2227620 TI TLE OF THE | NVENTION El ectronic thermal relay anéaﬁaﬁ;iaﬁééé‘D

t hermal~ el ement. 5 BACKGROUND ,OF THE | NVENTI ON The present invention

rél atgg, to an el ectronic thermal relay which can be associated with a

mul ti phase | oad for cutting off the power supply to this |oad when a 10
current overload in at. | east one phase or an inbal ance between the phase
currents occurs. It also relates to a thermal el enent appropriate for such
a relay. The nechanical thermal relays usuéIFy'used for protecting

nmul ti phase notors conprise a binetallic strip 15 per phase and a separabl e
contact assenbl I S have all or part of the phase
currents fl ow nér%%ere hrouk'é;hi anﬁ%en an overload occurs, the binetallic
strip of the overl oaded phase or phases deflects and acts nechanlcally on a

tri ppi ng mechani se
known rel ays ar BI8c iy PR AP Al qpﬁﬁ%%hmn%ﬂ%me

dr awbacks, they do not provide sufficient precision o e tripp

t hreshol d under EXIKGROUND QXEI@EiE NONVENTEGN ons, they do not allow an alarm
25 prior to tripping and they do not satisfactorily process hot starting
of the notors with which they are associated. To protect nultiphase notors,
el ectronic rel ays are Meo presentlhelvereretiors aelatere v each gllecsteranic

det ecting neans rept. Lr o] r | j i n
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rel ays provi a pre-alarmand good accuracy er manent erating

condrfions, but R&tHeen et %rrﬁ’Pﬁ?&t SYRAARES g‘éﬁ‘é‘l"é‘?es%n 3R e‘é%%a @S c &8t ys

size and the thermal element appropriate for such a relay.

The mechanical thermal relays usually used for
protecting multiphase motors comprise a bimetallic strip
1S per phase and a separable contact assembly. The bimetallic
strips have all or part of the phase currents flowing
therethrough and, when an overload odcurs,'the'bimetallic
strip of the overloaded phase or phases deflects and acts
mechanically on a tripping mechanism, which causes opening

20 of the contact assembly.
These known relays are very robﬁst and of a low cost
price. But, among other drawbacks, they do not provide
W sufficient precision of the +tripping threshold under
permanent operating conditions, they do not allow an alarm
25 prior to tripping and they do not satisfactorily process
hot starting of the motors with which they are associated.
To protect multiphase motors, electronic relays are
also used. These relays comprise for each phase a
detecting means such as a current transformer delivering
30 an image signal of the intensity-of_the current in the
phase, as well as an electronic processing circuit which
receives and processes the signals delivered by the
detecting means and delivers a tripping signal. These
relays provide a pre-alarm and good accuracy under
35 permanent operating conditions, but they are complicated
which generates an increase in cost, size and the



-2- likelihood of defects. Furthernore, they only correctly process hot
starts by nmenorizing the thermal condition of the notor which generates the
above- menti oned drawbacks. 5 SUMVARY OF THE | NVENTI ON An obj ect of the -
invention is particularly to provide, in an electronic thermal relay whi+éh
can be associated with a nultiphase |oad such as a notor, 10 nenorization
which is sinple and intrinsic to the negng detecting the thernmal state of
the | oad. Another object of the inventifn is to conciliate this sinplicity
of menorization with rapid detection of high overl oads and satisfactory

processi ng 1fkdthsddr b defictde Fiktherfiobd! t Y bbﬁil&z Loif e”t on

is to associate, with the electronic circuit of suc a re

means havi MFIRERS MPEI SFRFtS bt Remewigdngr thendhesmadn mm dbf abI y

reduced heathelinkstquatwoichv géhéﬁmttﬁé) abvdlindt tRirdd | Sravidddiss Of
mechani cal thermal relays. A final object of the inventionis to prOV|de a

detecting neans of small thickness. In accordance with the invention each
detecti iy rESMMARYD QR iTHE INVENTION elenent with : 25 - a resistive
heating el enent through which all or part of the phase current flows, - a
rel ay sensor whose resistivity varies continuously with the tenperature and
which is el ectridd | phigmtectak tthe hd-!we!m nd<i maxtidulariyansto tting

thereto an giwand 00 18 gaal éf@é@é&mat' h%eti gt'wﬂi ANeLa ey the

resistive el enent, a t hermal nmass capa form errra menory of
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carrying t%%t?—f(‘:rﬁq{g _tl:eﬂenq:l'lenrn'farfrs@te of the load. u
Another object of the invention is to conciliate .
this simplicity of memorization with rapid detection of
high overloads and satisfactory processing of hot starts
15 of the motor. '

