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Description

TECHNICAL FIELD

[0001] The present invention relates to a variable inner
volume ratio-mode inverter screw compressor in which
an inner volume ratio, the ratio between suction capacity
and discharge capacity of a screw compressor, is made
variable such as disclosed in JP 59-211790.

BACKGROUND ART

[0002] There is conventionally provided a variable in-
ner volume ratio-mode inverter screw compressor shown
in Fig. 7 (for example, see JP 3159762 B2) as a variable
inner volume ratio-mode inverter screw compressor in
which an inner volume ratio thereof is variable.
[0003] According to this variable inner volume ratio-
mode inverter screw compressor, when the inner volume
ratio is required to be changed, a stepping motor 1 rotates
a rod 2 to cause a variable VI (inner volume ratio) valve
3 to move backward, for example. At that time, a capacity
controlling valve 4 moves backward together with the var-
iable VI valve 3 moving backward, and when the variable
VI valve 3 is fixed at a new set position, the capacity
controlling valve 4 is fixed again on contact with the var-
iable VI valve 3. Thus, a tip part of the capacity control
valve 4 retreats to a position corresponding to the inner
volume ratio after change to set an opening degree of a
discharge port 5.
[0004] In this case, a pressure Pd1 is detected which
is generated immediately before the space which is
formed by a rotor and the inner wall of a casing 7 during
operation communicates with a discharge space, and the
inner volume ratio is specified by giving a signal to a
stepping motor 1 so as to minimize a difference ΔP be-
tween this detection pressure Pd1 and discharge pres-
sure Pd2. Otherwise, the inner volume ratio is specified
by trend-analyzing parameters such as inlet pressure
and discharge pressure during operation with a control
device 10 to estimate optimum inner volume ratio and to
give the stepping motor 1 a signal which indicates this
optimum inner volume ratio.
[0005] In the structure described above, fluid, which is
sucked from an suction port 6, is compressed by male
and female rotors (not shown) in the casing 7 and is then
discharged via the discharge port 5 to a discharge open-
ing 8.
[0006] When the load applied to the variable inner vol-
ume ratio-mode inverter screw compressor varies in this
situation so that capacity control is required, a hydraulic
pressure piston 9 moves forward to make the capacity
control valve 4 advance as far as a required distance
based on the control command. Therefore, a gap is gen-
erated between the variable VI valve 3 and the capacity
control valve 4. The fluid on the way of its compression
is bypassed to the suction side through the gap between
the variable VI valve 3 and the capacity control valve 4.

[0007] However, the conventional variable inner vol-
ume ratio-mode inverter screw compressor disclosed in
JP 3159762 B2 has the following problems.
[0008] That is, the variable inner volume ratio technol-
ogy for the conventional variable inner volume ratio-
mode inverter screw compressor makes the inner volume
ratio of the compressed gas discharged from the dis-
charge port 5 variable to achieve the highest compressor
efficiency according to the high/low pressure conditions
during operation, but the setting thereof corresponds to
a full-load capability condition (100% load). It is disad-
vantageous in that the conventional variable inner vol-
ume ratio-mode inverter screw compressor is inefficient
since capability regulation (unload control) is performed
under a partial load capability condition (part-load) by
bypassing the fluid on the way of its compression to the
suction side through the gap between the variable VI
valve 3 and the capacity control valve 4.
[0009] It is also disadvantageous in that the valve con-
trol mechanism of the conventional variable inner volume
ratio-mode inverter screw compressor is complex since
the variable VI valve 3 for changing inner volume ratio
and the capacity control valve 4 for controlling capacity
are provided so that the controlling mechanism of the
variable VI valve 3 for the time when inner volume ratio
is changed and the controlling mechanism of the capacity
control valve 4 for the time when capacity is controlled
are required to be provided separately.

