
Unite States, Patent 1191 ' 
Tiitany I . . -. - 

1111 '- 3,813,578 

1451 May 28, 1974 

[54] ELECTRICAL SAFETY BARRIER 
[75]. Inventor: vFloyd L. Tiffany, Marshalltown, 

Iowa 

Fisher Controls Company, Inc., 
Marshalltown, Iowa 

Filed: Jan. 3, 1973 

Appl, No.: 320,786 

[73] Assignee: 

122] 

[21] 

[52] 
[51] 
[58] 

US. Cl ............ .t ..... .. 317/16, 317/18 C, 317/31 
Int. Cl. ........................................... .. H02h 3/20 

Field of Search .......... .. 317/18 C, 16, 31,33 R, 
. 317/50, 61.5 

References Cited 
_ UNITED STATES PATENTS 

6/1965 Massena ............................. ..317/I6 
~2/l967 Blenhoff ...... .. 

3,187,224 
3,305,849 
3,624,449 11/1971 Morgan....1..'. ................. ..-,.._317/16_x___ 

_3';63‘1,'2§4 ' 12/"1911 Morgan .......... ..' ............... "317/16 x 

Primary Examiner—.lames D. Trammell _ 
Attorney, Agent, or Firm—Peter S. Gilster; Harold R. 
Patton; Neal E. Willis 

[5 7 ] ABSTRACT 

An electrical safety barrier for providing safe electri 
cal interconnection between a safe area and a hazard 
ous area. A circuit interconnects terminals for appara 
tus in the hazardous area. The circuit includes, in se~ 
ries, a diode, a current-limiting impedance, and cur 
rent-interrupting means. Zener diodes, each of the 
same polarity, are connected von either side of the di 
ode. Accordingly, the zener diodes provide indepen 
dent fail-safe limiting of the voltage at the terminals in 
the hazardous area and yet can be independently 
tested. , " ' ' ‘ 

4 Claims, 4 Drawing Figures 
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ELECTRICAL SAFETY BARRIER 

BACKGROUND OF THE INVENTION 
The invention relates to electrical safety barriers and 

more particularly to an improved electrical safety bar 
rier of the intrinsic type and providing'fail-safe limiting 
of voltages. I " 

In the field of industrial control in which processes at 
remote locations are monitored and/or supplied with 
power from a central station, the use of electrical appa 
ratus to provide the desired monitoring, power supply 
ing, alarming and controlling functions, is increasing 
rapidly. In the‘ petroleum and chemical industry 
wherein flammable or explosive materials at the remote 
locations present a potentially dangerous situation, it is 
extremely important, and often‘ necessary, that steps be 
taken to protect against excessive electrical energy 
caused by various fault conditions or malfunctions.‘ 

Heretofore, it has been the general practice to'pro 
vide an electrical safety barrier which is interconnected 
with'electrical apparatus used in industrial control ap~ 
plications of the type mentioned above. The barrier de 
vice is electrically interposed between the safe area and 
the hazardous area and comprises circuitry which in 
cludes fuse devices, resistors, and- voltage regulating 
devices to limit‘ the current and voltage to acceptably 
safe levels. One‘form of a typical electrical barrier de 
vice is shown in Brown U.S. Pat. No. 3,527,985. Typi 
cally, it is required that there be exposed-only those ter 
minals of the barrier which are to be‘ connected to cir 
c‘uitry or apparatus in the safe and. hazardous areas. 
Thus, devices of this type are conventionally‘of encap 
sulated or potted tamper-proof construction. 
Advantageously, such barriers employ aplurality of 

voltage-regulating devices, suchas zener diodes, for re 
dundancy; .Since the'circuitry of the barrier is inaccessi 
ble because of the tamper-proof construction, difficulty 
may be encountered in periodically testing the zener 
diodes or other circuit components of the barrier, as is 
necessary.‘ This has heretofore required the use‘ of 
zener diodes carefully selected to have zener voltages 
of very close tolerances,‘ a magnetic switch arrange 
ment for isolating the zener diodes during testing, or 
the use of .a relatively large resistance separating the 
zener diodes. All of these approaches are objectionable ‘ 
since they may compromise performance, may be com 
plex or more expensive than desirable, or may cause ‘an 
excessively high loop or insertion resistance between 
the safe and hazardous areas. 
With respect to loop resistance, it should be under 

stood that ordinarily only d.c. signals are transmitted 
through a safety barrier of. the present type. Such'sig 
nals may be of quite low magnitude. A high insertion 
resistance of the barrier may preclude monitoring or ‘ 
transmitting a signal of ample magnitude. 
On the other hand, the ‘use of a magnetic switch as 

shown in the aforesaid Brown patent offers noresis 
tance to an ac. fault current and is inconsistant with 
the need for a high insertion impedance under fault 
conditions. ‘ ' ‘ 

