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ABSTRACT OF THE DISCLOSURE

A variable speed control system 10 is provided for use with a heat pump 40
heating/cooling system having a variable speed compressor 24. The control system 10
includes a remote transceiver 12, a second transceiver 14 to communicate with the first
transceiver 12, and an AC power module to communicate with the second transceiver 14.
The AC power module further includes multiple current limiting devices 34, 36 and multiple
temperature sensors and varies the output of the variable speed compressor 24 by comparing

the readings from the temperature sensors to a pre-determined temperature setting.
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VARIABLE SPEED CONTROL

The invention is described herein including the best method for performing the
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VARIABLE SPEED CONTROL

FIELD OF INVENTION
[0001] The present invention relates to a heating and cooling system. More specifically,
the present invention relates to a variable speed control system for heating and cooling

systems in a recreational vehicle (RV).

BACKGROUND OF THE INVENTION

[0002] Under low voltage, high load conditions, (Similar to those conditions commonly
found in typical RV applications), air conditioning and heat pump systems can cause circuit
breakers to trip thereby shutting down the entire electrical circuit until the circuit breaker is
manually reset. Further, conventional variable speed control systems having a variable speed
compressor arise in applications for heating or cooling buildings where there is an unlimited
supply of current to operate the compressor. However, a problem arises in RV applications.
In RV applications the total available current is limited thus the user must turn oft the
heating/cooling system if there is not enough current to operate the compressor. This results
in poor heating/cooling efficiency and control. Thus, what is needed is a heating and cooling
system having a variable speed compressor for an RV where the incoming current and voltage
of the compressor can be monitored and controlled. By monitoring the incoming current and
voltage on the electrical circuit, the variable speed control system can control the input to the
variable speed compressor, allowing the compressor to vary its output to assure that the

incoming power limitations are not exceeded.
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BRIEF SUMMARY OF THE INVENTION

[0003] In accordance with one aspect of the present invention a variable speed control
system for a heat pump for a recreational vehicle comprising: a first transceiver; a second
transceiver communicating with the first transceiver; a power module board communicating
with the second transceiver and having an input for receiving AC power from an AC power
source; a first current limiting device operatively attached to the power board module; a
second current limiting device operatively attached to the power board module; and, a
variable speed compressor; wherein the first current limiting device identifies the maximum
allowable current available that the control system can deliver to the heat pump, and, wherein
operation of the second current limiting device further limits the current that the control
system can deliver to the heat pump, and thereby allows AC current from the AC power
source to be distributed to systems in the recreational vehicle other than the heat pump.

[0004] In accordance with another aspect of the present invention a method of heating or
cooling a recreational vehicle with a heat pump comprising the steps of: providing a variable
speed control system including, a first transceiver, a second transceiver communicating with
the first transceiver, a power module board communicating with the second transceiver, a first
current limiting device, a second current limiting device, a variable speed compressor, a fan, a
compressor board module to convert incoming single-phase AC power to variable frequency
and voltage three-phase power communicating with the power board module, and a room
temperaturc sensor to measure the temperature inside the RV; measuring the temperature
inside the recreational vehicle; comparing the temperature inside the recreational vehicle with
a set point temperature; starting the fan; sofi-starting the compressor at a predetermined soft-
start frequency; maintaining the compressor at the predetermined sofi-start frequency,
checking for a demand for an increase in heating or cooling requirements; increasing the

frequency of the compressor at a predetermined rate if the demand for an increase in heating
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or cooling exists; increasing the output speed of the compressor; stopping the increase in
frequency of the compressor at a predetermined frequency value; maintaining the frequency at
the predetermined frequency value; maintaining the output speed of the compressor at a value
corresponding to the predetermined frequency value; determining if the demand is satisfied;
monitoring the incoming current to the compressor; and, limiting the output of the
compressor based on the maximum allowable ampacity ailowed by the first current limiting
device; and limiting, by operation of the second current limiting device, current drawn by the
variable speed control system, and thercby allowing AC current from the AC power source to
be distributed to systems in the recreational vehicle other than the heat pump.

