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21629 70 1 - An Actuator System The invention relates to an actuator
system particularly a systeminvolving an el ectronmechanical type of
actuater-and especially a rotary electrical 5 machine. In actuator: control

syste it is known to enploy closed | oop feedback designs for the purpose
of pogzi}onal control of the actuator output nenber. 2P4Eq$;_ EF not al ways
a line rel ati onship between the input signal and th +&r gg% ndi ng

position of the final output nenber, as for exanple in an electric brake
actuator. The Aut Adtua®romsSkaseino nove through a relatively |arge distancer
to take up clearan m.i p_order to_achi bbi ng contactx
of the friction su? ceg%gntggghg¥Zé?F5rg?haPe %ngpgt V&Fﬁ%Plttle

nmovement ~ as thear@uaudamgyfgréﬁsgemelaveavusgdeneehen@d0bwephenappﬂ|ed

act uat or forcetg% of ackurbe hRArELPeBTdLINPIENLUFLGY EDeckRYLaY parts of

t he actuatqr Lcularly if a rotary machine such an electric notor is
enpl oyed, it §84PPabl e to exercise accurate control over the position of.
or the force exerted by the output nenber. 25 According to the pr esent

i nvention there |s RrQXEﬂggo?ncgﬁEngogg§¥ F ?O?Prkﬁb?g ﬁbgg&or fgr

novi ng an out put menb g i npu
wherein the oucpasedekbep énedbackrdesdgny f@S|§hanE@rPQSﬁDQ§nent over at

| east part of b5§1ﬁ:§189310£o§17:§5@|oﬁotﬁéaécEGSESreéﬁﬁfzﬁtaméﬁBeH near
relatlonsh|§ fémeen a force, exerted t he reﬁlstance
S f
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fnd a dommil STHAZE i BeROF oL HARRSS  LLPBAE, VELE B PRSHEBoPE FBRERT Ehfio. out put
menber 35 to pnpuidsignétegidckhei gmakrespeadingoposietioni off the feedback
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brake actuator The output means has to move through

a relatively large distance to take up clearance in

15 . the system in order to achieve rubbing contact of the
friction surfaces, and thereafter there is relatively
little movement as the retarding force generated is
determined by the applied actuator force.

20 Due to inertia and momentum of the moving parts of
the actuator, particularly if a rotary machine such as
an electric motor is employed, it is desirable to
exercise accurate control over the position of or the
force exerted by the output member.

According to the present invention there is
provided an actuator system comprising an actuator for
moving an output member in response to an actuator
input signal, and wherein the output member encounters

30 a resistance to movement over at least part of its
range of travel so that there exists a non—linear
‘relationship between a force exerted by the member
against the resistance and a demand signal, sensing
means responsive to the position of the output member

35 to provide a feedback signal, means for receiving the
feedback signal, means for receiving the demand signal
means operative to compensate for said non—linearity,



-2- and neans for conbining the feedback and demand signals tq provide an
error signal which is connected to provide an actuator input signal _
corrected in atcordance with said non-linearity to produce novenent 5 -“Ea
the actuator. In one formof the invention there is provided neans
operative to nodify the feedback signal so as to conpensate the
non-linearity before conmbination with 10 the demand signal for the purpose
of providing the actuator input signal. Il ZnGther form of the invention

there.js provided shanseamerfds \eoulsixiil fthel e cdbaRd sbugREhadd SO as to
conpengate t he non Llne It befor conbi nation w he. feedback S|gga
for the purpose of b$5% H% R?ﬂ? g &t ST5p e 85 ng ich,15 GPRPEFFEH form

t e systen1!ncIudeBonp%wmndM)annxntuauartnmpmdvangaaﬂheophaseedf1nhe
actuating signal |£ce6FIRR0GH Y (dhid IR iREE 1Y @g%ﬁoaghs% ?e&gnt
0 € ou

conpensate for_the ponmentum e actuator so as
nmenber to a halt i &f t e ARYYGEAT r equi red by the input S|gnal VMere t he
actuator is a 25 rotary electrical machine the phase advance neans is

ot at onal speed of t FE GG Ofndhs 1y BRA8nERFBy Bobr VHBFSr speed
control circuit op&e&ns\npennﬁﬂvattd:h@dné&ethb teadbechf s3gnahcsaiadorto
output to a predetgl a&day@'e;ﬁ 'o@,-q%e%mg BR2b: cbfiBihRYERL PNt N

.act uat or syst em COITp ses actua
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signal, and the eua¢mﬁgxognﬂﬂpﬂt @E@h@ﬂ is connected to a brake operatlng
| ever which as a result of its movenent applies the vehicle brakes -

&f | In another form of the invention there is
provided means operative to modify the demand signal
15 so as to compensate the non-linearity" before
| "combination with the feedback signal for the purpose

of prov;dlng the actuator 1nput signal.

'In a preferred form the system includes means

20 operative to advance the phase of the actuating signal
in accordance with a predetermined angle selected to
compensate for the momentum of the actuator so as to
bring the output member to a halt in the position
required by the input signal. Where the actuator is a

W ~ 25 rotary electrical machine the phase advance means is

‘arranged to select a phase advance angle proportional
to the squaré of the rotational speed of the actuator.
There may also be provided a motor speed control
circuit operative to limit the rate of change of

30 ‘actuator output to a predetermined value. '

In one embodiment of the invention the actuator
‘system comprises a railway vehicle brake actuator in
which the actuator system input signal is supplied by
35 a train brake demand signal, and the actuator output -
member is connectéd to a brake operating lever which
' as a result of its movement applies the vehicle brakes



