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Thi s applwoaBiosrws7is related to a copendi ng applicati on entPiCiritEesd2/37840
"Electronically Controlled Aircraft Retractable Landing Light Wth Mnual
Retraction Capability,” by inventors S. Hamlton, S. Mibaslat, B. Barnhart,
and C. Gffen ( ocket__nunber HJ002962). BACKGROUND HE
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SOLI D STATE SW TCHI NG SYSTEM FOR Al RCRAFT LANDI NG LIGHTS. Field of the
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i nvention relates to a switching and control systemfYor an aircraft
retract abl e ["&letitranpitalphContralled d\iobitRettadtable@ ddisg_tgthi Withavdnuatpr oved

| oad control ., Description.of the related art 20 [Q004] Landing |ights are
mounted to ailtcragton aP?I?'UW'n%’f/e'”é?%"é’ésﬁo%?‘ﬂitonofs-t'\%bﬁl%r%?@arﬂ Artag

ni ght oper at iqRascon; i VRS - table landing light" is
a renotely cc?nt r%l Iaéﬁd@%é%?‘@ﬁ%é\%@l | gh?emg bgggg?'be stowed flush with
the outside surface of the BACKGROUNMBrORQHH INVENEIONeduci ng aer odynarmi ¢
drag on the aircraft. The retractable lTanding 251 |%r(1t' s lanp is housed in
a 1ight h¥ad. [@RB21i ght Hhgl apgli¢atiaruelaims ie depefiapf Uk8d Previsionausi ng

ot onaed 1 or ARRIcEHERID "Bol£30657 3hdd PRERmpRL 2, Y oRRls SRR ClERA Y
transm ssi on ACMREGTDISTATE HWIRCHENEGSY STENPEOR AFHERAFT LANDING
LIGHTS.

Field of the invention.

15 [0003] This invention relates to a switching and control system for
an aircraft retractable landing light. Specifically, this invention relates to a
switching and control system for an aircraft retractable landing light
having solid state AC/DC switching and improved load control.

Description of the related art

20 [0004] Landing lights are mounted to aircraft to illuminate areas forward
of the aircraft during night operations on taxiways and runways. A
“retractable landing light” is a remotely controlled, articulating light that
can be stowed flush with the outside surface of the aircraft when not in
use, reducing aerodynamic drag on the aircraft. The retractable landing

25 light’s lamp is housed in a lighthead. The lighthead is in turn hingedly
affixed to a housing assembly, which is mounted to the airframe. The
lighthead is typically extended for use and retracted to a stowed position
by means of a transmission mechanism driven by an electric motor, and
held in place by an electromechanical brake. When the flight crew

30 actuates a remote control to the “Extend” position, the brake is released
by applying electrical power to the brake’s coil. Electrical power is
simultane‘ously applied to the motor, causing the motor’s output shaft to

turn, driving the transmission. The lighthead then extends to a



held in place by an el ectronmechani cal brake. Wen the flight crew 30
actuates a renote control to the "Extend" position, the brake is rel eased
by appl yiwg osloswssTi cal power to the brake's coil. El ectri @al/ysomgrs4o s

simul taneously applied to the notor, causing the notor's output shaft to
turn, driving the transm ssion. The lighthiead then extends to a WO

03/ 050957 PCT/ US02/ 37840 -2 predeterm ned position in conforma,nce with the
remot e cont r redetprmingd perition i copfarmansenatts thed8me CRETY! ofiMiRg

i roraft. POVRL o A0 RIB U Ed FAMANS EOL AR, |Pbf Riffercausi ng the

l'i ghthead to stop "novi € 1e - engages I ght head in

position agalrémbvédtﬂ’tﬁnfmécrﬂoﬂfr dritPthd Bﬁb&'fer @éﬂtmihﬁe r‘ﬁghﬂﬁeamfb btake are
al so sinultaneously activated when the renote control is placed in the

"Retract" poan\nag Hesnbrake, reprrgageiss halsting dae tightheadripmasitian against cause
t he rmtor gHe ut s]@tt to tate nter to(lt’]he direct,ion used to extend

the Ii ght hea €€ th qYVéIP} 596?(5“1 S QWSOHOW? bf?'hae grﬁr?lage of the 10

aircraft, powurténé&;@y%ét.%mal M@ﬁ%é'r)éntdte@oh%l t@b%eanﬁ theake,
hol di ng the | 1ghthead 1h the stowed position. lanp may b

aut omat i cal | yRewiacthedsitionbyHoeevsr,aowet lsnazmplm toctheafbeor $dnas|toght head is
ext ended and t hen svm tched off when the lighthead is retract ed.

Al t er nat i vel Fausedhe pptors oweuigAall 1oratata Founter teyhe difgrtien qSﬁdttﬁe 15
cockpit. [ 00%5(%3#& ke n@ﬁ{rte%at 3Oh&e Itl@%ﬁﬂ}éagqgtfﬁjsﬁ% th' Uﬁfyﬁ
actabl ts ut|I|ze

short com ngs n parti rior ret andi ng

el ect ronm:haraimaéft; poaNes id n:.rmcaétl shulednddusiyririond thdhadter aaddarbla@rp These
rel ays have |imted operational |life due to wearing of the nechanical 20

novenent . | nhadingitba |'9@ﬁ|@eafblfh’5f'@ genezchpesisioaet Thatagneimay bat er f er ence
che 10 oo . BBl SN AT bR, BLASH BCARBL MG Rt 2o

extended and then switched off when the lighthead is retracted.
Alternatively, the lamp may be manually controlled by a switch in the

15 cockpit. |
[0005] Prior retractable landing lights suffer from a number of
shortcomings. In particular, prior retractable landing lights utilize
electromechanical relays for control of the motor, brake, and lamp. These
relays have limited operational life due to wearing of the mechanical

20 movement. In addition, the relays generate electromagnetic interference
due to arcing at the relay contacts when switching inductive loads such
as the motor and brake, and when switching loads with high inrush
currents, such as incandescent lamps. This relay contact arcing also
further reduces the operational life of the relays. Another disadvantage of

25 electromechanical relays is that current flow through the motor, brake and
lamp is limited only by the capacity of the aircraft’s electrical system and
wiring. This places significant stress on the relay contacts, motor, brake,
and lamp, causing these components to suffer reduced service life.
[0006] The action of the motor, brake, and lamp relays is controlled by

30 mechanical limit switches and actuators in prior retractable landing lights.

