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(57) ABSTRACT 

An electronic expansion valve includes a valve body, a valve 
seat, and a stepping motor. A valve portion is formed at a 
forward end of the valve body. The valve seat forms a 
variable throttle portion between the valve portion and the 
valve seat by allowing the valve body to move in an axial 
direction. The stepping motor moves the valve portion in 
accordance with a pulse number. At least one part of a side 
Surface of the valve portion is shaped so that an opening 
degree ratio becomes constant. 
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ELECTRONIC EXPANSION VALVE, AND AIR 
CONDITIONER 

TECHNICAL FIELD 

The present invention relates to an electronic expansion 
valve disposed in a refrigerant circuit of an air conditioner, 
and relates to an air conditioner. 

BACKGROUND ART 

A technique disclosed by Patent Document 1 is known as 
an electronic expansion valve. In this technique, a valve 
body is provided with a surface substantially parallel to a 
refrigerant flow path in order to improve the controllability 
of the amount of refrigerant flow in a small flow range. 
When the operation of an air conditioner is in a stable 

period, the amount of refrigerant flow is required to be 
slightly adjusted. However, if an increase in the opening area 
with respect to the minimum movement range of the valve 
body is great, it will be difficult to increase or decrease the 
amount of refrigerant flow only slightly. When the amount 
of refrigerant flow varies exceeding a control allowable 
range, the valve body is repeatedly moved forwardly or 
backwardly to finely adjust the opening degree. 

In a conventional electronic expansion valve, it is possible 
to control the amount of refrigerant flow in a small flow 
range by employing the aforementioned arrangement. How 
ever, a basal part of the valve main body is parallel to the 
side surface of the refrigerant flow path over a predeter 
mined distance, and therefore the opening area can hardly 
vary even if the valve body moves within this range. In other 
words, the amount of refrigerant flow hardly varies in some 
movement places of the valve body, and it is impossible to 
finely adjust the amount of refrigerant flow. 

PRIOR ART DOCUMENT 

Patent Document 

Patent Document 1: Japanese Laid-Open Patent Publication 
No. H10-14842O 

SUMMARY OF THE INVENTION 

Problems that the Invention is to Solve 

An object of the present invention is to provide an 
electronic expansion valve capable of finely adjusting the 
amount of refrigerant flow and provide an air conditioner. 

Means for Solving the Problem 

To achieve the object, according to a first aspect of the 
present invention, an electronic expansion valve is provided 
which includes a valve body whose forward end is provided 
with a valve portion, a valve seat that forms a variable 
throttle portion between the valve portion and the valve seat 
by allowing the valve body to move in an axial direction, and 
a stepping motor that moves the valve body in accordance 
with a pulse number. When an area of a cross section of a 
gap formed between the valve portion and the valve seat and 
that is perpendicular to the axial direction is defined as an 
opening area and when an area ratio between an opening 
area in which the pulse number has not yet been increased 
and decreased and an opening area in which the pulse 
number has already been increased and decreased is defined 
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2 
as an opening degree ratio, at least one part of a side Surface 
of the valve portion is shaped so that the opening degree 
ratio becomes constant. 

According to this arrangement, at least one part of the side 
Surface of the valve portion is shaped so that the opening 
degree ratio becomes constant. Therefore, the opening area 
increases at a fixed ratio when the valve body is moved. 
Therefore, the variation ratio of the amount of refrigerant 
flow becomes constant. Therefore, the amount of refrigerant 
flow can be finely adjusted. It should be noted that “The 
opening degree ratio is constant includes “The opening 
degree ratio is substantially constant.” In other words, 
besides a curved surface shape in which the opening degree 
ratio is constant, Surface in which a plurality of Surfaces are 
included and a borderline of each Surface is disposed on a 
curved surface is included. Additionally, an approximate 
curved Surface approximated to this curved Surface is also 
included. 

Preferably, in the aforementioned electronic expansion 
valve, the side surface of the valve portion is divided into 
three or more regions in the axial direction, and a borderline 
of each of the regions is disposed on a virtual curved surface 
in which the opening degree ratio becomes constant. 

According to this arrangement, the side Surface of each 
region is disposed on the virtual curved surface in which the 
opening degree ratio becomes constant. Therefore, the side 
surface of the valve portion is approximated to the virtual 
curved surface. As a result, the variation ratio of the amount 
of refrigerant flow becomes substantially constant over the 
moving range of the valve portion. Therefore, the amount of 
refrigerant flow can be finely adjusted. 

Preferably, in the aforementioned electronic expansion 
valve, when a length in the axial direction of each of the 
regions is defined as an interval length, the interval length of 
each region becomes smaller toward a forward end of the 
valve portion in order of disposition of the regions. 

