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[57) ABSTRACT

*“Up slow,” *“Down slow,” *‘Up Fast,” and “‘Down Fast" com-
mand signals in the form of magnetic flux from an elevator car
are transmitted to a hoist motor at an end of the shaft, using
ferromagnetic flux to magnetically couple a transmitter in the
car and a receiver at the motor to a cable in the shaft or to a
fixed structural member of the shaft either of which acts as the
secondary of a transformer coupling the receiver to the trans-
mitter. The transmitter-receiver system operates at low
frequencies (between about 300 to 1,200 cycles/sec.) to avoid
electromagnetic radiation and its signals are so coded as to in-
sure unambiguous command signals immune to electrical
noise, and to provide certain fail-safe features.
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ELEVATOR CONTROL DISPENSING WITH TRAVELING
CABLES

BACKGROUND OF THE INVENTION

In the elevator industry it has been assumed for many years
that the only practical way of transmitting the “Up’ and *-
Down” commands from an elevator car to its hoist motor at
the bottom or top of the elevator shaft has been by use of what"
is commonly known as a “traveling cable.” Such a cable must
be affixed to the car and connected both to the car’s controls
and those of the hoist motor. Therefore, the traveling cable
must ride up and down with the car and so it hangs, more or
less, loosely within the elevator shaft along two arms of a long
thin catenary curve. Moreover, unlike the simple steel hoist
cables of the car, the traveling cable is necessarily complex,
fragile and expensive since it requires a number of separate
fragile electrical conductors which are usually affixed to and
around a steel core which provides strength to the cable struc-
ture.

The industry has suffered the problems of the traveling
cable for many years. The problems arise from the very nature
of the traveling cable. It interferes with other structures in the
elevator shaft; it swings about erratically; and it is therefore
frequently damaged causing expensive time-consuming
repairs and time-wasting immobilization of the elevator
system. Many efforts have been made to solve the problems,
particularly by expensive complicated restraining guides for
the traveling cable as it moves up and down. The problems of
the traveling cable are particularly severe in elevators of the
type used in the building construction industry. For reasons of
convenience and economy, elevators in-the building construc-
tion' industry are usually in simple skeletal extendible shafts
open to the air. Wind and dirt; therefore, aggravate the wear
and tear on the traveling cable, particularly wind which causes
the cable to swing erratically and therefore to collide with
other structures which will cause it to be damaged or even
break. :

. SUMMARY OUTLINE OF THE INVENTION

This invention eliminates the problems of the traveling
cable by eliminating the traveling cable. Essentially, the inven-
tion comprises a.system in which “Up” and “Down” com-
mand signals may be sent from the elevator car to the hoist
motor at the bottom or top of the shaft without interconnect-
ing conducting cables such as the traveling cable. The signals
are sent by magnetically coupling through magnetic flux, a
transmitter in the car and a receiver at the motor to a cable in
the shaft or to a fixed structural member of the elevator shaft
either of which acts as the secondary of a transformer
coupling the receiver to the transmitter entirely through the
medium of magnetic flux, and totally without any conductive
paths: The receiver controls the hoist motor. Means are also
provided for coding the signals between transmitter and
receiver in such a way as to insure unambiguous command
signals immune to electrical interference (electrical noise).
This means includes certain fail-safe features.

DESCRIPTION OF DRAWING

FIG. 1 is an elevator system in accordance with the inven-
tion in which the command signals. from the elevator car are
coupled magnetically to a steel cable in the elevator shaft and
from there to a receiver which controls the hoist motor.

FIG. 2 is a detail of the transformer construction of FIG. 1.

FIG. 3 is similar to FIG. 1, but differs in that the coupling is
to the metal guide rail of the shaft.

FIG. 4 s a detail of the transformer construction of FIG. 3.

FIG. § is similar to the previous FIGS. 1 and 3, but differs in
that the coupling is to the riormal steel hoist cable.

The FIGS. 6 and 7 are drawings of the electrical circuits
used to provide unambiguous, noise free command signals and
fail-safe features.

