of an Advanced Technology Extended computer powsfrepurposing waste computer power supplies into k2
supply unit (ATX PSU) is expected to be around 100,08@id battery chargers suitable for deployment in depielp
hours (11 years) depend on the operation conditions, whigltions where access to battery charging facilitiss
means the ATX PSU in thenajority of PCsis made sometimes limited but 12V batteries are more readily
redundant at least 5 years before the erits dife span. available.

In 2015 it was estimated that worldwide sales of devicgs Review of ATX (advanced technology
(PCs, ultramobiles, mobile phones and tablets) will be in th&tended) power supply unit

order of 2.5 billion unitg4], with approximately 8 desktop

PCs being sold in the UK alofg]. In 2014 it was estimatl The ATX power supply is designed to interface the voltage
that 500,000 tonnes of waste electrical and electropigtweenthe utility AC mains and the load required by the
equipment was collected from the UK business sector [§jferent computer components.A typical ATX power
with IT and telecomr_nunications equipment being the Iarg@gtpmy converts thenains power through two stages, A@-
contributor accounting for some 126,000 tonnes [fcC andthen DGDC to providethe multiple DC outputs13].
Consequently, significant scepexists to improve the UK'Spqr glder PSUs the ADC conversionstage is simply a
recycling/reuse in this area while creating an opportunity fogaktifier (with input filter) and the PSU operates without
new i.ndustry to operate alongside the current reuse fmﬂver factor correctionPFQ, Fig. 1a The more recent
recycling practices [8]. PSUs feature active PFC circuitry (Fip) necessary to meet

. ) EN610003-2 regulations introduced in 2000 41 In
Repurposing equipmentoesnot remove the need to recyclgyqgition the older nofPFC PSUs possess a manual
but it does provide avay of extending the useful life of achangeover switch to allow the user to select either 110V or
system. A number of charitable organisatiorgich as 230v operation using a builh voltage doubler rectifier. The
Computer Aid International and Aspiheffield have been pc.pc stage converts the DC link voltage into tequired



standard voltagesThis papemill focus on the newer APFC exceeds the bulk capaciteoltage the resulting large current
as they are now moreidely available pulse causebigh component stresses and a low power factor
(PF) of ~0.5. Passive power factor correction ctecatieable
————————— Forverd Converter_ to improve the power factor tbout0.7, butthis had become
Vo.?”aZ'Z&CWEM'“"e‘ZZW onage Doupig Recier | Swich  Transtormer Recifer e 3 ww. insufficient as regulations tighten. By 2007, Energy Star 4.0
Hol W .—‘" ; gjg;@,vgv specification requires computers to use power supplies that
“‘WW L Wﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁl are 80% or greater in efficiency, with power factor of rgsle

Switch PWM Generator Opto-coupler

and voliag than 0.9with most modern PSUs approaching unity
(@) 2.2 Forward converter
Forward Converter
ManacEM e Redter  PrC | Swieh  Transiormer Recifler  Fiter 3 The forward converter is the essential part of an ATX power
(22 | H C}H : J%L H} EH : ocvewee  supply, converting the high DC voltage from the APFC
VL == = L i| ***Y  circuit into the desired low DC voltagdsr the computer’s
PWM Generalor Optocoupler motherboad, etc.A single rail forward converter consists of a

Reour minimum of two switches, SandS2, a transformer, T1, four
diodes, D1D4, and an LC lowpass filter, L1 and C1. For
(b) eachadditional voltage output, an extra pair of diodes and an
EMI filter LC filter is used, RJ. 2 Transformer T1 is designed such that
Forward converter the outputs are tightly coupled asd the +12 V and +5 V
i) B outputs can be regulated with just a single control variable
The +3.3 V outputis usually regulated in one of three ways:
1) a postregulator is added to the 5 V outgatcommonly
found in cheaper PSUs; 2) in highd PSUa magnetic
amplifier (magamp) is often used thatconsisting of a
saturable inductor which postpones the transformer secondary
voltage develop across the diode Dwhich affects the
e, durationover whichpower is transferred) in very rare cases
! ; ' (e.g. Enermax Galaxy 1000 W ) a whole independent set of