The limit switches and actuators make synchronization of motor, brake,



currents, such as incandescent |anps. This relay contact arcing al so
further reduces the operational |ife of the relays. Another disadvantage of
25 el ect repwsiosnstal relays is that current flow through Prlg/usor/smto br ake
and lanmp is limted only by the capacity of the aircraft's electrical
systemand wring. This places significant stress on the relay contacts,

not or, brake, and |anp, causing these conponents to suffer redgggd service
life. [0006] amddan:funstionsquanbasseme. bAaIRConFRIUERRD themgter fRd RaKe ol | ed

by 30" mechagt calyd b lo e 4h S1P S AN AR} Offe 1B Gl s baStARlied andi ng

lights. The limt sSw es and actuators rake syncChrohizatron of notor,

brake, WO 036A%MPAFREEHISEES (8. This 8aGsdsAaRyd, WikideAnGad ¥ntiags iirehe As a

consequence the notor and brake are switched on and off simultaneously.
The | anp nay adteadt'seeleviiriceheyisteon rasdtioffin aleatriealksviichingetrarsiertscand es

I , dd | oad ' .in . th ' ft' l.ectrical t : | ti
i el ect i caPleABASRRIT INIRYPEERcS AR ML BERHRAADERE YRR CIUPEIRL ¢ hat

may disrupt @pnd Qﬁtoofﬂ”éeéle%}@af)i@zgﬁem.C%%ﬁFd?ﬁzét%rLBPtﬁé S%Geir%'pliééfswm

Synchroni zation of the power app to the notor, brake, and lanmp Is

desi rabl e t otorthe mha®rsbidkehiang [ampnisidesirableatodmdhietze swaigphalg traeriesss ons.
For exanple, the brake coil should be _ energized to release th rake prior
to energi zi ngNHRleGHPRHAINgHE %WéﬂPHSbe‘:Oi@X&ElFé‘?veW br eeﬂoﬂ'e?h"i‘-i‘i’rg\?i ng power

to the notor L & d : has
been rermvedeln g%%%ﬁ@ﬁgé‘é ﬂwofggak%‘r’]\bj he %’?‘%ﬁ% %%#béoﬁbeg?@?%eg" of
| oads wifoh hideteriergizell aftdrmeRiovimgpatictrtostheqfotdro Tié &ntp chopkneat life is
not new. For exanple, Hamilton U 'S. Patent 15 No. 6, 315,435, teaches the
use of sol i ds¥titahedson oS T oaly udhesepewer has herndamayed fremabotarihe
However, Ham | tton dﬁe% L}?t teach the use of synchronization and controlled
turn-of f of MOAFE N 2§ rtaa(8n to controlled turn-on. Ham|ton al so does

not teach a $0b0Y] St a6t Shithiy"CHPBRHS v@th high inrush current characteristics

to extend component life is not new. For example, Hamilton U.S. Patent

15  No. 6,315,435, teaches the use of solid-state switches to reduce the
inrush current to a famp. However, Hamilton does not teach the use of
synchronization and controlled turn-off of loads in addition to controlled
turn-on. Hamilton also does not teach a solid state switch capable of'
switching either AC or DC electrical loads with galvanically isolated

20 control logic. The use of optically coupled solid state switches for
electrical power control is also well known, as shown in Rodriguez, U.S.
Patent Numbers Re. 35,836 and 4,390,790, Shichi et al. U.S. Patent
5,612, 582, Hodges U.S. Patent No. 4,665,316, Pernyeszi U.S. Patent
4,902,901, and McDonald U.S. Patent No. 4,611,123. However, the

25 prior art concentrates on achieving the faster turn-on and turn-off speeds
desired for many switching applications rather than utilizing and enhancing
the inherently slower switching characteristics of optically coupled field
effect transistors to achieve synchronized, “soft” switching of multiple
loads.

30 [0008] The landing light is a required item for night aircraft operations,

and must be kept in good working order. Additionally, maintenance of the



switching either AC or DC electrical |loads with galvanically isolated 20
control logic. The use of optically coupled solid state switches for

el ectri cawopamemstontrol is also well known, as shown in ReEMISQU&40 U. S.
Pat ent Nunbers Re. 35,836 and 4,390,790, Shichi et al. U S. Patent 5,612,
582, Hodges U.S. Patent No. 4,665,316, Pgrnyeszi U S. Patent 4,902,901,
and McDonald U. S. Patent No. 4,61 1,123. 'However, the 25 prior art

concent r at eslaodirachghdvisrexpensivieaandtimeaiconsmiangd Tloens-isfe negbé@rsa nersi r ed

for many switchjng applications rather than utilizing and enhancing the
nherent I sr!%ta}e@e %?ﬁ%mfn%“@ ﬁQPHBLEY?‘ENqE? f@?f%ﬁf@'éiﬁ@;_@i@ﬁ%a~ iterd

ef fec ransi stors to achi evey SMRERRYOEGHE (NPENTIGN tching of nultiple
| oads. 30 [0008] The | andi ng%f"l—gﬁf—rrTr‘EqUTng—rT‘Em for night aircraft
oper ati ons, [GOGB]TusSthidévapion i8 dirededvos kinngfficiethersolidditate switiching

mai nt enance of the WD 03/050957 PCT/ US02/ 37840 -4 |anding |i qht IS
expensi vé andand crBtrebgysianmdor aieriadt fefractalledandingdighis e 'l}eew ihstate

SW tchi ng a%ﬁgﬁhﬁkﬁ%%&?m %ﬁ%teﬁﬁhggcﬁgw"e&ukﬁ'&w% ltL'J h&ﬁ:eaﬁg i Ry OF

THE | NVENTI I's invention I's directed to an efficie id state
switching 5 ppsteesdis Mhd S¥SIIRIBK O redub6 IstidssIdt swiicAlEecompahegtd,i ghts. The
solid state switching and control system has "soft" turn-on and turn-off
capabi lity, reduseesleciremagngtitdethterknes anstiexienstthesservigeditp dihag
conponents, _red cg e|l eétrolltl@%netic interference, and extend the service
life of the "$HEAGAREABNENGNA g 1ight. 10 [0010] Specifically, the present

i nventi | NEAOHEP | i ] SN (i GKtdmezhannel
Met al chll'%de giem' cond%‘&:%(ﬂfgééé%ﬁgéwé%ﬁgﬁnyﬁ arllsi grﬁé%s?ww&%%}g%) }jrié\%en by

phot ovol t ai ccopiprisalg Hack-eo-batk N-phawneldVigtdl ide Seswcandoctobdiatden t he
;ggl (p:)hgtn gvgf)pgfriegts g‘ggrﬁégq%frs t(J’]l\(?IOSSIQ,I\g'Ils 'P'dﬂgegﬁt S"rﬁ'étoxT/Q taiccogg)tlicna?tdlric\)/grs? {o MOSFETS

provide galvanic isolation between the logic and power stages of the
switching system. The combination of MOSFETS and photovoltaic optical

