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(57) Abrége/Abstract:

A personnel protection system for electrical connections Is disclosed, which Is of the type that differentially senses the current
flow between the power lead (50) and the return lead (52) (or between two power loads) Is provided with an unbalancing
Impedance (70) which makes the current difference between the two leads sufficiently high to trip the device (48) and cause the
power to be disconnected. A utilization device (64) Is similarly provided with an imbalanced impedance (80). However, that
Impedance Is calculated to counteract the current imbalance caused by the first impedance (70), so that when the cable Is
connected to the utllization device (64), the current balance between the two conductors (50, 52) Is restored, and power

connection Is maintained In the cable. Thus, the system does not provide continuous power unless predetermined conditions
considered safe for securing the power are fully satisfied.
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| A personnel protection system for eléCtrical'connec_tions 1s disclosed, 'whi.chisof the type that differentially senses the cur-
| rent flow between the power lead (50) and the return lead (32) (or between two power loads) is provided with an unbalancing im-

_pedance (70) which makes the current difference between the two leads suf ficiently high to trip the device (48) and cause the pow-
| erto be disconnected. A utilization device (64) is similarly provided with an imbalanced impedance (80). However, that imped-
| ance is calculated to counteract the current imbalance caused by the first impedance (70), so that when the cable is connected to
| the utilization device (64), the current balance between the two conductors (50, 52) is restored. and power connection is main-

‘tained in the cable. Thus, the system does not provide continuous power unless predetermined conditions considered safe for sec-

uring the power are fully satisfied.




‘0’93/10586 2 1 2 3 6 0 0 . PCT/US92/07395

10 PERSONNEL PROTECTION SYSTEM FOR ELECTRICAL POWER CONNECTIONS

o Eleld Of The Inventlon
AR - The present lnventlon relates generally to elec-

trlcal power systems and, more partlcularly, concerns a

'f  15 system.for protectlng personnel against accidental electri-

cal shock at an electrlcal power connection.

.": _acround'Of The Inve tlon.,
' - There are many lnstances ln'Wthh it is desirable

;ff 20gfto run an electrlcal power cable from a location at which a

{f?!@j }power source 1s 1ocated to a remote locat;on. For example,

’f  jL jtth becames necessary'when UtlllZlng AC power to operate

?3»7   fportable power tools at a location remote from a building.

;i  .  fS1m1larly, it is deSLrable to be capable of charging an

ifj 25f electr1calvehlcle by runnlng an electrlcal cable from a

B '*¢; the vehlcleg

o  5 fpower source, such as an AC wall outlet to the location of

It has been a common pract;ce to prov1de perscnnel

' €"*f ]protect;on deVLces agalnst accidental electric shock in such

';f 3o fcab1es in the case of a ground fault. Typlcally, such
“°7f  ground fault protectlon 1nvolves dlfferentlal sensxng of a
'  current flow in the power lead and the return lead in the
1  cable and dlsconnectlng the power to the cable when the

: -f fd1fference (an lmbalance) exceeds a predetermlned threshold

ff 35fvalue¢> Ground fault protectlon is effectlve to avoid elec-

. ,{ tr1c shock‘when a person'who is grounded accxdently touches

'  the power lead or the return lead. Resultlng current flow-
_ 1ng through the person'WLll flow through one of these leads,
but not the other,_thereby causing tripping of the protec-
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tion system, and protecting the individual against electro-
cution by turning off the power to the cable.

One form of personnel protection is particularly
desirable. That is, to assure that no power is connected to
the cable, unless the cable is connected to a utilization or
load device. Various forms of mechanical interlocks have
been utilized to make power at the remote end of the cable

inaccessible, unless the cable is connected to a utilization
device. However, such interlocks suffer from relatively low

reliability, in that any mechanical failure of the interlock
is likely to result in electric shock to an individual.
Furthermore, the mechanical interlocks and their modes of
operation are entirely visible and apparent to a user.
Accordingly, mechanical interlocks are particularly vulnera-
ble to being defeated by persons who simply do not want to
be inconvenienced by the interlocks. This is often another
source of personnel injury. '
Broadly, it is an object of the present invention

to avoid the shortcomings of prior personnel protection
systems for electrical connections. It is specifically an
object of the present invention toc provide a personnel
protection system in which power at the outlet of the cable
is disconnected, unless the cable is connected to a utiliza-
tion device.

