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2,814,032 
PROTECTIVE APPARATUS FOR MATERALs 

HANDLING EQUIPMENT 
Norman F. Agnew, Irwin, and Andrew J. Sorensen, Edge 
wood, Pa., assignors to Femco, Inc., Irwin, Pa., a cor 
poration of Pennsylvania 
Application January 20, 1956, Serial No. 560,417 

16 Claims. (C. 340-258) 

Our invention relates to protective apparatus for ma 
terial-handling equipment. More particularly, our inven 
tion relates to apparatus for protecting against the occur 
rence of collisions between material-handling devices, 
such for example as between a boat unloader and the 
bucket and cab of an ore bridge, or between two traveling 
cranes, and also for protecting against injuries to work 
men by material-handling devices. 
Under operating conditions, there is a possibility of a 

collision occurring between the structure of a boat un 
loader and the bucket and cab of an ore bridge, if an 
attempt is made to work the boat unloader and the ore 
bridge within any given area of the associated ore trough 
at the same time. There is also a possibility of collisions 
occurring between traveling cranes, such for example as 
in a steel mill. Furthermore, men working on the power 
rails, or on other parts of the structure adjacent the rails 
over which traveling cranes move, are in danger of being 
injured by the cranes while the cranes are being operated. 
An object of our invention is, therefore, the provision 

of means for protecting against the occurrence of colli 
sions between pieces of material-handling equipment. 
Another object of our invention is the provision of 

means for guarding workmen against injury by movable 
equipment. 
A first feature of our invention for accomplishing these 

objects is the provision of means for warning each oper 
ator when the equipment under his control approaches 
within a given distance of certain other equipment or of 
certain areas in which men are working, and also, if 
desired, for warning the men when movable equipment 
approaches within a given distance of the area in which 
they are working. 
More specifically, this feature of our invention em 

bodies transmitting means located on a given first ma 
terial-handling device or structure for periodically energiz 
ing receiving means on the same structure while it is 
farther than a given distance from a given second ma 
terial-handling structure or from a given area in which 
men are working. Transmitting means is provided on 
the given second material-handling structure, or in the 
given area in which men are working, for continuously 
energizing the receiving means on the given first structure 
while the given first structure is less than the given dis 
tance from the given second structure or the given area 
in which men are working. A clear or a danger indica 
tion is provided for the operator of the first material 
handling structure according as the receiving means on 
the first material-handling structure is periodically ener 
gized or is continuously energized. A clear or a danger 
indication can similarly be provided for the operator of 
the second material-handling structure, and also for men 
working in the given area. 
A second feature of our invention is the arrangement 

of control circuits and apparatus provided by the first 
feature of our invention such that a warning indication 
will be given in the event of faulty operation of any of 
various parts of the indication control apparatus. 
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We shall describe three forms of apparatus embodying 

our invention, and shall then point out the novel features 
thereof in claims. 

In the accompanying drawings, 
Figs. 1a and 1b, when placed side by side, with Fig. 1 a 

on the left, constitute a diagrammatic view showing one 
form of apparatus embodying our invention, in which a 
receiving loop on a boat unloader is periodically ener 
gized from a first electronic oscillator on the boat un 
loader, through a check transmitting loop, while the boat 
unloader is farther than a given distance from a given ore 
bridge; in which the receiving loop on the boat unloader 
is also continuously energized from a second electronic 
oscillator on the given ore bridge, through a control 
transmitting loop on the ore bridge, while the boat un 
loader is less than the given distance from the ore bridge; 
and in which a clear or a danger indication is provided 
for the operators of the boat unloader and the ore bridge 
according as the receiving loop on the boat unloader is 
periodically energized or is continuously energized. 

Fig. 2 is a diagrammatic view showing another form of 
apparatus embodying our invention, in which a first of 
three traveling cranes which are operable over a given 
track is equipped with a first check transmitting loop 
for supplying energy at a first given frequency, and is 
equipped with a first control transmitting loop for supply 
ing energy at a second given frequency, and is also 
equipped with a first receiving loop in a first receiving 
circuit which is responsive to energy of said first given 
frequency but not to energy of said second given fre 
quency; in which a second of said three traveling cranes, 
or a given area in which men are working, is equipped 
with a second control transmitting loop for supplying 
control energy at said first given frequency, and is 
equipped with a second check transmitting loop for 
supplying energy at said second given frequency, and is 
also equipped with a second receiving loop in a second 
receiving circuit which is responsive to current of said 
second given frequency but not to current of said first 
given frequency; and in which the third of said three 
traveling cranes, or a given area in which men are work 
ing, is equipped with a third control transmitting loop 
for supplying control energy at said second given fre 
quency, and is equipped with a third check transmitting 
loop for supplying energy at said first given frequency 
and is also equipped with a third receiving loop in a third 
receiving circuit which is responsive to current of said 
first given frequency but not to current of said second 
given frequency. 

Fig. 3 is a diagrammatic view showing a modification 
of a portion of the apparatus of Fig. 2, in which the first 
and third control transmitting loops are disposed in a 
plane at right angles to the plane in which the second 
control transmitting loop is mounted; in which each check 
transmitting loop and each receiving loop are mounted in 
a plane at right angles to the plane in which the adjacent 
control transmitting loop on the same crane is mounted; 
in which all control and check transmitting loops supply 
energy at the same given frequency; and in which each 
receiving circuit is responsive to current of only the 
given frequency supplied by only the control and check 
transmitting loops which are in the same plane as the 
corresponding receiving loop. 