- A further object of the invention is to associate,
with the electronic circuit of such a relay, detecting
means having heating elements with low power consumption
and considerably reduced heat dissipation with respect to

20 the bimetallic strips of mechanical thermal relays.
A final object of the invention is to provide a
detecting means of small thickness.
In accordance with the invention each detecting
means comprises a thermal element with : \~
25 - a resistive heating element through which all or part of
the phase current flows, _
- a relay sensor whose resistivity varies continuously
with the temperature and which is electrically connected
to the processing circuit for transmitting®:-thereto. an
30 analog signal representative of the heating generated by
the resistive element,
- a thermal mass capable of forming a thermal memory oOf
heating of the load, :
- and the heating element is thermally coupled to 'a
35 thermal coupling body separate from the thermal memory
mass, the body carrying the sensor being in thermal

ni
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-3- connection wth the nmenory mass and haV| ng a lower thermal inertia than
the meqory mass. The relay thus fornmed therefore contains detecting nmeans
whi ch geliver to the el ectronic processing circuit 5 respective anal og
signals evolving with a first tinme constant essentially dependent on the
thermal inertia of the coupling body in the case of high or medi um overl oad

- i.e. for exanple about [err] to [err] - ang with a second higher tine
constant essentially dependent. on the thermal 10 inertia of the nmenory
mass in the case of |low overload - i.e. for exanpl e bel ow about [err] The

t hermal nenory mmécst:aﬂvaﬂtﬂgeuhslmemﬂ&qsmﬁ and Wastiingn aofldwer dhasaalf
protection desir, for I|fy| ng the manufacture of the
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thermal el enents ow ‘inertia body is, preferably, a
thin ceranm c wafer havdhey pabay hshuscdotmed vt!ngﬂ;eéptersontaéesofdemqm.ng
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continuously with the tenperature and a second osit
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thg hfeatl ng el e'ﬁ%ﬁslta‘iwaéﬁéétteﬂ&iyy héﬁtehééhtnﬁn6|ﬁ{é?nthéﬁnéi:(tjt lhnagwherohf
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30 enbodinent O [ nvent | on ers raw n _
whi ch : Fi gdQe Ilm it p‘elrxep@gmow ala§§t dax M’ga ease of| davi ﬂgeFéOPﬁe -

el ectronic therngle.! &y &eamrh rlgei@wtgﬁoﬁ'evﬁft | OBhe thermal memory mass
is advantageously chosen as a function of the class of
protection desired for the motor, for simplifying the

manufacture of the thermal elements. _

15 The low thermal inertia body is, preferably, a thin
ceramic wafer having good heat conductivity, a first face
of which carries a conductor, e.g. a thin conducting grid
whose resistivity varies continuously with the temperature
and a second face of which, opposite the first face, is in

20 the immediate vicinity of, e.g. in contact with, the

' heating element. Advantageously, the heating element is a

thin wafer made from copper alloy or another conducting

_ - alloy cut out and laid on the ceramic wafer; the thermal

k/l memory mass is made from a material with high thermal
25 inertia in a small volume, e.g. asbestos cement.

BRIEF DESCRIPTION OF THE DRAWINGS

The following description of a non limitative
30 embodiment of the invention refers to the accompanying
drawings in which : |
Figure 1 shows in perspective a detecting means
belonging to the electrdnic thermal relay according to the
invention;
35 Figure 2 is a schematic side view of this means;
Figure 3 is a similar' view of a  variant of the