15  drivers have an inherent “soft” switching characteristic, which provides
for a slower turn-on and turn-off of the load than is possible with
electromechanical relays. This characteristic is desirable, for example, for
switching power to an incandescent lamp. The filaments of incandescent
lamps exhibit a lower resistance when cool. As a result, when power is

20 applied to an incandescent lamp, the lamp experiences an inrush of
current that is much higher than its nhormal operating current, stressing
the lamp's filament and reducing its operational life. Soft-starting the
incandescent lamp limits the inrush current, thereby increasing the lamp’s
operational life. Controlled turn-off, coupled with soft starting, can also

25 be beneficially applied to the retractable landing light’'s motor and brake.
A controlled turn-on and turn-off of the motor and motor brake acts to
minimize the inductive energy generated by the motor and brake, resulting
in improved component life and reduced electromagnetic emissions. If a
cockpit-mounted indicator is employed to notify the flight crew when the

30 lighthead is extended, soft-switching may also be used to extend the

operational life of the indicator. Galvanic isolation of the logic stage of the



15 drivers have an inherent "soft" switching characteristic, which provides
for a slower turn-on and turn-off of the load than is possible with

el ect r omrewbanios®b7 r el ays. This characteristic is desirabl @cTfuson2/zmsanpl e,

for switching power to an incandescent |anp. The filanents of incandescent
| anps exhibit a | ower resi stance when cagl. As a result when power is 20

applied to an incandescent t e la eriences f rrent
that is nuchPas§AESW! $1a§‘ SUEEﬁr}gtfPﬁ'gt%tGF rcgmtr Hbg% GP@F

lamp' s 711 amge oeﬂ@hre@apbegva,ﬁé%e%p%re%tt%g'thb & f?ﬂ@onsb@rrtn'o’l?&rst he

I ncandescent fhe 1 nrush curren there increasing the lanp's

oper at i onal bra‘k%s 2onp s, cancthdickterobf a mulmhedomdfmsm‘rtd BCambiorg, can al so
25 be beneficially applied to the retractable | andi ng ght's nmotor and
brake. A cobtakesi ampsir apdindiertorsr robeKample. He Nt Be C&ﬁé{eﬁ'ﬁf‘BFO brake acts

t ' th ke,
esul'ting i ROMeBY Aoty B BrRe Fo0 L RuEheall b e Rl Pl e o °
em ssions. | éle@tn@d}@@pﬁty,rmurﬁ&ﬂer il RghodurréntelamiOfteeh hanord idbust e f 1 i ght
crew when the 30 i ead i s extended, soft-switching may al so be used to

extend the ejperadt emaﬂlcalla‘@pbi the indicator. Galvanic isolation of the
| ogi ¢ stage 03/ 050957 PCT/ US02/ 37840 ent SwWi, t chi

control syst H?\ﬁl Yﬁeaf;% Skateryiighesin prﬁ?ﬁﬂt |r8( on,&ﬁa\ﬁtbeh(fc@‘wq‘?‘gvel
DC vol t ages, S d

I ndi cators o?"ng{ f‘%é |a%gt'{|1?)§n%f&£% dlﬁ%tﬁé I%c g?iég %BJFhaneagEg%gr?}t@%gﬂ o

i ndi cat ores. Hos seviewhgbepad! Theyldytc civovienaeting trocémpavagiort wéthniiteor and
brake froma_ relatively | owpower DC aircraft el egtrl cal . supply, but power

t he hi gh-cur fmemhﬁﬁtfﬁxé%%‘%?fé step sharagterigtics phihe apkdpiateal supply.
LR it ac BWibRL blo e AISRrkls BSREGAANIEANENA B R RRRRP o

w th feedback neans, "provid age w status | nformafl on on
10 the swit chad brare. TThe "lsmrﬁromzredwmmaﬁgf' nadidescelebiroaidgmetiei t h t he
emissions, prevents shoot-through currents that can reduce the life of
15  totem-pole switching components, and minimizes load-switching
transients in the aircraft electrical system.
[0012] The present invention comprises a solid state switching system
for a vehicle retractable light, comprising: means for controlling position of
a lighthead and switching electrical power to a motor, motor brake, and
20 lamp of the retractable light such that the power applied to said motor,
motor brake, and lamp is gradually switched on and off; and solid state
switches capable of switching high levels of AC or DC electrical voltage
and current, said solid state switches comprising two N-Channel
MOSFETs arranged in a series configuration such that a drain terminal of a
25 first MOSFET is connected to electrical power, a drain terminal of a
second MOSFET is connected to an electrical load to be switched, source
terminals of said first and second MOSFETs are connected together, a
photovoltaic generator is connected to gate terminals of said first and
second MOSFETSs, said photovoltaic generator providing a galvanically

30 isolated current source to actuate said first and second MOSFETs when

current is applied to light emitting diodes of said photovoltaic generator.



i nherent soft-start and soft-stop characteristics of the solid state

swi tches, provides hysteresis to stagger switching of the lanp, notor, and
brake. Thwe 03s§096hr oni zed swi t chi ng” reduces el ect romagnePCt/USens st ons,
prevents shoot-through currents that can reduce the life of 15 totem pole
sw tchi ng conponents, and mnimzes | oadgswitching transients in the

aircraft electrical stem [0012] The present invention,conprises a solid
state swi t chiO@13l st Higserpd Sth%l*ﬁeé‘tlge?é”('ﬁitetcameeb?{%ﬁhf"?dﬁﬁg%?é ! means

for controll| 9&% j i a i b elegtrical pbvver to
a notor, not (})%}fgbra e%,OI g{nédﬂglé)vﬁanth‘pﬁc#n?ﬂgn’rg réaﬂ\(l:atéggpeﬂﬁ?'g%t such that the
power appl i edcédmpandingodraivingsot or brake, and lanp is gradually sw tched
on and off; and solid state switches capable of switching high | evels of

