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"'hls fnvention pertains, generally, to clectrieal

tznal systems, and the tnvenilon has reference,
moxe p’ercularly, to a2 novel slgnal system adapt-
ed for use In connecticn with excavators used
for undergreund worg «nd particularly in exca-
vating in earth and ¢ The function of this
invention Is to indicate -y signal to the operator
whenever the toel part o0 wie excavating machine
approaches or contacts +ith existing services in
the carth or fill, wherehy the operator may take
proper precautions to rrotect such services {rom
MU

The word service or service memuer, as Lerein
contained, is iniended to apply to any =xisting
pipe, conduit, cuct, wire or cable in the rarth or
fill useful for such services as electricliv. tele-
phone, telegraph, traffic slgnal systems, fire
alarm systemns, police cormmunication systems,
gas, water, trolley return feads, sewers and drains.
The word machine as herein contalned shall be
understood fo apply to any machinery which is-
used for excavating, digzing, saratching, plow-
ing, boring, pushing or tunneling in earth sad
fill. The word machine shall also he understood
to include such machinery as ladder type ditch-
ers, crawler and wheel mounted types of cranes
with shovels, drag line scoops, clamp shell buck-
ets. orange peel buckets, pull scoop buckets; back-
Lice buckets, trench hoe buckets, post hole diggers,
bortnger machines, tunnelir.g machines and push-
ing machines. The word tool as hercin contained
shall be understood tc apply to thet part of any
machine which does the actual work in the earth
ond fill, such as the boom and buckes:, hoom and
shovel, or shaft and auger.

In towns and inunicipalities, meny services
walks ansd cther
plots of pround. The exact positions, directions,
stopes, bends and connections of such services
in most cases are not accurately krown, as in
same instances only general locations have been
recorded and in others, recceds and land marks
have been lost. For numerous reasons such lo-
calities must be excavated, etc., for new services,
extensions, repalrs, ciianges or replacements.
Heretofore, machines for such work have been
voery mited in application due to 1he2 hazard of
danaging existing services or due (o slow, high
cost operation of the machines to avoid injuring
such services. This invention will permit much
breader aplication of machines for underground
work where underground services may be en-
ecuntered. ~ Some types of machines can be uti-
lized to great advantage around services without
damege thereto, providing the operator is given

N Jv

an indlcation of the approach to and contact
with such services.

Onc chiect of this invention Is to provide sigm.!
means for suitak!y indleating or signaling to the
aperator of the machine the relative ncarncss
of a service ss the tool apvroaches the same,
thereby permliting fairly rapid operation of the
machine uni!” tae tool gets very close to the serv-
ice, whereupen the operator can exercise eautlon
and recuce spend.

Another objest of this invention Is to permit
an adjustment of the signal system so that the
sanme beintns tindcate 2t a greater or lesser dis-
tance of the {woi ' the. services, whichever is de-
sired, tl.2 sald sfgnal system belng adaped to In-
divate r-litive distances of the tool to the serve
fces by the automatic change of sound volume,
freaucncy or visual indication.,

ie

Still another object of this invention is to pro- .

v'ie a novel excavator signal system thut does not
cause the operator to detract his attention from
the operation of the teol, for whether the signal
device be audible or visual, or a combination

thereof, the sald device is located close to and

in an advantagecous position for the operator,
thus preventing foreign sounds such as created
by the machine, trucks, trolley cars, trains, etc.,
Irom interfering with the sigaals,

Another object ¢f this invention lies in the
provision of a novel excavator signal system that

25

30

is of simple construction and is reliable and eco-

nemical in operation, the said system being
adapted to be readily tested for service signal at
any time to be swre that all parts are ready for
operation.

35

till another object of this invention is to pr- '

vide for the automatic supervision of the coms=-
plete circuit by way of a constant v!smx or audible
indication.

Other objects and advantages will hecome &p-
parent from the specification, taken in connec-
tion with the accompanying drawing wherein the
invention is embodied in definite form.

Fig. 1 is a schematic vievr illustrating an-exca-
vator in use and equipped witti the novel signal
system of this Invention.

Fig. 2 is a wiring diagram of one form of signal
sy swm of this invention,

7.3 is a wiring diagram of a slightly modlﬁed
fmm of the invention, and

Flg. 4 is a wiring dlagram illustrating the pre«
ferred form of thz invention.