DISCLOSURE OF THE INVENTION

[0010] Accordingly, it is an object of the present inven-
tion to provide a variable inner volume ratio-mode invert-
er screw compressor which constantly achieves the high-
est efficient operation corresponding to a load (operating
condition).
[0011] In order to achieve the above object, a variable
inner volume ratio-mode inverter screw compressor of
the present invention comprises the features recited in
claim 1 or in claim 2.
[0012] According to the above structure, when com-
pression capability is regulated corresponding to a load,
the rotational frequency of the electric motor is controlled
by the inverter. Capability is thus regulated without per-
forming unload control. And the opening degree of the
variable inner volume ratio valve is controlled to set the
completion time of a compression step in the screw com-
pression section to achieve the highest compressor effi-
ciency according to the regulated rotational frequency of
the electric motor. As a result, the highest efficient oper-
ation is constantly achieved corresponding to a load.
[0013] A variable inner volume ratio-mode inverter
screw compressor of the present invention comprises a
control section controlling an opening degree of the var-
iable inner volume ratio valve based on suction side pres-
sure and discharge side pressure of the screw compres-
sion section and rotational frequency of the electric mo-
tor.
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[0014] According to the above structure, when the in-
ner volume ratio is variable, the opening degree of the
variable inner volume ratio valve is controlled by the con-
trol section based on the suction side pressure and the
discharge side pressure in the screw compression sec-
tion and the rotational frequency of the electric motor.
Therefore, the inner volume ratio is accurately and easily
controlled so that the inner volume ratio achieves the
highest compressor efficiency corresponding to the ro-
tational frequency of the electric motor adjusted by the
inverter by using a prescribed relation of a compression
ratio, the rotational frequency of the electric motor and
optimum inner volume ratio.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

Fig. 1A and Fig. 1B are structural diagrams showing
a substantial part of a variable inner volume ratio-
mode inverter screw compressor of the present in-
vention;
Fig. 2 is a view showing a capability/inner volume
ratio control system of the variable inner volume ra-
tio-mode inverter screw compressor shown in Fig. 1;
Fig. 3 is a view showing a capability/inner volume
ratio control system which is different from the ca-
pability/inner volume ratio control system of Fig. 2;
Fig. 4 is a view showing a relation of compression
ratio and optimum inner volume ratio at each oper-
ation frequency;
Fig. 5 is a view showing the relation of freezing ca-
pability and compressor efficiency at each compres-
sion ratio;
Fig. 6A and Fig. 6B are views showing the relation
of inner volume and pressure of a screw-type com-
pressor; and
Fig. 7 is a cross-sectional view of a conventional var-
iable inner volume ratio-mode inverter screw com-
pressor.

BEST MODE FOR CARRYING OUT THE INVENTION

[0016] Hereinafter, this invention will be described in
detail by way of preferred embodiments shown in the
accompanying drawings. Fig. 1 is a schematic structural
diagram showing a variable inner volume ratio-mode in-
verter screw compressor of this embodiment. It is to be
noted that Fig. 1A shows the case when inner volume
ratio is low and Fig. 1B shows the case when inner volume
ratio is high.
[0017] In Figs. 1A and 1B, reference numeral 11 de-
notes an electric motor, which has a stator 12 fixed on a
casing (not shown) and a rotor 13 rotating and fixed on
one edge side of a main shaft 14. The electric motor 11
is driven by an inverter 15. Both ends of the main shaft
14 are supported by bearings 16 and 17, and a screw
rotor 18 is fixed on the other edge side of the main shaft

14. When the main shaft 14 is rotated by the electric
motor 11, the screw rotor 18 rotates and suction gas is
compressed by the screw groove (not shown) on the out-
er circumferential surface of the screw rotor. There is
provided a discharge port 20 of a prescribed length in an
axial direction, a cylindrical slide valve 19 is arranged to
face the outer circumferential surface of the screw rotor
18, and the gas compressed by the screw rotor 18 is
discharged from the discharge port 20.
[0018] One end of a plurality of rods 22, which are sl-
idably supported by a supporting plate 21, is fixed on an
end face of the slide valve 19 opposite the electric motor
11 side. The other end of the respective rods 22 is fixed
on one coupling plate 23. A cylinder 24 is arranged at
the center of the surface of the supporting plate 21 op-
posite the screw rotor 18 side, and the coupling plate 23
is fixed on a tip part of a piston rod 26 which is fixed on
a side opposite to the screw rotor 18 side of a piston 25
contained in the cylinder 24. The slide valve 19 thus
moves in an axial direction through the piston rod 26, the
coupling plate 23 and the rod 22 as the piston 25 moves
in an axial direction.
[0019] Working fluid, which is supplied to operating
chambers located at both sides of the piston 25 in the
cylinder 24, is controlled by a fluid control device 28
based on a control signal from a compression section
controller 27. It is to be noted that the specific structure
of the fluid control device 28 is not limited provided that
the fluid control device 28 is constituted such that the
piston 25 moves toward the screw rotor 18 as shown in
Fig. 1A when inner volume ratio is reduced, whereas the
piston 25 moves apart from the screw rotor 18 as shown
in Fig. 1B when inner volume ratio is raised.
[0020] In the variable inner volume ratio-mode inverter
screw compressor as constituted above, capability reg-
ulation to a load is performed by a revolution number
control of the electric motor 11 by an inverter 15. This
eliminates unload control when the capability is regulat-
ed, and preventing operational efficiency from lowering.
Furthermore, a capacity control valve for capacity control
is also eliminated, simplifying a valve control mechanism.
[0021] Meanwhile, the position of the slide valve 19 for
the variable inner volume ratio is controlled by the com-
pression section controller 27 so as to achieve the highest
compressor efficiency corresponding to operating con-
dition. When a low inner volume ratio command is issued,
compressed gas is quickly discharged by moving the
slide valve 19 (that is, a starting position of the discharge
port 20) in an axial direction toward the electric motor 11
to advance the completion time of a compression step in
the compression section. On the other hand, when a high
inner volume ratio command is issued, compressed gas
is slowly discharged by moving the slide valve 19 (that
is, the starting location of the discharge port 20) in an
axial direction toward the piston 25 to delay the comple-
tion time of a compression step in the compression sec-
tion. That is, according to this embodiment, the variable
inner volume ratio valve is composed of the slide valve