AC or DC el eotrical vol t JBRIE-BESGHIPEIN OaTHEBRAWINGS S swit ches
DC el ¢ i L Ofa7 HEM e swtd i
that & arai n04 naiode 1758 TeRtleaaRim g RERRES LR ool a2

power, a drak{ifg:m nal of a second MOSFET is connected to an el ectrical

| oad to be switched, source termnals of said first and second MOSFETs are
connect ed t oget heFiguwe DlscametEctaca hecle digoami of thengearedaranggment of
termnals of said.first and second MOSFETs, said photovoltaic generator
providing a &3¢ V?alr‘n‘?@Htﬁf‘ﬁﬁch%pﬁﬁcaﬁ?g&ﬂd%@@ ce to actuate said first

and second MOSFETg; i 4 il [ L9 b Al L Piiss  of
sai d photovol tai cs'i:I ngrsa{sgéﬁ G%&B&é‘?o@g@g?ﬁg&%so%%m -6 [0013]" These
and ot hero f eahdrastial |dysbearadoe abeditarafturtiactstbde thrwlind lighef erence to the

foll ow ng description, appended clains, and acconpanyi nl%rh?rawi ngs. BRI EF
DESCRI PTI ON OF THE DRA E CRIPEMN OF THEINVEMEION cal schemati ¢

di agram of tlh§o58} 1 daRletl&ricisdifdnatic diagram of a solid state switch 100 is

shown in Figure 1. High-level electrical AC or DC power to be switched is
applied to the input terminals 102,103. A logical control voltage is

15 applied to an input terminal 104. The voltage at input terminal 104 is
supplied to a resistor-capacitor “R-C” time-delay network 105,106, which
is in turn connected to at least one light emitting diode 108 packaged
within a photovoltaic isolator 110. A resistor 107 provides current
limiting for the light emitting diodes 108. When a control switch 122 is

20  closed, current flows through the light emitting diodes 108, causing the
light emitting diodes 108 to radiate light. The light emitted by the light
emitting diodes 108 is optically coupled to at least one photovoltaic
generator 112 packaged within photovoltaic isolator 110, causing the
photovoltaic generators 112 to generate a galvanically isolated current.

25  The values of resistor 105 and capacitor 106 may be changed as desired

to slow the turn-on and turn-off times of the light emitting diodes 108



Figure 2 is an electrical block diagramof the general arrangenent of the
solid state switch and associated | oads; and Figure 3 is an el ectrical

bl ock di aypansfsthe solid state switching 10 and contr olPCEyEsoEmMsioOr an
aircraft retractable | anding |ight. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
[ 0015] An el ectri cal schemati c di agram afz_a sol i d state switch 100 is
shown in Figure 1. -Jngevel ctrical AC or % wer 'o be s tch§
applied to t]’l‘@einnﬁﬂttc f?’aF'QSf‘E gangpepengd 1gspeciivelyntesy tl%‘ntgﬁgrreg
applied to an input terminal 104. The voltage at input term nal 104 |s
supplied to genersied by-tbamduitovoeltair-igvlatareel mith penpeotiknalbssiegs, whi ch
is in turn connected to at | east one light emtting di ode 108 packaged

Wi thin a photpy@lctaigtidssol ator 110. A resistor 107 provides current
limting for the light emtting diodes 108. Wien a control switch 122 is 20

cl osed, ?“”ﬁdmé Owﬁélggﬁ{éﬂpg :Ec?ra'téﬁpg/ tﬁ?‘p‘h%)‘t&g?ll ! deheldBrs §3955N9 the

light emtti dirodes iate t“emtted bythellght
emtting di odes 108 is optically cou Ied to at hot ovol t

generat o 1 Souplgdagdde 9atenial tﬁ%f\bebﬂ'ﬂ%ﬁld\/‘p%ﬁjt%o% %U,bp(‘,’éﬁ@ipﬁb’ q he

phot ovol taic generators 1 12 to generate a galvanically isolated current.

25 The val uegatd bragsesistors1DE6 ankhis apaerent gradiGliynaharges timinhederdsgatesi r ed
to slow the turn-on and turn-off times of the light emtting di odes 108 WO

03/050957 PCy4 Q§Q?J@3§§&|tan§em%e%ﬁ§ﬁET%221 g1 b, Oézﬂ%ng%@h@WSF'ETS

respectively, resulting in current generated by the otovol taic

i solators 11 0 nal | oW chara The current
gener at ed by the E ﬁf’% ﬁ Sgﬁ'e%%'?i BPg YR tOSJ[ l&%ﬁeﬁ\hﬁ e gates of
two N Channel MOSFETS 114,115 via a pair ate bias resi stors 116. This

current gr adGQhD?C@HaﬁOg'@@ eUi@UL tRENEls b&f‘relzg o-ldeugreduakingteasarandl of t he
MOSFETS 114, 115, causi ng the MOSFETS

10  decrease in the current generated by the photovoltaic isolators 112
combined with the gradual increase and decrease of the gate voltage of
the MOSFETs 114,115 through the charging and discharging of the gate-
to-source capacitance of the MOSFETs 114,115 results in a “soft
switch,” reducing electrical stress at turn-on and turn-off for both the

15 MOSFETs 114,115 and loads such as the motor 216, brake 217, and
lamp 212, shown in Figure 2. This results in increased service life for the
solid state switches 114,115 and a motor 216, brake 217, or lamp 212,
while reducing electromagnetic emissions. The lagging on-off response
time of the MOSFETS 114,115 associated with the gradual charging and

20 discharging of the gate-to-source capacitance of the MOSFETS 114,115
also provides a “hysteresis” switching effect when the solid state switch
100 ‘is part of a totem-pole or H-bridge power driver. This hysteresis
prevents excessive currents and electromagnetic emissions that may

occur when a voltage source is momentarily shorted to ground as a result



114,115 to slowy begin conducting current to the |oad, which is connected
to the output termnals 124, 125. The gradual increase and 10 decrease in

t he currewODogeswsat ed by the photovoltaic isolators 1 12 Pcordsonzms4mni th t he
gradual increase and decrease of the gate voltage of the MOSFETs 114,115
through the chargi ng and discharging of tdie gate- to-source capacitance of
the MOSFETs 114,115 results in a "soft switch," reducing electrical stress
at turn-on a9 contentinT dugng isyyitching of SotgusmoTe of thbrdge ppwarsliiversuch as
the nmotor 216, brake 217, and |anp 212, shown in Figure 2. This results in
i ncreased serAd peeviodsty tizcusbed, g saft Stat andWwiystaesislddarhtterimidsa not or
216, brake 217, or lanmp 212, while reducing el ectronagnetic em ssions. The

| aggi ng on- ofi ihdie P $%e phbf@o%ié BEnMAEEiE 151 3 bhdlthe MSAHTRL 44\ {d the

