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his invention pertains, generally, to clectricai 
signal systeins, and thc invention has reference, 
more particularly, to a novel signal system adapt 
cd for use in connection with excavators used 

5, for underground work and particularly in cxca 
wating in eart aid : The function of this 
invention is to indicate y signal to the operator 
whenever the toci part or he excavating machiie 
approaches or contacts ith existing services in 
the earth or fill, whereby the operator may take 
proper prescautions to protect such services froin 
zilius. 
The word service or service men ver, as herein 

contained, is intended to apply to any :xisting 
3 pipe, coinduit, duct, wire or cable in the rarth or 

fill useful for such services as electricity. tele 
phore, telegraph, traffic signal Systems, fire 
as air Systeins, police coniunication systems, 
gas, water, trolley return feeds, sewers grid drains. 

2. The word inachine as hurrin contailed shall be 
understood to apply to any machin cry which is 
tiScd for excavating, digging, si:'atching, plow 
ing, boring, pushing or tunneling in earth and 
fil. The word in a chire shill also le understood 

25 to include such mach in cry as ladder typic ditch 
ers, crawler and whicci raounted types of cranes 
with shovels, drag line scoops, clanp shell buck 
ets, orange peel buckets, pull scoop illckcts; back 
lice buckets, trench hoebuckets, post hole diggers, 

30 boiling nachies, tunnelii.g. machics and push 
ing niachines. The word tool as hercin contained 
shall be understood to apply to that, part of any 
It achine which does the actual work in the earth 
End fill, such as the boom and blicke, boom and 

35 shovel, or shaft and auger. 
In towns and inunicipalities, many services 

generally exist under streets, walks all other 
plots of ground. The exact positions, directions, 
slopes, bends and connections of such services 

40 in most cases are not accurately known, as in 
Sane instances only general locations have been 
recorded and in others, records and land marks 
have been lost. For numerous reasons such lo 
calities must be excavated, etc., for new services, 

45 extensions, repairs, cisnges or replacements. 
Hi? retofore, machines for such work have been 
v (;y limited in application due to Ts hazard of 
damaging existing Services or due to slow, high 
cost operation of the machines to avoid injuring 

50 Stich services. This invention will born it llc. 
broader aiplication of machines for underground 
work where underground Services hay be en 
countered. ... Some types of machins can be uti 
lized to great advantag: around Sc' vices without 

55 dairage thereto, providing the operator is given 
i vs 

1936, Serial No. 85,500 
(Ci. 17-3ii). 
an indication of the approach to and contact 
With such scrvices. 
Onc object of this invention is to provide signal 

means for suitably indicating or signaling to the 
operator of this machine thc relative incarness 5 
of a Service S's the tool approaches the sane, 
thereby permitting fairly rapid operation of the 
la Chile in the tool gets very close to the Serv 
icc, whercupc.) the operator can exercisc caution 
{nd reduce Sgeidi. C 
Another obje it of this invention is to permit 

an adjustment the signal system so that the 
Sane bei:ns it ; cate at a greater or esser disa 
tance of the kioi au the services, whichever is dea 
sircd. t. said signal systein being adaped to in- 15 
divate Islative distances of the tool to the serva 
it.?s by the auto:matic change of sound volume, 
ft (cncy or visual indication, 

Still another object of this invention is to pro- . 
vie : novel excavator signal system that does not 20 
C-lise the opcrator to detract his attelton from 
the (peration of the tool, for whether the signal 
device be audible or visual, or a combination 
thert:f, the Said device is located close to and 
in an advantageous position for the operator, 25 
thus preventing foreign sounds such as created 
by the machine, trucks, trolley cars, trains, etc., 
from interfalling with the signals, 
Another object of this invention lies in the 

provision of a novel excavator signal system that 30 : 
is of simple construction and is reliable and eco 
mornical in operation, the said system being 
adapted to be readily tested for service signal at 
any time to be sure that all parts are ready for 
Operation. 35 

till another object of this invention is to pr 
vide for the automatic supervision of the com 
plete circuit by way of a constant visual or audible 
indication. - 

Other objects and advantages will become ap- 40 
parent from the specification, taken in conreco 
tion with the accompanying drawing wherein the 
invention is embodied in definite form. 