3 4 



EP 1 553 300 B1

4

5

10

15

20

25

30

35

40

45

50

55

19.
[0022] As described above, when the revolution
number of the electric motor 11 is set by the inverter 15
and the position of the slide valve 19 is set by the com-
pression section controller 27, the suction gas sucked
from a suction port is introduced to the screw rotor 18
through the electric motor 11. The suction gas is then
compressed by the screw groove formed on the outer
circumferential surface of the screw rotor 18 to be dis-
charged from the discharge port 20 of the slide valve 19.
[0023] A description will hereinafter be given for the
revolution number control of the electric motor 11 and
the position control of the slide valve 19 according to this
embodiment.
[0024] Fig. 2 is a view showing a capability/inner vol-
ume ratio control system of this variable inner volume
ratio-mode inverter screw compressor. In Fig. 2, a de-
scription is given for a screw compressor 31 mounted on
a refrigerator, for heating coolant by compression as an
example.
[0025] The refrigerator is composed of a screw com-
pressor 31, a condenser 32, an expansion valve 33 and
an evaporator 34, which are annularly connected in or-
der. The high temperature-high pressure coolant dis-
charged from the screw compressor 31 is condensed by
heat exchange with cold water or air in the condenser
32, and becomes low temperature-high pressure liquid
coolant to be supplied to the expansion valve 33. The
low temperature-low pressure liquid coolant reduced in
pressure in the expansion valve 33 evaporates by heat
exchange with water in the evaporator 34 and becomes
low pressure gas to return to the screw compressor 31.
The cold water cooled in the evaporator 34 is used for
cooling.
[0026] A temperature sensor 35 is mounted on the
coolant pipe of the evaporator 34, and a detection signal,
which indicates cold-water temperature Tw from the tem-
perature sensor 35, is inputted into a revolution number
output section 37 of a control device 36. The revolution
number output section 37 then calculates a rotational fre-
quency Hz of the electric motor 11 to obtain freezing ca-
pability required based on the difference between the
inputted detection signal i.e. cold water temperature Tw
as load side information and a preset temperature for
example, and outputs the result to an optimum inner vol-
ume ratio output section 38 of the control device 36 and
the inverter 15. The inverter 15 controls the revolution
number of the electric motor 11 based on the received
rotational frequency Hz. Regulating capability to a load
is thus performed.
[0027] On the other hand, a low-pressure side pres-
sure sensor 40 is mounted on the suction side of the
screw compression section 39 which includes the screw
rotor 18 and the slide valve 19, and a high-pressure side
pressure sensor 41 is mounted on the discharge side
thereof. The detection signal for indicating a low pressure
LP from the low-pressure side pressure sensor 40 and
the detection signal for indicating a high pressure HP