[0005] In accordance with yet another aspect of the present invention a method of
heating or cooling a recreational vehicle with a heat pump comprising the steps of: providing
a variable speed control system including, a first transceiver, a second transceiver
communicating with the first transceiver, a power module board communicating with the
second transceiver, a first current limiting device, a second current limiting device, a variable
speed compressor,  fan, a compressor board module to convert incoming single-phase AC
power to variable frequency and voltage three-phase power communicating with the power
board module, and a room temperature sensor to measure the temperature inside the RV;
measuring the temperature inside the recreational vehicle; comparing the temperature inside
the recreational vehicle with a set point temperature; starting the fan; soft-starting the
compressor at a predetermined soft-start frequency; maintaining the compressor at the
predetermined sofi-start frequency; checking for a demand for an increase in heating or
cooling requirements; increasing the frequency of the compressor at a predetermined rate if
the demand for an increase in heating or cooling exists; increasing the output speed of the

compressor; stopping the increase in frequency of the compressor at a predetermined




23 May 2011

2007200788

frequency value; maintaining the frequency at the predetermined frequency value;
maintaining the output speed of the compressor at a value corresponding to the predetermined
frequency value; determining if the demand is satisfied; monitoring the incoming current to
the compressor; limiting the output of the compressor based on the maximum allowable
ampacity allowed by the first current limiting device; and limiting the output of the
compressor based on the maximum allowable ampacity allowed by the second current
limiting device and thereby allowing AC current from the AC power source to be distributed
to systems in the recreational vehicle other than the heat pump.

[0006] Throughoul this specification, the word “comprise™, or variations thereof such as

_da-
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“comprises” or “comprising”’, will be understood to imply the inclusion of a stated element,
integer or step, or group of elements integers or steps, but not the exclusion of any other
element, integer or step, or group of elements, integers or steps.

[0007] Any discussion of documents, acts, materials, devices, articles or the like which
has been included in this specification is solely for the purpose of providing a context for the
present invention. Tt is not to be taken as an admission that any or all of these matters form
part of the prior art base or were common general knowledge in the field relevant to the
present invention as it existed in Australia or elsewhere before the priority date of this

application.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The invention may take physical form in certain parts and arrangement of parts, a
preferred embodiment of which will be described, by way of example only, with reference to
the accompanying drawings that form a part of the specification.

[0009] FIGURE 1 is a schematic block diagram of a control system according to the
present invention.

[00010] FIGURES 2a and 2b are simplified schematics of a heat pump system in the
heating mode and cooling mode respectively.

[00011] Additional benefits and advantages of the present invention will become
apparent to those skilled in the art to which it pertains upon a reading and understanding of

the following detailed specification.

DETAILED DESCRIPTION OF THE OF THE INVENTION
[0010] Any values (i.e. temperature, frequency, time, rate of change. etc.) used in the

following description are for illustrative purposes only and are not intended to limit the scope
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of the invention.

[0011] Referring now to the drawings, Fig. 1 shows a schematic of a multi-zone variable
speed control system 10 (hereinafter “control system”) according to the present invention.
The control system 10 may include multiple modes of operation. The mode of operation
depends on the type of heating/cooling system being used with the control system 10. Some
examples of the types of heating/cooling systems include, but are not limited to, a heat pump,
a heat strip, or a furnace. Multiple heating/cooling systems can be controlled with a single
control system 10. The control system 10 shown in Fig. 1 is a control system specifically for
heat pump 40 applications and will be used in this specification for illustrative purposes only
and is not intended to limit the scope of the application. The heat pump 40 heating/cooling
system is known in the art and thus the basic operation of the heat pump 40 will not be
explained. The basic components of the heat pump 40 are shown in Figs. 2a and 2b and are as
follows: indoor coil 42, outdoor coil 44, expansion device 46, reversing valve 20, and
compressor 24.

[0012] Referring now to Fig. 1, the control system 10 is powered by an AC power source
and a DC power source. The AC power source is required for operating components of the
heating/cooling systems such as, for example, a fan, a reversing valve, a compressor module,
a compressor, etc. The AC power source may be supplied from an electrical utility, an
inverter or a generator. The DC power source controls the operation of the relays and is
supplied from the RV DC battery. Both the AC and DC power sources are connected to a
variable speed AC power module board 16.