The present invention may provide a personnel
protection system for power connections which disconnects
power in the cable when the cable is not connected to a

utilization device and which does not depend on mechanical

interlocks.

The invention may provide a system that will not
furnish continuous electrical power unless safe conditions
for receiving the power are fully satisfied.

The present invention may provide a personnel
protection system for electrical power connections which is

readily retro-fitted in existing personnel protection

systems.
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The present invention may provide a personnel
protection system for electrical connections for disconnecting
power to a cable when it is not connected to a utilization
device, which system is convenient and reliable in use, not

5 readily defeated, yet relatively simple and inexpensive in
construction.

In accordance with the present invention, there is
provided a personnel protection system for an electrical

10 connection between a source of power and a load, said
connection including a plurality of conductors and a connector
for said load, said personnel protection system being of the
type sensing the balance of current flow in the said

15 electrical conductors to interrupt current flow to said load

upon the occurrence of a predefined imbalanced condition, the
improvement comprising: first impedance means connected to at
least one of said electrical conductors on the power side of

20 said connector for producing said imbalance condition; and
second impedance means connected to at least one of said
electrical conductors on the load side of said connector for

counteracting the imbalance condition produce by said first

impedance means.
lon Of
25 The foregoing brief description, as well as fur-

Ltef Descrir Drawlings

9%-

ther objects, features, and advantages of the present inven-

tion will be understood more completely from the following

detailed description of presently preferred, but nonetheless

illustrative, embodiments, with reference being had to the
30 drawings, in which:

Figure 1 is a simplified schematic diagram of a
personnel protection system for power connections which
demonstrates objects and features of the present invention;:

Figure 2 is a simplified schematic diagram illus-

35 trating the system of Fig. 1 which may be modified for use
with a pair of power conductors and a single return:

Figure 3 is a simplified schematic diagram illus-
trating a preferred embodiment of the invention in which
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addltlonal protection is provided to assure against electri-

cal shock to an individual when the utilization device 1s

disconnected from the power line;
Figure 4 lllustrates the balancing relationship

which is achieved between two conductors of the system which

are out of phase, and
Figure 5 lllustrates, a modification to~the system

of Flg. 1, which permlts the lead connections for each

-;rmpedance to be on the same:s1de of the core.

;~10',I o
' '“':gDetalled Descrl'tlon Of The Preferred Embodiments

o Flgure 1 1s a Smellfxed schematic diagram i1llus-

__J”'. trat1ng the prxncrpals of the present invention in a person-
jTffff?ffjfnel protectlon system for an electrical power connection.

15

The connectlon is 1ntended to connect an AC power source

_,%p n(e g. 120 volts), hlch lS not shown, but is assumed to be
'p[n rpConnected between the termlnals L (power) and N (neutral or
~ return), to a utlllzatlon devrce or load 10, such as an
ijgfdf{t&_f;ﬂfﬁelectrl.calvehl.cle to be charged..‘hlso provided is a ground

;}tznnetermanal G,jwhlch 18 connected to ground at the location of

;;d]jsfthe power source.; The actual oonnectlon is made through the
z:eff }two'mat1ng halves 12a and 12b of a conventlonal power con-
,;tdhctnector. Between the termlnals'L,'N,.G and the connector
5fftpd712a, 12b, here 13 prov1ded a conventlonal leferentxal

;;fZStnCurrent CerUlt Interrupter (DCCI) 14,'whrch serves a per-

}f;n«ffsonal protectron functxon, as*wlll be explaxned:more fully
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In normal operatlon, the currents flowing into

ternu.nals L an d N w.l.l 1 nomally be equal and oppos lte p and

T? 30fthe termlnals L»and.N are connected through DCCI 14 and

: °‘connector 12a, 12b to the load 10. On the other hand,
p* should a ground fault occur at the load 10, as by a grounded
;t tuser accldently touchxng one of the terminals of 12a, 12b,
nu7dDCCI 14 will detect a current 1mba1ance and will cause DCCI

15{35h14 to termlnate the dellvery of power to connector 1l1l2a, 12b.