10

2
DESCRIPTION OF THE PREFERRED EMBODIMENT

The FIG. 1 shows a type of elevator system commonly used
in building construction sites. The conventional car 1 rides up
and down within the skeletal shaft 2 in response to “Up” and
“Down” signals imposed upon the manual control switch 3by
the operator of the car. The system is placed in condition for
operation or totally shut down by “ON" “OFF" switch 23.

Shafts 2 are built in sections so that they may be extended
upward as when a building is rising; it is normal to make such
extensions in sections of 100 feet at a time. A conventional
traction motor 4 is shown at the bottom and this drives a con-
ventional drum or windlass 5 to wind and unwind a hoist cable
6 connected to the car for moving the car “Up’ and “Down.”

It will be noted that in this FIG. 1, the common traveling
cable is eliminated. As indicated previously, this would nor-
mally hang from the car within the shaft 2 in a long catenary

_ loop. In place of the eliminated “traveling cable,” the follow-

20

35

40

45

50

55

60

65

70

75

ing system is provided. .

Within the car 1 there is a transmitter 7 powered by battery
8 to develop in response to the positions of the switch 3,a
number of command signals of suitable frequency, for exam-
ple, being coded to indicate “Up,” “Down,” “Up Fast,” and
“Down Fast.” :

Other types of signals may be provided if needed. At the
bottom of the shaft, adjacent the motor 4, there is a receiver 9
for receiving and decoding these. signals and passing them on
to a control logic circuit 10 which in turn passes them on to
suitable controller 11 for actuating the motor 4 in accordance
with the signals “Up,” “Down,” “Up Fast,” “Down Fast.” The
manner in which the transmitter receiver, control logic and
control circuits operate in this fashion will be described in
greater detail later.

For the purpose of intercoupling the transmitter 7 and the
receiver 9, there is provided the continuous steel cable 12
fastened to the top and bottom of the shaft and extending as
indicated to the receiver 9. This cable 12 forms the secondary
winding of a transformer, the primary winding being the wind-
ing 13 around annular core 14 shown in both FIG. 1 and, in
detail, in FIG. 2 as connected to the transmitter 7 and affixed
to the car 1 in such manner that, as the car moves up and
down, the annular core 14, which surrounds the cable 12, will
move up and down along the cable 12. The primary winding
13, as better seen in FIG. 2, is directly connected to the trans.
mitter 7. The cable 12 may be guided by the pulleys 15 so that
as the car 1 moves up and down there is a portion 16 of cable
12 at a fixed position with respect to the car 1. This cable 12
is, of course, essentially in a fixed position in the shaft 2.

In the system shown in FIGS. 1 and 2, the frequency range
of elevator control signals used by transmitter 7 and receiver 9
is in the low frequency range in which any electromagnetic
radiation is low enough to be negligible insofar as concerns
either interference with the elevator control signals by
neighboring electrical equipment or, vice versa, interference
with neighboring electrical equipment by the elevator control
signals. As is known, the amount of electromagnetic radiation
for any given' power level drops sharply as frequency
diminishes. For power levels used in and around most elevator
sites, frequencies below about 1,200 cycles per second should
accomplish the purpose of eliminating electromagnetic radia-
tion as an interfering factor.

If systems of the kind shown in FIGS. 1 and 2 are operated
at frequencies high enough to produce electromagnetic radia-
tion which is not negligible for the power levels used in and
around most elevator sites, the systems will be particularly vul-
nerable to electrical interference (electrical noise) from com-
mon electrical machinery, as ordinary electrical motors or ig-
nition systems of automobiles, and from radio, television, and
aircraft communications systems. That noise may make the
elevator control signals uncertain or ambiguous and, in fact,
the noise may even operate as spurious elevator control
signals which will cause the elevator to move up or down at
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unwanted times. Moreover, if the elevator control signals are
at frequencies high enough to produce substantial electromag-
netic radiation, they will generate radio interference which
will not only be a severe annoyance but a serious danger to
neighboring communications equipment such as radio and
television receivers, or worse, to aircraft communication and
navigation equipment. It is for this reason that there are strict
governmental regulations concerning any equipment which
generates a substantial amount of electromagnetic radiation
.and governmental licenses are required where frequencies are
high. .