35 Figure 2 is a schematic side view of this neans; Figure 3 is a
simlar view of a variant of the -4- detecting nmeans; and Figure 4 is a
schematic view of an electronic thermal relay according to the invention. 5«
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The detecting nmeans 10 iIIustrEﬁed '
in figures 1 and 2 is a thermal elenent 11 conprising a resistive heating

el ement 12, a sensor 13 carried by an_igsulating coupling 10 body and a
thermal nenory mass 15. Each detecting neans is associated with a phase of

a mul ti phase | oad such as a nmotor; it may be connected by connecting

conduct or s Getadeimyndeedts; lahdf the heating elenent 12 to pins or

termnals of ar | ve, pQle of 15 the.electronic_thermal_ relay, as wll
be expl ai ned furt hg oén \%I t(k]i'sr eger ﬁBS“.'Pgi'Fi gt He¥ 4. OFh 8 c SIQFEROME, 1 | ng
el ement or themmsl relay fageaxiiing &d Hihe walfvemtdforcopper or appropri ate

conducting alloy preferably cut in nmeanders but being possibly arranged 20
differently. Sensor 13 is a conducting grid of small thickness, e.g. nade.
from ni SkelPESEHRILQY G THE [RREEERRAD EMRODIMENTShi ch forms t he '

electrically insulating thermal coupling body. Pins 18 for connection with
the electronic p y connect ed

to the grid of s;ﬁfegféelff%%rf!b%ﬁ %gi/ ?gﬂ%‘:ﬁgtégg%éﬁligwfgrggﬁégl it @nd
current an® hts aethestalh@lenent skl peémPrising Canrégisesdet htatiby
SrLert % TR, bpddl K3 Bacr IR, BaS S T ol Enlng Lot
to t hatltOof besveranty & fhexmad memazynsass TS.s material is for exanpl e nade
from asbestos ceih dHtedBHY WS ik associated with a phase of a )
multiphase load such as a motor; it may be donnected by
connecting conductors at the ends 16, 17 of the heating
element 12 to pins or terminals of a respective pole of
15 the electronic thermal relay, as will be explained further
on with reference to figure 4.
'The resistive heating element or héater 12 is formed
by a thin wafer of copper or appropriate conducting alloy
preferably cut in meanders but being possibly arranged
20 differently. Sensor 13 is a conducting grid of small
thickness, e.g. made from nickel, deposited on a thin
alumina wafer 14 which forms the electrically irisulating
thermal coupling body. Pins 18 for connection with the
electronic processing circuit provided in the relay are \.)
25 connected to the grid of sensor 13. The heating element 12
consumes but little current and has reduced thermal
dissipation. It can be seen that the detecting means has a
small thickness.
The thermal memory mass 15 is of an electrically '
30 insulating material with high thermal inertia with respect
to that of wafer 14 carrying the sensor. This material is
for example made from asbestos cement. The memory mass 15
is capable of memorizing the thermal state of the motor
and simulating approximately the heating thereof in the
35 case of an overload and cooling in the case of a cut in
the power supply of the phase considered, following



i.s capabl e of nmenorizing tthe thermal state of the nbtor and sinulating
approximately the heating thereof in the 35 case of an overload and cooling
i the case of a cut in the power supply of the phase considered, follow ng
- 5- tRIpplng due to the relay or an interruption due to an elenent ext er nal
to the'relay. The nenory mass 15 and its inertia are determ ned

depending on the class of protection required for the notor wth
which the 5 electronic thermal relay is associated. In the preferred
enbodi nent of figure 2, the thermal coupling wafer 14 has on a first face

14a the layer Oi:riﬁbiﬁb he Ofoa thecopsh d9cerlddn Mfﬁ&iaﬁ hh(estt&nsn
wafer 14 is in %grect contact with heater .12 which i,s laid 10

thermal nenory FaS@eRs EEXTEINALJ Loy qhﬁ)qﬁﬂqysﬂﬂﬂ?sﬁ%EEFY]EEFSFk$fa§ﬂeFFS
15a i s di sposedinertha sawe si detesmihedf acaépuﬁi thsnthehaal cXHEY | NgE

wafer 14; it is_in ct hoth wit | e and nd
face 12a of heaP59t§§tE$ e|ﬁ§9“¥ﬁﬁ§\ gg sdﬁ% gﬁg [ﬁ%ﬁéﬁ %ﬁﬁe
of the coupl5nge&ab&romAGahuermalsrehaythaaSsucthtede opp05|te face 12b of

heater 12 and with thgnf@ﬁg &%ngLréﬁee@BE§5m5§@GOfegﬁgxr%aéS {tRe B %ateggln

be formed in a single pie éncapsu
an el ectrical | yCPHPALAGI r‘r{?f@ésel‘l9h§ﬁom v t I#ia‘s@haﬁaﬂﬁjoi-ﬁéd thenclayer i gére