" Similar charncters of referer e are employed
in the above views to Indicare corresponding
parts. - . -
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Referring now to Fig. 1 of the drawlag, the

reference numeral { desigina‘es a trench exce-
vator having a shovel to tool 2, shown excavating
the trench 3. As the tool 2 necars any of the
services or service pipes 4 or 4, such as water
or gas pipes or telephene cables, the novel signal
systerr of this invention *suilably indicates the
same to the oneratcr as by an audible or visible
signal mounted as upan a cebinet or panel 5 with~
in the excavalor ‘I :n a position convoment to
the operater.

In Fig. 2, shewing one forr. of the invention,
& scurce of ciectric power, suc’, as a battery 6
or any direct current or slteinating  current
source, s used, a battery having the advantage
of permitting .i self contuined system mounted
In a svitable bBox or cabinet located on the ma-
chine, A cut-off switch 1 is provided to dis-
connect the source of power § from the signal
cquipment Yor rerinds of idleness, while an ad-
Justable rheostat 8 is provided for adjustment of
the signal to fadicate at u greater or lesser dis-
tance of the tocl from the service, Resistor 8
can be replaced with voltayge taps on battery 6.
The signal device 8 is a Jow resistance, low cure
rent type of bell, buzzer, klaxon, vibrator, radio
set, lamp, lamps or any device adapted to con-
vert electric energy into audible or visible sig-
na.s. A supcrvisory device such 25 g pilot lamp
oo a scund device 0 is provided in sevics with
slpnal device § (o Indicate taat the complcle
circuit {s ready for operation. This lamp {0 is
brilliant normally and reduces brilliancy as the
sofl resis.ance decreases due to the approach of
the toot toward a service. and goes out when the
soil resistance gets very low. A ground connece
ton {1 for grounding the circuit to the metallie
frame of the machine er excavator is provided;
a part of the frame which has good metzllic
conneetion w.th the tool being used as the
ground. - Reference numeral §2 represents the
resistance of the earth that is arranged in paral-
lel with lamp {8 and which separates the tool
from the ncar-by scrvices 4. &, the frame of
the mactine serving to conduct current from
ground t§ tkrough tool 2 {o ground {2, being
desipnated §3. A cubie 14 consisting of leads
{5 and {6 connects lamp #0 and battery 6 to one
or mare parts of the service system, stch &s a
fire hydrant 17 or gas or water pipes in & build-
ing or street. Generally telephone cable sheaths
and gas and water pipcs are. interconnected at
many peints, therefore one connection of the
service to the alarm circuit is generally sufficient.

The values of voltage, resistance, current and
frequency can be of nunierous combination
values. An example of one scheme is as follows:
§ is a 24 volt battery, 8 is a *5 chm rheostat,
§ Is a bell having a resistance of approximi. tely
3 ohins and an operating range of .3 ampere to
3 amperes. With the rheostat 8 set at 5 chms,
the maximum current is limited to within the
capacity of the bell. Lamp {0 draws but little
current and hence does not cause bell 8 to oper-
ate. When the tool approaches a service tn the
point of reducing the soil resistance sufficiently

to have an overall circuit resistance of approxi-

meately 80 ohms, the signal device iIs actnated
and bzcomes eudible, while the luminosity of
Inmnp 10 decreases. As the tool approaches the
service, the soil resistance of the circuit 5 de-
crcased, resuiting {n an increase of current flow,
thereby Inereasing the intensity and pitch of the
slgnal device 8, and a continuing decrease in
the lumincsity of xmp m YWhen the tool con-

}

- tacts with a service, the resislance of the circuit
fs a minimum and ihercfore the currert and
audibility of the sfznal egquipment s a2 maxiv um,
while lamp {0 gees out. Normaliv, actual on-
tact of the tool with the service member Is never
allowed to take plaze because of the resultant
injury to the service member. The operator lifts
his tool over ilie servize member when the signal
reaches a predetermined intcasity, and this vsu-
ally occurs when tool is from 1 foot t3 3
inches from the service member. ‘The reverse
order follows, that 3 the tcol is retracted thie
‘circuit resistance in<ieases, and therefore the
current and- audikili's of (the signal equipment
diminishes. This circizt can be modified {o give
minimum signal when the taol contacts the serve
fce and maximum siznz]l when the eircuit is
open, if desired.