-3- directly. The invention will now be described in greater detail with

reference, -

"~ desggyoed with reference to the -acconpanyi ng draw ngs,
ph of- the ideal and actual. relationship between actuator

shoWsZa gra
position an
iformof | oo

by way of exanple only, to an 5 enbodi nent which wllk be
in which® Fig -1

d the force 10 exerted by the output nmenber, Fi§. 2 shows one

k up table enployed in the

actuator feedback system 15

Fig. -3 shows anot her | ook up table'fbé fhe actuator feedback system and

Fig. 4a and dbredioly bl ock -di agrans .of the electronic circuits of two

alternative

br ake actua
“exanpl e ope
si gnal @arr
The si gna

forms of the 20 invention for use in a railway vehicle‘brggeﬁ
control system The enbodiment to be described conprises a railway vehicle
‘brake -act uat or. Thhel 13eIdeP™ Widdc RoWeecdesemikgd ant gmeatdrve i ndivi dual

rat.ion of the .brakes,is cqontrol.led b n elecfrical demand
ieémci)mae%% i i%é%i’&ﬁ&i%@ﬁ’ﬁg v{%é‘;ﬁerFéﬁQFHCSft? he train.
| thre dccdfpargumpe dradingsgadh thdka:act uat or position and,

in

the driver's cab, to a demand signal generating unit activated by a brake
control. handl'e to produce a contral signal representing a braking |eve
demanded by novéint lofshaws BagTe@ht efatber idspbnandgagbuation. 35 The:
demand si gnateld vl citip betiveleli acltyBRorNPYst 8k6nORRd OfheeFeF&é forms for

'exanplef%[)
15
20

25

exer the output m

Fig. 2 shows one form of look up table employed in

the'actuatér feedback system,

Fig.'3.shows another look up table for the
actuator feedback system, and :

Fig. 4a and 4b show block diag;ams of the
electronic circuits of two alternative forms of the
invention for use in a railway vehicle brake control
system. o

- The embodiment to be described comprises a railway
vehicle_brakégactuator. The brakes on each vehicle on
a train have individualrbrake'actuatofs which are
contrblledfffom a common control line, in this example
operation of the brakes is controlled by an electrical
demand signal carried by a signal line exﬁending the

~whole length of the train. The signal line is

30

by movement_of_the_handle to a corresponding position. .

35

connected to each brake actuator position and,_in~the
driver's cab, to a demand signal'geﬁerating unit
-activated,by a brake control handle to prodgcé a
control éignal_representing a braking level demanded _

The demand signél,'in systems of this type, may take
one of several forms for example a pulse width

modulated signal, a voltage, a current etc. the level

ul se ggéﬂg} n%pulated S|ggggt,§ voltage, a current etc. the Ieyel

e
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paranmeter. The particul ar -enbodi ment conprises an electric notor driving

t hrough a step-down gearbox, a screw 5 t hreaded rotatabl e shaft engaged-x
w th a captive nut coupled to an output menber which, in turn, is connected
to one-end of a brake operating |lever. This lever is coupled, on the other

side of its fulcrum to nove the brake pads or bl ocks. thenselves. Starting

-4- of braking demanded bei ng represent.'e'd, _ih each case, by t he. vari abl e’

: “froma normal running position, i.e. w &h=the brakes rel eased, the
fl rst.part of the J‘E)anﬁdeﬂamd%d Bedh '§e$§:£§sat¥8 tPnbééé‘H w@e br ake
bIock&anto cont agt vmthawh I taking up't e_runnlngcearance Little

resistance to novetertlg Yaki @Pé&mﬁ§efhe 15 lever in this phase.
After rubbing contact is achieved there is no appreciable further novement

of the brake bl ocks a tardin the hrakes_ is term ned by
the force with which t ggg&gc%ﬂockgmégggﬁfggsgamg é?ﬁgta?H%P Theels or
br ake discs. 20 Tm%tqretderrldﬂlmg,f &hxeughr sughepatoun pgafbexher samesment of

the actuator @it puihreuded ,ro%%meashswl Eﬁgggaﬁn&leﬁl 4 "ea P AkE per ati ng
| ever agai nst the inherent resilience o hus, 1t, wll 25 be

‘appreci ated that tIPRdeds tg ﬁ8n°PFR8§rmP@£$F|%héﬁhp Rt the braking
force and the posiddmmecafed hte anhuahdroﬁuhpufanendméraaiﬁglolm&emvamrst of -

t'he out put nenberfé%éy lgcgtapﬁgggtgg EﬂetQEhgpg% 3%6? S{ (¥Hf€ﬁ egree.of

rotation of the el'ectric¢ ro né o
descri bed enbodlrmﬂqVQIﬂbepb§ﬁkﬁonaéﬁ pnebbgcbatthem@e¥vm@y et artiagri ned by

several alternai \f&oﬁptah%%maﬂ%uﬁﬁaﬂel PosPYisRANS, O W th NGA HQAWdd on 35
e o B B oel, o ThaLFi tIE ArPoF ch) Aol Sheny PV ever
' is effective to bring the brake blocks into contact
with a wheel by taking up the running clearance.
Little resistance to movement is encountered by the
15 1lever in this phase. After rubbing contact is
~achieved there is no éppreciable_further-movement of
the brake blocks and the rétarding_force of the
brakes is determined by the force with which the brake
" blocks are pressed against the wheels or brake discs.
20 ' ' ' '

This retarding force, brought about by further
movement of the actuator output member, exerts a
bending moment on the brake operating lever against

"g;} ' ‘the inherent resilience of the member. Thus, it will
25 be appreciated that there is a non-lznear relationship
| between the braking force and the position of the
actuator output member, although movement of the
output member is directly related to the angular
_ position or degree of rotation of the electric rotary
30 machine of the actuator. ' o

In the described embodiment the pdsition of the
output member may be determined by several alternative
methods, for example, by means of a linear position

35 transducer, or preferably, as in the example, by a
rotary positionxtrénsducer (also known as a shaft
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the relation
pul se count,

esponsive to rotation of the shaft of the electric notor. The
is transducer is fed back to a conparator circuit; or R :
mplifier, and is sumted with the trainline demand signal to 5
nput signal-for the actuator electric notor. In a partlcular

~towhich Fig. 1 refers a dlgltal rotary position encoder is

e 10 electric notor shaft, and noverment of the output menber
by a train of pulses prodébed by the encoder, upon rotation of
a’fwdder)soretdlﬁinsavga \ten riopaeient off thbesnuEpUbf meneer results
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non-1i near f
“whi ch occCurs

romthe point at which contact the wheel,
Rﬁmﬁtﬂeséncdl?r?ﬂltpééﬁpﬂan ?GotheTﬁSFléaFPére%ﬁéth‘Fat i onship.is

non-| i near beigwpr.apabl e of finer. control at ‘| ow output forces but only

capabl e of c¢
proposes to
either the f

ourse control -at -high output forces. 25 The present invention
render the relationship effectively |linear by nodification of
eedbd@kasmgﬁ&ﬂcvﬂéﬁlﬁ ogdmentontenebileh Fogihk vefees at or

point at_the AN 'r'%Q'd tyorpoExt%Qn eﬁedaEkC%'@Pl@én ‘dggrand si gnal .

