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ELECTRIC SHOCK AS IT
PERTAINS TO THE ELECTRIC F ENCE

|

ABSTRACT

This bulletin deseribes an mvestigation, occupying abwut three years,
of clectric shoek as it pertams (o the eleciric fence, The pline of the invest)-
gation anchuled studies of the nature of electric shock and jis phisvsical ¢ifect
on ammials and hamans, mcluding ey electrical resistance, aind fiwtors
such as valtpe, frequency, amount and Hature of current passing throngh

the body. duration of carrem. duration of 6T period and clement of
anhicipation,

Data on cach of these factors were compaled (i) from studies miade by
independent mvestigators, icluding accidemt records - {h) from tests on
huniin heings performed by the stafl of Underwriters' Iahoratories, Inc.;
(0 from s veport of afatal cicetric fence acodent; () from a ficld sur-
vey of reported experience with fences in use.

Safety for a 1woevear-old child when exposed 1o contact with an
clectric fence is determined by the investigation, and is used as 2 criterion
for Laboratories’ recommendations as to safe characteristics and operation

of electric fence controllers of both tlhe alternating-current and baticry-
operated types.
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ELECTRIC SHOCK AS IT

PERTAINS TO THE ELECTRIC FENCE
By H. B. Whitaker*

INTRODUCTION

This lletin constitutes the third edition of a report { September
1939} on an Ivestigation of clectric shack as it Pertams to the electric
fence, conductedd by Underwriters Laboratories, Inc. for the Prime Manu.
facturing Company, Milwankee, Wis.. and National Carbon Company,

New York, N. Y. The conperation and sapport of these manufacturers
is fully acknowledired,

One of the most recent and novel apnlicatioms of Ciectricity i the rural
Careas today s the clectric fence. J"h_».*ﬁi-::di}', the electric fence Bifiers from
the cemventional Iype of hiarbedowire or WONEN-WITE fence in tiue 5 e of
SEEDICT construction (ol iving o wire) and does 1ot regiure the
mechianical strengih op sabthiy of the oller types. ]"'nnu.:litmuli_'r_ i is
different i gy vontrols animids by means of fcar rather thi Iy
strength or hy cansing pain, The elecrric lence is compased of twr) ths.
unet parts, namely, the fence wire, and 1l ciectrie controfler whicls surmlies
the eleetrical CRETLY to the fence wire

Elcetric fenee mamiliactorers elom that 1his IVpe 18 more cennomicsl,
portable, and i wone Cases, more eficeiive than the ordnary fence,

While the idea of applying electric shack as a restramnng medium (o
humans and animials s Not new, at s only within the pact few vears tha
manufaciurers have developed this principle on a commercial basis. While
the actual mnnber of manufactiurers §s not detinitely known, it s estimated
that there are at least 100 in the United States. The Popularity of the
clectric dence s indicated somewhat by a statement of Professor 1, W,
Kiley of the New York State College of Agricultore, who estimated that
there were probably between 50,000 and 100.000 units in operation at that
time (1938).1
—

"For all numbierest relercnces pee hist, page 85,

*Assintant Elecirica) Engincer; nnder ml-rrviliun of R. N. Shepard (deceaned), Electrical Engi-
meer, both of Underwritery’ Laboratosies, Jne.
5
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¢ ELECTRIC SHOCK AS IT PERTAINS TO THE ELECTRIC FENCE

In October 1936, Underwriters' Laboratories received an application
{or investigation of an electric fence controller. The samiple of the device
submitted consisted essentially of a transformer and a current interriuter

- which permitted the transformer to be enerpized at regular intervals, e

side of the transformer secondary winding was intended for direct con.

nection to ground, and the other, through a high scries-resistance, to a
one-strand barbed-wire fence.

The operating principle of the electric fence s that the animal, in
attempting to go through the fence, establishes an clectrical circuit through
its body to the ground. In this position, the animal receives the electrical
shock supplied by the clectric fence controller. A frer receiving a number
of these shocks the psychology of the anima! is such that it is inclined tn

avord further contact with the fence wire, having learned that the fence
1s the source of an unpleasant sensation.

“In September 1937, Underwriters’ Luboratories, Inc. received an
apphcation for the investigation of 2 hattery-operated electric fence con-
troller. The sample of the device submitted consisted cssentially of a
transformer with a “quick-make and break” mechanism connected in the
pranary circuit. This unit derived its energy from a G-volt dry-ceil battery,
a voltage being induced in the transformer sccondary winding during the
“making” and “breaking” of the current in the primary winding. One side
of the transformer secondary winding was intended for direct connection
to ground, and the other, to a one-strand barbed-wire fence.

There are units of other types upon the market at the present time
which do not necessarily embody either of the abuve constructions. Ihe

principle of applyine shock as a restraining medium however, is the same,

regardless of the type of unit supplying the clectrical energy.

This report covers an investigation of the clectric shock hazard con-

nected with the use of the electric fence, preparatory to the investigation

of the electric fence controllers ther.::xlves. This Teport 1s not intended
to extabhich the accepaahility of any dicctric fence controller, but merely

to present data and draw conclusions on the subject of electric shock, since
this presents the major hazurd in the operation of the device.

Since it is not possible to conduct tests upon human beings to deter-
mine what constitutes a safe value of current. safe time of contact, elc.. it
is necessary to present data some of which have no direct bearing upvin
the case, but which must be borne in mind in formulating conclusions.

T B ™ e
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UNDERWRITERS' LARORATORIES, INC. r
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PLAN OF INVESTIGATION

The parpose of this investigation has heen tn determine the maximum AT '
value, amd the namire of that currest, whicl, within cerinin linfia of {res - Tt
Py aml time of contact, can he considered as not being hazardous to
human life. It is proposcd to establish that value as one which will e safe
when expericnced by a two-year-old child under the conditions most R N
favorable (o the reception of an electric shock. formation which wil] Lo B
be presented later indicates that the child is more Tiahle than the adult 1o .
mjury from a given clectrical shack,  The worst conditions wnder which -'
the child might contact an clectrified fence wire would nclude ihe fol-
lowing: The child barciooted, standing in 3 poul of water, or mud, and
falling across or grasping the wire with two wet or sweaty hands, the
wire, su far as the child s aware, bemg an ordinary non-eleetrified fence

" wire,
The data peridining to.this subject are svail
of the records of electrical acaidents and test records of laboratory investi-
Rahions. These two sources are considlered  jointly in the establishiment
of safe aperating characteristics of clectric fence controllers,
A prelimimary study of the electric fece controller and the nature
of cleciric shock disclased thi

the fuﬂhnriu;; fllﬂl‘-‘lt‘ll‘l’ibli{'h need 1o be
reckoned with in insuring the safe operation of these devices - (1) voltage,
(2) irequency, (3) curvcut and “on” period, and (d4) “off”

Also pertinent to the establishiment of safe operating characteristics
of electrie fenee controllers the consi

leratien of report of the only
hiown fatality which has vecurred with o commercildlveproduced electric
tence controller.

able chiefly from review

el

A fiel! survey was also BECOSSAry 1o mve
clectric fence not indicated by the re
tests.

stigate certain features of the
view of accident recurds of laboratory

NATURE OF ELECTRIC SHOCK

The iollowing peneral statements Tegarding the n
shack are considdered 1o e pertinent

ature o1 electric
connection with the study of

these data.
[ Death from clectric shock may result from any onc or combination
of the following causes?:

(£, Hemorrhage, produced by increasing blood pressure during the
pussage of electric current.

(3) Heant failure, resuling from ventricular fibrillation.

- (3) Respiratory failure. due to nervous inhibitions or actual damage to
- the pervons ~valvne

[ (1} Taralysis of the respiratory muscles, producing. death from asphyxia.

DOOVEn and ek burns, with vesuitan: Conviimia to s,
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l; s ELECTRIC SHOCX AS IT PERTAINS TO THE ELECTRIC FENCE

(1) Paralysis of Respiratory Muscles: The first of these causces,
i while it may in itself be responsible for death, is, in most cases, associated
1 with one of the other causes. It is a condition that results from continunus

contraction of the muscles. In this condition, the lungs fail to function nor-
mally, and the victim suflocates.

|

j . (2) Hemorrhage: As the current » pitsses through  thie  Nlood
sreany, the effect is to raise the temperature of the Blood and tnerease the

‘ pressure, with the result that the walls of the blood vessels break, This

j condition accounts in part for the usally severe hemorrhage follow i
clectrical aceidents,

:1 (3) Heart Failure: This is of ¢hicf coneern snce it is the primary

] cause of death in the arger mammals from contact with cireits whieh

i

]

|

allow only a0 relatively low value of current to pass through the victim,

ol B v » '. ] " " » " * - - . y * : ;
NVentrien hlirillatiom i a condition m o whireh the beart muosele fihers
sty uf Culltfi!l.‘lillg iI'I H| CUHI'!HHHH‘ manner, comtract St'lh'll':lh'h‘ HE TR T

t“ITt‘n'HI 'lillit.'&. \Yht'll lhih {‘llllthtiun iv-. I"”""H“- ﬂu; h;-;;rt Ceasvs {o fnn. Y341y

as the corenlatar of the Ll e, Fhe heart is thrown into vemtricnlar B T

hion ]1_\' the Dassage of rl'l:lli\'t'l}' bow vidues of carrent Ihrnttgh the ventnles
Some animals recover spontiuneonsly from ventricular Abriltive vose
) the currem s intt.-rru]rh-:l. S miwe, on the ather haned, do not recon e R RE

tancousty. Man is i the Luttes proup,

1
() Respiratory Failure due to Nervous Inhibitions or Damage
to the Nervous System: These results of the passage of larger ammonns -
i of current through the body are nstally associated with higher potentials.
i
!

.

When the body contacts a circoit and receives i high-intensity electric '

shock, the nervous system involved in the current path s temporarily para-
3 Iyzed. The moust conmmon result of this paralysis is respiratory failure,
; Breathing may be initiated by the use of artificial respiration or the apyali-
’

r— I

cation of & badily jolt or jar. The paralysis of other parts of 1he Doy s
sometimes involved amd may persist for considerable periact. after the

.. current has been imerrupted. The passage of a high current ior even a
E - S short period of time often causes the nerves to Jose their irritability and
| conductivity, |
(5) Skin and Flesh Burns: Aside from the fact that clectrical
burns are apt to be decper and, therefure, more serious than they oute
wardly appear, they are not ditferent from other burns. They usually
i occur at the poimt of contact of the victim with the electrical cirenit, an

[ | arc the result of passages of current througly an extremely high-resistanee

)

contact. L




LT P T T Py [

UNDERWRITERS' LABORATORIES, INC.
'_l—-_—_____, e —— - - e - — C e

RECORD OF INVESTIGATION

GENERAL
Generally speaking, the factors whicls determine the seriousness of |
electrical shock are :—
(1) By electrical resistance, N
(2) Valtape andd frequency of the cirenit,
- (3) Amamt and natore of current passig throngh the body,
L (4) P'artof the bady throngh which the current passes.

(5) Length of time current thiws through the hondy,
(0) Element of anticipation,

sach of these faciors will e Consadered Nepurate
accilent records and bosutory e
sitfe aperating eharicteristios of o

.

ly m the review of
Stsnecessary to the establishnient of *
lectrie fenee controllers, .

REVIEW OF ACCIDENT RECORDS AND 1LABORATORY
TESTS

' ]
BODY ELECTRICAL RESISTANCE .
General |
Necessary 10 the establishment of the safe operating characteristics of
clecirie fence controllers s g comsicderition of e man Innf_}'
ductor of electricny

HEEHE NI

.

Asa conductor, the huma, hondy s minde up of 1wo parallel paths,
e of these, the outer skin, i of relativeiy high vesistinee, whereas the
other, composed of the bload <beam sl the Draly tiasies
low rvesistance.

. ih ot I'l']:lli\'{.']}'

.

l...'lhur."ltur}‘ tests? hive shown thag Inim
ducting medium, is somew hat anidogons oo civeni cansisting of a high
ressstance in parallel with a high eapawcitance. The chief resistance of the
body in an electrieal circut is 3t 1he pomt of contact with the cirenit. Re-
peated tests have shown thoroughily dry skin on the hands has a
resistance of approxiniiely 40,000 10 50.000 olins per sqguare centinmeter.

This resistance dvops 10 as low as 1000 olins per sqnare centimeter when
the hamls are wet,

a0 tisstie, as an electrical con-

1 [

Several meastureinenta® 8 of nly resistance taken during criminal
clectrocutions have shown that with the use of large electrines and with
approximately 2,000 volts potential apphed, 8 to 10 amperes of current
low through the bady, This would indicaté that under these comditions .
the human body has a resistance of approximately 200 ohms. . l/

This value of hady resistance hardly scems justifinhle in conneetion )
with the electric fence application hecause it 15 not possible 10 obtain as T
large an area of comact with a single wire clectric fence as can be obtained ’e
by mweans of wrist, head, and leg; clectrades such as are employed in criminal
clectrocutions. Since the area of contact determiines, to a large extent, the
value of resistance recorded, (he conditions of criminal clectrocution are
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not sufficient!ly comparable to those under which contact with an electric
fence may be made to warrant accepting the 200-ohm value.

The large amount of current used in criminal electrocutions also js
another factor which would tend 1o cause a lower value of resistance, due
to increased temperature of the boly. An average body temperature

of approximately 138 degrees Fuhrenlieit has been recorded® during erim-
mal electrocutions.

