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ELEVATOR SYSTEM 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The invention relates in general to elevator systems, 

and more specifically to apparatus for controlling the 
operation of one or more elevator cars. 

2. Description of the Prior Art 
High speed elevator systems of the prior art are de 

signed to minimize waiting time between the entry of 
a corridor call and the arrival of an elevator car at the 
floor of the call, and between the registration of a car 
call and the delivery of the passenger to the requested 
destination. Accordingly, the elevator cars are acceler 
ated from a stopped condition to a predetermined max 
imum constant acceleration using the maximum values 
for the acceleration, and the rate of change of accelera 
tion, which are consistent with passenger comfort. The 
selected maximum rate of acceleration is continued 
until the elevator car nears a predetermined maximum 
velocity, selected to minimize travel time from the 
starting floor to the destination floor, at which time ac 
celeration is smoothly reduced to zero as the car attains 
the desired maximum velocity. 

SUMMARY OF THE INVENTION 
The invention is a new and improved elevator system 

in which predetermined parameters associated with car 
movement with respect to time, i.e., jerk, acceleration, 
and velocity, are controlled in response to the intensity 
of the demand for elevator service. When the demand 
for elevator service is at and above a predetermined 
level, the elevator cars are operated in the normal 
mode with rated maximum values of jerk, acceleration 
and velocity. When the demand for elevator service 
drops below the predetermined level, the elevator car 
is automatically switched to a light traffic mode in 
which the maximum values of one or more of the pa 
rameters associated with the car movement with re 
spect to time are reduced. It is not necessary to follow 
the same velocity profile used during traffic peaks, dur 
ing periods of light traffic, in order to maintain good el 
evator service. The invention maintains good elevator 
service during all levels of traffic intensity, while flat 
tening power demand curves during periods of light 
traffic, as well as reducing IR losses, and other speed 
related losses, during periods of light traffic, compared 
with elevator systems of the prior art which follow the 
same velocity profile during all levels of traffic inten 
sity. 
The invention may switch the cars individually be 

tween the peak and light traffic modes, in response to 
predetermined car related traffic conditions, and all of 
the cars in response to system related conditions; or, 
the invention may be bank oriented, switching all the 
cars from one mode to the other in response to prede 
termined traffic conditions. Regardless of the embodi 
ment, an individual elevator car is switched between 
modes only when it is standing at a floor. Once a run 
is started it maintains its starting mode throughout the 
run, to prevent undesirable steps in the speed pattern. 
The invention also prevents frequent switching be 

tween modes by maintaining a mode for a predeter 
mined period of time once a car, or cars have switched 
modes, overriding brief drops and increases in traffic 
intensity which would otherwise cause the speed pat 
tern to frequently switch between modes. 
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The intensity of the demand for elevator service may 

be sensed indirectly, or directly or both indirectly and 
directly. For example, the intensity of elevator traffic 
may be determined indirectly with a system clock syn 
chronized with anticipated traffic peaks, based upon 
the history of the system. 
The intensity of the traffic may be sensed directly by 

counting the number of calls, corridor calls and/or car 
calls, in the system at any given instant; the load in the 
car or cars relative to rated load; the individual or cu 
mulative times for which corridor calls have been regis 
tered; the assignment of an elevator car to a priority 
call, such as a timed out call; an unsatisfied demand for 
an available car; and the like. 

BRIEF DESCRIPTION OF THE DRAWING 

The invention may be better understood, and further 
advantages and uses thereof more readily apparent, 
when considered in view of the following detailed de 
scription of exemplary embodiments, taken with the 
accompanying drawings, in which: 
FIG. 1 is a block diagram of an elevator system con 

structed according to the teachings of the invention; 
FIGS. 2A, 2B and 2C are velocity profiles illustrative 

of different embodiments of the invention; 
FIG. 3 is a schematic diagram of control apparatus 

constructed according to an embodiment of the inven 
tion in which the speed pattern signals of a plurality of 
elevator cars may be individually modified responsive 
to peak and light traffic modes, as well as being modi 
fied on a collective or bank basis; 
FIG. 4 is a graph which illustrates indirect sensing of 

traffic intensity, utilizing a system clock synchronized 
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with anticipated traffic demand; - 
FIGS. 5 and 6 are schematic diagrams of apparatus 

constructed according to an embodiment of the inven 
tion in which the elevator cars of a bank of elevator 
cars have their speed pattern signals modified respon 
sive to light and peak traffic modes, as a bank; and 
FIG. 7 is a schematic diagram of a speed pattern gen 

erator constructed to be responsive to the control ap 
paratus shown in FIG. 3. 
DESCRIPTION OF PREFERRED EMBODIMENTS 

Referring now to the drawings, and FIG. 1 in particu 
lar, there is shown an elevator system constructed ac 
cording to the teachings of the invention. The present 
invention may be employed in various types of elevator 
systems. For purposes of example, it will be described 
as applied to an elevator system which is similar to that 
disclosed in U.S. Pat. Nos. 2,874,806 and 3,207,265, 
which are assigned to the same assignee as the present 
application, and are hereby incorporated into the pres 
ent application by reference. 

In U.S. Pat. No. 2,874,806 the actual speed of the el 
evator car is determined by the control of an element 
such as a lever which is movable with respect to a sup 
porting structure. The element is electromagnetically 
coupled to the elevator car motor for the purpose of 
applying a force acting between the element and the 
supporting structure which is dependent upon the 
speed of the elevator car. A second force in the opposi 
tion to the first force is applied between the element 
and the supporting structure to serve as a reference or 
pattern representing the desired motor speed. The sec 
ond force is produced by a second electric or pattern 
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motor which is energized in accordance with the de 
sired speed and position. 
The resultant movement or deflection of the element 