[0013] The control system 10 comprises two transmitting/receiving devices 12, 14 and
the variable speed AC power module board 16. The first transmitting/receiving device 12
may be a transmitter or a transceiver. The second transmitting/receiving device 14 may be a

receiver or a transceiver. The term transceiver will be used throughout the specification for

-6 -
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illustrative purposes only and is not intended to limit the scope of the invention. The first and
second transceivers 12, 14 may be any type of transceiver known in the art. The first
transceiver 12 is a user controlled remote transceiver 12 that provides two-way
communication with the second transceiver 14. The two-way communication between the
first and second transceiver may be any type of communication known in the art such as but
not limited to radio frequency (RF), Infra-red (IR), hard-wired, etc. The user uses the first
transceiver 12 to provide input data to the second transceiver 14 in order to control the
heating/cooling system. The first transceiver 12 can also include a display to provide the user
with information regarding the heating/cooling system such as the temperature inside the RV,
the setting of the thermostat, etc. The second transceiver 14 is connected to the AC power
module board 16 and in addition to communicating with the first transceiver 12 provides two-
way communication to and from the AC power module board 16. The second transceiver 14
may be connected to the AC power module board 16 by any means known in the art such as
for example with RJ-11 type connectors.

[0014] The AC power module board 16 comprises multiple relays and control circuitry
to control a multiple speed fan 18, a reversing valve 20, a compressor module 22 and a
compressor 24. The multiple speed fan 18 may be any fan known in the art and may include a
manual and/or an automatic mode. Each mode may consist of multiple speeds such as, but
not limited to, low, medium, and high. When the multiple speed fan 18 is in the manual
mode the fan runs continuously at the indicated speed. When the multiple speed fan 18 is in
the automatic mode the fan cycles on and off as the compressor 24 cycles on and off.

[0015] The compressor module 22 is powered by the AC power source via the AC power
module board 16. The compressor module 22 converts the incoming single-phase power to
variable voltage and frequency three-phase power and supplies power to the compressor 24.

The compressor module 22 may be a separate board as schematically illustrated in Fig. 1 or it

-11-
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may be integrated as part of the AC power module board 16.

[0016] One advantage of a variable speed control system is soft-starting the compressor
24 to thereby reduce or eliminate electrical and mechanical stresses on the compressor 24,
Soft-starting refers to initially rotating the motor of the compressor 24 at a slow speed then
slowly increasing the rotation of the motor upon demand, as described below. The soft-start
limits the starting current thereby reducing electrical stresses on the compressor 24. The
frequency of the compressor 24 of the heat pump 40 typically ranges from 20 to 90 Hz.
During start up of the heat pump 40 the compressor 24 soft-starts at a frequency of 20Hz. It
should be noted that the compressor 24 can start at any frequency in accordance with the
present invention. Located on the exterior of the compressor 24 is a thermal overload sensor
32 that senses the temperature of the compressor casing. The thermal overload sensor 32 is
connected to the AC power module board 16. During operation if the temperature of the
casing exceeds a predetermined temperature the AC power module board 16 will stop the
compressor 24.

[0017] Multiple sensors may be connected to the AC power module board 16 to monitor
the temperature of the space inside the RV, the temperature outside the RV, etc. These
sensors include but are limited to a room temperature sensor 26, an outdoor temperature
sensor 28, and a freeze control sensor 30. The freeze control sensor 30 measures the
temperature of the indoor coil 42 in the heat pump 40 during the cooling mode. When the
temperature of the indoor coil 42 drops below a pre-determined temperature, for example 27
degrees F, the multiple speed fan 18 operates at high speed and the compressor 24 is de-
energized for a predetermined time period. When the temperature of the indoor coil 42
increases to a predetermined temperature, for example 55 degrees F or greater, the multiple
speed fan 18 operates in its programmed speed and the compressor 24 is re-energized.

[0018] The AC power module board 16 may include a first current limiting device 34

8-
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that identifies the maximum ampacity of the electrical circuit that supplies power to the
heating/cooling unit. Thus, the first current limiting device 34 identifies the maximum
allowable current available that the control system 10 can deliver to the heating/cooling unit.
The first current limiting device 34 may be located on the AC power module board 16 as
shown in Fig. | and may be any device known in the art such as dipswitches, contacts, etc. In
the embodiment shown in Fig. | the first current limiting device 34 is comprised of multiple
dipswitches. The dipswitches can be set to limit the maximum ampacity to any value such as
15, 20, 25 amps, etc. For example, the 25 amp dipswitch corresponds to a 25 amp circuit
breaker. Thus, during initiation of the heating/cooling system the control system 10
determines the maximum allowable ampacity of the circuit by the position of the dipswitches.

