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the velocity of the vehicle and as the speed of the
vehicle decreases the dynamic brake has to be
supplemented by a friction brake.

Thus virtually any vehicle provided with a
dynamic brake must have a mixed braking system
including friction brakes and is is therefore well
known in the art to employ systems of co-ordinmating or

. blending the operation of the dynamic and friction
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brakes with the object of maintaining a selected level
of retardation throughout a decreasing speed range.
In order to make the best use of the dynamic brake
such prior art mixed braking systems usually
preferentially select the d&namic brake and use a
feed-back connection from the dynamic brake indicating
the level of braking effort achieved and this is used
o "back-off" the friction brake at speed. In such an
arrangement-as the dynamic braking effort falls with
~educing speed the friction brake is brought into
operation gradually in order to maintain the selected
retardation rate.

A problem can arise with existing mixed braking
systems when a high rate of retardation is selected

of the klnetlc energy of the vehicle.
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-2- because this may be greater than that which can be supported by t@
adhes1on of the dynanitcally braked wheels. For exanple, in a nultiple o
rai |l way~ vehi cl e which conprises notor and trailer cars the dynam c brakes 5
are prowd ded onty on the notor cars. Since thg wheel to rail adhesion is
determ ned by the load carried by the car but -?ﬁe | oad i s shared between
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o _ 5 on all motored cars. For example the dynamic brake
controller, which preferentially selects the dynamic
brake, may be located on only one motor car. In this
- ' " case if either of the motor cars is faulty it is has

to be replaced by another motor car of identical type.
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The invention has for its object to provide a brake
control system capable of predicting the maximum adhesion
level of a dynamically braked unit and ensuring that
the dynamic effort does not exceed the sustainable level,

_ 25 and in one form of the inventionm, to provide a brake
NS : control system for a multiple unit train in which those
_parts on motor cars are identical. '

According to the invention there is provided a brake
30 control system for a multiple unit train which has a mixed
braking system of dynamic and friction brakes, which
is made up of dynamically and friction braked motor and
friction braked only trailer units, and in which -the
dynamic brakes are applied breferentially;
35 the brake control system comprising:
i) means for generating a brake demand signal calling
for a rate of retardation of the train; load



1)z means for generating a braké demand signal calling for a rate-of
andation of the train; |oad -3- responsive neans on each said unit

i ve to provide for each respective unit a | oad wei ghed brake signal
correésponding to the brake demand signal _.and in accordance with the |q&d of
the unit; 5 i) sunmm ng neans connect ®d on the i nput side to receive the

| 0ad wei ghed brake g Sl O dlds Sl Lac rsls.uanqneenage&selee tbe out put

side to dynam c brak Qn r to contr,ol actuati f_the nam c
brake system this oé?”oé’l FeSPeFTAFe URdt 2 9°38r‘<'£ﬁég!:}8ﬁtrol
signal limting rrearmrﬂiécsmmee:to&d-apotﬂdamgnmm thedbraber demaund sai d | oad

wei ghed si gnal of each dénannﬁaéL%ﬁg6yﬁg%c%nh&tﬁptﬁghigaaeoﬁpgﬁ@thﬁ

effectively to limitS L maxi mim-a m t caFcuIated
thereby; arfd 15i) i iguniming imeens coanestedobn thendapytofidachourpeelive
connected to the f“'ﬁ] d AbdYd YEFHId Hhareisti h@l%oﬂi&bﬂl almesheuethEs

friction braking of e respectlve unit, eac g

control ling means i rfgt (ﬁQRP%Hf%Qgﬁﬂalh§U8PF£BF|ﬁd ﬁe&ﬂs BﬁﬂéEtEHaFB
receive the | oad weigiagdl alears gralednarolhectuationhbs shgndiymsmberacting
means on-a dynam Ca'% ééeg %&ecﬁe‘é{“ ttrﬂeé %%n%%%@%heﬂezhgovm &9&&&.?{@ a signal

fromthe dynamc bra representin nam c brakin
effort achilved and 12@1‘!&16:@@(@ Séimarlad-tlmglﬂsaﬁ§aﬁﬁ alam?ovﬂsst?g only

fS L Irrrcr; L Iognbg ?kggl 36;% %lﬁﬂz @ rr@@ewe Qaidgmlahdthaigheda
[ nanm.c RQr nt.ro s and said | oad
wei ghed signal of eatéRfyh zﬂﬁn Fﬁ%@&agﬁ %gﬁg Heﬁgégeg regeg?lng 30, -

t he excess of dynanite tﬂpﬁefataf\ﬁa)retffaduwveéd (Weiiltnhat dveqmlcehrblyltl&e | kg
wei ghed signal of eqﬁp d%ﬂ&ﬁhﬁﬁ‘@ﬁhe31on limit calculated thereby; and
15 iii) friction brake controlling means on each unit
connected to the friction brakes of the unit to
control the level of friction braklng of the
respective unit,
each said friction brake controlllng means 1nc1ud1ng
- 20 signal subtracting means connected to receive the load
weighed brake signal for the unit, this signal subtracting
means.on'a dynamically braked unit being connected also
to receive a signal from the dynamic brake control means
representing the dynamic braking effort achieved and
25 the signal subtracting - means on a unit that is only
friction braked being connected also to receive a signal "
that is a summation of said signal from the dynamic
brake control means and said load weighed signal of
each dynamically braked unit and hence representing
30 the excess of dynamic brake effort achieved over that
required by the load weighed signal of each dynamically

braked unit.

The invention and how it may be carried into practice
35 will now be described with reference to the accompanying

drawings, in which:
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now be described with'reference to. the acconpanying draw ngs, in which:

Fig 1 shows & scherratl c bl ock diagramof a m xed brake systemof a nult
unit raway train,” Fig 2 shows a nodified -@Mor the brake system of F|g
5 1 in which those parts of the control systemon notor cars are

i dentical, "Figs 3(a), show hi sto fo ar of t
performance of a pri or bgtfl ghé‘!’%)l ﬁéyﬁ%ﬁ Jt‘ﬂebaqc‘lsf%;é‘t r% ol‘gs Tlei‘r%pt he
systemof Fig 2 respeskeveyytedtiof 4a sinm]z\lslplé)lmtkt chaaxj:m (tfratltma el ectronic
brake control systemof a three car train, conprising 15 20 25 30 35 4
two notor cars and one trailer car, Fig 5 shows a bl ock di agram of g’u%lg

el ectronics for each Big tzhéh%térm@ﬂiﬂ%l@ fomm Qi it Brajiey sy tem-po

shows a bl ock dsagrﬁnmfwﬁb@heéw&éé O £6s O ttife dait®]l Gafsteln bhemdrstrem
of Fig 4, and Figs 8, and 10, shpw detailed circuit 10 di agrans for

t he el ectronics of ?ﬁésb?’t')%k% REEEL 5 and 6. Referri ng nowto Fig 1 there
is showmn a schematic representation of a three unit train conprising notor

Figs 3(a), (b) and (c) show histograms for comparison
of the performance of a prior art control system, the
10 system of Fig 1 and the system of Fig 2 respectively,

braked unit. The invention and how it may be carried into practice 35 WI
s

Fig 4 shows a block diagram of the electromic

~ . brake control system of a three car train, comprising
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15~"-cars A and B and a trailer car C. Each of the car units has a

fr?ﬁ;’on brake systemcontrolled by el ectro-pneumatic units 1; 2 and 3

rgep@dti vel y, and car units A and B are al so provided with dynanic brakes
of which are controlled by a dynanmic brake 20 controller 4. Thad

b&i

brake control systemfor the whole trakngis operated by neans of a signal
carried by a br e deman g ne. 5 rtynni ng_the whole I ength of the 25
train, which is geng?atega%f g%ﬁaﬂaFetSBérgfeﬁgﬂhlt (not shown) |ocated in
t he drlver s cab. A level of retardation and the correspondi ng brake denmand

signal i's generat edrig sosfbdanacyiibh WiEsPARl ot MnOlefdiriiinay o brake

control handle.. The b ak& gnand si gnal 30 decoded on each of the cars
A, B and C by d@fo&&Chufit &he, m?taﬁdCBrFe%f)eEW viarstemes Fd & dtputs from
these decgders control operation of both the friction and dynam c brakes.

