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3X (54) AC-DC CONVERTER (71)   We, WESTINGHOUSE  ELECTRIC  to vary their
response characteristics for a CORPORATION, of Westinghouse Building,
given application.                        50 Gateway Center, Pittsburgh,
Pennsylvania,    The chief object of this invention is to United States of
America, a company organ-  proivde an improved AC-DC converter for 5 ised
and existing under the laws of the  machine tool circuitry in which the
possibility Commonwealth  of Pennsylvania, United  of intermixing the AC
and DC power is less States of America, do hereby declare the  likely,
while providing response character- 55 invention, for which we pray that a
patent  istics which may be selected for a given appli- may be granted to
us, and the method by  cation by changing the circuit values of only 10
which it is to be performed, to be particu-  a few circuit components, for
a relatively fast larly described in and by the following  response time,
from circuitry which is in- statement: -
expensive to manufacture, is highly reliable, 60 This invention relates
generally to AC-  and occupies a small amount of space. DC converters and
particularly to appar-    With these objects in view, the present 15 atus
for converting relatively large AC volt-  invention resides in an AC-DC
power con- ages such as 110 VAC used in conventional  verter comprising
input circuit means adap- machine tool control circuitry to relatively  ted
to be connected to an AC voltage input 65 small DC voltages such as 24 VDC
for solid  source, output circuit means adapted to sup- state logic devices
used in controlling the  ply a DC output signal in response to the 20
operating sequence of a machine tool. The  presence of an AC signal at the
input circuit increased use of automatic controls of the  means, and means
for generating a continu- solid state logic type for machine tools has  ous
series of pulses of the same polarity, in  70 occasioned the need for
integrating the con-  response to the continuous presence of said ventional
AC machine tool circuitry with the  AC signal, said output circuit means
includ- 25 DC circuitry of the solid state components.   ing switch
controlled means for storing and In the past, both electromechanical relays
releasing electrical energy such that the DC and solid state type
converters have been  signal supplied by said output means is main- 75 used
for this purpose, but they often have  tained, at a first signal level, by
the energy in some undesirable features. In the case of a  said
energy-storage means in the absence of 30 relay its life is limited thereby
necessitating  said series of pulses, solid state switch means replacement
during the life of the machine  which becomes conductive in response to
tool. In addition, the pull-in and pull-out  said pulses to release energy
in said storage  80 times of the relay contacts may often be  means,
through said switch means, such that undesirably long for the solid state
logic  the signal supplied by said output circuit 35 circuitry. When
replacing a relay, especi-  means is brought to a second signal level, ally
one which has a relatively large number  and which switch means remains
conductive of contacts, there is the increased likelihood  for the duration
of said continuous series 85 that the AC and DC power which are both
pulses, and means for replenishing the energy supplied to the relay will be
intermixed. The  in said energy-storage means after cessation 40
application of the high voltage AC to the  of said continuous series of
pulses such that expensive electronic logic equipment can  the signal
supplied by said output circuit cause extensive damage and result in ma-
means is returned to its first signal level.   90 chine downtime.  In
connection with the    The invention will become more readily previous
solid state type converters, they  apparent, taken in connection with the
ac- 45  often occupy a relatively large amount of  companying drawing which
shows an electri- space and are relatively complex and costly.  cal
schematic diagram of the AC-DC con- Also, relatively complicated changes
must be  verter of the present invention connecting a  95 made in the
circuitry of these converters  portion of the AC circuitry of a machine
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2 tool with a portion of the DC solid state  conducting, the output voltage
of converter logic circuitry of the machine tool.       34 is essentially
equal to the voltage of sup- Referring now to the drawing, a machine  ply
60. This condition remains stable until 



tool 10 comprises a base 12 along which a  the second condition occurs that
is, the 5  workpiece 14 is being horizontally moved  closure of switch 28.
