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(57) ABSTRACT 
Apparatus for service and recharge of refrigeration 
equipment, with particular application to automotive 
air conditioning equipment. A vacuum pump, and oil 
and refrigerant charge containers are housed within a 
portable enclosure and configured for selective connec 
tion by electrically operated solenoid valves to refriger 
ation equipment under service. The refrigerant and oil 
containers are carried by a scale which provides electri 
cal outputs signals as a function of weight of refrigerant 
and oil remaining in the containers. A microprocessor 
based controller receives the scale signals and control 
signals from an operator panel for automatically cycling 
through vacuum, oil charge and refrigerant charge 
stages in a programmed mode of operation. The micro 
processor-based controller includes facility for operator 
programming of the vacuum time and oil and refriger 
ant charge quantities, and for self- or operator-imple 
mented diagnostics. Operating conditions and stages are 
displayed at all times to the operator. 

33 Claims, 15 Drawing Sheets 
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Re. 33,212 

SERVICE STATION FOR REFRGERATION 
EQUIPMENT 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

Reference is made to a microfiche appendix to this 
application consisting of one sheet of microfiche bear 
ing thirty-one frames. 
The present invention is directed to equipment for 

maintaining refrigeration systems, and more particu 
larly to a service station for charging automotive air 
conditioners and like refrigeration equipment. 

BACKGROUND AND OBJECTS OF THE 
INVENTION 

Service apparatus for automotive air conditioning 
systems and like refrigeration equipment heretofore 
proposed in the art typically include a vacuum pump, a 
source of lubricant under pressure and a source of re 
frigerant under pressure, all adapted for selective con 
nection to the equipment under service. In automated 
service apparatus, the service apparatus is first con 
nected to refrigeration equipment to be charged, and 
then vacuum time, and oil and refrigerant quantities are 
set by the operator. The latter are typically accom 
plished by manipulation of calibrated dials on the appa 
ratus operator panel. Vacuum time depends upon the 
capacity of the refrigeration equipment under service 
and the efficiency of the apparatus vacuum pump. For 
automotive air conditioning system, vacuum time may 
be on the order of twenty to thirty minutes. Oil and 
refrigerant changes also depends on system capacity 
and are specified by the manufacturer. One to ten 
ounces of oil and two and three-quarters pounds of 
refrigerant are typical for automotive systems. 
When an automatic mode of operation is initiated, the 

vacuum pump is first operated for the time set to evacu 
ate the refrigeration system under service. The pressur 
ized oil source is then connected to the system for feed 
ing thereto the quantity of oil set by the operator, and 
the pressurized refrigerant source is then connected to 
the system for feeding thereto the quantity of refriger 
ant set by the operator. Typically, the operator is not 
advised of progress during the successive stages of op 
eration and, in the event of malfunction, is not apprised 
of the source of such malfunction. Furthermore, in the 
event of such malfunction or depletion of the oil or 
refrigerant supplies during a charge cycle, it is typically 
necessary to rebegin the entire process. Another prob 
len in many prior art devices is difficulty of simply 
adding an incremental refrigerant charge when equip 
ment under service simply has low refrigerant pressure 
but does not require a complete recharge. Thus, prior 
art apparatus are generally characterized by an absence 
of versatility and by difficulty of operation in use. 
A general object of the present invention is to pro 

vide apparatus for servicing refrigeration equipment in 
which the charge variables-i.e. vacuum time, and oil 
and refrigerant quantities may be readily programmed 
by the operator; which implements an automatic mode 
of operation wherein operating sequence and status is 
continually indicated to the operator at each stage of 
operation; which, in the event of malfunction, not only 
interrupts operation at the stage in which malfunction 
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2 
occurred, but also provides to the operator an error 
code indicative of the malfunction which occurred; 
which may either resume operation at the point at 
which malfunction occurred or rebegin the entire cycle, 
depending upon the nature of the malfunction; which 
includes facility for a manual mode of operation for 
testing apparatus operation; and which includes a multi 
plicity of self-test and diagnostic features. 
A further object of the invention is to provide refrig 

eration equipment service apparatus of the described 
character which is economical to manufacture, and 
which may be easily used by unskilled or semi-skilled 
operators. 
Yet another object of the invention is to provide 

apparatus of the described character in which a prede 
termined or preset quantity of refrigerant may be added 
to refrigeration equipment attached thereto indepen 
dently of the automatic mode of operation and without 
requiring that the equipment be completely recharged. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, a self-con 
tained service station for charging refrigeration equip 
ment includes a vacuum pump, a pressurized oil source 
and a pressurized refrigerant source adapted for selec 
tive connection by electronically controlled valves to 
refrigeration equipment under service. The oil and re 
frigerant sources are mounted on a scale which pro 
vides electronic signals to a microprocessor-based con 
troller indicative of quantities of oil and refrigerant 
transferred to the refrigeration equipment. The control 
ler is also coupled to display lamps separately indicative 
of vacuum, oil and refrigerant stages during each of the 
automatic, manual and programming modes of opera 
tion, to an alphanumeric display at which the operator 
can observe the charge variable during programming 
and decrementing variables during each stage of opera 
tion, to an operator keypad having separately labeled 
numeric and sequence control keys, and to a labeled 
sequence display for indicating mode of operation to the 
operator. 

In the programming mode of operation selectable by 
an operator using the sequence control keys, time of 
operation of the vacuum pump and quantities of oil and 
refrigerant to be transferred to the refrigeration equip 
ment are set using the numeric keys and displayed at the 
alphanumeric display, and then entered and stored in 
the controller if satisfactory. In an automatic service 
cycle, which is initiated by entering the automatic mode 
of operation, the programmed time of operation of the 
vacuum pump is initially shown at the alphanumeric 
display, and then decremented during pump operation 
to indicate actual progress of the vacuum stage to the 
operator. Likewise, during each of the oil and refriger 
ant transfer stages, the programmed quantities are ini 
tially shown on the alphanumeric display and decre 
mented responsive to scale output signals to indicate 
actual oil and refrigerant transfer. In the event of mal 
function, automatic operation is terminated and corre 
sponding error code is indicated at the alphanumeric 
display. 
The sequence display indicates to the operator the 

mode of operation of the apparatus and is coordinated 
with the sequence control keys of the operator keypad 
to indicate the manner in which other operating modes 
may be initiated. In a manual mode of operation, each of 
the vacuum and refrigerant operating stages may be 
selectively sequenced by the operator for testing opera 
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tion thereof. The operator may initiate transfer of a 
predetermined quantity of refrigerant at the sequence 
control keys independently of the automatic mode of 
operation and independently of the programmed quan 
tity of refrigerant to be transferred to the refrigeration 
equipment during such automatic mode of operation. A 
scale test mode of operation may be initiated by the 
operator in which weight sensed by the scale is directly 
indicated at the alphanumeric display. 
BRIEF DESCRIPTION OF THE DRAWINGS 

The invention, together with additional objects, fea 
tures and advantages thereof, will be best understood 
from the following description, the appended claims 
and the accompanying drawings in which: 

FIG. 1 is a perspective view of an automatic air con 
ditioning service station embodying the principles of 
the present invention; 
FIG. 2 is an enlarged fragmentary view of a portion 

of the control panel of the station of FIG. 1; 
FIG. 3 is a schematic diagram of the vacuum and 

fluid transfer plumbing of the apparatus of FIG. 1 cou 
pled to exemplary refrigeration equipment; 
FIG. 4 is a functional block diagram of the automatic 

service station electronics in accordance with the pres 
ent invention; and 

FIGS. 5-15 are composite flow charts which illus 
trate operator activity and programmed operation of 
the automatic service station system in accordance with 
the present invention. 
DETALED DESCRIPTION OF PREFERRED 

EMBODIMENTS 
FIG. 1 illustrates a presently preferred embodiment 

20 of service station apparatus in accordance with the 
invention as comprising a generally rectangular cabinet 
22 mounted on the casters 24 for translation along the 
floor of a service center. A pair of hinged doors 26 
provide access to the internal pumps and tanks (FIG.3), 
and a pair of drawers 28 may hold suitable tools or other 
equipment. An electronics enclosure 30 is mounted on 
cabinet 22 and has a sloping front panel 32 with opera 
tor displays and switches mounted thereon. A pair of 
hoses 34,36 extend from a side wall of enclosure 30 for 
respective connection to the high pressure side and low 
pressure side of refrigeration equipment to be serviced. 
High side hose 34 includes a manual valve 38, Operator 
panel 32 has mounted thereon a LOW SIDE compound 
gage 40 (FIGS. 1 and 3) coupled to hose 36 for indicat 
ing low-side system pressure, and for indicating vacuum 
level during the vacuum stage of a charging cycle (to be 
described). Likewise, a HIGH SIDE pressure gage 42 is 
coupled to hose 34 for indicating high-side pressure of 
equipment under service. Three lamps 44,46 and 48 
laterally spaced from each other between gages 40,42 
respectively indicate VACUUM, OIL and REFRIG 
ERANT stages of operation of the internal control 
circuitry, and are so labeled on panel 32. An EX 
HAUST switch 50 and a MAIN POWER switch 52 are 
also mounted on panel 32 beneath gage 42. A complete 
set 53 of printed operating instructions is mounted on 
panel 32 beneath gage 40. 