However,‘when the connector sections l2a, 12b are

separated, the termlnals of the section 12a are exposed and

the separate, open contacts of phase lines 54, 56 are acces-
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';t't's;connected to termlnal L and a lead 18, which is connected to
" "' h:term1na1 N pass through a magnetic core 20 forming part of a
ﬂof’~ "htransformer Tl, and a 1ead 22'wh1ch is connected to the G
jh"'“' [term1na1 passes through the DCCI to connector section l2a.
In addition, a senslng'w1nd1ng 24 is provided on T1 which
.r.essentlally constltutes the secondary of the transformer,

_%__d___ w1th conductors 16 and 18 bexng prlmarles. The current 1in
;:ijddan1ndlng 24 therefore corresponds to the vector sum of the
f??p Ht;tcurrents in leads 16 ‘and 18. Sensor circuit 26 is a conven-
S 5tlona1 Lntegrated crrcult (e'g. a Raytheon RV 4145N), de-
:;edV d fs1gned speclflcally to serve as a sensor circuit in a DCCI.
fnre;'  ﬂIt serves to prOV1de a predetermlned sxgnal level on lead 28

f[f"r/7t}when the drfferentlal current sense on lead 24 exceeds a
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sible to anyone. The DCCI would not sense an imbalance

under these crrcumstances, because the person would be
connected across the power and return leads. This is con-
sidered to be a dangerous condition, since it is possible
for accidental electrlc shock to occur should an individual

contact the exposed termlnals of the power and return leads

-g -

X

of'the connector sectlon.
' - DCCI 14 18 111ustrated in general schematic form

in order to descrrbe 1ts functlon to the extent necessary to
understand the 1nventlon.' In DCCI 14, a lead 16, which is

fhfhff;ffpredetermlned 1evel.3,,iﬂw .:
jf;ftdf{fpeak detector c1rcu1t connected between lead 16 and neutral.
E;g  geffThe voltage appearlng at node 36 serves to power sensor
;;:f{nfthchult 26.. That'voltage is also applled to a voltage
i;fgffjefd1V1der comprrsrng the re31stors 38, 40 and 42. This volt-
tf f;3Qg age dLV1der applles a voltage to the gate of a field-effect
.g ”  ' fpower transzstor drlver 44 and biases the transistor in a
;t*,.f Tconduct1ve state.# Transrstor 44 drives the actuator coil 46

Dlode 30, resrstor 32 and capac1tor 34 serve as a

i;:j of a relay 48. Relay 48 further includes normally open
f*hvcontacts 50 and 52'wh1ch are closed‘when actuator 46 re-

}ﬁrt 35‘ce1ves a drlvrng current. Contact .50 connects lead 16 to

",slead 54 and contact 52 connects lead 18 to lead 56. Accord-
-,  1ngly,-lead 16 lS connected to lead 54 and lead 18 1is con-

PCT/US92/07395
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nected to 56 so long as actuator 46 receives sufficient

driving current to c108e the contacts 50 and 52.
When the current sensed by. its sensor circuit 26

exceeds the predetermined level as a result of a current

5 imbalance, a voltage'level is applied from lead 28 which
causes SCR 58 to be flred. This essentially clamps the node

61 to approxlmately one volt above neutral voltage and

causes transxstor 44 to turn off. With transistor 44 turned
- off, the driving current to actuator 46 is removed and
'thj.contacts 50 and 52 are released to their open condition, SO

' ¢lthe condltlon causxng the current imbalance is cleared, a
‘ };pushbutton 60 is pressed to reset SCR 58 from 1its fired
L_u_fnlstate, thereby permlttlng trans1stor 44 to turn on, to once
  157 more prOVIde dr1v1ng current, whereby switches 50 and 52 are

_,closed once agaln.ﬁ :pe ' _ . .
In accordance'wlth the present invention, an

j7”f}j;rmpedance 70 is connected 80 as to produce a current imbal-

E';,._'..,._,'.: ,__:_;'_;..:"ance between leads 16 and 18 belng sensed by core 20.
h@fZQ{ﬁMoreover, thls lmbalance ls sufflclently high (preferably

:?fllpsnabout 8 ma) to cause DCCI to Lsolate power from connector
.le{yfﬁsectlon 12a.  At the same the, a second impedance 80 is

i;hlfiprOVLded at the load 10 and ls des1gned to draw a current
o y: 7rwh1ch is equal and opposlte to that of load 70, so as re-

fﬁ;ZSffstore balance between the currents drawn on leads 16 and 18.
;ﬁfff }tAs a result of the addltlon of these two . lmpedances, DCCI 14
iff*fthrwlll be 1n Lts balanced state'when connector sections 12a
f$7f ff and 12b are jOlned.y Bowever, 1f sectlons 12a and 12b are