gradual charging and 20 di scharging of the gate-to-source capacitance of
t he MOSFETS 114, 115 I provi de "hysteresis” \fching, effect when the
solid state & EEAMerRes Py Teaiston] 08 el Eandstion 196 VA Yiag s Rtan ey er
This hysteresis prevents excessive currents and el ectronagneti c em ssi ons

t hat may 5 oc®irresigtar HOY @ndale capacitente ofrsapacizen 1 96gkeulitein fastgr ound as a
result WO 03/050957 PCT/ US02/37840 -8 of contention during swtching of

t ot em pol e orsidwbr ttgerpane tuei-bifesBthe IghtidrAtiAYg Hidded $085 peshidingea sof t
start and hysteresis characteristics inherent to the photovoltaic

dapac tor 108 ATt BHRERENE B bkt sHEAMHERERN G Ao PRIk Bddh?, 2TC,
i gt o 141 A0t JBeSUTbEn HbUHEIefE S aodne 0Bt SRS TRGCRNGTRIDE
soft-switching control of solid state switch 100. The turn-on and turn-off
time of the lbeghtraasedthynipcdeasies the &-Geime lwenstatadgedishbyr | @braramki ng t he
R-C tine constant of resistor 105 and 10 capacitor 106. Conversely, the
turn-on and toapBcieds 106MeCOhveraelyl, kBE%urn-on and turn-off time of the light
emitting diodes 108 may be decreased by lowering the R-C time constant
of resistor 105 and capacitor 106. The turn-on and turn-off time of the
MOSFETs 114,115 may be further increased by adding a capacitor 117 to
the photovoltaic generators 112. The turn-on and turn-off time of the
15 MOSFETs 114,115 may also be increased by adding a pair of capacitors
119 to the gate drive circuits of the MOSFETs 114,115.
[0017] The low drain-to-source resistance inherent to the MOSFETS
114,115 when saturated minimizes I°R losses and resultant heat, making
the solid state switch 100 an efficient switch for use with both AC and
20 DC loads. MOSFETs 114,115 act as an electrical switch with galvanically
isolated on-off control. When MOSFETs 114,115 are active, AC or DC
current may flow from the drain terminals to the source terminals of the

MOSFETs 114,115; electrical current may also flow from the source

terminals to the drain terminals of the MOSFETs 114,115. The body



emtting diodes 108 may be decreased by lowering the R-C tinme constant of
resi stor 105 and capacitor 106. The turn-on and turn-off tinme of the
MOSFETs 1W0,020595ny be further increased by adding a capaecorarsod3’Bfoto the
photovol tai c generators 112. The turn-on and turn-off tinme of the 15
MOSFETs 114, 115 may al so be increased by qdding a pair of capacitors 119

to the gate drive circuits of the MOSFETs 4 ) 0 The | o

dr ai n- t o- soufRdeset28 AR evhigherrerdntega Hb&/ﬁgilé%?%#'%lﬁ,nfige'imetﬁw‘%'&%rat ed
m nimzes | 2R | osses and resultant heat, naking the solid state switch 100
an ef fi ci ent tisevflowh of elecidealviurteriahnough dnelsoltd BEtE sweisch MOSFwhenithe, 115
act as an electrical swwtch with galvanically isolated on-off control.

When MOSFETs pM@4FETS 114 136t aréan N oBTsthfe. current may flow fromthe drain
termnals to the source termnals of the MOSFETs 114, 115; electrical

current may I framt . r r.m nal t I t wnal s of
the wosreTs 19078k s Piathels U8vRRELF B8 P R Do IBefS 118 il
126,128, which are integral to MOSFETs 114,115, serve to block the flow of
el ectricdl cwfacastintparaligjivithehggate andasrsqiterhinglsoo i MRFE MOSFETSs
114,115 are in an off state. [0018] Protective devices, such as a pair of
zener di odes 1145 18ay pevide piateetion dirqrartedrisidntwdltagelse Simtikargne sour ce
termnals of the MOSFETs 114, 115 to provide protection fromtransient

vol tages. Si ?r%t%rcltﬁ(/e &vi%%ﬁtéys Hi'ﬁdIEFlﬁﬁan%ﬂﬁ Qéw&@ggp@écé& BEEPEdh 120,

may be pl ace etween t ain termnals of the 114,115 to

b "bC power - SRSl TS of 3pS M@SFEIEERe 2ot Brekig ProBREBE Mlvur 216,

brake 217, or lanp 212 is connected to the input term nals 102, 103.
Cl osing the gransigntizattagesuses the MOSFETS 114,115 to turn "on," applying
power to the | oad,

10 [0019] In operatiop, an AC or DC power supply suitable for the
retractable landing light’s motor 216, brake 217, or lamp 212 is
connected to the input terminals 102,103. Closing the switch 122
causes the MOSFETS 114,115 to turn “on,” applying power to the load,
such as a motor 216, brake 217, or lamp 212 connected to the output

15 terminals 124,125. When switch 122 is opened, the MOSFETS 114,115
turn off, removing electrical power from the load. The switch 122 may
be a manually operated switch, or may be an electronic switch actuated
by a logical control.

[0020] An electrical block diagram of the general arrangement of the

20  solid state switches 100 and associated loads is shown in Figure 2. The
lamp power driver circuit 222 and the brake power driver circuit 224 each
utilize one solid state switch 100. If a DC-type motor is utilized, four
solid state switches 100 may be arranged in an H-bridge configuration to

form a motor power driver circuit 226. In this configuration solid state



such as a notor 216, brake 217, or lanp 212 connected to the output 15
termnals 124, 125. When switch 122 is opened, the MOSFETS 114,115 turn
of f, renmowDng/osiosTtrical power fromthe |oad. The sw tch P22/Usay37sie a
manual |y operated switch, or may be an electronic switch actuated by a
| ogi cal control. [0020] An electrical blogk diagramof the general

e R e L N

driver circuit 224 each wutilize one solid state switch 100. If a DC-type
nmotor is utilmpéer, 218de rotatei dosexarapkaniin @rleckdendigeditorar Thagadpuh an
H bridge configuration to forma notor power driver circuit 226. In this

confi gur at i orgidt iofl thié at@toV\2 1EHB0PS ¢abisdd LSBRER84R the Bppositkches 100a
and 100d are actuated to cause the output shaft of the nptor 216 to

rotate, for ed(igé(;g)[lo%, s',-u haascilngg %gpﬁFergcjléﬁg\klios%;HOirse}Ffén?'ct’jﬂlpég‘t{.lﬁgﬁgfstoli8fstz1;|t@e.