Ltbﬁutory Tests

~Because the conditions of eriminal clectrocutions are not sufliciently
comparable to those of contact with an electric fence to be used in 1he

determination of body resistance, suitable tests were comducted at the
Laboratories for the determination of this value,

The outer skin of an individual offers the greatest resistance 10 the
flove of clectrical Curroent, Tht'rrfurc 1T was necessary to reduce o as Lrreat
a degree as possible the effect of the high shin resistance,

Inthe electric fence appheation, this is usually accomplished hy means
of a high voltage which has the cflect of hreaking down the skin Fesiatiinge,
The current output of the device js limited by inherent inyxedance,

Since it was not possible 1o apply a high voltage with unlimited cur-
rent as aomeans of determining the hody resistanee, the shin resistance wis
reduced by having the subject immerse bis hands aned feet in a 20 T Cent
solution of sadium chloride prior to grasping the hand electrodes
prior to stamding wpen the foot clectrade. Preliminary tests., using thiy
solution, indicated that 1l clectrolysis current from hand 1o hand of an
adult «didd not exceed approsinately. I8 micro-amperes, if measured in
serics with a 3000-0hm 1esistinee, Sice the micasuring current for chil-
drent was in no case Jess than | nmilliampere, and for adults § milliamperes,
the error due to electrolvsis current could be considered nepligille,

Preliminary tests indicated the hudy resistance to be jndependent of
the value of current emplaved between 1 aned 15 nmilliamperes, provided a
constant aren aiul pressure of contiet were nl:ﬁnl:liut':l. il prurit]vd the

individual wet his hands in the solution each tinte prior to heing measured.

The measuring current was derived from 12 volts of dry cell batteries
which were connected diveetly across two 3000-ohn; series resistances. The
potential applied to the subject was gradually built up from zero by means
of the potentiometer methad wntil the necessary current value was obtamed.

The body resistance was then ealvulated from readings of the applicd
voltage and the resultant eirrent.

The hand electrades consisted of two No, 10 Awg hare copper wires
twisted together and sIPPOTLHed :lppruximnlely 6 inches apart on porcelam
insuintors, The foot elect tiule was n Copper 'llntr_ Na. 30 FRUEE, Rppraxie
mately 14 inches square, Tn measuring the bady resistance from hand to
hand, the individual nrmly grasped the electrodes with his hands, wilneh
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he hadd previously imunersed in the brane solution, In mcasuring the hady
resistance from hands 1o dect, the individual stood upon the copper plate,
having previously inmersed hix feet in the brine solution, and grasped

the clectrodes with his hands, whicly he had also previously immersed in
the solution,

Prefiminary tests indicated that the lowest value of contact resistance
was recorded when the mdividual grasped the wire electrade rather than
when a presstire wis apphed only 1o one side of the wire as woulll be the

[: case should a person mierely Jean agamnst the fence, FFor this reason each

indhividual was nstrucied to grip the wire lulnh' rather than apply a
cotistitnl pressure to it.
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the resistance was so high as to make v ampossibie to obtain a flow of §

[.: The current employed was § milliamperes except in thase cases where
milliamperes with the 12-volt potential.

The results of these tests upon adult individuals, employees of the
Laboratories, are gaven in Fable 1.

An exammation of Table 1 mdicates that for the limited nnmber
tested, there are no trends or relationmships established hetween the Doy
resistance of the nrdividuuls and their sex, age, height, or weight, For
this reason, it wis felt necessary to conduct these same tests upon chil-
dren, as the forceomye dita did not indicate whether the resistance of
cluldren under the given comditions would he greater or less than that
recorded for adult medividuals,

Simnlar tests were conducted upom a namber of children having an
age range of 3 ta 15 years, The results are given i Table 2.

.

To prevent mparting any sensation 1o the snbjects, the measuring
cinrent 1 this series of tests did ot exceed T milhampere. “Flns vahie of
current was nsed i all cases except those where the bonly resistanee was
L so fugh as not to pernut this flow of current {from the 12-volt potentil.

[ Conclusions

A study of the following tabulated data shows that the body resistance

of children, under the conditions of mcasurcment employed, is higher than

: that of adults mcasured under the same conditions. It appears safe to

L assume, therefore, that the lowest hady resistance which might Le reckoned

with in eonncction with the electric fence application would not be Jess

than 500 ohms. In determining the output of an electric fence controller

which niight be received by an individual accidentally contacting the fence,

L it appears 1hat a total resistance load of not less than 500 ohms on the

output side of the controller should be used i series with the measuring
galvanometer.
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12 ELECTRIC SHOCK AS IT PERTAINS TO THE ELECTRIC FENCE
L TABLE 1 -
BODY RESISTANCE OF ADULTS
L - 1!tJ'lJ!:f:'r l OHMMS RESISTANCE POR PATHS
Subject Sex Age Height Weight Hl.i:d et Liation ! arndl B
No. —_— _‘!uu Ft. la. _Lli. \ “Drrfd_ “b!;;" “#:?d‘ “J:‘ lrl::?i'uﬁ
) 16 F | 40 | S—0 | 125 | 13400 [ 6400, 1820 | K30 | 1,220
. \ : : | y.220
1] ¥ 45 | S— 0 | 140 | 12,100 13,500 | 1,000 ';.:u) .51;”
20 F 20 | S— 34| 107 | 13800 | 400§ 222001 w1220
;9 F | 19 | §5—1 100 | o600 ! 2800 | 1820 | so0 { 1,200
1 ¥ 20 | $=2 1 19 | 13000 | o.520 [ 2440 | oro [ 1.400
. 12 F ol 25 ] s—2 | 120 | 7000 ... | 22060 ] 1,030 | 1,450
22 M | 32 | S=3 [ 120 [ 8500031201200 sov (1,100
| 18 I ¥ S 3 125 | 12,100 ' 6000 ¢ 2,010 820 | 1200
}S ¥ 3 $— 3 178 | 92001 . . | 1.260 | 30| 1080
32 3 27 S— 34 110 | 1T 000 ) Sotn b 2600 1 1,180 ' oSt
. 17 > 20 33— 4 128 BB [ 3N | 210 | 1000 {1400
14 )- 24 $— 4 130 7.100 ] 2 Kiwp | |:usn BRI
39 Mo S8 [ S— 4 | 180 | 15200 f 45000 2340 1 Rin 't a0
pe I" 21 S§— 4140 140 12000 } 4.xm ! 25201 1,200 e
3 F 200 | $— 8 119 [ 10300 [ S.tn 0 LRI ] Tsn 1o
) 3 Al o33 | s—s o1 f s2om b s e
‘ 2 | - 2, $3—35 130 [ 11,300 0 St | 2840 | 1,160 1 07N
24 M 30 §=— 35 137 1 0 L1880 7 930 90 1080
3s Y a2 8= § 142 | 10,400 | 4,300 | 1RK0 | K80 £ 210
40 M 23 S=e 8 145 1S, 8850 1 3,500, 1,500 KOO | 1200
| H 38 M | a7 | s— s [ 163 | atmso [ 4| a2 | w00 | 10
L) I IR §— 0 120) 13 2K | o000 2. 100 Kol l 1300
29 I 5 | S— o | 128 {1200 ] Ss 2w ] g0 1200
33 I-_ 28 1 f— 0 16} 13.0000 [ 5 0 ; 2,220 1 1020 ! 1 180
13 1 7] sS— 7 15 | 7400 | 5000 1 22200 | 1,020 |1 430
] 23 I A b §=7 13 {13600 | Skon | 2000 | eto 100
1 MOLoar L S— Rk 138 ] oo | Alano o pken t wSH ) 1t
Y LM 12 S— 9 151 o400 [ 500 ) 1700 1 780 L1 1on
, 2 | W S—1n | 16 | 10am ) soon ! 2080 ] 910 | 1360
! 8 0 A o228 | s—10 | 148 [a0eoo |0 1020 [ oo | o1140
i : 6O M 28 5—M) 145 | 18000 1 8000 | 1.540 | 630 ] 930
H M 30 S§—10 150 R240 1 3,600 1 1 700 Bty 1,100
7 Mol 24 1 s—11 ] 160 }ar600 | 4200 ) a0 | 760 | 1110
| 3 A 19 | os—=n ) oaer LD ssoe [T L 830 100
10 M 26 | S—t1I 170 | 87001 3000 | 1.5207] 6w | 9K
| | 23 M | 37 ] o—o | 135 | 13600 | cote | 17020 | &an | 1,150
| _ 2 LA | 23 | e—o0 ) 165 | 9600} 3000} 1,750 | 950 ) 1110
o a3 N O | 6=0 1 182 | 9801 3o | 1,700 0 1,00
- | 36 M 24 6— 30 165 | 7200 000 1340 | 10| K
o 2] M 44 6— 1| 208 | 14,600 3,600 1 ) 840 20 1,420
_ . : 1 . | e—r— __-__1 -—-—-——-—-l———-——J T ——
- Maximom 88 6~ 1 208 [ 18,000 13500 | 2,720 | 1,200 L 1,080
oL Mininwm ¢ 1K §— 0 100 O.600 1,550 930 Ot NN
theral VILTAGE

In the consideration of vollage characteristics of electrie fence con-
trollers, two distinet fucts need 10 be established, The fiest is whether
or nat the openscircnit voltagee of the controller need be limitel, provided
the current output of the controller is limited by internad impedance. The
m:;-uml is the maxinmum value of open-circuit voltage which can he per-
mitted, assuming the cnerent is in no way limited, exeept pussildy by 18-
ampere branchecirenit fuses in the supply circuit. -
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‘ SUBJECT OHMS RESIETANCE FOR PATHS
L _ | i l _ Hand Hands | R Hand ' Hands ' Righi
Bubjrct | Bex ) Age (Height Wb | to Jjand | to Feet | Hand 1o [ t0 Hend | 10 Fect  Hand to
No. I (Years; In [ b Dry Dty | Peer Dr;' Wer | Wet Feet Wel
) o g F | 30 354 30 p 1800 SE00 i 400 33807 178 2,080
L Al ) 41 3R 313 21800 ) 6600 2061 | 24101 2,460 ° 3 300
94 i M| 4] 39§ 41 BOOO | 4300 | K700 2940 1 1,640 2210
o tF LS| o4} 3 I 11000 1 3800 S600 [ 2800 [ 1000, 2,100
Stle [F ] S a1t ) o0 5001, 2030 I yno
q s ol oSt 43 3.0 10en . 2T b pern | 1000 ] 1630
77 FFE ] ST a8 | St { a1000, 64k Fouo ; 2810, 1,800 | 19490
£2 ML 6] 471 9 8ol 1ol tew ) 1940} 1180 | 1400
1N i” 71 49 s21 23300 52001 9,900 | 4100 | 1,820 | 2,750
il 3 71 491 o0 200001 3450 5300 3 2850 1 1,410 ¢ 1,810
) 9 'F T S0 5§ 185000 4200 0 82000 2060 | 1 1KY | 1470
’ 1013 ] B 49| 49 o0 L sS40y K730 33801 2,420 | 3,100
3.7 I M 8 A0 48[ 240800 88000 L . 1 8200 } 4,200 | 8,700
$3 M K1 Sa! 5% 12000 | SEO L 80N T b1 Ko ) 1,360 1] K80
Hi2 , - &) 5t } 0l | 43600 1 12980 1 384350, 4 800 1050 ] 2,210
Ik M1 &) 82 67 ] 23900 $000 | 79501 2870 1230 KD
b % MY 93 f0 84 19,280 | K600 1 9000 2 830 - 1 AIND 1] 98D
L r W S 50) i £ O XL U O VP ETET ! o b ann ) 2 Ko
i85 oy 90 820 50 27,000 L 6300 1 T 5 i 2430 12100 TR
9] ML oo 830 6t oamm g 242010 3aon . 2850 1400 | 940
6} L0 SO Ry 1 07 | 3480 1 .00 220 03800 b 3620
VY] Mg {52 ol 2udon  Soan gy &3, 20400 1000 1 1,820
5 F oL, 83 | 51 2to00 0 Sonn ! G2 ) 200 ] 1,580
Ko I 1, 88 ) 40 82,500 B A ;11000 ) 3 8 ) K10 Q500
- hle M SO0 128 ) 330001 Sa0 0 9S8 2 R0 3RO T ) )
74 M D! se ) sa b 2120000 et k200 b g 3a0 b roon | o
98 ‘ M1 §6 0 03 0 131800 3800 0 6300, 2000 §23) 1 5I0
[ £5 S5V IEE § BN b 3000 2200 0 3 3N ; 1,700 0 1,170 1 1.6%0)
Y2 b 87 T 12,030 8 30 8300 33000 1,730 1 000
L M b AR 1 9 HN) oo 8000 2,100 ! 100K | ) 460
Hise I l 1 Su e FT 1960 L 1300 28000 1 4400 1 1010 1 260
& 1 | @ | 11 ¢+ ) W 4 500 2,120 7 3004 . 2 0N f 1,140 ¢ 1,040
[- O8 PAP a2 e S50 98 0000 | 300 82807 2380 1,000 | 1,650
i M2 f A YRERT 16400 [ 4 300 . 5300 - 2200 ! 1,030 | 1,620
KS Fol12y set oanl 112801 $100 0 4400 | 2480 1,360 | 1880
83 M3 M 67 7,700 1 2,800 ) 4000 ; 2400, 1,300 [.] 830
" 96 Fry13i 87| 98 9,200 [ 29161 S$000 | 2,680 | 1,200 | 1,790
[ 80 | I- 13| S7 | 98 31,950 ¢ 810G 10,500 ! 2,800 | 1,001 § 1,830
- ic F 113G 89 97 3300 7,500+ 9300 . 3400 1900 1 2,750
80 F 1131 0] Rt 6,600 | 2,780 3,700+ 2,010 ;| 1,010 ! ] 440}
93 M I13] o1 90| 22000} 4000 1{ 9300} 2310, 1,200 | 1,040
- 73 M 1141 So 87 38001 18I0 2830 § 2,040 | 1,020 | 1,580
L o0 MM S8 AT | 12,100 | 40005 4700 0 2,100 | 1,030 | 1,500
72 Mi: 59 9 9400 | 3,100 ; §.2M) | 2,250 | 1,220 | | 8IX}
6 Mildl 63 ) 114 ) 50400 | 10,000 | 17,400 0 2400 1 1400 ¢ 1,90
101 ([ MII1ST 62:109) 23400 3200 2,600 | 2X10 [ 1210 § 1,890
A 78 M LIS 631 1)) 5100 | 2,000 | 4300 1920 8W : 1,270
[_ NMovimum! . P15 63 0 126 240,800 | 85,000 _ 35450, 11 R0y 4200 -I 8,700
Movimum i, 1 31 351 31| 38000 18101 1900 | 1,680 | 860 | 1,270
[ Neoig: ¢— Denstes subject colored.
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o
L "

UNDERWRITERS' LABORATORIES, INC,

e S g ey B

TABLE 2
BODY RESISTANCE OF CHILDREN

e I

lile——

L




14 EECTRIC SHOCK AS IT PEATAINS TO THE ELECTRIC FENCE

While there are no definite data available on the eflect of electric
shocks received from a source of constant current with different open-
circuit voltages, it is generally conceded that, where the current is not
hmited, the only effect of the voltage is to force more current through the
carcuit, Numerous tests?-23 have conclusively demonstrated that the
severisty of electric shock is proportional to the current flow through the
victim rather than to the vollage at which the shock occurs.

