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VSD CONTROL

CROSS-REFERENCE TO RELATED APPLICATION
[0001] Benefit is claimed of U.S. Patent Application Ser. No.
60/623,355, filed October 29, 2004, and entitled "VSC
Control", the disclosure of which is incorporated by reference

herein as if set forth at length.

BACKGROUND OF THE INVENTION
[0002] This invention relates to motor control. More
particularly, the invention relates to control of variable

speed drives for compressor motors.

[0003] In refrigeration applications, a compressor is used to
compress a working fluid (the refrigerant) from initial
(suction) conditions to compressed (discharge) conditions. The
initial conditiong are characterized by a saturated suction
temperature (SST) and the discharge conditions are
characterized by a saturated discharge temperature (SDT). For
a given refrigerant, the compressor (exclusive of the motor
powering it) will have a performance envelope dictated by a
variety of considerations including efficiency and longevity.
This envelope may be approximated by a three dimensional space
whose dimensions are SST, SDT, and a third dimension (e.g., a
compressor speed or a power parameter) indicative of an output
in view of the other two dimensions. Considerations involving
the motor and other components will further restrict the
system operating envelope within the compressor operating

envelope.

[0004] An exemplary compressor is powered by a hermetic motor
which is, in turn, powered by a variable speed drive (VSD).
The VSD supplies an alternating current output voltage at an
output frequency. The VSD receives power from a power supply
(e.g., 460 VAC, 60 Hz). In a basic VSD, the relationship
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between output voltage and output frequency is substantially
fixed and approximately linear. With such a basic VSD and
hermetic motor, the motor speed is a substantially fixed and
approximately linear function of drive frequency. In the
absence of a variable ratio transmission, the ratio of motor
speed to compressor speed will be fixed and may be a simple

1:1 ratio.

[0005] The torque required by the compressor (and thus
supplied by the motor) will essentially be a function of SDT
and SST and will essentially be independent of the third
compressor performance envelope parameter. In the basic
operation, at given SST and SDT, the motor and compressor
speed will be determined by the load (e.g., the air
conditioning load). A given motor speed is associated with a
proportional frequency position on the drive's fixed
voltage/frequency curve (line). At a given point on the
voltage/frequency curve, however, the current draw of the
drive will accordingly be determined by the SST and SDT
values. For example, at a given voltage and frequency, if the
SDT were to increase suddenly, the torque would increase at a
given speed thus necessitating a power increase from the VSD

and, accordingly, a current increase.

[0006] Certain VSD's permit selection of the voltage/frequency
relationship. These are typically preset when the drive is

associated with its motor for a given application.

BRIEF SUMMARY OF THE INVENTION
[0007] One aspect of the invention is to dynamically change
the voltage/frequency characteristic curve (line) with the
intent to allow the compressor/motor/VSD system to operate
over a broader portion of the SST/SDT/speed operating

spectrum.
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[0008] Accordingly, implementations of the invention may
involve a method for controlling a VSD supplying electric
power to a motor to drive a compressor. Within a portion of a
compressor performance envelope, the VSD is operated with a
dynamically changing relationship of voltage to frequency. The
relationship in this portion may be essentially
current-limited by a maximum current of the drive. The
operating may involve operating at a first condition with a
first torque and a ratio of voltage to fregquency having a
first value and with a first current draw that is a maximum
target current draw. Operation transitions from the first
condition to a second condition with a second torque, greater
than the first torque, and with the voltage to frequency ratio
having a second value, greater than the first wvalue. In the
second condition, a second current draw may be essentially no
greater than the first current draw. The second voltage may be
greater than the first voltage and/or the second frequency may

be smaller than the first frequency.

[0009] Various implementations of the invention may involve a
compressor system having a compressor, a motor coupled to the
compressor to drive the compressor and a VSD coupled to the
motor to supply the motor with electric power. A control
system is coupled to the VSD and is programmed to operate the

VSD to supply the power.

[0010] The details of one or more embodiments of the invention
are set forth in the accompanying drawings and the description
below. Other features, objects, and advantages of the
invention will be apparent from the descriptiom and drawings,

and from the claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0011] PIG. 1 is a graph of compressor operating parameters.

[0012] Like reference numbers and designations in the various

5 drawings indicate like elements.
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DETAILED DESCRIPTION

[0013] In a refrigeration system, i1f the compressor physical
and operating parameters are given, control of motor and VSD
operating parameters may be utilized to provide an expanded
envelope of operation. For example, the compressor physical
parameters would include the configuration and size of the
compressor and the nature of its working fluid. The operating
parameters would include the saturated suct ion temperature
(887T) and saturated discharge temperature (SDT) for a target
or other operating environment. These values may serve as

proxies for suction and discharge pressures.