Fig. 3 shows an alicraztive scheme which con-
tains two distinct sigmzl devices In paralle! cir-
cuits containing suitabla resislors. This scheme
can be broadencd to =ny number of devices, each
having different operating and socund charge
cerlstics, - Tne additicnal s ignal device 13 is em-
ployed, such a3 a werics tyne DL C. bell of 2 6 7
chms resistance, and cperates on 0.5 amuere and
above. Siznal device 9 in this form of the in-
vention is sunilar te 5 except that 3 has a dis~
tvnclivelv different sound «© h‘d 1eteristie, such as
G COW fona or sicith Lol feature. The elcctrical
chamctcris’tigs of 8 can be ihe same ac 18 and
obtain diderent orerating features by regulation
of the resistors 8 znd (3 In series with 3. Re-
sistors § and 20 in the paralle! circuits may be
20 chms rheostats and resistor {9 & 25 oim rheo-
stat, while 2t may ke 3 5 ohm resisior. A serles
type relay 22 having an operating cofl 23, a nere-
mally closed contacior 2¢ and a aormally open
centactor 23 may have the following character-
fstics, {. e., a8 C.25 ohm resistance, cne circult
closing, one circult opening, automatic reset and
operates on 1.3 emperes oranure. Th2 rheostals
8, 20, 18, 21 arc sot with respect to each cther
to give the following .yvic’.l results, Loe., signal
device {8 starts cperaiing at 0.5 ampere total
in the circult, and as the tool approuches s serve
fce the totai current increases with a propor-
tionate current flowin throam, the two signal
devices, resulting in an im.-ease of the sound in-
tensity of tR, When the total current reaches
1.1 amperces, device § starts fuactioning angd at
1.3 amperes the relay 22 is actuated, thereby
closing exmtacteor 25 which shunis the resistor
19, and simultanecusly opening ccontactor 24
which removes the shunt from rheostat 2§. 'The
relay operaticn resulis in a decrease of the sound
intensity of device I8 and an increase af the
sound Intensity of device 9, and the tctal cur-
rent increases to approximately 2 amperes. As
the tool moves away from the services, the re-
sistance of the soil part of the eiectricel circudt
increases and the current decreases; at approxi-
mately 1 ampere the relay 22 draps out, result-
ing in the restoration of the original circuit by
shunting the rheostat 28 due to the zction of
spidng 26 and rermsy. ng the shunt from the
reststor 9.

Plg. 4 shows a preferrcd arrangement wherein
¢ radio signal device ‘s employed, consisting ¢f
a radlo frequency geuerator, an amplifier, g
mlicrophone, a supertiszed volume control syse
tem and a source of elecirical power.. In this
particular hook-up, the earth resistance acts as
e part of the volume control and is located in
the circuit between dhe peilarator and the ampli-
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fier: however, other parts of the circult can be
used for elther volume or {requency control, stich
as the control connected {n the microphons cir-
cult, heater clrcuit, or generator grid clrcuit,
Many radio lLook-upz can be made with and
without tube amplification and with more stages
of amplification to sult the requirements,

In Fig. 4. 6§ and §’ are a scurce of electrical
energy such as three batlteries consisting of 6
volts, 2:3 volls, tozether designated as 6, and
22145 velts, designated 8°, or aSvelt storage battery
with o meotor generator set for voitage conversion
may be used, while 7 is a -ut-off switeh for the
saurce of energy. A200chm rheostat 8is used for
simulazing the changes of earilt resistance when
sdjusting the signal device for the preper signul
to the gesired earth recistance. Rlheostat 8 con-
tains an open-circuit point and the rheostat is
nonuslly set on this open-gircuit position. A
microphc 2 <r loud speaker or other sowid de-
vice such «s & bell ¢ for conveislon of electrical
energy inta an audible signel, or a set of relays
end lamps for conversion of electrical energy
fnto a visible signal may be employed in licu
of 8. A ground connection {f of the contral cir-
cuit to the metallic frame of the machine s used,
o part of the frame which has good mefallic
conneation with thie tool being employed. The
earth part of the centrol clreult is designated (2
end separales the toel from the near-by services.
A connactisn of the control circuit to one or more
parts of a service system, such as 2 fire hydrant
§T or gas or water pipe in a bullding or street,
I3 cmploved. A cenventional A, C. generator
such as an audio oscillator 27 or a power driven
generator s used for supplying a step-down
transformer 25 in the ccntrol circuit with an
wudio frequency signal.
plies current through ground {2 to a step-up
transformer 29 in the signal control cireuit. The
output of transformer 28 is supplied to a con-
ventional trpe of sudio amplifler 0 consisting
of one or more stages of amplification and having
the signal device 9 in the plate circuit thereof.
Resistors 3t and 32 serve for adjusting the sig-
nal volume tgo suit the desired indication of
greater or Jess discance of soil separation between
the tool and the services

When the tool of the machine is not in the
earth, there is enough leakage in the radio cir-
cuit t2 operate the device 9 or loud speaker faint-
ly. When the tool coniacts with the sofl the
audibility increasss slightiy. Under the latter
condition, the operator is automatically given
supervisory [ndication that 1ll connections are
complete and that the st is functioning, This
feature is very important, s&s occasionally the
wire connecting the signal device t> the service
system becomes broken or disconnected. As
the tcol spproaches a service, the signal gets
louder and louder so that, in use, the operator
can tell just how near he is {0 a service, and
hance avoid striking the same with the tool.