Particularly at building construction sites, it is generally
found that electrical noise levels are very high for the reason
there is generally much electrical machinery in the neighbor-
hood. Considering all these problems of noise, it is therefore
highly important that an elevator system of the kind here in-
voled be particularly invulnerable to noise and that it not
generate noise. The system of FIG. 1 and indeed of the FIGS.
1-7, is particularly directed to eliminate the noise problem.
Thus, instead of operating in the high frequency range of com-
mon communications systems, the system of all these figures is
designed to operate in a very low frequency range, for exam-
ple, not exceeding about 1,200 cycles per second and
preferably around 600 cycles per second as will be illustrated
later in connection with the description of the actual circuits.
Moreover, the system is designed to operate on ordinary mag-
netic coupling as in common low frequency ferro-magnetic
transformers. Both of these features, low frequency and the
ferro-magnetic coupling, play a significant role in making the
system invulnerable to noise and also in eliminating any ten-
dency of the system to broadcast electrical noise.

The elevator command signals generated in the transmitter
7 in response to the switch 3, will simply be coupled to the
cable 12 by means of the primary winding 13 and core 14 at
any position of the car within the shaft and these signals will be
coupled magnetically to the receiver 9 through the cable 12
acting as a secondary winding of the simple low frequency iron
core transformer formed by core 14, winding 13 and cable 12.
Core 14 and winding 13 unlike ordinary transformers move up
and down the cable secondary winding with the motion of the
elevator. No electromagnetic radiation is involved in commu-
nication between transmitter 7 and receiver 9. It has been
found that signals of a magnitude adequate to control the
system can very easily be conveyed over a cable 12 of the type
shown which is a common commercially available cable of
steel. The transmitter 7 may very readily be powered by a sim-
ple battery 8, riding up and down with car and the receiver
may be powered by any suitable means as a battery or locally
available power circuits, particularly with the use of low
power *‘solid state” circuits now readily available in the elec-
tronics arts. The whole communication system can thus be
operated at a very low power levels so that commonly availa-
ble batteries will be quite practical.

In FIGS. 3 and 4, the system is essentially the same as FIG. 1
and like parts are given identical numerals. The difference
from FIG. 1 lies in the fact that in this case the portion of the
cable 2 within the shaft is omitted and in its place the metallic
structural frame work of the shaft is used. In other words, the
guide rail 17 which guides the car in its “Up” and “Down’’
movement is used in place of cable 2 and coupling to rail 15 is
through the transformer semicylindrical core 14 (FIG. 4)
rigidly affixed to the car 1, the guide rail 17 extending into the
core 14 as shown in FIG. 4. The cable 12, therefore, may be
simply affixed to the top and bottom of the guide rail 17 out-
side the shaft so that it may readily be extended as the shaft is
increased in height.

The FIG. § is, like FIGS. 3 and 4, essentially the same as the
FIGS. 1 and 2 and the like parts are given the same designa-
tions numerically. The only difference that in the case of FIG.
5, the magnetic coupling is made to the hoist cable 6 and in
this case the primary winding 13 and core 14 are affixed to the
car so as to move up and down over the hoist cable. The con-
nection to the receiver 9 may be made directly at the inner

3,662,861

20

25

30

35

40

45

50

55

60

65

70

5

4

end of the hoist cable on the drum or the windlass 5. Because
of the low frequency of the signals used, the inductance of the
drum will not be a problem. It would be in the case of higher
frequencies.

FIG. 6 shows the essential elements of transmitter 7 and
their connections to switch 3 and to the primary winding 13 of
FIGS. 1 to 5. FIG. 7 shows the essential elements of the
receiver 9 and control logic 10 and their connections to the
cable 12, orrail 17, or cable 6 of FIGS. 1to §.