notor 216 nmay caused to operate 1n I'rec suchas in a
counter-cl ockw se dir i on actuating solid state 5 switches 100b and
100c. The’ hys%\@rt%%@&x@f{é%?ﬂ'a%bwﬁ rgsis Srayentsiquaslappingsanisiatst at e
switch pairs 100a, 100b and 100c, 100d. Such an overl apping on-state tine

woul d resul t fimeafomsolidtsdate swich-painsclO®a,df00bhand 4i00c; B0 s Sumbean suppl v,
potentially damaging the solid state switch pairs 100a, 100b and 100c, 100d,

generating traRsiping bA-dth BhleChAdtld festitt Bl £FidrhERtary ¥hbRRIrdRE offhe
AC-type notor 216, separate solid state switches 100 may be utilized to

i ndi nge. [ ocr 3R Bpe ERBE nefeBfielt PRl B G SAR it ERES | ¢
state swi tching and control system 200 for an aircraft retractabl e |anding
light. 15 A 1eParkOQhaerd 110DcsRRHI sanertingetrprsientsiinghe aiwraitial s 102, 103.
A protective device, such as a circuit breaker 201, may be installed to
10 electrical system. For an AC-type motor 216, separate solid state
switches 100 may be utilized to supply power to one of separate
clockwise and counter-clockwise motor windings.
[0021] Figure 3 shows an electrical block diagram of the solid state
switching and control system 200 for an aircraft retractable landing light.
15 Aircraft power is supplied to the power input terminals 102,103. A
protective device, such as a circuit breaker 201, may be installed to
protect the switching and control system 200 from electrical overload and
short circuit conditions. The electrical filters 202 and 204 isolate
electrical noise, such as electromagnetic interference, between the aircraft
20 and the solid state switching and control system 200. The power supply
206, such as a voltage regulator, conditions electrical power from the
aircraft to a level compatible with the control system 200. The position

of the lighthead 210, containing the lamp 212, is sensed by an absolute

position sensor 214. The control unit 208 provides logic functions, such



protect the switching and control system 200 fromelectrical overload and
short circuit conditions. The electrical filters 202 and 204 isol ate

el ectri caWwoOnaios®s7 such as el ectromagnetic interference, b@CHRASsN2/518¢0
aircraft 20 and the solid state switching and control system 200. The power
supply 206, such as a voltage regul ator,qifonditions electrical power from

the aircraft t a leve onpat i W t he co o] s em 200. The
position of ??1 ?Wﬂk’agugﬁ Ig%?ﬁrﬁprﬁh%of‘k?é‘ %&pc’?’i g]pgé‘i%éﬁ th9 an
absolute position sensor 214. The control unit 208 provides |ogic
functions, su@®tND208, bsaideg obcine WSORrBAvith tHe hralfeo? 1 @xdmptizection bf ng
the | anmp 212 on and off, control of power to the notor 216, braking of the

ot or 216 Wi tfvthtienlutake rRdtor 21€, sbRATAHSF He post aﬁloqrthefn 216,
resolution of the position of t he Ilsght head 2160p a{n au tlg%?ﬁ?éegg??gh An

extend angl e id tQ ontr unit 208

posi ti oni ng tﬁm tfg@lﬁ% % g'ﬂ% E@ GZ‘?‘%@"’ Sﬁélgasvﬁflg@gtq BCBSP[V RS Bertinggite. tﬁ"‘f’he
control unpit 208 res %% %ﬂ the electrical conmmand signals 220,221, 223
and provi des TR @\H'gﬁ: %o rrRgsitioning ghe fighthrage? 10 dpja selestact prasst
222,224,226. Power is connected to the lanp 212, the notor 216, and the
brake 217 by extengomeanglei vidre comtroli mrsitm&%ﬁoﬁdﬁtd@haied?edtheal%ﬁrﬁﬂia‘hd
124,125. A contactl ess absol ute-type position sensor 214, such as a

Hal | -ef f ect. r4paBN D26/ 10D236ARPbroRIAY HHIEBN-DRF St Zg"rcﬁr th%O;?oW {
continuous information on the angul ar extension position o Rt head

210 so that t o) t an_control the a a n of _the notor
216, the di re%%n&% UIJ’r o#g? %%9212%[' EOW(?fdﬁC?'l%eCtﬁ ttaéi‘ﬁﬁﬂ"’@fzi%eﬂl% br ake
217, and illum natl on of the la 212 by appropriate synchronization of
the on-of f comei®l 24f. and tb@\béakejﬁﬂveby@hwoweg dri2p cheUite 222,224,226

I ncrenent al -type position encoders nay alternatively be used, but

absol ut e10ypevipdbetoutpuntadet 25 are cpnw‘oereeg@bbemﬁw@bégm&ﬁseﬁs\bpe
position encoders do not require periodic calibration to an index
214, such as a Hall-effect rotary position sensor, provides the control unit
208 with continuous information on the angular extension position of the
lighthead 210 so that the control unit 208 can control the actuation of the
motor 216, the direction of rotation of the motor 216, actuation of the
15 brake 217, and illumination of the lamp 212 by appropriate
synchronization of the on-off control of the power driver circuits
222,224,226. Incremental-type position encoders may alternatively be
used, but absolute-type position encoders are preferred because absolute-
type position encoders do not require periodic calibration to an index
20 position. A cockpit-mounted indicator may be installed to notify the flight
crew when the lighthead 210 is not retracted. AC or DC electrical power
of a level convenient for the indicator may be connected to an indicator

input 228. When the control unit 208 detects that the lighthead 210 is

not retracted, control unit 208 actuates a solid state switch 232,



20 position. A cockpit-nmounted indicator may be installed to notify the
flight crew when the lighthead 210 is not retracted. AC or DC el ectrical
power ofwe oBes®E7 conveni ent for the indicator nmay be conReTiusd2/sm4@n

i ndi cator input 228. When the control unit 208 detects that the Iighthead
210 is not retracted, control unit 208 3gtuates a solid state switch 232,