35 Each car lﬂ.q shgwsng gl%;ﬁkadf Pérﬁ)v'ﬂete W|th :{qc%gldctfzg dersgé

10 and 11 respectlvel he "oul'put "© mhlc F Y
7 and 8 to ﬁb@lﬁ?aﬂﬁérbﬁakeoﬁeﬁhﬁd53$gﬁ@JOfcFXg(khu&ndrlrespect of each
of the car units a brake control signal on line 12, 13 and 14 which is

directly representat,i.ve he anpo i of bra ing. effort required for that
car 5 unit. The préB&r nt al aﬁﬁa Qe how Eqﬂ;?énﬁ%ﬁqyl ake is

control | etloby diagades- §oal eheueléectbonhiéshof ertad o ddac o fofF itgse 5si gnal s
12, 13 and 14 fpqmethe 10 individual car unit's decoders 6, 7 and 8 and
generates a signal on line 16 which is supplied to the dynam c brake
controller 4 to provide as nuch dynam c braking as possible.. The output of,

the adder-scal er 15ReSegeingchéd t6 Fig Hyfdi< iy addwiPRl s@tetfatd c o

representation of a three unit train comprising motor

15 cars A and B and a trailer car C. Each of the car
units has a friction brake system controlled by
electro-pneumatic units 1, 2 and 3 respectively, and
car units A and B are also provided with dynamic
brakes both of which are controlled by a dynamic brake

20 controller 4.

The brake control system for the whole train is
operated by means of a signal carried by a brake
demand signal line 5 running the whole length of the
25 train, which is generated by a handle operated unit -
(not shown) located in the driver's cab. A level of
retardation and the corresponding brake demand signal
is generated in accordance with the position of the
driver's brake control handle. The brake demand signal
30 is decoded on each of the cars A, B and C by decoder
units 6, 7 and 8 respectively and the outputs from
these decoders control operation of both the friction
and dynamic brakes.

35 Each car unit A, B and C is also provided with a
load sensor 9, 10 and 11 respectively the output of
which is connected to the decoders 6, 7 and 8 to



brakiong effort to a maxi nrum adhesi on | evel sustainable by the notor car
units Aland B.” The output ,of the | oad sensors 9 and 10 on units A and B \
al so conffected to.the liniting unit 17 enaly i.ng it 20 to calculate said .
maxi mum‘adhesi on | evel. For integral control qf the friction brakes on the
three car units ARoglfFqdtiee (peales idenand, i Hedad e @rPILEeCHRNELEPRAL 18 from
the dynam c brakeofhégbh26f thadiLntas tha dIkege otalsiingighadrénof the
dy.nam c brakes on,cars f‘qg? B, , t.hi s ,si ghal BP coqgected to a bhending uni t
19 on car A and tbiBerifentd Bt M & LEIFEELY BEPFRECBFRRLY R tini t
19 is operative tbhsuimount ¢he raicing e ifordnirequialed ognahat8cérom 30
the | oad wei ghed phpake demand signal 12 for car unit A thus producing an
out put 21 which is supplied to actuate the el ectro-pneunmatic friction brake:
unit 1 on car AL Simlarily the dynam c brake signal 18 is subtracted from
the | oad wei ghed brakeTHenppef il a Bappllitdidloncf Bhleydbherndtneramwet 20
whi ch produces a signal 221§Q§D§$ted t cqptrq{ actu%thgn gt Ehe
el-ect ro-pneunat i c*frFeEFHR HF JH 2N WREBEMIE L6-VRAFE | atter
bl'ending unit 20 akseivesetaes dhetheal g lFhdd bddkendetrdnfremgblé 12 for
car A and pray de : I Out 5§?%n at isv f ot excess of
dynam c brake effg?talgsg{ﬁgtfh%%r%'ﬁ%tfﬁgt e tt?rfageg_ga 8 ggrf‘rand signal s
for both cars A aBEnBrafpfch $erbhiitildda d 6 whichhds sHerding tai Ehes on
car unit C. This Biaafiedbriké Iénershlerll ractprdvide’ aBam@chdipasmic br ake
si-gnal. fromthe b akg.demand sign?ai 14L}§ﬁ)r car %tg grrnoduElfé an o%ilgut 25
whi ch“i s connect eB¥362 1813 BATTHT Art ullT PR R &EcBFEEPpnBERRE ¢ unit
3.controlling thelbristcomnéctdéd o e dyriami@ brake controller 4

: 15 through a limiting unit 17 which is operative to limit

15 through’a linmiting unit 17 which is operative to linmit the dynamc éégé;

~the dynamic braking effort to a maximum adhesion level
sustainable by the motor car units A and B. The
output of the load sensors 9 and 10 on units A and B
is also connected to the limiting unit 17 enabling it
20  to calculate said maximum adhesion level.

For integral control of the friction brakes on
the three car units 4, B and C there is provided a
_ feed-back'connection 18 from the dynamic brake which
25 indicates the average braking effort of the dynamic
LS _ brakes on cars A and B, this signal is connected to a
blending unit 19 on car A and to a further blending
unit 20 on car B. The blending unit 19 is operative
to subtract the average dynamic brake signal 18 from
30 the load weighed brake demand signal 12 for car unit A
thus producing an'output 21 which is supplied to
actuate the electro-pneumatic friction brake unit 1 on
car A. Similarily the dynamic brake signal 18 is
subtracted from the load weighed brake demand signal
35 13 for car B by blending unit 20 which produces a
signal 22 connected to countrol actuation of the
electro-pneumatic friction brake unit 2 on unit B.



The total dynam c braking effort™ required is cal cul ated according to the .
l 3 al |l car units, A 15 B and C, and in sone instances; for exanple,
nits A and B are relatively lightly |oaded, this can cause-wheel. slip
. SKi ddi ng because the wheel to rail adhesion limt Trequired to suppegt
tthe -dynami ¢ brake effort demanded is Tnéufficient. The linmting unit 17 20

i's operative t‘IQu‘@'lf‘aLtIt%txebtllé%d% I{mmaﬂbeﬂg& +é£@fvesacapé Gi' to the |oad

wei ghed signals fro ensors 10, 1 n_accordance on mnt he sensed
| oads of unit &4 I3 tdﬁF‘énée%SFﬁédl%n%%’al‘h%ﬁt t desnt r ol
equi pment futtaecfmtma:r oukpatd2B reptbsertatfv@Sof fi1d é:d.fe’gd @H so that if

one or other J%?c a gl%%égﬁtngErLgPagn?gégg%l%. dr wn _from service

it has to be ré%ﬁaced y an-i ment of
t he inverlti onde3@nd isliignatlsafed bathi gags Anamdikh Whi«eh parts have |ike

references, tRQrHRtR 0! %Olfu?QHbP”Bi‘Ela@gngoﬁﬁh Blor gcraxurutsc @ and B is

I dentical so that i,t her, can | ace asim arl equl pped ‘unit as
required. In tiR é‘r&eHPltthg‘*l 8haoBHBREAC BS akke d e?i%ﬁfﬁﬁ 35  out put