;€f hjfd1sconnected, an xmbalance occurs 1anCCI 14 which causes
:*  3Qmire1ay 48 to 1nterrupt the power connectlon to connector

iT liport1on l2a. , o
o Although meedances 70 and 80 are shown as resis- -

SN * t1ve, they need not be re51st1ve for the invention to func-

;,," ;_t1on.- Furthermore, the connectlon of the impedances 70 and

. 35 80 in Fig. 1 are:merely exemplary.

S S In the schematlc dlagram.of Fig. 1, it has been
assumed that the DCCI and lmpedance 70 are located in an

o assembly 62 Wthh lS 1ntermed1ate the power source and
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assembly 64 including load 10. The cable connecting -power
source to assembly 64 would normally be included in assembly
62. However, those skilled in the art will appreciate that
DCCI 14 and impedance 70 could be co-located with the power
5 source, in which event the intermediate assembly 62 would
include only the power cable connectors at either end re-
quired to make the connection to the power source and load,

respectlvely (see e. g. Fig. 2).
In some instances, it may be undesirable to uti-

10 lize the ground lead 22 to carry return current from,lmpedm
" ance 80. Those skilled in the art will appreciate that this
can be avoided by simply returning the bottom of impedance
80 to lead 18 a pornt to the left of core 20 (See e.g. Fig.
- 2). o
1s In some appllcatlons, it may be desirable to
utilize a power source‘whlch includes two power oOr unground-
 ed‘conductors (L1 and L2 in Fig 2). As can be seen in Fig.
2, the present 1nvent10n can then be realized by connecting
‘the lmpedances 70 and 80 so they draw current from different

fﬁ*ZO spower leads, in order to achleve the desired balance when

  ;the load is connected ThlS balance is achieved by taking
" dadvantage of the phase dlfference between the two power
, dgconductor connected to power conductors L1 and L2 respec-
' ;t1ve1y. ‘As shown ln Flgs. 4, the 180 degree phase differ-

5 ‘ 25 7ence between the currents in L1 and L2 causes the DCCI to be

,,;“Vessentlally balanced by the net current (L1+L2)
P ' Flgure 3 ls a srmpllfxed schematic diagram of a

fpreferred embodzment of the 1nventlon'whxch introduces a

?further degree of personnel protection. In this embodiment,

30 ‘power is prov1ded from the ungrounded power terminals Ll and

-'L2 to load 10. A lead 118 serves as a pilot wire 1in a

‘supplementary circuit which provides additional protection.

.7’aga1nst acc1dental electrocutlon.
- Power transmassron leads L1 and L2 extend through

35 the magnetic core 20 of transformer Tl and are connected
through the contacts 150 and 152 of a relay 148 across the
" load 10. As was the case in Fig. 1, a sensor winding 24 and

a sensor circuit 26 monitor the current balance of trans-
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former Tl and sensor 26 produces a signal on lead 28 when
the imbalance in the transformer exceeds a threshold level.

‘lntended to be a network such as the one comprising diode
30, reslstors 32, 38, 40 and 42, capacltor 34, SCR 58, reset

~ switch 60, and fleld-effect transistor 44 in Fig.'l.

’.."10

The drlve transrstor 44 of network 105 drives the

” 7w1nd1ng 146 of relay 148 in the same manner that it drives
'_w1nd1ng 46 of relay 48 ln Flg; 1. The contacts 150, 152 and
153 are normally open, but are maintained in a closed posi-

~ tion by therr respectlve control coils, as result of actuat-

»7 ' h1ng current provrded by translstor 44.

15

' The addltlonal personnel protection function in

'the embodlment of Flg. 3 is provrded by means of a second
lcore transformer T2'wh1ch has a core 120 and sensor winding

}__p_f 124 connected to a sensor c1rcu1t 126, which is essentially
;fj ff11dent1cal to sensor crrcult 26.' Thus, sensor circuit 126
“ef7  7w1l1 provrde an output srgnal'when the sensed differential

25320;7current exceeds a threshold value. -Phis output signal 1s

f;pprprpassed through dlode 104 to lead 103.