As many changes erig be made in the above
construction and many cpparently widely differ-
ent em*diments of this invention could be macde
withous departing from the scope thereof, it is
intended that all matter contained in the above
deseripuion or shown in the accompanying draw-
ing shali be interpreted as illustrative and not in
a limiting sense, :

What, {s clalmed Is:

3. In vombination with an excavator having a
clzzing tovd, a signal system {or notifying the
operator when the tool approaches a service

[ *

‘Transformer 28 sup-~

2

member and the nearness of approach, compris~
ing g signa! device and a circuit for contreliing
the operation of the signal device, said clreuit
including a source of current, the excavator dig-
ging tool, the variable resistance of the layer of

earth between the dinging tool and the service.

member, and the service member, the constanis

of the circuit and the character of the signal de-.
vice being such that the signal device is effec-

tively operated at a predetermined distance of
approach of the digging toolt the service 1nem-
ber and is operated with increased intensity ugzon
further appreach. :

2. In combination with an excavator having a
digging tocl, a signal systém for nutifving the
operator when the toel approaches a service
member, thereby giving the operator ample warn-
ing to prevent the tool from contacting a service

- member and enabling the marximum digging by

an excavator without causing damage to me-
tallle service members, the sald signal system
comyprising & signal device ard a circuit for con-
trolling the operation of the sipnal device, the
safd circuit including a source of electrical cur-
rent, the excavator digging tool, the varizble re-
sistance of the layers of earth and/or 1111 botween
the digging tool and a service member, the re-
turn connection between the sald slenal deviee
and a part of the sald metallie service member,
and the clectrical connection from the said sig-
nal device to the toel. the constants of the cir-
cult and the chucacteristies of the signal device
being such that the sisnal device Is effectively
operated at vaiious predetermined distances of
approach of the tool to the service member, the
signal device operating continucusly with in-
creased Intensity of signal as the tool moves
closer to the service member, thereby signifying
to the operator that the tool is working in a
cautlon zene thal may extend from a few inches
to within a few feet from the service mefnber.
the range of the caution zone being predeter-
mined by ‘he operater, the signal device having
& means of adjustment for the desirad range of
the zone to suit the type and condition of the
earth or fill end to svit the type and speed of
the excavator.

3. In =& sianul system for excavators having
an e2rih excavating tenl, s thermionic oscillator
for producing an audlo ireguency signal voltage,
& circuit including a trausformer enereized by
sald signal voltaze, said circuit including the
excavator {ool, a service member and the earth
extending between said tool and the service mem-
ber, together with an output transformer, end
an audio signal device fed from sald circut out-
put ‘transtormer, the constants of the circuit
and tie character of the signal device being

. such that the signal is effectively opcrated at

a preactermined distance of approach of the dig-
ging tooi to the service member and s operateqd
with incrensed *ntensity upon further approach,

4. In a slgnal system for excavators having
an carth excavutini tool, generating means for
predueing an audin \1’;equency signal voltage, a
circuit energized by vait signal voltage, said cir-
cult including the excavator tool, a service mem-
ber and the earth extending between said tael
and the service member, and an audio signal de-
vice contrelled Irom-said circuit, the constants

{ the circuit tni the character of the signzl
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device being such {hat the signal is effectively .

operated at a procetormined distance of approach
of the digeing (oal to the scrvice member and
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is operated with tncreased Intensity upon further
approach. .
5. In combination with an excavator having

‘a digring tool, of a signal system for notifying
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1he operator by means of a steadily increaslng
Intensity of signal when the tool approaches
toward a service member, said signal eystem com-
prisinz a signal device, means conneciing oxne
side of said signal device electricallr to said:-tool,
a source of current for sald signal device, means
for detachably
signzl device throush said source of current te a

service member, a conductor for connecting said -

one side of said signal device also to suid service
member, and a pilot lan:p connected in £ald con-
ductor ‘due to the connection of said one side
of said signal device through said tocl and the
earth to the service maanber in pargilel with said
lamp.