signal 14 fromydmadzerbr&k@nsu@nhlcfrsmsm@lbﬂ&ikéOdé@@rmcaﬁ rmt or units A

and B. In uni t, nal _14 is added to t orr.es ond| | oad wei ghed
br ake demand S|gn a% §IQP0RF88888e?n6°B§PHE ﬂg Cq i% Qé%ﬁ dder
the signdl f r &0 camt@ols aggmasponavél yhecaledt;rm-meuina/uﬂemrhw B3wo so as to,

share the brakd f equ h |y braked cars A and
B, and the out ;ﬁ%ﬁllﬁﬁg tﬁ% ﬂggt%é\gﬁ}egkéug%ﬂ%%%qrgﬁa imt unit 32 which

also receives fromload sensor 9 a further signal 33 representing the |oad.
of unit A The Ilmmeurtlottaazdgahm@babeékangaéfﬂwta&hﬁﬁﬁu|i%ve| from &

signal 33 andcéﬂku 1% %ordlngt%oskﬁ & aP (%gékﬁ%f%s, A,

i
? 15 B and C, and in some instances, for example, when
; units A'and B are relatively lightly loaded, this can
- . cause wheel slip or skidding because the wheel to rail
adhesion limit required to support the dynamic brake
effort demanded is insufficient. The limiting unit 17
20 is operative to calculate the maximum adhesion limit,
according to the load weighed signals from sensors 9
and 10, in accordance only with the sensed loads of
units A and B. In this described embodiment the brake
control equipment fitted to cars A and B is therefore
25 not identical'so that if one or other of the car units
A and B is temporarily withdrawn from service it has

to be replaced by an identical car unit.

In another embodiment of the invention,

30 illustrated in Fig 2, in which like parts have like
references, the brake control equipment on both motor
car units A and B is identical so that eithar can be
replaced by a similarily équipped unit as required.
In this arrangement the load weighed brake demand

35 output signal 14 from decoder 8 on unit C is supplied
to each of the motor units A and B. In unit A the
signal 14 is added to the corresponding load weighed



10 dynam‘c brake demand signal 34 which is Supplied to the dynamc br@
controller 35 for actuation of the dynam c brake. Simlarily, on notor

unit B.the signal 14, 15 again scaled by a factor of two, is added to the
| oad wetghed brake demand signal 13 for unity B.by an adder 36, the output -

37 of which is also conpared with a cal cul ated adhesion |imt based on the

l'oad signal 38 frobrskasdemandpyignal i} £remudecaienud By g@s@saodsam  an

output 40 connect edibetkbridyaadis Hoakensosigdl efrel c@fr @ifls B. The

dynam ¢ brakes of cars A _and pr ovl i ndi vi dual , f eed-hack signals, in car'
W This signal 42 2BPPEPRTLORRLEL BALES: b Bt I AFL%t T8 £8 B4 IEoupon an
appropriate | evel shatei théobrbkihg ngf Horcarequi rsd thefomeen Ithecar B t he

feed-back signal 43_J ¢ t [ it , i I& l.@entical
‘to unit 19 on_car iyg%ag?%?g&cgg?égﬁg%ér)lé%nngaﬂ%olgr}r iaalftdﬂzel tlhggﬁr&(g?%gé the
friction brakPng oadder 30 is svepkied %Qmﬁci%mh$éﬂéﬂ?§3 whicheadsioct i on

br akel of 4t2r ai geascaécgwééhffoﬂéhfowgé@c?géitﬂ? Cﬁv’rlﬁfﬁﬂhe&r @Iignaeefisback .

si gnal s an are connected to urt her ectric.control .cigguits as
fol lows: in car AFeRFGRSNCY2E; Eh%u]g?ﬂﬁle‘ﬂtrt'ﬁ”t%g\‘i nél&te &fméttsﬂﬂtlftaé ion
-8- unit 45 toget healonlitedea | maxhmvn ghiitke dirark d ederinfictomi gaghal23and t he

out put i s connecte hr Les {4 r Ofyqt e 47. In
unit B the signpal sgﬂé’agggq?%@%ﬁ%%f’m]liam y s?%n%lelc-t?eldgﬁlg g?gwgeyu%t her _
subtraction uﬂBt 48ynamioukpake dlengnd signal % sdvicdciédserPEBA 5°fi xed

series resistor 49the dPeamiDENBFaké Icorfiirol IdY ST EFAcHuBEidA bF €hanect ed
toa blending unit 50 on trailer car C which includes a comon current

vsoukgé connect ed t%Y?ﬂ%IQMPEFQ%j

Similarily, on motor car unit B the signal 14,
15 again scaled by a factor of two, is added to the load
weighed brake demand signal 13 for unit B by aﬁ adder
36, the output 37 of which is also compared with a
calculated adhesion limit based on the load signal 38
from sensor 10 by a limit circuit 39 which generates
20  an output 40 connected to the dynamic brake controller
41 of unit B. | ' '

" The dynamic brakes of cars A and B provide
_ individual feed-back signals, in car A this signal 42
L 25 is connected to the blending unit 19 to call upon an
appropriate level of friction braking on car A, as
before. In car B the feed-back signal 43 is connected to
a blending unit 44, which is identical to unit 19 on
car A and this calls upon an appropriate level of
30 friction braking on car B.

* In order to enclose-operétion-of the friction
brake of trailer car C within the system the dynamic
brake feed-back signals 42 and 43 are connected to

35 further electric control circuits as follows: in car
A, signal 42 is supplied to the input of a subtraction



10-. TFhus, wire 47 carries a total current proportional to the total

"sp R\ dynam c brake effort available on car units A and B, and each of
the@traotlon units 48 and 49. In the blending unit 50 in car € the. tvotal
cur drain on wire 47 is detected by neans of a 15  differential & -
ampl- fier connect ed across a fixed resigter and the result is effectively

used to "back- t t|on requi,red. b e |.0ad, wei ghed br ake
demand si gnal "%Iﬁf r"oérqnd)f Q:?Ol%%e ?8adﬁ81%¥%‘i&’fﬂfe r%es"iﬂriglof t he
above arrangerfdrgnalarlg @mﬁrté@t@chtlpntan Gonnebtedethesugh sa andieed by a

prior art SYStﬁrﬂedT%srl%stlHrt %OOfa tci&hﬁzohnﬁ‘f"?eslﬁt enh?rl?tl‘niélﬁlséﬁeat ed in Fig
3(a) which shows t eg&gts t he t, not or cars

retarding for&&RLs p@&&uéé&%?r?ﬁﬁ %I?%Wée%r%ﬂ(@ of the ot or
cars and & he rfe.traﬂ-nka:t lsmj‘btrﬁtca:lro@ﬂuhﬁtdwlEhéh@&ltﬁu@eof‘qfh?pcﬁh?é the

Peaul tod | n nd ISR thhoted Afifradsari eher s arter ASrto'30 Fi g
3(b) representtéléop-‘emmqmwlafe ékysﬂ'htmsuoinmas vhee 47 Imtdfah&etuem Fig 1,
whi ch includes £ ‘Blléﬁdﬁ% AnidN 5 dBﬁS'tQQ#eg‘ %#'Ogg?t?f’%}x rﬁtf]e% fynam cally .

braked cars but assunes edqual per ornance Stakes on
both cars, and® i%°WRTN W& I&ER spuTger 6§EF?CFﬁétt@o¢ﬂ§efW1m|@n bt aki ng

ef Lortdl a|0r eqmmﬁﬁ, @i‘uﬁ. maldae:rne%rta tothlNéht¥ehf ff&p&&@:) ndn ey\l/wﬁgrtehtehe'
i ndi vi dua carg hey Samne . S a an

dynani cal |y bra e%o &Y APREE %@1 gﬁ?g?e ﬂ@%ﬁﬁ\%"%’rwg é&8Y- back
connecti ons, . icay sn'tld:Sbé pode® ,t had Bach obnphe esubitdicHien Aditd he .
per f or mance of4 % o thehglgaggngu&ég Ib.agotcﬂgm {PB(': rﬂkﬁ.g tbc{taiﬁ.' ng

effort is shared dlfferen y between_ca
current drain on wire 47 is detected by means of a

15 differential amplifier connected across a fixed
resistor and the result is effect:vely used to
"back-off" the friction brake required by the load
weighed brake demand signal 14 from decoder 8.

