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Application filed May 25, 1925. Serfal No. 32.738.

This invention is' concerned with the pre-.

vention of preventable fire and .explosion

- risks from electrical ignition of naphthas,

oils, h; _
mable fluids in containers or tanks., ..
~ Notoriously the necessary- pecularities of
construction, location ‘and use of such oil
and gas tanks cause or contribute to undue

ydrocarbon gases and other inflam-

| liability to explosions or- fires initiated by

10 electrical discharges: Petroleum. its deriva-

ﬁ“

29

tives, vapors and associated gases are- good
insulators; the tanks used for storage and

handling are ‘generally metallic, necessarily
“open to “thé: atmosphere at one point at
least :(usually : also; at- many
‘points)':-and the structure of these tanks
dictated by custom or by intelligent econ-
‘omy does not avoid providing ideal oppor-

accidental

tunity for electric spark discharges between
parts of the structure through combustibles.
siuch as mixed air and vapor or gases. Maost

~ of the oil fields are in regions of high prob-

able occurrenice of isolated lightnine dis-

charges and of thundeistorms, high winds.
large diurnal variations of temperature, and
other meteorological conditions leading to

high stirface electrifications as.well as to ex-:
‘posure to the vast sudden . differences of po-

tential incident to lightning discharges. pre-

hightning stroke electrifications. and the in-:

duced flows and discharges following neur-

by lightning flashes.

40

- In modern practice heat insulation of stor-.

age tanks by protective coverings is more

and more resorted .to. In the best practice.
such structures are characteristically also of
dielectric -substances, well -adapled to’ in-

~crease the mmtual electrostatic capacity of
metallic. or. moisture-film surfaces between

which they may intervene. While such insu-

- lating coverings are not'easily penetrated by

45

-spark -discharges, they are not wholly im-

mune to puncture by discharges from- sur-
face ‘to ‘surface of the Levden-jar type of
condenser which they often constitute, and
they do not oppose any adequate obstrucs
tion, of course, to discharges, either direct

or tecondary, of lightning stroke intensities.

High static potentials on the outer surfaces
of msulating covers, paint or other coatings
should. be avoided because they éonnote in-
duced
which sparking would be, disastrous, and in-
dicate the possibility of penetrating sparks
or disruptive .or sudden. discharge, or sud-

den augmentation, of the exterior charge.
It is desirable to prevent, therefore, the

building-up .to high. potentials of electro-

static charges of opposite sign across the in-
sulation ‘covers or fabrics of such tanks.

It is desirable to avoid every possible oppor-

tunity for a spark discharge through or

across spaces likely to contain air and vapor
mixtures, as well as to provide, in optimum

relation ‘to the containers to be protected,
sound metallic .conducting paths to earth
capable of dealiug with current surges of

1,617,788

potentials on surfaces at or near

great quantity and ‘high intensity. Provi- -

sions -to these ends chould be of sufficient
eficctive reliability and durability to defy
being put into an ingperative state by ig-
norant: handling, but ‘they should not® take

adoption in and about oil-wells,
and refineries. o ~

Since the times of Franklin and -F araday
Lightning prevention devices et
vided rather as the effect of mgenuous faith
than asthe result of exact engineering knowl-
edge. TLightning stroke conditions remain
In part a mystery of physical science. but
nevertheless a sufficient basis of established
fact 1s in hand to indicate and predict suc:

tank farms

cess or failure of preventive devices upon
and to atmos-

exposure to lightning risk
pheric electrification phenomena of normal
chardcters and intensities.- This invention
seeks to provide optimum protection against
normal risks for such exposed objects as oil
tanks within a practicable minimum of com-
plexity and cost. “

have been pro-

70

up undue space or be too costly for general

5

00

A further object of the invention is to .
provide by simple structures for neutraliza- .

tion of high static potentials between the

heat-insulated tanks, to avoid differences of

-exterior surfaces and interior structures of 95
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“al view on a radius of the tank; o
-~ Fig. 3'1s a side elevation and Fig. 3* a

plan of a central support. for. certain. con-

3b

40

45

or earthed surfaces. |

21
polential between internal

and especially to provide lightning protec-
tion devices so arranged in respect to the

_container to be protected as to interpose be-

tween the container and exterior sources of
electrification, and between the container
and the cloud source of a lghtning bolt
discharge, adequate means effective. for
harmlessly carrying off induced charges or
the heavy discharge ourrents of lightning
stroke character; and operating to distrib-
ute the equi-potential areas existing be-
tween earth and elevated electrified atmos-
pheric strata in such a way as to exclude
the container protected from participation
in lightning“inviting exposure to potential

. potential gradients at nearby ob-
jects, buildings' and  surfaces of the earth

The -invention will be explained 1n con-
nection with typical and recommended con-
structions illustrative .of the va.:ous  ar-
rangement by which it may be carried out.