Fig. 1 is a schematic viev r illustrating an exca 
vator in use and equipped witi, the novel signal 45 
system of this invention. i 

Fig. 2 is a willing diagnan of one form of signal 
Sysien of this invention, 

Fig. 3 is a wiring diagram of a slightly modifie 
form of the inv'Crition, and (50 

Fig. i. is a Wiring diagrari) illustrating the pre 
ferred form of tha invention, 
Similar chari c'ers of referer tie are employed 

in the above views to indicate corresponding 
parts. . . . . 56 
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Heferring now to Fig. 1 of the drawing, the 
reference numera I f desigila'es a trench exca 
vator having a showcl to tool 2, shown excavating 
the trench 3. As the tool 2 Incars any of the 
services or service pipes A or 4". Such as water 
or gas pipes o' telephone cables, the novel signal 
syst can of this in 'ention suitably indicates the 
saine to the operatci as by an audible or visible 
signal Iinointed as lion a cabinet or panel 5 with 
in the Cxcavator if n a position convenient to 
the operator. 

In Fig. 2, showing one forc. of the invention, 
a SCurce of Cectric pover, suit', as a battery 6 
or any direct currcuit or altic nating current 
source, is used, a battery having the advantage 
of 2:2Innitting . Self contzitled system mounted 
in a suitable box or cabinet located on the na 
chine. A cut-off switch 7 is provided to dis 
connect the Solrce of power S from the signal 
cquipnicnt for periods of idleness, while an ad 
justable rheostat. 8 is picided for adjustinent of 
the signal to indicate a '... a greater or lesser dis 
tance of the tool from the service. Resistor 8 
can be replaced with voltage taps on battery 6. 
The signal device 9 is a low resistance, low cur 
rent type of bell, bu22t:r, klaxon, vibrator, radio 
set, lamp, 3 in ps or any device adapted to con 
vert electric energy into audible of visible sig 
na.S. A supervisory device such as a pilot lamp 
(; a scid civicc ) is saidd in Sr. is ...it) 
sign:ti (d. ice S to iciicit-c tilt the copicte 
circuit is ready for Uperation. This lanlp G is 
brilliant norinally and reduces brilliancy as the 
soil resis ance decreases due to the approach of 
tic tool toward a scrvice, and goes out when the 
soii resistance gets v'cy ov. A ground connec 
tion for Srounding the circuit to the netallic 
frame of the machine or excavator is providcd; 
a part of the frane which has good In?tallic 
connection w.th the tool being used as the 
ground. Reference nuncral 2 represents the 
resistance of the earth that is arranged in paral 
lcl with lanp to and which separates the too 
from the nuar-by scivices 3.. 6', the fraine of 
thic nacinc serving to conduct current fron 
ground is through tool 2 to ground f2, being 
designated 3. A cubie is consisting of leads 
f5 and S connects lamp G and battery 6 to one 
or m3re psrts of the service System, such as a 
fire hydrant or gas or water pipes in a build 
ing or street. Generally telephone cable sheaths 
and gas and Water pipcs are interconnected at 
In any yoints, therefore ore connection of the 
Service to the &larrn circilit is generally ifficient. 
The values of . voltage, resistance, curi'ent and 

frequency can be of numerous combination 
values. An example of one sclhenne is as follows: 
6 is a 24 volt battery, 8 is a 5 ohm rheostat, 
9 is a bell having a resistance of approximitely 
3 ohms and an operating range of 3 ampere to 
3 amperes. With the rheostat 8 set at 5 ohms, 
the maximum current is limited to within the 
capacity of the hull. Ilamp 40 draws but little 
current and hence does not cause bell 9 to oper 
ate. When the tool approaches a service to the 
point of reducing the soil resistance sufficiently 
to have an overall circuit resistance of approxi 
mately 80 ohms, the signal device is act lated 
and becomes Edible, while the luminosity of 
lap f O decreases. As the tool approaches the 
service, the soil resistance of the circuit is de 
circ{s(d, resulting in an increase of current flow, 
th(reby increasing the intensity and pitch of the 
signal device 9, and a continuing decrease in 
the luminosity of lamp 10. When the tool con 