from the high-pressure side pressure sensor 41 are then
inputted into the optimum inner volume ratio output sec-
tion 38. The optimum inner volume ratio output section
38 detects the operating condition after setting the rev-
olution number of the electric motor 11, based on the low
pressure LP on the suction side and the high pressure
HP on the discharge side which are based on the inputted
detection signals. The optimum inner volume ratio output
section 38 then performs arithmetic processing based on
the low pressure LP, the high pressure HP and the rota-
tional frequency Hz from the revolution number output
section 37 and calculates the optimum inner volume ratio
in the present rotational frequency Hz to output the result
to the compression section controller 27. Consequently,
the compression section controller 27 controls the oper-
ation of the fluid control device 28 based on the received
inner volume ratio. The inner volume ratio control is thus
performed corresponding to operating condition.
[0028] When the structure of the fluid control device
28 has an element which operates in proportion to the
movement of the slide valve 19 in an axial direction (an
external driving motor for operating a pilot valve and the
like), the position of the slide valve 19 can be detected
based on the operation position of the element. In this
case, the detection signal indicating the position SV of
the slide valve 19 and coming from the fluid control device
28 is inputted into the optimum inner volume ratio output
section 38 directly or alternatively through the compres-
sion section controller 27. The optimum inner volume ra-
tio output section 38 obtains the present inner volume
ratio value based on the received position SV of the slide
valve 19 to feedback control the optimum inner volume
ratio value. This allows the variable inner volume ratio to
be controlled accurately.
[0029] It is to be noted that when the structure of the
fluid control device 28 (the structure being composed of
piping and an electromagnetic valve, for example) cannot
detect the position of the slide valve 19, the optimum
inner volume ratio output section 38 cumulates output
inner volume ratio values from startup. Feedback control
is performed by taking the cumulated inner volume ratio
value as the present inner volume ratio value to calculate
a controlled variable ΔVI to optimum inner volume ratio
value.
[0030] Fig. 3 is a view showing a capability/inner vol-
ume ratio control system which is different from the ca-
pability/inner volume ratio control system of Fig. 2. Also
in Fig. 3, the screw compressor 31 is mounted on the
refrigerator. A control device 51 and an inverter 54 are
constituted differently from the control device and the in-
verter of Fig. 2. Hereinafter, a description will be given
mainly for the operations of the control device 51 and the
inverter 54, and the members identical to the members
shown in Fig. 2 have the same reference numbers as
those in Fig. 2.
[0031] Similarly to the case of Fig. 2, the detection sig-
nal from a temperature sensor 35 which indicates cold-
water temperature Tw is inputted into a revolution
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number output section 52 of the control device 51. The
detection signal from the low-pressure side pressure sen-
sor 40 which indicates the low pressure LP and the de-
tection signal from the high-pressure side pressure sen-
sor 41 which indicates the high pressure HP are inputted
into an optimum inner volume ratio output section 53 of
the control device 51. The revolution number output sec-
tion 52 then calculates the rotational frequency Hz of the
electric motor 11 to obtain required freezing capability
based on cold-water temperature Tw, and the revolution
number of the electric motor 11 is controlled by the in-
verter 54. Regulating capability to a load is thus per-
formed.
[0032] The inverter 54 of this embodiment can detect
the driving voltage V and driving current A (or driving
power W) of the electric motor 11, and sends these de-
tected driving voltage V and driving current A (or driving
power W) back to the revolution number output section
52. The calculated rotational frequency Hz and the re-
ceived driving voltage V and driving current A (or driving
power W) are transmitted to the optimum inner volume
ratio output section 53 by the revolution number output
section 52.
[0033] Then, the optimum inner volume ratio output
section 53, similarly to the case of Fig. 2, performs arith-
metic processing based on the low pressure LP and high
pressure HP from the pressure sensors 40 and 41, the
rotational frequency Hz from the revolution number out-
put section 52 and the position SV of the slide valve’ 19
from the fluid control device 28, to calculate the controlled
variable ΔVI to optimum inner volume ratio and to output
the result to the compression section controller 27.
[0034] Furthermore in this embodiment, the change
transition of the driving voltage V and driving current A
(or driving power W) from the revolution number output
section 52 are stored in the optimum inner volume ratio
output section 53. And the inner volume ratio is controlled
so that the driving voltage V and driving current A (or
driving power W) are minimized as the inner volume ratio
control is repeated.
[0035] Afterward, similarly to the case of Fig. 2, the
operation of the fluid control device 28 is controlled by
the compression section controller 27 based on the re-
ceived controlled variable ΔVI to feedback control the
inner volume ratio corresponding to operating condition.
[0036] It is to be noted that in this case, similarly to the
case of Fig. 2, when the structure of the fluid control de-
vice 28 cannot detect the position of the slide valve 19,
the optimum inner volume ratio output section 53 calcu-
lates the controlled variable ΔVI of the optimum inner
volume ratio value by taking a cumulated inner volume
ratio value obtained by cumulating output inner volume
ratio values from startup as the present inner volume
ratio value.
[0037] In the optimum inner volume ratio output sec-
tions 38 and 53 of the control devices 36 and 51 shown
in Fig. 2 and Fig. 3, arithmetic processing is performed
to calculate controlled variable ΔVI to optimum inner vol-