controls the energization of the elevator car motor and, 
as a result, the speed and position of the elevator car. 
Thus, the car motor may be of the direct current type 
and may have its armature coupled to the armature of 
a direct current generator to form a variable voltage or 
Ward Leonard control system. The resultant move 
ment of the element is utilized to control the field exci 
tation of the direct current generator. In the event a 
static power supply, such as a dual bridge converter, is 
used to power the direct current drive motor, the out 
put of this pattern system is applied to a resistor and the 
resulting voltage compared with the feedback voltage 
from a tachometer generator driven by the drive motor. 
The difference voltage is used as an error signal which 
controls the firing angle of the controlled rectifier de 
vices of the dual bridge converter. 
Improvements in certain characteristics of the appa 

ratus disclosed in U.S. Pat. No. 2,874,806 are disclosed 
in U.S. Pat. No. 3,207,265. The improvement patent 
discloses a continuously variable acceleration trans 
ducer, which provides a pattern current for the pattern 
motor, which accelerates the elevator car at a substan 
tially constant rate according to a predetermined accel 
eration schedule. The acceleration transducer includes 
a pair of back-to-back connected controlled rectifiers 
whose conduction of current is regulated through con 
trol of their firing angles by a variable phase gate signal 
supplied by a pulse generator. 
Only the parts of the elevator system disclosed in 

these patents which are necessary to understand the 
present invention will be described in detail, as the pa 
tents may be referred to if additional operational de 
tails are desired. 
While the invention is described with an electrome 

chanical floor selector and an electromagnetic speed 
pattern generator, it is to be understood that the inven 
tion is equally applicable to solid state floor selectors 
and speed pattern generators, such as those disclosed 
in U.S. Pat. Nos. 3,750,850 and 3,774,729, respec 
tively, which are assigned to the same assignee as the 
present application. 
More specifically, FIG. 1 is a partially schematic and 

partially diagrammatic view which illustrates an eleva 
tor motor 1 secured to the upper surface of a floor 3, 
which may be located in the penthouse of a building or 
structure being served by the elevator system. The ele 
vator motor 1 has a traction sheave 5 secured to its 
shaft 6. A secondary or idler sheave 9 is secured to the 
lower surface of the penthouse floor 3. A control unit 
10 is operated by the shaft 6 of motor 1. This control 
unit is employed in controlling the speed of the motor 
1. 
An elevator car 11 is mounted for movement in a 

hoistway 13 to serve the various floors or landings of 
the building associated therewith. The elevator car is 
connected to a counterweight 15 by means of one or 
more ropes or cables 17, which pass around the trac 
tion sheave 5 and the secondary sheave 9 in a conven 
tional manner. At each floor served by the elevator car, 
a hoistway or floor door 19 is provided. In addition, the 
elevator car has a gate 21 which registers with the 
hoistway door at any floor at which the elevator car is 
stopped. The doors of the gate may be of conventional 
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4 
construction and may be operated automatically in any 
conventional way. 

In order to register calls for floors desired by passen 
gers traveling in the elevator car, a plurality of car call 
buttons 27 are provided. 
An up pushbutton 3U is provided at the third floor 3F 

for operation by a person desiring transportation in the 
up direction. A similar pushbutton would be provided 
at each of the floors from which a person may desire to 
travel in the up direction. A down pushbutton 3D is 
provided at the third floor which may be operated by 
a person desiring to travel in the down direction. A sim 
ilar pushbutton would be located at each floor from 
which a person may desire transportation in the down 
direction. 
Control of certain functions of the elevator car is pro 

vided by a floor selector 23 which conveniently may be 
mounted on the penthouse floor 3. This floor selector 
has two drive inputs supplied thereto. One is a drive 
input by an advance motor AM located on the top of 
the floor selector. The second drive input is supplied 
for the purpose of driving the floor selector in accor 
dance with movement of the elevator car. Such a drive 
unit may be provided in any desired manner. For exam 
ple, the drive may be of the self-synchronous type. 
Such a drive includes a transmitter or generator SG, 
which is electrically connected to a receiver or motor 
SM. The transmitter or generator SG is coupled to the 
secondary sheave 9 through suitable gearing 25. 
The floor selector 23 may be of any suitable type. 

Conveniently it may be similar to the floor selector de 
scribed in the aforesaid U.S. Pat. No. 2,874,806 and in 
U.S. Pat. No. 2,657,763 referenced to in the former pa 
tent, and such a floor selector is illustrated generally in 
FIG. 1. 
The control circuitry for floor selector 23 is shown 

generally at 30. 
Car calls, as registered by the pushbutton array 27 

are recorded in car call control 32 and directed to the 
floor selector control 30. 
Corridor or floor calls are recorded in the corridor 

call control 34. The corridor calls are directed to the 
floor selectors of the various cars, according to the de 
sired supervisory strategy, via a system processor 36. 
The specific supervisory strategy is not important to the 
understanding of the invention, and it is not disclosed 
in detail. Reference may be made to U.S. Pat. Nos. 
3,256,958 and 3,292,736, which are assigned to the 
same assignee as the present application, for supervi 
sory systems which may be used. 
A speed pattern generator 38, which is shown in de 

tail in FIG. 7, provides a speed pattern for drive control 
40, in response to the floor selector 23 and its control 
30. The drive control 40 controls the speed of the ele 
vator drive motor 1 in response to the speed pattern 
provided by the speed pattern generator 38. 