As previously stated, the effect of the higher voltage, when the cur-
rent 1s definitely himited by inherent impedance of the device, is to cause
a breakdown of the high skin resistance, with the result that the individual

will ndt further reduce the output of the device to a point which would
make it ineffective,

Duc to the nature of the installation of electric {ences, there is auto-
matically established a maximum open-circuit voltage beyond which the
unit ceases to function effectively. The resalt of tou lngh a voltage, with
Ited current flaw, ts that the entire output of the controller escapes as
currcut Jeakage aleng the fence wire, there being no output avatlable at
the further extremities of the {fence to restrain the ammals,

In view of the above facts, ttis not considered necessary to establish
a maximum open-circuit voltage on those controllers where the current
output s definitely linnted by inherent unpedance of the device.

The maximum sale voltage supphed by a device which does not an-
corporate current-imuting features, is one of such value that, m addition
to et cansing persomd injury, it will also permit the mdividual to free
himse!f from contact with the ciremt, In this connection a review of the
electricul accidenmt records and Liboratory tests was deemed advisable.

Accident Record

In considering electrical accident records, it should be borne in nund
that these data, in addition to being very scarce, cannot usually be rehied
upont for accuracy. Vecavse of the many variables involved, it 15 prac-
tically impossible to determine accurately all conditions present at the time
of the accident. The time of contact with the electrical circuit, and the

amount of current received by the victim are seldom, if ever, accuratcely
known.

While there are reenrds of numerous instances in which individials
have received fatal shacks at 110 volts or ahove, with the current himited
by 15-ampere fuses, this study deals with the minimum voltages present
in fatal accidents, and the following cases? are presented:

(1) In England, eme fatality has resulted from contact with a circut
of 05 volts a1 80 eveles,

(2) In Vienna, ime fatality has resulied from contact with a virenit of
00 volts at 50 cycles.

.--". ;; -‘-:-*:I J' * l.. :| ' . '..r a aF ‘.' 'uh

vl HHIT O

=TT T o




T ey a s ey el AN SR il b S s, WA e |
. .

AL L

UNDERWRITERS' LABORATORIES. INC. 16

(3) In ltaly, onc fotality has resulted {rom comact with a circuit of
43 volts at 50 cycles.

Laboratory Tests

It 1930, a series of tests was conducted at Underwriters' Lahoratories?
in an effort to deteriine the maximum current that an individual could
withstand for a short time and still have voluntary contro! of his muscles,
In these tests, members of the Laboratories' stafl were used as subjects,
The elcctrixdes consisted of pliers held in each hand. While the tests were
reccorded on alternating current, tests with direct current indicated slightly
higher values could be withstood for a short time until 2 hot spot occurred
at the point of contact. '

In these tests the w!mgc. as well as the current, was recorderl.
results of these tests are given in Table 3.

TABLE 3
e =

_ R | | | Calculated | : E
Dubject AC Voltage Milliamperes . Impedance-Ohme

SRR R T —

A 400 H.0 6.07
1] 32.0 :.5 d.260)
C .0 4,110
K.0) 2,500
&0 2,500
9.8 3,430
6.0 3,500
10.0 3,000
A} 3,020

The

e Lt
gl
20D

Maximum
Minimum

Averape

O O = O 2D v
ooDoo0coD

|

(WY WP PN
-.1::_:
= =t

6:.0)
10,0
T 0
' XY
10.0
0.0
7.8

£.160
3,000
2,330
3,750

6,670
2,130
3.500

A examuanon of the above results ndicates that the nummum
voltage recorded on the 13 subjects tested was 20 volts,

The Internatinnal Harvester Co.® unce conducted tests to deternine
what voltage could be safely handied b} their men while working i wet
boilers. In these tests, one side of the circuut {rom a varable transformer
was connected to a gahmnrml bucket which was filled with water. The
other side of the circuit was connected to a hand electrode, which the
subject held. With the free hand, the subject then tried to pick up an
object immersed in the bucket of water. Twenty-two men were subjccted
to these tests. It was found rthat wiler these conditions the maximum
voltage an individual could withstand was between 12 and 20 volts. The
results of these tests led Dr. S, W. Johuson, who conducted the tests, to
state that regardless of .. gencral health of the man, anything over 12
volts was extremely dangerous.
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] ELECTRIC SHOCK AS IT PERTAINS TO THE ELECTRIC FENCE

In 1900, Prevost and Batteli® found that alternating-current potentinls
as low as 15 to 25 volts, at a frequency of 150 cycles, caused death of Jogs,

In experiments with direct current, it was noted that voliages up o
50 were not fatal to dogs although the time of contact was as much ;s

f S{;(‘ulldﬁ. Above 50 volts, up tu 550, the direct current was unifermly
atal, '

T. C. Gilbert'® pointed out that Luropean technicians have established
the fact that circuits of potentials of 20 1o 24 volts are definitely dangerons
to animals. According 1o this writer, there are cases where animals hive
been Killed at potentials that could not have excecded 24 volts when ull
factors were taken into consideration. In one particular case, it was stited

that a potential gradient upon the carth’s surfuce of 10 volts was the canee
of death of an animal.

Opinions

Jellinek,' an early writer on the subject of electric shack, helieved

that currents resulting from voltages greater than 25 volts shoul! he con.
sidered dangerous.

Dr. A, Zimmern,)? an carly experimenter with electric shock, stated
thiat a potential of 65 volts to groundd may cause death,

Tousev an author an medical clectricity, stated that 10 volts apntied
for a perindd of 1 second would prodhice fibnillation provided the hears Ly
m the divect path between the electreles,

Conclusions

Taking all the above facts into consideration, it seems that for clectrie
fence controllers, the open-cirenit voltage need not he limited provided
the device mcorporates inherent current-limiting features.

Where no inherent current-limiting features are mcorporated in the
device, the maximun safe voltage to which an individual may he subjected
should not exceed 12. This is hased upon the theory that a potential of
12 volts or less will rarely, if ever, canse g breakdown of akin resistanee
sufficient to permit a current flow through the body of such intensity as to
cause lack of muscular control or phvsical injury to the person.

 FREQUENCY
General

Data, which will he presented Later, seem to indicate that for con.
tinuons (aniterrupted ) current @ somewhat hagher value of direct than
alternating current can be withatoo! by the body witheut suffering it erfeet.

The chief diffevence in the phvsical effeet of divect, as opgueed 1o
alicrnating currept, is that the direct enrre o et e

of the Muscles to the extennt assoeited w
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tests inhicate that an mdividual can withs
T —

shirect ity alternating current  aunl o
RY higlwr iliages,

with a direct-current CIrcuin if' » vinleny' as to have the effect of 41

repelling blow, Jhe contenction ' Med with direet_eurrent difTers from
. . . - \ -l-h

that assoaciated witly alternating current in that the direct-current contrac-

HON UCCHTS chiclly at the ume of making and

breaking of the circuit and,
therefore, is ax steirdy a contraction as results Trom alternating current.

. . .
Where the corrent s mterrupted, few data are available as 1o the
ditferences between divect suul alternating current in s cflect upon the
body, It has been Renerally sopposed?s (hat, as the contact time s
sortened, awd ihe f vequency of interruption js ncrecased, the values of

direct aml alternating current necessury 1o sct up ventricular fibrillation
tend to approach each other,

2l a decidedly hieher valie of
hUvLoie Goiitrod ol s pinselos,

Laboratory Tests

Two itemss of interest in regard to ahility
Currents were noted in reviewing the data.

Kouwenhoven, JHooker, gl Lota,™ av a result of theiy CNpPeTIWILS
upon dogs, foumnd the average valae of current HECesSary o produce fibril- .. >
lvion at a frequency of 1260 cyeles per second was more than twelve
tinwes the value at 60 cyveles,

' Arsonval ® in INO2, found 1that he could withstan! us mucels as 3

amperes withowt 31 effecrs, at g frequency whicls vanged from 4,000 10 *
LOJOU eyeles per sccond,

to withstand high-frequency

Conclusions

In view of the searciy of data pertaining 1o short duration shocks on ’
direct current, and tu the ek of data involving frequencies higher than
the commiercial 60 cyeles per second, there is 1o present warram for per-
nittng greater vidues of carrent than mdicated hierein repardless of the
frequency emploved. Due to 1he difference in the physical oficer of direct
amd alternating current, a shpht difference in the “off” period of the two
types of controllers appears to be warranted. s

CURRENT
General

In the establishment of safe current values for electric fence con-

trollers, it is neeessary to bear in mind that current alone can not be
considercd independent of the time of contact

A safe value of current that may be taken indefi
addition 1o not cauning bodily injury, would alse e
free himself from contact witl, the circuit,

nitely is onc that, in
~t the individual to

W contraction al the Fsclos a1 (he e af Conrtaet /

o
4

EENEY. F—
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The allowable valiie establis

mittent type of electric fence controller shoyl] be one that will noy permit
bodily injury. This statcment assumes, of course, that an amiple “o " period

j Pernit the individual 1o free himse

IS provided which will I from contaet
ceeving a second shock impulse,

with the circujt before r

Accident Record

In the consicleration of

electrical accidents, it should again be pointed
out that the accuracy of

these data eannot usually be relied upon due 1o
the many variables involved at the time of the accident.

The difficulty of determining w
fatal is realized by consitlering ¢l
where people have beer Kill

hat minimum currents may have bheen
¢ three cases pointed out pPreviously
el on-extremiely Jow-voltage cirenits. (See
page 14.) Using S00 olimis as the hody nnpedance of e subjects ¢on-
sidered in these three Ciases, the resultant current would be (1) 130 mil-
hamperes, (2) 120 millian, wres, and (3) 90

milliamperes, respectively,
Using 2,000 ohms, the reagly

I currents would he (1) 32.5 milliimperes,
(2) 30 miliamperes,  and (3) 2258 milliamperes, respectively, It s
obvious, therefore, that no defimite conclusions can be drawn from these
data as 1o what mininnm, current may be fatal,

In the Procecdings of P
Pithhished as the result of
1 November 1430,

wblic Hearing on Fleetrie Fenee C ontrollers,
meeting of interested partics in Salem, Oregon,
AN Tecoried the following fiek EXPUPICNCes ;

(1) A three-vear ol £l came in contact witl an eleetric fence which
was himited in output 1o 25 miliamperes, hut which was hot provided

with a current mterroter. She wies unable to release herself from the
wire until the circujit was broken.

(2) The sume thing was ¢
age under similar conditions.

(3) A young mun was utable to free himself from a continuotis.
current circuit in which the current was hmited to 18 mllismperes,

(4) A dog was killedd by current from a 110-volt fence which was

N series with a 7.5.w..¢ limp, Theoreticn] maximum current is 68 mil-
Lhamperes,

Xpertenced by a young man of 2 years of

(8) A three-vear o hoy vas killed by contact with g 110-valt fence
M series with a2 30-wary lamp,  Theoretical maximun eurrent is 270
milliamperces,

The following accidents were reported to the Labora
survey condueted as a part of this INvestigation :

(1) A 18-year ol boy was unable to release himsell from an olectric
fence in which the Current was  lmied by a 2% watt, 110.vali Lump,
Theoretical maximum curyent S approximately 230 nuliamperes,

tories i a fiehl

Lae B oo
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(2) A cow was killed by contact with an elecirie fence i which the
curremt was limited by a 78-watt, 110-volt lamp. The device employed o

current nmerrupter, and the shock was experienced following a heavy
rain. The theorctical maximum current is 6RO nmalliamperes.

(3) One cow was unable to relcase herself from an electrie funce n
which the current was limited by a 25-watt, 110-voit lamp. There was no

current mterrupter provided. The maximum theoretical current output is
approximately 230 milliamperes.

Laboratory Tests

Continuous Current—The data given 1n Table 3, page 15, indicate
that the maximmm continuous current, which any of the individuals tested
coulil withstand and yet retain voluntary control of their muscles, was
10 sallimperes. The mianimum value recorded was ¢omaliionperes and the
average for the 13 subjects tested was 7.8 milliamperes.

Thompson,!s of the LElectrical Testing Laboratories, conducted an
extensive sernies of tests upon 3 number of individuals and found that for
wonen the average maxnvmn tolerable vatue of current was 815 nnlh-
amperes. The corresponding value for men was found to e 835 mil-

bamperes. The average for all was 7.1, and the maximum value recorded
in this scries of tests was 20.0 miuthiamperes.

Grayson'® reported that samilar tests performed upon 42 men indivaten
that the average man could detect 1.2 nulhamperes, and that none could
withstand a current of more than 8 mitamperes without serious discomf{ort,

R. R. Corrie!? conducted o simiilar experiment, perfornnng a test upon
himself, Ile found that a current of 14 milliamperes caused paralysis of
certain parts of his biuly,

Gilbert,'® as a rvesult of tests to determine the specific contiact re-

sistance of the hands, found that the average mdividual coulld not easily

{ree himself from a circiot greater than 18 mulhamperes. He also found
it the sensations, expwrienced by most, people with the same current
flowing, were in general agreement, although the resistance varied within
wide hinats, not only with different people but with the same person.
Quite recently, tests have been conducted at the University of Cali-
formal’? to deternune the maximum value of current from a 00-cycie circuit
that could be released by the average individual. The tests indicated that

for a pathway hand-to-hand, the maximum average tolerable current for
56 men subjected to 81 tests was 13.9 milliamperes.