ume ratio. However, the low pressure LP from the low-
pressure side pressure sensor 40, the high pressure Hp
from the high-pressure side pressure sensor 41 and the
rotational frequencies Hz from the revolution number out-
put sections 37 and 52 are stored in a memory in order.
It is also possible that low pressure LP, high pressure
HP and rotational frequency Hz are compared with the
low pressure LP, high pressure HP and rotational fre-
quency Hz in the previous inner volume ratio operation
so as to obtain controlled variable Δ VI to optimum inner
volume ratio based on the change transition.
[0038] Fig. 4 shows the relation of the compression
ratio indicated by the ratio (HP/LP) of the high pressure
HP from the high-pressure side pressure sensor 41 to
the low pressure LP from the low-pressure side pressure
sensor 40 and the optimum inner volume ratio at each
operation frequency Hz (=30 Hz, 60 Hz, 90 Hz). In Fig.
4, a straight line shows a theoretical value of the optimum
inner volume ratio indicated by VI=(HP/LP)1/k (k: coolant
specific heat ratio). This relation of the compression ratio,
the optimum inner volume ratio and the operation fre-
quency Hz is obtained at each coolant to include the re-
lation to an arithmetic expression used when arithmetic
processing is performed by the optimum inner volume
ratio output sections 38 and 53 shown in Fig. 2 and Fig. 3.
[0039] This allows controlled variable ΔVI to optimum
inner volume ratio in the present rotational frequency Hz
to be calculated accurately by the arithmetic processing
of the optimum inner volume ratio output sections 38 and
53.
[0040] Thus, in this embodiment, the electric motor 11
in the screw compressor is inverter-driven by the inverter
15. The position of the slide valve 19 in an axial direction
specifying the starting position of discharge is controlled
by controlling the working fluid supplied to the operating
chamber in the cylinder 24 by the fluid control device 28
based on the control signal from the compression section
controller 27.
[0041] Regulating of capability to a load is performed
by calculating rotational frequency Hz by the revolution
number output sections 37 and 52 constituting part of the
control devices 36 and 51 to obtain freezing capability
required for cold water temperature Tw as load side in-
formation and then by controlling so that the revolution
number of the electric motor 11 becomes the rotational
frequency Hz under the control of the inverter 15 and 54.
Therefore, the need for unload control is eliminated when
capability regulation is performed, with the result that the
operational efficiency is prevented from lowering. Fur-
thermore, a capacity control valve for capacity control is
eliminated, with the result that the valve control mecha-
nism is simplified.
[0042] The variable inner volume ratio is obtained by
performing arithmetic processing based on the low pres-
sure LP of the suction side, the high pressure HP of the
discharge side and the rotational frequency Hz by the
optimum inner volume ratio output sections 38 and 53 of
the control devices 36 and 51 to calculate optimum inner
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volume ratio (or ΔVI) in the present rotational frequency
Hz, and to determine the starting position of discharge
by setting the position of the slide valve 19 in an axial
direction by the compression section controller 27 and
the fluid control device 28. Therefore, inner volume ratio
can be set so that compressor efficiency is maximized
corresponding to the rotational frequency Hz of the elec-
tric motor 11.
[0043] According to this embodiment, when the rota-
tional frequency Hz of the screw compressor 31 is con-
trolled to regulate capability to a load, the decline in com-
pressor efficiency can be minimized.
[0044] Fig. 5 shows the relation of freezing capability
and compressor efficiency. The horizontal axis indicates
freezing capability Q, in which the freezing capability of
a conventional variable inner volume ratio-mode screw
compressor using variable inner volume ratio and unload
control together at a frequency of 60 Hz is expressed as
100% in percentage. On the other hand, the vertical axis
indicates compressor efficiency. The above compression
ratio varies from 2.1, 3.9, 5.5 to 7.9.
[0045] According to the figure, in the case of the vari-
able inner volume ratio-mode inverter screw compressor
which employs the variable inner volume ratio and the
inverter control of this embodiment together, compressor
efficiency is improved at any compression ratio in the
freezing capability Q equal to or lower than 100% as com-
pared to the case of the conventional variable inner vol-
ume ratio-mode screw compressor which employs vari-
able inner volume ratio and unload control together. In
addition, as freezing capability is lower, compressor ef-
ficiency become more improved, with the result that a
larger effect is gained. In the case of this variable inner
volume ratio-mode inverter screw compressor, capability
regulation to a load is controlled by the inverter. There-
fore, capability regulation equal to or higher than 100%
can be performed. It is to be noted that a conventional
screw compressor, which performs capability regulation
to a load by unload control, cannot naturally perform ca-
pability regulation equal to or higher than 100%.
[0046] In the case of a screw compressor, the differ-
ence of internal pressures is generated by rotational fre-
quency even under the identical pressure condition,
which means that each optimum inner volume ratio value
exists corresponding to each frequency. Figs. 6A and 6B
show the relation of inner volume and pressure in the
case at a frequency of 30 Hz (Fig. 6A) and the case at a
frequency of 90 Hz (Fig. 6B). The broken lines in the
figures are curved lines which show the relation of inner
volume and pressure in the case of the fixed inner volume
ratio in which inner volume ratio is fixed to the optimum
inner volume ratio value for a frequency of 60 Hz. It is to
be noted that the dashed lines are curved lines which
show the relation of inner volume and pressure during
theoretical adiabatic compression. In the fixed inner vol-
ume ratio, when a frequency is 30 Hz, short of compres-
sion is generated at Point (A) so that the pressure is dras-
tically reduced. When a frequency is 90 Hz, excess of