SUMMARY OF THE INVENTION 
Among the several objects of the invention may be 

noted the provisions of an improved electrical safety 
barrier; the provision of such a barrier which is easily 
tested, which does not require close tolerance zener di 
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2 
odes in selecting di?’erences in‘zener voltages, or a 
large resistance between the zener diodes; th provision 
of such a barrier which provides a low insertion resis 
tance under normal conditions and a high insertion re 
sistance under fault conditions in order to limit the 
magnitude of an ac. fault current supplied to a‘ hazard 
ous area during the fault condition; and the provision 
of such a barrier which is simple and inexpensively con 
structed. Other objects and features will in part appar 
ent and in part pointed out hereinafter. ' 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIGS. 1-4 are schematic circuit diagramsof alternate 

configurations of the preferred electrical safety'barrier 
embodimentfor use under respective different condi 
tions. Corresponding reference characters indicate cor- ‘ 
responding 
‘ing's. 

parts throughout several views of the draw 

DESCRIPTION or THE PREFERRED I I 
EMBODIMENT , ' - 

' Referring now to FIG. 1, an electrical safety barrier 
of the invention comprises circuitry which is suitably 
potted, encapsulated or otherwise protected-by a tam‘ 
per-proof enclosure (not shown). The barrier includes 
a first set of terminals T1 and ‘T2 for connection to ap 
paratus in a safe area to the ._ left of a dashed line A. 
Such apparatus is here represented by. a d.c. voltage 
source V supplying apotential to terminal TI which is 
positive with respect to terminal T2. A second set of 
terminals T3-and T4 is provided for connection to ap 
paratussuch as a load L in a hazardous area to the right 
of a dashedline B. These sets of terminals maybe at op 
posite ends of the tamper-proof enclosure, which may - 
be a few=inches in length, for example. - 
Terminals T2 and T4 are commonly connected and 

may be tied to earth ground by a fifth terminal T5 
which is preferably constituted by one or more studs 
which project from the enclosure for' securing the bar 
rier to a grounded bus bar. Such a ground in repre 
sented phantom‘ ' 

A series circuit between 
cludes a fuse F, its small associated intrinsic resistance 
R1, a diode'D2 oriented to permit current flow in the 
direction from terminal T1 to terminal T3, and an im 
pedance element such as a resistor R2. 
Zener diodes D1 and D3 have their cathodes con- _ 

nected on opposite sides of diode D1 and their anodes 
interconnected with ground terminals T2, T4 and T5. 
The zener voltages of diodes D1 and D3 are selected so 
that the potential across terminals T3 and T4 under a 
fault condition will be regulated by the zener diodes so 
as not to exceed a safe level. The provision of two zener 
diodes provides a redundant, fail-‘safe feature in that 
each zener diode can independently regulate the poten 
tial across terminals T3 and T4 even though one of the 
zener diodes may ‘experience an open circuit failure. Of 
course, if either zener diodes experiences a short cir 
cuit failure, the closed circuit to ground will prevent 
any potential from appearing across terminals T3 and 

Resistor R2 need be no larger than will limit the cur 
rent to a safe value which will not ignite explosive mix 
tures, etc., in the hazardous area assuming short circuit 
conditions across terminals T3 and T4. Diode D2 is for 
ward biased’ under normal operating conditions in 
which current ?ow is from terminal T1 to terminal T3. 

‘terminals Tl and‘T3 in~ 4 



3 
Accordingly, the resistance between terminals T1 and 
T3 is relatively low and the barrier provides a low inser 
tion resistance. , " 

In the event of a fault condition (such as a short cir 
cuit in the safe area)_ applying an ac. voltage across ter 
minals T1 and T2, diode D2 advantageously blocks any 
flow of current in the direction from terminal T3 to ter 
minal T1 and thereby limits the amount of energy 
which can flow into the hazardous area from the safe 
area assuming that fuse Fl has not blown. It will be un 
derstood that fuse F] has a rating appropriate to the 
use of the barrier in a certain application and its func 
tion is to interrupt the current flow if the current ex 
ceeds a predetermined maximum level. ' I 

Although zener diodes D1 and D3 need not have 
close tolerances and need not-have widely different 
zener-voltages, they are selected so that the zener volt 
age of diode D3 is somewhat greater than that of diode 
D1. This facilitates testing of the two zener diodes. For 
this purpose, it is normally sufficient if the lower toler 
ance for the zener voltage of diode D3 is approximately 
equal to or greater than the higher'tolerance for the 
zener voltage of diode D1. ' ‘ 