[0014] For a given compressor, the required motor torque will
be a function of the SST and SDT. If these wvalues are fixed,
torque will be essentially fixed. If motor torque is fixed
then the motor power output ig proportional to the motor
(rotational) speed. In a typical system, there is a fixed
linear normal or default voltage/frequency curve (shaft speed

and frequency being essentially related by a constant factor).

[0015] Possibilities arise when different torques are
considered. FIG. 1 shows exemplary compressor operating
conditiong characterized by the saturated discharge
temperature 60 and saturated suction temperature 62 of
refrigerant being compressed. The closed curve 70 contains the
operating points practical for a given compressor/fluid.
Different drive and motor combinations may be selected to
permit operation in some or all of this enwvelope. Where such
combinations serve overlapping portions of that envelope, they
may have different efficiency, cost, or other attributes. By
way of example, FIG. 1 shows a maximum poimt 72 which
corresponds to the highest torque requirement. Point 74
identifies a desired normal operating condition. For example,
in a building air conditioning system the mormal condition may

be associated with interior and exterior temperatures, each
5
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associated with a respective SST and SDT. The operating
envelope may include, as an additional dimension, a compressor

speed range.

[0016] The power input to the motor is given by the equation:
W, =V-I-PF3

where V is voltage, I is current, and PF is the power factor.
If the power factor is constant, then, at fixed power, the

product of voltage and current is constant.

[0017] The power output is:

Wout = 77»1 Win

where 7, 18 the motor efficiency.

[0018] Combining these yields:

WOM[ ':an'J.PFﬁ

[0019] If the motor is idealized as having a fixed resistance

R, the current I is sgimply V/R so that:
. V2
W=, 5 PF3=To

where T is the motor torque and w is the shaft speed.

[0020] Solving for R, this yieldss:

V2
R=7] — PF\3
mn T

[0021] As an approximation, R is treated as a constant even
though it will vary somewhat based upon operating conditions
(especially upon the temperature of the motor windings. Thus

at first and second operating conditions:
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I/IZ
77m1 ]’la)l

PE3=1 s pr 3

Lo,

[0022] If the power factor and efficiency are also treated as
constant (which may be a valid approximation for small

changes), then:

I/l 2 VZZ

Lo, To,

[0023] Consistent with the approximations used, at a fixed

motor speed, there is a small change in required torque:

T (7Y
T

[0024] At a fixed input power, the torque output by the motor

will vary as the inverse of the motor speed. Thus for first
and second operating conditions:

L_o

T o

[0025] Typically, for a given supply voltage (e.g., 230-3-60
or 460-3-60 VAC) VSD’s are rated by maximum current output and
priced accordingly. The maximum output voltage will be limited
by the supply voltage. The VSD may be selected to have the
capacity to operate at the highest torgue and power of the
compressor or at another extreme condition along an
SDT-limited portion 75 of the curve 70 or an SST-limited
portion 76 of the curve 70. For example, if this max. design
point is the point 72, the VSD may be selected to provide a
desired power at such point. If the volts/frequency ratio of
the drive is fixed, the drive will provide enough power to
operate the motor at any other point in the operating envelope

at the same or lower speed.

[0026] Altermatively, however, a smaller VSD may be selected.

In such a situation, the VSD may be operated normally until



10

15

20

25

30

35

WO 2006/050272 PCT/US2005/039287

the maximum current condition is detected (e.g., from a point
78 which is closer to the origin to and perhaps somewhat
beyond the normal point 74 but not to the curve 70). For
example, FIG. 5 shows constant torque curves 80 and 82 through
the aforementioned normal point 74 and an increased SDT point
78, respectively. Attempting to service beyond this point 78
(e.g., toward the point 72) by moving along the normal V/f
curve would involve a current overload. However, the increased
torque may be achieved through increasing the voltage and
decreasing the drive frequency. If the required torque is
increased by the factor of 1.5, the voltage would have to
increase by the square root of that factor and the speed wouldd
change by the inverse of that factor (decrease). Drive and/ox
motor efficiency may decrease which might require further
speed reduction to maintain current below overload conditions.
Accordingly, in portions of the envelope above the line 82,
operation will be at reduced power output. The V/f curve may
be dynamically controlled in this portion of the envelope so
as to provide maximum power without overloading the drive or
motor. Below this curve, operation may be along the normal V /£

curve or along yet alternative V/f curves.