compression is generated at Point (B) so that the pres-
sure is substantially increased compared to theoretical
value. Thus, an inverter is not simply applicable to ca-
pacity control of a screw compressor.
[0047] However, as in this embodiment, short of com-
pression generated when inner volume ratio is fixed in
the case of a frequency of 30 Hz is not caused and the
pressure variation range is narrowed by making inner
volume ratio variable as shown in full line. Also, excess
of compression generated when inner volume ratio is
fixed in the case of a frequency of 90 Hz can be solved
and the pressure range can be narrowed.
[0048] It is to be noted that this embodiment has de-
scribed based on the case in which the capability/inner
volume ratio control system of this variable inner volume
ratio-mode inverter screw compressor is applied to a re-
frigerator, but the present invention is not limited to this
case. The point is that it is sufficient for the detection
signal which is inputted into the revolution number output
sections 37 and 52 of the control devices 36 and 51 in
Fig. 2 and Fig. 3, to indicate the state of a load.

Claims

1. A variable inner volume ratio-mode inverter screw
compressor comprising:

- a variable inner volume ratio valve (19) chang-
ing completion time of a compression step in a
screw compression section (39) to make inner
volume ratio variable;
- an electric motor (11) rotationally driving the
screw compression section (39);
- an inverter (54) controlling rotational frequency
of the electric motor (11) corresponding to a load
and detecting driving voltage and driving current
of the electric motor (11); and
- a control section (51, 27, 28) controlling an
opening degree of the variable inner volume ra-
tio valve (19) based on suction side pressure
and discharge side pressure of the screw com-
pression section (39) and rotational frequency
of the electric motor (11), characterised in that
- the control section (51, 27, 28) includes a rev-
olution number output section (52) and an opti-
mum inner volume ratio output section (53),
wherein
- the revolution number output section (52) cal-
culates a rotational frequency of the electric mo-
tor (11) to obtain required freezing capability
based on temperature detected by a tempera-
ture sensor (35) and outputs a signal represent-
ing the rotational frequency to the inverter (54)
and the optimum inner volume ratio output sec-
tion (53); and
- the optimum inner volume ratio output section
(53) makes a signal for controlling the opening
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degree of the variable inner volume ratio valve
(19) based on the suction side pressure, the dis-
charge side pressure, the signal representing
the rotational frequency, the driving voltage and
the driving current of the electric motor (11), and
a position of the variable inner volume ratio valve
(19).

2. A variable inner volume ratio-mode inverter screw
compressor, comprising:

- a variable inner volume ratio valve (19) chang-
ing completion time of a compression step in a
screw compression section (39) to make inner
volume ratio variable;
- an electric motor (11) rotationably driving the
screw compression section (39);
- an inverter (54) controlling rotational frequency
of the electric motor (11) corresponding to a load
and detecting driving power of the electric motor
(11); and
- a control section (51, 27, 28) controlling an
opening degree of the variable inner volume ra-
tio valve (19) based on suction side pressure
and discharge side pressure of the screw com-
pression section (39) and rotational frequency
of the electric motor (11), charaterised in that
- the control section (51, 27, 28) includes a rev-
olution number output section (52) and an opti-
mum inner volume ratio output section (53),
wherein
- the revolution number output section (52) cal-
culates a rotational frequency of the electric mo-
tor (11) to obtain required freezing capability
based on temperature detected by a tempera-
ture sensor (35) and outputs a signal represent-
ing the rotational frequency to the inverter (54)
and the optimum inner volume ratio output sec-
tion (53); and
- the optimum inner volume ratio output section
(53) makes a signal for controlling the opening
degree of the variable inner volume ratio valve
(19) based on the suction side pressure, the dis-
charge side pressure, the signal representing
the rotational frequency, the driving power of the
electric motor (11), and a position of the variable
inner volume ratio valve (19).