"~ In the accompanying drawings of the

form shown for purposes of illustration, -

Fig.'1 is a diagrammatic plan view of &
quadrant of a tank showing a system of
conductors; . . .
Fig. 2 is a diagrammatic vertical section-

»

+

ductors; -

Fig. 41s a side é‘lévﬁﬁtion _ofrdﬁé'-of the pe-

ripheral supports in position on the side of

‘3 tank;- ~

Figs. 5.and 6 are respectively side eleva-
tions.and plan views of a holding clamp; -

Fig. 7 is a sectional view on the line 7T—7
of Fig. 4;. - . . -

Iig. 8 is a sectional view on the line 8—8

of Fig. 45 . .. I
- Fig. 9 is a diagram 1llustrating ihe dis- -

S

tribution

| " of equi-potential surfaces in a
typical vertical

plane of a tank between

. earth and an elevated atmospheric layer,

20

Lid

such as a cloud; -

Wig. 10 is a similar diagram of a detail:

of Fig. 9 showing equi-potential surfaces
between and near ﬁxe protactive system and
the tank surfaces; and _

Fig. 11 is a diagram in radial section 11-
lnctrating the distribution of indnced static
charges between the tank top. a heat-insu-
lating cover, and the protective systeri.

Referring now to the drawings, let 1t he
assumed that the structure to be protected 1s
a tank., which has a peripheral wall 2 built
an of courses of steel plates’'and a non-roe-
tallic heat:-insulating top 4 making a sealed
joint at 5, Fig. 4, with the ~all 2; for ex-
ample, of the improved construction de-
seribed and claimed in the application for

|
il
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parts of tanks,

‘oradients abnormally steep 1n comparison
- with the

- providing

E GOPY

patent of Leslie-'A. Baldwin, Serial No.
675,146, filed November 16, 1923.

- As shown, upon the cénter of the tank
roof a suitable support is erected, which
may comprise a rectangular wooden post b,
suitably braced by members 7 and ma{«)ting a
water-tight joint with the cover 4 with the
aid of suitable flashings 8 embedded 1n a
waterproof cement. At its upper end the
post 6 is provided with a snugly fitting gal-
vanized metal cap 9 and this is surrounded

75

b

70

by and supports a two-part ring member 10

conductor system may be attached.

At the periphery of the tank there may be
arranged a spaced series of erect peripheral
conductor and supporting members 1%,
which members may be made up of a pair o1
angle-irons 13 of comparatively light sec-

~ tion bent, as indicated at 14 in Fig. 4, at

their lower ends and fastened together suit-
ably at points 34. At the lower extremities
of the members 12 the angle-'rons 13 may
embrace and be attached to a

plate Yoy

to which the central portions of a protective

85

mounted between a pair of vertical angle-

irons 16 of slightly heavier section to which
tho
fixed. At a Substantial distance above their
lower ends the members 12 are secured as by

means o' rivets and plates 17, to a pair of

horizontally extending angle-irons 19 and
the latter at their inner ends embrace at op-

posite sides a plate 20 in turn fastened be-

tween the upper ends of the angle-irons 16.
The structure so formed is adapted to be at-
tached to the tank 1 in any suitable way
a good mechanical and electrical
contact with the vertical tank wall.
example, at the extreme upper and lower
ends of the members 16 T-sections 21 and 22
respectively arc arranged, these being rivet-
ed to ‘the members 16 to provide relatively
flat surfaces 23 and 24 against which tension
cables 29. 30 may bear. The members 25
and 24 may be drilled as indicated at 25,
Fig. 8, to permit the- passage through them
of the threaded extremities 26 of U-bolts 27,
for example, which provide a fairly close fit
for the heavy wire tension cables 29, 30 sur-
rounding the _tank, and
stretched taut by turn buckles 31 and 32,
Fig. 2. The bearing surfaces between the
parts 1¢ -nd the tank woll 1 may be scraped
and cleaned before erection and protected
by applied paint or cement after erection, 1
order to preserve dependable aveas of actual
contact, and any other fastening means for
the erect conductors 12 capable of conven-
ient construetion and safely holding the con-

ductors 12 against writhing and expansion

motions of the tank and maintaining elec-
trical contact may be resorted to. Suitable