- tacts with a service, tie resistance of the circuit 
is a minimum and therefore the current and 
audibility of the signal equipment is a maxii lin, 
while larp O goes oit. Normaliy, actual 'ton 
tact of the tool with tie service n:rnber is neef 
allowed to take place because of the resultant 
injury to the service reinber. The operator lifts 
his tool over tie serice member when the signal 
reaches a predictern:::::cd into a sity, and this Su 
ally occurs when this too is from i foot t) 3 
inches fron the Service lenber. The reel"Se 
order follows, that as the tool is retracted tie 
circuit, resistance in cease3, and tierefore the 
current and audibii. 3 of the signal equipment 
dininishes. This circiit can be nodified to give 
minimum signal wher: the tool contacts the Serv 
ice and maximum signal when the circuit is 
open, if desired. 

Fig. 3 shows an active Scene which con 
tains two distinct signal devices in parale cir 
cuits containing suitable resistors. This Schcrle 
can be broadencci to 2.ny number of devices, each 
having dificrent operating and Sound charice 
(cristics. . .e. adiitcn2 signal device 3 is eli 
ployed, such as a retics tyce D. C. bell of 2 to 7 
ohns resistance, and cperates on 0.5 angere and 
above. Signal device 9 in this form if the in 
vention is shilar tec 5 cxcept that 9 has a disr 
tinctively different sound characteristic, such as 
a cow' . . ; (;r sit...? (3 title, The electric3. 
characteristics of 9 can be the sane ac 8 and 
obtain different operating features by regulation 
of the resistors 8 and 9 in series with 9. Res 
sistors 8 and 20 in the parallel circuits may be 
20 ohms rheostats and resist or 9 a 25 olin reo 
stat, while 2: may be a 5 ohn resistar. A Serles 
type re)ay 22 having an operating coil 23, & incre 
inally closed contactor 22 and a tornally oper 
contactor 23 may have thc foilowing character 
istics, i. e., a 0.25 on r(sistance, Cne circuit 
closing. one circuit opening, automatic reset aidi 
operates on 1.3 as in peres or iure. Th2 recystá is 
8, 20, 9, 2i arc set with respect to each other 
to give the following typical results, i.e., Sigliai 
device 8 starts operating at 0.5 anpere total 
in the circuit, and as the tool approaches R. Seva 
ice tha totai current increases with a propor 
tionate current flowing through the two signal 
devices, resulting in an increase of the sound in 
tensity of R. 
i.1 amperos, device 9 starts ful actioning and at 
1.3 amperes the relay 22 is actuated, thereby 
closing cyntactor 25 which shunts the resistor 
9, and simultaneously opening contactor 2& 

which removes the six unt from rheostat 2. 'he 
relay operation results in a decrease of the Sollind 
intensity of device 8 and all increase of the 
sound intensity of device 9, and the total cur 
rent increases to approximately 2 anxeres. As 
the tool moves away from the services, the re 
sistance of the soil part of the electrical circuit 
increases and the current decreases; at approxir 
mately 1 ampere the relay 22 drops out, resilt 
ing in the restoration of the original circuit by 
sh:nting the rheosta t 2 due ti) the 3.ction of 
sping 26 and rerapy-rig the shunt from the 
resistor S. - 

Fig. 4 shows a preferred arrangement wherein 
radio signal device is employed, consisting cf 

a radio frequency generator, an amplift.r, e. 
microphone, a Supar:sed volume control Syse 
tem and a source oi electrical power. In this 
h;rticular look-up, the earth resistance acts as 

a part of the volume control and is located in 
the circuit batw ten he gei:2rator and the ampli 

when the total current reaches 
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fier; however, other parts of the circuit can be 
used for either volunt or frcquency control, such 
as the control connected in the cropli Oile Cr 
cuit, heater circuit, or generater grid circuit. 
Many radio look-ups can be made with and 
without tube airplification and with more Stages 
of amplification to suit the requireients, 