20 The practical result of the above arrangements
are contrasted in Fig 3 with the results achieved by a
prior art system. The results of this known system
are illustrated in Fig 3(a) which shows the weights of
the two motor and trailer cars, the retarding force

25 actually produced by the dynamic brakes of the motor
cars and the retardation rate required. It should be
noted that the preferential selection of dynamic brake
with no adhesion limiting has resulted in no braking
effort being required of the trailer car.

30
Fig 3(b) represents operation of a system such as
that illustrated in Fig 1, which includes calculation
of an adhesion limit for each of the dynamically
braked cars but assumes equal performance for the
35 dynamic brakes on both cars, and it will be seen as a

result that some friction braking effort is required
of a trailer car. '



t aki ng.-a gréater share of.- the,retarding force 'up to its adhesion linit 3
while the contribution of trailer 10 - car Cis reduced. Fig 3(a) clearl§.
shows tjie over braking on the two nmotor cars A and B that occurs in prior-.

art syst€ns even hefore the friction brake-og the trailer 15 car is

brought into operation. ag_rlresul of t.h ste ﬁ E event i on, of
the over braking of the% Yo dms FAg 4 e ’bé HEF %gsfng}vgé cars have
utilization of.the theaame hréglgh tdu@st dnt e gisr Béa)oandr Gk andtvizere ather
oo blonuoadM eyl ALy, MG R 50n) bl b Alpesyshemel figdits

prefered because, a t res
notor cars A-.and B‘?Téalifs(,f@etdo I%P#ln&ﬁc}lpﬁslsdéﬁt%%al:o ¢ petedsthat I'n

alternative argang e | wtﬂtch gt 8L khst f)éi‘ﬁérm@nfé Oo £ Md@r&ar A
detection in the bl.endin unlt SQ%ﬁgégbler e. ach %edb

al ternati.ve arrangéde Fcrﬁﬂﬁf‘?ﬁ‘% TE% 1€

Hal | - ef f ect devi ce, sharmh doﬁtfec'&mtdgubleeweeﬁOcarghb apmd n@urwi treqar eBrent for
these arrangements r.'(f‘icn:tr& R Y:'e‘i‘ie‘fo'shﬁ% bﬁotﬁfa' Pé't??ﬁ’\‘?ﬁ“f&xt@e

source and the blendingcir trated g 21is
achi eved by use of & BERESIGABE tauBpryef Bhetﬁ%nﬁlﬁl?‘é‘i‘wﬂlﬁ "a??dl i Y er .
35 A practi cal danb(z@xme:nt; sofredd@ednvention will now be descibed with
reference to the renaining -10 - acconpanying drawi ngs. Wilst in these
diagrans the electronic circuits are shown conplete, many. of the conponents
shown serve to bias theFagt Bfe)cclearly ahdwsohlp@rmms brakimgigre Wiggnal s

bet V\éﬁfﬂ Circuits, 3R motorOtBesSAl @n@OB! ERht!HEYA NP ipABY Ik NY
circuits.. -The systems even before the friction brake on the trailer
15 car is brought into operation. The result of the
system of Fig 1 is prevention of the over braking of
the motor cars A and B but at the cost of under
ut111zat1on of the dynam:c brake due to the frzctlon
brake on the trailer car C be1ng brouOht into
20 operation earlier. The system of Fig 2 is prefered
because, as the results in Fig 3(c) show, the dynamic
brake on motor cars A and B is used to optimum and to
identical extent.

25 In alternative arrangements of the system
o, illustrated in Fig 2 current detection in the blending
unit 50 on trailer car C may be achieved by
alternative arrangements such as a magnetic amplifier,
a coil and Hall-effect device, or an optical coupler.
30 The primary requirement for these arrangements is to
provide voltage isolation between the current source
and the blending circuit which in the system
illustrated in Fig 2 is achieved by use of a floating
power supply for the differential amplifier.
35 | - o
A practical embodiment of the invention will now
be descibed with reference to the remaining



purpose of these conponents will be imediately apparent, to a skilled
etegtronic engi neer, once the functions of the circuits s made clear;
thigg the follow ng description will concentrate upon describing 10 -the
fu J’ ons of the. circuits so as to providing a concise, but neaningf b,
description. Fig 4 shows a bl ock di agrakfot the el ectronic brake contr ol

system of a th&&eoﬁl®hn§rﬁﬁgndQ§Wﬁg§| ngwﬁ§>1stt51\@ RESE &?ééré/h{u Cfhdave an
electric tracti 9N not or dltlon to f tion brakes,

and one trail ef- Sﬁrtr\ﬁﬁﬁghcﬁﬁguf'¥Fcff8ns%?"e’&e‘é°‘5?l G TIRATY &hows t he
i nputs and out pempooensachhpunt sefvehtoebias r tine acykteni tdd oy iagidal

brake demand ZQomPSthEE gal Li aéogl%éf'% 93 rFt@irId&h'%]ogLsd gener at ed

in the bl ock | abe entoder er-car
response ?0 opBfBEFSntByCORETAE| the grimjef b#%R]elﬁibmg‘ o1 npakrks. 2$he

The bl ock of ebaepbeelsﬁ ﬁﬂe@écébﬁpé@énﬁﬁrwi\dlﬂ%j MhddERie18s | nputs of:
the driver's br§ g dggang n@ 1ed Ufg si.on | oad signal, "and,a brake
demand signal FBPEERE-tr ?I% 1}1ed | qlegtrenis, CnEAe S ORE SIS0k s
recei ves a feelibnckiengnof theli chréwbts s Iade avimant; G:Fnu@kyna:mnec br aki ng
achi eved and aggi 9b{#h Sdgé‘@i'lptf’&ﬁwlfgc%ﬁ@{@n%@ %@%n %@% r'?%‘i‘& bl ock

produces a dynam c_brake ngF out put sj I'se MA modul at ed
signal, cbhnectR® fenehions £F fh %eﬁfl "e‘F‘é’c‘%sfcﬁﬂ a$ Eﬁd"ﬁh?éﬁlmg‘rda cates the

anmount of 35 comubsel, Ghu tlyieda nHf vk I’tDas-‘mG}ﬁitdh avail able. The trailer
car's electronics receives inputs of the driver's brake demand, a

suspensi on | oad signal and, fromeach notor.car, the anbunt of spare .
dynami c brake capacFig fpvatides 2. b Ik diragtiam lvfakdededead rbai ceach not ok

car is limt '!S‘rﬂﬁ&oé&ﬁﬂ?&l Wt BEIMWRARN @O rhlill bohikguiaged TN

accordance.with
15- two motor cars which have an electric tract1on motor

and a dynamic brake in addition to frictionm brakes,
and one traller-car which has friction brakes only.
The drawing shows the inputs and outputs of each part
of the electronic system, the original brake demand
20 signal, calling for a level of retardation, is

generated in the block labelled encoder (51) within
the trailer—car block, in response to operation by the
driver of his brake control means.