Referring now to both FIGS. 1 and 2, operator panel 
32 further includes a four-digit seven-segment alphanu 
meric display 54, and an LED 56 beneath display 54 for 
indicating a LOW REFRIGERANT WARNING. A 
control keypad 58 beneath display 54 includes a plural 
ity of numeric keys successively labeled "1" through 
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4. 
"O'", and a series of individually labeled sequence con 
trol keys. An operating sequence display 60 laterally 
adjacent to keypad 58 includes an LED 62 for indicat 
ing that the apparatus control electronics is in a PRO 
GRAM mode of operation, a second LED 64 for indi 
cating an AUTOMATIC mode of operation and third 
LED 66 for indicating a HOLD status. Each LED 
62-66 is positioned adjacent to printed indicia indicating 
the associated mode of operation. A three-function key 
68 is keypad 58 is coordinated with functional indicia 
68a,68b and 68c printed in sequence display 60 for 
changing modes of operation. More particularly, when 
the control electronics is in the PROGRAM mode and 
LED 62 is illuminated, depression of key 68 functions to 
START the AUTOMATIC mode of operation. When 
in the AUTOMATIC mode of operation with LED 64 
illuminated, depression of key 68 functions to HOLD 
such AUTOMATIC operation and transfer the system 
to a HOLD or standby mode. In such HOLD or 
standby mode with LED 66 illuminated, depression of 
key 68 functions to CONTinue to return to the AUTO 
MATIC mode. A separate RESET CYCLE key 70 in 
keypad 58 transfers the control electronics from the 
HOLD mode to the PROGRAM mode. Keypad 58 
further includes an ENTER key 72 for entering nu 
meric data and a REVIEW PROGram key 74 for in 
dexing to the next operating stage to review previously 
loaded data. A key 76 in keypad 58 functions (in the 
manner to be described) to ADD a predetermined 
amount of refrigerant, specifically 0.2 pounds, to the 
refrigeration equipment under test independently of the 
AUTOMATIC mode of operation. A further key 78 is 
employed during a setup operation to PRESSurize the 
oil reservoir. 

FIG. 3 illustrates the "plumbing" of station 20 con 
nected to exemplary refrigeration equipment 80. In such 
equipment 80, a compressor 82 has a high pressure out 
put connected through a condenser 84, a capillary tube 
86 and an evaporator 88 to a low pressure return com 
pressor input. (The preferred embodiment of the inven 
tion herein described is constructed and adapted specifi 
cally to service and recharge conventional automotive 
air conditioning equipment. However, it will be appre 
ciated from the foregoing and following discussions 
that the principles of the invention apply equally as well 
to other types of refrigerant equipment 80, and the 
invention is not limited to any specific type of equip 
ment or application.) Within cabinet 22, a bulk tank 90 
containing refrigerant under pressure is connected 
through a solenoid-operated valve 92 and through a 
low pressure cut-out switch 94 to low side hose 36. A 
reservoir 96 of oil under pressure is likewise connected 
through an associated solenoid valve 98 to switch. 94, 
and a vacuum pump 100 is connected through an associ 
ated solenoid valve 102 to switch 94. Switch 94 pre 
vents operation of vacuum pump 100 without first ex 
hausting refrigeration equipment 80. An oil catch bottle 
104 is connected through a solenoid-operated exhaust 
valve 106 and through a high pressure cut-out switch 
108 to high-side hose 34. Switch 108 has contacts con 
nected to all valves 92.98,102,106 to prevent operation 
if the high-side pressure exceeds a preselected maximum 
level, such as three hundred seventh psig. It will be 
noted that gages 40,42 are connected directly to hoses 
34.36 for observation of the pressures therein indepen 
dently of cut-outs 94,108. Refrigerant tank 90 and oil 
reservoir 96 are mounted on a platform 110 which is 
carried by a scale 112, such as a strain gage or moving 
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core scale. Scale 112 provides a d.c. output signal as a 
function of the weight of platform 110 with tank 90 and 
reservoir 96 carrier thereon. 
FIG. 4 illustrates the control electronics 114 of sta 

tion 20 as comprising a microprocessor 116 having an 
associated EPROM 118 with microprocessor program 
ming stored therein. Microprocessor 116 receives the 
output of scale 112 (FIGS. 3 and 4) through an a/d 
converter 120. Keypad 58 (FIGS. 1, 2 and 4) is likewise 
coupled to microprocessor 116. A series of solenoid and 
lamp drivers 122 receive associated control signals from 
microprocessor 116 and provide outputs to vacuum 
solenoid valve 102, oil solenoid valve 98 and refrigerant 
solenoid valve 92 (FIGS. 3 and 4), to WACUUM lamp 
44, OIL lamp 46 and REFRIGERANT lamp 48 on 
operator panel 32 (FIGS. 1 and 4), and to a sonic alert 
and a vacuum pump relay (not shown). A panel display 
driver 124 receives control inputs from microprocessor 
116 and provides corresponding display drive outputs 
to alphanumeric display 54, PROGRAM LED 62, 
HOLD LED 66, AUTOMATIC LED 64 and LOW 
REFRIGERANT WARNING LED 56 (FIGS. 1, 2 
and 4). POWER switch 52 (FIGS. 1 and 4) applies a.c. 
power from a suitable utility power source (not shown) 
to a power supply 126 which powers the remainder of 
the control circuitry. Switch 52 also applies a.c. power 
to the pump relay (not shown), to solenoid valves 
92.98,102, and through EXHAUST switch 50 (FIGS. 1 
and 4) to exhaust solenoid valve 106 (FIG. 3). 

In a working embodiment of the invention herein 
disclosed, microprocessor 116 includes a Motorola 
MC146805E2P microprocessor chip, together with a 
National Semiconductor 74LS139 decoder and a Mo 
torola 74LS373 latch between the microprocessor chip 
and a/d converter 102. Drivers 122 include a Motorola 
MC1413 driver, together with suitable solenoid-drive 
solid state relays. EPROM 118 comprises a TI 
TMS2732AUL-35 by 8 bit EPROM. Converter 120 is 
an Intersil ICL7109 twelve bit converter. Display 
driver 124 is a National Semiconductor MM5450 mod 
ule, and alphanumeric display 54 is Panasonic 
LN516RA seven-segment display. The remaining ele 
ments of FIG. 4 may be of any suitable type. A program 
in machine language for operating control circuit 114 in 
the manner to be described is provided in the appendix 
which forms part of this application. 

In general, operation of automatic service station 
apparatus 20 hereinabove described proceeds by first 
connecting hoses 34,36 to the high pressure and low 
pressure sides of compressor 82 (FIG. 32) using cou 
plings on the compressor provided for that purpose and 
any necessary adapter fittings, Gages 40,42 may be 
employed to determine whether the refrigeration sys 
tem under service requires repair of recharging. Assum 
ing that some additional charge or a complete recharge 
is required, power is then applied to station 20 by acti 
wation of switch 52 (FIGS. 1 and 4). If only some addi 
tional refrigerant charge is required to bring the equip 
ment up to manufacturer specifications, and in accor 
dance with a feature of the invention, key 76 (FIGS. 1 
and 2) may be depressed one or more times while ob 
serving gages 40,42 until the specified pressures are 
obtained. Each depression of key 76 functions to ADD 
0.2 pounds of refrigerant to the equipment. 