EXAMPLE
[0027] A particular job application specifies that a variable
speed chiller will operate at 42/100 (SST=42F or 51.7psia
suction pressure and SDT=100F or 140psia discharge pressure)
90% of the time, but must also be able to operate at 42/122
(SDT=122F or 191psia discharge pressure) some of the time.
This part-time condition may be achieved at reduced capacity .
For these operating conditions, typical compressor performance
values are as follows. At 42/100, W:=61kW, I;=93A and
T;=112ft-1bf at w; (speed at full capacity). At 42/122,
W,=80KkW, I,=122A and T,=146.9ft-1bf at w, (speed at full
capacity) . Rather than choosing the VSD (variable speed drive)
based on the larger 122-ampere current condition, one could

8
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choose the VSD based on the 93-ampere current condition since
the chiller is not actually required to operate at 42/122 at
w;. In doing this, money could be saved since VSD costs are
proportional to the current output of the drive. For example,
if the nominal fixed volts/frequency proportion of the drive
is 460V/60Hz this wratio can be dynamically changed to meet
higher torque demand conditions at reduced speed. Table 1

shows how this is accomplished.
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[0028] The first row indicates the initial low torqgue 42/100
condition: 112 ftelbf is the maximum torgque that the motor can
deliver at a voltage/frequemcy ratio of 460/60. The second row
indicates the 42/122 high torgque condition: the motor needs to
deliver 146.9ftelbf. Howevex, the current requirement may
exceed that of an economically selected drive. The third row
condition shows the result of an increased voltage at constant
®w to determine the new V/w Tatio (526.8/60 which is the same
as 460/52.39) required to deliver the required 146.9 ftelbf.
The current is accordingly xeduced to 106.5V. The fourth row
condition shows the VSD vol tage set to 460V with 460/52.39
ratio. The fifth row shows the maintenance of the low torgue
power level (61kW) at the 4 60V/52.39Hz ratio (multiply 60 by
the ratio of torques (i.e., 60%*112/146.9) to get the 45.75Hz
frequency) . However, to maintain 93-ampere current and knowing
that at a given speed, voltage is inversely proportional to
current, the new voltage is 401.7 (460%93/106.5). The maximum
torque that the motor can deliver is actually 192.6 ftelbf
(((60/45.75)*460/460)2*112) . The sixth row shows the maximum
torque that the motor could otherwise actually deliver at

l22-amperes current.

[0029] One or more embodiments of the present invention have
been described. Nevertheless, it will be understood that
various modifications may ke made without departing from the
spirit and scope of the inwvention. For exampie, the
drive/motor control may take into account additional factors
beyond those discussed and, thereby, further balance the
results achieved. Accordingly, other embodiments are within

the scope of the following claims.

11
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CLAIMS

What is claimed is:
1. A method for controlling a variable speed drive supplying
electric power of a voltage and frequency to a motor to drive
a compressor operating within a compressor performance
envelope, the method comprising:

within a portion of the envelope, operating the drive
with a dynamically changing relationship of said voltage to
said frequency so as to operate the compressor ovex a range of
relative suction and discharge conditions unavailalole at a

fixed default voltage to frequency relationship.

2. The method of claim 1 wherein said relationshdip in said
portion being essentially current limited by a maxdimum current

of the drive.

3. The method of claim 1 wherein the operating comprises:

operating at a first condition with a first torque and
with a ratio of said voltage to said frequency having a first
value and with a first current draw that is a maximmum target
current draw; and

transitioning from the first condition to a second
condition with a second torque, greater than the £ irst torque,
and with a ratio of said voltage to said frequency having a

second value, greater than the first wvalue.

4., The method of claim 3 wherein:
in the second condition, a second current draw is

essentially no greater than the first current draw .
5. The method of claim 3 wherein at least one off:

the second voltage is greater than the first voltage; and

the second frequency is smaller than the first frequency.

iz
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6. A system for controlling a variable speed drive (VSD)
supplying electric power to a motor to driwve a load within a
performance envelope, the system comprising an electronic
controller programmed to operate the VSD to supply the
electric power:

in a first portion of the envelope, operating the VSD
below a limit on a current draw of the driwve; and

in a second portion of the envelope, operating the VSD
essentially at the limit on current draw amd with varying

voltage to frequency ratio.

7. The system of claim 6 wherein:

in the first portion, the operating is with a voltage to
frequency ratio of an essentially fixed fixst value; and

in the second portion, the operating s at least
partially at motor torgue conditions where the drive would not

be effective to drive the motor at the ratdio first wvalue.

8. The system of claim 6 wherein:

in the first portion, the operating is with a voltage to
frequency ratio of an essentially fixed fixst value; and

in the second portion, the operating is at a voltage to

frequency ratio greater than the first valwue..

13
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