WO 03/ 050957 PCT/US02/37840. -1 rovi djn soft-swtc ectrica
signal to an PSAVINRY 3% 'T’Wétcé‘Sél{ég‘?‘it”CFLﬂgEg]ttﬂaww%lét ggﬂn?&%a"%‘fﬁ']&-ct ly
to output 230. [0022] In operation, the flight crew conmands the desired

posi tion for indiggtoremesdicagdrendciedidirgctly ghtouipuir@@@s of el ectrical signals
220, 221,223. 5 Alternatively, the electrical command signals 220, 221, 223

nmay be gener gpeg2aut irepediony thé fidhtasrely 8omRandd Thedd suirdl pSaitibs Hof hat
senses whether or not the aircraft is in flight. Wwen the control unit 208

e 1 oo TPETRRACRMO U R0 B8 ol Hhegt B SRALICH oy 30 sapsses he
ot & pr ovi deduisy TEHUSB tBRIGHHFY PRSI ARR A 220t SAIMEpYS: i on of
the lighthead 210, as indicated by the absolute position sensor 214. The

control unit gaeratecnawometioatlyt bectbaakeolbn faisgrqmdSrswidchabhatis¢msey not or
216, causing the lighthead 210 to extend or retract as 15 needed until the

desired ai m RGheAErtdrAibt e diRPaltashh Aightl SWHRACIRRLonths urffPPbBYechiels 208
removes power fromthe notor 216, then the brake 217. The control unit 208

wi thing tne PaERaASsigheL pRB22 1249 SRERERIRS ™ PE8 TR L

extended position and switching the |anp 212 off before 20 retracting the
li ght head 21Caramansedarerpdg maste anthpositireote lighthepd AQitpiher to
actuating the notor 216, and is not deactivated until after power is
renmoved fio omddieanopaatidgtmodé ahtepositdn a€tthie dightiead 210 by comparing the
setting data provided by the extend angle switch 218 and the actual
position of the lighthead 210, as indicated by the absolute position sensor
214. The control unit 208 then actuates the brake 217 just prior to
actuating motor 216, causing the lighthead 210 to extend or retract as
15 needed until the desired aiming position for the lamp 212 is reached. The
control unit 208 remove§ power from the motor 216, then the brake 217.
The control unit 208 also controls power to the lamp 212 in response to
command signal 223, switching the lamp 212 on after the lighthead 210
is stopped in an extended position and switching the lamp 212 off before
20  retracting the lighthead 210 to a stowed position. The brake 217 is
actuated prior to actuating the motor 216, and is not deactivated until
after power is removed from the motor 216. If the “Retract” command

signal 220 is active, the lamp 212 is switched off prior to actuating the

brake 217, then the motor 216. If the “Lamp On” command signal 223 is



signal 220 is active, the lanmp 212 is switched off prior to actuating the
brake 217, then the notor 216. If the "Lanp On" comrand signal 223 is WO
03/ 05095WPB@3/hB82/ 37840 -13 active, the lanmp 212 wi |l neCcThS0zssiyat ed
until after power is first renoved fromthe notor 216, then brake 217.
Since power to the lanp 212, the notor 246, and the brake 217 are sw tched
by the solid state switches 100 in a synchroni zed fashion o _.nechani cal
wear, i nrushastiver thentesnp 2iei wil net be ¢ U?F%Um'ls%fﬁ%rrﬁ%‘é’ef)&mﬁt hat woul d
reduce operational life of the notor 216, brake 217, or lanmp 212, or
generate exeansivee fedracheonaunel 1@, ihenchfakeeticz. Sit@pawaddotthedaimp

phot ovol taic isolators 110 may optionally be utilized to provide an

el ectricallysiqsol r t irb v iifchdeBd s lsolid @t t he
control unit 221?5 tﬁ%?q?f(%*d%ﬁ@uacﬁ! Eﬁékﬁﬁ%gmﬁ? olr t hewrmt or O2l16. WO

03/ 050957 PCT/ USQ2/ 3 0 - 14, WHAT | AIMED | S:, 1. j te
swi t chi ng sySY¥H éryﬁé\}'éﬁi%wnghf%'??%%?% 'any P%W?Cha&?f@r\'?g%']hgp&}ﬁgans for
controlling position of a |lighthead (210) and switching 5 electrical power
to a notdr (ZUEENtsmAreindsaakedyctive disghargesrrqur that wiould Redyes r act abl e
|l i ght such that the power applied to said notor (216), notor brake (217),
and | anp (213perstigriadifelol ¥he whdtohexl 8)rorake X%, ordachps 21l d os geheratei t ches
(100) capable of switching high levels of AC or DC electrical voltage and
current, sai L: it Gk 0 conprising two N-Channel
MOSFETs (114%@%%'93%?%&%5%@%él&f?é%ﬁg?n%énfi guration such that a drain
term nal of first FET (114) i .connect e o electrical power drain
termnal of ioggg’ind Iﬁi?iai P%?éﬁv‘ﬁ’?aéc ERHOLT gab[@agno;gfog@yitgea\ﬁﬁﬁ%ea to be
swi tched, source termnals of said

to provide an electrically isolated current or voltage monitoring feedback

10  to the control unit 208 for loads such as the lamp 212 or the motor 216.



first and second MOSFETs (114, 115) are connected together, a 15

phot ovol tai ¢ generator (112) is connected to gate termnals of said first
and secorOMBSBFBIs (114, 115), said photovoltai c generat oPCTAKRY/378pr ovi di ng
a galvanically isolated current source to actuate said first and second
MOSFETs (114, 115) when current is appl4ed to light enitting diodes (108)
of said phq{\@yﬂtﬁl? ghagor (112). 20 2. The solid state switching

system of ¢ alm er conpri SI ng contactl ess neans (214) for

noni toring abso te position of. s h el act abl e

light. 3. The sofi d SPHH &R ?V(‘,’HP '(f]‘gs§1 Stqgrk\ F(? él?\g:n@lre(?{actt%lﬁ ‘@éﬁrrprl si ng

at | east ong, gwﬁr\?suppl y (206) to condition the el ectrical power fromthe
el

25 vehicle conpatible with said control neans (208). 4. The
solid state svm t gleiang foy sbatmotiingcpasition offailighiivead dap o) Qndgswﬁﬁh'ﬂéast one

electrical filter (202; 204) t t | ect t
belt veenst heolstras (ooarar toha raeior 24 Bt Bogon Siakerg 19y patiaTBdet D B8 the
solid state,sw tchin e 217

e of 5 cyiiaara B Y e i T PRSI R el Btor e R T840

- 15 6. Thenfgabi Brataat 21 BMahaang &/12)angradadlyy awnchaém and aiftl ageht r ol

means (208) is one of a digital and anal og control . ate
swi t chi ng syst ensolid statierswitches { HaO). ¢ ® o isyytchirg Ili‘égh f?r"egﬁ’ g@‘?

turni ng sai h d 0

actuation aﬂ(‘l'J 8% ilré?%a‘fqtl@%oqncgﬁﬁsﬂeéél ?%d gp ggast% 8hes'3 ﬁg&ect 8a '?'Lgdual
solid sfate, gmrﬁt) ? §I(9qg,9{e|qv|@sm;1:s (Marqn@)saa,raa\gedcmtef sérigeeans (208)
svvltches sal tor (216 not or brake (217), and r’rET (21 on and off in

a synchr oni zedfifasdtionsseie thathatiran tgrioial of astisd MOS

connected to electrical power, a drain terminal of a second MOSFET (115)

) is

is connected to an electrical load to be switched, source terminals of said
first and second MOSFETs (114, 115) are connected together, a

15 photovoltaic generator (112) is connected to gate terminals of said first
and second MOSFETs (114, 115), said photovoltaic generator (112)
providing a galvanically isolated current source to actuate said first and
second MOSFETs (114, 115) when current is applied to light emitting
diodes (108) of said photovoltaic generator (112).