For the pathway of the current through the body from one hand to one
{foot, the hand gripping a No. 10 Awg wire, and the foot placed upon a
flat metal disc, it was found that the average maximum “release value” for
42 men subjected 1o 35 tests was 12.6 mulliamperes. It was also found

that right-handcd people could release approximately ¥4 nulhamperes more
with the right hand than with the left. ' |

[
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arriving at the maxinmm value of current 1
hazardous to buman life, they are

20 FLECTRIC SHOCK AS IT PERTAINS TO THE ELECTRIC FENCE

The age range of the subjects was 20 to 40
marked ditTerence Detween we
an effect.

While the followin
of a continuous value of current which

they are included at this pomt as a matter of interest. These test resnls
were recorded in the British Medical Journal of 913,

(1) In 1855, Mann 2
and fouxd that an alternating current of 1§

adversely affect the heart's action,
(2) Dison’s and Mann's CXR
the chest of from 15 10 30
(3) Trotter found that

to font was ot futal

rintients disclosed that z current thyong|

malliimperes did not npset the heart's action

Interrupted Current—I'revost and Datteh,’ in 1900, found that at

a frequency of S0 10 60 cyveles, e
lamperes when the vietim (
]H:riud of 4105 steConds,
necessavily set up fibrill
the respiratory system,

Wenss and Zacon in 1911, sccured similar results in their

ath resulted from a current of 70 mnl-

It was also noted that higher currents would not
atton, hut wonld mvariably result in inhibition of

tosts aon

pphicd electrodes directly to the human hear
to 30 milliamywres did not

dog) was in contact with the orcuit for a

years. There was no
t and dry hands, but wire size Jdid have

f 1est results have no bearing in the estallishment
may be considered as nog hazardous,

'

v
W/

adivect current of 35 mhamperes from D

v
/

dogs. A current of 70 10 100 millianperes was fatal when appliedd an

only a few scconds, The application

f 35 1o 40 millivmperes did 1m0t set

up hbrillation, but produced nhiition of respiration.

Mure recent sticdy has heen given to the subject of electric shock by
Kouwenhoven, Lungnorthy, and Hooker20 o Johns Hopkins LUniversity.
In most of their tests, rats were used for subjects.

The rat is an aninil
which recovers Spontane

ously from ventricular fibvillation. The ohject
of these tests wis not 1o determine the minimun, current that would set
up ventricular fibeillation, Tt 10 provide ¢
theories of c¢lectric shock wiinch N
first studiwd.

vidence in sopnort of peneral
ave been prevalent sinee the stiliject was

Roughly, the tests consjsted of subjecting the rats to potentinls of 110,
240, 500 and 1000 volts for periods ranging from 1 second 10 1 minute.
Inthese tests, the rats were anaesthetized,

The clectrades were Phisced upon
the head and tail i the subject,

Beeanse of the fact that none of these data wonld be applicithle 1o

At can be comsidered as ot
bot tabulated here, The following preneral

'I

]

V/
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conclusions were drawn, however, and seem to he relevant to this phase of
the investigation

(1) The 110-220 volt, alternating-current circuits are more dangerous I‘/
to rats than the direct-current circunts of the same voltage.

(2) The 1000-valt, direct-current circuit is more dangerous than the . /
vorresponding alternating-current circuit.

(3) Alarge rat can withstand a greater shock than a smaller rat and still |
survive. ‘3-

(4) There is no difTerence in sexes as to ahility to withstand shock.

(3) The longer the contact with the circuit, the greater the chances
of death hecone. |

(6) The dunger increases as the voltage is raised. (Current not
Jinmited. )

V(?')/ The contraction of the body musculuture is greater with alternat- v
ing current than with direct current.

(8) Iaralysis depeinds more upon the voltage of the initial shock than
upon the duration of it. (Current not limited.)

TABLE 4
— |
Confact Marimum Contact 1
Na. of Voltage M- Time Time- Yol Regulta® I
Bubjecta amperes {Sec) Recovered (Sec) :
11 110 ac 10-48 10-30 10 sec—nevere 7 recoverod ‘
ak A0 sec 3 dice] |
t 1 parailyzed |
33 110 «c 28.47 5-60 20 28 recevered
! J diedd
] paralyzedd
29 | 220 ac 80-210 §-3% i4 R recovered
'] digd) :
10 paralyzedd :
o 220 o 110.250 5-30 5.10 10 recovered , |
- | 8 died
] paralyzed
20 500 ac 240-490 I 14 4 { 10 recovered
- i J ded
13 paralyzed
37 500dc | 280.640 | 14 4 | 18 recovered
17 dux] -~
l | 2 paralyzed | :
34 1000 de 500.1000 0.5-4 non¢ survived 7 recovered
r F 1 scc 20 died ~
. 7 paralyzed

*Recovery, in every casc, was brought about by artificial respiration.
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(9) The death of the rats in cvery case resulted from

respiratory l/
failure,

(10) The injuries are not directly proportional to the amoumt of cur-
rent that passes through the body. Not only must jnitial
be taken into account, but also the ¢
size of the animal.

olthoy
iration of the contact and e

. In alater series of tests conducted at Johns Hao
subjects, more attention was given to the influe

~information is given in Table 4.

pkins,2) using rats as
nee of timie of contact. This

. Continuing the mmvestigation
Langworthy?? conducted another se
nnportance of the paths of the cur
1000 valts, both alternating
contact was 2 seconds.

. ———

of electric shock, Kouwenhoves and

ries of tests upon rats 1o determine the
rent througeh the body. In these 1ests,
and direct currents were used, and the time of
The results ol these tests are given iy Table S,

TABLE Sax

-'f”‘-'
m

Position of Electrodes Subjecia Voliage Ampereq Reautis
T T, | 28R ———— - e
Head and tail 6 | ac_ 0.7.0.84 2 recovered

" 3 il
I paaralyzed
Flewd and wait 3 _ﬂc 0.7.0.84 all chidl 1P
Kight foreleg and tail 12 ac 0.6.0.84 4 recovered
5 bl
3 puaralyzwl
Right furcleg and taj! 12 de 0.5-1.00 S recovered
l 3 diedd
4 paralyzex)
Left foreleg and tail 12 | ac l 0.6.0.84 4 recovered
| S dhied
3 paralyzed
Left foreleg and tail 12 I dc 0.5-1.00 S secovered
1 3 died
| 4 paralyzed
/ Right and left foreleg . ac cos all animiale e ,/
on both ac and de
Right and left hind leg 7 ac 0.6.1.2 6 recovered
1 died
Right and left hind ley S rvovered

The above resulta fidicnte that death w
current passed through the brain

as more cortnin where the
of heart or lunly, These results also

2 thad
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is more deadly to the rat than alternating current at the same vollage, &

FFuniher studies carried out with rats at Johns Hopkins?* conclusively
- domenstrated that repweine] shocks at intervals of threee days had no cuomul-
ative effcel. Jo s not felt necessary o inchide these data, howeser, as a

stk conclusiom has been drawn fram more recent studices.

L sustain a previous contention that a potential of 1000 volts, direct current, &7

Lotz™ ta study the efivet of (vequency as it pertains 10 electric shack. In
this pairpenlar series of tests, fully anacesthetized dogs were used. Their
chests were opened and electrades were placed upon the heart, It was

found, as a result of these tests, that with direct current the dog's heart is ‘/
L mast responsive to currents at a frequency ot 40 10 100 jnterfuplions per
secotel, As the frequency of interruption 1s increased bevond this range,
the heart s less responsive and requires greater values of current ta estab-

[ ish vengricular fibeillation. With alternaning: envvent, there is hittle, of \- |

[: Reeent experiiments were conducted by KNouwenhoven, 1ooker, and

any, significant difference m the reaction of the beart to shocks from 28
to O0-cyele circuits. In cach test the current was allowed to flow for a

- total time of 2 scconeds. The resulis of this investigation are given in
,.}..

T

Fable 6.

TABLE 6 S
e — O

) _ Values of Fihrillating Current in M lhiamperes ]
( :;::"":"gt 3 interrupied D.C, | Alternahing Current _
y pe . Mean Manimum | Eflecuve Masxmum
__ 25 (.52 1.04 (.8} 1.14
) 40 .15 0.5 0.71 1.410)
Ll n.31 06l .78 }.0
L ] | ] » [} + - b | ] ;
Cantimung thaeir research min the nature of electric shock, Kouwen- |
" hoven, Hooker, and Langwarthy?? vecently parformed a series of expe- |
riments to deternune what per cent of the total current reccived durmg an |

clectric shock actually passed through the heart. To accomphsh this, tests
were comducted upon dogs as subjects. The current-measuring devices
E were samall ring  cunrrent aransiormiers vanging  noaaternal  dameters L/ l/'
fromi 53 to 3% inches. The subjects were anaesthetized, their cliests
opened, and the current transformiers were placed around the heart
L__ such a manner as to completely encircle it, vet cause as little disturbance

as possible,

Preliminary study revealed that the current istribution through the |
i bouly remained constant for a period of 30 minutes following the death ;
of the animal. This fact was utilized in collecting the following data. It |
[_ was alvo found that in seven cases the average current necessary to nuluce
fibrillation was 8.6 milliamperes. The minimum value.A%cotded was 6
L milliamperes, the maximum 15. The time of contact was 5 secohds. '
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TABLE 7

]

Per Cent of Jo Passing Through Heart for Following Pathways

No. | Loe. | 30 | H H H | H | H |RFL! RFL | RFL!RFL :.rm.r:.im.[nm
T nub LML JRFLILFLILHL{ RHL | T JLFLILHL|RHL' T (LML

1 | 801601 901 ..., . o L PV T T U A

2| 80| sst 00}, ... S A SN PR S N

3 ostavob. . . b 1o8)....1 ... Lo

4 { 90115801 7.7 84 a.s's.s,:c.u AR TS .. le6ledlee ) O

$§ 110711500 BSi{101 (10031 10:68] 211201388 8S{EE&1 O

6 | 93150 MR! K7 B3l 0O[TFS] 72.717516.710631606.8 ()

71 7511800 781, ... 39111162 621701472)...1....1.... 0

K10 1180] 971108 OR108:08 83 BILJT7T100 80801570 1
9 {11.311% 10.5;10,4 10310014.3 H.S'IU.SI‘I‘.I 39188831470

—--:-_:_—__——_.;-___.___.h_'_i___l—_..__._—____“— .
‘il 04l rel o3 osi3aliaizsl colrri20r0lral0, o

The foliowing legend should be used in interpretation of the data
given ahove:

No. = ldentification nunsher of subjeet, T =Tl
Lbh, —Wueight of subject 1o pounmls, KL —Kipht hiad Leg,
Jo =—TTotal current passing through LIH.—=[.eft hind .
body i milliataperes, R, =—Right {foreleg.

1 =—1lead. LFL = Ll foreleg.,

}'ruh;llll}' IllL‘ st rYecei l'."'\iiu".l'illu*!’fth ri'l:llillf.: {o clect I'if shock
were conducted by Ferris, Ky, Spence and Witliams 25 In these expe-
riments the Nhrillation of the heart was detected by means of the electro-

cardiogranh,

‘The Nirst one of these experiments was conducted with a view to
determining the order of susceptibility of different animals to fGibrillation.
In these tests the electrodes were attached to the right foreleg and to the
left bind leg of the animal. The duration of the shock was 3 secomds, 1

mm——— : . Y
the voltage emploved was (0 C\*lfh.'.‘i. ultvrlmtmg'cur:cnt. r l:n: d.u-.i collected
in these tests are summarized in Table 8, while the relationship between
the minimum fibriflating values amnd the body and heart weights are shows

graphically in Graphs Nos. 1 and 2 respectively.

TABLE 8
e ————————ee e e T et e
i Averarer Wripht _____s_urrrm in Hillinmpnrt:______
: ' i M u
Specire No, Body Heart | Fmmum N,,,,E;‘,'.',’,‘,_.,'i"ﬂ_,__
Lb. Grame Aver, EI“I Average
Guinea g ..., o 10 {.21 J ¥ 28 IR.48 2
Rabbit............ 10 4.88 | 0.0 30 1.44 28
] n 6d8 0 180 ) 1. 49 21
Dog ... cra 10 IX.50 | 541} 110 t1.220 "}
g . . e . i 1rd.n 5 241 ! 170.230 24N
Shevpr. oo URRON B 1 200 | 2o 1 2s0 l 1 ). 3000 l 10
LT i 184000 | 2.0 3 | 210470 n
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LATING CURRENT FUR SHOCK DURATION OF ) SECONDS,

Jt wall be notesd romy Graphs Noso b oand 2, wineh express the rela-
tionship hetween mimmmnm hbnlhting current and hody weigit, and he-
tween nninunn Ghntlating corrent and heart weight, respectively, that the
current requured (o produce fibmllation varied approxnmately i direct
proportion to the hody weight and hieart weight of the animal. For this - =
reason, it was concluded that the tests upon sheep, having approximately |
the same body weight and heart weight as an adult human, could e inter.
preted as what might be expected when man receives a similar electric
shock.

)

Physiologists have, through years of laboratory experimentation,
substantiated the fact that the response of the heart of the dog and sheep N
to a given stimulus is the same as that of a haman to the samie nature
and intensity of stimulus.
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FIG. 2=HEART WEIGHT OF ANIMALS VS, MINIMUM FIBRIL.
LATING CURRENT FOR SHOCK DURATION OF 3 SECONDS,

Basing their work upon this fact, the experimenters next conducted
a group of tests upon sheep to determine the effect of different current
paths,  In these tests, O0-cvele, altermating current, was uwad and the
period of shock was 3 seconds. The results of these tests are taburlsted
i Table 9.