An arran?ﬁnent for the firs

_bet ween
substitute f

.. the encoder, upon rotation of the ‘actuator shaft, so

15

? i s .achi eved é hang |ng the fel ati onship
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that a given movement of the output member results in
a given number of pulses being generated. The graph

~of Fig. 1 shows the relationship between the position

of the member, and therefore the pulse count, against
“an output force exerted by the brake operating lever

on.the'brake blbdks, It will be seen that the actual

' relationship is non-linear from the point at which the

20

25

30

high output forces.

-brake blocks contact the wheel, which'occurs”at pulse

count position 100. Thereafter the relationship is .
non-linear being capable of finer control at low
output forces but only capable of course control at

G

The.present.inventioﬁ_proposes to render-the3
relationship effectively linear by modification of
either the feedback signal from the position encoder
to the comparator point at the actuator input or by
modification of the demand signal. An arrangement for
the first case is achieved by changing the

.'relationship between the'demand signal and the

35

feedback signal by genefating a substitute feedback

~ signal, as illustrated in Fig. 4a. Iﬁ,an.ar:angement

for the second case, as illustrated in Fig. 4b, the
actuator loop input signal itself is modified by
generating a. substitute demand signal using the .

.



35 for the second case, as illustrated i n Fig. 4b, the actuator |oop .
input signal itself is nodified by generating a substitute demand signMdﬁﬁ}

usi ng the 6-primary or trainline demand signal” as a reference.. The
secondary or nodified signal may be conputed fromthe primary original
signal using a circuit 5 . capable of evaluating a predeterm ned

mathematical algorithm In the exenplary enbodi nent an original signal is
used to generate an input address for a "™ 6ok-up"'table cont ai ni ng
correspondi ng val ues_f or 83380 asShordkerehicd. 2 shows
a lo“s“llorrpl e formBF? ?B%k% E{%)lergﬁslg{evaﬁ uesc? g|corrpensatlon of an actuator
feedback si gnal . These vaIues plotted on the graph of Fig. 1 give the.

Linear curve narked ' ﬁ? ecoﬂﬁ&tyﬁﬂﬂﬂmbdﬂﬁ¥ﬂﬂ mﬁgmhﬂ mablbeotoﬁpgtea for
conparison, show- the rel ationsh @8 be.twee the 1§h L [ gl qe gijgnal and the.
actuat or positionfre® FRrREHHA W&lﬁ’é" 4548 Fs&°Count, and

ive the nonsgli neaépﬁbldeofmé\b@ma'mnyai pneﬂd?aegrmmedpuglthﬁeﬁép cadntrol of

t he actuator outp ithg tbe kaglric
motor until the d@lgpegPE“ds ﬁon I's rea@:ﬁ& (!,] thelﬁiegltto D 1|gt The
actuator may be ssigpell by wsed sk gﬂnwfrﬁaraé! P IRKY @i ﬁ'ﬁsdf Ofh& notor if

no other means of "T%k‘-ﬁﬁ"r@éﬁié Qb ta 11 i Atk r dspandiaig ualulascﬁamaany
real 25 system has finite ﬁ and can ot ther fo&q be sg$
i nstant aneousl y o¢emBRBEALEL, i i et § s@ens. “The de ree of

over shoot may goe a@ﬁpméabbempcb\/fbbaig-uﬁe traéleﬁ tvaritueeir for §8WPB§SF6P8Pat ed

‘by bui l ding-in sufficien r 4 S s@m@ eSQ ey elotitedi s
preferred, for grggtgp 3é5g¥gé? f?%at t ckléﬁhly ¥ 2 Lo

e, act at%r qh has phﬁs% advance
by\EBans of on the graph of F1g give t inear curve ma
o - "ideal". The values shown in the table of Fig. 3, for

comparison show the relat1onsh1p between the

15 trainline 51gnal and the actuator position, as
represented by the shaft encoder pulse count, and give
the non-linear curve marked ' 'actual"” in Fig. 1.

Pos1t10na1 control of the actuator output member
20 is achieved by energns:ng the electr1c motor until the
desired position is reached: and then stopp1ng it. The
actuator may be stopped by a brake or by merely
‘switching off the motor if no other means of halting
rotation 1s provided. In practice, because any real
k*j 25 system has finite mass and cannot therefore be stopped
| instantaneously overshoot is 1nherent in all such
systems. The degree of overshoot may be acceptable
providing the resultant error cam be tolerated by
_ bu11d1ng-1n suff1c1ent hystereSJS 1nto the system.
30 _ _
However, it is preferred for greater accuracy, _
-that the actuator signal has phase advance by means of
which the actuator imput signal is cut-off in advance
of the required position being reached sufflc;ently to
35 compensate for the pred1cted overshoot. It is .
preferred not to correct for overshoot by revers1ng
the actuator because this can lead to "hunt1ng and_



whi ch ¢ he actuatbr i nput si gnal is:CUI-off'in-advance of the required
ng reached sufficiently to 35 conpensate for the predicted

p ion bei
hoot .

actuat or because this can lead to "hunting"” and
‘i.ntroduces an unacceptably long tine del ay.