Opto-oscillator

Rectifier & APFC

) ProtectionICs

Controlling ICs

P”mws'de( )' Secondary side +3.3 V rectification and filtering circuiy is added.
c
Figure 1: ATX PSU. (a) OldernonPFC)design,(b) Newer L
design (APFC) (c) Picture of an APFC PSU s D3 MM L

- D4 Cat
There are five min parts arranged in order from the input to %S T IVW“'
the output side: EMI filter, rectifiers, active power factok,.. Lo
correcbr (APFC), halfbridge or forward power converter and D ™
standby power supply. Other components include filters, %SDB —]—Cuﬂvsv.m.
control and protection circ@t The ATX PSU produces a C T
range of output voltages and every voltigelentifiedwith a % o7 ’
specific colour as shown in Fidgc: +12 V (yellow),-12 V TV, Cn
(blue), +5 V (red) and +3.3 V (orangel3. The PSU | G | Ve 2 T T\’Wa'

consists of primary and secondary side, the primary iside
easily recognised by large electrolytic capacitor located on E]Sure 2: Typical forward converter found in ATX PSUs
left hand side of Fig. 1fn.b. two electrolytic capacitors can
be found oldenonPFCversion). Most of the ATX PSue
encountered featuredwo or three transformers located
between twdarge heatsinks. Therige transformer is for the
main forward converter an is used to step down tHeC The APFC and forward converter stages within the ATX PSU
voltage to the desired levels. The medium size transformegig nowadays controlled by a dedicated IC. Early;P66
used to generate the standby voltage (+5VSB) neededp8Us utilised a generic PWM such as Thel94 IC whereas
initiate operation of the powesupply. The smallest nowadayshe CM680Q(or similar) is commonplaceFigure 3
transformer is used for gate drive coupling. A brief overvieyshows a typical schematic diagram for the CM6800

2.3 Control and protection circuits

of the main PSU modules now follows. controller. The APFC is controlled via a current feedback
loop wherethree signals, the instantaneous rectified line
2.1 Active power factor corrector voltage V,, the longterm rms line voltage ¥, and the

. . . output voltage erroN ¢, are combinedo form the current
DC voltage has traditiorlgl been obtained by rectifying thereference L for PFC boost converter.The current loop

mains and th?” SmOOth".‘g with a bulkpacitor. One_ ISsue 'sadjusts the duty cyclef the boost convertesuch that the
that energy is only delivered wherever the mains voltage



average inductor currefibllows the current referenceThe TL-431 acts as both reference voltage generator and an error
forward converter output voltage isgidated via the opto amplifier, with R4,5,6, and C1,2 forming a compensation
coupler using a compensation network based around a TL#&8twork (usually PI or PID type). The current flow through
shunt regulator. the TL-431 (shunt current) is adjusted in a way to ensure the
potential division of output voltage is equal to the-431
internal reference voltage (1.25V or 2.5V). The shunt current
flows through the optaouplerchanging the bias poiwmif the
phototransistor and hence the consignal presented to the
PWM controller inside the CM6800 IC.

Secondary side I Primary side
|
V12Vrai|
15V -
1 J_ PWM driver output
ES {;', IJ: PFC driver output | § R4
= ES l
11 |
Rsense I | R5
Jey O T | W
4 opto-coupler OI:' l N e V5Vrai|
Figure 3: Typical CM6800 control IC circuit ! Viet § Re
I
The power supply and PC are protected using dedicated [
I

circuitry which shut down the power supply whenever the

operating conditions are outside the tolerant. The most

common IC in use is the PS22f$d it mounted on the _. . N
secondary side to monitor the PSU output voltage rails _lf,j{gure o:Typical TL431 optecouplerfeedback circuifound
shows in Fig 4. With standards ATX12V and EPS12V, thd! ATX PSUs
PSU mustprovide over voltage protection (OVP), ove
current protection and (OCP) shaitcuited protection (SCP)
[13]. Some manufactures have adopted to provide gre
protectionin the form of under voltage protection (UVP),
over temperature protection (OTPdver load protection
(OLP), over power protection (OPP), -tead operation
(NLO) and the power good sign@&G).

rThe output voltage(s) of the PSU can be modified by
aagirustingthe resistors in the voltage feedback network. In
order to charge a 12V leatid battery tb modified ATX
PSU needs to provide an output voltage of at least 13.8 V. |
this work we investigated two ways to achieve this.