“clamp connections 35, for ‘example having

portions forming a loop & and provided

80

plate 15 may be riveted or otherwise

o5

10{)
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with ti htenin%)enuts 37 are placed in holes
38 1n the members 13 at various points in
- the latter, as shown- four of these connec-

~tions being provided on each of the members
8 13, the first directly opposite the periphery

of the tank cover and the second and third -

spaced a.short distance above, while the

fourth 18 sd}'acmt the top of the members

12. These clamps serve for a series of cir-

10 cumferential wire conductors 39, 40, 41 and -

43- of which upper conductor may be a
strong wire cable: 43 spaced substantially
above the top of the tank, for example at a
~height of about 7 feet, and defining a pe-

15" riphery somewhat greater than that of the -will define equipotential sm'face?' ¢, €2, e,
O

tank.  Be#ween this member 43 and the ring

- member 10 there may extend.any sufficient
- number of gubstantially radial conductor ele-
" ments 44, the latter at their outer ends en-
20 gaging the conductor 43. At points 47 ap-
~ proximately one-third of the way from the
"ring 10 to the member. 43 there may be at-
"tucted to cach of the elements 44 a pair of
wire conductor elements 45, which are con-

¢ nected to the peripheral .conductor 43 at
equal distances on-opposite sides of the ter-
minal portions of the conductors 44. The
-owires 45 may be twisted around the wires
44 and the joint may be held by any suitable
*) type of - positive clamp. - The members 45
" -1ay be twisted around the member 43, sol-
- dered or clamped; preferably all wiring
~ connections are-suitably secured by :binding-
screw- clamps of any suitable construction.

- for: the vartous cables and conductor ele-
ments; it is satisfactory to provide galvan-
1zed steel eables 29, 30 to hold the members
12 1 fixed position upon the tank, and ordi-

40 pury galvanized tron wire of suflicient size
mav Le used. for all the other conductors.
The peripheral conductor 43 is destrably a

- galvanized wire cable. The lower ends of

the members 18 may advantageously he al-

45 lowed to rest against the top edge of the
next to the top course of plates in the con-
ctruction of the tank wall, -

The tank wall 2 is, as usual, in relizble
electrical contact with the earth.. When this

50 is .not assiired by pipe line conncctions or

stunding foundation water, proper earthing
conductors are provided. Unnecessary pro-
jections ahove the tank top are recommended
to be avorded, a |

55 The recommended structure thus com-

T prises a series of peripherally extending con-
ductors defining & diameter greater than the
tank, and. more closely spaced to each other

* und 4he tunk at the level of and above the

%% euves, and a system of radiully-extending

. conductors above and spaced. from the 1 pper
-surfaces of the insulating covers of the tank
roof. At.any point.above the top of the tank
the candu:" ors 44, 45 should be closer to-

65 gether ths the separation of the plane de-

. 1,617,788

Y,

fined by them from the roof surface. These

recommendations flow from the conditions
under which the addition of the protective
conductor system to the tank results in a

redistribution of the equipotential surfaces

related to induced charges, for the following

reasons: -

70

- Assuming an elevated electrified area,such

as a-charged cloud C, Fig. 9, directly -over-

head, the normally” dielectric air between:

earth and cloud is in a state of stress between

_the oppos:te potentials of eartli and cloud.