70 toward a cutter 16 by means of a ram 18.    With the AC voltage of
source 26 applied Ram  18 is driven by a power cylinder 20  to the input
circuitry of converter 34, a which is hydraulically connected to a valve
series of spaced single polarity pulses is sup- 22 which is in turn
electrically actuated by  plied at the common cathodes of diodes 52 10  a
solenoid 24. Solenoid 24 is electrically  and 54. The spacing and magnitude
of the  75 connected in circuit with an AC power sup-  pulses is controlled
by the input circuitry of ply 26 and a normally open limit switch 28
converter 34 which comprises zener diodes which is mounted on base 12. The
actu-  40 and 42. The single polarity feature of ating lever 30 of limit
switch 28 is positioned  these pulses is obtained by using the recti- 15
to be tripped by a cam 32 on ram 18 such  fying connection of diodes 52 and
54 to  80 that switch 28 is closed when the ram is at  transformer
secondary 50. For example, if one limit of travel. Closure of switch 28
110 VAC 60 CPS power is supplied to con- causes solenoid 24 to be energized
by power  verter 34 and if zeners 40 and 42 have a supply 26. As a result,
valve 22 is shifted  reevrse breakdown characteristic of approxi- 20  to
thereby arrest the movement of ram 18.    mately 80 volts, then spaced
pulses of alter-  85 The AC-DC converter 34 of the present  nating polarity
are supplied to primary 46 invention is connected by input leads 36  at a
rate of 120 pulses per second.  In- and 38 across solenoid 24. The input
circuit  creasing the reverse breakdown character- of converter 34
comprises two zener diodes  istics of zeners 40 and 42 causes the alter- 25
40 and 42 connected back-to-back in series  nating pulses to decrease in
amplitude and  90 with a resistor 44 and the primary coil 46 of  to be
increasingly spaced apart, and does a transformer 48. The secondary 50 of
not change the pulse repetition rate. transformer 48, whose center tap is
con-    The appearance of the first pulse at the nected to DC common 51, is
connected at  base of transistor 58 biases the transistor for 30  its two
outer terminals through two diodes  conduction.  As a result, collector
current 95 52 and 54 whose cathodes are tied together  is simultaneously
drawn from a capacitor 64 at one terminal of a resistor 56. The other
directly and from power supply 60 through terminal of resistor 56 is
connected to the  resistor 62.  Because a controlled imped- base of a
transistor 58.  The emitter of  ance path is now present through the
collec- 35  transistor 58 is connected to DC common  tor-emitter circuit of
transistor 58, capacitor 100 51 and its collector is supplied from a DC
64 which in part controls the fall rate of the power supply 60 through a
resistor 62. In  collector voltage discharges at a rate con- addition, the
base of transistor 58 is con-  trolled by the current available from diodes
nected to its collector and to its emitter by  52 and 54. Increasing the
value of resistor 40  a capacitor 64 and a resistor 66 respectively.  56
decreases this rate and vice versa. Con- 105 The output of converter 34 is
taken between  sequently, the output of converter 34 begins the collector
and emitter of transistor 58 and  to fall to a low voltage level.  While
the is supplied along lines 65 and 65[err] to a plur-  current available
from the first pulse may be ality of succeeding solid state logic modules
sufficient to completely discharge capacitor 45  such as a high level
detector 68, a low level  64, it should be appreciated that several 110
detector 70, an inverter 72 and an and-gate  pulses may be required
depending upon the 74. These logic modules operate exclusively  values of
resistors 56 and 66 in relation to at a relatively low DC voltage level,
prefer-  the amplitude of the rectified voltage pulse ably the same as that
of supply 60.        at the cathodes of diodes 52 and 54. When 50    The
operation of converter 34 is now  the pulses disappear, transistor 58
remains 115 described for each of two operating con-  temporarily biased
for conduction but for a ditions; namely, (1) when switch 28 is  different
reason. Immediately upon the dis- open and no voltage is applied across
solen-  appearance of the pulses, the series circuit oid 24, and (2) when
switch 28 is closed  path comprising resistor 62, capacitor 64 and 55  so
as to apply full line voltage across solenoid  resistor 66 begins drawing
current from  120 24. In the first condition, since there is no  source 60
to start charging capacitor 64. voltage input to converter 34, the output
volt-  This current produces a sufficient voltage age thereof is determined
by the circuitry  drop across resistor 66 to temporarily main- connected to
transistor 58 comprising re-  tain transistor 58 in the conducting state.