25 The block of electronics on each motor car Ml and
M2 receives inputs of: the driver's brake demand ~
signal, a suspension load signal, and a brake demand
signal for the trailer car. Ih'additioﬁ, each of the
blocks receives a feedback signal indicating the

30 amount of dynamic braking achieved and a digital
signal, indicating dynamic brake fade. Each block
produces a dynémic brake demand output signal and a
pulse width modulated signal, connected to the trailer
car electronics and which indicates the amount of

35 unused of dynam:c braking capac1ty available. The
trailer car's electronlcs receives inputs of the
driver's brake demand, a suspension load signal and,



wei ght- of t’he notor car. .5 The el ectroni és for each of the notor cars M
and M2 is shown in the nore detailed block diagramof Fig 5 and in the
circuit-diagrans of Fig 7, 8 and 9, in which like parts have |ike
referedftes. The 10 ° electronics for the _trailer car are shown in the n
detail ed bl ock diagramof Fig 6 and intAd Tircuit diagrans of Figs 7, §
and 18, where | ifgompaaich hawdd idse ,r eher aneaat 5 spare dyngmic shoake a
t ransducer circujt [ LS -Rr.Qui ded Sy u

conprises an eIg@@?icéﬁhﬁg%f§f§_55.bggggg&bﬁrgﬁiPf%ggp%%ggég fé%téé??oad
acting on a susgei®rocamiits. limigniai accesdenseowi thsa emaximemt ransducer
may be responsi WHed igh Léﬁﬁ%t%ﬁﬂ%hﬁa&%ﬁsiﬁrﬁcco@d&ﬁ@@SFPEErtﬂ@ IS

energi sed by the qutput of a power supply 61 and provides a |oad influenced
vol tage connect M@t RE tRSUMOSPTak@Empiifier circuit 62, and through a
further inverter anplifier 63 to produce a |oad signal or suspension 25
pressure signal at t 1 nal. 64. _.Thi a f _Eh Y, i t Qﬂﬂf I n
Figs 5 and 6, home\{er%‘{h@t %get?gf%nﬁgp gﬂgo%gggt?gn?&%cﬂzégg% rccszaw ”.‘12 connect ed
tqQ the signal i M3utssebownsiontheenoyeedgbal hedigbock dirgrameirid gircuit
shown in Fig 8 issaglgSqnusad eRrkatl H‘Phgi:aﬁéréf?ﬂﬂ%w,a'éee[nd?ai,s,itrf‘?
suspensi on press%&e S|ggal I S cognect d"to termnals 6 A pul'se width
modul at ed si gnaPi&hr d3&R; PAG tEHBAUR; YEkesTBF GRENSSS - nd fromthe
encoder 51 XGee eflieg t4pniissstippl thed toaibpntcaeraraadlsowiB ihruhegmeredecoder
?: )r(,glé:' t generallggeai1ed2p1508 S%QQaﬁt ozoFig\’hé anc?f_fr?céﬂeveéiyrcﬁﬂm racts a
NS diagrams of Figs 7, 8 and 10, where like parts have

like references.

15 Fig 7 shows a transducer circuit which is
provided on all cars, the transducer 60 comprises an
electrical resistance bridge circuit responsive to the
load acting on a suspension unit. In an air
suspension system this transducer may be responsive to

20 system air pressure. A transducer 16 is energised by
the output of a power supply 61 and provides a load
influenced voltage connected to the input of an
amplifier circuit 62, and through a further inverter

"~ amplifier 63 to produce a load signal or suspension
N 25 pressure signal at terminal 64. This part of the
system is not shown in Figs 5 and 6, however, the
terminal 64 of a transducer circuit is connected to
the signal input suspension pressure 66 in Figs 5 and
6. '
30
The circuit shown in Fig 8 is also used on both
motor cars and trailer cars, the suspension pressure
signal is connected to terminals 66. A pulse width
modulated signal representing the driver's brake
35 demand from the encoder 51 (see Fig 4) is supplied to
input terminals 68 through a decoder circuit generally



percentage (7% of the pulse w dth to ensure that a brake appli catlon
canr be triggered by a mere transient pulse, also this allows the

ele nics to 5 provide a good rising edge in accordance with-the ..
requirements of subsequent circuits for reliable operation.” The brake ‘s
demand pul se wi dth nodulated signal is dénifected to one I nput 72 of an
el ectronic mul tipdiedted ra81i%0,/4shilde TRV viellgu bu%@rat:twthbméle

connected to term nal _ 66 t t he ,sus on | oad si The out put
of multiplier 2PTSHHERJ j ?d tl‘?ifa(?u&bég ﬁ’é(rﬁ eﬁ8n8n§P§ﬁgEﬁ‘?§ &whi ch i E
connected to a Mai:mlla@hlcrmqn &(B,nrmtg@teh@rrlgglehreﬁubyherrnergnal s 83, a
dynam c brake SldnsifAe, ]aflsoar%u%‘lang%a'Eh% V\%@EErBH?’@s' pput. This

dynam ¢ brake fade anut SI gnal. is a IS normally O
when the dynamREoVHde & §%63r Kiifd D& Fé’(&el 48 9‘158?‘13%?0“1 ERakbes to 1 when

the dynam c br afeqd ireteterts \bfﬂlsfixlb%e?qlﬁ@@:d &hewmtaOfaberbleameg circuit 80
al so receives a ste dn utR;roml CIrCUIg w p eff ci & edest a

| evel generator Bt eﬁo 558 8agﬂpr g8l 6? Br?@g? S 5$ake demand
si gnal and whi mgmlefzfse@tqm@qt@dﬁo ameuaneuthéZboﬁkes sléétromicly to
take up any sl ggiq dfpitie MBRAAICY sx%emacaad iRg?E'EQ 6?ewﬁ{éﬁti§’“

br aki ng surfaces |nto r ubbi ng cqnt act he out put ending circuit
80 control 49 i FaRechedntioe tsemigade §6; |tBeEle°8h"%I ERer v pPeUFRIR C
converter, the Imﬂcptshg&&ls .t efThienak tPa ti sfcmﬁmeﬁpeﬂefomnﬂs etige of an

eLect 0 preumaly & S NG SLOEINACHLabRaCTERE) Ta U o from 110
t he brake denarﬂpwtrﬂdomodlanéléa\mggr cancof tt&@,vm&ethﬂ VBISth pressure tQ/
actuate the brakfshdtels8gha1g B8Y hOodyRemk MBLARE b 2EKkF BF SS?é}gaf,' g9
15 and 84 a dynamic brake fade input. This dynamic brake
fade input signal is a digital signal which is
normally O when the dynamic brake is working
effectively but which changes to 1 when the dynamic
brake fades as vehicle speed slows. - .
20 _
The blending circuit 80 also receives a step
input from inshot circuit 86, in effect a pedestal
level generator actuated in response to any level of
driver's brake demand signal and which is effective to
25 actuate the brakes sufficiently to take up any slack
in the mechanical system, and to bring the friction Ry
braking surfaces into rubbing contact. The output of
the blending circuit 80 controls, in the example being
described, an electro-pneumatic converter, the output
30 terminal 88 is connected to one end of an
electro-pneumatic valve energising coil to control
current flow from 110 volt supply through the coil;
the level of current being proportional to the brake
demand and providing downstream of the valve air
35 pressure to actuate the brakes.