If a complete recharge of refrigeration equipment 80 
is required, switch 50 is first depressed by the operator 
to energize exhaust valve 106 and depressurize equip 
ment 80. Programmed vacuum time and oil and refrig 
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6 
erant quantities are then reviewed and reprogrammed 
as required. (Microprocessor 116 has a battery backup 
for retaining stored data when POWER switch 52 is 
off) Such review and reprogramming is accomplished 
in the PROGRAM mode of operation, necessitating 
depression of RESET CYCLE key 70 if required to 
place the system in the PROGRAM mode. If VAC 
UUM lamp 44 (FIG. 1) is not illuminated, REVIEW 
PROGram key 74 is repeatedly depressed until lamp 44. 
is illuminated. Display 54 will then indicate vacuum 
time last stored in microprocessor 116. If such time is 
not that desired, the numeric data keys of keypad 58 are 
depressed in the appropriate sequence to set the desired 
vacuum time in minutes, which is simultaneously shown 
on display 54, and key 72 is depressed to ENTER the 
new vacuum time data. Display 54 will flash once to 
indicate that the reprogrammed data has been accepted. 
REVIEW PROGram key 74 is again depressed to ex 
tinguish WACUUM lamp 44 and illuminate OIL lamp 
46, and the above process is repeated to set oil quantity 
in ounces. REVIEW PROGram key 74 is again de 
pressed to extinguish OIL lamp 46 and illuminate RE 
FRIGERANT lamp 48, and the process is again re 
peated to set refrigerant quantity in pounds. The data so 
entered may again be reviewed, if desired, by repeat 
edly depressing REVIEW PROGram key 74 to sequen 
tially progress through the vacuum, oil and refrigerant 
stages, each of which is indicated in turn at lamps 44-48 
with the corresponding data being shown at display 54. 
When the operator is satisfied with the stored vari 

ables, and with EXHAUST switch 50 off, three-func 
tion key 68 is depressed to initiate or START the AU 
TOMATIC mode of operation from the PROGRAM 
mode. VACUUM lamp 44 is then illuminated and, after 
a slight delay, solenoid valve 102 (FIG. 3) is energized 
and pump 100 is activated. Vacuum pump operating 
time is simultaneously displayed at 54, initially at the 
programmed time and thereafter decrementing or 
counting down to zero, at which point pump 100 is 
deenergized and valve 102 is closed. Apparatus 20 then 
automatically assumes a HOLD mode, during which 
LOW SIDE pressure gage 40 may be observed by the 
operator for loss of vacuum, indicating a leak in refrig 
eration equipment 80. If the gage reading is satisfactory, 
key 68 is depressed to CONTinue the AUTOMATIC 
mode of operation. (As will be described in detail here 
inafter, the automatic HOLD feature after the vacuum 
stage may be overridden by depression of the "1" key of 
pad 58 during the vacuum stage, in which event the 
system will proceed immediately to the oil charging 
stage following termination of the vacuum stage.) Upon 
return to the AUTOMATIC mode of operation the oil 
charging stage begins, OIL lamp 46 is illuminated and 
the oil charge quantity in ounces is indicated at display 
54. This charge display is decremented as charging 
proceeds as a function of weight loss at scale 112. Appa 
ratus 20 then proceeds automatically to the refrigerant 
charging stage, at which REFRIGERANT lamp 48 is 
illuminated and the refrigerant charge quantity in 
pounds is indicated and decremented at display 54. The 
end of the AUTOMATIC mode is signaled by a display 
of "CPL' at display 54, and apparatus 20 automatically 
enters a HOLD mode wherein LED 66 (FIG. 2) is 
illuminated and all lamps 44-48 are extinguished. 

If problems are encountered during the AUTO 
MATIC mode of operation, the operator may enter the 
HOLD mode at any time by depressing key 68. Either 
or both refrigerant tank 90 and oil reservoir 96 (FIG. 3) 
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may be changed or filled in the HOLD mode. Depres 
sion of key 68 functions to return to or CONTinue the 
AUTOMATIC mode where the operator was inter 
rupted. In the event of malfunction at apparatus 20, 
microprocessor 116 (FIG. 4) diagnoses the cause of 
source of such malfunction and indicates at display 54 
an error code which corresponds to such malfunction. 
These error codes are also listed on panel instruction set 
53 (FIG. 1) and may be employed by the operator for 
correcting or repairing the source of error. The error 
codes and corresponding malfunctions are listed in the 
following table: 

TABLE I 
Error Code Cause 

ERR 1 Low Memory Battery 
ERR 2 Power Interruption 
ERR 3 Invalid Oil Entry 
ERR 4 Invalid Refrigerant Entry 
ERRS Overloaded or Broken Scale 
ERR 6 Low Side Manifold Pressure 

too high (above 25 psig) 
ERR 7 High Side Manifold Pressure 

too high (above 370 psig) 

FIGS. 5-15 together comprise a composite flow 
chart which illustrates detailed operation of the pre 
ferred embodiment of the invention hereinabove dis 
closed. FIG. 5 illustrates the main operating routine, 
while FIGS. 6-15 illustrate operation of subroutines. In 
FIGS. 5-15, operator action away from service appara 
tus 20 is illustrated in dashed or phantom lines, while 
operator action on or relating directly to the apparatus 
of the invention, as well as steps taken by the internal 
control microprocessor, are illustrated in solid lines. It 
will be appreciated, of course, that FIGS. 5-15 do not 
attempt to teach the art of refrigeration system service 
or repair. Rather, operator actions indicated in the flow 
charge are by way of example only. 
Turning to FIG. 5, with the unit power cable (not 

shown) plugged into a suitable source of utility power 
and with EXHAUST switch 50 (FIG. 1) turned off, 
MAIN POWER switch 52 is activated and operation 
transfers to an initialization Subroutine A (FIG. 6). 
Within the initialization subroutine, an internal routine 
within microprocessor 116 performs a variables check 
sum and, if a checksum error results, displays error code 
ERR 1 to indicate low memory battery power. The 
memory battery is replaced in the event of a low battery 
power error code. If the checksum initialization routine 
yields no error, microprocessor 116 then automatically 
checks to see if power was lost during a charging cycle. 
In the event that such interruption did occur, error code 
ERR 2 is indicated at display 54. Upon depression of 
any key in pad 58, the cycle stage at which power was 
interrupted, i.e. the vacuum, oil or refrigerant stage, is 
identified. The corresponding lamp 44,46,48 is ener 
gized, and vacuum time, oil quantity or refrigerant 
quantity remaining when the power was lost is indi 
cated at display 54 as is appropriate. The unit then auto 
matically enters the HOLD mode and energizes LED 
66 (FIG. 2). Depression of key 68 in pad 58 will then 
CONTinue the AUTOMATIC mode of operation at 
the stage in which the cycle was interrupted-i.e. the 
automatic vacuum, oil or refrigerant subroutine of 
FIGS. 9,10 or 11. If power was not interrupted during 
a service cycle, the last-entered vacuum, oil and refrig 
erant variables are shown in sequence at display 54, 
coupled with illumination of corresponding lamps 
44,46,48. The internal program then automatically ini 
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8 
tializes at the vacuum stage of the PROGRAM mode, 
displays the last-entered programmed vacuum time in 
minutes, and returns to the main routine (FIG. 5). 
FIG. 7 illustrates Subroutine B which must be per 

formed by the operator before charging refrigeration 
equipment 80 (FIG. 3), specifically an automotive air 
conditioner of a/c system in the exemplary implementa 
tion. Hoses 34,36 (FIG. 1) are appropriately connected 
to the a/c system as hereinabove described. If the a/c 
system is newly installed or has been opened or 
breached for repair purposes, further repair may not be 
necessary and the operator may proceed with the main 
service routine. On the other hand, the operator must 
decide if system diagnosis and possible repair are re 
quired. If not, EXHAUST switch 50 is activated until 
the pressure at LOW SIDE gage 40 indicates that the 
a/c system has been fully exhausted, at which time 
switch 50 is turned off and operation returns to the main 
routine. When system repair is required, the operator 
diagnoses the problem and takes appropriate action. If 
the required repair does not involve breach of the a/c 
system, such as repair of the fan, replacement of the 
compressor belt or cleaning of the condenser, no further 
action need be taken on the system, and operation 
branches to final system check and hose disconnect 
Subroutine G (FIG. 12). Alternatively, the required 
repair action may necessitate partial or complete re 
charge, whereby operation returns to the main routine 
(FIG. 5). 