TABLE 9 /

""-m-nl In NIIH-nH!n

Electrode Position l:n.l'l'll::l I-‘tl::'I::lirl : | H.Mn;;::‘l:rn:
' l;:l[f ¢
bt front Teg and Jeft hind e ! ; T a4
Rl front Teg and elt fomt Loy, | HE I X 230 R {10
Head awd lelt bl Jege .. . ., L. 10 JK) ] 2. 430 ‘ Juih
Loeft front Tog and right chest 1 | 240 141). 4tH) i
Wight ane Jeft chest. ., .. . .. ... 11 20} 170.410 AETL
Kight anel Jeft hind ey, . ...... ... S Nu fibeillation up o 12,4 mnpaies
.
-~
)
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L . O 1l basis of these resalts, the guthors conchinded that a current in
excess of 100 mallianperes at 00 cycles, aliernating cirrent, when passing

qq-l-""':‘-'i--" »

frant hand 1o 1ot of an Ddividual, would canse a dangerous shock it the

“m_" A — » -

duration of contact was one second or more, : o |

The mext feature of clectric sliock investigated was the eifect of the
frequency. The pathway of the current was from one foreleg to an oppo-
site lond Jeg. The snformation seenred from a series of tests upon sheep
using a dJduration of contact of 3 seconds is summarized in Tuble 10,

TABLE 10

M

Type of Current Current sn Milliamoeres

and Fregquenc No. of Min, Fibrillaung ' Max. Hunhhnllltm!
{Cycien/Ses. Anymials Average Range Average

o 1100
ac 28 1o k ¥y ! 190, 490 290

ac o} 25 , 250 =~ - Jtl)- 3M) 240

—

i, e o el

il .. - — — g =k L

e N 1300~ 30- 2100

current than of aliernating current is necessary to induce ventricular fibril-
Iation, Tt is also noted that there is slight difference hetween the effect

Jt may be concluded from the above data that a greater value of tlj_[cctt/
of 25 and of 60-cxcle circuits as regards electric shack.

The most sienificant fact disclosed by this series of experiments was

L the effect of the phuise of the cardiae gycle of the heart at the ume the

sioch iy enconnteradl and the dnration of the shoek, i the setting-up of

vemrienbo fbndlavon, CF 370 shocks applied 10 38 difTerent sheep for

: periedds of Q12 sccomis, only one shock dehnitely oatside the paraal
" . L . - "— e —

{- refractory phuse (interval during which the heart s changing from con-

T TR TS T TG U0 Sty ror I vy soop P somt | Sortmprapen T Pbynpers

(Taction 1o expansion}) resalted o ventricular Tibnllation, ™ This parnal

refractory phase for sheep constitutes about 20 per cent of a complete

heart eycle. Jor humans, this partial refractory phiust constitutes a some- /

what larger per cent of the heart cycle. With sheep it was found that a
currcin of 15 amperes was pecessary to induce fibrilation outside the
partial refractory phase.

It was definitely established that the most eritical time at which shock  / |
could be encounicred wus at the beginnming of the partial reiractory phase. v |

- -
L T —

To study the cfiect of shocks encountered for various durations of time

-

TABLE 11

Durstion ‘ Per Cent of Time l Mimimum

Average
No. of Body Weight
Animals Lbs.

of Contact

(5ec.)

1t 1258 0.03 6.6 1.90
10 139 0.03 6.6 ;.90
— t }.._...ﬁ-lnl _ 0.10 -— 22.0 - 140
13 143 [ 0.12 26.4 §.20
12 532 0.12 I 26 .4 1.60

of Compleie Fibnlisting
Hearl Beat Current (Amps.)

10 134 *0.4% 103.3 | 0.18
25 17 *100 606N.0 | 014

*Did not neceseariy v -t at beginning of partial refractory phase,
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beginning at this phase of the cardiac cycle, tests were conducted and data
were recorded as indicated in Table 11,

Per cent of time of complete heart beat was calculated upon an aver-
age mtlsation for sheep of 132 Leats per minute, Interval between shocks
on the same sheep was not Jess than § minutes.

It was concluded from these results that about ten times the current
1s requiired to cause fibrillation if the duration of shock s reduced from

3 to 0.10 seconds.

It was further shown through another series of tests that successive
shocks at § minute intervals had little, #f any, cumulative effect. The

clectro-cardiograph, m every case, showed the heart to be normia! within

S nunutes after the application of the current, provided fibrillation had not
been set up.

In attempting to nterpret the data presented ahove as they apply tn
a two-vear old cinkl, the following mformation?™ # will e useful:

TABLE 12
Average Heant ! Average Body Average Pulse Rate—
Age Weight, Grams Weight, Lds, Pulsations Per M.

At harth 20.6 13140

I yoear 2 S S 11510

2 yoars 44 5 20.0 110118

3 veors 0.2 303 00 100

£ years i2.8 39.7 KO-
10 years t26 | ..., R4.04
Adult | 2831 0 184.0 O 80 .

As we have no direct data from wluch the relationship Ixtween time
of contact and mnumum fibrillating current for a two-yvear old child can
be determined readily, it is necessary to inake certain assumptions In
deducing values {rom available data relative to anmmuls.

Table 8 gives mimmum fHibnllating current for animals of different
body and heart weights, when the duration of contact is 3 seconds. These
values entered as points on the graphs, INigs. 1 and 2, indicate that the
minimum fibrillating current for different species of full-grown ammals
is approximately in direct proportion to their body amd heart weights.

Graphs Nos. 1 andd 2 are strajght Iimes drawn through the lower cur-
rent values recorded rather than through mean current values,

Althongh the available data on the variation of nanimum fibreillating
current with bedy weight for a single specics do not cover the range of
weights r:-prrﬁcnu-d h}' hunns, it scems gafe to assume that this virintion
in man will he well above that represented by Graph No. 1, Tlos oesamp-
tion is supported by the fact that the minimumm current necessiary 1o cinse
fibrillation in all the animals tested, having body weights both greater than
and less than man, was Jarger than that represented by Graph No. 1
We must further assime that the relatsonship between  the nummnam
fibrillating current for the different body and heart weights will be o
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Constatt ratio xo iy as the shock perind is (e samie percentage of he

vd at the same point in

a hasis, the relationship |
R current for a two-year i
A the following manner,

beart evele of caclt aninal
the heart eycle. Using these ASSUMPLIONS  as

Itween time of contact and mintimam fibrillatin
old child can be determined.

»and the sinck s TIHENRT

—— - .
T T Tl Tl ey TOTS .

Thix is accomplish

Using the first Tuuly we

ehit given in Table 11 namely, 125 pounds, it /
i toted {rom Graph Nao. 1 that the minimum hbrillating curvent. when

|
s 126 milli:umu:rcs. This valie is _i
of Table 13, (Sec page 30.)

Alsa, from Graph N, I, it is noted that for 2 body weight of 20
poisnds, weicht of an Werage two-year-old chill, 1he minimuam  fibrii-

Iating corrent, when the duration of shoch is 3 seconds, is 3] niiliimnpercs.‘b/
This value is recorded oppesite T (L) of Talle 13,

the durition of stk i 3 SCCONs,
recorded oppasite | (a)

By dividing 31 by 126, a ratio s cstanlished hetwe
bibrillating curremt for Iondy weights of 20
the duration of shock js 3 scconds. This v
of Tahle 13 oppasite 1 (h),

o the mnninmimm -
wunds and 125 ounds, when
I

alue is given i the third colunm

Referring again tn Tablc i,

it is noted that the minimum fibrillatiy
current for a bhady weiph of 125 pounds and shack duration of 0.03 \/
‘ LS A AL 4270
secanas s 1700 mulliamperes.
the fourth column of Tabie ]3.

This value is recorled] apposite 1 (a) in

Assuming the ratin of NI iibrillating
boddy and heart weiglits 1o be constant so jon
the same percentage of (he heart cvele,

for a two-year ol child, when the shock duration Covered 0.0 per ceng of
the heart beat, is found by multiplying 1700 midhiamperes by the et
ratin, 0.246. Using 1he averiage heart rate for g Two-year ald ¢hild of 118
pulsations per minuie, 5t s calealated that the tine correspondimg to 6.6
per cent of the comlete heart heat is 0.034 secomls.
of mininnng Dbrillating current gnd te for
recorded apposite 1

corrent faor two different
£ as the shock period ocCupies
the minimuam hbrillating current

ablishedd

These derived] values
atwo-vear old clild are
b} o the fourth and (i coluinns of Table 13.

From Graph 2, it is noted that the nu

on the heart weight of a two-vear old child is 2y nulliamperes. This value
1 somewhat fess than the NIMINum hbrillating current of 31
based on the hody: weight of the two-vear old child. It is
thereiore, that if the values of minimum filyil]
durations of shock hud heen recorded on

might have been somewhat lower, and the derived values {or the two-year
old chikl would have been correspondingly lower. For this reason, the
derived value of minimum fibrillating current for the two-ycar old clnid,

namely, 418 milliamperes, is now multiplied by the ratio of 3] to 29, 0.935.
The result is 391 and this valye is recorded <
of Table 13.

i ilirillating current hased

milliamperes,
logical to assume,
ating current for short
the hasis of heart weights, they

vasite 1 (¢) in Colummn 4
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30 ELECTRIC SHOCK AS IT PERTAINS TO THE ELECTRIC FENCE
TABLE 13
—— e e e e
| 2 L. .
Min. Pibrillating | matie el Per Cent of
Body Weight Curreat at Ty Corresponding Time Time of
Lb. 3 &:hC:nuﬂ © of Contact ’f ;Tt":r':t
MA Sec. |
1, {a) 125 126 L 17500« | 003 6.6
(h)y 20 1 0.246 41R 0.034 6.0
(c) w1 008
—_— | T PN
2. {a) 1 139 ..., ... 1000 003 , 6.0
Sty 20 31 0.223 424 0.0 6.6
{EJ 1 .1”‘! U.OJ"‘
3. {u} tnl 19 |......... 140} 010 . 220
(h} 20 31 H 0.108 273 0.118 22.0
{v) 2588 0118
4, (a) 143 T 1 SR 1200 | 012 204
(I} 20 31 i 0.217 20 (0.1137 204
(c) 243 0.137
8. () 132 132 f.... ..., g0 | 012 26.4
{(h) 20 31 0.235 350 0,137 21 4
(c) i\ 0137 |
6. () 134 18 ... 181 N.47 1031 3
{Ih\} 20 1! 0.229 41.2 . 8.0 143
(¢) | %6 0.530
7. (1) 123 124 l...... ... 160 .00 (KL
{l,) 20 31 0.250 400 344 Gl 1)
{c) 37 .4 144

Cw W kgl gyt ru Sl A ey, -
il -

Using a heart rate for sheep of 132 pulsations per minute, 0.03
scconds is calculated to constitite 6.6 per cent of a complete heart beat.
This value is recorded in the last colunm of Table 13,

The other values of minimum fibrillating current and time of contact
for a two-vear old child (20 1b.), shown in Cohumnns 4 and § of Table 13,

are derived in a similar manner.

If the Jower valunes of derived minimum fibrillating current for a

two-year old child, cnl the corresponding time of contact as mudicated o
lines (¢) in colummas 4 and' 5 respectivety of Table 13 are recorded on
rectangular coordinate paper, and a curve is drawn through the mean
values of these points, it will he noted that the relationship between these
values of minimum fibrillating current and contact time follows ronghly
the curve of o rectangular hyperbola, '

Shocks causing minimum fibrillating currents for time of contacts cor-

responding 1o heart beats of 103.3 and 600 per cent, as shown in Table 11,
did nut necessarily start at the beginnmy of the partial refractory pliaase




UNDERWRITIRS® l.mmuxrnml 5, mc. 3l

haait :'. HH R ,.|
1aw

. l' ' 'llll' l'f" * L] B ' 1!‘-!.! 'IIII i'l
. :*T -jl III 1l‘| ‘I l
-5y 1 H”‘II"II "H T "II-IJ

GM No. 3

DIRITID CURYR
CONTACT TIME
MINDM PIBEI 1LTATING CORRENT

K] rtsnrgin CHILD

Minigu=m Fibrillating Current In Milliazreres (Effective Yalues)

.0-5 1.0 _ ded £.0 , 29 3.0 3.5
Contact Time in Seconds "

PFIG. 3=DERIVED CURVE OF CONTACT TIME VS MIiN].
MUM FIBRILLATING CURRENT FOR 3-YEAR OLD CHILD.

of the cardiac cycle of the beart. Jo may be questionable, therefore, whether
the values recorded would have been lower if the shocks had started at the
begamnig of the partial refractory phase. On the other band, these values
of mininnos fibrillating current are so nearly alike that it would scem to
sdicate that the difference is explaimed by the difference i budy weights
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and that the phase of the heart at wloelr the shack iy dnitiated can he

neplected whenever the daration of contaet covers the complete cacdinge
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s commpared with the vatio for pininamn fhrillating enrrents of COFrespoin )
g bemby weights, as showsy by Coaph 1, e vatio will be 1,125 SRHTIE
LAPY This dndicates that the above statensent s approxmitely  carregt, |

Alter consideration of the facts pointed out in the preceding paras
graphs, it was apparent that the expression of the velationship hetween
sunimmn fibrillating enrrent and time of eontact for o 2-year ol chibl,
which would produce the maximum of safety for those perids of time
upen which dina were lacking would Iie 1o form the curve by the ter.
sectivn of two straipht lines. The direction of one line would be deternnmned
by the lowest values of derived 5y Hiating current for those shacks incurt oid
st the begioning of the partind refracton v phitse of the Gudiac eyele, s 1he
divection of the other by the two derived vadues of fibmllting cirrents
which covered the complete cardine cycle. This methad of consruction
wonthl vesull 1 the establisbiment of the lowest possible values of miimum
Bhrillating currents covern the vme range upott which the dita were
laching. This relationship Ixtween wimum fibnlating curvent and tinme
ef contact for a 2-year child, as indicated oppostte (€) in columns 4 and §
of Table 13, is thus expressed an Graph No. 3. (Iag. 3).

Having established the minimum current that might be expectea 1o
) canse fibriltliation in the heart of o 2-vear ald ehild for the time of contut,
L as anlicated on Graph No. 3 (e 3), an “alloswable current™ curve Ny
Le produced simiply by dividing the mumimam hhrithting curvent vialoes biv
some factor of :-:lft;‘l}' and p!ullin; these il;::lillhl i rurrra]u::n-hn; vl
L of tune of contact.