1t is preferred not to correct  for overshoot by reversing the

-7 instability,
One enbodi nent of a phase

and al so

advance circuit i ncl udes nonitoring 9f7the out put nenber position feedback

‘signal; i.e.

ul.s coun

é. fnd.; ectronicall -inqkpitin
actuator i npdtns ﬂ&l1 "8 B %e{%Fﬁ?ﬁ‘é‘ae?)Lﬂ%emb% PEIR Y
- final p05|t|cnarqwldséawounﬂnelembeétmenlt offa sphimge ad dwatbee achianigd by URkng
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el ectronic
arr angenent

required is 5#@&@139?‘0%8“%’theesq%ﬁ?ep‘b*sq H‘emﬂb‘ﬁ,aﬁ%al speed of 'the

e'eCtrlCsﬁDt@ﬂect&%nﬁbh&lﬁriﬁnﬂbﬂﬁﬁﬁgttﬁeEéﬁfﬁhﬂé% iH d&“%ﬂgﬁéﬂ s
determned b uISﬁ %ountn qag cy_ of the out r ot encoder
sEEgingy T

‘the stored v h&é’s i R*E ST en | veﬂf"?% 9 C(ﬁ;"redance wi t h

FHBK"

e of the

the requiredfioadupasigdon puls€omeumt, dfs tiencltdiat dthirotmary sieed may be

achi eved by b@paéh@evadnﬁy'@ymg'mc%ﬁ?&q i LR Ak G lgnput signal
I'n railway braking term nol ogy rake either-
i.e. is due BylﬁﬁoﬁPE§§|¥%P§'%haﬁﬁ? %lﬁ?%ﬁﬁﬂqq(ﬁhQﬁaﬁqﬁﬁgﬂmﬂaé 25

handl e. "1pt

series of steps following a progressively. increasing demand signal.
Unfortunately this can | ead .t 0 -undesirabl e effects of jerking as the

control

desaeibed 4bove.positionally controlled systemto respond in a ’

el ectric actuatolnt endsactudbor sy tem B0 Mwrseadfantepequired; s proposed
in the 'nvenﬁboﬂrbﬁortlonal to the square of the rotational speed

15

of the electric motor. In this arrangement the speed
of the motor is determ1ned by the pulse count

. frequency of the output rotary encoder and the stored

20
25
30

35

‘so that the number of cycles of operation of the motor

values in the look-up table are calculated in’
accordance w1th the required formula

_ | Control of the actuator motor speed may be
ach:leved by imposirg a max1mum limit on rate of change on
the 1nput s1gnal - In ra1lway braklng term1nology '
"ramping" of the brake either ON or OFF,1 e. is due by
progress1ve1y changlng the position of the brake
contrpl handle. ‘It is normal for a positionally
controlled'system to respond in a series of steps
follow1ng a progressively. 1ncreas1ng demand signal.
Unfortunately this can lead to undes:rable effects of
Jerklng as the electric actuator tends to follow in a
series of steps. It is proposed in the invention to
limit the rate of change of actuator output to a
maximum level no greater than the most common rate of .
change called for in service braking, this being the
so called "jerk limit". This limit is overriden when

in full emergency_braking is called for. Preferably

the maximum'motor speed is matched to the jerk limit

.



limt the rate of change of actuator output to a maxi numlevel no greater
than the nost common rate of change called for in service braking, this X0
being the so called "jerk limt .. This limt‘is overriden when 35 in ‘
full enmergency braking is called for. Preferably the maxi mum notor speed
is matched to the jerk limt so that the number of cycles of operation of

t he not or -8 during a-ranp change'arelqﬂg 1o a mnimum Referring now
to the arrangenment of .Fig. 4a.the trainline or brake demand vol tage signa
(V deyrand) is 5 éﬂﬁbpgeﬂ FRMBNChaREe 3%8 KSRY B0 & IHAYMUEY to the i nput

of a vgltage to digital signal converting circuit 2. This latter circuit’

‘may conprise, in effeci1 fggr%]gl ogue éo di gal%laélms%t/on r':? F\égen4%h%gbrake
| [

~demand signal is an anaf oghE1d
digital trainline tnelubmerombtamw&mamm y81igalalhd¥gd emandiei s

demand si gnal -iss bipa BpYj Fa2¥o coRci L fe CUMIAY TR ARG k0 ¢RVert L he

si gnal to conventigna gless Gray. code i's, used throughout. 15 The
~digitised demand sfBRRF ? dﬁﬂ £28% tQ oo 1 8hads COWEFRARSt or ci rcuit
4, the out put 5 of cﬁvhcﬁhtlz cdrmfgtmwr & iAo lmayn Rbimpefi se ,r 9hary

actuator 6. This rative en I se the
actuator 6 by closgﬁ%gg cd% %&H%F%éu# &ndian q‘ qﬂYQE%egongBtgﬁg

ener gi sation C|rcubrakﬂcduu$m© Sﬂgnﬁlew%/anuﬁﬂ&i&gueumlugslof Theaact uat or
motor. 25 10Neg 6t Rt RavFndas &ﬁﬂ;araﬁgmflt t82G2dgheC eHe! een%wefts

out put shaft 7 and,arranged to groduce a digit rea i n_accgordance
o th outpat shatt PoRaYI Bh unebd A by aRRIPUSH d o HRRUACBERG &LEPAINI BT
: - . binary Gray code the converter may operate to convert
A2 _ the s1gna1 to conventional binary unless Gray code is
used throughout
15 _ . :

The digitised demand'signal is connected to one
input 3 of a comparator circuit 4, the output 5 of
which is connected to a control input of a rotary