Similar reference characters refer to similar parts in 
each of the views. 

Referring to Figs. 1a and 1b, the reference character 
1T designates a track over which a boat unloader, des 
ignated by the reference character U, is movable from 
left to right or from right to left, as shown in the draw 
ing and as indicated by an associated arrow. Reference 
character 2T designates a second track, over which an 
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ore bridge, designated by the reference character D, is 
movable from left to right or from right to left, as shown 
in the drawing and as indicated by an associated arrow. 
The reference character DC designates the cab of the 

ore bridge. The reference character UC designates the 
cab of the boat unloader. 

Ore is received from boats by the boat unloader U 
which then deposits the ore in the ore trough shown 
between tracks 1T and 2T. The ore is picked up and 
distributed from the ore trough by ore bridge D. During 
distribution of the ore by ore bridge D, cab DC is moved 
back and forth along ore bridge D toward or away from 
track 1T, as indicated by the associated arrow. 
A Suitable limit switch, such for example as shown in 

the drawing having an operating arm W pivoted at a, 
having contacts 7 and 10, is operable by an element or 
arm w carried by cab DC, so that when cab DC passes a 
given point while approaching track 1T, contacts 7 and 
10 become closed, and when cab DC passes the given 
point while moving away from track 1T, contacts 7 and 
10 become opened. 
The mill power line, shown near the lower edge of the 

drawing, is supplied with direct current from a suitable 
Source, Such for example as a generator G, at terminals 
B and N. 
A check transmitter oscillator, designated by the ref 

erence character UcM, may be of any suitable design, 
Such for example as an electronic oscillator comprising an 
electron tube E of the pentode type, a transformer EF, 
capacitors lec and 2ec, and resistors 1er and 2er, with 
operating circuits, as shown on the drawing, energized 
from terminals B and N. Oscillator UcM may be pro 
portioned to supply current at any suitable frequency, 
such for example as on the order of 30 kilocycles per 
Second. The output current from oscillator UcM is 
supplied to an amplifier designated by the reference char 
acter 2UA. 
A check loop, designated by the reference character 

cp, and a receiver loop, designated by the reference char 
acter rn, are mounted on the boat unloader. Receiver 
loop rp, a filter designated by the reference character 
1UL, and an amplifier designated by the reference char 
acter 1UA, are included in a receiver circuit. Filter 1UL 
is proportioned to pass current of only the same fre 
quency as the output current from oscillator UcM. The 
receiver circuit will therefore energize a first check relay, 
designated by the reference character 1cR, in response to 
only current of the same frequency as the output current 
from oscillator UcM. 
A second check relay, designated by the reference char 

acter 2c R. is controlled by a back contact 1 of relay 1cR. 
Energization of a capacitor, designated by the reference 
character lic, and of a line relay designated by the ref 
erence character ULR is controlled by a contact 3 of 
relay 2c R. Relay ULR is controlled by an asymmetric 
unit 21st in a manner to make relay ULR slow in releasing 
when its energizing circuit becomes opened. 
A line transmitter oscillator, designated by the ref 

erence character ULM, and controlled by relay ULR, 
may be of a design similar to that of the check transmitter 
oscillator UcM except that oscillator ULM is propor 
tioned to supply current at a different frequency than 
the current supplied by oscillator UcM. Oscillator ULM 
may, for example, be proportioned to supply current at 
a frequency on the order of 40 kilocycles per second. 

Current is transmitted over the mill power line from 
oscillator ULM, then through filters 2UL and DL to am 
plifiers 3UA and 2DA in cabs UC and DC, respectively. 
Filters 2UL and DL are proportioned to pass current of 
only the frequency of the output current of oscillator 
ULM. Capacitors 2uc, 3 tic, and 3dc prevent the passage 
of direct current from the mill power line to oscillator 
ULM and filters 2UL and DL, respectively. 

Indication control relays UKR and DKR in cabs UC 

5 

O 

2 5 

30 

40 

5 5. 

6 

O 

75 

4. 
and DC, respectively, are energized by current from am 
plifiers 3UA and 2DA, respectively. 
A clear indication device, designated by the reference 

character UGK, which may, for example, be a green 
lamp, and danger indication devices URK and UBK which 
may, for example, be a red lamp and a bell, respectively, 
in cab UC, are controlled by relay UKR. Similar indi 
cation devices DGK, DRK and DBK in cab DC are con 
trolled by relay DKR. 
A control transmitter oscillator on bridge D, designated 

by the reference character DtM, which may be similar to 
oscillaor UcM, supplies current at the same frequency as 
the output current of oscillator UcM to an amplifier 1DA. 
A control transmitter loop, designated by the reference 
character tip and mounted on ore bridge D, becomes 
energized by current from amplifier 1DA only when con 
tact 7 is closed by limit switch arm W operated by 
cab D.C. 
A guard relay, designated by the reference character 

DR, is controlled by secondary winding 9 of a guard 
transformer DF, the primary winding 8 of which is in 
cluded in series with control transmitter loop tp. A 
guard indication relay, designated by the reference char 
acter HDKR, is controlled by relay DR and by contact 
10 of the limit switch arm W. A capacitor 2dc, con 
nected in multiple with the winding of relay HDKR, 
makes this relay slow to pick up. A guard indication 
device, which may, for example, be a horn or a siren, 
designated by the reference character H, is controlled by 
relay HDKR. 