In construction of an “alowale CUrrent’ Cimrve, 1 wis aattanly
- decuded to terminate the curve at 65 ma as the maximum alowalie carent
L value, and the maximuum allowable omtpul a8 4 ma-sec. Tt was also decided
that the “on™ periesl of an intermitiens type controlles shonl] not exceed
O.20 see. This resalted in terminating the Jower puint of the corve al

E Sma, The curve determined by these pults snamtains a safety factor of ’
.

e

approxnuately 6 hetween the mininnm Ibrllaing and allowable currenmt
values, Such a curve is shown i Graph Noo 3 (Fig. 4),

The adoption of a factar of 6 Dhetween the curves of "Minunam
Fibrillating Current” and “Allowable Current” is based on the fact that ~ r
there are no available data on repeated shocks at less than § min. miervals,
whereas the majority of electric fences sipply electric shoek bmpulses at
the rate of approximately 60 per min. Also, it has heen shown that 10 5
arbitrary “off” perind could e estalilished which would, in all cascs, guar-
aniee that the individual coulil free himsel from the eleetric fence before
receiving a second and possibly an indefinite number of shock impulses.
The factor of six also represents and takes into consileration certain
pathalogical cases which could nnt Ie adequately covered in available data
pertaining to normal individuals. | | |
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led the duration

l'rrlimiu;u'}* Bvestizations i the recordungr of peak currente et ed
that the peak recordod wis dependent upon e frequency of the galvan.-
ometer, tie amonnt ! qualiny of Jigy vinployed, the type of film wsedd,
aul the eare excreised in developing, other factors being equal. Because
of these many varmbles, it was proposed that the mininum frequency
associated with the sk current be lhimited rather than the amplitude of
that peak current. As previously pointed out, the hazard connccted with

electric shock scems to decrease as the frequency is increased beyond the
conventional 60-cycle current.

Taking the ahaove facteors into consideration, it was deculed that the

peak current of WY Iransient associated with qhe oulinit of an electric
fence enntroller when tesied with a load on the seconedary autpi circnit
comparaide 1o the hml_\' Feststinee of an acduly, u.hillg as a nwusuring device
a galvanomwier having a uatural { requency of approximately 3,000 cycles
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per sec., should e of such g nature that the elapsed time
mereasing and decaving current waves measured at 300 1,
exceed 0.0003 scee. Assuming that the current wave at the 300-m;, [runt
represents 12 evele, the minimun [requency for PCak currents
300 ma s thereby linited 1o approximately 1700 cyvcles per sec.

hetween e
3 should st

as higeh s
Opinions

The following opinions of sev
valie of current tha

of interest, Iy Mt |

eral persons as regards the maximum
cun be considered as not being hazardous to life 1$

w borne in mind that these values are wnnterrupted
current, m no way himited as 1o time of contact. Also, it should be con-

sidered that while sone of these values are arrived at by review of actual

fest recurds, athers are, 1 doubt, merely arbitrary gquantitics selected Ly
the specitied idividuals,

Prof, F. A, Kartak,% Departinent of Elcctrical Engincering, Mar-
Y4 grette Univeraity, stited thut 10 mlionmperes will ordimarily not be fagal

but will cause an extromedy uncomfortable sensation. Thirty milliamperes
s extremely painful,

and when increased to 100 miUbperes. a most
dangerans condition UNINS

He farther stated that 500 ntilli:nnpg[u; would o«
be fatad in moss Clses,

Prof. Kouwenlioven? of Jolis Hopkins University, stated that
'/‘ 100 milIi:un;wr_rs at 00 cveles may cause death, and that for

normal persons
the current ought not 1o exceed 30 milliamiperes.

Doctor JafTee,$ Department of Pathology, College of Medicine, Univer-
sity of Ilinvis, in reviewing the early data upon clectric shock, stated that

0 to 80 muhamperes, nltcrnntiug current, or 200 to 250 milhamperes,
dareet eutrent, are dangerous (o g normal human being,

Doctor M. G, Lloyd, of the Nationa) Burecan of Stand
v/ that 10 tn 20 milliamperes eannot be endured with comfort, that currents

over 25 milliampere. way le fatal, and currents nuutained at more than
100 milliunperes are ahost sure to be faal,

ares, stated

L/ Weis? o carly experinienter w

Hh electric shock, stated that a current of
from 70 1o WO milliamperes is nece

psary to throw the heart into fibrillution.
CAsnval? alvy an arly expermenter, llieved that 100 nilli-
UNPETEX WIS Hecessiury o set up hibrillation,

Ferris, Spetwe, Willkiuns, sinl INing stated, in
IZlectivic Shock on the Fleart,” tha the ny
oy be safely subjected for shicks of |
100 milliamperes.

their sepore, “Fleet of
AXInNnn Curremt to swineh man
secutd ur tune iy dursitiont 1« ahout
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Conclusions

Onabie basis of (e foregoing, i Ny be concluded,
(1) That the naninam continunss (minterraped

-« Imlividhaal may be safely subjecied
valoes ),

) current to which an
155 milliamperes (ctlective

(2) Tha the maxinumm iutrrru]:lw! nhvrn:ning current, assuming the
BHEETRIOn i suthaicmly long 1o petmin the mdividual 10 release

contact with the eireut hefare TCCCING & secoin] shock, should 1ot
exceed abe values indicated i Gl N, 4 (Inz. 4), for the
Corresponding pweriods of tontact, ad that no single shock Ipulse
should Lave 2 duration greater OU.20 seconds, |

(3) That the AN autp permted  for battery-operated  con-
trollers skl not exceed o lni“i.‘am;u-i-'-:-u‘ruu{ls fur “on" PCTiinds
between 0.10 and 0.20 secuinds,

and-that the output permitied for
“on” perinds less than 0.10 scconds shald Hot exceed the current-
tme product determined from, Grapli Na. 4, assummng that the
timie between “on® periods is sufficiently long 1o permit the ;-

vidual to release contact with the circuit hefore FOCIVING 2 second
shoclk. |

(4) That the time associated with jwak Cartents as high as 300 nulli-

vipxeres shookd g execad 00003 scenmndn, - oL
3V/I0O ¥ v =
< A -
“OFF" PERIOD
General

lh‘fﬂl':' the Lars) .'H.I“.'lhlt‘ on the generid hlllljt‘t'l of clectric hhnt‘l-;, the
WAy of which s based on single mise shochs, can e adkaptedd o)
the cicetiic fenee Comtioller, whiel SUPPHON MICCC N v shocks at APProx-
NAtely Fenvcnnd iervids, it gs HeCessary to estaliish an off pPeriod
wWhih will insire i gnder ordinary conditions the average mdividua)
wall b alile ta veleine himsel! from the clecurical cireuit before receiving
mure than gne shocl Hnplse,

Same clectrical fence manufacturers claim that 3 current

INterity 1o cause contraction of the muscles je needed 10 provide an
effective fence. 1f such s the case, it is neeessary that the “ofl” period be
one winch will allow e individual (o free mself from the circuit,
assunung 1hat he has received an electrical shocek which would not Periit
him to release 1he fence at the time of receiving the spulse. Some elec-
tric fence manalacturers also sg~: . LRt it s ddesirable and necessary, to
insure an eflective fence, that the “oi Perid b as short as possible,

of sufficient
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[- withelrawing of the hand, it was withelrawn only afier the individual had
deciind i necessary throngh the regalar thought process. The voltage
‘ necessary 1o catse the mvoluntary withdrawing of the had of the indi-
vidual, or which would canse 10 mithamperes to flow through the subject,
was determined.  The osetllograph wias then connected in series with the
| persen, mxd this voltage was suddenly amnpressed upon the individual as
he tightly gripped the electrodes, the resulting cirenit being broken by the
person’s release of the clectrades, The time required to release was deter-
sined by camparing the direct-current wave with a 60-cycle timing wave,
hath of which were photographed at the time the circuit was closed through
[- the sndivadual.
Twenty-nine persons, emplovees of Underwriters’ Laboratories, Inc.
k were subjected to this tesl. The age range of the individuals tested was
L 1) 10 42 years,
The results of these tests are given in Tables 15, 16 and 17,
L TABLE 15
- Path— Hand to Hand :
L I s"‘::' - p Sumulus | R Body l;ltl“
_ Y 1 ' L’
Ne. | Sex | “puhin [ At | Comen | Reeune | T |
- _-2” | 3 10§ v é R, OD0 D155
4 ¥ 146 7 SN 13080 0.242
o | ¥ 34 2 ¥ 7,170 0.2
| M 5% 24 { ] 2,600 0.176
13 h 118 24 0 8,400 0.210
a 20 | I 128 24 X 9.12§ 0.178
15 J 120 28 10 8,300 0.229
9 I 125 20 0 ¢.310 0212
10 A RN 20 K 6,870 0.219
X ) 124 N 0 11,000 0279
~ 12 M 168 28 6 §13.350 0.194
| M) M 142 2 10 4,200 0.184 L
= 7 A 135 24} 3 10,250 0.180
4 | F )22 30 0 - 10,000 0.156
1o ht J8S 30 R 7,250 0.29¢0
~ i ) 114 M O 10,0600 0.26]
17 hY 148 34 8 7,250 0.395
I8 M 1RO 39 8 11,280 | 0213
2 M | 10 40 6 12680 | 0.209 |
! F 110 40 8 8,310 0.229 |
1 M 135 i 40 10 8,000 0.274 |
[ 24 M 150 40 6 12,300 0.255
Maxpnum | 180 40 10 13,350 0.395
A S 1 S — 5
. Minimum 108 19 ‘ 6 4,200 0.155
L Average fur Age Group 1024, . ... e et P N ¢ ¥ {1 ;
Average for Age Group 2130, . ... ... ..ol S T | X7 3 |
Average for Age Group 28-29 .. ... .. ...l Ceasnaas crersrinaesd 0,214
L:
) &
L‘. -
, . |
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40 . ELECTRIC SHOCK AS IT PERTAINS TO THE BLECTRIC FENCE

As the age range covered by the tests recorded in Tables 15, 16 and

17 was not sufficient to Fepresent human beings at large, it was necessary

~to derive a correlation between the times actually recorded and what might
be expected for smal) children and for older idividuals,

For this purpose, data pertaming to the variation of human reaction
tme with age were reviewed, and the following infurmation was disclosed].

A series of tests was once conducte] at the University of Minnesots
for the purpose of determining the relationship that existed between the
reaction thne of an individual aid his age. The age range of the individuds
tested varied {rom 4 to G0 years, The number of subjects was twenty in
cach group except Group F, which contained ten, There were two difTerent
sels of tests conducted, One set of tests was the determination of the
reaction time of the individual to o bght stimulus, the other was the deter-

mination of the reaction e to a sound stimlus. 1 he number of males

in cach group was 50 per cent. The results of these tests are EIve i
Table 18,

Average for Age Group 28.29. ., .

TABLE 16
Path— Right Hand to Feet
_,,——-——...___._._____________g"hj“' | Stimutus Body Retesne
No Sex Weight Age in Cursent Resistance Time
- unds Years in Ma In Ohma In Sec,
20 F 108 19 O 5,670 0.158
4 F 116 2) O 13,050 ). 240
] M 187 24 f 8,660 0.228
13 M 118 24 10 5,480 0.238
26 F 128 24 8 6,370 0.300
15 F 120 25 10 $,700 0.370
25 F 138 25 10 4,600 0.17%
9 F ' 128 26 6 5,670 (L.226
10 M R3] 26 . ¥ 7,000 0182
8 | ¢ ! 129 2% 6 10,320 0,20
12 M 168 2 0 | 1170 0.217
20 M 132 29 10 2,700 0.1k}
21 M 13§ 29 N 6,430 0.208
14 F 122 3o & 10,500 0.21;
10 M 1558 K1) 10 3400 0300,
19 F 116 KE| _ 8 6,250 14K
7 ; 114 .34 O 26,900 Ot
17 M | 1458 34 - K 4,870 207
22 M 170 K} 10 4,000 0,224
18 M | o 39 8 7.000 01
3 F 110 40 { R l 4,000 ) 228
11 M ! 138 40 1) 6,300 0h2a7
24 M 150 4() l 8 6,870 0.220
m g — L T e S ——
Maximum 180 [ 40 10 i 26,900 0.370
m e ] e e . h e ey E—-
Minimum | 108 19 | 6 2,700 0,152
Average for Age Group 1024, ... .. ... .. .. e, Cees 1243
Average for Age Group 21.30, .. 700 Ve eieanaa., Cetaeenen 0,244

N
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TABLE 17
Path—Left Hand to Feet
E".ﬂ:"., Btimuius Bady Rclease
eight Age in Current Registance Time
Ne. Bex Pounds eats in MA is Ohms in Sec.
T2 I 105 19 H §.670 0.173
4 )’ 136 21 O 0,500 0.202
O ) 134 23 0O $,.330 0,202
27 ¥ | 112 23 1) § KiK) (.221
13 M 135 24 10 4 NHK) « 0,280
26 | ¥ i28 yL! R 0,354 (0L223
15 ) 120 25 10 0,100 0.207
2% 18 13X 25 10 6, 100 0.322
9 I 25 20 O $. 800 0.247
10 M 138 20 8 7,128 . 0.107
R ) 129 28 { X 0.204
12 M 168 pi, (! O ,830) 0.247
20 M 132 29 1) 3,100 0.210
21 M 138 Y ) H N0 .19}
14 ) 122 30 - ¥ ALY 0. 24¢)
16 | 155 3 | 10 3,000 0.212
19 I I 110 k ) 3. 5,50 0.247
17 M 145 34 8 4 62 0.3)3
IR M LIL 39 N 6,750 0.204
3 I 110 4{} s 12,320 0.201
B M 135 44) . 10 6 600 0.329
24 M 1 8 4i) 8 7.1R0 0,244
23 M 121 42 1t 6,000 (). 280
Maxnnum ] ) 42 10 12,320 0.329
Minimnm 108 19 6 3.100 0173
Average for Age Grroup 1024 L e e 0.218
Average for Age twroup 20300 e 0.2\
Avcrage Tor Age Grroup 2829 . L e (.240
TABLE 18
- T - - Reaction Time in Secondn o
er:.:: Group Male A:t_u!:_n_-__ . Female Avtrru:f _
Light Sound Light I Sound
Stimulus Stimulus Sumulus |_ Stimulus
4-10 R RY 0.34 .07 0.59
11-20 1 .24 .23 0.23 (11
21-¥) . 0.22 0.19 0.26 0.0
3140 1) 0.26 0.24 0.34 6.3
41-50 9 0,27 0.25 0.30 .3)
5160 ¥ 0.38 0.37 0.44 0.42

The results shown in Table 18 indicate that the {astest group as a
whaole was that having an age range of 21-30 years. 1f the males and
females are constdered together, the average for Group €, which might
be taken as a base m computing the relative slowness of the ather groups
would be: reaction to light, 0.24 seconds, reacuion to sound, 0.20 seconds.