In FIG. 6, there are provided four oscillators 18, 19, 20, and
21 for generating control oscillations at four different control
frequencies which, for example, are 600.9 cycles per second
for oscillator 18, 389 cycles per second for oscillator 19, 433.7 _
cycles per second for oscillator 20, and 483.5 cycles per
second for oscillator 21. Oscillator 18 is for producing an
“Up” command, oscillator 19 for producing a “Down” com-
mand, oscillator 20 for producing a “Fast” command, and
oscillator 21 for producing REFERENCE OR “GUARD
ENABLE” oscillations which as will be explained later must
be present and clearly and unambiguously identifiable before
the system can operate. The reference oscillations are there-
fore an assurance against functioning of the system on spuri-
ous signals.

Switch 3 is movable to five positions as follows.

“Stop”—the central position in which its moving contact 22
contacts none of the fixed contacts US (Up Slow), UF
(Up Fast), DS (Down Slow), DF (Down Fast).

““Down Slow”—a first position to the right in which moving
contact 22 contacts only the DS contact.

“Down Fast”—a second position to the right in which mov-
ing contact 22 contacts both the DS and DF contacts.

“Up Slow”—a first position to the left in which moving con-
tact 22 contacts only the US contact.

“Up Fast”—a second position to the left in which moving
contact 22 contacts both the US and UF contacts.

When the elevator operator wishes to set the system for
operation, he will close switch 23, thus passing the
REFERENCE OR “GUARD ENABLE” oscillations through
power amplifier 24 to winding 13, through core 14, to cable 6
or 12 orrail 14.

It will be evident from the wiring and switch 3 configuration
shown that when switch 3 is in the “Stop” position, only
REFERENCE OR “GUARD ENABLE" oscillations can pass
through power amplifier 24 to winding 13, through core 14 to
cable 6 or 12 or rail 17. Similarly, it will be evident that when
switch 3 is moved to the “Down Slow” position, both the
reference oscillations and the “Down” oscillations so pass;
and when switch 3 is in the “Down Fast” position the “Fast”
oscillations are added and also so pass. Similarly, when switch
3 is moved to the “Up Slow” position, both the reference
oscillations and the “Up” oscillations so pass; and when switch
3 is in the “Up Fast” position the “Fast” oscillations are added
and also so pass.

In the foregoing manner, the oscillations will be passed in
selected combinations to receiver 9 as shown in greater detail
inFIG. 7.

Switch 23, when closed, allows the “GUARD ENABLE”
frequency to be transmitted to receiver 9. Unless switch 23 is
closed the power circuits to motor 4 remain disconnected
from the source of primary power. In addition to using switch
3, as the functional Command Switch for operating car 1, the
operator may, at his option, for any intentional purpose, cause
the car 1 to stop in the shaft and to remain immobilized, re-
gardless of the position of switch 3, by opening switch 23, In
keeping with traditional practice the subject system employs
“POWER-OFF BRAKING” in which the removal of primary
power, or a command stop, removes power to the brake
release devices, and’ causes the brake and/or brakes to
mechanically engage and hold the motor output shaft in a
locked, or immobile condition. Therefore, switch 23 may be

‘regarded as enabling the total system to function, or, as an

emergency device which rides all other system commands and
which when opened totally immobilizes the system in a
secured and non-operative mode.
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Referring now to FIG. 7, the various combinations of oscil-
lations commanded by switch 3 will first enter differential am-
plifier 25 which is of the so-called “‘common mode rejection”
type or any other type which removes noise, for example, the
type wherein an AC bias is used to boost the useful bandwidth
above a prevelant noise level. From there, the oscillations pass
to preamplifier 26 and then to active filter 27 which is of the
common type for filtering out all frequencies outside the range
of the various oscillations described in connection with FIG, 6.
From there on, the oscillations pass through an amplifier 28 to
the detectors or decoders 29, 30, 31, and 32 which convert the
respective oscillations to signals for operating the respective
AND-gates 33, 34, 35, and 36. Gate 36 is supplied from net-
work 27 with a voltage functioning as an “amplitude lock” of
value (e.g., between 0.6 VRMS and 1 VRMS) volts such that
it will not permit signals to pass from gate 36 to ring counter
31 and to logic control system 10 unless these voltage am-
plitude conditions are satisfied. The design of active filter net-
work 27 is'such that only signal frequencies within the band-
width of decoders 29, 30, 31, and 32 will produce the above-
‘noted values of amplitude lock voltages.