In accordance with the teachings of the invention, a 
pattern modifier 42 modifies the speed pattern signal 
provided by the speed pattern generator 38, in re 
sponse to one or more predetermined conditions re 
lated to the intensity of demand for elevator service. 
When the demand for elevator service is below a prede 
termined level, the pattern modifier 42 provides a sig 
nal which limits to a first maximum value a parameter 
related to the movement of the elevator car with re 
spect to time, such as velocity, acceleration, or jerk, or 
any combination of velocity, acceleration and jerk. 
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When the demand intensity reaches a predetermined 
level, the pattern modifier provides a signal which al 
lows the controlled parameter, or parameters, to be in 
creased to a higher maximum value on the next run of 
the elevator car. 
The pattern modifier 42 may be responsive to one or 

molre parameters related to the intensity of demand for 
elevator service, with FIG. 1 indicating, by way of ex 
ample, a clock 44 synchronized with anticipated traffic 
demands during a typical day, providing a signal TD-1 
which indicates whether the anticipated traffic is below 
or above a predetermined level. Additional examples, 
also shown in FIG. 1, include: (a) a signal WT-1 from 
load weighing means 46 on each car, which signal indi 
cates whether the load in the associated elevator car is 
below or above a predetermined value related to the 
capacity of the elevator car; (b) a signal TO-1 from the 
system processor 36 for each elevator car which indi 
cates whether the elevator car has been assigned to an 
swer a priority call, such as a timed out call; (c) a signal 
NC-1 to all elevator cars from a corridor call counter 
48 which counts unanswered corridor calls in the sys 
tem at any instant, with the signal NC-1 indicating 
whether the number of such calls is below or above a 
predetermined magnitude; and (d) a signal TTO-1 
from corridor call timers, shown generally at 50, which 
indicate whether any corridor call has been registered 
for a predetermined period of time. 
FIGS. 2A, 2B and 2C each indicate normal and modi 

fied speed pattern signals which may be provided ac 
cording to different embodiments of the invention. As 
shown in FIG. 2A, the speed pattern signal starts at 
zero when the car is at rest. When the elevator car is 
requested to accelerate, the speed pattern signal goes 
through an initial phase I during which the car is accel 
erated to a predetermined maximum constant accelera 
tion rate, with a predetermined maximum rate of 
change of acceleration or jerk. Phase II is the constant 
acceleration phase of the speed pattern signal, and 
when the maximum speed or velocity of the speed pat 
tern signal is approached, the speed pattern enters 
phase III which provides a smooth transition between 
the constant acceleration phase II and the constant ve 
locity phase IV. Phase III is also controlled to a maxi 
mum level of jerk. When the elevator car is to stop at 
a floor, the speed pattern enters phase V which pro 
vides a jerk controlled transition between the constant 
velocity phase IV and a constant deceleration phase VI. 
As the elevator car nears the selected floor, the speed 
pattern enters a jerk controlled transition phase VII, 
which brings the car from constant deceleration to zero 
speed at floor level. 

In a first embodiment of the invention, illustrated in 
FIG. 2A, the acceleration phase II is modified to a 
lower maximum value during light traffic demand, to 
provide a pattern modification indicated at 54. The 
rate of change of acceleration in phases I and III may 
also be reduced in this embodiment of the invention. 

In the embodiment of the invention shown in FIG. 
2B, the constant velocity phase IV is reduced to a lower 
magnitude, indicated by curve portion 56, during peri 
ods of light traffic. 

In the embodiment of the invention shown in FIG. 
2C, the maximum acceleration rate and the maximum 
velocity, phases II and IV, respectively, are both re 
duced during periods of light traffic, and the maximum 
jerk in phases I and III may also be reduced. The modi 
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6 
fied portion of the speed pattern signal is indicated at 
58. 

In the embodiments of the invention shown in FIGS. 
2A, 2B and 2C, the maximum deceleration rate for the 
normal mode is unchanged during the light traffic 
mode, as the amount of energy restored to the electri 
cal system is relatively independent of the rate of decel 
eration. However, the maximum deceleration rate may 
be reduced during the light traffic mode, if desired, as 
the PR losses in the armature of the drive motor 1 
would be less when the maximum deceleration rate is 
reduced. 
FIG. 3 is a schematic diagram of a pattern modifier 

circuit 42, which may be used for the pattern modifier 
42 shown in block form in FIG. 1. The pattern modifier 
42 shown in FIG. 3 is for an embodiment of the inven 
tion which enables the elevator cars to be individually 
and/or collectively switched between the normal and 
light traffic modes, and as such each elevator car would 
require a similar pattern modifier. 
The pattern modifier 42 is illustrated as being respon 

sive to the same traffic indicators shown in FIG. 1, with 
the relay contacts shown in FIG. 3 which correspond to 
the functions shown in FIG. 1 being indicated with the 
same references. It is to be understood that only one of 
the traffic indicators need be used, or any number of 
the traffic indicators in different combinations, or traf 
fic indicators may be used which have not been specifi 
cally mentioned. 
The control means of pattern modifier 42 which indi 

cates which speed pattern should be generated by the 
associated speed pattern generator 38 is a relay SP. 
When relay SP is deemergized it provides a signal, i.e., 
condition of its associated contacts, which indicates 
that the speed pattern generated is for the normal traf 
fic conditions, which include peak traffic, and when it 
is energized its contacts are in the condition which indi 
cate the speed pattern should be switched to the light 
traffic mode. This arrangement is preferred since if 
relay SP fails to pick up for some reason, the elevator 
system would operate with its normal speed pattern sig 
nal. However, the circuit could be arranged to deener 
gize relay SP for the light traffic mode, and to energize 
relay SP for the normal mode, if desired. 
Relay SP is connected to be energized between the 

electrical conductors L1 and L2, which conductors are 
connected to a suitable source of electrical potential. 
The electromagnetic coil of relay SP is connected be 
tween conductors L1 and L2 via the contacts of the 
control means which are related to the intensity of the 
demand for elevator service. 
Contacts TD-1, WT-1, TO-1 and NC-1 are associated 

with the traffic level indicators, and they, along with 
contacts 32-1 and T2-1, are all serially connected with 
relay SP between conductors L1 and L2. Contacts 
TD-1, WT-1, TO-1 and NC-1 are closed when the de 
mand for elevator service is below a predetermined 
level, and they open in response to their associated de 
tector to indicate traffic at and above a predetermined 
level. 
Contact TD-1 is responsive to the clock 44 shown in 

FIG. 1, with clock 44 being synchronized to operate its 
contacts TD-1 open and closed in response to antici 
pated traffic demand based upon the operating history 
of the elevator system. FIG. 4 is a graph which illus 
trates a traffic demand profile typical of office build 
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ings. Contact TD-1 is closed, except for the morning, 
noon and evening traffic peaks. 
Contact WT-1 is responsive to the load weighing 

means 46 shown in FIG. 1, with contact WT-1 being 
closed except when the elevator car is loaded to a pre 
determined percentage of its capacity. 
Contact TO-1 is closed except when the system pro 

cessor assigns the elevator car to serve a priority call, 
such as a timed out floor call. 
Contact NC-1 is closed until the number of unan 

swered floor calls reaches a predetermined number, at 
which time contact NC-1 opens. 