2. This insulat saassesqsrmxon g SeddhdaRhcel 138, ofp%@;tdée $RETOE Yr &8 SEnd D-
In the enbodi nent of fig uct or _wound. a

t her mal coupllnﬂaﬁEFe941&s S@ngéFg%granﬂégﬁogéﬁhoheﬁﬁ%rs}aeWB+°Ga$§Ei§idgn

a portion theresifashich is either not covered by the wound conductor or
COVE_Ed by this Condugggréﬂgidg m&ﬂ&§§p%§é§cTéngéﬁformed.of two half
shells 15a, 15b. Half shell 15a is disposed on the same
side as the face 14a of the thermal coupling wafer 14; it
is in contact both with this face and grid 13 and with a
15 face 12a of heater 12. The half shell 15b is disposed on
the opposite side of the coupling wafer 14 and it is in
contact with the opposite face 12b of heater 12 and with
the face 14b of the wafer. The memory mass 15 may also be
formed in a single piece.

20 Parts 12 - 15 may be encapsulated in an electrically
insulating ‘case 19 shown with a chain-dotted line in
figure 2. This insulating case may, in a variant, itself
form the memory mass 15.

-/ In the embodiment of figure 3, heater 12 is a

25 conductor wound about the thermal coupling wafer 14.
Sensor 13 is disposed on one side of wafer 14 on a portion
thereof which is either not covered by the wound conductor
or covered by this condﬁctor but with interpositioning of
an insulating layer or a suitable insulating means. The

30 thermal memory mass 15 collects here again the heat coming
essentially from heater 12 and secondarily from wafer 14.

Figure 4 illustrates one embodiment of the
electronic thermal relay having detecting means of the
type described. This_relay has a case 20 in which three

35 printed circuit cards 21, 22, 23 are housed. The detection
card 21 carries, for example, three thermal elements 11



an insulating layer or a suitable insulating neans. Thé .30 thernal nenory
mass 15 collects here again the heat coming essentially fromheater 12 and

secondarily fromwafer 14. Figure 4 illustrates one enbodi nent of the

o
el ectronic thermal relay having detecting neans of the type described. ¥his

relay has a case 20 in which three 35 printed circuit cards 21, 22, 23 af e
housed. The detection card 21 carries, f'or exanple, three thermal el ements
11 -6- each associated with a phaseh gs.well as a thermal conpensation
el ement 24 delivering an anal og signal representative of the amnbient
tenperature, by means of a sensor whose resistivity varies continuously

\(/jmth thg 5 twerassdbﬁtlteﬂil lwitgh | @S| gﬁagﬁe c'gge ng_gmeg\gh 24 ln@g 1
i sposed in el e 1. e electronic therm y is to
be pl aced o Sp 5?%%{% ?ng "1 X\h 33?1#8?5&?% an han megignal
conpensatloaﬁpnasentétﬂmmyoﬁethEIhnbdedﬁ)temperaﬁdrévlEﬁvﬁéhﬁﬂe@&sa

assqci at ed

enbodi nent , e 4 L, ded_whi.ch cont | s a

with the therna coﬁégﬁggtggﬁigﬁgﬁéﬁ? fXPrﬁPan?ﬂﬁ i#HPV Yeww Ho out

of service dempetatuns pravailiig | insidé use cdbe. pEdemeatn@4c may i

‘carries the cﬁs%‘és”é&“:ﬁm ﬂcyég:gﬁs&,{lgal% 1 This circuit does not need
g a therma

el enents definin nenory since |s al ready provi ded by the
menory nasses 15. Wﬂﬂ?rﬁ@%l&@P@ﬁréﬁéﬁmﬁqﬂnmﬁkuEBQBYcéﬂwtg bet Iplidoed

regul ation elisEt St6ONRMA Caiderk Wi £8 rwl Proaciisl 20 & “a'éﬂéH‘al
el ements pravided on the front face 25 ga the case 20 and out put relays
connect ed Vi RENFaRAAn stement, ¢ S PRiEEE-0r control neans. Cards