60  sistors 62 and 66, capacitor 64 and power  However, when capacitor 64
once again be- 125 supply 60. The values of these components  comes fully
charged, transistor 58 is rendered are such that capacitor 64 becomes
charged  non-conducting and the output of converter to the same voltage as
that of supply 60 and  34 returns to the high voltage level.  It in this
state operates to maintain transistor  should be recognized that the values
of re- 65  58 non-conducting. With transistor 58 non-  sistors 62 and 66,
capacitor 64 in relation to 130    3
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power supply 60 are such that the output encapsulated or card-mounted to
provide a of converter 34 cannot rise to the high volt-  small package size
which may be assembled age level during the time between input into a
control panel or the like. In a com- pulses to transistor 58. As long as
pulses  plex machine tool circuit, one converter 34 is 5  from the input
circuitry of converter 34 keep  required for each AC voltage which is to be
70 appearing at the base of transistor 58, the  monitored. The output of
each converter output voltage of converter 34 is maintained  34 may be used
to drive a plurality of suc- at its low level. By way of example, the
ceeding logic states such as 68 to 74. following components have been
successfully    Thus, there has been provided an im- 10  employed in
converter 34 to perform the  proved AC-DC converter which is of com- 75
function just described:                 pact size and high reliability and
which has selectable response characteristics to accom- zener diodes 40, 42
81V[err]10% (break-    modate a wide variety of applications and to down)
integrate the conventional high voltage AC 15  resistor 44        6.8 kohms
machine tool circuitry with a plurality of low  80 diodes 52,54      1N914B
voltage solid state logic devices. It should resistor 56       47 ohms
also be noted that the converter may be used transistor 58     2N3643
to monitor any one of the many types of elec- power supply 60    +24 VDC
trical devices which are used in machine tool 20  resistor 62        2.7
kohms             circuitry.                                85 capacitor 64
1 micro fd. resistor 66       680 ohms                WHAT WE CLAIM IS: -
transformer 48    Better Coil and Trans-    1. An AC-DC  converter
comprising former Corp. Model  input circuit means adapted to be connected
25                     No. 8317023           to an AC voltage input source,
output circuit 90 means adapted to supply a DC output signal The use of
these specific components is  in response to the presence of an AC signal
intended to be merely exemplary to set forth  at the input circuit means,
and means re- a specific functional embodiment which has  sponsive to said
AC signal for generating a 30  been successfully operated.
continuous series of pulses of the same 95 As was previously noted, zener
diodes 40  polarity, in response to the continuous pres- and 42 have a
breakdown voltage of approxi-  ence of said AC signal, said output circuit
mately 80 volts to prevent converter 34 from   means including switch
controlled means for responding to inputs less than 80 volts. This  storing
and releasing electrical energy such 35  level is sufficiently high to
prevent converter  that the DC signal supplied by said output 100 34 from
responding to stray transient volt-  means is maintained, at a first signal
level, ages. The selection of different zener diodes  by the energy in said
energy-storage means 40 and 42 would change the width of the  in the
absence of said series of pulses, solid pulses, and in conjunction the
response of state switch means which becomes conductive 40  converter 34 to
transients would be changed.  in response to said pulses to release energy
in 105 The use of resistor 44 in series with the AC  said storage means
through said switch input permits transformer 48 to be of rela-  means such
that the signal supplied by said tively small size to thus reduce the space
output circuit means is brought to a second occupied by converter 34.
signal level, and which switch means re- 45   In other ways, the response
characteristics  mains conductive for the duration of said 110 of converter
34 may be varied by selecting  continuous series of pulses, and means for
re- components of different values. More speci-  plenishing the energy in
said energy-storage fically, the values of resistors 56 and 66 and  means
after cessation of said continuous capacitor 64 control the discharge rate
of  series of pulses such that the signal supplied 50  capacitor 64 when
input pulses are received  by said output circuit means is returned to its
115 from diodes 52 and 54. The charging rate  first signal level. of
capacitor 64 on the other hand is deter-   2. An AC-DC converter according
to mined by the values of capacitor 64 and re-  claim 1 characterized in
that said pulse gen- sistors 62 and 66. It will be recognized that erating
means comprises means for generat- 55  numerous variations may be made in
the  ing said pulses at a repetition rate synchro- 120 values of these
components to thereby change  nous with a multiple of the frequency of the
the response characteristics of converter 34.   AC voltage input source.