In describing, more in detail, the opcration of the ap 
paratus shown in Figs. a and 1b, we shall assume that, 
while the boat unloader U and the ore bridge D are 
at a safe distance apart, that is, more than 50 feet, the 
circuit for energizing relay 2cR becomes closed, passing 
from terminal B, through contact 1 of relay cR, and 
the winding of relay 2cR, to terminal N. Relay 2cR then 
closes its contact 2, thereby completing a circuit for 
energizing check loop cp by current from amplifier 2UA. 
The current now flowing in loop cp induces current in 
the receiver loop rp in the receiver circuit including filter 
1UL and amplifier UA. Relay cR then becomes ener 
gized by current from amplifier 1UA, and opens its con 
tact 1, causing relay 2ck to become deemergized. Con 
tact 2 of relay 2cR then opens the circuit for loop cp, 
causing loop rp and relay icR in turn to become deener 
gized. Relay 2cR then again becomes energized by its 
circuit through contact 1 of relay 1cR, causing the cycle 
of operations just described to be repeated. It follows 
that relay 2cR repeatedly becomes energized and deen 
ergized, alternately. 

Each time that relay 2cR becomes deemergized, a cir 
cuit becomes completed for charging the capacitor luc, 
this circuit passing from terminal B, through the back 
contact 3 of relay 2cR, resistor ur, and capacitor Luc to 
terminal N. Each time that relay 2cR then becomes 
energized, a circuit becomes completed for energizing 
relay ULR by current passing from capacitor fic, through 
resistor ur, front contact 3 of relay 2ck, and the winding 
of relay ULR back to capacitor itic. An asymmetric 
unit, designated by the reference character 2ui, which 
may for example be of the well known copper oxide rec 
tifier type, is connected across the winding of relay ULR 
in order to make relay ULR slow in releasing. Contact 
4 of relay ULR therefore remains closed as long as relay 
2cR is being repeatedly energized and deemergized alter 
nately. With contact 4 of relay ULR closed, oscillator 
ULM supplies current over the mill power line to am 
plifiers 3UA and 2DA through filters 2UL and DL, re 
spectively. Relays UKR and DKR are therefore ener 
gized by current from amplifiers 3UA and 2DA, respec 
tively. 
With relay UKR energized, clear indication lamp UGK 

in cab UC of the boat unloader is lighted by a circuit 
passing from terminal B, through the front contact 5 
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of relay UKR, and lamp UGK to terminal N. With 
relay DKR energized, clear indication lamp DGK in 
cab DC of the ore bridge is lighted by a circuit passing 
from terminal B, through the front contact 6 of relay 
DKR, and lamp DGK to terminal N. Lamps UGK and 
DGK remain lighted as long as the boat unloader and 
the ore bridge are at a safe distance from each other. 
While this condititon exists, there is no restriction on the 
operations of the boat unloader and the ore bridge. 
We shall now assume that cab DC approaches track 
T and passes the given point at which arm by moves 
arm W of the limit switch to the position in which con 
tacts 7 and 10 of the limit switch arm W becomes closed. 
With contact 7 closed, loop tp will be energized by current 
passing from amplifier DA, through contact 7, and pri 
mary winding 8 of transformer DF in multiple with a 
tuning capacitor 1dc. 

If now, e1ther the boat unloader U or the ore bridge 
D should approach the other too closely, that is, within 
a given distance on the order of 25 to 50 feet, for ex 
ample, current induced in receiver loop rip by the cur 
rent in loop tip will keep relay 1cR constantly in the 
picked-up condition, so that contact 1 of relay 1cR will 
be held open. Relay 2cR will therefore remain deemer 
gized, and relay ULR will become deemergized. Contact 
4 of relay ULR will therefore open the line circuit over 
which the amplifiers 3UA and 2DA are energized by 
current from oscillator ULM. Relays UKR and DKR 
will therefore be deemergized, 

With relay UKR deenergized, its front contact 5 will 
become opened, and back contact 5 will become closed. 
Lamp UGK will therefore be extinguished, and the 
danger lanp URK will become lighted and bell UBK 
will be operated by a circuit passing from terminal B, 
through the back contact 5, and lamp URK and bell 
UBK in multiple, to terminal N. Similarly, with relay 
DKR deemergized, lamp DGK will be extinguished, and 
lamp DRK will become lighted and bell DBK will be 
come opeiated. Thereby, the operators of the boat un 
loader U and ore bridge D will be warned that their 
own Safety, as well as that of the equipment requires 
great caution on their part. 
The arrangement of control circuits and apparatus 

embodying our invention provides safeguards against the 
possibility of failure of one or more parts, so that if 
Such failure should occur, warning indications will be 
displayed in the cabs of the boat unloader and the ore 
bridge. While the boat unloader and the ore bridge are 
at a safe distance apart, that is, more than 50 feet, for 
example, if a failure should occur, such for example as 
a break in the control circuit for relay 2cR, or if oscil 
lator UcM should fail, so that relay 2cR would be con 
stantly deemergized, relay ULR and in turn relays UKR 
and DKR would also be deemergized, causing the warning 
indications to be displayed in the cabs UC and DC of the 
boat unloader and the ore bridge, respectively. Also, if 
oscillator ULM should fail to operate properly, the 
warning indications would be displayed similarly in the 
cabs UC and DC because of deemergization of relays 
UKR and CKR. If a break should occur in the circuit 
for either relay UKR or DKR, causing that relay to be 
deenergized, the warning indication would be displayed 
in the corresponding cab. 
When the apparatus is operating correctly, if the limit 

switch benomes closed by cab DC, so that amplifier 1DA 
is Supplying current through contact 7 of the limit switch, 
and winding 8 of transformer DF, the guard relay DR 
will become energized by a circuit including secondary 
winding 9 of transformer DF, and an asymmetric unit 
1 di. At the same time that relay DR becomes energized, 
a circuit is completed, passing from terminal B, through 
contact 1) of the limit switch, contact 11 of relay DR, 
resistor dr, and capacitor 2dc in multiple with the wind 
ing of relay HDKR to terminal N. On account of relay 
HDKR being slow to pick up, contact 11 of relay DR 
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6 
will open the circuit for relay HDKR before relay HDKR 
can close its contact 12 which will therefore remain open. 
Horn H will therefore not be sounded at this time. 