By v1rtue of the dlodes 102 and 104, the higher of

;f72°ﬁfthe two slgnals appearlng ‘at the output of sensor circuit 26
?7ld*ffand sensor crrcult 126'Wlll appear on lead 103. Thus, 1if

e - - ° : .«
N L 2 ;.“.) :

erther transformer Tl or transformer T2 has a current dif-

;r ’ dﬁw1ll be flred, and'drlve current to*wlndrng 146 will be
?ff@ffhtermlnated 1n the‘manner descrlbed'wrth respect to Fig. 1.

i:;e,gThls results in contacts 150¢ 152. and 153 being released to
.30

thelr Open state, so that load 10 is lsolated.
In this embodrment, the unbalanclng impedance 70

ﬁcpx,hgfor the DCCI 1nclud1ng the transformer Tl is connected on
}["'. the load sxde of lead 16 through contact 152 (closed during
'. nnormal Operatlon) and lead 100. ‘Lead 100 has two turns

toeat, ri ’ ’ .
. "‘. 1 ". .
. ‘ /'. ..

traversrng the core 20 for reasons to be discussed fully

1Zifbelow.' ‘Phe return path to neutral for impedance 70 1is

' through lead 106, Wthh passes through core 120 of trans-

former T2 and lead 108,'Wh10h is connected to neutral at the

e atiln
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load side. A lead 118 also passes through core 120 and 1is

connected to the bottom of load unbalancing impedance 80.
with the load 10 connected to the DCCI, impedances

70 and 80 will each draw a standard load (i.e. 8 ma). As a
result, when the system is in balanced operation, lead 16
will draw 16 ma'more than lead 116. Since lead 100 forms
two turns in core 20, its current of 8 ma will- have twice

the effect on the sensor w1nd1ng as 8 ma drawn in either
lead 16 or lead 116. Since the current in lead 100 is

opposzte to the current drawn through lead 16 by impedances

70 and 80, and has essent;ally the effect of a current of 16

ma, it precxsely balances out the additional 16 ma that lead

16 conducts. Accordlngly, transformer T1 is balanced and

‘would cause no lnterruptlon of the connection to load 10.

rIn addltlon, sxnce'lmpedances 20 and 80 each draw a standard

8‘ma load,_and the currents they introduce in leads 106 and

'118, respectlvely,,are opp051te, transformer T2 is also

?-?'r ba1anced and would cause no interruption of the connection

3  7ff1mpedance 80 is removed, introducing an imbalance in both

Should the 1oad 10 be dlsconnected from the DCCI,

fcftransformers 71 and T2. However, the transformer T2 does

f"  substant1al1y more than prOV1de redundant protection of the

.r“"f'fftype offered by transformer T1 (although this alone would be
f  C25Tjan adequate reason for anludlng T72). Transformer T2 also
 t}‘ﬁ t' aV0idS false balance Lndlcatlons by transformer Tl under
'f';f?fffc1rcumotances when the load lS not connected and a dangerous

’*7ﬂoperat1ng condltlon exlsts., For example, if transiormer T2

'  ﬁry‘r¥was not utlllzed, 1t'would be possible for a grounded indi-

-' ’30‘

ldual presentlng an xmpedance on the order of impedance 80
to contact the output connection for lead 16 with load 10

not connected. Current flOW1ng to the individual through -

35

~transformer'T1'would keep it in balance and prevent opening

of SW1tch 152. The lndLVldual‘WOUld thus be subjected to

"the erectrlcal shock hazard'wlthout the protectlon‘mechanlsm

dlsconnectlng hlm.from the power source. With T2 present,

~.assurance is prov1ded that when T1 indicates a balance

condition, current 1is 1n fact being returned from impedance
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80, assuring that load 10 is, in fact, connected. In this
- instahce, the lead 18 acts as a pilot wire to assure safe
operation of the system.
For some applications, it may be desirable to have

5 the lead connections for the impedances 70 or 80 on the same

side, that is the power side or load side of the core 20.