" actuator 6. This actuator control input is operative
20 to energise the actuator 6 by closing switch contacts
~ (not shown) which complete an energisation circuit
. “including a battery and the w1nd1ngs of the actuator

motor

_ : 25 The actuator 6 has a rotary shaft encoder coupled
N | with its output shaft 7 and arranged to produce a
digital read-out in accordance with output shaft
rotation. In this example this output 8 is a train of
pulses produced at the rate of a predetermined number
30 per revolution of the output shaft 7. Thus, the
number of pulses produced is determined by the number
of rotations of the shaft and the pulse frequeﬁcy is
set by the speed ofhrotation; The pulse train on
output 8 is connected to the count input of_a pu1se
35 counter 9 which'provides'at its output a binary
digital number representing the displacement of the
shaft 7, and therefore also the degree of brake



pul-ses produced at the rate of a predeterm ned nunber 30 -per revolution of
th it put shaft 7. Thus, the nunber of pulses produced is determ ned by
t hekatigber of rotations of the shaft and the pulse frequency is set by the
~speed of rotation. The pulse train on output 8 is connected to the count
input of a pulse 35 counter 9 which provides at its output a binary
“digital nunmber representing the displacement of the shaft 7, and therefore
al so the degree of brake . -9- applléhtlon It is preferred to represent
this drsplacepphicasiémon1a zero or reference position.  This is chosén as
5 the point at which the brake friction pads.initially make rubbing Seti
contact with the wheels or brake discs. This point is defined by operation
of a nicrosw tchltlisppreferred to tepredgpedhic dispdseemposi ason at t he

poi nt of rubpiag &%e&tmbyrm&e&?du ﬁsltﬂ%nbra&%ﬂsolsseﬂ $eflf g brake -

operatln | ever . eratlon osmrtch i's arrange to Génerate a
pul se mh ch tRegd t &t t'th eiﬂﬁ qr f31i qfdione PaddndBi tdallyn this case

the runni ng malearautss; g ddretdmams:h theewheels odi BgakaclistBe actuator
. for a predet di stanc t he .di.st ance Lepresent d by one
'ﬁirg ;h]odlrgé i dseﬁ edt b?éper*&%ﬁ& nénp? ﬁ'ﬁf"§t5ﬁ

hundred pulses 1'S” hu I'S d brought in
.use’in the c¢1%ﬂﬂ$e¢WE91a3u£thﬁwanHRﬂd 10 alndpeaﬂeposhauonhetactuator has

wi t hdr awn t%ﬁ&g:dﬁ{er&ﬂﬁ%mﬁaigt Ic%tath%ysm%ﬁleBwta?r the ppgrected to the,
demand i pput and the a tqugr wound inth 5 usual, way. It may be
necessarg t FHRR® O] I?eq‘}iﬂ °cP€lfﬁttérnga & §Tat PRETALAGR BSsFi‘Pon in order
to 25 de- aoiiwfﬂswi&uhzmﬁlannamgedombrgbneyatenh bhlss whflgh i9 Incorporate-
an aut omati ¢ &%ﬁ%?%d to a reset input of pulse counter 9. In this Q_J
‘case the running clearance of the brakes is set by -
, "winding back" the actuator for a predetermlned
15 distance, say, the dlstance represented by one hundred -
'qulses ' ' '

' This number is stdred'in a permanent memory and
brought in use in the circuit when the microswitch
20 indicates that the actuator has withdrawn to the
reference pos1t1on The stored number is connected to
a the demand input and ‘the actuator wound back in the
usual way, it may be necessary to reset the pulse
~counter again at ‘the final position in order to
25 de-activate the actuation_control'system. : o i)

_Itiis'nsual_to'iﬁéorporate an automatic slack
adjuster in a railway brake system so that as the
friction brake surfaces wear a constant running

30 clearance is maintained ‘Thus, the output of the
pulse counter.9 comprises a binary number representing
the displacément of the actuator output shaft 7 from
the pbsition'in which rubbing contact is established,
so that this number.is a function of the brake
35 retard1ng force generated ' -

" In relationship between brake force and actuator



adj uster ' in a railmay brake system so that as the friction brake surfaces
wear a constant running 30 clearance is maintained. Thus, the output of.,
the pul'se couritér 9 conprises a binary nunber “representing the displ it
of the actuator output shaft 7 fromthe position in which rubbing co
I s established, so that this nunber-is a function of the brake 35
retardi ng force generated. In relationship let+ween brake force and actuator
-10- position, to flrst _approxi | : . i s .consj.stent. and a
mul ti.plicity of va 882?2%’3’(’:2 'C%I a e%jpg%n@%%’gﬁgéd“ldﬁl aactr 2:135-350trf- trlngrmry whi ch
forms\part of a | ooknapstenkeand ndlimaletpkicitn dfh vailgesiare vadcplated
actuator position gHADEEoEEA™M & 0ANEE4dCYoh-meteEy dfh ik FodmBN PR ritNdeXal N
table I'Ca to Iook-!g g_nunbeé i ndj ¢ tln%%%he ar respondin brag force, in
the same represent aPPEEUBNFER1Gs 11 47 alfeﬁé{?dl 8'{1151 i n 3 of the
.conparator 4. 5Thiacseavod posbeion sndrbespn ebunter Fedendsiedpas &l of
tdhe conparator 4, i I t ract .t | eved .
brake force from tgggg%gﬁggﬁégéex dinﬁ%%l?f% hl.\et?aert%oﬁ%%trw—glfbf faeﬁgﬁ@gt}si gnal
remai-ni ng at out putngdiratinanele ctoXreapRAdINE drke §ogssnr 3R ithe same
energisation as 15.ppeubOHBAYivesEii b ths 1Y HPaKed Aemaadt B gaant ael | oop.
Non-linearity in this ar angenﬁgt Is allowed for_ durin %glcul tion of the-
contents of | ook-up?P4bi2 25 tog SORPHEA - i'ngyPscéﬁgg alPBReEs? Pequi red
el sewhere in tle cénppliedht@ratégnaﬁdningug/HmaowemmerebmpbwakyrshgphedLn
design. In Fig. dachBersple pf diifed il | 05 Ofh A CANRAGENTEVEG PU! SC
up table ma orned b I

counter 9 and | ook- e per y a single 2 m Cr opr ocessor
sui t abl y .pr ogr ammebrake force from the brake force demand, the error or
—/ : - difference signal remaining at output 5 is connected

to the~actuator'tp control its energisation as
15 previously described, thereby closing the control

loop..

Noﬁ-linearity in this arrangement is allowed for

. during calculation of the contents of look-up table

20 10a and no non-linear compensation is required.
elsewhere in the circuit which therefore may be kept
relatively simple in design. In Fig. 4a the whole of
‘the functions of the comparator 4, pulse counter 9 and
look~up table may be performed by a single

25 microprocessor suitably programmed.