[0019] The AC power module board 16 may also include a second current limiting
device 36 to further limit the maximum available ampacity that the control system 10 can
supply to the heating/cooling unit. This second current limiting device 36 may be included on
the AC power module board 16 and may be connected to many types of automatic energy
management systems for the RV, or may be manually selected at the time when the RV power
connection is made. The second current limiting device 36 may be any device known in the
art such as, electrical contacts, The second limiting device may be used in the following
manner. The AC power source may be an electrical hook-up, such as for example an
electrical hook-up at an older campsite. The amount of amps supplied by the electrical hook-
up at a campsite can be limited. Thus, energy management is critical to make sure all the
systems in the RV have sufficient amps to operate. To facilitate energy management the
electrical hookup at the campsite may also include a selector switch 38 (or energy
management contacts) that allows a user to switch between multiple amp circuits (i.e. 15, 20,
25 amps etc.). The second current limiting device 36 reads the selector switch 38 position

and limits the amps accordingly supplied to the control system 10. For example, if the

9.

-13-
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maximum available amperage at the campsite is 30 and the user positions the selector switch
38 to 15 amps, the second limiting device 36 will read the selector switch 38 position and will
limit the amount of amps available to the control system 10 to 15 amps, The remaining 15
amps can then be distributed to the other systems in the RV. Thus, operation of the second
current limiting device 36 functions as a means to manage or distribute the available current
to all systems in the RV.

[0020] Varying the input (i.e. current and voltage) and consequently the output (speed) of
the compressor 24, the compressor 24 can be protected from experiencing rapidly changing
conditions due to an increase or decrease in heating/cooling requirements. For example, the
control system 10 can control the compressor 24 in the following manner, After the system is
operating and the compressor 24 is operating at its soft-start frequency then when a demand
for an increase heating or cooling capacity is required, the control system 10 will increase the
frequency of the compressor 24 at a predetermined rate, for example, 6 Hz/second, to a
predetermined frequency value that is less than the maximum frequency of the compressor
24, for example 55 Hz. The increase in frequency increases the output (speed) of the
compressor 24 to a speed corresponding to the predetermined frequency value. The control
system 10 will maintain that predetermined frequency value for a set period of time to
determine if the demand for an increase in heating/cooling is satisfied. If the demand is
satisfied the frequency of the compressor 24 will remain unchanged until another demand for
an increase or decrease heating/cooling is required. If the demand is not satisfied the control
system 10 will continue to increase the frequency of the compressor 24, thereby increasing the
output (speed) of the compressor 24, at the predetermined rate until the maximum ampacity
of the control system 10 or the maximum frequency of the compressor 24 is reached. The
compressor 24 will remain at this frequency until a demand for a decrease in heating/cooling

is required. During the above operation the control system 10 monitors the input current to

- 10-
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the compressor 24 and prevents the compressor 24 from exceeding the maximum allowable
ampacity of the control system 10 as described above. Thus, by limiting the input current to
the compressor 24 the heating/cooling system will continue to operate and the user will not be
forced to turn oft the heating/cooling system due to incoming current limitations as in
conventional RV heating/cooling systems.

[0021] Conversely, when a decrease in heating or cooling capacity is required the control
system 10 will ramp down the frequency of the compressor 24 at a predetermined rate, for
example 6 Hz/second, thereby decreasing the output (speed) of the compressor 24, to a
predetermined frequency value that is greater than the minimum frequency of the compressor
24, for example 45 Hz, in the same manner as explained above, If the demand is satisfied the
frequency and the output (speed) of the compressor 24 will remain unchanged until another
demand for an increase or decrease heating/cooling is required. If the demand is not satisfied
the control system 10 will continue to ramp down the frequency of the compressor 24 at the
predetermined rate until the maximum ampacity of the control system 10 or the minimum
frequency of the compressor 24 is reached. It should be noted that the increase frequency rate
and the decrease frequency rate may be the same or may be different values.