Patentansprüche

1. Wechselrichter-Schraubenverdichter mit variablem
Innenvolumen umfassend:

- ein variables-Innenvolumenverhältnis-Ventil
(19) zum Ändern einer Ausführungszeit eines
Verdichtungsschritts in einem Schraubenver-
dichtungsbereich (39), um das Innenvolumen-

verhältnis variabel zu machen;
- einen elektrischen Motor (11), der den Schrau-
benverdichtungsbereich (39) rotierend antreibt;
- einen Wechselrichter (54) zum Steuern der Ro-
tationsfrequenz des elektrischen Motors (11) in
Übereinstimmung mit einer Last und zum Erfas-
sen einer Antriebsspannung und eines Antriebs-
stroms des elektrischen Motors (11); und
- einen Steuerbereich (51, 27, 28) zum Steuern
eines Öffnungsgrades des variables-Innenvolu-
menverhältnis-Ventils (19) basierend auf an-
saugseitigem Druck und abgabeseitigem Druck
des Schraubenverdichtungsbereichs (39) und
der Rotationsfrequenz des elektrischen Motors
(11), dadurch gekennzeichnet, dass
- der Steuerbereich (51, 27, 28) einen Umdre-
hungsanzahl-Ausgabebereich (52) und einen
Optimal-Innenvolumenverhältnis-Ausgabebe-
reich (53) beinhaltet, wobei der Umdrehungsan-
zahl-Ausgabebereich (52) eine Rotationsfre-
quenz des elektrischen Motors (11) berechnet,
um eine geforderte Kühlleistung basierend auf
einer von einem Temperatursensor (35) erfass-
ten Temperatur zu erreichen und ein Signal, wel-
ches die Rotationsfrequenz darstellt, an den
Wechselrichter (54) und den Optimal-Innenvo-
lumenverhältnis-Ausgabebereich (53) ausgibt;
und
- der Optimal-Innenvolumenverhältnis-Ausga-
bebereich (53) ein Signal erzeugt zum Steuern
des Öffnungsgrades des variables-Innenvolu-
menverhältnis-Ventils (19) basierend auf dem
Ansaugseitendruck, dem Abgabeseitendruck,
dem Signal, welches die Rotationsfrequenz dar-
stellt, der Antriebspannung und dem Antriebs-
strom des elektrischen Motors (11) und einer
Position des variables-Innenvolumenverhält-
nis-Ventils (19).

2. Wechselrichter-Schraubenverdichter mit variablem
Innenvolumen umfassend:

- ein variables-Innenvolumenverhältnis-Ventil
(19) zum Ändern einer Ausführungszeit eines
Verdichtungsschritts in einem Schraubenver-
dichtungsbereich (39), um das Innenvolumen-
verhältnis variabel zu machen;
- einen elektrischen Motor (11), der den Schrau-
benverdichtungsbereich (39) rotierend antreibt;
- einen Wechselrichter (54) zum Steuern der Ro-
tationsfrequenz des elektrischen Motors (11) in
Übereinstimmung mit einer Last und zum Erfas-
sen einer Antriebsleistung des elektrischen Mo-
tors (11); und
- einen Steuerbereich (51, 27, 28) zum Steuern
eines Öffnungsgrades des variables-Innenvolu-
menverhältnis-Ventils (19) basierend auf an-
saugseitigem Druck und abgabeseitigem Druck
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des Schraubenverdichtungsbereichs (39) und
der Rotationsfrequenz des elektrischen Motors
(11), dadurch gekennzeichnet, dass s
- der Steuerbereich (51, 27, 28) einen Umdre-
hungsanzahl-Ausgabebereich (52) und einen
Optimal-Innenvolumenverhältnis-Ausgabebe-
reich (53) beinhaltet, wobei
- der Umdrehungsanzahl-Ausgabebereich (52)
eine Rotationsfrequenz des elektrischen Motors
(11) berechnet, um eine geforderte Kühlleistung
basierend auf einer von einem Temperatursen-
sor (35) erfassten Temperatur zu erreichen und
ein Signal, welches die Rotationsfrequenz dar-
stellt, an den Wechselrichter (54) und den Op-
timal-Innenvolumenverhältnis-Ausgabebe-
reich (53) ausgibt; und
- der Optimal-Innenvolumenverhältnis-Ausga-
bebereich (53) ein Signal erzeugt zum Steuern
des Öffnungsgrades des variables-Innenvolu-
menverhältnis-Ventils (19) basierend auf dem
Ansaugseitenduck, dem Abgabeseitendruck,
dem Signal, welches die Rotationsfrequenz ver-
körpert, der Antriebsleistung des elektrischen
Motors (11) und einer Position des variables-
Innenvolumenverhältnis-Ventils (19).