It will be noted that contacts WT-1 and TO-1 are car 
related, and their operations would selectively switch 
the associated elevator car from one mode to the other. 
They could be made system signals by OR'ing all of the 
load weighing means of the various elevator cars, to 
provide a signal WT-1 to all cars simultaneously when 
any car becomes loaded, and by providing signal TO-1 
to all cars when any call becomes timed out, or when 
any car is specifically assigned to a priority call. 
Contact T2-1 is a normally closed contact operated 

by a timer T2. Timer T2 is not essential to the inven 
tion. If used, it prevents the system from switching to 
the light traffic mode until a predetermined period of 
time has elapsed since the system switched to the nor 
mal mode. In like manner a timer T1 has a normally 
open contact T1-1 which prevents the system from 
switching to the speed pattern associated with the nor 
mal traffic mode until a predetermined period of time 
has elapsed since the system switched to the speed pat 
tern associated with the light traffic mode. Contact 
T1-1 is connected across the serially connected 
contacts TD-1, WT-1, TO-1, NC-1 and T2-1. 
Timer T1 is responsive to the voltage across the elec 

tromagnetic coil of relay SP, starting the timed closure 
of contact T1-1 when voltage is initially applied across 
relay SP, preventing the traffic responsive contacts 
from affecting the condition of relay SP until timer T1 
times out and opens its contact T1-1. 
Timer T2 is also responsive to the voltage across 

relay SP, starting the timed opening of contact T2-1 
when voltage is removed from relay SP, preventing the 
traffic responsive contacts from affecting the condition 
of relay SP until timer T2 times out and closes contact 
T2-1. 
Timers T1 and T2 prevent frequent switching be 

tween speed pattern signals due to momentary changes 
in traffic conditions, but the timers are not essential to 
the invention if frequent switching between the speed 
patterns is not objectionable. Further, these timers 
would not be required if the only traffic related signal 
used is the signal from clock 44. 
Contacts 32-1 and 32-2 are operated by a relay 32 

(not shown), which is related to car movement. Relay 
32 is dropped out when the car is stationary at a floor, 
and it picks up at the start of a run and remains ener 
gized until the car completes its run and is again sta 
tionary at a floor. Contacts 32-1 and 32-2 are con 
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8 
contact which is connected across the serial string of 
traffic related contacts and the timer contact T2-1. A 
normally open seal-in contact SP-1 of relay SP is con 
nected across contact 32-1. 

In the operation of the pattern modifier 42, with the 
car at rest and both timers T1 and T2 timed out, and 
little or no demand for elevator service in the system, 
the contacts will be in the condition shown in FIG. 3, 
and relay SP will be energized. The contacts of relay SP 
in the speed pattern generator 38 will thus set the speed 
pattern for the light traffic mode, in which one or more 
parameters related to the movement of the car with re 
spect to time will be reduced, compared with the nor 
mal operating mode of the elevator. Contact SP-1 will 
be closed. If the elevator car is requested to move to 
answer a car or floor call, relay 32 will pick up and 
contact 32-1 will open. Relay SP will be held in, how 
ever, through contact SP-1, and the serially connected 
contacts TD-1, wt-1, TO-1, NC-1 and T2-1. As soon as 
relay 32 picks up, its contact 32-2 closes to thus render 
contacts TD-1, WT-1, TO-1, NC-1 and T2-1 ineffective 
for the duration of the run, as the circuit through relay 
SP will be maintained through contacts SP-1 and 32-2. 

If one of the traffic related contacts should open dur 
ing the run, relay SP will be held in until the car stops 
and relay 32 drops out. Relay SP will then drop out 
when the car completes its run, and its contacts in sthe 
speed pattern generator will now be in a condition to 
provide a signal which sets the speed pattern for the 
normal or peak traffic mode. When relay SP drops out, 
timer T2 opens its contact T2-1 for a predetermined 
period of time, and even if the traffic related sensor 
which initially opened its contact to drop out relay SP 
should reclose its contact, it will have no circuit affect 
until contact T2-1 closes at the end of the timed period. 
With relay SP deemergized at the start of a run, its seal 
in contact SP-1 will be open, and when relay 32 picks 
up at the start of the run, its contact 32-1 will open. 
Thus, relay SP will be deemergized for the duration of 
the run. 
Assuming timer T2 times out and closes its contacct 

T2-1, and the traffic related contacts are all closed, 
when the elevator stops contact 32-1 will close to pick 
up relay SP, contact SP-1 of relay SP will close, and the 
contacts of relay SP in the speed pattern generator 38 
will prepare the speed pattern signal for the light traffic 
mode. Timer T1 also closes its contact T1-1 to hold 
relay SP in the light traffic mode for at least the time 
period of timer T1. 

If selectively switching the modes of the cars is not 
required, or desired, they may be switched as a bank by 

55 

60 
nected to retain the speed pettern mode existing at the 
start of the run, throughout the complete run, regard 
less of a change in the condition of a traffic related 
contact. 
Contact 32-1 is a normally closed contact which is 

serially connectd between relay SP and the string of se 
rially connected traffic related contacts, and the timer 
contact TD-1; and, contact 32-2 is a normally open 