If, however, oscillator DtM fails to deliver sufficient 
current output, relay DR will not open its contact 11, 
and therefore relay HDKR will close its contact 12. 
Warning horn H will therefore be operated by the cir 
cuit passing from terminal B, through contact 12 of relay 
HDKR, and horn H, to terminal N. Likewise, if the 
frequency of the current generated by oscillator DtM 
should drift beyond permissible limits, then, due to the 
tuning of the winding 8 of transformer DF and capacitor 
1dc, relay DR will remain deemergized, causing horn H 
to be sounded. 

Referring next to Fig. 2, the reference characters 1C, 
2C and 3C designate a first, and a second, and a third 
traveling crane, respectively, all of which are movable 
over the same stretch of track, designated by the ref 
erence character T, from left to right, and from right to 
left as shown in the drawing and as indicated by the 
associated arrow. Any one of the three reference charac 
ters 1C, 2C and 3C may designate a given area in which 
men are working, instead of designating a traveling crane. 
It is to be understood, therefore, that the parts described 
as being located on any one of the cranes could instead 
be in a given area in which men are working. 
A check loop, a receiver loop, and a control loop, 

designated by the reference characters 1cp, 1 rp, and 1tp, 
respectively, are mounted on crane C, or in a given area 
in which men are working. A check transmitter oscillator, 
designated by the reference character 1cM and propor 
tioned to supply current of a suitable given frequency, 
such for example as 30 kilocycles per second, is provided 
for effecting energization of loop 1cp through an amplifier 
1A2 and contact 18 of a second check relay 1cR2. A 
filter 1L is proportioned to pass current induced in loop 
1rp by current flowing through loop 1cp, of only the 
frequency of the current which oscillator 1cM is designed 
to generate, to an amplifier 1A1 for effecting energization 
of a first check relay cr1. Second check relay 1cR2 is 
controlled by a back contact 17 of relay 1cR1. A ca 
pacitor 1c1 and an indication relay 1KR are controlled by 
the back and front contacts 19, respectively, of relay 1cR2, 
similarly to the manner in which capacitor 1.uc and relay 
ULR are controlled in Fig. 1a. A clear indication lamp 
1GK is controlled by front contact 20 of relay 1KR, and 
a danger indication lamp RK and a bell 1BK are con 
trolled by back contact 20. 
A control transmitter oscillator, designated by the ref 

erence character 1 tM and proportioned to supply current 
of a suitable given frequency different from the frequency 
of the output current of oscillator 1cM, such for example 
as 40 kilocycles per second, energizes loop 1tp in series 
with primary winding 21 of a guard transformer 1F. A 
tuning capacitor 1 c2 is connected in multiple with winding 
21 of transformer F. A guard indication relay 1DKR 
is controlled by secondary winding 22 of transformer 1F. 
Front and back contacts 23 of relay 1DKR control a 
clear guard indication device, which may for example be 
a blue lamp 1DK, and a guard indication bell 1DBK, 
respectively. 
A check loop, a receiver loop, and a control loop, 

designated by the reference characters 2cp, 2rp, and 2tp, 
respectively, are mounted on crane 2C or in a correspond 
ing given area in which men are working. A check trans 
mitter oscillator, designated by the reference character 
2cM and proportioned to supply current of the same 
frequency as current supplied by oscillator 1 tM, such for 
example, as 40 kilocycles per second, effects energization 
of loop 2cp through an amplifier 2A2 and contact 25 of a 
Second check relay 2cR2. A filter 2L is proportioned to 
pass current induced in loop 2rp by current flowing in 
loop 2cp, of only the frequency of the current which 
oscillator 2cM is designed to generate, to an amplifier 2A1. 
for effecting energization of a first check relay 2cR1. Sec 
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ond check relay 2cR2 is controlled by a back contact 24 
of relay 2cR1. A capacitor 2c1 and an indication relay 
2KR are controlled by relay 2cR2, and indication lamps 
2GK and 2RK and bell 2SK are controlled by relay 2KR 
similarly to the manner in which corresponding parts 
are controlled by relays cr2 and 1KR, respectively. 
A control transmitter oscillator, designated by the ref 

erence character 2tM and proportioned to supply current 
of the same frequency as current supplied by oscillator 
1cM, such for example, as 30 kilocycles per second, effects 
energization of loop 2tp in series with pittiary wilding 
28 of a guard transformer 2F which is provided with a 
tuning capacitor 22. A guard indication relay 2DKR 
is controlled by secondary winding 29 of transforemr 2F, 
and indication devices 2DK and 2DBK are controlled 
by relay 2DKR similarly to the ritannii in which cer 
responding parts are controlled by secondary winding 22 
of transformer IF and by relay DKR, respectively, 
The parts and control of the apparatus on crane 3C or 