Revendications

1. Compresseur à vils pour inverseur à mode de rap-
port volumique interné variable comprenant :

- une soupape de rapport volumique interne va-
riable (19) qui change le temps de réalisation
d’une étape de compression dans une section
de compression à vis (39) pour faire varier un
rapport volumique interne ;
- un moteur électrique (11) commandant en ro-
tation la section de compression à vis (39) ;
- un inverseur (54) commandant la fréquence
de rotation du moteur électrique (11) correspon-
dant à une charge et détectant la tension de
commande et le courant de commande du mo-
teur électrique (11) ; et
- une section de commande (51, 27, 28) com-
mandant un degré d’ouverture de la soupape de
rapport volumique interne variable (19) en fonc-
tion de la pression côté aspiration et de la pres-
sion côte décharge de la section de compres-
sion à vis (39) et la fréquence de rotation du
moteur électrique (11), caractérisé en ce que
- la section de commande (51, 27, 28) comporte
une section de sortie de nombre de révolutions
(52) et une section de sortie de rapport volumi-
que interne optimum (53), dans laquelle
- la section de sortie e nombre de révolutions
(52) calcule une fréquence de rotation du moteur
électrique (11) pour obtenir une capabilité de

congélation requise en fonction d’une tempéra-
ture détectée par un capteur de température
(35) et produit en sortie un signal représentant
la fréquence de rotation vers l’inverseur (54) et
la section de sortie de rapport volumique interne
optimum (53) ; est
- la section de sortie de rapport volumique inter-
ne optimum (53) produis un signal pour com-
mander le degré d’ouverture de la soupape de
rapport volumique interne variable (19) en fonc-
tion de la pression côté aspiration, de la pression
côte décharge, du signal représentant la fré-
quence de rotation, de la tension de commande
et du courant de commande du moteur électri-
que (11), et d’une position de la soupape de rap-
port volumique interne variable (19).

2. Compresseur à vis pour inverseur à mode de rapport
volumique interne variable comprenant :

- une soupape de rapport volumique interne va-
riable (19) qui change le temps de réalisation
d’une étape de compression dans une section
de compression à vis (39) pour faire varier un
rapport volumique interne ;
- un moteur électrique (11) commandant en ro-
tation la section de compression à vis (39)
- un inverseur (54) commandant la fréquence
de rotation du moteur électrique (11) correspon-
dant à une charge et détectant la tension de
commande et le courant de commande du mo-
teur électrique (11) ; et
- une section de commande (51, 27, 28) com-
mandant un degré d’ouverture de la soupape de
rapport volumique interne variable (19) en fonc-
tion de la pression côté aspiration et de la pres-
sion côté décharge de la section de compres-
sion à vis (39) et de la fréquence de rotation du
moteur électrique (11), caractérisé en ce que
- la section de commande (51, 27, 28) comporte
une section de sortie de nombre de révolutions
(52) et une section de sortie de rapport volumi-
que interne optimum (53), dans lequel
- la section de sortie de nombre de révolutions
(52) calcule une fréquence de rotation du moteur
électrique (11) pour obtenir une capabilité de
congélation requise en fonction d’une tempéra-
ture détectée par un capteur de température
(35) et produit en sortie un signal représentant
la fréquence de rotation vers l’inverseur (54) et
la section de sortie de rapport volumique interne
optimum (53) ; et
- la section de sortie de rapport volumique inter-
ne optimum (53) produit un signal pour comman-
der le degré d’ouverture de la soupape de rap-
port volumique interne variable (19) en fonction
de la pression côté aspiration, de la pression
côté décharge, du signal représentant la fré-
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quence de rotation, de la tension de commande
et du courant de commande du moteur électri-
que (11), et d’une position de la soupape de rap-
port volumique interne variable (19).
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