Converter 34 is particularly useful in con-    3. An AC-DC converter
according to nection with machine tool circuitry because  claim 1
characterized in that said pulse gen- 60  it has only four terminals
available for ex-  erating means comprises means for generat- 125 ternal
connection and consequently, the like-  ing said pulses at spaced intervals
the lihood of misconnecting the terminals to the  repetition rate of said
pulses being synchro- AC machine tool circuitry and the DC logic  nous with
a multiple of the frequency of the circuitry is greatly reduced. The
compon-  AC voltage input source. 65  ents of converter 34 may be
conveniently   4. An AC-DC converter according to 130  
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3 power supply 60 are such that the output  encapsulated or card-mounted to
provide a of converter 34 cannot rise to the high volt-  small package size
which may be assembled age level during the time between input  into a
control panel or the like. In a com- pulses to transistor 58. As long as
pulses  plex machine tool circuit, one converter 34 is 5  from the input
circuitry of converter 34 keep  required for each AC voltage which is to be
70 appearing at the base of transistor 58, the  monitored. The output of
each converter output voltage of converter 34 is maintained  34 may be used
to drive a plurality of suc- at its low level. By way of example, the
ceeding logic states such as 68 to 74. following components have been
successfully    Thus, there has been provided an im- 10  employed in
converter 34 to perform  the  proved AC-DC converter which is of com- 75
function just described:                  pact size and high reliability
and which has selectable response characteristics to accom- zener diodes
40, 42 81V [err] 10% (break-    modate a wide variety of applications and
to down)  integrate the conventional high voltage AC 15  resistor 44
6.8 kohms             machine tool circuitry with a plurality of low  80
diodes 52,54       1N914B                voltage solid state logic devices.
It should resistor 56        47 ohms               also be noted that the
converter may be used transistor 58      2N3643                to monitor
any one of the many types of elec- power supply 60    +24 VDC
trical devices which are used in machine tool 20  resistor 62         2.7
kohms              circuitry.                                85 capacitor
64       1 micro fd. resistor 66        680 ohms                WHAT WE
CLAIM IS:- transformer 48     Better Coil and Trans-    1. An AC-DC
converter comprising former Corp. Model  input circuit means adapted to be
connected 25                      No. 8317023           to an AC voltage
input source, output circuit 90 means adapted to supply a DC output signal
The use of these specific components is  in response to the presence of an
AC signal intended to be merely exemplary to set forth  at the input
circuit means, and means re- a specific functional embodiment which has
sponsive to said AC signal for generating a 30  been successfully operated.
continuous series of pulses of the same  95 As was previously noted, zener
diodes 40  polarity, in response to the continuous pres- and 42 have a
breakdown voltage of approxi-  ence of said AC signal, said output circuit
mately 80 volts to prevent converter 34 from   means including switch
controlled means for responding to inputs less than 80 volts. This  storing
and releasing electrical energy such 35  level is sufficiently high to
prevent converter  that the DC signal supplied by said output 100 34 from
responding to stray transient volt-  means is maintained, at a first signal
level, ages. The selection of different zener diodes  by the energy in said
energy-storage means 40 and 42 would change the width of the  in the
absence of said series of pulses, solid pulses, and in conjunction the
response of state switch means which becomes conductive 40  converter 34 to
transients would be changed.  in response to said pulses to release energy
in 105 The use of resistor 44 in series with the AC  said storage means
through said switch input permits transformer 48 to be of rela-  means such
that the signal supplied by said tively small size to thus reduce the space
output circuit means is brought to a second occupied by converter 34.
signal level, and which switch means re- 45    In other ways, the response
characteristics  mains conductive for the duration of said 110 of converter
34 may be varied by selecting  continuous series of pulses, and means for
re- components of different values. More speci-  plenishing the energy in
said energy-storage fically, the values of resistors 56 and 66 and  means
after cessation of said continuous capacitor 64 control the discharge rate
of  series of pulses such that the signal supplied 50  capacitor 64 when
input pulses are received  by said output circuit means is returned to its
115 from diodes 52 and 54. The charging rate  first signal level. of
capacitor 64 on the other hand is deter-    2. An AC-DC converter according
to mined by the values of capacitor 64 and re-  claim 1 characterized in
that said pulse gen- sistors 62 and 66. It will be recognized that  erating
means comprises means for generat- 55  numerous variations may be made in
the  ing said pulses at a repetition rate synchro- 120 values of these
components to thereby change  nous with a multiple of the frequency of the
the response characteristics of converter 34.   AC voltage input source.