20 2. The solid state switching system of claim 1, further comprising
contactless means (214) for monitoring absolute position of said lighthead
(210) of the retractable light.

3. The solid state switching system of claim 1, further comprising
at least one power supply (206) to condition the electrical power from the

25 vehicle to a level compatible with said control means (208).

4. The solid state switching system of claim 1, further comprising
at least one electrical filter (202; 204} to isolate electromagnetic
interference between the vehicle and the solid state switching system
(200).

30 5. The solid state switching system of claim 1 wherein said motor

brake (217) is one of a dynamic and electromechanical brake.



to motor (216), notor brake (217), and lanp (212) are switched on or off at
any given tine. 9. The solid state switching systemof claim1l, wherein

sai d sol iwo 03ame7 swi t ches (100) include nmeans for protectrcagssasm4sol i d
state switch (100) fromtransient voltages. 15 10. The solid state
switching systemof claimi1, wherein 3&Pd control means (208) further

sw tches el ectri gal id sa® SRRKRING sy RER Sclaltfi Calein $did @oatrel sai d
solid state sw t?he-gﬂ%)\%gg? g%ch t hat t‘gpo@r applied to said indicator is
gradual | y syidaplrel@08) igntheadff a digatall andnatiated eonédokrt i ng t he vehicle crew
when said |ighthead_(210) is in an 20 extended positjon. 11. The.solid
state switching dysfTBf 'dtﬁtﬁﬁerﬁ‘ﬂlltcéh‘u‘@r%\ﬁ’fe@a?tjc?ﬂmh Puétfb?f§°§ﬂﬁ’ffsd'ﬁ9(100)

further includes st er,esi . : i | of two
o tore son MPRE A dEPERN LR RREs 48 JBHE KRiin@ URBARAAI0H AERNF oFEm OF 10
retract abl eeffeghla oI hivation #fd deattwdiidmgf paisi dolidnstate awitagieshead;

swtching electrical power to a notor (216), notor brake (217), and |anp
(212) of théloeLractable light such that the power applied to said notor

;ﬁé?f 50 b ovi di o s S Eelidagte SRehEe bssar e i et SRIE nigh O
pro . ( .
evels o 88§;rggg§§4,%;g%aéwx%éégﬁd%eg&zﬁzg%n motat Bra@ (X Bt ahg

swi t ches WO S02/ 37840 - 1 conprising two N-Channel
MOSFETs ( 114ampl(Z) 2aroraanedff im a sysehicmdzerbfdshinm audhothatuemlytdne obsaidai n

termnal of a first MOSFET (114) i connected .to el ectrical power drain
t er ni nal9 of nac%daﬂ@wmtmg(ai%( 1$7i)saear\?1‘"é'8t QS@r%ﬁV‘Q{%F%r?'gé’lr Cﬁ)ﬁﬁ to be
swi t ched, s%ﬂgcsﬁvgﬁrtmwgal s of said 5 first and second MOSFETs (1 14, 115)
are connected’t0get her,” a

9. The solid state switching system of claim 1, wherein said solid
state switches (100) include means for protecting said solid state switch
(100) from transient voltages.

15 10. The solid state switching system of claim 1, wherein said
control means {208) further switches electrical power to a cockpit-
mounted indicator with one of said solid state switches (100) such that
power applied to said indicator is gradually switched on and off, said
indicator alerting the vehicle crew when said lighthead (210) is in an

20 extended position.

11. The solid state switching system of claim 1, wherein said solid
state switch (100) further includes hysteresis means to prevent
overlapping actuation of two or more solid state switches (100).

12. A process for controlling a vehicle retractable light, comprising:

25 controlling position of a lighthead;

switching electrical power to a motor (216), motor brake (217), and
lamp (212) of the retractable light such that the power applied to said
motor (216), motor brake (217}, and lamp {212) is gradually switched on
and off; and

30 providing solid state switches (100) capable of switching high

levels of AC or DC electrical voltage and current, said solid state switches



phot ovol tai c generator (112) is connected to gate termnals of said first
and second MOSFETs (114, 115), said photovoltaic generator (112) providing
a gal vaniwaloBpsi9sol at ed current source to actuate said fi p€i/tznazi3783@cond
MOSFETs (114, 115) when current is applied to light emtting 10 di odes
(108) of said photovoltaic generator (1@2). 13. The process of claim12,

further Conprdcﬁ)i é&thsin@tﬁI@o Qf-ChERA&I IO SEE TAPEI0l 44t B Bogirangad bf asai d
| i ght head of the retractable light with contactless neans&(u214). 14. The
process of séreacdfiginatiohesuchotiyat iasirain térenivakef affirsbMPAfbIT {41 isr ni ng

e L O g e (080 2l 5 S S P 01
(217) " and Para TE15Y et Reljoat MALLD BY A chet) R O R o2, o y
one of sai dfirgitand beeded VEASFETL01 ) 01 5§ 2i&’ tonnectedaoge{lzt2p are switched
on or off a:)hg{]oyvo ’gaYggeE\;g?cbr (112) is connected to gate terminals of said first
and second MOSFETs (114, 115), said photovoltaic generator (112)
providing a galvanically isolated current source to actuate said first and
second MOSFETs {114, 115) when current is applied to light emitting
10  diodes (108) of said photovoltaic generator (112).
13. The process of claim 12, further comprising the step of
monitoring absolute position of said lighthead of the retractable light with
contactless means (214).
14. The process of claim 12, further comprising the step of
15 gradually turning said light emitting diodes (108) on and off to effect a
gradual actuation and de-actuation of said solid state switches.
15. The process of claim 12, further comprising the step of
switching said motor brake (216), motor (217), and lamp (212) on and off
in a synchronized fashion such that only one of said motor brake (216),

20 motor (217}, and lamp (212) are switched on or off at any given time.