Fig. 4b shows an arrangement, alternative to that
of Fig. 4a, but ‘in which like parts are given like
references. The basic difference between the two

 30_ arrangements resides in the way that compensation is
- made for the non-linearity of the relationship between
brake retarding force and actuator position. In Fig.
4b the brake demand input is compensated by applying a
o _ _ correction factor to the digital number corresponding
35 to the demand input. . Again a look-up table 10b is
employed in which is indexed against each of a
multiplicity of input numbers the corresponding pulse



'Fig. 4b shows an arrangenent, alternatlve to that of ‘Fi g. 4a, but i n which
Irkew‘.rts are gi'ven like references. "The basic difference between the two
7ﬁéyrangenents resides in the’way that conpensation is nade“for the
Xbhearity of the relationship between brake retarding force and
actuator position. In Fig. 4b the brake demand input is conpensated by.
~appl ying a correctron factor to the-dipital nunber corresponding 35 to
‘the demand input.! Again a_look- ug %able 10b is ed_in which is
~indexed agalﬁanéaBH BPtS hEfiv? pP Y?mo?h?r&ﬁﬁ“%a¥5é¥ hafhenadasspondi ng.
pul se coutb oeppotdeceeyher eelqhi ved tbealee et an d g ffowrwpder to St
reproduce the required brake retarding forces. In operation of the B
arrangenent of Fig. 4a a brake 5 demand vol t age S|gnal is generated by a
movenent of a dr fRepPeratine ebnthe|areangenqmivtofsiigy) 4md daaked by a-
br ake si grsal dbﬁtahalvaftagéouﬂghﬂtfelg%ne&t@eéGH dﬂ%{mﬂentam%fft @d to the

trainljne regeives,th nal ;. the di denar d bIoc converts the 10
vol t age S|gn§F Yﬁrb?n§f§*gdﬂ%ﬁ?ﬁ ngH? (ﬁ?%ﬁt &cagrigdy 3 and

feeds this ohypmtbrokehszgmabttraqmﬂ1ﬁb(ﬁhﬂdughuanrxaimor LheMeanwhi | e t he
pul'se counteg, ?ﬁﬂﬁi'f‘”@énﬁé’c@%&%#} £ %ﬁﬂﬁrﬁﬁem{@%%r eteso&%%e”“ ng the
a

true position.o e acfuat i's conpens y neans of the
| ook up tabIélaoalith@rQQSRﬁﬁl|¢R%#ﬂ4)bkﬁckI%BQﬂﬂﬁﬁnQﬂ'h@@eratlng

- characterilgt{65tagads1gea porcrets:i:eéir il iinS avaldaart < ilthe epecond i nput

11 of 20 co tor ference .ar error naI pearing at the B
out put 5 oanﬁéf%oﬂgjﬁhﬁ é§ 4&3EﬂﬁﬁuﬁﬂﬁPW§ %éﬁ§é to reduce the-
error Si gnal1hpu2e3 oof 2E~he cmm;altehtmndt uator is turned the shaft- encoder _
generates a pul se train on output 8 and elther- _ \/

Meanwh11e the pulse counter 9 continues to output
15 a binary number representing the true position of the
actuator 6. This number is compensated by means of
‘the look up table 10a for the non-linearity of the
actuator operating characteristics, and the corrected
'signal is supplied to the second input 11 of -
20 comparator 4. - The difference or error signal
appearing at the 0utput 5 of the comparator drives the
actuator 6 in ‘the sense to reduce the error s1gna1 to

zero

25 As the actuator is turned the-sheft encoder
generates a pulse traih on output 8 and either
*;1ncreases or decreases the number from the counter 9
according to the direction of motion of the actuator.
The pulse count column of the table of Fig. 2 shows
30 how this number varies in accordance with the output
 force of the actuator aﬁd:is shown in Fig. 1l as the
scurue_labelled_"actual", from which the non-linearity
of the relationship will be immediately apparent. For
Vcomparlson purposes Fig. 2 also shows the equivalent:
35 feedback voltage (in decimal) and the correspond1ng
trainline signal in terms of %Z of maximum level.



i ncreases or decreases the nunber fromthe counter 9 according to the

direction of motion of the actuator. The pul se count colum of the table, gf
Fig. 2 shows 30 "how this nunber varies in accordance w th the out put foréggy-

of the actuator and is showm in Fig. las the curve | abelled "actual", friQ
whi ch the non-linearity of the relationship will be inmredi ately apparent.
For cornpari son purposes Fig. 2 also shows=th& eqU|vaIent 35 -f eedback

voltage (in decimal) a K ali e; e

of maxisum | evel. Iﬁhérﬁiﬁgg(ﬁﬁﬁe dengﬁél %th hg?gkni??élé ne to
pul se {count, is shal §¢, qaupt y igyhowa plnot”lsar euy" theaptobrmabkedhe tabl e
of Fig. 2. Inspectinfesf" Rith by acm.(é%m@rb%om phe iRbpeELPbnFbH- 2 and

3*5 will reveal th di sgre C between t dea i nea relat ons and
the true non-Iinear ‘rge'l g't ag"raii; °H‘Parllﬁ°8ff’ et hab iFFo‘P bl &e gs'g
curves indexed ayaiwisltl prevsem lc divet d;scxhpaedylbetheehookeubdé@blEuﬁéhrof

Fg. 4aand in the J ogleyi il Sel0bndl (ELG ndhe) 106LP 10F A1 SARRERENIL "

Fig. 4a the error true' se cou
f eedback signal on efdfsdr ,attche |errpmtr hStWGIepoﬁbeﬁheW@Ie%ﬁbr‘ceﬁi vvendmed he

arrangement of Fi g.agirdie paills@r cb%n%Slsubtbaeaeﬂnfm@ ﬁ@@m@b %amaé fgm

bl ock 2 so that th%ﬂiFSnal on ¢ nparaé ut 3 fo£ W? actu curve

of .Fig. 1. It will &xdi®y 289 Bc Fe&oﬁ “PRoERPLR 1R PF F 18- (4R ar

that the functi dits Iof theoakxahgememandt Big . 44a atile pett ser cmjrﬁdarled Q:crray be

per formed by ni crOpﬁr%a%&g{ & FecthARU2p1L01 0RAL o8 SR € FUE R 1 Ul LS.
and 10b on

The | ook-up tables ored y Nenori es
_ : - signal on comparator input 11 follows the ideal curve

Y
' In the arrangement of Fig. 4b the error is -
15 subtracted from demand signal from block 2 so that the
signal on comparator input 3 follows the "actual”
curve of Fig. 1.