In Fig. 4. 6 and 6' are a source of electrical 
energy such as three batteries consisting of 6 
volts, 223 volts, together designated as 6, and 
222 volts, designated S. Gr a 5 volt storage battery 
with a notar generator set ?cr voitage Conversion 
inay be used, while 7 is a ut-off switch for the 
source of energy. A00 ohm ricist at 8 is used for 
simulating the changes of earl (sistance When 
adjusting the signal device for the proper signal 
to the desired earth risistance. Flheostat 8 Con 
tains an open-circuit point and the rheostat is 
northly st; on this open-circuit position. A 
microphos r loud speaker or other sold de 
vice such is a bril 9 for conversion of electrical 
energy into an audie signal, or a set of relays 
and jams for conversion of electrica energy 
into a sible signal may be enployed in licul 
of 9. A ground connection f of the control cir 
cuit to the metalic frame of the machine is :Sed, 
a part of the frame which has good nefalic 
connection with tie too being employed. Tie 
earth part of the control circuit is designated 2 
and separates the tool from the near-by services. 
A connectica of the control circuit to one or more 
parts of a service system, such as a fire hydraint 

or gas or water he in a building or street, 
is (; ; Sisi. A cclventional A. C. generator 
such as an audio oscillator 2 or a power driven 
generator is used for Supplying a step-down 
transformer 23 in the CCntrol Circuit with an 
tudio frequency signal. 
pies current through ground 2 to a step-up 
transformer 2S in the signal contro circuit. The 
output of transformer 29 is supplied to a cons 
wentional type of audio amplifier 3 consisting 
of blic or ore stages of an plification and having 
the signal device 9 in the plate circuit thereof. 
Resistors 3 and 32 serve for adjusting the sign 
a violine to sit the desircd indication of 

greater or less distance of soil separation between 
the tool and the scrvices. 
When the too of the machine is not in the 

eart, there is enough leakage in the radio cir 
cuit is operate the device 9 or old speaker faint 
ly. When the tool contacts with the soil the 
audibility increases slightiy. Under the latter 
condition, the operator is autonnatically given 
Supervisory indication that I connections are 
complete and that the gtt is functioning. This 
feature is very important, is occasionally the 
Wire connecting the signal device to the Service 
system becomes broken or disconnected. As 
the tool approaches a service, the signal gets 
lotilder and louder So that, in Ise, the operator 
can tell just how near he is to a service, and 
2nce avoid striking the same with tie tool, 
As many changes clid be made in the above 

construction, and in any pparently widely differ 
ent ent diments of this invention cold enacie 
withou, departing from the scope thereof, it is 
ited(d that a natter contained in the above 
description or shown in the accompanying draw 
ing shall be interpreted as illustrative and not in 
: initing Sense. 
Wat, is claimed is: 

. In comhinition with an excavator having at 
digging thi, a signal Systern for notifying the 
gerator when the tool approaches a Service 

s 

Transformer 28 Supe 

incimber and the nearness of approach, compris 
ing a signal device and a circuit for controlling 

c operation of the Sinal device, said circuit 
including a Source of current, the excavator dig 
ging tool, the variable resistance of the layer of 
earth between the digging tool and the Service. 
member, and the service member, the constants 
of the circuit and the character of the signal de 

s 

Vice being such that the signal device is effec 
tively operated at a predetermined distance of 
approach of the digging tool the service inem 
ber aid is operated with increased intensity upon 
further approach. 