Gates 33 and 34 will function to produce respectively “UP”
and “DOWN” outputs to be passed to Control Logic 10 only
when reference oscillations are present to produce inputs to
the gates 33 and 34 from ring counter 37, and then only if the
respective “UP” or “DOWN” oscillations are present to
produce inputs to gates. 33 and 34 from decoders 29 or 30.
Gate 35 will function to produce an input to Logic Control 10
only when “FAST” oscillations are present to produce an
input to gate 35.

The purpose of the ring counter 37 and its associated time
base 38 is to provide a way of making a positive identification
of the presence of the “GUARD ENABLE” reference oscilla-
tions with full assurance that no spurious signal can cause the
system to operate as the “GUARD ENABLE" reference oscil-

lations are intended to make it operate. When ring counter 37 °

has ‘so identified the presence of “GUARD ENABLE”
reference oscillations, it supplies a signal to.the input of gates
33 and 34 to indicate the presence of the. “GUARD
ENABLE” oscillations.

Time base 38 is a precise square wave oscillator which is
turned on for one complete cycle by the positive zero crossing
condition of the 483.5 cycles Guard Enable frequency output
of decoder 32.

The complete cycle of the square wave oscillator of Time
Base 38 is typically 0.1 second. Therefore, 483.5 cycles of the
Guard Enable frequency occurs, following the ‘positive zero
crossing condition, in the 0.1 second cycle interval of the
square wave oscillator. .

The square wave oscillator, of Time Base 38, turns off at the
end of the 0.1 second interval and then turns on again when
the next positive zero crossing condition of the 483.5 Guard
Enable frequency, of decoder 32 occurs.

Therefore, if at the same time that the positive zero crossing
condition of the 483.5 cycle Guard Enable frequency occurs,
if Ring Counter 37 begins counting cycles of the 483.5 cycle
Guard Enable frequency, from a zero count reference condi-
tion, then at precisely 0.1 second later, Ring Counter 37
would have counted between 48 and 49 counts, if, and only if,
the Guard Enable frequency of 483.5 cycles was causing the
Ring Counter to accumulate a total.

If at the precise end of the 0.1 second intereval of the Time
Base 38 oscillator, a “‘stop counting” pulse is sent to Ring
Counter 37, then if the accumulated count, in the Ring
Counter is between 48 and 49, an enabling signal is sent to
Gates 33 and 34 to allow them to pas UP or DOWN signals, to
the Logic Control System 10, if at that time either UP, or
DOWN signals are present at the outputs of Decoders 29 and
3

This process is referred to as “Frequency Identification by
Cycle Counting over an Interval” and is the traditional and
classic principle of Digital Frequency Measurement Systems.

Therefore, ring counter 37 will supply gates 33 and 34 with
an input which is an indication of the assured and certain
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6

presence of the “Guard Enable” oscillations, and the “Guard
Enable” oscillations only, rather than some spurious signal in
their stead.

UP/DOWN comparator 39 is for the purpose of insuring
that the system will be safely disabled if UP and DOWN com.-
mands should occur at the same time and also when neither
UP or DOWN commands occur. Thus comparator 39 is a con-
ventional exclusive OR gate to the input of which the outputs
of gates 33 and 34 are applied. Thus if both gates 33 and 34
have outputs (simultaneous UP and DOWN commands) or if
neither has an output, gate 36 will be disabled by comparator
39 so that no “Guard Enable” oscillation signal passes to logic
control 10. The system is disabled in the absence of a “Guard
Enable” oscillation signal. But, if only.one of the gates 33 and
34 have outputs, gate 36 will be enabled to pass a “Guard
Enable” oscillation signal to logic control 10;

It will be seen that in operation Logic Control 10 will be
supplied with “UP,” “DOWN,” “FAST,” and “GUARD
ENABLE" signals in response to the operator’s manipulation
of switch 3 in the following manner.