This condition results in a gradient of po-
tential  differences, of which equal values
cte., the distribution of which follows in the
main the depressions and elevations of the

surface of the earth and conduetive sbjects

on the earth. . Potential aradient intensities
of the order of 35,000 to 150,000 volts per
foot of elevation are of common occurrence
during thunderstorms, and the potential
aracdient to upper strata-may approach-a
sub:tantial fraction of these values during

weather conditions not définitely of the na-.
ture of a thunderstorm, | |

In the case of a cloud or charged stratum

not overhead, the equipotential surfaces are
concave toward the cf

tum, and the gradient intensities may be of
any lesser values .dependent on. the lateral

arced -elevated stra-

distance of the charged stratum. In either

~case, the hines of force representing the I{mth
s mp su _ .. of discharge and indicating the normals to
4v  Any suitable material may be .employed -

the equipotential surfaces are not necessarily
vertieal. . On the contrary, in the case of a
shzu'{: terrestial elevation, such as a tree, a
butlding or a tank, there is a compression to-
gether of the equipotential surfaces at thé
tips, edges and projections of thése objects;
this 1s merely another way of saying that at
these places the potential gradient is steeper,
and that the directions of the lines of force
are mcliped toward the center of figure of

the te_rrus-.‘t_rinl' projection as indicated at 1,
5 o Fig 9. When there is normal uni-

formily of the atnrsphere, it may be. pre-
dicted. that a lightning stroke discharge will

strike along the steepest gradient "and.

through one of these compressions of the
equipotential surfaces. When theré is no
stroke, the induced electrostati¢ ¢harges are

of greatest intensity’ at these places.

The Iines. of force end at any most elevated
Fart, as-measured along the direction of the
Ines of force, of the terrestrial projection,
when that part is competently conductive to

earth. In the case of a suspended earthed:

conductor, such as the wires 43, 44, 45 of

the described apparatus, the place of com- .

pression together of the equipotential sur-
faces 1s elevated away from the terrestiul
projection. (the tank in this cave) and if of
any substantial electrostatic capacity, or if

the conductor bears. & moving charge or cur- 130

{:
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rent, will then be ‘the starting point of a
‘series of equipotential surfaces of reversed’

sien between itself and the neighboring pro-
jection (the tank, for example). If the wire
and tank. however, are both competent con-
ductors, the poiential between them will cor-
respond only to the mutual electroztatic ca-

 pacity during camplete discharge of the vir-

 tual air-gap condenser which the wires and
‘rent corresponding {o static charges induced

‘he tank together constitute. Flows of cur-

upon any such system as a whole are local-

ized in the surfaces reprezented by any In-

tervening earthed conductive -network' so

38 spaced away from the earthed projecting

We have determined by new research the

proportional protective offect of the de-

scribed system of spaced radial and periph-
eral conductors under high potential-gradi-
ents. The distribution of equipotential sur-
faces (altered by the additions to the tank

“as shown in Fig, 9 in full lines) 1n one plane

is indicated by the traces p', p°. p* cte. In
Fig. 10, without attempt to indicate the ab-
solute intensities from plotted surface to sur-
face. When the mean lateral spacing from

" conductor to conductor is equal to .or less

- -to be propo

than the vertical spacing from the tank rootf

to the conductors, the induced flux of current

(a direct measure of thestatic chargeinduced
by the exciting charged stratum) was found
itionally distributed between the
tank roof and the condnctor system in a pro-
portion between extremes represented by the
obcerved - extreme values 3.2 to 96.8 and 1.6.
to 98.4.- When the number of radial con-
- ductors was reduced so that the mean sepa--

ration of the conductors was greater than

_their elevation above the tank roof, then the

“mean values of the proportional charges

435

= L]
n” r
r o "
- -
'
a
' L]
.

were as 14.3 is-to 85.7. In this case. G(Hli-

-potential . surfaces between the suspended
“conductors and the roof intersected the roof
at the more separated places between the.
conductors. S - | |

spacing, -cnrries. an average value of ‘the
total induced charge of 97.6%. This may

_ The protective system, in the recommended

be taken as a pmbable_ mininium evaluation
of the proportion of the current of a Light-

“ning holt discharge likely to be carried by

- 8O

80

the protective *syst_ém-im("l_the tank roof re-

spectively in case of a stroke to a protected
tank. The relatively high conductivity and
even distribution of the conductor paths.to
earth fromn the protective covering warrants
belief that a far greater proportion of a
heavy discharge than the induced charge

yatio indicates wonld in that case flow in the

- profeciive devices, resultin‘f in a practically

65 mended protective conductor system is also

complete exclusion of the discharge currents
from the tank top and roof proper. |
Referring now to Fig. 11, the recom-

and top surfaces, separate
mhialt o paint dielectric I are an ideal Ley- .
den-jar condenser capable of energetic- dis-