2. In coin bination with an excavator having a 
digging to cl, a signal system for nutifying the 
Operator When the toe approaches a service 
member, thereby giving the operator ample warn 
ing to prevent the tool from contacting a service 
member and enabling the maximum digging by 
an excavator without causing damage to me 
tallic Service neinbers, the said signal system 
Con2rising a signal device and a circuit for con 
trolling the operation of the signal device, the 
said circuit including a source of electrical cur. 
rent, the excavator digging tool, the variable re 
sistance of the layers of earth and/or fill between 
the digging tool and a service member, the re 
turn connection between the said signal device 
and a part of the said metallic service rennber, 
and the electrical connection from the said Sig 
nal device to the tool. the constants of the cir 
cit and the characteristics of the signal device 
bling Such tha.', the sisnal device is eisectively 
operated at atolls predeterinined distances of 
approach of the tool to the service member, the 
signal device operating continuously with in 
creased intensity of signal as the too moves 
closer to the Service member, thereby signifying 
to the Operator that the tool is working in a 
caution 2cine that may exted from a few inches 
to within a few feet fron the ser:ce member, 
the rage of the cation zone being predeter 
nined by the operator, the signal device having 
a means of adjustment for the desired range of 
thic zone to Slit the type and condition of the 
earth or fill and to suit the type and speed of 
the excavator, 

3. In a sigsal System for excavators having 
an earth excavating to.nl, a thermionic oscillator 
for producing an audio frequency Signal voltage, 
& circuit including a transformer energized by 
Said signal voltage, said circuit including the 
excavator tool, a Service leinber and the earth 
extending between said tool and the service mer 
bel", together with an output transformer, and 
an audio signal device fed from said circuit out 
but transfornier, the constants of the circuit 
and tie character of the signal device being 

. Such that the signal is effectively operated at 
a preactennined distance of approach of the dig 
ging tool to the Service member and is Operated 
With increased init:Insity upon further approach. 

4. In a signal system for excavators having 
an earth excavafin, tool, generating means for 
producing sin aldo isequency signal voltage, a 
circuit energized by saic signal voltage, said cir 
Cult including the excavator tool, a service men 
ber and the earth extending between said tool 
and the Service member, and an audio signal de 
vice controlled from said circuit, the constants 
f the circuit i.ni the character of the signal 

device being stich ti:at the signal is effectively . 
Operated at a pi . . it inned distance of approach 
of the diggi; ; ; on to the scrvice member and 
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is operated with increased intensity upon further 
approach. 

5. In combination with an excavator having 
a digging tooi, of a signal system for notifying 

O 
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the operator by means of a steadily increasing 
intensity of signal then the tool approaches 
toward a service member, said signal Systern con 
prising a signal device, nears connecting Qi.e 
side of said signal device electrically to said tool. 
a sorce of current for said signal device, heans 
for detachably connecting the other side of Said 
signal device through said Source of current to a 
service member', a conductor for connecting said 
one side of said signal device also to SEid Service 
mernber, and a pilot lap connected in said co 
ductor due to thic connection of said one side 
of said signal device through said tool and the 
earth to the service n.2nber in parallel with said 
lanup. 

6. In a signal Systein for excavators, a Source 
of electrical energy, a signal circuit connected 
to be clergized therefron, a signal device in 
clided in a part of said circuit, said circuit also 
including conducting in eans for connection to a 
Service nebe' and additional conducting means 
for connection to tha tool of the excavator, the 
(earth between the tool and the Service neinber 
also being included in said circuit, the current 
in Sai Sigal circuit haling gradually increased 
as Said tool approaches the service member, 
whereby the signal intensity of Said sigs all de 
vice also gi&duaily increases, the signal corn 
mencing audible operation whcin the tool is at 
Si:Staitially predetermined distance from the 

Service reis2r. 
. In a signal Systein for excavators, a source 

of ecctrical energy, a signal circuit including 
seals for prodicing electrical aiternations slip 

plied fron said source, said circuit having a por 
tion creof including fiducting means for con 
nection to a service in einer, together with a con 
nection to the tool of the excavator, the earth 
between the tool and the service member being 
included in Said circuit portion, said portion of 
said circuit being energized from said means 
for producing electrical alternations, and a sig 
nal device controlled from said circuit portion, 
the constants of the circuit and the character 
of the signal device being such that the signal 
is effectively operated at a predetermined dis 
tance cf approach of the digging tool to the serv 
ice in enlier and is operated with increased in 
tensity pion further approach. 