It will be readily apprecieted by those skilled.ih :
20 the art that the functions of blocks 2, comparators 4,
~and pulse'couhters 9 may be performed by
microprbcessors or standard integrated semiconductor
circuits. The look-up tables 10a and 10b may be
stored in read-only memories. :
.25 R o
N "Alternatively, as will be equally apparent, the
' circuits may be carried into practice using analogue
 techniques, employing continuously variable voltages.
rather than digital binery code representations, in
30 which case the voltage columns of the tables of Figs.
2 and 3 indicate the orders of the errors between the
"ideal" and "actual' response curves.

| The pulse train output 8 from the shaft encoder

35 has a frequency determined by the speed of rotation of
the actuator and a predetermined number of pulses
generated per revolution. The pulse frequency is



Alternatively, as will be equally apparent, the circuits nmay be carried

i nt o= ~.actice usi ng anal ogue techni ques, enploying continuously variable
volg’a-s rat her than digital binary caode. representations, in 30 Which case

- the voltage colums of the tables -of Figs. 2 and 3 indicate the orders of
the errors between the "ideal" and "actual" response curves.® The pul se .
t{fain output 8 fronlthe shaft encoder135-has a frequency - deternlned by the

speed of rota.ion t he t d.a deter ned_n of pulses
generat ed pe lﬁﬁﬁﬁ |Rﬁ?5%ﬁ:¥% e%fﬁg %8§ P? or sfgegnggc thy .
proportional lxsmda@tajaitmnnmttortospewt@trdsrpsetdsednasoéncnnpun tt 0 a nDt Or
speed Controlv,nﬁlcrhctwgkeme@ P mploRe kO 'r@agsc%r laeadﬁ%s%muaeéa b mum

val ue on the actua i nput gontrol 9 ere mt, to a

* corr espondi n®MtdeAEtHATOT FRPRE cpﬁérP&téISPa&han@BdozhﬁEFE&tﬁ? out put .
Thi s naxi Sumldalits ity taheorressiponidiinig” pm‘eﬂbltélﬁﬁdnéhovaluél;l ghéyst em havi ng

constant nass n a OWNpf ot at i city is -
predi ct abl e. af% ot %hg ﬁﬁi%fnggggh%gktéﬁ?PPE0n1Fhég 38?%eﬁco%g é|s al so
used to detenmnmbetheeEWaéemanan@@tangEd abow¥esary to termnate the

~actuator input-signal to bring the actuator output nenber _up to 15 the
desired position, as called Ler.b t he demand si out overshoot.
Né &n

gn
The pul se frequefByapPSsitels §8P§FaV§IB€FFy g? ?Hé“ @Fuat or and from
‘the errorl@i goalentam be aukpownSrotathenatnpaelatdtydisthe remaining angle N

can be det er giaadcgadabic BSS ERedianceceliaolleanp! Eeghaipdhe eaui el

point. The require are’directly repre a pulse count. In *
t he case. mheﬁbafﬁeepﬁ rapgl else. BFGSOFPl@ﬁ&?rmbneh e gphd &€ of
the-rotationglyvapeedah2e necessary to terminate the actuator o/

input signal to bring the actuator output member up to
15 the desired position, as called for by the demand :
‘signal, without overshoot. The pulse frequency
provides the angular velocity of the actuator and from
the error signal on the output 5 of the comparator 4,
the remainiﬁg angie_can be determined and the phase
20 advance cut-off applied-at the required point. The
required angles are diréctly'represented by a pulse
“count. In the_case'where the phase angle is
proportional to the square of the rotational speed the
~ number of pulse'repreSenting the phase angle is _ .
‘25 calculated accordlng to the square of the pulse

(»

-frequency ' o I | NG

30

35 '



nunber of pul se representing the phase angle is 25 cal cul ated according to
the square. of the pulse frequency. 30 -35 14 - Cainms 1. An actuator,
system conpri sing an actuator for noving an output nmenber in response t
actuator input signal, and wherein the output nenber encounters 5 . a

resi stance to novenent over at |east part of its range of travel so that
there exists a non-linear relationship betwgeg a force exerted by the
menber agai nst the resistance and a demand”Si gnal, sensing neans responsive:
to the-position ofCkammsut.put nenber 10 to provide a feedback signal

means (Lor 1 ecei ving, Ui, fgadhad syatel cBRBRSsifE ARCELYhABoE Mofiemand
signal, neans operatiyve to conpensate_for ,sald nonh-linearity, and neans for
conbi ni ng the f eedRXIGAN HBWF TRPRELSIRoTBFBONAR AR 2R r3FLUAERRI which
is-_cognect.ed_'15_ .,ti_xapwvsjilcgmm _&Q;HUGhQIreiigpuhesbeﬂﬁht'ctﬁé(]l}‘ﬁ@feéhd:dmnters ,
accordance with sajd non-linearit Q_produc epent . of ~the acfuator. 2
A actuat or | sy2t ol ZSAMFY & ochevamBatdFEr nEEo B RS Fabh o BrtE S e (o
conpensate for saixangm-df raaviely sios thetintbeed ekibtshe memmbinearrecei ving
the feedback si gnazlela&ﬁ{rfkq{i;}d‘%e%@%haﬁt bSrE@eﬂQ@fEe&'Waéhe rember AN

actuat or system according to d ai,m erei.n the neans,opefrative fo |
conpensate for sai2BHIRY itheariesy sitancgnardt qdaPeRd ¢ H8HRhnS§R31 Hecei vi ng
the demand signal meunrmy desgonsingd ty the peshodloni ghathe Butput member

_ 10 to provide a feedback signal, means for receiving the
. ' _ feedback signal, means for receiving the demand signal,
,' means operative to compenéate for said non-linearity,
N : and means for combining the feedback and demand .
' signals to provide an error-signai which is connected
15 to provide an actuator input signal corrected in
accordance with said non-linearity to produce movement

of the actuator.