65 

using a bank program modifier, and a per car program 
modifier, as shown in FIGS. 5 and 6, respectively. The 
bank program modifier referred to with reference nu 
meral 60 in FIG.5 has an auxiliary relay SPX, which 
controls the operation of relay SP in the per car modi 
fier 42 shown in FIG. 6. The bank modifier 60 is simi 
lar to the per car program modifier 42 shown in FIG. 
3, except contacts 32-1 and 32-2 are not required, and 
a seal-in contact for relay. SPX is not required. Also, all. 
of the traffic responsive contacts are system related. 
The load related contacts are referenced TWT-1 to dis 
tinguish it from the specific car related contaccts WT-1 
of FIG. 3. Contacts TWT-1 may open, for example, 
when any elevator car in the system becomes loaded, 
or any two cars, etc. The contacts related to priority 
calls are referenced TTO-1 in FIG. 6, to distinguish it 
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from the "assigned to a priority call' contact TO-1 of 
FIG. 3. Contact TTO-1 may close, for example, when 
a call, or a predetermined number of calls time out, or 
when any elevator car is assigned to a timed out call, 
etc. 5 

In the operation of the bank program modifier of 
FIG. 5, relay SPX drops out when the traffic level 
reaches a predetermined magnitude, and it picks up 
when the traffic level drops to a predetermined magni 
tude, subject only to switching delays which may be im- 10 
posed by timers T1 and T2. In other words, relay SPX 
is operated to either condition without regard as to 
whether or not elevator cars are operating at that time. 
The per car control 42' shown in FIG. 6 translates an 

operation of relay SPX into an operation of the relay 15 
SP associated with the various cars, when each car has 
completed a run and is standing at a floor. A normally 
open contact SPX-1 of relay SPX replaces the serial 
string of contacts TD-1, WT-1, TO-1, NC-1 and T2-1 
of FIG. 3, and timers T1 and T2 are not required be- 20 
cause their function is provided by the timers with 
these references in the bank speed pattern modifier 60. 

... When contact SPX-1 is open at the start of a run, 
contacts SP-1 and 32-1 will be open for the duration of 
the run, preventing the energization of relay SP if 25 
contact SPX-1 should close during the run. If SPX-1 is 
closed at the start of a run, relay SP will be energized 
and when the run starts, contact 32-2 will close to hold 
relay SP in throughout the run, even though contact 
SPX-1 should open during the run. 30 
FIG. 7 is a schematic diagram of a speed pattern gen 

erator 38 which may be used for the speed pattern gen 
erator 38 shown in block form in FIG. 1. The speed pat 
tern generator shown in FIG. 7 has been taken from 
FIG. 4A of the hereinbefore mentioned U.S. pat. No. 3 
3,207,265, which has been incorporated into this appli 
cation by reference, with this FIG. 4A being modified 
by contacts SP-2 and SP-3 of relay SP, of either the 
FIG. 3 or FIG. 6 embodiment. Contact SP-2 is a nor 
mally closed contact connected to reduce the magni 
tude of the maximum acceleration in the speed pattern 
signal when relay SP is energized, and contact SP-3 is 
a normally open contact connected to reduce the maxi 
mum velocity level of the speed pattern signal when 
relay SP is energized. When relay SP is deenergized, 
the acceleration and velocity portions of the speed pat 
tern signal return to their higher maximum values. Jerk 
control is not shown in FIG. 7, but it will be obvious 
from the discussion of FIG. 7 how maximum jerk may 
be reduced during light traffic periods, if desired. 
Only the portions of FIG. 7 necessary to understand 

the invention will be described, as reference may be 
made to U.S. Pat. No. 3,207,265 if additional opera 
tional details of the remaining circuitry is desired. 55 
More specifically, FIG. 7 illustrates an acceleration 

transducer or device which controls the current deliv 
ered to the pattern motor winding during acceleration 
of the elevator, car. It is desirable for current in this 
winding to increase linearly with respect to time, 60 
thereby bringing the elevator car up to full speed at a 
substantially constant rate of acceleration. When full 
speed is reached, it is necessary for the acceleration de 
vice to remain fully conductive so that it no longer has 
control over current in the pattern motor winding. 65 
The acceleration device includes a pair of solid state 

controlled rectifiers 371 and 373 connected in antipar 
allel or back-to-back at terminals 374 and 376. Termi 
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nal 374 is connected to an input terminal of the pattern 
rectifier 359 and terminal 376 is connected to a mov 
able tap 361A on an autotransformer 361. The tap 
361A is adjusted to set the desired operating level of 
the pattern current rectifier 359. The gate and cathode 
electrodes of controlled rectifier 371 are connected 
across a secondary winding of a pulse transformer 375, 
and the gate and cathode electrodes of controlled recti 
fier 373 are connected across another secondary wind 
ing of the transformer 375. 
Control of conduction of current in the forward di 

rection by the controlled rectifiers 371 and 373 is ac 
complished by means of the remaining components as 
sociated with the acceleration device. These compo 
nents form a pulse generator which determines the fir 
ing angle of the controlled rectifiers by supplying a 
variable phase gate signal to the primary winding of the 
pulse transformer 375. The components preferably in 
clude various solid state or semiconductor devices such 
as a transistor 377, a unijunction transistor 379 and two 
Zener diodes 383 and 385. The unijunction transistor 
379 has an emitter electrode E, a first base electrode 
B1 and a second base electrode B2. The pulse genera 
tor employs feedback and thus incorporates means to 
regulate current buildup in the pattern motor winding 
to maintain a constant rate of change of such current. 
A rheostat 387 may be adjusted to control the rate on 

increase of the output current of the controlled rectifi 
ers 371 and 373. The adjustment of rheostat 387 deter 
mines the value of command current I which flows in 
an error signal resistor 388 in the direction indicated 
and which is constant for a given setting of the rheostat 
387. A resistor 389 may be connected in series with the 
rheostat 387 to limit the maximum value to which the 
current I may be adjusted by means of the rheostat. 
This current is derived from a supply which includes a 
transformer 390, a full-wave rectifier 391, a limiting re 
sistor 393, a blocking diode 395, and a filter capacitor 
397. Energy for the primary winding of the transformer 
390 may be supplied by the autotransformer 361. 
A resistor 70, which may be adjustable if desired, is 