8. In combination with an excavator having a 
digging tool, of a signal system for notifying the 
Operator when the tool approaches a buried serv 
ice in ember, Said sigial system comprising a 
pair of Signal devices having differing operating 
characteristics, circuit means for electrically con 
necting said signal devices to saic tool, a sorce 
of Current for said signal devices, and means 
for electrically connecting said signal devices to 
a Service menter, the earth betwest said tool 
and the Service member conpleting the circuit 
for said signal devices, relay means for varying 
the flots of current through said Signiti (i.evices 
to callse the indication of one of said devices 
to predominate when the tool is rel: lively remote 
fron a Service nechter, the signal cutt, of said 
device continuing with increased iteristy upon 
further approach of the tool until the latter is 
at a predeterinned distance from the service 

29 
gerber, whereupon the signal output of said one 
device falls; cff sharply and the signal oil put 
of the cither device predoniinates when the top 
continues to advance relatively close to these vice 
Genic. 

9. In comination with an exc3vator having 
a digging tool, of a signal SSScil for notifyi:3 

5 

the operatoi when the tool approaches a buried 
service member, said signal Systern comprising 
a pair of Sigal devices of differing operating it 
characteristics, a series multiple circuit living 
Said signal devices respectively connected in tine 
respective paralle: legs thereof, a source of cur 
rent connected in thc series portion of said 
circlit, said circuit series polition having orac 5 
side tereof arranged for cnowable connection 
to a service meiner and the other side there of 
Connected to Sglid digging tool, the eart cteen 
said tool and the Service Inenber Coincing the 
circuit for said signal devices, the constants of 20 
the circuit and the character of the signal tia 
vices being such that the signal devices are ef 
fectively operated at predeterined disiances of 
Sproach of the digging too to the Sgr vice stri 
bei, Said signal divitics operating Aith i:iere 
tial intensities upon further approach. 

i0. In combination with an excavator raving 
s digging tool, of a signal system for natifying 
e (;-erator when tie to approaches a buried 

scrvice member, said signal systein coagrising a 3 
pair of signal devices, a series multiple circuit 
histing said signal devices respectively, connected 
in tie respective parallel legs thereof, a sorce 
of current connected in the series portion of 
Said circuit, said circuit series portion having 
Cile side thereof arranged for removable con 
rection to E Service meiner and the other side 

S. 5. 

a 

tiereof connected to said digging tool, resistors 
aranged to be included in said parallel legs, 
aidi relay Inebris, responsive to the currett. Soy 
in the Series nortion of Said circuit, and operating, 
when the current there through reaches a pre 
deteriained value, for shunting a resistor of one 
of said legs while inserting a resistor of the other 
leg thercin. 45 

ll, it combination with an excavator having 
a digging tool, of a signal system for notifying 
the operator Shen the to approaches a hidden 
Service Inernber, Said signal systern comprising 
an oscillator, circuit means energized from said so 
GSciliator, Said circuit neans including said dig 
ging tool and an available service merber in 
Series therein, the earth jetween said digging 
tool and the service member constituting a part 
of Said eircuit means, a thernionic amplifier 55 
controlled fron the A. C. ollipt of Said circuit 
In eans, and a signal device connected in the ot 
put of Said anpifier. 

12. in combination with an excavator having 
a digging tool, of a signal system for notifying 6 
the operator when the too; as oacles a hidden 
Service member, said signal system comprising 
an audio oscillator, circlit, means including said 
digging tool, an available service member and 
the intervening earth in series tierein, a trans- 65 
former for supplying energy from said oscillator 
to said circuit means, an ainplifier having at 
audible signal device in the output thereof, and 

transformer for coupling the A. C. output of 
said circuit means to said amplifier. 
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