[0022] The heat pump 40 has two modes of operation, a cooling mode and a heating
mode. During operation in either mode the control system 10 controls the on and off cycle
and the output (speed) of the compressor 24 by comparing the measured temperature of the
room as sensed by the room temperature sensor 26 and a set point temperature as entered by
the user. The cooling mode is initiated when the control system 10 senses that the room
temperature is above the set point temperature. Thus, in the cooling mode, when the room
temperature sensor 26 detects a room temperature above the set point temperature by at least
| degree F, the reversing valve 20 is de-energized, the multiple speed fan 18 turns on and then

after a time delay the compressor 24 starts up at the soft-start frequency as explained above.

- 11 -
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Conversely, in the cooling mode, when the room temperature sensor 26 detects a room
temperature below the set point temperature by at least 1 degree F, the compressor 24 turns
off then after a time delay the multiple speed fan 18 turns off. During operation under these
conditions the frequency of the compressor 24 will remain at the soft-start frequency.
However, as explained above, when there is a demand for an increase in cooling the control
system 10 will increase the frequency of the compressor 24 to satisfy the demand. A demand
for an increase in cooling may occur when the room temperature sensor 26 detects a room
temperature above the set point temperature by more than 1 degree F.

[0023] The heating mode operates in a similar manner to the cooling mode. When the
room temperature drops below a set point temperature entered by the user by at least 1 degree
F the compressor 24 will turn on and the when the room temperature is greater than the set
point temperature by at least 1 degree F the compressor 24 will turn off. In addition, the
frequency of the compressor 24 will ramp up and down in a similar manner to that in the
cooling mode when a demand for an increase or decrease in heating output is required. In the
heating mode the reversing value 20 is energized. A demand for an increase in heating may
occur when the room temperature sensor 26 detects a room temperature below the set point
temperature by more than 1 degree F.

[0024] In the present invention described above a heat pump heating/cooling system can
be operated such that the output of the heat pump compressor can be varied as the needs for
heating/cooling change. This type of control reduces or eliminates the electrical and
mechanical stresses on the compressor therefore prolonging the life of the compressor. In
addition, variable speed control prevents unnecessary tripping of breakers due to abrupt
changes to the compressor.

[0025] While the invention has been described with reference to a preferred embodiment,

it will be understood by those skilled in the art that various changes may be made and

- 12 -

-16-




22 Feb 2007

2007200788

equivalents may be substituted for elements thereof without departing from the scope of the
invention. In addition, many modifications may be made to adapt a particular situation or

material to the teachings of the invention without departing from the essential scope thereof.

17-
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WHAT IS CLAIMED IS:
L A variable speed control system for a heat pump for a recreational vehicle

comprising:

a first transceiver;

a second transceiver communicating with the first transceiver;

a power module board communicating with the second transceiver and having
an input for receiving AC power from an AC power source;

a first current limiting device operatively attached to the power board module;

a second current limiting device operatively attached to the power board
module; and,

a variable speed compressor;

wherein the first current limiting device identifies the maximum allowable
current available that the control system can deliver to the heat pump, and,

wherein operation of the second current limiting device further limits the
current that the control system can deliver to the heat pump, and thereby allows AC current
from the AC power source to be distributed to systems in the recreational vehicle other than

the heat pump.

2. The variable speed control system of claim 1, wherein the first current

limiting means is comprised of dipswitches.

3. The variable speed control system of claim 1 or 2, wherein the second current

limiting device is comprised of electrical contacts.

4, The variable speed control system according to any one of claims 1 to 3,

14
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wherein the power board module incteases the frequency of the compressor at a
predetermined rate when an increase for heating or cooling is required thereby increasing the

outpul of the compressor.

5. The variable speed control system according to any one of claims 1 to 4,
wherein the power board module decreases the frequeney of the compressor at a
predetermined rate when a decrease for heating or cooling is required thereby decreasing the

output of the compressor.

6. The variable speed control system according to any one of elaims 1 to 5 further
comprising a compressor board module to convert incoming single-phase power to variable
frequency and voltage three-phase power, wherein the compressor board module

communicates with the power board module.

7. The variable speed control system of claim 6, wherein the compressor board

module is an integrated portion of the power board module.

8. The variable speed control system of claim 7 further comprising:
a fan;
aroom temperaturc sensor to measure the temperature inside the RV;
an outdoor temperature sensor to measure the temperature outside the RV;
a frecze control sensor to measure the temperature of the indoor coil of the
heat pump; and,
a thermal overload sensor to measure the temperature of the compressor

casing.