21-23 iy, of cTauraa admantaghmmi embodimeng; i "d ededectolr! Z44 dss even
a single caffoyided which controls a switch associated with the S
thermal compensation element for bringing the latter .into
or out of service depending on the conditions of use.
The processing card 22 carries the electronic
15 processing circuit. This circuit does not need elemenfs
defining a thermal memory since it is already provided by
the memory masses 15.
The regulation and output card 23 carries both the
regulation elements communicating with regulation and
20 signalling  elements provided on the front face 25 of the
case 20 and output relays connected via terminals 26 to
external signalling or control means. | .
Cards 21-23 may, of course, be reduced to two \_)
printed circuit;pards, even a single card.
25 Terminals 27 are provided ih the case for supplying
cards 21 - 23 with power. Power terminals 28, 29 connect
the respective ends 16, 17 of the heaters to the circuit
supplying the windings of the motor.
Of course, the electronic thermal relay may be
30 arranged differently. It may in-pafticular be included in
a protection apparatus providing different functions,
particularly those of contact maker and/or contract breaker.

~
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25 Term nal,s 27 - are provided in the case for supplying cards 21 - 23
wi.th power. Power termnals 28, 29 connect the respective ends 16, 17 of
t he. hggters to the circuit supplying the wi ndings of the nmotor. O course,
the ekectronic thermal relay may be 30 arranged differently. It may in
particular be included in a protection apparatus provi
functions, particularly those of contact naker and/or dlcllﬂlﬂullrnllﬂnm“lll
-7 WHAT IS CLAIMED IS 1. An electronic therargl relay whith cart b8 ¢
associated with a nultiphase electric load for cutting off 5 the pomer
supply to the load in the case of a current overload in at |east one phase
or an inbal ance BBATeLS PLAIMEDuULSents, this relay conprising in a case : -
a detecting neafS per praoo ror—@ ivering a signal depending on the
intensity of the phase current, 10 - an electronic processing circuit which
receives and processesltheAsi glﬁilesmnimremmahe delayt i whichanssan hibe
circuit conpris | |

P! | SifgocPatb8OhEth EARILL EARALL So1 SELEL YEAA NP LatPRRG ot s

si gnal , each detectlng nmeans |ng a enent resi st
heating el eneht FheoRPgwWemhi S¥PPLE FRastheulpadt jfnsthe, case ¢£| @& current

whose resistiVigyer¥8adeInCost 1east! Yone thﬁse e an! SHRANFNEES betiéen
whi ch is electrjcall connect ed %g égiﬁﬁroce35|n circuit for
I

transmitting t hePR@ge FuTFents. sFy cSUMPEL$IRG N 2B C3$R heat i ng
produced by the ¢es saeteceh.ngenieananﬂeﬁ tpledgen| £fors debpsdtingf af osigmgl a

ol orent 15 thor rarbSRasE) 4B s8e Lofenfiy APCHES Prsed Sir et ot rom

thether mal Wnory amselectrgnic processing circuit which receives and
processes the signals delivered by the detecting means,
this circuit comprising a logic means capable of
delivering a tripping signal,

each detecting means being a thermal element with a

15 resistive heating element through which the phase current
passes, a relay sensor whose 7resistivity varies
continuously with ‘the temperature and which is
electrically connected to the processing circuit for
transmitting thereto an analog signal representative of

20 the heating produced by the resistive element, and a
thermal mass capable of forming a thermal memory of the
heating of the load,

A - wherein;

- said . heating element is thermally coupled to a thermal

25 coupling body separate from the thermal memory mass, said
body carrying the sensor and being in thermal connection
with the memory mass and having a lower thermal inertia
than the memory mass,

30 .
' - 2. The relay as claimed in claim 1, wherein said low
. thermal inertia coupling body is a thin ceramic wafer with
good heat conductivity, a first face of which carries saiad
sensor whose resistivity varies continuously with the

35 temperature and the second face of which, opposite the
first face, is in the immediate vicinity of said heating
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body carrying the sensor and bei ng in &h8rrmal connection with the nenory
mass and having a |ower thermal inertia than the nMenory ness, 30 2. The

relay as clained in claiml, wherein said | ow Thermat—nertia—coupl'i ng\body.""-

is athin ceramic wafer with good heat conducti yj Lrst face of V\h«,-l;éh
carries said sensor whose resistivity varies conmwma,s ﬂ ””whe 35
tenperature and the second face of which, opposi " e, is in
the i nmredi ate vi Cebémentof said heating -8- 3. The relay as clained in
claim?2, wherein said at jun nt iﬁgzthin fer de. fr .
conducting alloy cut into #ﬁegﬁgiéa%ggn%} al if’lﬁlfa\,%ng'sﬁ%rg 08%? ?‘33%1“&