I All components of the barrier may be easily tested by 
use of the barrier terminals. First, a small current is es 
tablished from terminal T1 to terminal T3 to verify that 

' ‘fuse F1 and diode D2 are intact. Then a test is made to 
insure that no current is passed from terminal T3 to ter 
minal Tl,‘ checking proper reverse blocking operation 
of diode D2. A test is nextmade to verify proper opera 
tion of diode D1. A current is established from terminal 
Tlto terminal T2 and a potential at terminal T3 is mea 
sured to see whether it is ‘equal to’ the zener voltage of 
diode D1 less the drop across diode D2 (normally 
about 0.7 v.) and less the IR drop across resistor R2. If 
this potential at terminal T3 is correct, diode D1 can be 
assumed to be operating properly. Finally, a current is 
established from terminal T3 to terminal T4 to verify 
that diode D3 is intact and operating properly. 
Where the barrier is to be used with very low signal 

voltages, zener diodes D1 and D3 may ‘each be re 
placed by a pair of oppositely oriented paralleled semi 
conductor diodes. Satisfactory regulation at the low 
signal voltages is achieved by virtue of the clipping or 
limiting operation provided. by each such pair of di 
odes. , 

FIG. 2 illustrates a configuration for use where it is 
desired that current ?ows from terminal T3 to terminal 
Tl, i.e.. from the hazardous area to the safe area, and 
where terminal T3 is to be positive with respect to ter 
minal T4. This arrangement is thus useful where appa 
ratus in the hazardous area acts as the voltage'source 
and monitoring or other apparatus in the safe area con 
stitutes the load. ' 

FIG. 3 shows an arrangement where current must 
flow from terminal T1 to terminal T3 but where termi 
nal Tl is negative with respect to terminal T2. 
The arrangement of FIG. 4. is useful for situations 

where current ?ow is to be from terminal T3 to termi 
nal Tl but where terminal T3 is negative with respect 
to terminal T4. - v i 

In FIG. 4, the zener voltage of diode D3 must be 

5 

15 

20 

25 

30 

35 

40 

45 

55 

65 

2 3,813,578 

4 
greater than that of diode D1 while in FIGS. 2 and 3 the 
opposite is true. 

In view of the foregoing, it will be seen that the sev 
eral objects of the invention are achieved and other ad 
vantageous results attained. 
As various changes could be made in the construc 

tions herein illustrated without departing from the 
scope of the invention, it is intended that all mater con 
tained in the above description shall be interpreted as 
illustrative and not in a limiting sense. 
What is claimed is: 
l. A fail-safe and easily tested electrical safety barrier 

for providing'safe electrical interconnection between a 
safe area and a hazardous area, said barrier comprising: 

?rst terminal means for connection with apparatus in 
said safe area; 

second terminal means for connection with appara 
tus in said hazardous area; I ' 

a circuit interconnecting said ?rstand second termi 
nal means, said circuit including in series relation 
ship: ' . I ‘ 

diode means for permitting only unidirectional 
flow of current between said ?rst and second ter 
minalmean's, said diode means being forward bi 
ased under normal operating conditions to pro 
vide low insertion resistance between said safe 
and hazardous areas; _ 

current-limitingmeans for limiting said ?ow of cur 
rent; and - ' ' 

current-interrupting means adapted to interrupt 
. said?ow of current if the current exceeds a pre 
determined maximum; 

?rst and second voltage regulating devices each con 
nected with said circuit on opposite sides of said 

. diode. means, each of said voltage regulating means 
being adapted for limiting the voltage at said sec 
ond terminal means to a safe value during abnor 
mal operating conditions, said regulating devices 
being independent whereby the voltage at said sec 
ond terminal means is limited regardless of failure 
of one of said regulating devices, and whereby each 
of said regulating devices can be independently 
tested by passing current through either of said first 
and second terminal means; and 

ground terminals respectively associated with each of 
said first and second terminal means; said ground 
terminals having a common connection, said zener 
diodes each having one side connected to said 4 

' common connection. 

2. An electrical safety barrier as set forth in claim 1 
wherein said regulating devices comprise respective 
zener diodes oriented identically with respect to 
ground potential. '- . 

3. An electrical safety barrier as set forth in claim 2 
wherein said current-limiting means comprises an im 
pedance element. ’ ' ' 

4. An electrical safety barrier as set forth in claim 3 
wherein'said‘current-interrupting means comprises a 
fuse. ‘ 

* * * Il‘ * 