BEST AVAILABLE COP}
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effective to reduce risks from spark dis--

charge from part to part of the tank. The
probability of inter-part sparks increases as

the ]int)tential or intensity 6f mutually-in-

duced or bound charges is permitted to in-
crease.
(and to a lesser degree paint or other coat-
ings) will provide exterior surfaces ¢ and
interior surfaces R which, because eondue-
tive or-made cgnductive by condensed mois-
ture, residual sulphuric acid fumes or other

“thin films, may provide a path for a-static
charge built up- to discharging intensity.

Two such surfaces, especially the large roof
by a felt, as-

charges amply able to fire the inflammables.
Working joints in the surface R, for ex-
ample, under expansion or filling writhings

10

The heat insulation I of the tank.

76

of the tank, might, if this surface (and the .

<urface ¢ by induction) carried heavy 1n-

“dueed charges, permit local sparks from part
to part: as illustrated at 2%, sections of the
tank, especially the eaves portion, may re

resent a resistance to ground (due to ob-
«tructed joints, openings at the eaves, etc.)
and the moisture film at ¢ may ‘well be elec-
trically discontinuous or highly resistant,
as at =, | . ' I
There is no good way to reach and dis-
charge such isolated surfaces by direct
erounding. Conductors within the tank
space can not be depended upon to make

“contact with all charged areas, and are them-

selves a source of risk during heavy induced
rushes of current. There is no probable

a ‘wholly effective ground contact by any

contact wiring system could be made. We

therefore prefer to rely for discharge upon
the overhead conductor system 12, 44, spaced
from the surface ¢ by an air-gap dielectric
resistance.  The overhead conductors com-
plete a system in which the typical assumed

charges at ¢ preferentially discharge to

cavth through the conductors 44, 39, 40, 12 and
through the resistance /% rather than by
penetration of I Such charges at 7, when
that surface is conductive, are of the same
sien as the earth; but as-indicated, when

“the swrface is not uniformly conductive or

i< conductive In ixolated aveas only, these
charges nay be negative or posttive, or nega-
tive in one place and posttive m another, or
in a state of oscillation trom one to another
relative sign of potential. The discharge of
such charges to the everhead conductors s
gradual rather’ than disruptive.  Danger-
ously high potentials therefore do not build
up on the isolated surface or surfaces ¢, and
by induction on the opposite surface R; and,

it and when a dangerous potential 1s ap-.

proached, this is discharged- without heavy

surges of current, generally by lonized-air

100

“continuity of a film surface at £ with which '

105

114

1t

120

130



BEST AMAWABLE COP

flow to the conductors
will be observed ‘that the spacing of the_con-
ductors mutually and from the insulated
surface of the top of the tank is of optimuim

. § 'functioqa'l value when the relations are such

. 3 -
F a
L]
Ll

‘!
-
N
.
{ :

R -
Ll
. .

"".

gradient away from this surface. J
.7 During times of great meteorologidal
et

- a8 both to discharge surface static charges

and to elevate regions of high potential
_ éal Elec-
nical disturbance, the surface-charge - dis-

charging effect of the protective coriductors
18 aided by’ the corona discharge ionization

‘phenomena st the conductors, which then

. CArry-hea

-
- 18
‘- -

-tective grid is to lessen the charges

currents at greéat potentials and
high :oscillating frequencies.. When it is
borne in mind that the effect of the pro-

+ | s - on the
tank proper to omnly from 1.6 to 3.2 per
centum. of the.quantum otherwise induced
by the charged cloud or elevated stratum,

it will be perceived that.the protective sys-
tem specified may be relied upon to reduce

the probability of induced interior sparking
from condenser action of films borne by heat
Insulating or paint coverings to a mininium,

while . providing .as good probable protec-

‘tion_for lightning -stroke disaster as it is

possible to

design.
I claim: -

39, 40‘,'41 or 44. Tt peripher}f

.duced static charges

>

of the tank and spaced from cach
other and from the top portion of the tank

by erect earthed conductors, said conductors

being principally concentrated in the regions

- of maximunr-poter. ial gradient between the :