in a corresponding given area in which men are working 
are exactly similar to the corresponding parts and control 
of the apparatus on crane 1C, so that oscillator 3:M sup 
plies current of a frequency of 40 kilocycles per second, 
oscillator 3cM supplies current of a frequency of 30 kilo 
cycles per second, and filter 3L passes current of only 
30 kilocycles per second. 
Under normal operating conditions, with crane iC at 

a safe distance such as 50 feet from crane 2C for example, 
relays 1cR1 and cr2 will be repeatedly energized and 
deenergized alternately in response to current supplied by 
oscillator 1c M, so that relay 1 KR will be constantly 
energized similarly to relay ULR as described for Fig. 1a, 
and clear indication lamp GK will be lighted by a cir 
cuit which includes front contact 20 of relay 1 KR. If 
crane 3C is also at a safe distance from crane 2C, relays 
2cR1 and 2cR2 on crane 2C will be repeatedly energized 
and deenergized alternately in response to current sup 
plied by oscillator 2cM, and relays 3ck 1 and 3cR2 on 
crane 3C will be repeatedly energized and deemergized 
alternately in response to current supplied by oscillator 
3cM so that relays 2KR and 3KR will be constantly 
energized, and clear indication lamps 2GK and 3GK will 
be lighted. 

If now, crane 1C approaches crane 2C or a correspond 
ing area too closely, that is, within a distance on the 
order of 25 to 50 feet for example, relay cR1 will become 
steadily energized in response to current from oscillator 
2tM, and relay 2cR1 will become steadily energized in 
response to current from oscillator it M. Relays icik 2 
and 2cR2 will, therefore, become constantly deemergized, 
causing relays 1 KR and 2KR, respectively, to also be 
deemergized. With relay KR declergized, danger in 
dication lamp 1 KR will be lighted, and belt BK will be 
operated by current passing from terminal B, through back 
contact 20 of relay KR. Similarly, lamp 2RK will be 
lighted and beil 2BK will be operated because of de 
energization cf relay 2KR. 
From the foregoing description and the accompanying 

drawing, it follows that relay cR becomes energized in 
response to only current of a frequency of 30 kilocycles 
per second induced in loop 1 rp by current Supplied by 
oscillators ic M and 2 t M to loops cp and 2*p, respcc 
tively, relay 2cR1 becomes energized in response to only 
current of a frequency of 40 kilocycles per secoild induced 
in loop 2rp by current supplied by oscillato's 2c M, t\f 
and 3:M to loops 2cp, 1tp and 3 tip, respcctively, and relay 
3cR1 becomes energized in response to enly current of 
30 kilocycles per second induced in loop 3rp by current 
supplied by oscillators 3cM and 2tM to loops 3cp and 
2tp, respectively. 

In the event of any one of the indication relays 1 KR, 
2KR and 3KR becoming deemergized because of a failure 
or defect in any of the parts or circuits as described for 
Figs, 1a and 1b, the corresponding danger indication 
lamp and bell will become energized. 
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8 
Each of the guard indication relays 1DKR, 2DKR and 

3DKR is normally energized, so that the corresponding 
guard indication lamps 1DK, 2DK and 3DK are normally 
lighted. If, however, control oscillator it M, for example, 
fails to deliver sufficient current output, relay 1DKR will 
become deemergized. Likewise, if the frequency of the 
current generated by oscillator 1 tM should drift beyond 
permissible limits, then, due to the tuning of the winding 
21 of transformer 1F and capacitor ic2, relay 1 DKR 
will become deemergized. With relay 1DKR deemergized, 
guard indication lamp 1 DK will be extinguished, and bell 
1DBK will be operated. 

Referring now to Fig. 3, the parts of the apparatus and 
the control circuits here shown are similar to those shown 
in Fig. 2 except that, in Fig. 2, the check and control 
transmitter loops and the receiver loops cp, tp, and rp, 
respectively, are all in the same plane, oscillators 1cM, 
2tM and 3cM supply current of a frequency of 30 kilo 
cycles per second, for example, and oscillators 1 tM, 2cM 
and 3tM supply current of a given different frequency, 
such for example as 40 kilocycles per second, whereas, 
in Fig. 3, loops 1tp, 2cp, 2rp and 3.tp are all in a first 
given plane, loops 1 cp, 1 rp, 2tp, 3.cp and 3rp are all in a 
second given plane at a right angle to the first plane, and 
all oscillators supply current of the same given frequency. 
such for example as 30 kilocycles per second. In the 
form of apparatus shown in Fig. 3, relay cri becomes 
energized in response to only current supplied by oscil 
lators 1c M and 2tM to loops 1 cp and 2tp, respectively, in 
the same plane as loop Arp, relay 2cR becomes cnergized 
in response to only current supplied by oscillators 11 M, 
2cM, and 3tM to loops 1tp, 2cp, and 3ip, respectively, in 
the same plane as loop 2rp, and relay 3cR1 becomes en 
ergized in response to only current supplied by oscillators 
2tM and 3cM to loops 2tp and 3cp, respectively, in the 
same plane as loop 3rp. 

Although we have herein shown and described only a 
few forms of apparatus embodying our invention, it is 
understood that various changes and modifications may 
be made therein within the scope of the appended claims 
without departing from the spirit and scope of our in 
vention. 

Having thus described our invention, what we claim is: 
1. Protective apparatus for material-handling equip 

ment comprising, in combination, first transmitting means 
located on a first material-handling device, receiving 
means located on said first material-handling device, cod 
ing means controlled by said receiving means for effecting 
periodic operation of said receiving means by energy from 
said first transmitting means, second transmitting means 
on a second material-handling device supplying a predeter 
mined amount of energy for effecting constant operation 
of said receiving means only when said first material 
handling device is within a given distance from said sec 
ond material-handling device, indication control means. 
and circuit means controlled by said receiving means for 
controlling said indication control means to display a 
clear or a danger indication in response to periodic or 
constant operation respectively of said receiving means. 