3.1 Method 1
77777777777 Secondary sideof ATXPS — — — — — — . . . . . . . . . .
; e R o | PHiOr to modifying the PSU the achievable variation in the
‘ 3" T - awom | +12V rail voltage was determined by replaciregistor R6
: I o Faza 2 ivoww o (Fig. 5) with a variable resistor Rvar = 3 kQ. The
””””” T grsrsrse ||| experimental resudt presentedin Fig. 6 clearly show the
g 1z I e < o +12V rail is capable of providing over 15V.
o £ 25
PGO
+5Vg, u’i
PSON
() Power good 1 G E \
@ 0/uUvoltage protection » L T \
‘ Over current protection ¢ =
Over temperature protection| 1 1 27 \

Figure 4: Typical PS223 ATX PSU protection circuit

Variable resistor (Q)
N

N

3 Repurposing the ATX PSU \/\

As mentioned in the previous section, the output voltage of 15
the ATX power supply is regulated by a -AB1 shunt s 12 ,i'zl")iPSéitputl\?(ﬁtagelL(lV) 145 15
regulator optecoupler circuit. Figure 5 shows the typical

igure 6: Variation in PSU output voltage
circuit found in CM6800 based PSUs that we examined. Thg P 9




Having proven the PSU provides an adequate voltaggeran initially discharged t0o11.4V and then charged using a
charge a 12V batteryhe availablecurrentover thisoperating maximum currenbf 14A. In this mode the battery reaches
range was investigatedby seting the output voltageto the float charge level within 3 hours.

specific valus in the rangel0 V — 13.8 V and varying the

5 10 15 20
—12.5v Time (hr)
13V

a i I Figure 9: Charging characteristics for method 2
.\\

load The results presented in Fig. 7 show the PSU is not [ __ _____ ____ T ___ N
capableof providing the maximum charge voltage under !
high-current conditions. Therefora thargea 12V leadacid ,' p—yryr ey ry— .
batteryusing themodification suggested abqve resistor is < ——BatV (V) b
connected in series with the leadid battery to limit the & ™ 1“%
chargecurrent to 2A. = / =
Lj) ! >
14 e I >
- =10V % 5/: 13.2%
13<\\ —105V| @ @
11v
~_ —115V
\ —12V || 0 13

/K;
/

/

Voltage (V)
[2=Y
[2=Y

4 Conclusion

This paper has proven the laical feasibility of repurposing
an ATX PSU into a 12V leadcid battery charger. The
methodology has been practically demonstrated on a 300W

80 5 10 15 ATX PSU kindly removed from the WEEE stream and
Current (Amp) donated to us by AspiSheffield. Using only minimal
Figure 7:Voltage and current characteristics of the ATX PSmodificaions the system has been shown to provide current
at different load conditions limited constant voltage charging at up to 14 A suitable for

VRLA batteries.

The charging waveform of a 12V leagid battery is shown

in Fig 8. The battery was initigl discharged ta voltage of Acknowledgements
11.4 V. Under charge the battery voltage increasthe

current drawn decreases according to the charging

characteristic of this battery. The battery achieved 88%s The authors would like to thank Aspire Community
capacity (43Ahpfter 42 hours. Enterprise Ltd for the provision of the ATXSUs for

extensive investigation from their WEEE recycling

25 ey ey 145 department and the IEMR@roviding the funding of this
-~--Bat-V (V) work.
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