According to this arrangement, the side Surface of each 
region is disposed on the virtual curved surface in which the 
opening degree ratio becomes constant. Additionally, the 
interval length of each region becomes Smaller toward the 
forward end of the valve portion in order of disposition of 
the regions. Therefore, the amount of variation with respect 
to the movement amount of the valve portion becomes 
greater in proportion to an increase in the opening degree, 
and becomes Smaller in proportion to a decrease in the 
opening degree. As a result, in a small opening degree range, 
the amount of refrigerant flow can be adjusted with higher 
accuracy than in a large opening degree range. On the other 
hand, there is no need to adjust the amount of refrigerant 
flow with high accuracy in a large opening degree range, and 
therefore the aforementioned arrangement can contribute to 
stabilizing the operation of the electronic expansion valve. 

Preferably, in the aforementioned electronic expansion 
valve, when a maximum value of the opening area is defined 
as a maximum opening area and when a percentage of the 
opening area with respect to the maximum opening area is 
defined as an opening degree, the side Surface of the valve 
portion is divided into a first region that corresponds to a part 
in which the opening degree is from 0% to less than 25%, 
a second region that corresponds to a part in which the 
opening degree is from 25% to less than 50%, a third region 
that corresponds to a part in which the opening degree is 
from 50% to less than 75%, and a fourth region that 
corresponds to a part in which the opening degree is from 
75% to 100%, and the side surface of each region is a side 
Surface shaped in a truncated cone, and the borderline of 
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each region is disposed on a virtual curved Surface in which 
the opening degree ratio becomes constant. 

According to this arrangement, the aspect of the side 
surface of the valve portion varies whenever the valve 
portion moves and the opening degree increases by 25%. 
Additionally, each borderline is disposed on the virtual 
curved Surface in which the opening degree ratio becomes 
constant. Therefore, the valve portion can be more easily 
formed than in a case in which the side surface of the valve 
portion is a curved surface. Additionally, the flow-rate 
variation ratio can be made Substantially constant over the 
moving range of the valve portion. 

Preferably, in the aforementioned electronic expansion 
valve, when a maximum value of the opening area is defined 
as a maximum opening area and when a percentage of the 
opening area with respect to the maximum opening area is 
defined as an opening degree, the side Surface of the valve 
portion is divided into a first region that corresponds to a part 
in which the opening degree is from 0% to less than 20%, 
a second region that corresponds to a part in which the 
opening degree is from 20% to less than 40%, a third region 
that corresponds to a part in which the opening degree is 
from 40% to less than 60%, a fourth region that corresponds 
to a part in which the opening degree is from 60% to less 
than 80%, and a fifth region that corresponds to a part in 
which the opening degree is from 80% to 100%, and the side 
Surface of each region is a side Surface shaped in a truncated 
cone, and the borderline of each region is disposed on a 
virtual curved surface in which the opening degree ratio 
becomes constant. 

According to this arrangement, the aspect of the side 
surface of the valve portion varies whenever the valve 
portion moves and the opening degree increases by 20%. 
Additionally, each borderline is disposed on the virtual 
curved Surface in which the opening degree ratio becomes 
constant. Therefore, the valve portion can be more easily 
formed than in a case in which the side surface of the valve 
portion is a curved surface. Additionally, the flow-rate 
variation ratio can be made Substantially constant over the 
moving range of the valve portion. 

Preferably, in the aforementioned electronic expansion 
valve, a visible outline of a cross section including a valve 
axis of the valve portion satisfies a relation expressed by the 
two following formulas: 

Smax - B. p3 
r = — 

Smax = B. B." 

Numerical Formula 1 

(wherein X is a length from a basal part of the valve seat to 
a part corresponding to radius r in the axial direction of the 
valve portion, Xmax is a length from the basal part to the 
forward end of the valve portion, B is an opening degree 
ratio, Smax is a maximum opening area, and r is a length 
(radius) from the valve axis to the side surface of the valve 
portion). 

According to this arrangement, the side Surface of the 
valve portion is a curved Surface, and the opening degree 
ratio is 3 in the moving range of the valve portion. There 
fore, a variation in the flow rate of a refrigerant can be made 
Substantially constant over the moving range of the valve 
portion. 

To achieve the object, according to a second aspect of the 
present invention, an electronic expansion valve is provided 
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4 
which includes a valve body whose forward end is provided 
with a valve portion, a valve seat that forms a variable 
throttle portion between the valve portion and the valve seat 
by allowing the valve body to move in an axial direction, and 
a stepping motor that moves the valve body in accordance 
with a pulse number. In a region at least from the basal part 
to /3 of an interval between the basal part and the forward 
end of the side surface of the valve portion, an angle 0 with 
respect to the valve axis of the valve portion satisfies the 
following formula: 

O<tan 0<O2 Numerical Formula 2) 

According to this arrangement, a region that is near the 
basal part of the valve portion and that occupies at least /s 
of an interval between the basal part to the forward end has 
a side Surface shape that satisfies the aforementioned for 
mula. In this case, the opening area can be increased and 
decreased little by little with respect to the movement of the 
valve portion. Therefore, the amount of refrigerant flow can 
be finely adjusted in a small opening degree range. 
To achieve the object, according to a third aspect of the 

present invention, an air conditioner including the afore 
mentioned electronic expansion valve is provided. 