2. Protective apparatus for material-handling equip 
ment comprising, in combination, first transmitting means 
located on a first material-handling device, receiving 
Imeans located on said first material-handling device, cod 
ing means controlled by said receiving means for effecting 
periodic operation of said receiving means by energy 
from said first transmitting means, Second transmitting 
means on a second material-handling device Supplying a 
predetermined amount of energy for effecting constant 
operation of said receiving means only when said first 
material-handling device is within a given distance on the 
order of 25 to 50 feet from said second material-handling 
device, indication control means, and circuit means coil 
trolled by said receiving means for controlling said indi 
cation control means to display a clear or a danger indica 
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tion in response to periodic or constant operation respec 
tively of said receiving means. 

3. Protective apparatus for material-handling equip 
ment comprising, in combination, a first oscillator on a 
first material-handling device, said first oscillator pro 
ducing output current having a frequency on the order of 
30 kilocycles per second, receiving means on said first 
material-handling device, coding means controlled by said 
receiving means for effecting periodic operation of said 
receiving means by output current from said first oscil 
lator, a second oscillator on a second material-handling 
device, said second oscillator producing output current of 
the same frequency as the output current from said first 
oscillator for at times effecting constant operation of said 
receiving means, indication control means, and circuit 
means controlled by said receiving means for controlling 
said indication control means to provide a clear or a 
danger indication according as said receiving means is 
periodically or constantly operated. 

4. Protective apparatus for a boat unloader and an ore 
bridge comprising, in combination, a first oscillator on 
said boat unloader, said first oscillator producing output 
current having a given frequency, receiving means on said 
boat unloader, coding means controlled by said receiving 
means for effecting periodic operation of said receiving 
means by output current from said first oscillator, a sec 
ond oscillator on said ore bridge, said second oscillator 
producing output current of the same frequency as the 
output current from said first oscillator, said receiving 
means being responsive to output current from said sec 
ond oscillator for effecting constant operation of said re 
ceiving means when said boat unloader and said ore bridge 
are within a given distance of each other, a third oscil 
lator, said third oscillator producing output current hav 
ing a different frequency than the output current from 
said first oscillator, a mill power line, a periodic current 
converting circuit means controlled by said receiving 
means for supplying output current from said third oscil 
lator to said mill power line only when said receiving 
means is periodically operated, indication control means, 
a pickup circuit means for effecting energization of said 
indication control means by output current of said third 
oscillator received from said mill power line, and a clear 
or a danger indication displayed in response to energiza 
tion or deemergization respectively of said indication con 
trol means. 

5. Protective apparatus for a boat unloader and an 
ore bridge comprising, in combination, a first oscillator 
on said boat unloader, said first oscillator producing out 
put current having a given frequency, receiving means on 
said boat unloader, coding means controlled by said re 
ceiving means for effecting periodic operation of said 
receiving means by output current from said first oscil 
lator, a second oscillator on said ore bridge, said second 
oscillator producing output current of the same frequency 
as the output current from said first oscillator, a cab 
on said ore bridge movable along said ore bridge, switch 
means controlled by movement of said cab along said 
ore bridge for at times effecting constant operation of 
said receiving means on said boat unloader by output cur 
rent from said second oscillator, indication control 
means, and circuit means controlled by said receiving 
means for controlling said indication control means to 
provide a clear or a danger indication according as said 
receiving means is periodically or constantly operated. 

6. Protective apparatus for a boat unloader and an 
ore bridge comprising, in combination, a first oscillator 
on said boat unloader, said first oscillator producing out 
put current having a given frequency, receiving means 
on said boat unloader, coding means controlled by said 
receiving means for effecting periodic operation of said 
receiving means by output current from said first oscil 
lator, a second oscillator on said ore bridge, said second 
oscillator producing output current of the same frequency 
as the output current from said first oscillator, a cab on 
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said ore bridge movable along said ore bridge, switch 
means controlled by movement of said cab along said 
ore bridge for completing a first circuit for at times ef 
fecting constant operation of said receiving means on 
said boat unloader by output current from said second 
oscillator, a guard relay, guard circuit means responsive 
to output current supplied by said second oscillator when 
said first circuit becomes closed for energizing said guard 
relay, a slow pickup guard indication relay, a second 
circuit including a back contact of said guard relay 
and a contact which becomes closed by movement of 
said cab at the same time as said first circuit becomes 
closed for energizing said guard indication relay, a guard 
indication device controlled by a front contact of said 
guard indication relay, warning indication means in said 
cab, and boat unloader circuit means controlled by its 
said receiving means for controlling said warning indica 
tion means in said cab to provide a clear or a danger indi 
cation according as said receiving means is periodically or 
constantly operated. 

7. In combination, a first and a second movable de 
vice, first energy transmitting means on said first movable 
device, receiving means on said first movable device, 
second energy transmitting means on said second mov 
able device, coding means controlled by said receiving 
means for effecting periodic energization of said receiv 
ing means by energy from said first energy transmitting 
means, said receiving means being controlled by said 
second energy transmitting means for effecting constant 
energization of said receiving means only when said first 
and second movable devices are within a given distance 
of each other, a first and a second indication different 
from each other, indication control means, and circuit 
means controlled by said receiving means for controlling 
said indication control means to provide said first or said 
second indication according as said receiving means is 
periodically or constantly energized. 