2. An actuator system according to Claim 1 whereiﬁ
20 the means operative to compensate for said - ' .
non-linearity is connected with the means for
- receiving the feedback signal in order to modify.the
- feedback signal. '

25 3. An actuator system according to Claim 1 wherein
. the means operative to compensate for said
-non-linearity is connected with the means for -

receiving the demand signal in order to modify the
demand signal. : '

30 |

4. An actuator system according to any one of claims
-1 to 3 wherein the demand and feedback signals are
represented by digital numbers and the means for .
compensation of one of said signals is operative to

35 substitute for an original signal the digital number

corfespohding to a compensated signal.

e

| O



4. An actuator systemaccording to any one of clains 1 to 3 wherein the
el and feedback signals are represented by digital nunbers -and the .

Jor conpensation of one of *said signals is operative to 35

3 ute for an original signal the digital nunber corresponding to a_

conpensat ed signal . -15--5.  An actuator systen1accord|ng to claim4

~ ¥herein the nmeans for conpensation _inel udes a | ook-up table containing a

~plurality of digital nunbers represert)i ng conpensated signal's i ndexed

agai nst the 5 guAmIammmmr Esystr@praemﬁdzm ZoCceladmpanghegedni gi nal

si gnal . n edi_n a|n1|ncludggg
nmeans for prgﬁgC|ng a |g|t&ﬁﬁ%ﬁﬁ§¥ﬁ% %%éhgféego o?% uBogﬁghSn of the
act uat or out%ﬂntﬂxﬁlﬁﬁnﬁxﬂluﬁallGMwOicﬁasﬂGB spumberscrepdiesgntingl aim 6 ’

wher ei n’t he Qipet $d t&P T grielSs qnrd@t:erdyagaqwsmetﬁ@dd’igeta?aﬁamset produci ng -
adlglt out put conprises a rotar coder. .. An actuator

2 ahdiRe SR3einancoaERa .
syst em accorfHF IR A A FAMES & Qﬁégﬂ aihc838P Fs adapted to provide .

a pulse train output-i'n accordance w th actuator novenent and said 20

nber { he digital
nurber proparti aRoRq i Sy WigoTRatE 1B, Pxpf’?éfgsinéeﬁbelg' S
act uat or Syé’ilé“h“aémmqﬂgl& geansi £08 pseduging asdigdtaleputpubt neans

responsi ve tqudlf&ﬁaiélaiforth@tp@%tmri%bsvz ERachiedadoR’ §depeEM ned reference,
. posi tior erate a signal connected to reset said pulse counter. 30 10.

" An actua or %m according to claim9 wherein the counter reset neans
conprises switch neans- di sposed to be operated by neans connected to the =

7. An actuator system according to claim 6 wherein '
- the actuator comprises a.rotary machine and the means o
for produc1ng a d1g1ta1 output comprlses a rotary
15 shaft encoder :

An

8. An actuator_System_according to claim 7 wherein
.~ the shaft encoder is adapted to provide a pulse train
output in accordance with actuator movement and said
20 output is connected to pulse counting means which
provides the digital number proportional to the
"pOsition of the actuator output member.

S

'“9;_ An actuator system according to claim 8 including
25 counter reset means responsive to the actuator output U
member reaching a predetermined reference position to
generate a s1gna1 connected to reset sa1d pulse |
counter.

30 10. An actuator system accord1ng to claim 9 wherein
' the counter reset means comprlses switch means
| disposed to" be operated by means connected to the
‘acuator output member - when said means is moved to a.
~ predetermined position. -
11. An actuator system according to claim 10 including
means to operate the actuator to withdraw from a

D



acuat or output nmenber when said neans is noved to a. predeterm ned
position. 35 11. .An actuator-system according to claim 10 including ne

to opérate the actuator to withdraw froma --16- reset position for
predet ermi ned nunber of pulses. 12. An actuator system according to any one
of claims 4 to 11 “i ncludi ng neans operative to advance the phase 5 of the
actuating signal in accordance with a predgigecm ned no of pulses selected
to conpensate the nonmentum of. the actuator so as to halt the output menber
in the.position rexeseedasi tien figrue Prpdeternd ned, nugbesaf, gukiessyst em
accofiding to Caim12 wherein the phase advance neans is arranged to sel ect
a nunber of pul ses, corresonding to a phase advance _angle propogtipnal to
tshe square of the #%t_a{‘} cﬁﬁquas%bre(fy(ﬁtpet"hécg&rééf’gr tog n148n$\n°gc?g%f'8§

syst em accordi ng té tamyl bnmalfuding meahst opeFaitd vehtohatieneei thé uphase
provi ded a notor s | I, petati. LM he rate of
ghange of act uat OTcP%E‘?rﬁEH%%@;%ié%&gt&a% Eédggéﬁgggggbwgahe%cy. 15. An
actuator system supeedgterninednnofcpylsrs: sedestedbbe aPRPengrEe chRe to

the acconpanying diciéd@sin o2 tHe 3z tuator so as to halt the output
' ' . member in the position required by the input signal.

10 13. An actuator system according to Claim 12 wherein
the phase advance means is arranged to select a number
of pulses corresonding to a phase advance angle

NI proportional to the square of the rotational speed of
the actuator. .

15 _
14. An actuator system according to any one of claims

4 to 13 in which there is further provided a motor
speed control circuit operative to limit the rate of
change of actuator output to a predetermined pulse

20 frequency.

15. An actuator system substantially as hereinbefore
_ described with reference to the accompanying |
s _ _ drawjngs. - '

| 25
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