connected between rheostat 387 and an output termi 
nal of rectifier 391. The normally closed contact SP-2 
is connected across resistor 70. Thus, when relay SP is 
deenergized, resitor 70 is shorted by contact SP-2 and 
the acceleration rate follows that of the normal speed 
pattern signal. When relay SP is energized to indicate 
the light traffic mode of the speed pattern signal is de 
sired, contact SP-2 opens to insert resistor 70 into the 
acceleration circuit and reduce the maximum value of 
acceleration according to the magnitude selected for 
this resistance. 
Negative feedback current I flows through the resis 

tor 388 in the direction indicated and is proportional to 
the rate of buildup of voltage across the pattern recti 
fier 359 and thus across the pattern motor winding 
through the differentiating action of a feedback capaci 
tor 399. It will be observed that one terminal of the ca 
pacitor 399 is connected directly to the positive output 
terminal of rectifier 359, while the other terminal of the 
capacitor is connected to the negative output terminal 
of the rectifier 359 through the resistor 388. A filter ca 
pacitor 401 is connected across resistor 388. 
The command current I and the feedback current I 

flow in opposite directions through the resistor 388. 
Thus, the voltage across this resistor is proportional to 
the difference between these currents, i.e., the net or 
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error signal current lo-It. This voltage through a filter 
network comprising serially connected capacitor 403 
and resistor 405 controls the magnitude of the collector 
electrode current in the transistor 377. The base elec 
trode of the transistor is connected to one side of the 
capacitor 403 through a resistor 407, while the emitter 
electrode is connected to the other side of the capaci 
tor through a temperature compensating resistor 409. 
The transistor 377 in turn controls the magnitude of the 
current which flows to charge a capacitor 411. 
When the voltage across capacitor 411, i.e., the volt 

age between the unijunction transistor emitter and base 
electrode, reaches a predetermined value for a given 
value of voltage between the base electrodes B1 and 
B2, the unijunction transistor triggers or fires, and the 
capacitor 411 discharges through the emitter electrode 
E, the base electrode B1 and the primary winding of the 
pulse transformer 375. The voltage pulse produced 
across the primary winding as a result thereof is applied 
between the gate and cathode electrodes of the con 
trolled rectifiers 371 and 373 by means of the secon 
dary windings of the pulse transformer. Thus, the con 
trolled rectifier which is forward biased when the pulse 
is applied will fire or conduct current in the forward di 
rection from its anode to its cathode electrode. 
Assuming that the alternating supply voltage has a 

frequency of 60 Hz., if the voltage across the capacitor 
411 does not reach the aforesaid predetermined value 
within 8.3 milliseconds (one-half cycle), of the alter 
nating supply voltage, the unijunction transistor 379 
and consequently the controlled rectifiers 371 and 373 
will not fire, and the controlled rectifiers will conduct 
substantially no current. On the other hand, if the volt 
age across capacitor 411 reaches such predetermined 
value to fire the unijunction transistor within about 1 
millisecond, each of the controlled rectifiers will con 
duct current fully, for all practical purposes, during 
that half cycle of the alternating supply voltage when 
its anode electrode is positive with respect to its cath 
ode electrode. 
The pulse generator thus controls the conduction of 

the controlled rectifiers and thus the output of the pat 
tern rectifier 359 to increase smoothly and linearly with 
respect to time. When each of the controlled rectifiers 
conducts fully over alternate half cycles of the supply 
voltage, current supplied by the pattern rectifier to the 
pattern motor winding arrives at its maximum value, 
and the elevator car reaches full speed. At this time, the 
feedback current I becomes zero, since the output of 
the rectifier 359 no longer is changing, and the com 
mand current I flowing in the resistor 388 maintains 
full conduction of each of the controlled rectifiers over 
alternate half cycles of the supply voltage. 
Contact SP-3 of relay SP and a Zener diode 72 are 

serially connected across the output terminals of the 
pattern rectifier 359. When relay SP is deenergized 
during the normal traffic mode, contact SP-3 and the 
Zener diode 72 have no circuit affect. During light traf. 
fic when relay SP is energized, Zener diode 72 limits 
the output voltage of the pattern rectifier 359, with the 
breakdown voltage of Zener diode 72 being selected to 
provide the desired maximum car velocity during the 
light traffic mode. 

In summary, there has been disclosed a new and im 
proved elevator system which operates with a speed 
pattern signal which provides normal jerk, acceleration 
and velocity magnitudes when the system traffic is 
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12 
above a predetermined magnitude, with the speed pat 
tern automatically switching to a mode during periods 
of light traffic, which mode reduces one or more pa 
rameters associated with the movement of the car with 
respect to time. This change in speed pattern in re 
sponse to demand for elevator traffic reduces the IR 
losses and heating of the drive motor and drive source, 
it reduces friction and windage losses, it flattens the 
power usage curves, during those periods when re 
duced car velocity, acceleration, and/or jerk can be tol 
erated, and it accomplishes these benefits without 
undue adverse affect on elevator service. Reduced 
maximum acceleration and velocity of the elevator car 
during light traffic will also enable the car to intercept 
more calls for a given run, operating each car with a 
higher load per run, thus requiring fewer runs during 
periods of light traffic, which also conserves electrical 
power. 

I claim as my invention: 
1. An elevator system, comprising: 
an elevator car mounted for movement in a structure 
having a plurality of floors, 

motive means for moving said elevator car to serve 
the floors, 

means for registering requests for elevator service, 
control means providing a speed pattern signal for 

said motive means, to direct the movement of the 
elevator car with respect to time in accordance 
with the speed pattern signal, 

and modifying means related to the intensity of de 
mand for elevator service, modifying the speed pat 
tern signal provided by said control means in re 
sponse to the intensity of demand for elevator ser 
vice. 

2. The elevator system of claim 1 wherein the modi 
fying means includes a clock synchronized according to 
anticipated demands for elevator service. 

3. The elevator system of claim 1 wherein the modi 
fying means includes counting means responsive to the 
number of requests for elevator service. 

4. The elevator system of claim 1 including timing 
means for timing the registration times of at least cer 
tain of the requests for elevator service, with the modi 
fying means including said timing means. 