Returning to FIG. 5, when a partial or incremental 
charge is to be added, which is an operator decision 
based upon a/c system pressures, key 76 (FIG. 2) of pad 
58 is depressed, and control electronics 114 (FIG. 4) 
automatically opens refrigerant solenoid 92 and adds 0.2 
pounds of refrigerant (subroutine F, FIG. 11). The op 
erator may then observe the resulting pressures at gages 
40,42 (FIG. 1) and, if the new pressure reading remain 
low, repeat the charge addition cycle. On the other 
hand, if the charge is now satisfactory, RESET 
CYCLE key 70 is depressed, hoses 34,36 are discon 
nected and the system is ready for servicing the next 
car. If the a/c system under service requires a complete 
recharge, i.e., not a mere partial charge, the operator 
must then determine whether the required vacuum tim 
e and oil and refrigerant charge quantities are the same 
as those for the last-serviced car. This may be accom 
plished by entering the PROGRAM mode of operation 
and depressing key 74 of pad 58 to review the stored 
variables, which are to be compared with manufactur 
er's specifications for the system under test. If the vari 
ables are to remain unchanged, key 68 is depressed to 
START the AUTOMATIC mode of operation. On the 
other hand, if the required variables are not the same as 
for the last-serviced car, operation branches to Subrou 
tine C of FIG. 8. 
Turning to FIG. 8, with the system in the PRO 

GRAM mode, REVIEW PROGram key 74 (FIG. 7) is 
depressed until WACUUM lamp 44 is illuminated and 
the previously-stored vacuum time in minutes is indi 
cated at display 54. If the time so displayed is incorrect, 
appropriate numerical data keys of pad 54 are depressed 
and ENTER key 72 is then depressed to enter the new 
vacuum time. Display 54 flashes momentarily and the 
sonic alarm beeps to indicate acceptance of the new 
data. REVIEW PROGram key 74 is then again de 
pressed to illuminate OIL lamp 46 and display last-pro 
grammed oil charge quantity in ounces at display 54. If 
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this amount is incorrect, appropriate numeric keys of 
pad 58 are depressed, ENTER key 72 is depressed, the 
display blinks and the sonic alarm beeps to indicate 
entry of the new oil quantity. If the entered quantity is 
greater than a twenty ounce maximum limit, error code 
ERR3 is shown at display 54. Depression of any key on 
pad 58 will exit the error display mode, and desired oil 
quantity may then be re-entered. If the entered or reen 
tered quantity is not over the twenty ounce limit, RE 
VIEW PROGram key 74 is depressed, REFRIGER 
ANT lamp 48 is illuminated and the last-programmed 
refrigerant charge quantity in pounds is displayed. If 
this amount is incorrect, the refrigerant charge quantity 
is reprogrammed in the manner previously described. In 
the event that the newly-entered charge quantity is over 
a thirty pound maximum limit, error code ERR 4 is 
displayed. The newly-entered data may be reviewed, or 
operation returned to the main routine of FIG. 5. 
With all variabies entered or confirmed as previously 

described and upon depression of key 68 to START the 
AUTOMATIC mode of operation, operation automati 
cally branches from the main routine of FIG. 5 to vac 
uun Subroutine D of FIG. 9. AUTOMATICLED 64 
and WACUUM lamp 44 are illuminated, and the pro 
grammed vacuum time in minute is indicated at display 
54. If the low-side pressure indicated at gage 44 is 
greater than twenty-five psig, indicating that equipment 
80 (FIG. 3) has not been fully exhausted, error code 
ERR 6 is indicated at display 54. Equipment 80 may 
then be exhausted by depression of switch 50. Depres 
sion of any key on pad 58 returns the system to the 
PROGRAM mode and to the main routine of FIG. 5, 
requiring redepression of key 68 to reSTART the AU 
TOMATIC mode of operation. If low-side pressure is 
not greater than twenty-five psig (FIG. 9), vacuum 
solenoid valve 102 and vacuum pump 100 (FIG. 3) are 
energized. Vacuum time is indicated on display 54 ini 
tially at the programmed level and thereafter decre 
mented as a function of time as pump operation contin 
ues. If the operator notes any operating problems, de 
pression of key 68 will HOLD the AUTOMATIC 
mode of operation and enter the HOLD mode, wherein 
repairs of changes may be affected per Subroutine H of 
FIG. 13. If not such problems are encountered, vacuum 
operation continues until vacuum time is decremented 
to zero, at which point solenoid valve 102 and pump 100 
are deenergized. If numeric key "1" of pad 58 was de 
pressed during the automatic vacuum stage, operation 
immediately returns to the main routing of FIG. S for 
initiation of the automatic oil subroutine. If key "1" was 
not so depressed, operation automatically enters the 
HOLD mode in which gages 40,42 may be observed to 
confirm that the a/c system under service holds a vac 
uum. If such is the case, depression of key 68 returns to 
or CONTinues the AUTOMATIC mode of operation. 
If vacuum is not held, appropriate repairs are effected 
and RESET CYCLE key 70 is depressed and then key 
68 is depressed to reSTART the AUTOMATIC mode. 
Automatic oil charge Subroutine E is illustrated in 

FIG. 10, AUTOMATICLED 64 and OIL lamp 46 are 
illuminated. An initial reading Wi in pounds is obtained 
from scale 112 (FIG. 3) and a final weight Wf is com 
puted by subtracting the programmed charge quantity 
Wp from the initial scale reading Wi. (The programmed 
charge Wp in ounces is divided by sixteen.) A variable 
quantity Ws, indicative of oil charge remaining to be 
transferred, is initialized at the programmed quantity 
Wp, oil solenoid valve 98 (FIG. 3) is opened and charge 
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O 
time t is initialized at zero. The remaining charge quan 
tity Ws is shown at display 54. Time t is incremented 
and scale weight Wit is again read. In the event that the 
new scale reading is not less than the scale reading at the 
preceding time interval, indicating either a problem 
with the equipment under test or an empty oil reservoir 
96, the sonic alert is activated. If the system under ser 
vice has been evacuated, key 68 is depressed to HOLD 
the AUTOMATIC mode, and operation branches to 
Subroutine H of FIG. 13. If the system under test was 
not evacuated, the system is started to see if it will then 
accept oil charge. If the sonic alert continues, key 68 is 
depressed to HOLD AUTOMATIC operation. How 
ever, if the system now accepts charge, the sonic alarm 
is extinguished and operation remains AUTOMATIC. 
The amount of oil remaining to be transferred Ws is 
appropriately decremented and operation continues. 
When the weight of charge transferred equals the ini 
tially programmed amount, i.e., when Ws equals zero, 
oil solenoid valve 98 is closed and operation returns to 
the main routine of FIG. 5. At any time during the 
automatic oil charging subroutine, key 68 may be de 
pressed to HOLD the AUTOMATIC mode and branch 
to Subroutine H (FIG. 13). 
Upon successful completion of oil charge Subroutine 

E of FIG. 10, the main routine of FIG. 5 branches to 
Subroutine F of FIG. 11 for automatic implementation 
of the refrigerant charge subroutine. Charge quantity 
Wp is set at the preprogrammed level in the AUTO 
MATIC mode and at 0.2 pounds in the partial charge 
mode. During the automatic refrigerant charge subrou 
tine, each scale reading Wt is checked to insure that the 
scale reading is not over forty-one pounds. In the event 
that the scale reading is over forty-one pounds, error 
code ERR 5 is indicated at display 54, and the scale 
must then be replaced by the operator. Depression of 
any key on pad 58 returns operation to the main routine 
(FIG. 5) from which the entire automatic operation 
must be restarted if appropriate. As a modification, 
which would eliminate a need to start the a/c system if 
refrigerant is not accepted, a heater or mechanical 
pump could be used to elevate pressure in the refriger 
ant tank, as is currently done in some applications. Oth 
erwise, the automatic refrigerant charge subroutine of 
FIG. 11 is substantially the same as the automatic oil 
charge subroutine of FIG. 10 hereinabove described, 
and will not be described further. Upon successful com 
pletion of refrigerant charge Subroutine F, operation is 
returned to the main routine of FIG. 5, and completion 
code CPL is indicated on display 54. Operation 
branches to Subroutine G (FIG. 12) wherein the opera 
tor performs a final check on the serviced equipment. If 
problems are noted, appropriate action is taken, which 
may include incremental addition of charge, or exhaust 
and complete recharge of the entire a/c system. If cor 
rect operation is observed by the operator, the hoses 
34,36 are disconnected from the serviced equipment and 
operation returns to the main routine of FIG. 5. 