This can be achieved by passing the lead or leade“directly

throﬂgh the'core*With*one or more turns and connecting them
-~ to the L and N conductors on that same side of the core.
 ':10 'Frgure 5, for example, 1llustrates a modification to Fig. 1
| whereby the rlght hand lead of impedance 70 passes through
the 1HPUt side of the core 20 to create the imbalancing of
DCCI. OtherW1se, the syqtem.of Fig. 5 is identical to Fig.
1. |

15 j'  . Although preferred forms of the invention have

f"“:, been dlsclosed for lllustratlve purposes, those skilled in

.Hr , the art wlll apprec1ate thatcmany additions, modifications,
er"r rWand substltutlons are possrble*wlthout departing from the
Fee}  fscope and Splrlt of the lnventlon as defined in the accompa-
eff20 nylng clarmsy.' '
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. In a personnel protection system for an electrical

connection between a source of power and a load, said
connection including a plurality of conductors and a connector
for said load, said personnel protection system being of the
type sensing the balance of current flow in the said
electrical conductors to interrupt current flow to said load
upon the occurrence of a predefined imbalanced condition, the

improvement comprising:

First impedance means connected to at least one of said
electrical conductors on the power side of said
connector for producing said imbalance condition;

and

Second impedance means connected to at least one of said
electrical conductors on the load side of said
connector for counteracting the imbalance condition

produce by said first impedance means.

2. A personnel protection system in accordance with

claim 1, wherein said first impedance is connected between two

of said conductors.
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3. A personnel protection system in accordance with
claim 2, said system being of the type in which the current
balance is sensed by means of a transformer incorporating a
toroidal core, at least two of said conductors passing through
sald core as primaries of said transformer, said first
impedance being connected to one of said conductors on the
power side of said transformer and to another said conductors

on the load side of said transformer.

4. A personnel protection system in accordance with
claim 3, said system being of the type in which the current
balance is sensed by means of a transformer incorporating a
toroidal core, at least two of said conductors passing through
sald core as primaries of said transformer, said first
impedance being connected to one of said conductors and being
in series circuit with a lead which is not one of said
conductors and which passes through said core as a primary of

sald transformer.

5. A personnel protection system in accordance with
claim 4, wherein sgaid lead has more turns about said core than

one of said conductors.

6. A personnel protection system in accordance with
claim 2, said system being of the type in which the current

balance is sensed by means of a transformer incorporation a

s e o g Upam A1 verginiie O 10 M re L S PR A =N e T Tt el IR 3 0 LA AR 1Y T O I R e JE e - e et s s s T g a1 R N RV H S M T e b s L R sges=t8 g SR LLERLL o M . . ' "
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toroidal core, at least two of said conductors passing through
sald core as primaries of said transformer, said first
impedance being connected to one of said conductors on one of
the power side and the load side of said transformer and to
another of said conductors on the same side of said

transformer.

7. A personnel protection system in accordance with
claim 6, said system of the type in which the current balance
is sensed by means of a transformer incorporating a toroidal
core, at least two of said conductors passing through said
core as primaries of said transformer, said first impedance
being connected to one of said conductors and being in series
circuit with a lead which is not one of said conductors and

which passes through said core as a primary of said

transformer.

8. A personnel protection system in accordance with

claim 7, wherein said lead has more turns about said core than

one of said conductors.

9. A personnel protection system in accordance with

claim 1, wherein said first impedance is co-located with the

source of power.

’ ST s LH RS 4418 Y b rh e o Mg 3 aLad s it Aqv ey - L s oo L
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10. A personnel protection system in accordance with
claim 1, wherein said first impedance is remote from the
source of power and the load and is co-located with a cable

connecting the two.

11. A personnel protection system in accordance with
claim 1, wherein said first and second impedances are

connected to different ones of said conductors.

12. A personnel protection system in accordance with
claim 1, wherein said first and second impedances, at one end

thereof, are connected to the same conductor.

13. A personnel protection system in accordance with
claim 1, said system being of the type in which the current
balance is sensed by means of a transformer incorporating a
toroidal core, at least two of said conductors passing through
sald core as primaries of said transformer, said first
impedance being connected to one of said conductors and being
1n series circuit with a lead which is not one of said
conductors and which passes through said core as a primary of

sald transformer.

14. A personnel protection system in accordance with

claim 13, wherein said lead has more turns about said core

than one of said conductors.

Ty v ode v | e M IR IR o [l L M S (S Lo (e Lo =2 d a1V 1 1S oty 4. ' . ' '
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