Referring now to the remainder of Fig 5 and Fig 9



-13- the | oéad meighed driver's brake denmand si‘gnal 78 is also supplied to a
first conparator "90 together with the dynam c brake achi eved or feedback N 7
signal frominrput 82 which is also used to produce the dynamic 5 - brake ° é%;
back- of f~signal 83 referred:to in connecthom3mpth Fig. 8 The conparator 90

derives the differ e betmeen enand,si dt achi ey na

and supplies the r}g{ﬂ tlé)atdowfeﬁg ﬁpgfl&era Splr evﬁﬁ‘? Ssngt ?7:? g’e%erat or
92, the output. 94 @flschisuipplded tepaeﬁemss cbmpapaterd?mamegetheﬂuwxm&pacity
avai l abl e and is CQe P%gm1@3b§gﬂﬂnah31§¥Qd4ort9ee3§ éﬁ?ﬁigﬁafaf m ne | oad

wei ghed signal 78 is. SO connect ut o Seco
conpar at or 96, t he i9Pdn§2i Whachot swalen P§eéoﬁﬂeﬁ¥@@U@% ﬁhﬁnﬁYﬂﬁm¥ﬂuj

rfefcel ;/es lthe ty ai ![;brra&)énaﬁbﬁ-bffkgléﬁgmnd3Stgﬂékrea_hté ﬁ?%@é&ﬁogﬁt
effectively suns g nals roduce_a, _de nal i.n 0 an
adhesion linit cirdd %ﬁ ?68 g ZOQthE??BﬁraFﬂBE?St%F¥ %?cﬁq%;ﬁ%ég) ence
provi ded by the eubpemsenntheademagdaS1gna1tmedreh@emdhmeyeﬂﬂs1ghal and
previ ously descri b(gq{p tlt;gsagﬂgsi.gguit@ tol ?hée;%@ggogfejlngq“}ﬁ cul ated

maxi mum br ake forc e sust al ned of t 25
vehicle. Theref or@oﬁﬁé?élpg SeRPRR RO P21 atlue n@“*ﬁ%%@‘ﬂé&feﬂhlﬁéd | n

accordance W tiip t heetpacteeemsgbhe0§pahe &ﬁﬂérﬁi@ wwkea dupmfle.fyslawehnable
i ncreasi ng retardln force depe carrie t he ,vehi cl e,

whi ch rel ationshi p#fifis*g 88PE§FQB§e %To§%°w?n1?he &i% it 133 Lefere i s

provi ded an anplifiexr.106 having a first input connected to a first
poténtioneter chain 108, operative to provide an offset voltage in
accordance with a nininun1d¥nan1c pbrake retarding force, and the | oad

signal is connected throaghleadceeighed sigrahtiSrist &lshsorneededhiten

determ nes thegssl opaeoinput of a second comparator 96, the second input
| ~of which is connected to input 98 and receives the
trailer dynamic brake demand signal. This comparator
96 effectlvely sums these signals to produce a demand
s1gnal input 100 to an adhes:on limit circuit 102. A
20 further input to this circuit is provided by the
suspension load signal for the respective car.

As previously described, the adhesion limit is
set according to the calculated maximum brake force
\ s that can be sustained for the given load of the

25 vehicle. Therefore there is a minimum retarding force

' determined in accordance with the tare weight of the
vehicle and a progressively increasing retarding force
dependent upon the load carried by the vehicle, which

E relationship has a calculable slope. In the circuit

30 102 there is provided an amplifier 106 having a first
input connected to a first potentiometer chain 108,
operative to provide an offset voltage in accordance
with a m1n1mum dynamzc brake retarding force, and the
load signal is ¢onnected through a second

35 potentiometer chain 110 which determines the slope’ of



4-- a linear relationship between vehicle weight, as.represented by the
kﬁ;a'Slgnal I nput and braking force, as represented by the brake demand
ddtput . 5 The result of the adhesion limt calculation at the output
TT2 of the anplifier 106 is conpared by a conparator 114 with the resikt ant
total brake demand on line 100, and the repg+t, up to the maxi mum | evel
permtted, is supplied at termnals 116 to the dynam c brake control 10
circuit as a dynami c brake denmand. In the present exanple this signal is a
vol tage | evel w ahianeAr rehgbtionsbipObetween Weliickd mpeight t @« he tral | er
car electronics S /

fébyéséaksé by th@ylgé& 51§ma1 @%é@ééﬁg@;he 0

transducer is as previ ous SCr | refereénce to
mul tiplier circuf VGPngﬁﬁﬁﬁgc?ﬁdt?% bﬁ%k%LéﬂﬂﬁﬂQ(n?QQBﬂf 4 nput 66 and the

driver's brake demand input 68, the inshot circuit 86 blendlng circuit 80
and 20 ctro-pn nyer t 88 ar reV|

descrlbed | Fig 8. f efe%%?% %P éﬁ% %ﬁﬁé%#P Eﬁ%%ﬁ% @ﬁﬁqg ﬁr 3%§éd
only on a trail eputpet hh3 & fth%tammbuﬁ1&48“anﬁemmmP&Z@d biyo ar eompagattios
spare dynanic bfﬂ(@ v’ﬁ@hl@1%eréwpeén@tcé@éiﬂﬂ@k&%eﬁfantdh%ne'ﬁafé QRipcs of
the notor car $ d? g1|ar seco |n ut 12%mgegn60ted to the Spare
dynani ¢ br ake av%l‘l‘ abf® ’é?@‘h ¥ aHPtre‘?rﬁ Ty ¢ | BEEPAited 0t Snot or
car M2. These twsuppbied &mex¢mmmnnﬂéH116tdv(nhﬁﬁdwuamaglbgakereunt30122 .
124 respectjyely. | iuﬂ?f 12 of

provi des thiéddyn%}r?ng%%‘?a A %gd -0 ¢ 61“31&? Gae\?\ﬁaq{dh |§hcté:ﬁﬁe t&uegg%'o ﬁ%k)nput
83, Fig 8 into tHel® igRay imia YHﬂQQBQ) degedf witthd nelthet rengselnasi ¢ brake

actuating signal1@5voleecording to the anount of. braking effort supplied\Jd#
t he dynam c brake. The electronics of the trailer car in Fig. 10

Referring now to the trailer car electronics illustrated

15 by Figs. 6, 7, 8 and 10; the suspension transducer is

as previously described with reference to Fig 7. The

load multiplier circuit 76 is connected to the suspension

load input 66 and the driver's brake demand input 68,

the inshot circuit 86, blending circuit 80 and
20 electro-pneumatic converter output 88 are also as previously

~ described in Fig 8.

Referring to Fig 10. the circuit, which is provided

only on a trailer car, has a first input 118 connected

25 to receive the spare dynamic brake available signal ~
at terminal 94 of the electronics of the motor car M1,
and the similar second input 120 connected to the spare
dynamic brake available signal at terminal 94 of the
electronics on motor car M2. These two inputs are passed

30 through averaging circuits 122, 124 respectively before
being summed in an adder 126, the output of which provides
the dynamic brake back-off signal, which is connected
to the input 83, Fig 8 into the blending unit 80 to
back-off the electro-pneumatic brake actuating signal

35 according to the amount of braking effort supplied by
the dynamic brake. The electronics of the trailer car

in Fig. 10



-15- ‘al so i'ncludes a circuit to generate the trailer's dynam c brake defarg o
-as an out put 130 supplied to termnal 98 (Fig 9) of both notor cars M
M2. - This signal is produced using the | oad weighed demand signal 78 fdC e
trail ef» connected fromtermnal 79, 5 Fig 8 to'termnal 132, Fig 10. As

previously nentioned this a pul se wi dth-rniddut ated signal and is produced by

a continuously rumnin t di : ogst ant
of fset anplifier a@??cgf‘??%g,g %né%uggp%?ﬁeelﬂ%\% Itﬁl%alt\%grfiqggl g | evel 10
~of fset anplifier dysamionbrake edemgnd nes i Awinutg 130y 54PPAA&dt £€ out put of

whi ch is connect gdhahayobga(iri ghoyobt agetpuididr Tad@eMlOahdr 2nal 132. In
t he descri bed embodi ment the.circult s&omn.indﬁf ac% of.t%%ddrgggggs of
Figs 7, 8, 9 andlDdsi 818BAlalfeArBAVGedi MEAR8 JHGOF %M A& S

t‘heref ore each ofsighalv@Bi Ebe ehectrailer pl oumire ambifiross termdaadudf ,car ds,
and each is providedow,th kndi vi deal _ S I i shown in the
draw ngs. Al thglgog §?’QE§P§5§\E|&C%§% eFi;%Vn\’%'ni dlﬂz}?é)z/febet?\tyvesgﬁl vehi¢gle units
-are encoded as peoiesgiwneédhthddusapedisei ghdrk medulatedsigaal andyignd

‘decoded on the "ngaQukeY" bgﬂaadcaﬂéiﬁ@bﬁﬁgﬁ%ﬁ&ﬁf@lmﬁw&mﬁ ormat. 25
30 35 -16- * & L S . CLAIMS 1. A brake contrgl. systemfor a
nul tiple unit tr&egerator 134 feeding a constant offset amplifier
: ~ circuit 136, and in series therewith a variable level

10 offset amplifier 138 controlled by the modulating
- . ~ signal and the output of which is connected through a

~ high voltage output stage to terminal 132.