-19-
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9. The variable speed control system of claim 8,
wherein the heat pump includes a cooling mode and a heating mode,
wherein the cooling mode is initiated when the control system detects that the
room temperaiure sensor senses that the room temperature inside the recreational vehicle is
greater than a predetermined set point temperature, and,
wherein the heating mode is initiated when the control system detects that the
room temperature sensor senses that the room temperature inside the recreational vehicle is

less than a predetermined set point temperature

10. A method of heating or cooling a recreational vehicle with a heat pump

comprising the steps of:

providing a variable speed control system including, a first transceiver, a
second transceiver communicating with the first transceiver, a power module board
communicating with the second transceiver, a first current limiting device, a second current
limiting device, a variable speed compressor, a fan, a compressor board module to convert
incoming single-phase AC power to variable frequency and voltage three-phase power
communicating with the power board module, and a room temperature sensor to measure the
temperature inside the RV,

measuring the temperature inside the recreational vehicle;

comparing the temperature inside the recreational vehicle with a set point
temperature;

starting the fan;

soft-starting the compressor at a predetermined sofi-start frequency;

maintaining the compressor at the predetermined sofi-start frequency;

16
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checking for a demand for an increase in heating or cooling requirements;

increasing the frequency of the compressor at a predetermined rate if the
demand for an increase in heating or cooling exists;

increasing the output speed of the compressor;

stopping the increase in frequency of the compressor at a predetermined
frequency value;

maintaining the trequency at the predetermined frequency value;

maintaining the output speed of the compressor at a value corresponding to the
predetermined frequency value;

determining if the demand is satisfied;

monitoring the incoming current to the compressor; and,

limiting the output of the compressor bascd on the maximum allowable
ampacity allowed by the first current limiting device; and limiting, by operation of the second
current limiting device, current drawn by the variable speed control system, and thereby
allowing AC current from the AC power source to be distributed to systems in the

recreational vehicle other than the heat pump.
11.  The method of claim 10 further comprising the step of increasing the
frequency of the compressor at the predetermined rate if the demand is not satistied to a

maximum compressor frequency or to a maximum control system ampacity.

12, The method of claim 11, wherein the predetermined frequency value is less

than the maximum frequency of the compressor.

13. A method of heating or cooling a recreational vehicle with a heat pump

21-
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comprising the steps of:

providing a variable speed control system including, a first transceiver, a
second transceiver communicating with the first transceiver, a power module board
communicating with the second transceiver, a first current limiting deviee, a second current
limiting device, a variable speed compressor, a fan, a compressor board module to convert
incoming single-phase AC power to variable frequency and voltage three-phasc power
communicating with the power board module, and a room temperature sensor to measure the
temperature inside the RV;

measuring the temperature inside the recreational vehicle;

comparing the temperature inside the recreational vehicle with a set point
temperature;

starting the fan;

soft-starting the compressor at a predetermined soft-start frequency;

maintaining the compressor at the predetermined soft-start frequency,

checking for a demand for an increase in heating or cooling requirements;

increasing the frequency of the compressor at a predetermined rate if the
demand for an increase in heating or cooling exists;

increasing the output speed of the compressor;

stopping the increase in frequency of the compressor at a predetermined
frequency valuc;

maintaining the frequency at the predetermined frequency value;

maintaining the output speed of the compressor at a value corresponding to the
predetermined frequency value;

determining if the demand is satisfied;

monitoring the incoming current to the compressor;

18
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limiting the output of the compressor based on the maximum allowable
ampacity allowed by the first current limiting device; and

limiting the output of the compressor based on the maximum allowable
ampacity allowed by the second current limiting device and thereby allowing AC currcnt
from the AC power source to be distributed to systems in the recreational vehicle other than

the heat pump.

14.  The method of claim 13 further comprising the step of increasing the
frequency of the compressor at the predetermined rate if the demand is not satisfied to a

maximum compressor frequency or to a maximum control system ampacity.

15.  The method of claim 14, wherein the predetermined frequency value is less

than the maximum frequency of the compressor.

16. A variable speed control system for a heat pump for a recreational vehicle

substantially as hereinbefore described with reference to any one of the preferred

embodiments illustrated in the accompanying drawings.

17 A method of heating or cooling a recreational vehicle with a heat pump

substantially as hercinbeforc described with reference to any one of the preferred

embodiments illustrated in the accompanying drawings.

19
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