sai d thin ceram celementafisra thin waferomadefingmaat ¢inductinguellny d¢upointoed on
the first face of nSgiddrs S &1dVEHSE - 4&%636&1@%@ | S nd ceb&hi® 1.
wherein said | ow t her nal |ner§j|’a couﬁ)lni ng. body_1s a tr??n V\J/éfer w th good

heating condudti vieietantle senpor beingi@ §Rin cendncroxninpesifad. anithenSixey 10
an electric condughes oFOsadlidNBeramiid waFetl Ng el enent, and said thin wafer is

in contact with said theyml_nenn mass,; .5. _.The relay, as ,clained,in claim
1, wherein said thermal drendPS FELY ASSCHFERA 1L ATRHS 1o MhPreim, said v

vol unme, is el ectritheimnal inertihadcupling bedy iis acthiinowdfew with §omd heaeingal 15
coupling body and_j ' S i o) LLgel .Qf
protection for th%ﬁ%ﬁ%ﬁ&gﬁ \%ﬂlec%enkﬁg %&Sgéais%g@égaw 6.
The rel ay as 16l ai apdelectriici ponductpr (forming | shida beatings edementenpudissaidon
detecting means CoHR wakdd i3 SPESREactRSth 88id thesied! hithdry el CS

continuously wth the tenperature prevailing inside_the case, said phase
current detecting nean®-anthe FPI% aFphedmed o glaiac iy WM?%l%%urw
on the sane print f@msyy’ Qidisis. has high thermal inertia in a low volume, is

electrically insulating, is in contact with the thermal
15 coupling body and is defined as a function of the desired class
of protection for the multiphase locad with which the relay is
associated.
6. The relay as claimed in claim 1, wherein said case
houses a compensation detecting means comprising a sensor whose
20 resistivity varies continuously with the temperature prevailing
inside the case, said phase current detecting means and said
campensation detecting means being mounted on the same printed
circuit. _
7. The relay as claimed in claim 6, wherein a selector
25 controls a switch associated with said compensation detecting u
means for . selectively bringing the latter into or out of
service.
8. A detecting means for an electronic thermal relay as
claimed in claim 1, comprising a thermal element having:
30 ~ a resistive heating element through which the phase current
flows,

- a resistive sensor whose resistivity varies continuously with
the temperature and which is connected electrically



#: The relay as clainmed in claim®6, wherein a selector 25 controls a
switch associated with said conpensation detecting neans for selectively
bringing the latter into or out of 'service. 8. A det i _

el ectkonic thermal relay as clainmed in claiml, conprigj I
el ement having: 30 - a resistive heating el enent thr@%ﬂﬂ “ i, ase
current flows, - a resistive sensor whose-r@sistivity L |y

with the tenperature and which is connected electrically- -9- to the
processing circuit for transmtting thereto an anal og signal representative
of the heating P®odtheedprpceseingsi siroeit| cfmnt trangmilteimgl therxetapar e
of formng a thgrapl q0f et goef e ing 320a5dkd b
heati ng el errent&:is t%rerfréggh&y c%e&ﬁée%ﬁ%o a*%e?%al%ou%?%’@n%ogy 'sg%ar at eY
from t he ther nefheer@sistive ekemenody carrying the sensor being in

contact ‘with the FErdHetrnHAS masyl Bapabledd'tOVrntiifyy "R théemhl a meryl bs
t hat of theetj;?nan%:])t’rl%/I mass, 9. An electronic thermal relay substantially as
descri bed hetei i heating efthe o193 acconpanying drawings. 10. A
detecting neans; fand agaglecheatingt kliement elisy, tiseied Ny | douplesl to a
described hereig,ybly r dipi6G Bobf® SPVRYY PGn "G "¢Rermal memory
mass, said body carrying the sensor being in contact with
the memory mass and having a lower thermal inertia than

10 that of the memory mass. _
— g. An electronic thermal relay substantially as

described herein with reference to the accompanying

drawings.
10. A detecting means, for an ele_étronic thermal

relay, substantially aa-_degqribed herein with reference

%o the accompanying d_rayingé.