FIG. 13 illustrates operation of Subroutine H in the 
event of a HOLD or interrupt of the AUTOMATIC 
operating mode in any of the vacuum, oil or refrigerant 
cycles of FIGS. 9-11. In general, the oil and refrigerant 
supplies are checked by the operator, and replaced or 
refilled as required. If the oil reservoir 96 is refilled, it 
must be repressurized by operation of key 78 on pad 58. 
This is accomplished by first branching to Subroutine D 
(FIG.9) for a preset time to pull a vacuum on oil reser 
voir 96, and then branching to Subroutine F (FIG. 11) 
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to charge the oil reservoir with a selected quantity of 
refrigerant. With the oil and refrigerant containers 
checked and replaced or filled as required, the pro 
grammed variables may be reconsidered and repro 
grammed if desired. The operator then either presses 
RESET CYCLE key 70 to restart the entire AUTO 
MATIC cycle, or presses key 68 to CONTinue and 
return operation to the Subroutine H branch point. 
FIG. 14 illustrates operation of the manual diagnostic 

Subroutine J, which is entered by simultaneously de 
pressing the "O"and RESET CYCLE keys of pad 58. If 
operation of vacuum pump 100 is to be tested, the nu 
meric "1" key is depressed. If low-side pressure is in 
excess of twenty-five psig, error code ERR 6 is indi 
cated at display 54, and the refrigeration equipment 
under test must be exhausted to continue operation. 
When low-side pressure is not greater than twenty-five 
psig, VACUUM lamp 44 is illuminated, and vacuum 
solenoid valve 102 and vacuum pump 100 are ener 
gized. Redepression of the “1” key closes the vacuum 
pump and solenoid valve, and extinguishes the VAC 
UUM lamp. Depression and release of the numeral "2" 
key similarly energizes OIL lamp 46 and oil valve 98 for 
test purposes, while depression and release of the "3" 
key of pad 58 performs a similar check on refrigerant 
solenoid 92 and lamp 48. Key "5" tests all lamps 44-48, 
all LEDs 62-66 and all segments of display 54. Key “6” 
likewise enables test of scale 112 by directly indicating 
scale weight at display 54. The operator may test scale 
function by adding thereto a known weight and observ 
ing the result at display 54. If such result is in error by 
more than three percent, the scale should be replaced. 
When the manual diagnostic test has been completed, 
depression of RESET CYCLE key 70 returns the appa 
ratus to the PROGRAM mode of operation. 

FIG. 15 illustrates operation of the low refrigerant 
and high pressure warning subroutines. Scale weight is 
constantly monitored during operation to determine if a 
low refrigerant warning is indicated, and high-side pres 
sure is likewise continuously monitored. When the scale 
reading indicates that less than five pounds of refriger 
ant remains, LOW REFRIGERANT WARNING 
LED 56 is energized. Complete emptying of the tank is 
permitted while the lamp is lit. If the operation wishes 
to change refrigerant tank 90, key 68 is depressed to 
HOLD further operation, and operation branches to 
Subroutine H previously described. Likewise, a high 
side pressure greater than three hundred seventy psig 
disabies further operation and results in an error code 
ERR 7 at display 58. The sonic alert is continuously 
activated to advise the operator of an error indication. 
When the cause of the over-pressure condition has been 
corrected, depression of any key on pad 58 returns 
operation to the main routine of FIG. 5 wherein auto 
matic operation must be reinitiated. 
The invention claimed is: 
1. Apparatus for charging refrigeration equipment 

comprising 
vacuum and charging means including a vacuum 
pump, a pressurized source of refrigerant and 
means for selectively connecting said vacuum 
pump and said pressurized refrigerant source to 
refrigeration equipment to be charged, 

control means including means in an automatic mode 
of operation for connecting said vacuum pump to 
the refrigeration equipment in a first stage of said 
automatic mode for a preselected time duration, 
and for connecting said pressurized refrigerant 
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12 
source to the refrigeration equipment in a second 
stage of said automatic mode to transfer a prese 
lected quantity of refrigerant to the refrigeration 
equipment, 

data entry and sequence control means responsive to 
an operator, coupled to said control means and 
comprising an alphanumeric keypad having first 
keys associated with numeric data and second keys 
associated with sequence commands, said control 
means further including means in a programming 
mode of operation for receiving and storing data 
from said data entry and sequence control means 
indicative of said preselected time and said prese 
lected quantity, 

means coupled to said control means and to said data 
entry and sequence control means for selectively 
initiating said automatic and programming mode of 
operation, 

sequence display means for indicating mode of opera 
tion of said control means to an operator and in 
cluding means coordinated with said sequence 
command second keys for indicating to an operator 
ones of said sequence command second keys to be 
activated for transfer between said modes of opera 
tion, and 

alphanumeric display means coupled to said control 
means, said control means including means for 
displaying said preselected time and quantity at 
said alphanumeric display means in said program 
ming mode of operation, and means in said auto 
matic mode of operation for initially displaying in 
each of said first and second stages a corresponding 
said preselected time and quantity at said alphanu 
meric display means and for thereafter decrement 
ing said display as a function of operation to indi 
cate progress of the corresponding said stage. 

2. Apparatus for charging refrigeration equipment 
comprising 
vacuum and charging means including a vacuum 
pump, a pressurized source of refrigerant and 
means for selectively connecting said vacuum 
pump and said pressurized refrigerant source to 
refrigeration equipment to be charged, 

control means including means in an automatic mode 
of operation for connecting said vacuum pump to 
the refrigeration equipment in a first stage of said 
automatic mode for a preselected time duration, 
and for connecting said pressurized refrigerant 
source to the refrigeration equipment in a second 
stage of said automatic mode to transfer a prese 
lected quantity of refrigeration to the refrigeration 
equipment, 

data entry and sequence control means responsive to 
an operator and coupled to said control means, said 
control means further including means in a pro 
gramming mode of operation for receiving and 
storing data from said data entry and sequence 
control means indicative of said preselected time 
and said preselected quantity, 

means coupled to said control means and to said data 
entry and sequence control means for selectively 
initiating said automatic and programming modes 
of operation, and 

alphanumeric display means coupled to said control 
means, said control means including means for 
displaying said preselected time and quantity at 
said alphanumeric display means in said program 
ming mode of operation, and means for initially 
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displaying in each of said first and second stages a 
corresponding said preselected time and quantity, 
and for thereafter decrementing said display as a 
function of operation to indicate progress of the 
corresponding said stage. 

3. Apparatus for charging refrigeration equipment 
comprising 
vacuum and charging means including a vacuum 
pump, a pressurized source of refrigerant and 
means for selectively connecting said vacuum 
pump and said pressurized refrigerant source to 
refrigeration equipment to be charged, 

control means including means in an automatic mode 
of operation for connecting said vacuum pump to 
the refrigeration equipment in a first stage of said 
automatic mode for a preselected time duration, 
and for connecting said pressurized refrigerant 
source to the refrigeration equipment in a second 
stage of said automatic mode to transfer a prese 
lected quantity of refrigerant to the refrigeration 
equipment. 

data entry and sequence control means responsive to 
an operator, coupled to said control means and 
comprising an alphanumeric keypad having first 
keys associated with numeric data and second keys 
associated with sequence commands, said control 
means further including means in a programming 
mode of operation for receiving and storing data 
from said data entry and sequence control means 
indicative of said preselected time and said prese 
lected quantity, 

means coupled to said control means and to said data 
entry and sequence control means for selectively 
initiating said automatic and programming modes 
of operation, 

sequence display means for indicating mode of opera 
tion of said control means to an operator and in 
cluding means coordinated with said sequence 
command second keys for indicating to an operator 
ones of said sequence command second keys to be 
activated for transfer between said modes of opera 
tion, and 

alphanumeric display means coupled to said control 
means, said control means including means for 
displaying said preselected time and quantity at 
said alphanumeric display means in both said auto 
matic and said programming modes of operation, 
means for detecting malfunction of said apparatus, 
and means for displaying an error message at said 
alphanumeric display means corresponding to the 
detected malfunction. 

4. The apparatus set forth in claim 3 wherein said 
control means further comprises means responsive to 
said malfunction detecting means in said automatic 
mode of operation and coupled to said keypad for reini 
tiating said automatic mode of operation at the stage at 
which the malfunction occurred. 