8. In combination, a first and a second energy trans 
mitting means, receiving means adjacent said first energy 
transmitting means, coding means controlled by said re 
ceiving means for effecting periodic operation of said re 
ceiving means by energy from said first energy transmit 
ting means, said receiving means being controlled by said 
second energy transmitting means only when said receiv 
ing means and said second energy transmitting means 
are within a given distance of each other for effecting 
constant operation of said receiving means, indication 
control means capable of providing a first or a second in 
dication, and circuit means controlled by said receiving 
means for controlling said indication control means to 
provide said first or said second indication according 
as said receiving means is periodically or constantly 
operated. 

9. In combination, a first and a second oscillator, each 
of said oscillators producing output current of the same 
given frequency, a check transmitting loop, a receiving 
loop adjacent said check transmitting loop, a control 
transmitting loop, circuit means for supplying output 
current from said first oscillator to said check transmitting 
loop, two bodies movable relative to each other for mak 
ing said receiving loop and said control transmitting loop 
nearer together or farther apart, coding means controlled 
by current induced in said receiving loop by current flow 
ing in said check transmitting loop for periodically inter 
rupting the output current supplied by said first oscillator 
to said check transmitting loop, circuit means for con 
stantly supplying output current from said second oscilla 
tor to said control transmitting loop, indication control 
means, said receiving means being controlled by current 
periodically induced in said receiving loop by the period 
ically interrupted current in said check transmitting loop 
for effecting energization of said indication control means 
while said receiving loop and said control transmitting 
loop are more than a given distance apart and controlled 
by current constantly induced in said receiving loop by 
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current in said control transmitting loop for keeping said 
indication control means deenergized while said receiving 
loop and said control transmitting loop are less than said 
given distance apart, and indication neans controlled by 
Said indication control means for displaying a first or a 
Second indication according as said indication control 
means is energized or is deenergized. 

10. In combination, first energy transmitting means, re 
ceiving means adjacent said first energy transmitting 
means, second energy transmitting means, coding means 
controlled by said receiving means for effecting periodic 
energization of said receiving means by energy fronn said 
first energy transmitting means while said receiving means 
aid Said second energy transmitting means are farther than 
a given distance apart, said receiver means being con 
Stantly energized by energy from said second energy trans 
mitting means while said receiving means and said sec 
ond energy transmitting means are less than said given dis 
tance apart, indication means capable of displaying a clear 
or a danger indication, and circuit means controlled by 
said receiving means for controlling said indication means 
to display said clear or said danger indication according 
as said receiving means is periodically or constantly ener 
gized. 

i 1. In combination with a boat unloader and an ore 
bridge, a receiving loop on said boat unloader, a first 
electronic oscillator on said boat unloader, a check trans 
mitting loop on said boat unloader, loop means for en 
ergizing Said check transmitting loop by current from 
Said first electronic oscillator, coding means controlled 
by current induced in said receiving loop by current in 
aid check transmitting cop for periodically interrupting 
the current Supplied to said check transmitting loop by 
Said first electronic oscillator while said boat unloader 
and said ore bridge are farther than a given distance apart, 
a control transmitting loop on said ore bridge, a second 
ecctronic oscillator on said ore bridge, said receiver 
means being energized by current constantly supplied 
froin Said second electronic oscillator for constantly in 
ducing current in said receiving loop while said boat un 
loader and said ore bridge are less than said given distance 
apart, indication means capable of displaying a clear or 
a danger indication, and circuit means controlled indirect 
ly by current induced in said receiving loop for con 
trolling said indication means to display said clear or said 
danger indication according as said current in said receiv 
ing loop is periodically interrupted or is constantly in 
duced. 

12. Protective apparatus for a first and a second crane 
which are movable over the same given stretch of space, 
comprising in combination, a first check transmitting loop 
and a first receiving loop and also a first control trans 
mitting loop on said first crane, a first check transmitting 
oscillator supplying current of a first given frequency to 
Said first check transnitting loop, a first control transmit 
ting oscillator supplying current of a second given fre 
quency to said first control transmitting loop, first receiv 
ing means including said first receiving loop responsive 
to current of said first given frequency induced in said 
first receiving loop by current in Said first check trans 
mitting locp tit not responsive to current of said sec 
end given frequency, first coding means controlled by 
said first receiving means for periodically interrupting 
the current supplied by said first check transmitting oscil 
lator to said first check transmitting loop, a second check 
transmitting loop and a second receiving loop and also 
a second contic transmitting loop on said second crane, 
a second check transmitting oscillator Supplying current 
of said Second given frequency to said second check trans 
mitting loop, a second control transmitting oscillator Sup 
plying current of said first given frequency to said second 
control transmitting loop, second receiving means includ 
ing said second receiving loop responsive to current of said 
second given frequency induced in said second receiving 
loop by current in said second check transmitting loop 
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but not responsive to current of said first given frequency, 
Second coding means controlled by said Second receiving 
means for periodically interrupting the current supplied 
by said Second check transmitting OSciilator to said Sec 
cd check transmitting loop, first indication means for 
said first crane, first circuit means controlled by said first 
receiving means for controlling said first indication means 
to display a clear cit a dange indication according as 
said first receiving neans is controiled by periodically 
interrupted circuit in Said first check transomitting loop 
is ly cuistini cirrent in said Second control transmitting 
oce; while Said cranes : 'e less than a given distance 
f(n) each other, second indication means for said sec 
ond crane, and second circuit means controlled by said 
Second raceiving Incans for co: roiling Said Second in 
ii.; iii, in as to display a clear or a danger indication 
:ccording as Said second receiving means is controlled 
by acrick cally interrupied current in Said second check 
t3nSmitting loop or by constant current in said first con 
trol transmitting iocp while said cranes are less than said 
given distance from each other. 