In the described embodiment the circuit shown in
15 each of the drawings of Figs 7, 8, 9 and 10 is
contained on a single printed circuit card, therefore
each of the vehicle electronic blocks comprises three
i such-cafds, and each is provided with an individual
power supply unit as shown in the drawings. All the
20. signals which are communicated between vehicle units
are encoded as pulse-width modulated signals on the
"sender" card and decoded on the "receiver" card and
-returned to analogue signal format.

25
30

35



whi ch has a m xed braking system of dynamic and friction brakes, which is
e up of dynamcalTy and friction braked notor and ' friction braked

6py 5 trai Ly which the dynam c byakes are appliedy
preferentially; Umzﬂ‘l@ul%uml system conprising: i)- nmeans for ~
generating a br s cal limgt&§or a rate of retardation of the
train; 10 | oad responsive neans on each said unit operative to

provi de for eaclChEMfctive unit a | oad wei ghed brake signal corresponding
to the brake demand signal and in accordance with the |oad of the unit; 15

ii ' t ed t he i npyt sigde t i ve the. .l ogad . wei ghed
br bk 81 gnal's 11 om aif FEARE (IS G PYRRATb A S MULEd RIG e b aetfy
dynam c brake coriied Hesares mixedrdrakimyetaysttem off dyhemdyenaridc brake
system this coniecli O 30 aes, wnidfl 1% W RATE dhralid 4984 Bhasi ona

limting nmeans al'so connhecte e I Nput” S de”t 0 recerve’s
wei ghed signal dirieddiendprakedimotdny &aed uni frdetaont brpsedponidti ve

effectiveéy to ld7uils Y i Dladld N WhikH HeTdePnankesbelkbsThte2S
cal cul ate n brake controlling means on each unit

thereby;.and iii1) fricti
connected to tfm?ﬁh%%é%<ﬁ?qggﬂaﬁ¥Hﬂl #He unit to control the level of
friction brakinghf Hriaske eomEatoly systiem codhpriedab:said friction brake
controlling neans in I i I ract i n to receive -
the | oad meighegﬁbra&%ggfgggﬁ %%%ef%§q&ﬁ?%,b?ﬁFgeggéﬁgﬁ gﬁ@%?%ctlng means
on a dynamical |y bralddldmg: fiogi @g r@éened: sgtardationrefetrhe Braignal from

the dynamjg 35  brakea@oresPonFRFRS meapl 8REBREAJshNE GNDEbSe PaBKYET J
-to provide for each respective unit a load
weighed brake signal corresponding to the brake
demand signal and in accordance with the load of
the unit; '

15 ii) summing means connected on the input side to
receive the load weighed brake signals from all
said units and connected on the output side to
dynamic brake control means to control actuation
of the dynamic brake system, this connection

20 being via dynamic brake control'signal limiting
means also connected at the input side to receive
said load weighed signal of each dynamically
braked unit so as to be operative effectively to S
limit dynamic braking to a.maximum adhesion limit

25 calculated thereby; and
iii) friction brake controlling means on each unit

connected to the friction brakes of the unit to
control the level of friction braking of the
respective unit,

30 each said friction brake controlling means including
signal subtracting means connected to receive the load
weighed brake signal for the unit, this signal
subtracting means on a dynamically braked unit being
connected also to receive a signal from the dynamic

35 brake control means respresenting the dynamic braking
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-17- gﬁforp achi eved and.the signal subsfracting f,ga
onIy friction braked being connected also to receive a signal that is a =:4’

TSRk T i T IR 5
t he excess of dynamic brake effort achieved™ geer that Feqbir®d by *the | oad

wei ghed si gnal of each dynanmically braked unit rake contro
system as cl aimed i RE€PaEnRehigiefepRdsERE §bﬁﬁ?ﬁgsﬂgﬁﬁga?égﬁgsﬁ?ﬁﬂ%& d%

provi ded on one onl yn9t t:watn@h%nmyl EBicsfbfl brakédnpeimansonmeacted rajl$o

limting unit prOV|ded on

control neans conprlgegeﬁeigeya §}ﬁ55265§§ rbflgLL%?gggdéﬁ'é#f%%ﬁé?%;éyéﬂua
motor unit only so fben tthe dymagie bubkeaconhyokemeansrnanddaid arde two
motor units i C_O““agigﬂg&Oﬁisﬁsivsfsaaéhsagﬁahéamtﬂmkéa W and

controller. 20 e“control stem as cl aipe aim 1, rein
sai d sunmi ng neans benpei seRrefentipy Bgeeﬁﬁﬁeﬁﬁtﬁf @ﬁﬁiml gﬁﬁM“%
\IMIqrenrt; 29 m%‘gnz COWEb%Eéﬁéﬁ'bﬁ%il 8BatiNntéqpipwddey Ehe cbsdd rvmmhemls;gmﬂd

I n sai ynam c _brake contr ol ns_c¢ rises a 25 controller
provi ded on each nDPSreﬁﬁPt Ypamt ﬁg§¥ %ﬁaggghuﬂbfbr unit bei ng connect ed
to the controller on that nDtor unit via the limting unit on that notor

unit. 30 4. .30 A brake go a ,
wherein the’ I|n1t|ng nea§39%5€ ?gﬁggg% §y§%§?2§§1231§%%%gﬁlcﬂ%fm'r%

to the load of the Whespimpfaidasumming meaps ;%8 2 oftiHte %ﬁn&i?v3%%%¥ed
in € aim4, whereinghhgnki Ghiyngs meagsmbtdi tenibe, dyaudii kimintsliongreiams is
acc&pdance wi th the Iomesiec _Eéfﬁ&du§9993£8915ed on only this one motor
unit, and said dynamic brake control means comprises a
15 single controller provided on this one motor unit only
so that the single subtracting means on each of these
two motor units is connected to receive said signal

from this single controller.

20 3. A brake control system as claimed in Claim 1,
wherein said summing means comprises an adder on each
motor unit, wherein said limiting means comprises a
limiting unit provided on each motor unit, and wherein
said dynamic brake control means comprises a

25 controller provided on each motor unit; the adder on
each motor unit being connected to the controller on
that motor unit via the limiting unit on that motor

unit.

30 4, A brake control system as claimed in Claim 1, 2
or 3, wherein the limiting means calculates the
maximum adhesion limit according to the load of the

motor unit.