1. When the operator closes switch 23 (FIG. 6) “Guard

Enable” oscillations will pass through the system to send
a reference signal to the Logic Control 10. If the
reference oscillations are safely identified by ring counter
37, asignal will be supplied to enable gates 33 and 34.

2. If the operator manipulated switch 3 to the DS position a
down command signal will pass through gate 34 to Logic
Control 10.

3. If the operator manipulates switch 3 to the DF position a
fast command signal will pass through gate 35 to Logic
Control 10.

4. If the operator manipulates switch 3 to the US position an
up command signal will pass through gate 33 to Logic
‘Control 10.

5. If the operator manipulates switch 3 to the UF position a
fast command signal will pass through gate 35 to Logic
Control 10.

Logic Control 10 may be any kind of device for applying the
UP, DOWN, FAST, GUARD ENABLE signals to operate
motor 4. For example, the GUARD ENABLE signal may be
applied to a motor contactor to enable the motor in the
presence of the GUARD ENABLE signal and disable it in its
absence. Similarly, the UP and DOWN and FAST signals can
be applied to appropriate motor contactors.

But for further protection against ambiguity in commands,
it may be desireable to include between the input and the out-
puts. of Logic Control 10 conventional Logic Circuits for
further guarding against ambiguity.

We claim:

1. In an elevator system including a car movable within a
shaft, a hoist cable, and associated hoisting motor outside the
car for moving the car within the shaft:

transmitter means in the car for developing command
signals for control of the hoisting motor, the signals being
in a frequency range such that radiation is negligible;

receiver means associated with the hoisting motor for
receiving the command signals;

a member coupled to the receiver means extending adjacent
the car alox?g the length of the path of the car within the
shaft;

transformer means movable along the member with the car
for magnetically coupling the transmitter means to the
member through ferro-magnetic flux linkage whereby the
command signals may be transmitted from the transmitter
means to the receiver means by low frequency magnetic
transformer action;

and means responsive to the receiver means and command
signals for controlling the hoisting motor.

2. A system as in claim 1 in which the member is a cable and

the transformer means comprises:

a magnetic core movable along the cable and affixed to the
car;

and a primary winding coupling the transmitter means to
the core;
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the cable forming a secondary winding coupling the

receiver means to the core.

3. A system as in claim 2 in which the cable is said hoist ca-
ble.

4. A system as in claim 3 including a drum for winding and
unwinding the hoist cable, the receiver means being con-
nected to the inner end of the hoist cable on the drum.

5. A system as in claim 1 in which the member is a structural
member of the shaft.

6. A system as in claim § in which the transformer means
comprises:

a magnetic core movable along the structural member and

affixed to the car;

and a primary winding coupling the transmitter means to

the core;

the structural member forming a secondary winding

-coupling the receiver means to the core.

7. A system as in claim 1 in which the frequency range is
frequencies below about 1,200 cycles per second.

8. A system as in claim 1 in which:

the transmitter means includes

means for generating GUARD ENABLE oscillations;
means for generating *UP” command oscillations;
means for generating “DOWN" command oscillations;
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8

the receiver means includes:
means responsive to the GUARD ENABLE and UP com-
mand oscillations for producing an UP command
signal;
and means responsive to the GUARD ENABLE and
DOWN command oscillations for producing a DOWN
command signal;
the means for controlling the hoist motor being responsive to
said UP and DOWN command signals.
9. A system as in claim 8 in which:
the transmitter means also includes:
means for generating “FAST” command oscillations
and the receiver means also includes:
means responsive to the FAST command oscillations for
producing a FAST command signal;
the means for controlling the hoisting motor being responsive
to said FAST command signal.
10. A system as in claim 8 including:
means for ensuring that the UP and DOWN command
signals cannot occur simultaneously.
11. A system as in claim 8 including:
means for ensuring that neither UP or DOWN signals can
occur in the absence of reference oscillations.
L% * % * *