6. In a signal system for excavators, & source
of electrical energy, & signal circuit connecled
ta be ecuergized therefrom, a signal device in-
cluded In a part of szid circuit, said elrcuit also
including conducting means for conneclion to a
service member and additional conducting means
for conncection to the teol of the excavator, the
earth between the teol and the service member
also being Included in said circuit, the current
in said signal circuit being gradually increased
as said tool approaches the service member,
whercby the signal intensity of sald signal de-
vice also giadurily incresses, the signat com-
mencing audible operation when the tool is at

substantially predetermined distance from the
service remnber. . .

7. In a signal system for excavators, & source
of ecicctrical energy, a signal circult ‘including
Jseans for producing etectrical ziternations sup-
piied from said sourca, sald circuit having a por-
tion thereof Including ennducting means for con-
nection to a service mem..er, together with & con-
nection to the tocl of the excavator, the earth
beiweea the toonl and the service member being
included in sald circuit portion, said portion of
said circuit being energized from said means
for preducing electrieal alternations, and a sige
nal device controlled from said circuit portion,
the constants of the circuit and the character
of the signal device beirg such that the signsal
is effectively operated at a predetermined dis-
tance of approach of the digzing too! to the serv-
fce member and is operated with increased in-
tensity upon further approach. .

8. In combination with an excavator having a
digeing toel, of a signal system for notifying the
operator when the tool approaches a buried serv-
ice member, said sirnal system comprising a
palr of signal devices Laving differing operating
characteristics, circuit means for eleccrically con-

necting said signal devices to said tcol, a source
of current for said signal devices, cnd means .

for electrically connecting said signal devices to
a service memuer, the earth betwesn said tool
and the service member combpleting the rircuit
for sald signal devices, relay means for virying
the floww of current through said signnl cevices
to cause the indication of one of said devices
to predominate when the tool is relztively remote
from a service member, the signal cutput of said
device continuing with increased intens'ty upon
further approach of the tool until the iatter is
at a predetermined distance {rom the service

cnnecting the other side of said’

\

member, whereupon the signal output of said one
device falls off sharply and the signal oulput

of the cther device predominates when the toal

continues to advance relatively close to the service
memaar, :

9. In combination with an excavator having
g digeing tool, of a signal sysiem for notifying

- the operator when the tool approaches a buried

service member, said signal system comprising
a palr of signal devices of differing operating
characteristics, a series multiple circuit having
said signal devices respectively connected in tiie
respective paralle! legs therecf, a source of cur-
rent comnected in the scries porilon of said
circuit, said circuit series portion having ont
side tihareof arranged for removable conneciion
to & service member and the other side thereni
connected to said digging tool, the earth belween
sald tool angd the service member compleling the
circuit for sald signal devices, the constants of
tiie clrcuit and the character of the signal de-~
vices being such that the slgmal devices are ef-
fectively operated al predeteri:ined distances of
approach of the digging (ool to the servics wem-
ber, s2id signal devices opergting with dieren~
tal Intensities upon further approach.

10. In combination with an excavator having
s digeing wool, of a signal sysiem feor notifving

1e oneralor when the tovl approaches & buried

service member, sald signal systein comprising a 3

pair of signal devices, ¢ serles mullivle circuit
having sald signal devices respeciively connected
in the respective parsllel legs thereof, a source
of current ccnnecled in the series portion of
sald clrcuit, said circuil series poriien having
cne side thereof arranged for removable con-
nection to & scrvice member and the other sicde

. thereaf connected to sald digging tool, resistors

arranged .to be included in said parailel legs.
and relay mesns, responsive to the current Sow
in the serles nertion of seid circuit, ana operating,
when the current therethrough reaches a pre-
deterimined value, for shunting a resislor.of one

ot

of said legs while inserting 8 resistor of the other -

leg thercin,

11, In combination with an excavator having
a digging teol, of a signal system for netifying
the oporator when the ted) approaches a hidden
service mernber, siiq signal system comprising
an oscillator, eircuit means energized {from said
osciliator, said circuit means including said dig-
ging tool and an available service merber in
series therein, the earth bLelween said digging
tcol and the service member constituting a part
of said eircwdt means, a thermionic amplifier
controlled from the A. C. output of said circuit
means, and a signal device connected in the out-
put of said amplifier.

12. In combination with an excavator having

a digging tool, of & signal system for notifying
the operator when the too! amiroaches a hidden
service member, s2id signal system comiprising
an audlo oscillator, circtit means including said
digging tool, an available service member and
the intervening earth in series therein, a trans-
former for supplying enerzy {rom said oscillator
to said circuit means, an amplifier having an
audible signal device in the output thereo!l, and
8 transformer for counling the A. C. output of
suld circuit means to said amplifier,

CHARLES I. MAUST,
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