5. Apparatus for charging refrigeration equipment 
comprising 
vacuum and charging means including a vacuum 
pump, a pressurized source of refrigerant and 
means for selectively connecting said vacuum 
pump and said pressurized refrigerant source to 
refrigeration equipment to be charged, 

control means including means in an automatic mode 
of operation for connecting said vacuum pump to 
the refrigeration equipment in a first stage of said 
automatic mode for a preselected time duration, 
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and for connecting said pressurized refrigerant 
source to the refrigeration equipment in a second 
stage of said automatic mode to transfer a prese 
lected quantity of refrigerant to the refrigeration 
equipment, 

data entry and sequence control means responsive to 
an operator and coupled to said control means, said 
control means further including means in a pro 
gramming mode of operation for receiving and 
storing data from said data entry and sequence 
control means indicative of said preselected time 
and said preselected quantity, 

means coupled to said control means and to said data 
entry and sequence control means for selectively 
initiating said automatic and programming modes 
of operation, and 

alphanumeric display means coupled to said control 
means, said control means including means for 
displaying said preselected time and quantity at 
said alphanumeric display means in both said auto 
matic and said programming modes of operation, 
means for detecting malfunction of said apparatus, 
and means for displaying an error message at said 
alphanumeric display means corresponding to the 
detected malfunction. 

6. The apparatus set forth in claim 5 wherein said 
control means further comprises means responsive to 
said malfunction-detecting means in said automatic 
mode of operation and coupled to said keypad for reini 
tiating said automatic mode of operation at the stage at 
which the malfunction occurred. 

7. Apparatus for charging refrigeration equipment 
comprising 
vacuum and charging means including a vacuum 
pump, a pressurized source of refrigerant and 
means for selectively connecting said vacuum 
pump and said pressurized refrigerant source to 
refrigeration equipment to be charged, 

control means including means in an automatic mode 
of operation for connecting said vacuum pump to 
the refrigeration equipment in a first stage of said 
automatic mode for a preselected time duration, 
and for connecting said pressurized refrigerant 
source to the refrigeration equipment in a second 
stage of said automatic mode to transfer a prese 
lected quantity of refrigerant to the refrigeration 
equipment, 

data entry and sequence control means responsive to 
an operator, coupled to said control means and 
comprising an alphanumeric keypad having first 
keys associated with numeric data and second keys 
associated with sequence commands, said control 
means further including means in a programming 
mode of operation for receiving and storing data 
from said data entry and sequence control means 
indicative of said preselected time and said prese 
lected quantity, 

means coupled to said control means and to said data 
entry and sequence control means for selectively 
initiating said automatic and programming modes 
of operation, 

sequence display means for indicating mode of opera 
tion of said control means to an operator and in 
cluding means coordinated with said sequence 
command keys for indicating to an operator ones of 
said sequence command second keys to be acti 
vated for transfer between said modes of operation, 
and 
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alphanumeric display means coupled to said control 
means, said control means including means for 
displaying said preselected time and quantity at 
said alphanumeric display means in both said auto 
matic and said programming modes of operation, 
and means for indicating at said alphanumeric dis 
play means completion of said automatic mode of 
operation. 

16 
means coupled to said control means and to said data 

entry and sequence control means for selectively 
initiating said automatic and programming modes 
of operation, 

sequence display means for indicating mode of opera 
tion of said control means to an operator and in 
cluding means coordinated with said sequence 
command second keys for indicating to an operator 8. Apparatus for charging refrigeration equipment 

comprising 10 
vacuum and charging means including a vacuum 
pump, a pressurized source of refrigerant and 

ones of said sequence command second keys to be 
activated for transfer between said modes of opera 
tion and 

alphanumeric display means coupled to said control means for selectively connecting said vacuum 
pump and said pressurized refrigerant source to means, said control means including means for 

displaying said preselected time and quantity at 
refrigeration equipment to be charged, 15 said alphanumeric display means in both said auto 

control means including means in an automatic mode matic and said programming modes of operation, 
of operation for connecting said vacuum pump to and means distinct from said means operable in said 
the refrigeration equipment in a first stage of said automatic mode and responsive to said second keys 
automatic mode for 8. preselected time duration, for coupling said refrigerant source to the refriger and for connecting said pressurized refrigerant 20 
source to the refrigerator equipment in a second 
stage of said automatic mode to transfer a prese 
lected quantity of refrigerant to the refrigeration 

ation equipment to transfer a predetermined quan 
tity of refrigerant to the equipment independently 
of said automatic mode. 

10. Apparatus for charging refrigeration equipment 
comprising 
vacuum and charging means including a vacuum 
pump, a pressurized source of refrigerant and 
means for selectively connecting said vacuum 
pump and said pressurized refrigerant source to 

30 refrigeration equipment to be charged, 
control means including means in an automatic mode 
of operation for connecting said vacuum pump to 
the refrigeration equipment in a first stage of said 
automatic mode for a preselected time duration, 

35 and for connecting said pressurized refrigerant 
source to the refrigeration equipment in a second 
stage of said automatic mode to transfer a prese 
lected quantity of refrigerant to the refrigeration 
equipment, 

data entry and sequence control means responsive to 
an operator, coupled to said control means and 
comprising an alphanumeric keypad having first 
keys associated with numeric data and second keys 
associated with sequence commands, said control 
means further including means in a programming 
mode of operation for receiving and storing data 
from said data entry and sequence control means 
indicative of said preselected time and said prese 
lected quantity, and 

means coupled to said control means and to said data 
entry and sequence control means for selectively 
initiating said automatic and programming modes 
of operation, 

said control means further comprising means distinct 
from said means operable in said automatic mode 
and responsive to said second keys for coupling 
said refrigerant source to the refrigeration equip 

equipment, p1 data entry and sequence control 
means responsive to an operator and coupled to 25 
said control means, said control means further in 
cluding means in a programming mode of opera 
tion for receiving and storing data from said data 
entry and sequence control means indicative of said 
preselected time and said preselected quantity, 

means coupled to said control means and to said data 
entry and sequence control means for selectively 
initiating said automatic and programming modes 
of operation, and 

alphanumeric display means coupled to said control 
means, said control means including means for 
displaying said preselected time and quantity at 
said alphanumeric display means in both said auto 
matic and said programming modes of operation, 
and means for indicating at said alphanumeric dis- 40 
play means completion of said automatic control 
mode of operation. 

9. Apparatus for charging refrigeration equipment 
comprising 
vacuum and charging means including a vacuum 45 
pump, a pressurized source of refrigerant and 
means for selectively connecting said vacuum 
pump and said pressurized refrigerant source to 
refrigeration equipment to be charged, 

control means including means in an automatic mode 50 
of operation for connecting said vacuum pump to 
the refrigeration equipment in a first stage of said 
automatic mode for a preselected time duration, 
and for connecting said pressurized refrigerant 
source to the refrigeration equipment in a second 55 
stage of said automatic mode to transfer a prese 
lected quantity of refrigerant to the refrigeration 
equipment, ment to transfer a predetermined quantity of refrig 

data entry and sequence control means responsive to erant to the equipment independently of said auto 
an operator, coupled to said control means and 60 matic mode. 

11. Apparatus for charging refrigeration equipment 
comprising 
vacuum and charging means including a vacuum 

comprising an alphanumeric keypad having first 
keys associated with numeric data and second keys 
associated with sequence commands, said control 
means further including means in a programming 
mode of operation for receiving and storing data 
from said data entry and sequence control means 
indicative of said preselected time and said prese 
lected quantity, 

65 
pump, a pressurized source of oil, a pressurized 
source of refrigerant and means for selectively 
connecting said vacuum pump and said pressurized 
oil and refrigerant source to refrigeration equip 
ment to be charged; 
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an alphanumeric keypad mounted on an operator 
panel, said keypad containing a plurality of nu 
meric data and sequence control keys; an alphanu 
meric display mounted on said panel; and 

control means including means in an automatic mode 
of operation for connecting said vacuum pump to 
the refrigeration equipment in a first stage of said 
automatic mode for a preselected time duration, for 
connecting said pressurized oil source to the refrig 
erator equipment in a second stage of said auto 
matic mode of transfer a preselected quantity of oil 
under pressure to the refrigeration equipment, and 
for connecting said pressurized refrigerant source 
to the refrigeration equipment in a third stage of 
said automatic mode to transfer a preselected quan 
tity of refrigerant to the refrigeration equipment, 

means coupled to said keypad in a programming 
mode of operation for receiving and storing data 
indicative of said preselected time and said prese 
lected quantities, 

means coupled to said alphanumeric display means 
for displaying said preselected time and said prese 
lected quantities at said display means in both said 
automatic and said programming modes of opera 
tion, said sequence control keys including means 
coupled to said control means for selectively initi 
ating said automatic and programming modes of 
operation, 

means for detecting malfunction of said apparatus, 
and 

means for displaying an error message at said alpha 
numeric display means corresponding to the de 
tected malfunction. 