The relative speeds of reaction times of the voungest and oldest groups
compared with the fastest group are given in Table 19.

T Y L
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TABLE 19
T
o n i | E’-Hnr 0!
?I'I.I'l Group Stimulus T::l Ii': ] n;::':::
| Seconds Group C
21-30 C Laght 0.24 I
21-30 C Sound 0.20 0{}
4.10 A Light 0.48 | 2.00
4-10 A Sound 047 2.35
3160 ] F Light 0.4] 1.70
51.60 F Sound) 040 E.IHI

In another serics of tests, conducted at Stanford University," more
attention was given to the grouping by age limit. These tests were cun-
ducted for the purpuse of dttcrnumng how the rcaction time varied with

the age of adults. The age range here was from 25 o 8V, The stimulus
employed was both auditory and visual.

.- Test No. 1 consisted of lifting the finger at any desired moment
which the subject wished and returning it as quickly as possible to its
original position. Test No. 2 consisted i applying pressure with the {fore-
finger at the moment the stimulus was perceived. “T'est No. 3 consisted

of hiting the ﬁngtr upon perception of the stimulus, “The results of these
tests are given in Tahle 20.

TABLE 20

Age in No. of Reaction Time in Seconds

Yoans Subjects Teat No. | Test No. 2 Test No. 3
25-29 o 0.14 0.23 0.21
30-34 11 0.13 0.4 ! 0.22
35-39 13 0.15 0.23 0.21
40-44 15 0.15 0.21 0.21
45-49 | I} 0.17 l 0.23 | 023
50-59 | Y 013 0.20 0,22
60-69 H 0.1X 0.2 0,23
10-79 11 0.20 [ 0.3 20
80-80 4 0.20 i 0.2% (.28

Using the reaction time of the group having an age range frenn 23

-

to 29 years as a hase, the relative reaction time of the slowest gie g, age
range 70-79 years, is indicated in Table 21,

TABLE 21

Age in Yoays ---_-TIH 3 F----—---—--------r“r1Ihlll el
25"29--+i---p-|1i--- -------------- %N 4 o s A oa s “l“ 0.23 ! {I.TI
2 % L 2P 0.20 0.0 0 M
Factor nf Slowess lnml upon Age Group 28.29 143 I L I .04
‘l
[ ]
) )
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Further work? has been cdone to determine the variation of the reaction
tune for an age range of 314 ycars to maturity. In this series of tests, the
stimulus was both visual and auditory, and the individual’s time response
was recorded Ly lus pressure upon a key which interrupted the recording

nweans.

The results of these tests are given in Table 22.

Age in Years *

3
3,

10} 3
111y

College Students

TABLE 22

e ——

Sex

Male
Female

Male
Femule

Male
Female

AMale
Female

M ale
Female

Male
Female

Male
Female

Roth
Both

Both

Reaction Time in Sec. | No. of Cases
, 0.580 27
- 0.622 27
0 4004 24
- Q.458 2y
0364 t $4
0414 57
0.2R2 20
- 0.309 34
0.2:% a4
0.260 29
0.230 18
0.202 ]2
0,244 13 :
0.208 Y
0.229 12
0.198 i
0.175 56

It will be noted from the above tabulation that the group having the
fastest reaction time as a whoie is the one composed of college students.
Using the rcaction time of this group as a base, the rclative speed of

reaction time for the youngest age group, 312 years, is found tu be 343
times as slow as the college group, age 16-20.

This information is shown in tabular form 1 Table 23.

TABLE 23

ltlutmn Time in Seconds
{Boh Sezme)

0.17%
0.601]

——— - T ———————

Fatior of Slowness
Based on College Studenta

1.00
343
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44 ELECTRIC SHOCK AS IT PERTAINS TO THE ELECTRIC FENCE

If the average “release time” for each particular age group, as shown
in Tables 15, 16, and 17 is calewlated, it will be found that for the age
group 106-24 it is 0.218 seconds. For the age proup 21-30, it ix 0.234
secotuls, and for the age group 25-29, it is 0.226 seconds.

M it is now assumed that the variation of release tme with age is in
the sumie ratio as the variation of reaction time to visual s audhitory
stimulus with age, the release time of any agce group o he caleubited
by multiplving the time of the basic group by the factor of slomness of
the group under consideration. |

These data are shown in Table 24.

TABLE 24
- _ T _ i Pacior of Avetage Release Derived
Basic Age Subject Age Slowneas Time in Seconds Release
Group in _ Group in of Subject of Beasic Group Time in Seconds
Years Yeats Based on From Tabies for Age Group
Pasic Growp 15, 10,17 Shown in Col. 2
10.24 | v 343 0.21K 0748
21-3 §-11) 2.5 0.234 {) S&1)
21.310) S$1.00 2.00) 0.2 0. 40N
2529 1 j0.59 1.43 0.226 TREX
e e e o E—— ——— e e— ———

In the mterpretation of these data, it should be horne i mind that the
reacthion time in releasing the fence wire will be an Mvoluntiary reaction ot
requiring a thought process, while the data pertithung to the vaviation of
reaction time with age are based upon reactions which require a thought
pracess. Also, it shonld be borne in mind that wsts hove shown that, in
general, the reaction 1o a touch stimolus of adeguate imensity will be faster
than the reaction 10 an auditory or visual stimulus.

As previomsdy pointed out, the contraction of the muscles associated
with direct, as opposed to alternating current, is ho nearly so pronounced,
amd it seems justifiable, therefore, that some difference o the time re-
eptired for an individual to free himself from the clectric fence cirenit Ixe
allowed, “The nature  of the stimlns supplicd by the hatterv-operated
clectric fence controllers s actoally a peak cnrrem having an amplinede
severil times that of the § or T0-mithiampere stimutus ased i the preceding
tests for revording the reaction time of adilts, Sinee the time require!
te perceive the sensation is somewhat inversely praportional to the -
tensity of the stimulus, it is reasonable to assume that the time te release
the fence wire will he Jessened when the stinlus is supplied by the fenee
controller.  “The differcnce an the contraction associated with direer, s
aopposed 1o alternating current, was shown in tests by Konwenlnawen aind
].:ulr.:wurtll}"" who foumed, that wih rats, the comtractiom em high-vadtge,
direct-current ciremits wias sa osevere that the victims were often 'I"'.'“"
away from the conductors, while on the low-voltage circnit it wias olten

L B ——
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mpossible -t Jot go, \While the current associted with the higher vohage
o the Tattery-operaied controllers s not of the ovder used in these testy,

it is reasonahle 1o suppose that the higher voltage has a repeliing effect
Mot fownl with the low-vollage circunt,

Conclusions

O the basis of the above facts, it seems reasonable 1o conclude that
an "ol period of 0.90 seconds for alternating-current controllers and
0.75 seconds for battery-operaied contraliers will permit normal individuals
kely to comie in contact with clectric fences sufficient time to free then-
selves fram the electrical circuit before receiving 2 second ampulse shack.

TOPPENISH ACCIDENT
DESCRIPTION

The following accident i« believed 10 be pertinent 1o the consideration
of sctting up requirements for safe electric fence controllers since sup-
posedly it is the only accident which has occurred. with a controller con-
Structed and distributed by a conmierein) manufacturer. The following
report of the accident was made by Mr, W, R Vollieve, Chief Electrical

Inspector of the Stage of Oregon, to Mr. .C. |1 Gram, Conmissioner,
Burean of Labor, S;dem, Orepon,

“"Oun Novemboer 22 11937 the writer made a wip to Toppenish and
akina, Washington, 1o make an MVestizatiom of the CITCUMsIances sur-
rotkling the death of Manrice Harman. [16 veurs of age.]

“This death was eaused through accidental eontaiet with an electrically-
chirged fence wire,  “The boy’s  companions, John Jump and Steve
McCumber, state 1hat they had bLeen hunting on he property of Ernest
Rowe, 3 miles west of Toppenish, While walkiy along a very annddy
rowdway bardering o field surr ninded by a singele t'h'::lricnﬂ}'-chnrgwl fence
wire, the Harman hov slipped and fell over the wire, e grasped the
wire with his hamds sl attenmpted to regam his faating. Due 1o the very
sShppery condition of the sronml he failed 10 do so sd called to his com-

Pmons to assist him, Knowing that the fence was charged, they feared
firing their shotguns. Five

e tenich im and atempied to sever the wire hy
shots were fired at close vange without cutting the wire. Steve McCunmiber
then started to the Rowe house for help. John Jump then attempted to
hit the arman hov from the fence by his coat. He found this difficult
to do and some time elapsed before he succeeded, By this time Harman
had ceased to struggle. Jle was gasping for breath, and when Jump
examined his pulse beat, he found it 1o be very faint and irregular. He then
attempied to restore breathing or pulse beat. A car had been brought from

the house and Harman was Placed i it and started for Toppenish. He
was deud when they arrived.
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44 ELECTRIC SHOCK AS IT PERTAINS TO THE ELECTRIC FENCE

"Mr. W. M. Drake, Deputy Coroner at Toppenish, who is also the
undertaker who embalmed the body, stated that he found no burns that he
could recognize as such. He sail that there were slight scratches on both
hands and some small Llisters. Not being an M.D., he did not fec] quali-
fied to pass judgment. When Dr. W. M. Carver, the County Coroner,
arrived from Yakima, he identified the Llisters as electrical burns.

— 2

“Dr. Carver also stated that he felt that the conditions had been nearly
perfect for an electrocution due to the saturated condition of the carth,
the Lroken skin on the hands, and the fact that the boy's clothing and skin

were very wet. He said that the boy's skin-was still wet when he arfived
and examined the body. Ile stated fur

curreat value wouk! have had v
He said further that he
wire withont injury*,

ther that i his opinion a lower
ery hittle bearing on the results in the cuse.
knew of several hunters who had touched thiy

AMr. Vaolheye aho stated that an nvestigation of the installution re-
vealed that there were no evident factors which waould tendd to
increased Nife hazard, The electric fence controller was installe
back porel of the Rowe residesice.

CIIUNG N
Jd oo the

>

“The porch was completely sereened, including (he steps Jeading to
ground level. Entrance to the kitchen was also from this end of the porch
and the service cabinet was hetween the kitchen door and the end of porch,
Service conduit extended to nearest wall Al service drop was attached
at this pont. Wiring s concealed. Opposite end of porch used for g e,
A poreelain receptacle with duplex current tiap was mounted on the wall
near the bed. The controller was hanging on the same wall between the
receptacle and the el of the porch. Although the cord had been discon- |
nected [at time of investigation], it had evidently been plugged into the ';
current tap. Two insulated wires were pushed through the porch screen
and attached to the controller. One of these was connected to 2 froumd
rach driven into the earth near the house wall, the other was connected
to bure wire running in opposite direction,

"The wire running in the direction of the point of contact was sup-
ported on the bhack wall of the garage and barn and on several 10 or 12-foot
posts until it reached the fiek! which the fence surrounded,  From this
point on it was supported on stakes approximately 34 inches high, Tl J
distance from the house to the fiek! was approximately 1000 feet. The | |
: distance around the field was approxintately 800 feet and the accident
| : occurred approximately 300 feet from this extremity of the fence. The

fence extended from the house approxmnately 1700 feet in the apposite
tlirection. No line wires were touching or neur the fence wire,”

)

Professor ¥, K. Price, of the Orepon State Callege of Agriculiure,
grained possession of the wnit and forwarded it 1o Underwriters® Labura-
tories, Ine. for test and examination.

‘-
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48 ELECTRIC SHOCK AS 1T PERTAINS TO THE ELECTRIC FENCE

.. LABORATORY INVESTIGATION
An examination of the unit hisclosed that it was of the alternating-

current transformer type, the current interruption being provided by means
of 3 mercury tube switch mounted on the end of a revolving shaft which

in turr:n was propelled through a gear train by means of a small s vueded-pole
induction motor,  The current-interrupling means w

secondary circuit of the transformer,

as provuled am the

- The primary and secondary of the transformer were wornsd on
separate legs of the core. The electrical connection of the wnit was such

that the transformer and mator were conmected m parallel 10 the 110-vol
sottrce of supply,

A G-foot Tength of Tvpe POS] supply cord was attached 1o the THH®
and the constriuction ciploved was such as to prevent the possibility of
the primary becoming grownled 1o ease.,

Fhe anit was examined carcfully, and there was no evidence that the
gurrent anterrupting means biad been shunted out of the ciraant, althougl

this coulld he accomphished by going inside the unit and Iransposing two
wires,

The case itself was made of sheet steel, approximately %4 inch in thick-

ness, and provided with an overlapping door which wauld, when ¢loned,
tend (o exchude rain,

To determine the ontpt characteristics of this device, ascllograms
were taken mnder various laad conditions on the secondary of the 1rs-
former. In each case the device was conneeted 1o the Laboratories' 120-
volt, alternating-current source of supply, and a series resistance of a Jenst
200 ohms was placed in the galvanometer circuit to record the dehvered
output current. By means of a vacuum tube thermaocouple and  milk-
ameter, prehimmary ontput readings tuken with the current mterruptge
mechanism shunted ot of the cirenit indicated that the outpnt of the
device was the same with a load of cither 500 or 200 ohimis noNereactive
resistance in the secondaries of the transformer,  Various values of
capacitance were also comnected in parallel with this resistance 1o simulate
fence capacitance, which s approxmmately 0.015 microfurad pee e of

ft*m‘t'. \\'ht‘ll tl‘lt' illﬁln“:lliuﬂ i:-i :q:pruxim:m-l}* .3 ft't'l :ﬂhn'c tlu' HE X uuu].

Oscillograms were taken under various test condhitions, and the accom-
panying reproduction (page 47), is represenmtative of the results obtained.