tank top and an e‘evated charged atmos-
pheric stratumn. - a |

5. The combination witlr a ‘tank for in-
_ exposed to meteorological
- electrical -influences and having an insulat-

Hlammmable- fluids

mg layer above a portion of its extent con-
stituting i

anner surfaces, of nieans
held by mutual attrac-
tion at opposite sides of said dielectric com-
prisin

the msulating layer. |
.. 6. The combination with a tank for in-
MHammable fluids having a vapor and heat in-

sulating top exposed to. meteorological elec-
‘trical ‘infiuences of an interconnected SyS--
tem of conductors spaced from each other

and from the top portion of the tank and
comprising a series of erect supporting and
eon ucting nmembers in-earthed contact with
metallic side walls of the said tank, one or
more. peripheral conductors connecting said
erect members and encircling the region of

¢ ielectric separating outer and
for dissipating in-

a system of earthed conductors
spaced by an air-gap from the exterior of

85

. 1. The combination with a tank for in-
flammable fluids exposed to meteorologicul
~ electrical influences and having an insulat-
.~ ing layer above a portion of its exient of a
 8ys’ wm-of earthed conductors spaced from
.38 each other and spaced from the surface of L |
~sa)d insulating layer by a greater distance 7. The combination with a tank for in- -
“than their mean separation from each other. “Hlammable fluids exposed to meteorological
2. The combination with a tank for in-" electrical influences and having an insulating
flammable fluids exposed-to meteorological layer above a portion of its extent constitut-

‘a0 electrical influences and having an insulating ing a dielectric separating outer and inner
o surfaces, of means for dissipating induced

layer above a portion of its extent of a Sys- J .
tem of earthed conductors spaced from each gtatic charges held by mutual attraction at
opposite sides of said dielectric comprising

other and spaced from the surface of said in-
- sulating - layer,-s:'. 1 conductors being. prin- - 8 system of earthed conductors spaced by an
air-gap from the exterior of the insulating

cipally concentrated by closer spacing at the , .
10 layer, at"a distance at which the air-gap

regions of maximum potential gradient be- : ’
tween the tank top and an elevated charged dielectric resistance is not comstantly greater
... at times of atmospheric electric; disturbance

atmospheric stratum. . S i _ _ bar
a. ’Bxe combination. with a tank. for in- than the dielectric resistance of the said in-
sulating layer. 118

flammable fluids exposed to meteorological ! o _
electrical influcnces of a system of earthéd = 8. The combination with a wetallic stor-

conductors extending beyond the periphery age tank, and a roof therefor having low
of the tank and spaced from each other and eigectrical canductivity, of a Rrotective sys-
from the top portion of the tank, said con- tem comprising conductors overlying said
ductors being principally - concentrated by tank and support:ng meéans therefor includ-
closer spading in regions of maximum ing supporting elements projecting beyond
potential gradient lying about and above the and above the periphery of said tank and
periphery of the tank top and between the means for holding the sq_gf)ortmg‘elements
tank top and an elevated charged atmos- in position mcluding flexible members hold- .
pheric stratum. - .. ing their lower ends in mechanical and elec- 125
4. The combinatior with a tank for in- trical contact with the walls of said tank be-
flammable 1uids exposed to meteorological low said roof. A e
electrical i.fluences and- having a dielectric 9. The combination with  a “metallic
layer superimposed upoxn its top of a system stordge tank, and a roof therefor having low
of earthed conductors extending beyond the. electrical conductivity, of a protective sys- 130

the €aves of the tank, and a series of con-
-ductors extending from the region of the
center of the top. of the tank to one of said
peripheral conductors and supgi)rted above
the tank top at a distance greater than their =
mean separation apart. . - 100
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tem comprising a series of connected con- electrical contact with the tank walls at a
. ductors overlying said-tank, and supporting point well below the eaves. o

means therefor including a plurality of erect ~ -Signed by me at St. Louis,. Missouri, this

conductive elements projecting upwardly fifteenth day of May 1925. -
$ and outwardly from the walls of said tank;, -~ -~~~ LESLLE A, BALDWIN.
~and holding means therefor including a plu-  Signed by me at Boston, Massachusetts,

rality of tension elements adapted to hold this 22nd day of May, 1925,

the said erect conductors in'mechanical and - -~ ELMER R. SCHAEFKER.
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