35 5. A brake control system as claimed in Claim 4,
wherein the limiting means limits the dynamic braking
in accordance with the lowest calculated adhesion



-18-")imt of a nmotor unit. 6. A brake contr systentas d-in Caim

4. wherein the limting neans limts the dynam of a notor
to a level in accordance with the caIcuIat iﬂw for_that
runit. 7. A brake control system as cl ai medzci * any S#ie of

Claims 4 to 6 as appendant to Claim2, 13g- wherein the S|gnal subtracting
means on said one notor unit is also connected to receive the | oad ‘wei ghed
brake signal of limiptdiera mdiosr umitio generate, fromthe | oad wei ghed
brake signals of both notor. uhits, said signal representing excess of
dynam c brake 15 effort. 8. A brake control systemas clainmed in Claim3
or any one of Cl&ins hrake LOTRh R¥Rtem ag Alaimedvisr Glaimadh not or

unit is provi dedynddedim eHe 1irsidRAGRdaHs l&riﬂltsCQ%eG%Qmﬁg bgaﬁh\&% the

| oad melg d brake signal and .said signal, fromthe dynam ¢ e controller
of the respect i \ReEe t"g‘rtq}nlutnltt FE & dRnsladn @r?clﬁ’l‘Fidta§°SeP"n§hcﬁhﬁect ed to

supply their condalmdabed EdhesianildmEitgfdr thRtemetbrngnibe 25 excess .
of dynamic brake effort to the signal subtracting neans of the trailer

unit that is only friction braked. 9. A brake control system as cl ai ned

in daim3 or 3 anprake sonbralnsystes @saslappeddant Claiml ai or3, or

Cl aim 8, wherei rana;aloqtedb@amlelmsalae @Ot @l a%?gﬂabnt:' gbtengigeans include
an anpl i fi,qf haV|n i,ts et n nected to receive: % a S|gnal .

representlng veff @lpoﬁhe §39na 5F€&§989nWﬁéﬂsoPFs%?1 oPRagBeEPBduced
by flrst.C|rCU|MnmEans aﬁéorepnaeehbdngoarenennuntﬂgnaﬂa@ e ditee@f fort, and

brake signal of the other motor unit to generate, from N,
the load weighed brake signals of both motor units,
said signal representing excess of dynamic brake

15 effort.

8. A brake control system as claimed in Claim 3 or
any one of Claims 4 to 6 as appendant to Claim 3,
wherein each motor unit is provided with a

20 subtraction unit connected to receive the load weighed
brake signal and said signal from the dynamic brake
controller of the respective motor unit, these
subtraction units being connected to supply their
combined outputs as said signal representing the

25 excess of dynamic brake effort to the signal "
subtracting means of the trailer unit that is only
friction braked. '

9. A brake control system as claimed in Claim 3 or
30 any one of Claims 4 to 6 as appendant to Claim 3, or
Claim 8, wherein said dynamic brake control signal
limiting means include an amplifier having its input
side connected to receive:
a) a signal representing vehicle load,
35 b) a predetermined offset voltage produced by first
circuit means and representing a minimum dynamic
brake effort, and '



-19- ¢ _ﬁslgnal produced by second circuit means that is -dependent upo
| i near. reYationship between the |oad signal input and ﬂ mn ut p
haV|ng§a predeterm ned sl ope. 5 10. A brake control } ” l ﬁ -:*
Claim 3 or any one of Clains 4 to 6 as appendant to Craifm 3t ahm

9, wherein each notor unit is provided wth: 10-1 A first conparator

means_having the inpgy gi Qﬁgﬁgﬁnﬁféégcéé sfceéalsn& ¢S (51%514 t:{}?ét'fsthe
| oad wei ghed hrake denaa a. secon
representing the dynani eB?ﬁ %nEf ?‘B?'P %cﬁ%’é@%’a r?-'lfﬁ"squsﬂgtp &ﬂﬁmdﬁrh%ans

bei ng 15 oper ati veoad signaleimpabiand s Ok d ISR Gt gu'i:t tﬁwint g
e connecte

second signals; B) secopd rator s having the input si
~to receive said first % HE%£$€%€%1%?@E§f Bfd a fourth signal that is a

'%olely 20 5 frictlon braked unit dynam c brake denand signal, this
~second comnparator negis QE'SEhﬁﬁmﬁfﬁéfﬁht Nayifde Ehli'%ﬁg fron1§a|d
first and fourth signals; and | rd corfpar at or neans *Ravin A&

side 25 connecdBY 98 (L F1RIN%I 4 49 165123 ARPARSRGKc§OosCiaam émdogald

fifth signal, this tdlaih c®rpare) arhdlmas LRRINGoWAT ahi¥eikoppboddea from
said first and'hftrbsiﬁnals a sixth signal that represents a dynam c brake
demand which is 30 connected through a circuit nmeans responsive to a
Si- gnal fromtH® | oadd) dSipatsicamperaton odans thayding shet bnpagnaidéo a

maxi mum | evel ; and V\hefcf‘ddhetc*l?eé ft% 'r%rgeli'ye '%&r vagﬁﬂa LRae D) a@ﬂ'gr
nmeans connected for summ ng sai d rom eac
'unlt to produce a seventd? lwm eda,tp(;ake demand 51gna1 for that unit and

N a second signal representing the dynamic brake
effort achleved this first comparator means being
15 operative to provide a thlrd signal from said |
_ first and second signals;
B) second comparator means having the 1nput side
connected to receive said first load weighed
_ _ signal and a fourth signal that is a .solely
20 friction braked unit dynamic brake demand signal,
o this second cemparator means being operative to
provide a fifth signal from said first and fourth
signals; and
C) third comparator means having the input side
. 25 connected to receive said first load weighed
LN - signal and said fifth signal, this third
comparator means being operative to produce from
said flrst and fifth signals a 51xth signal that
represents a dynamlc brake demand which is
30 connected through a circuit means responsive to a
signal from the load responsive means to limit
said sixth signal to a maximum level;
and wherein the trailer unit is provided with:
D) adder means connected for summing said third
35 signals from each motor unit to produce a seventh
signal, and |
E) blending means connected to receive said seventh



endi ng neans connected to reéceive sald seveﬁ%h—————zg——s+gnal
h s
piKbdu

ce therefroma ninth signal to actuate thIHIMIM(HInm of this
unit. 5 11. A brake control system as clai ned eln t has

“and an

ignal that is the | oad wei ghed. brake denmand signal for this unit to

first blending neans is connected to ree@lve a dlgltél 8 ghal® arranged to

change state and thereby actuate the friction brakes when the dynarnic 10
brake effort achi evetighal| anfeanveightizdeignal neat eielthel Load\ .br ake

| [ r ey rovi ded an.
in %éigﬁggrgf% g\nét 6) eﬁ%’r %\Gf&e Lrhlag1ngfng'r#d%ce(;nnect ed to

provi de sufficient Bﬁ?éﬁ?etﬁh?ﬁﬁf¥?mcﬁ|%#P%ha§kﬁﬁ 9 afkdatauiiang
13. A bragei 600bA ObrSes eF ash 4 aine, i n any one of 20

control
i nshot c¢

cont act .

system as

ircuit

t he

precedi ng cl ai ns, wherein nmeans for conmunicating signals between a notor
ler ‘unit includes on the one a pulse w dth nodul ation signal
encoder and on thk. othebrak@u¢@n£m@lnsYsunmn&Hiaﬁaﬂha@odarc135m140,A br ake

™ SHESE A | AL Ve AR D URRRILP SR | el gbence Lo Fi

unit and

contr ol
1, Fig 2,

trai

system
or

10
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35

usive o acconmpanyi n
receive a digital signal arranged to c ange state and

thereby actuate the friction brakes when the dynamic
brake effort achieved falls below a predeterml&sd
level. .

12. A brake control system as claimed in Claim 10 or
11, wherein there is provided an inshot circuit in
parallel with the blending means and connected to
provide sufficient odtput to the friction brakes to
produce rubbing contact.

13. A brake control system as cléimed in any one of
the preceding claims, wherein means for communicating
signals between a motor unit and a trailer unit
includes on the one a pulse width modulation signal
encoder and on the other a pulse width modulation
decoder.

14. A brake control system substantially as
herebefore described with reference to Fig 1, PFig 2,
or Pig 4 to 10 inclusive of the accbmpanying
drawings.
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