The complete results of these tests are shown in Table 25,

After the unit had heen in operation for approximiately 1wo homrs, an
alternating-carsent potential of 900 volts was tmpressed between the pri-
mary and secondary., (ne side of the trunsforier was connected 1o the
enclosure, No breakdown ocenrred during the 30-seeond prerion] dluring
which the potential was applied,

11

F amn ot LU — —— ] N S,
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TABLE 25-0SCILLOGRAMS ON TOPPENISH FENCE UNIT

= - i ———————— T e
Deserivtion ¢f Recarairg

. e : I Descnption of 1rain
Mersuring Circuit Diegrams Lm se ::;: ':t::_ :'P:'.l o Bt m‘l‘im Ia:-_l_
5:! Per Impulses Ne Current RMS | T Teaine Time
" l Impulse ;5:.1 tMA) (MAY | 1Sec)) iSec.) {Sec.)
1 it 4 49.2 | 0128 l e e
2 0.065 | 2 114 | 49.2 |0.008 l 0.055 | 0.208
| _ _ <
| 5
2 0.9645 i 95.0 49.2 1 0.116 0016 |........ =
2 95.0 | 49.2 |0.058 0.190 |§
2 l......... | 1010 419.2 10.125 0066 § ....... »
2 | 1010 | 49.2 jo.0ns 0.19 |35
; —— E
2 [......... 1 1010 { 49.2 (0108} 0.016 Y
-2 M4 49.2 |0.042 0.166 g
a
- 113
r . o
4 0.945 | 65.5 45.2 | 0.116 o033 {........ »
2 65.5 | 45.2 0033 0.182 D
\ . [ ! 655 | 452i0m6l.... ... . oats |
' Z
- - - 1
| 500 34.5 {0125 D066 {........
2 0.968% 2 JnN.o 2.2 | NONK | 0.199
! 1 00 HS5I0108 oMe6 ... .....
2 [ 2 $0.0 | 34.5 |0.042 0.166
[ L ]
- Il
2 ... i .4 49.2 10,108 0016 §........
2 95.0 49.2 10.033 0.157

— - — — -~ —— Piibdsken ——

JFirst impluse recording destroved by tear m him.
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. 80 ELECTRIC SHOCK AS IT PERTAINS TO THE ELECTAIC FENCE

The voltage was then gradually increased until at 1880 volts the in-

sulation between the motor coil winding and the Jamination broke down.
The transformer was uninjured,

Four samples of the motors used
and subjected to current Jeak

L

upon this unit were then secured,
age and diclectric strength tests.

- One of the motors was installed

placed inside the enclosure of the umit,
outside the enclosure. The unit with

sealed in a glass container, i which a constant temperature of 90 degrees

Fahrenheit and a relative humidity of 90 per cent were maintained for a |
period of 72 hours. - i

Before Weing subjected to the moisture test, the insulation resistance
measured between the motor windings and the laminations, on each of the
four samples, was in excess of 450,000 ohms. The resistance measured

between the primary circuit of the conpletely assembled controller unit
and the case was also in excess of 450,000 ohmns,

Following the CXposure to moisture, these same values of jnsulation
FESIStAnNce were recorded,

in the original unit, a second was
and the remaining two were placed
the two extra motors was then

—

The mator samples were next subjected to a dielectric strength test.
The sample that hae! heen paced inside the enclosure indicated 2 broak.

down voltage of 1380 vults, while the sample that was outside the enclosure
had a breakdown voltage of 1420 volts.

One of the motors, whicli had heen

sure, was allowed to ran minterrupted for a 12-hour [erind to drive ot
the absorbed moisture. A breakdown voltage was then applied and was

found to be 1400 voulis, :

Before applving the byeakedown voltage, the three samples acceptably

withstood a potential of 1220 volts (twice rated primary voltage plus 1000)
apphed for one-minute periods.

outside the case during the expo-

)

r

CONCLUSIONS

In view of the information obtained regarding the accident, and in
view of the tests upon the unit mvolved, it is concluded that a 16-vear
okl hoy had heen killed as a result of contact with an electric fence in which
the current was limited 1) 49.2 millianperes with the time of each shock
mpe'se ranging from 0.116 10 .20 secotnds, The total time of contact with
the fence circuit is no definitely established, but it eonld hardly have heen

less than five minutes §f the foregoing description of the accident is
accepted. -

It is also conchuled that no arlitrary “ofl” perind can be estahlished
which will guarantee that wmler gl circumstances the individual will be

able to free himsel{ from the fence circuit prior 1o receiving a second
shock impulse.
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This accident also demonstrates that a safety factor between the curve

of minimum hlmillating current for a two-year old child, and the curve
of “allowable current” for a two-year old child is warranted.

FIELD SURVEY

GENERAL

Aside from the electrical shock which 1s received when an individual
contaets an electric fence, there is also a certain physical shock due to the
sudidenness of stimulation, and this associated result of contact with the
clectric fence, shoukd also be taken into consideration in tdeciding whether
of not these devices can be considered. as not being hazardous to human life.
While i1 is readized that this §s a factor over which it is not possible 10
exert ifluence, it is recognized that such g phenomenon does exist.

Physiologisis3 have bomgr recognized the fact that the resistance
of the skin varics with the emotional state of the individual. The element

of anticipation is quite a factor in man's ability to withstand the passage
of current througl his body. lellinek? tells of
tomed 1o demonstrating us 2

from a 500-volt. dircct-current potennal, was killed when he took holid of
the hive wire, thinking it dead.

a ¢ase where a man, accus-

FIELD EXPERIENCE

In an attemt to determine how much of a factor surprise is, as it
relates to the ability of the individual to withstand a sudden and unexpectedd
clectric shock, 50 nsers of electric fences were interviewed, and their expe-
FICHCeS touching tpn this point were recorded.

This ficl) investigation was eonducted in the docaliny i which electric
fencing originated, and in which all types of units have Ieen employed.
Muny of these units were made by farmers themselves amd were capable
of delivering currents up 10 I ampere at 110 volis.

In each case, the farmer was encouraged (o tell of specific instances
where mdivaduals had, unknowingly, touched the fence and received an
clectric shack which came to them altogether as a surprise. The farmer
was then questioned as to the condition of the ground at the time, the

tvpe of electric fence unit, the age of the individual, and the person’s
reaction upon recciving the shock.

The total electric fencing in usc in cach ycar by this group of farmers

was approximatcly 70 miles.

In the limited number of cases shown below, very young and very
old individuals have accidentally received an unexnected shock due to
contact with an electric fence under conditions most fuvorable to receiving
3 high-intensity shock. These cases are summarized in Table 26.

lulity to withstand the passage of current

e g e e
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TABLE 26
m——“_
*Description Yeany g;i::rlf
User of Fence Unit of Use | Pencing Shock Experience
T— -_-__-'.___———'_' - ———— B e et o
A 7.5 W, Hoy 3 ! S-vear old child atcidentally connictid eloc.
Interminent Inc fence, Cirowmd Wits werl bt chilid's oot
ey, Reaction=—ngjse and quick release, neo
il eflects,
B 15 W, tiov 4 134 S-vear ol chile accidentally tonehed fence,
Continvous Ground wis moist, fect dpy, Uhild wore
vhogs, Respornse ~—=child crivd, an no difty.
’ culty in releasing, no fainting, no i1l ¢ fects,
C 7.5 W, o v ] 114 3-vear okl child accklentally tonched 1he
Intermitiony fence, Chilil wore shoes, pronng they, Re.
kponse—chid lecame shghiiv searcd o
PO ndie panicky condition, no Jitn ulty
1 roleasing hinsclf, no il Aeves,
D 6 \W, 1oy 2 ) 2 4-vear old ¢hing ACeidenially vonched femsee.
Intermiiieny i Corvnnd dley, ¢hyld wore shioes, Respumeage—
Chalid joaonpue! Dack, no il ¢Hevos,

K 20 tna, 380\ Y % Two Dow's Ietween aRes of B jnnl 10 veara
40 i, 130\ recvived shovke in un ttenmpt to hing we
Intermineent WA siits () clectrificell  Jene Wire,

Hovs wer lr.'ln-hmlrll, sIls werge weol, Lt

[ krouad drey lh-.-;mun::—lmy'h Jumpwal by k
LIETTTJT STPUTPs receiving shon k, bart the
Lughed abwat i1, No Al iy,

F 1.5W, 10 v S 2 7-veire old child holshing 1o hamd of t0)y ey
old won REaspud fence cansing nlult 1
POCEIVE surprise shock, Adult felt corren
hut child Apparently did not. No ill oflee s

| W ether,

Gy 25w, 110V § 234 Two 2.vear ald ehildren reccived  shocks
accidenialy, Children wore shoes, grovid
was wet. Response—no difticul i i ridias.

! ng, no CrVINgE, no pamcky condhition, no it
efleets,

H 1.5W, 110 v 5 2 Intuxicated aduly individual received sur-

Continuous prise shock in teving to clim), over elecireificd
fence, Response —sudden releinse, moise, b
0o il ¢ffects,
] 10W, 110 v P Fodeveir old ol acculentally rin oo olec-
Continuous trifinsd feney, torotmn! win Tairly ey, Ry
]' spcnme=child dil not Inennn: fl‘iu'l'll'ﬂl‘ll e
T PRIWFirmce ny: difliculty o geting o wire,
Noill etiees,
J 28\W, 1oy | O-vear ol chilid receivied sieeidenia! show b
Inwrmittent |

[ w e playiog armnnul steaw wiack  where
ground wik very  agcisg,

Jumnped buek in surprise st o dathicudty
ernerienced fulvasing

, ¢lecis,

Rl'ﬂlﬂllu--—rllihl

wire il oo il




UNDERWRITERS' LADORATORIES, INC, 53

TABLE 26 (Cont'd)

Miles of _
*Deacriplion ' Yoarsa | Elettnc
User of Fence Unit of Use | Foncing Shock Experience

K! 7.5W 1oy 3 { b Aavear old clabl accubenally tonched elec-
ntermiiend e femee winde plaving i water k.
: £ Roespoose—lild eried and became slighdy

wiureal, bha ool after-effecis.
I 7.9W. 110V 4 ! Adult accidentally reccived strong Bleciric
Intermatient siock Dy rang up mte Larl walswire [enee,
Baarly pierciog the flesh, while one hind was
| m owater trough, Response—no trouble

| l releasing, 1o 1l effeets,

l. oW, 110V 10 l 2 Z-vear old chilld, harefom, followed parent
i bndermuen it e van] and contaried eleviree fence
aechhentadiv, Girass wasn wet with dew,
Response  whil let out ery but expericored
4 no ditheubry an releasing wire. No il offecis.

“Fheoreucal output of current—7 25 watr, OR milliamperes: 10 wati, 91 milhansperes;
25 wany, 280 milliampweres: 6 wact, 2040 pullamgweres.
Imicrmittent=—"0n"" and "o’ perisds of controller appronimaiely 11 ¢ seconds each.

N total of 19 experiences was recorded where children under 12 years
of age el received unexpected clectrie shocks, Reports stated that i no
case wais any difficulty experieinced i releasing the fence ware, any faming
o the part of the victim, or any great amowmn of fear experienced, or any
1l etiects whutever noted Liter on,

The experiences of 30 adult mudividnals, who had also received unex-
pevted shochs as the resalt of contact with electrnie fences, were also re-
corded, Reports indicated that in no case was any difficalty experienced in
releastng the fence wire, any funtng upon the part of the victm, or any
fear with aceompanyving aervousness experiencesl, or any all effects what-
cver teded later on,

OPINIONS

Medical authorities at Northwestern University, Universities of 1h-
noix, Wisconsin, Minnesoti, and Kansas, were consulied and their opinions
obtatned regarding fright as a factor in the results of electric shock. 1t was
the opinion of all of these authorities that iright, regardless of the nature
of the stimnlus, might cause an ill effect on the individual. All but one
of these men felt unable to predict whether fright, sufficient to adversely
afTect the heart of a norma!l individual, conld be caused by an electric shock
so weak as not 10 set up fibrillation in the heart of a two-year old child.
Ome authaority cxpressed the opinion that such a weak shock was not
capaible of cansing fright or surprise that might in itself be injurious to
a normal mdividual

* amll ga -—_—hmm tﬁ‘
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o4 ELECTRIC SHOCK AS IT PERTAINS TO THE ELSCTRIC FENCE
CONCLUSION |

From the above statements and reports of field experiences, it is con-
cluded that fright and surprise, which might e experienced by reason of
receiving an unexpected shock from an electrified fence having output
characteristics which are not of suflicient intensity 1o set up ventnicular

hibrillation in the heart of a two-year old chill, will not be sufficient 10
adversely affect the individua! who receives the shock.

r—

RECOMMENDATIONS

Taking into consideration alt the  data
herein, and bearing in smind the device amd sul
has been made 1o adapt these data,

constituting  safe  electrical o
controllers:

l. VOLTAGE

That where the current output is limited by inherent mipedance of
the device, the open-cirenit voltage need not be hinited.

FREQUENCY

That regardless of the frequency emploved, the outpit current shall
nut exceed the values indicated in 3 (2) and 3 (b) below.,

CURRENT

(1) Alternating-Current Type Controllers—That for Mternfent
tpe controllers the output current shal] be interrupted in such i
nuiner as not 1o exceed the current-tinwe refationship expressed

m Graph No. 4, Fig. 4.

(1) Battery-Operated Type Controllers—That for internittent v
contrallers the output current shall e interrupted in such a manner
as not to exceed the current-time relationship of 4.0 milliampere.
seconds for “on™ perivds between 010 and 0.20 scconds, The
output of controllers having *“on® periodds less than 0.10 seconds,

shall not exceed that permitied by graph No. 4 for the time
volved,

presented  and  discussesd
et 1o which an attenit
we recomnmend the following as
perating  characteristics  of  electric  fenee

— 3

o N

(¢) Peaks—Tlat the time associated witl peak currents as high as

300 millimnperes shonld not exceed 0.0003 secenuls,
[? 4. “OFF PERIOD"”
(a) Alternating-Current Type Controllers—That the “ofT” period
Detween successive shock impulses shall not be Jess than 0.90
[ sccondds,
(L) Battery-Operated Type Controllers—1hat the “off” ;u-ri._u_l
between successive stk impulses shall not e fess than 075
E secunds,

N
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