Converter 34 is particularly useful in con-    3. An AC-DC converter
according to nection with machine tool circuitry because  claim 1
characterized in that said pulse gen- 60  it has only four terminals
available for ex-  erating means comprises means for generat- 125 ternal
connection and consequently, the like-  ing said pulses at spaced intervals
the lihood of misconnecting the terminals to the  repetition rate of said
pulses being synchro- AC machine tool circuitry and the DC logic  nous with
a multiple of the frequency of the 



circuitry is greatly reduced. The compon-  AC voltage input source. 65
ents of converter 34 may be conveniently    4. An AC-DC converter according
to 130    4                                        1,386,080
4 claim  1, 2 or 3 characterized in that said  between the base and the
emitter of said pulse generating means comprises voltage-  transistor.
sensitive means responsive to a predeter-    12. An AC-DC converter
according to mined level of the AC input voltage.      claim 1
characterized in that said means for 5    5. An AC-DC  converter according
to  replenishing the energy in said energy-storage  55 claim 4
characterized in that said voltage  means comprises a DC power supply.
sensitive means comprises a pair of zener    13. An AC-DC converter
according to diodes placed back-to-back in series with the  any of claims 1
to 12 characterized in that input circuit means.                      the
output circuit means is constructed such 10    6. An AC-DC converter
according to  that the appearance of a predetermined num-  60 any of claims
1 to 5 characterized in that  ber of pulses at said solid state switch
means said pulse generating means comprises trans-  causes the DC output
signal to be brought former means electrically connected to said  from said
first level to said second level. input circuit means and rectifying means
14. An AC-DC converter according to 15  electrically connected to the
output of said  claim 1 characterized in that said output cir- 65
transformer means for providing said pulses.  cuit means comprises
alternate paths for 7. An AC-DC converter according to  releasing  and
replenishing  said  energy- any of claims 1 to 6 characterized in that
storage means. said solid state switch means comprises a    15. An AC-DC
converter according to 20  transistor having a terminal electrically con-
claim 14 characterized in that in the absence  70 nected to said pulse
generating means, said  of said pulses said capacitor is charged transistor
being rendered conductive by the  through one of said alternate paths
whereby appearance of said pulses at a terminal to  said DC output signal
is brought to and thereby present an electrical circuit path for
maintained at said first level and such that 25  releasing the energy in
said energy-storage  in the presence of pulses said capacitor is  75 means
whereby the DC  output signal is  discharged through the other of said
alter- brought from said first level to said second  nate paths whereby
said DC output signal is level.                                    brought
to said second level. 8. An AC-DC converter according to    16. An AC-DC
converter according to 30  claim 7 characterized in that said energy-
claim 15 characterized in that said transistor 80 storage means comprises a
capacitor electric-  has its base terminal electrically connected ally
connected to said transistor such that  through resistance means to said
pulse gener- the appearance of pulses at said terminal of  ating means.
said transistor causes the transistor to present    17. An AC-DC converter
according to 35  a controlled impedance path through which  claim 16
characterized in that said resistance  85 said capacitor is discharged
whereby the DC   means and said capacitor substantially deter- output
signal is brought from said first level  mine the switching time required
to bring to said second level.                     the DC output from  the
first level to the 9. An AC-DC  converter according to  second level. 40
claim 8 characterized in that said one termi-    18. An AC-DC converter
according to  go nal is the base terminal of said transistor and  claim 6
characterized in that it further in- said capacitor is electrically
connected to  cludes resistance means in series with said another terminal
of said transistor.      input circuit means. 10. An AC-DC converter
according to    19. An AC-DC converter substantially 45  claim 8 or 9
characterized in that said capa-  as hereinbefore described with reference
to  95 citor is electrically connected between the  and as illustrated  in
the accompanying base and the collector of said transistor.  drawing. 11.
An AC-DC converter according to            RONALD VAN BERLYN, any of claims
7 to 10 characterized in that it     Chartered Patent Agent, 50  further
includes resistance means connected       Agent for the Applicants. Printed
for Her Majesty's Stationery Office by Burgess & Son (Abingdon), Ltd.-1975
Published at The Patent Office, 25 Southampton Buildings, London, WC2A 1AY
from which copies may be obtained.    