3. Protective apparatus for a first and a second crane 
which are movable over the same given stretch of space, 
coil prising in combination, a first check tian Simitting loop 
and a first receiving loop and also a first control transmit 
ting loop on 8:aid first crane, a Second check transmitting 
cop and a second receiving loop and also a second con 
trol transmitting loop on said second crane, said first 
check transmitting loop and said first receiving loop and 
also said second control transmitting loop mounted in a 
first given plane, Said first control transmitting loop and 
said second check transmitting loop and also said second 
treceiving loor molted in a second given plane at a 
right angle to Said first given plane, a first and a second 
check transmitting oscillator Supplying current of a given 
frequency to said first and Second check fransmitting 
loops respectively, a first and a second control transmit 
ting oscillator Supplying current of said given frequency 
to said first and second control transmitting loops re 
spectively, first coding means controlled by current in 
duced in said first receiving loop by current flowing in 
said first check transmitting loop from said first check 
transmitting oscillator for periodically interrupting the 
current supplied to said first check transmitting loop by 
said first check transnitting oscillator, first indication 
means for said first crane, said first coding means being 
controlled by said periodically interrupted current and by 
current constantly induced in said first receiving loop by 
current in said second control transmitting loop while 
said cranes are less than a given distance apart for con 
trolling said first indication means to display a clear or 
a danger indication respectively, second coding means 
controlled by current induced in said second receiving 
loop by current flowing in said second check transmitting 
loop from said second check transmitting oscillator for 
periodically interrupting the current supplied to said sec 
ond check transmitting loop by said second check trans 
mitting oscillator, second indication means for said sec 
ond crane, said second receiver means being controlled 
by said periodically interrupted current in said second 
check transmitting loop and by current constantly in 
duced in said second receiving loop by current in said 
first control transmitting loop while said cranes are less 
than said given distance apart for controlling said sec 
oned indication means to display a clear or a danger in 
dication respectively. 

14. In combination, a first check transmitting loop and 
a first receiving loop and also a first control transmitting 
loop in a given first location on a movable device, a second 
check transmitting loop and a second receiving loop and 
also a second control transmitting loop in a given second 
location, said first check transmitting loop and said first 
receiving loop and also said second control transmitting 
loop mounted in a first given plane, said first control 
transmitting loop and said second check transmitting 
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loop and also said second receiving loop mounted in a 
second given plane at a right angle to said first 
plane, independent coding means for supplying periodi 
cally interrupted current of a given frequency to said 
first and second check transmitting loops, independent 
circuit means for supplying constant current of said given 
frequency to said first and second control transmitting 
loops, first indication means for said movable device, first 
control circuit means controlled by current induced in 
said first receiving loop by the periodically interrupted 
current in said first check transmitting loop and controlled 
by current induced in said first receiving loop by the con 
stant current in said second control transmitting loop for 
controlling said first indication means to display a first 
or a second given indication respectively for said movable 
device, second indication means for said second location, 
and second control circuit means controlled by current 
induced in said second receiving loop by the periodically 
interrupted current in said second check transmitting loop 
and controlled by current induced in said second receiving 
loop by the constant current in said first control trans 
mitting loop for controlling said second indication means 
to display a third or a fourth given indication respectively 
for said given second location. 

15. In combination, a first and a second energy trans 
mitting means, receiving means adjacent said first energy 
transmitting means, a first relay controlled by said receiv 
ing means, a second relay controlled by a back contact 
of said first relay, coding means controlled by a front 
contact of said second relay for effecting periodic opera 
tion of said first relay in response to energization of said 
receiving means by energy from said first energy trans 
mitting means, said receiving means being controlled by 
said second energy transmitting means for effecting con 
stant operation of said first relay by said receiving means 
only when said receiving means and said second energy 
transmitting means are within a given distance of each 
other, indication means capable of providing a first or a 
second indication, and circuit means controlled by said 
Second relay for controlling said indication means to pro 
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vide said first or said second indication according as said 
first relay is periodically or constantly operated. 

16. In combination, a first and a second oscillator each 
capable of supplying current of a given frequency, a 
check transmitting loop, a receiving loop adjacent and 
in inductive relation to said check transmitting loop, a 
control transmitting loop, a receiving circuit including 
said receiving loop, a first relay controlled by said receiv 
ing circuit, a second relay controlled by a back contact 
of said first relay, a control circuit for said check trans 
mitting loop controlled by a front contact of said second 
relay for effecting periodic energization of said check 
transmitting loop by current from said first oscillator, said 
first relay periodically opening and closing its said back 
contact alternately in response to current induced in said 
receiving loop by said periodic energization of said check 
transmitting loop, said receiving means being energized 
by said control transmitting loop by current from said 
second oscillator for inducing current in said receiving 
loop effective to energize said first relay to keep its back 
contact open only when said receiving loop is less than 
a given distance from said control transmitting loop, an 
energy storing device, a circuit controlled by a back con 
tact of said second relay for energizing said energy storing 
device, a slow release relay, a circuit controlled by a 
front contact of said second relay for energizing said slow 
release relay by current from said energy storing device, 
and indication means controlled by said slow release relay 
for displaying a first or a second indication according as 
said slow release relay is energized or deemergized, 
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