12. The apparatus set forth in claim 11 wherein said 
control means further comprises means responsive to 
said malfunction detecting means in said automatic 
mode of operation and coupled to said keypad for reini 
tiating said automatic mode of operation at the stage at 
which the malfunction occurred. 

13. Apparatus for charging refrigeration equipment 
comprising 
vacuum and charging means including a vacuum 
pump, a pressurized source of oil, a pressurized 
source of refrigerant and means for selectively 
connecting said vacuum pump and said pressurized 
oil and refrigerant sources to refrigeration equip 
ment to be charged; 

alphanumerics keypad mounted on an operator panel, 
said keypad containing a plurality of numeric data 
and sequence control keys; 

an alphanumeric display mounted on said panel; and 
control means including means in an automatic mode 
of operation for connecting said vacuum pump to 
the refrigeration equipment in a first stage of said 
automatic mode for a preselected time duration, for 
connecting said pressurized oil source to the refrig 
eration equipment in a second stage of said auto 
matic mode to transfer a preselected quantity of oil 
under pressure to the refrigeration equipment, and 
for connecting said pressurized refrigerant source 
to the refrigeration equipment in a third state of 
said automatic mode to transfer a preselected quan 
tity of refrigerant to the refrigeration equipment, 

means coupled to said keypad in a programming 
mode of operation for receiving and storing data 
indicative of said preselected time and said prese 
lected quantities, 
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means coupled to said alphanumeric display means 

for displaying said preselected time and said prese 
lected quantities at said display means in both said 
automatic and said programming modes of opera 
tion, and 

means for indicating at said alphanumeric display 
means completion of said automatic control mode 
of operation, said sequence control keys including 
means coupled to said control means for selectively 
initiating said automatic and programming modes 
of operation. 

14. Apparatus for charging refrigeration equipment 
comprising 
vacuum and charging means including a vacuum 
pump, a pressurized source of oil, a pressurized 
source of refrigeration and means for selectively 
connecting said vacuum pump and said pressurized 
oil and refrigerant source to refrigeration equip 
ment to be charged; 

an alphanumeric keypad mounted on an operator 
panel, said keypad containing a plurality of nu 
meric data and sequence control keys; 

an alphanumeric display mounted on said panel; and 
control means including means in an automatic mode 
of operation for connecting said vacuum pump to 
the refrigeration equipment in a first stage of said 
automatic mode for a preselected time duration, for 
connecting said pressurized oil source to the refrig 
eration equipment in a second state of said auto 
matic mode in a second state of said automatic 
mode to transfer a preselected quantity of oil under 
pressure to the refrigeration equipment, and for 
connecting said pressurized refrigerant source to 
the refrigeration equipment in a third stage of said 
automatic mode to transfer a preselected quantity 
of refrigerant to the refrigeration equipment, 

means coupled to said keypad in a programming 
mode of operation for receiving and storing data 
indicative of said preselected time and said prese 
lected quantities, 

means coupled to said alphanumeric display means 
for displaying said preselected time and said prese 
lected quantities at said display means in both said 
automatic and said programming modes of opera 
tion, said sequence control keys including means 
coupled to said control means for selectively initi 
ating said automatic and programming modes of 
operation, and 

means distinct from said means operable in said auto 
matic mode and responsive to said sequence con 
trol keys for coupling said refrigerant source to the 
refrigeration equipment to transfer a predeter 
mined quantity of refrigerant to the equipment 
independently of said automatic mode. 

15. Apparatus for charging refrigeration equipment 
comprising 
vacuum and charging means including a vacuum 
pump, a pressurized source of refrigerant and 
means for selectively connecting said vacuum 
pump and said pressurized refrigerant source to 
refrigeration equipment to be charged, 

control means including means in an automatic mode 
of operation for connecting and vacuum pump to 
the refrigeration equipment in a first stage of said 
automatic mode for a preselected time duration, 
and for connecting said pressurized refrigerant 
source to the refrigeration equipment in a second 
stage of said automatic mode to transfer a prese 
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lected quantity of refrigerant to the refrigeration 
equipment, 

data entry and sequence control means responsive to 
an operator, coupled to said control means and 
comprising an alphanumeric keypad having first 
keys associated with numeric data and second keys 
associated with sequence commands, said control 
means further including means in a programming 
mode of operation for receiving and storing data 
from said data entry and sequence control means 
indicative of said preselected time and said prese 
lected quantity, 

means coupled to said control means and to said data 
entry and sequence control means for selectively 
initiating said automatic and programming modes 
of operation, and 

sequence display means for indicating mode of opera 
tion of said control means to an operator, said se 
quence display means including means coordinated 
with said sequence command second keys for indi 
cating to an operator ones of said sequence com 
mand second keys to be activated for transfer be 
tween said modes of operation. 

16. The apparatus set forth in claim 15 further com 
prising alphanumeric display means coupled to said 
control means, said control means including means for 
displaying said preselected time and quantity at said 
alphanumeric display means in both said automatic and 
said programming modes of operation. 

17. The apparatus set forth in claim 16 wherein said 
control means further comprises means operable in said 
automatic mode of operation for initially displaying in 
each of said first, second and third stages a correspond 
ing said preselected time and quantity, and for thereaf 
ter decrementing said display as a function of operation 
to indicate progress of the corresponding said stage. 

18. The apparatus set forth in claim 16 wherein said 
control means further comprises means for detecting 
malfunction of said system, and means for displaying an 
error message at said alphanumeric display means cor 
responding to the detected malfunction. 

19. The apparatus set forth in claim 16 wherein said 
control means further comprises means for indicating at 
said alphanumeric display means completion of said 
automatic control mode of operation. 

20. The apparatus set forth in claim 16 wherein said 
control means further comprises means distinct from 
said means operable in said automatic mode and respon 
sive to said second keys for coupling said refrigerant 
source to the refrigeration equipment to transfer a pre 
determined quantity of refrigerant to the equipment 
independently of said automatic mode. 

21. The apparatus set forth in claim 16 further com 
prising scale means for providing to said control means 
signals indicative of weight on said scale means, said oil 
and refrigerant source being mounted on said scale 
means, and means responsive to operator activation for 
initiating a scale test mode of operation, 

said control means including means operable in said 
scale test mode of operation and responsive to said 
signals for indicating weight on said scale means at 
said alphanumeric display means. 

22. The apparatus set forth in claim 16 wherein said 
means in said programming mode of operation includes 
means for receiving and storing said data in successive 
stages of said programming mode corresponding to said 
successive stages in said automatic mode, and 
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wherein said apparatus further comprises second 

display means for indicating to an operator each of 
said stages of operation in both said automatic 
mode and said programming mode. 

23. The apparatus set forth in claim 15 wherein said 
control means further comprises 
means responsive to said data entry and sequence 

control means for initiating a manual mode of oper 
ation, and 

means operable in said manual mode of operation for 
selectively initiating any of said first, second and 
third stages of operation. 

24. Apparatus for charging refrigeration equipment 
comprising 
vacuum and charging means including a vacuum 
pump, a pressurized source of refrigerant and 
means for selectively connecting said vacuum 
pump and said pressurized refrigerant source to 
refrigeration equipment to be charged, 

control means including means in an automatic mode 
of operation for connecting said vacuum pump to 
the refrigeration equipment in a first stage of said 
automatic mode for a preselected time duration, 
and for connecting said pressurized refrigerant 
source to the refrigeration equipment in a second 
stage of said automatic mode to transfer a prese 
lected quantity of refrigerant to the refrigeration 
equipment, 

data entry and sequence control means responsive to 
an operator and coupled to said control means, said 
control means further including means in a pro 
gramming mode of operation for receiving and 
storing data from said data entry and sequence 
control means indicative of said preselected time 
and said preselected quantity, and 

means coupled to said control means and to said a 
data entry and sequence control means for selec 
tively initiating said automatic and programming 
modes of operation, 

said control means including means for displaying 
said preselected time and quantity in both said 
automatic and said programming modes of opera 
tion, means for receiving and storing said data in 
successive stages of said programming mode corre 
sponding to said successive stages in said automatic 
mode, and means in said programming mode for 
selectively reviewing said data in a sequence corre 
sponding to said successive stages and for selec 
tively reprogramming said data. 