5. The elevator system of claim 1 including load re 
sponsive means for determining the load in the elevator 
car relative to its capacity, with the modifying means 
including said load weighing means. 

6. The elevator system of claim 1 including means re 
sponsive to the status of the elevator car, preventing 
the modification of the speed pattern by the modifying 
means when said modification would result in a step in 
the speed pattern signal. 

7. The elevator system of claim 1 wherein the modi 
fying means provides at least first and second signals 
related to the intensity of demand for elevator service, 
providing a speed pattern signal having a predeter 
mined profile when the demand for elevator service is 
light, and with the second signal modifying at least one 
parameter of the speed pattern signal by increasing the 
magnitude thereof, when the demand for elevator ser 
vice increases to a predetermined level. 

8. The elevator system of claim 7 wherein the at least 
one parameter of the speed pattern modified by the 
second signal is the maximum velocity portion of the 
speed pattern signal. 
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9. The elevator system of claim 7 wherein the at least 
one parameter of the speed pattern signal modified by 
the second signal is the maximum acceleration portion 
of the speed pattern signal. 

10. The elevator system of claim 1 including timing 
means responsive to the modification of the speed pat 
tern signal for preventing a subsequent modification 
thereof for a predetermined period of time. 

11. An elevator system, comprising: 
a plurality of elevator cars mounted for movement in 
a structure having a plurality of floors, 

motive means for each of said elevator cars for mov 
ing their respective elevator cars to serve the 
floors, 

means for registering requests for elevator service, 
control means for each of said elevator cars, provid 
ing a speed pattern signal for its associated motive 
means, to direct the movement of the associated 
elevator car with respect to time in accordance 
with the speed pattern signal, 

and modifying means related to the intensity of de 
mand for elevator service, modifying the speed pat 
tern signal provided by each of said control means 
in response to the intensity of demand for elevator 
service. 

12. The elevator system of claim 11 wherein the 
modifying means includes means for selectively modi 
fying the speed pattern signals associated with the plu 
rality of cars, according to the intensity of demand for 
service made on each individual elevator car. 

13. An elevator system, comprising: 
an elevator car mounted for movement in a structure 
having a plurality of floors, 

motive means for moving said elevator car to serve 
the floors, 

means for registering requests for elevator service, 
means for canceling requests for elevator service 
when a request for service is answered, 

first control means to alternatively generate first and 
second signals for said motive means, said first sig 
nal limiting to a first maximum value, a first param 
eter related to the movement of the elevator car 
with respect to time, and said second signal limiting 
the first parameter to a second maximum value, 
which exceeds the first maximum value, 

second control means operable between first and sec 
ond conditions in response to a second parameter 
related to the intensity of demand for elevator Ser 
vice, with the first and second conditions indicating 
demands below and above a predetermined level, 
respectively, 

said first control means being responsive to said sec 
ond control means, providing the first signal when 
said second control means is in its first condition, 
to limit the first parameter to the first maximum 
value, and providing the second signal when said 
second control means is in its second condition, to 
limit the first parameter to the second maximum 
value. 

14. The elevator system of claim 13 wherein the first 
parameter is the velocity of the elevator car. 

15. The elevator system of claim 13 wherein the first 
parameter is the acceleration of the elevator car. 

16. The elevator system of claim 13 wherein the sec 
ond parameter is the anticipated demand for elevator 
service based on time, and the second control means 
includes a clock synchronized with this parameter such 
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14 
that it operates in its first condition during the time of 
day that the intensity of demand for elevator service is 
normally below a predetermined level, and it operates 
in its second condition when the intensity of demand 
normally is at and above this level. 

17. The elevator system of claim 13 wherein the sec 
ond parameter is the number of unanswered requests 
for elevator service which exist at any given time, and 
the second control means includes counting means for 
determining the current number of such requests. 

18. The elevator system of claim 13 including timing 
means for timing the registration times of at least cer 
tain of the requests for elevator service, and wherein 
the second parameter is related to the registration 
times of the requests, and the second control means is 
responsive to said timing means. 

19. The elevator system of claim 13 including load 
responsive means for determining the load in the eleva 
tor car relative to its capacity, and wherein the second 
parameter is related to the magnitude of said load, and 
the second control means is responsive to said load re 
sponsive means. 

20. The elevator system of claim 13 wherein the 
means for registering requests for elevator service in 
cludes floor call means for registering requests for ele 
vator service from at least certain of the floors, and car 
call means for directing the elevator car to the selected 
floors in response to requests by passengers in the car, 
the second parameter is the number of of unanswered 
requests for elevator service from said floor call means, 
and the second control means includes counting means 
for determining the current number of such requests. 

21. The elevator system of claim 20 wherein the sec 
ond parameter also includes the number of unanswered 
requests from said car call means. 
22. The elevator system of claim 13 including means 

responsive to the first control means, preventing the 
first control means from generating a predetermined 
one of its signals for a predetermined period of time 
after switching to the opposite one of its signals. 
23. The elevator system of claim 13 including means 

responsive to the first control means of the elevator 
car, and to the status of the elevator car, preventing a 
change in the signal generated by the first means from 
affecting the motive means until the elevator car has 
completed a run. 

24. An elevator system, comprising: 
a plurality of elevator cars, each of said elevator cars 
mounted for movement in a structure having a plu 
rality of floors, 

motive means for each of said elevator cars for mov 
ing their respective elevator cars to serve the 
floors, 

means for registering requests for elevator service, 
means for canceling a request for elevator service 
when the request for service is answered, 

first control means for each of said elevator cars, said 
first control means alternatively generating first 
and second signals for its associated motive means, 
said first signal limiting to a first maximum value a 
first parameter related to movement of its associ 
ated elevator car with respect to time, and said sec 
ond signal limiting the first predetermined parame 
ter to a second maximum value, which exceeds the 
first maximum value, 

and second control means for each of said elevator 
cars, said second control means being operable be 



3,891,064 
15 

tween first and second conditions in response to a 
second parameter related to the intensity of de 
mand for elevator service, with the first and second 
conditions indicating demand below and above a 
predetermined level, respectively, 

said first control means being responsive to said sec 
ond control means, providing the first signal when 
its associated second control means is in its first 
condition, to limit the first parameter to a first max 
imum value, and providing the second signal when 
said second control means is in its second condi 
tion, to limit the first parameter to the second max 
imum value. 

25. The elevator system of claim 24 wherein the first 
parameter is velocity. 
26. The elevator system of claim 24 wherein the first 

parameter is acceleration. 
27. The elevator system of claim 24 including timing 

means for timing at least certain of the requests for ele 
vator service and indicating when a request for elevator 
service has been registered for a predetermined period 
of time, 
assignment means assigning an elevator car to a re 
quest for elevator service which has been regis 
tered for the predetermined period of time, 

and wherein the second parameter is the assignment 
of the elevator car to a request for service which 
has been registered for the predetermined period 
of time, with the second control means being in its 
first condition when its associated elevator car is 
not assigned to such a request, and in its second 
condition when it is. 

28. The elevator system of claim 24 including load 
responsive means for each of the plurality of elevator 
cars for determining the load in its associated elevator 
car relative to its capacity, and wherein the second pa 
rameter is related to the magnitude of said load, and 
the second control means is responsive to said load re 
sponsive means. 
29. The elevator system of claim 24 including timing 

means operable from a first condition to a second con 
dition at predetermined times synchronized with the 
anticipated peak demands for elevator service in the 
structure, providing the first condition during periods 
when peak demands are not anticipated and the second 
conditions when peak demands are anticipated, and 
wherein the first control means of said plurality of ele 
vator cars are responsive to said timing means to pro 
vide the first signal in response to the first condition of 
said timing means and the second signal in response to 
the second condition of said timing means. 
30. The elevator system of claim 24 including means 

responsive to the first means, preventing the first means 
from generating a predetermined one of its signals for 
a predetermined period of time after switching to the 
opposite one of its signals. 
31. The elevator system of claim 24 including means 

responsive to the first control means of each of the ele 
vator cars, and to the status of each of the elevator cars, 
preventing a change in the signal generated by the first 
means from affecting the associated motive means until 
the elevator car has completed a run. 

32. An elevator system, comprising: 
a plurality of elevator cars, each of said elevator cars 
mounted for movement in a structure having a plu 
rality of floors, 
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16 
motive means for each of said elevator cars for mov 

ing their respective elevator cars to serve the 
floors, 

means for registering requests for elevator service, 
means for canceling a request for elevator service 
when the request for service is answered, 

first control means for each of said elevator cars, said 
first control means alternatively generating first 
and second signals for its associated motive means, 
said first signal limiting to a first maximum value a 
first parameter related to movement of its associ 
ated elevator car with respect to time, and said sec 
ond signal limiting the first predetermined parame 
ter to a second maximum value which exceeds the 
first maximum value, 

second control means operable between first and sec 
ond conditions in response to a second parameter 
related to the intensity of demand for elevator ser 
vice, with the first and second conditions indicating 
demand below and above a predetermined level, 
respectively, . 

said first control means of the plurality of elevator 
cars each being responsive to said second control 
means, providing the first signal when it is in its first 
condition, to limit the first parameter to a first max 
imum value, and providing the second signal when 
said second control means is in its second condi 
tion, to limit the first parameter to the second max 
imum value. 

33. The elevator system of claim 32 wherein the sec 
ond parameter is anticipated demand for elevator ser 
vice based on time and the second control means in 
ciudes a clock synchronized with this parameter to pro 
vide the first condition when the anticipated demand is 
below a predetermined level and the second condition 
when the anticipated demand is at and above the pre 
determined level. , , 

34. The elevator system of claim 32 wherein the 
means for registering requests for elevator service in 
cludes means for registering floor calls from the plural 
ity of floors and the second parameter is unanswered 
floor calls, and the second control means includes 
counting means for counting the number of unan 
swered floor calls, said second control means being in 
its first condition when the number of such calls is 
below a predetermined value, and in its second condi 
tion when the number of such calls is at and above this 
value. - 

35. The elevator system of claim 34 wherein the 
means for registering requests for elevator service also 
includes means for registering car calls from the plural 
ity of elevator cars with the second parameter also in 
cluding car calls, and the second control means in 
cludes counting means for counting the number of car 
calls, as well as the number of unanswered floor calls. 
36. The elevator system of claim 32 including timing 

means for timing the registration times of at least cer 
tain of the requests for elevator service, and wherein 
the second parameter is related to the registration 
times of the requests, and the second control means is 
responsive to said timing means. 
37. The elevator system of claim 32 including timing 

means for timing the registration times of at least cer 
tain of the requests for elevator service, and means for 
indicating when a request has been registered for a pre 
determined period of time, and wherein the second pa 
rameter is related to requests which has been registered 



3,891,064 
17 

for the predetermined period of time, and the second 
control means switches to its second predetermined 
condition when a predetermined number of requests 
have been registered for the predetermined period of 
time. 
38. The elevator system of claim 32 including load 

responsive means for determining the load in at least 
certain of the elevator cars relative to their capacity, 
and wherein the second parameter is related to the 
magnitude of said load, and the second control means 
is responsive to said load responsive means. 
39. The elevator system of claim 38 wherein the load 

responsive means includes means for indicating when 
the load in its associated elevator car reaches a prede 
termined magnitude, with the second control means 
operating in its second condition when a predeter 
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mined number of cars reach this predetermined load 
magnitude, and otherwise operating in its first condi 
tion. 
40. The elevator system of claim 32 including means 

responsive to the first means, preventing the first means 
from generating a predetermined one of its signals for 
a predetermined period of time after switching to the 
opposite one of its signals. 
41. The elevator system of claim 32 including means 

responsive to the first control means of each of the ele 
vator cars, and to the status of each of the clevator cars, 
preventing a change in the signal generated by the first 
means from affecting the associated motive means until 
the elevator car has completed at least a predetermined 
portion of a run. 
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