25. Apparatus for charging refrigeration equipment 
comprising 
vacuum and charging means including a vacuum 
pump, a pressurized source of refrigerant and 
means for selectively connecting said vacuum 
pump and said pressurized refrigerant source to 
refrigeration equipment to be charged, 

control means including means in an automatic mode 
of operation for connecting said vacuum pump to 
the refrigeration equipment in a first stage of said 
automatic mode for a preselected time duration, 
and for connecting said pressurized refrigerant 
source to the refrigeration equipment in a second 
stage of said automatic mode to transfer a prese 
lected quantity of refrigerant to the refrigeration 
equipment, 

data entry and sequence control means responsive to 
an operator and coupled to said control means, said 
control means further including means in a pro 
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gramming mode of operation for receiving and 
storing data from said data entry and sequence 
control means indicative of said preselected time 
and said preselected quantity, 

means coupled to said control means and to said data 
entry and sequence control means for selectively 
initiating said automatic and programming modes 
of operation, 

alphanumeric display means coupled to said control 
means, said control means including means for 
displaying said preselected time and quantity at 
said alphanumeric display means in both said auto 
matic and said programming modes of operation, 
and 

scale means for providing to said control means sig 
mals indicative of weight on said scale means, said 
refrigerant source being mounted on said scale 
means, and means responsive to operator activation 
for initiating a scale test mode of operation, 

said control means including means operable in said 
scale test mode of operation and responsive to said 
weight-indicative signals for indicating weight on 
said scale means at said alphanumeric display 

ES 

26. The apparatus set forth in claim 25 further com 
prising means for monitoring quantity of refrigerant in 
said refrigerant source as a function of said weight 
indicative signal, and means for indicating low refriger 
ant quantity to an operator when said weight-indicative 
signal is below a preselected threshold. 

27. Apparatus for charging refrigeration equipment 
comprising: 

charging means including a pressurized source of refrig 
erant and means for selectively connecting said pres 
surized refrigerant source to refrigeration equipment 
to be charged, 

control means including means in an automatic node of 
operation for connecting said pressurized refrigerant 
Source to the refrigeration equipment in said auto 
matic mode to transfer a preselectd quantity of refrig 
erant to the refrigeration equipment, 

data entry and sequence control means responsive to an 
operator and coupled to said control means, said con 
trol means further including means in a programming 
mode of operation for receiving and storing data from 
said data entry and sequence control means indicative 
of said preselected quantity, 

means coupled to said control means and to said data 
entry and sequence control means for selectively initi 
ating said automatic and programming nodes of 
operation, and 

alphanumeric display means coupled to said control 
means, said control means including means for dis 
playing said preselected quantity at said alphanu 
meric display means in both said automatic and said 
programming modes of operation, and means for 
indicating at said alphanumeric display means con 
pletion of said automatic control node of operation, 

28. Apparatus for charging refrigeration equipment 
comprising 

charging means including a pressurized source of refrig 
erant and means for selectively connecting said pres 
surized refrigerant source to refrigeration equipment 
to be charged, 

control means including means in an automatic node of 
operation for connecting said pressurized refrigerant 
source to refrigeration equipment to be charged, 

5 

O 

15 

25 

35 

40 

45 

SO 

55 

65 

22 
control means including means in an automatic mode of 

operation for connecting said pressurized refrigerant 
source to the refrigeration equipment in said auto 
natic mode to transfer a preselected quantity of re 
frigerant to the refrigeration equipment, 

data entry and sequence control means responsive to an 
operator, coupled to said control means and compris 
ing an alphanumeric keypad having first keys associ 
ated with numeric data and second keys associated 
with sequence commands, said control means further 
including means in a programming mode of operation 
for receiving and storing data from said data entry 
and sequence control means indicative of said prese 
lected quantity, and 

means coupled to said control means and to said data 
entry and seguence control means for selectively initi 
ating said automatic and programming nodes of 
operation, 

said control means further comprising means distinct 
from said means operable in said automatic mode and 
responsive to said second keys for coupling said refrig 
erant source to the refrigeration equipment to transfer 
refrigerant to the equipment independently of said 
automatic mode. 

29. Apparatus for charging refrigeration equipment 
comprising 

charging means including a pressurized source of refrig 
erant and means for selectively connecting said pres 
surized refrigerant source to refrigeration equipment 
to be charged, 

control means including means in an automatic node of 
operation for connecting said pressurized refrigerant 
source to the refrigeration equipment in said auto 
natic node to transfer a preselected quantity of re 
frigerant to the refrigeration equipment, 

data entry and sequence control means responsive to an 
operator and coupled to said control means, said con 
trol means further including means in a programming 
mode of operation for receiving and storing data from 
said data entry and sequence control means indicative 
of said preselected quantity, and 

means coupled to said control for selectively initiating 
said automatic and programming nodes of operation, 

said control means including means for displaying said 
preselected quantity in both said automatic and said 
programming nodes of operation, means for receiving 
and storing said data in said programming mode, and 
means in said programming node for selectively re 
viewing said data and for selectively reprogramming 
said data. 

30. Apparatus for charging refrigeration equipment 
comprising 

charging means including a pressurized source of refrig 
erant and means for selectively connecting said pres 
surized refrigerant source to refrigeration equipment 
to be charged. 

control means including means in an automatic node of . 
operation for connecting said pressurized refrigerant 
source to the refrigeration equipment in said auto 
natic node to transfer a preselected quantity of re 
frigerant to the refrigeration equipment, 

data entry and sequence control means responsive to an 
operator and coupled to said control means, said con 
trol means further including means in a programming 
mode of operation for receiving and storing data from 
said data entry and sequence control means indicative 
said preselected quantity, 
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means coupled to said control means and to said data 
entry and sequence control means for selectively initi 
ating said automatic and programming nodes of 
operation, 

alphanumeric display means coupled to said control 
means, said control means including means for dis 
playing said preselected quantity at said alphanu 
meric display means in both said automatic and said 
programming modes of operation, and 

scale means for providing to said control means signals 
indicative of weight on said scale means, said refriger 
ant source being mounted on said scale means, and 
means responsive to operator activation for initiating a 
manual scale node of operation, 

said control means including means operable in said 
manual scale mode of operation and responsive to said 
weight-indicative signals for indicating weight on said 
scale means at said alphanumeric display means. 

31. The apparatus set forth in claim 30 further compris 
ing means for nonitoring quantity of refrigerant in said 
refrigerant source as a function of said weight-indicative 
signal, and means for indicating low refrigerant quantity to 
an operator when said weight-indicative signal is below a 
preselected threshold. 

32. Apparatus for charging refrigeration equipment 
comprising: 

charging means including a pressurized source of refrig 
erant and means for selectively connecting said pres 
surized refrigerant source to refrigeration equipment 
to be charged, 
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control means including means in an automatic mode of 

operation for connecting said pressurized refrigerant 
source to the refrigeration equipment in said auto 
natic node to transfer a preselected guantity of re 
frigerant to the refrigeration equipment, 

data entry and sequence control means responsive to an 
operator and coupled to said control means, said con 
trol means further including means in a programming 
mode of operation for receiving and storing data fron 
said data entry and sequence control means indicative 
of said preselected quantity, 

means coupled to said control means and to said data 
entry and sequence control means for selectively initi 
ating said automatic and programming modes of 
operation, and 

alphanumeric display means coupled to said control 
means, said control means including means for dis 
playing at said alphanumeric display means in both 
said automatic and said programming nodes of oper 
ation, means for detecting malfunction of said appa 
ratus, and means for displaying an error message at 
the alphanumeric display means corresponding to the 
detected malfunction. 

33. The apparatus set forth in claim 32 wherein said 
control means further comprises means responsive to said 
malfunction-detecting means in said automatic mode of 
operation and coupled to said keypad for reinitiating said 
automatic node of operation at the stage at which the 
malfunction occurred. 

a st 