According to this arrangement, the amount of refrigerant 
flow can be finely adjusted, and therefore air-conditioning 
performance by means of the air conditioner is stabilized. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A schematic view showing the overall structure of 
an air conditioner according to an embodiment of the present 
invention. 

FIG. 2 A partial cross-sectional view showing a cross 
sectional structure of an electronic expansion valve. 

FIG.3(a) A cross-sectional view near a valve body when 
the electronic expansion valve is totally closed, 

FIG. 3(b) A cross-sectional view near the valve body 
when the electronic expansion valve is in a throttled state. 

FIG. 4A cross-sectional view along line 4-4 of FIG.3(b). 
FIG. 5(a) A map showing a relationship between the pulse 

integrated value and the opening degree, 
FIG. 5(b) A map showing a relationship between the pulse 

integrated value and the opening degree ratio. 
FIG. 6 A partially enlarged side view of a valve portion in 

the electronic expansion valve. 
FIG. 7 A partial side view showing a valve portion 

according to a modification. 
FIG. 8 A partial side view showing a valve portion 

according to a modification. 
FIG. 9 A control map used to control the electronic 

expansion valve. 

MODE FOR CARRYING OUT THE INVENTION 

An air conditioner according to an embodiment of the 
present invention will be hereinafter described with refer 
ence to FIG. 1 to FIG. 6. 
As shown in FIG. 1, the air conditioner 1 is composed of 

a compressor 10 that compresses a refrigerant, an outdoor 
heat exchanger 20 that is disposed outdoors, an electronic 
expansion valve 30 that expands a refrigerant, an indoor heat 
exchanger 50 that is disposed indoors, a four-pass change 
over valve 60, and a controller 70 that manages and controls 
each device. 
As shown in FIG. 2, the electronic expansion valve 30 is 

composed of a first pipe 31 that serves as a gateway for a 
refrigerant, a second pipe 32, a rod-shaped valve body 40, a 
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valve seat 33, a cylindrical member 35 that has a valve port 
34, and a stepping motor 36 that drives the valve body 40 in 
an axial direction. 
The first pipe 31 serves as one gateway of the electronic 

expansion valve 30. The second pipe 32 serves as the other 
gateway of the electronic expansion valve 30. The second 
pipe 32 perpendicularly intersects the first pipe 31. The 
cylindrical member 35 connects the first pipe 31 and a valve 
chamber 37 together. A taper portion is formed near the 
valve chamber 37 of the valve port 34. The taper portion is 
a constituent of the valve seat 33. 
As shown in FIG.3(a) and FIG. 3(b), the valve body 40 

is composed of a valve rod 41, a taper portion 42, and a valve 
portion 43 formed at a forward end of the valve rod 41 with 
the taper portion 42 therebetween. The valve rod 41 is fixed 
to a rotational shaft of the stepping motor 36. 

The taper portion 42 totally closes the electronic expan 
sion valve 30 by coming into contact with the valve seat 33. 
The valve portion 43 is inserted in the valve port 34. The 
outer diameter of the valve portion 43 is smaller than the 
inner diameter of the valve port 34, and becomes smaller 
toward its forward end. A variable throttle portion is formed 
between the valve portion 43 and the valve seat 33 by 
allowing the valve portion 43 to move in the axial direction. 
The valve body 40 and the rotational shaft of the stepping 
motor 36 are connected together through a rotational con 
version mechanism Such as screws or gears. The rotational 
conversion mechanism converts the rotational motion of the 
rotational shaft of the stepping motor 36 into the linear 
motion of the valve body 40. 
The stepping motor 36 is driven by a pulse signal output 

from the controller 70. A pulse number and a rotation angle 
correlate with each other. The rotation angle of the rotational 
shaft of the stepping motor 36 becomes larger in proportion 
to the pulse number input to the stepping motor 36. The 
valve body 40 moves in the axial direction. The movement 
amount of the valve body 40 is proportional to the rotation 
angle of the stepping motor 36. The movement amount of 
the valve body 40, i.e., the movement amount of the valve 
portion 43 is proportional to the pulse number output to the 
stepping motor 36 from the controller 70. 
As shown in FIG. 1, a temperature sensor 71 and a 

pressure sensor 72 are connected to the controller 70. The 
temperature sensor 71 detects the temperature of a refriger 
ant (hereinafter, referred to as refrigerant temperature), and 
outputs a refrigerant temperature signal corresponding to the 
refrigerant temperature to the controller 70. The pressure 
sensor 72 detects the pressure of a refrigerant (hereinafter, 
referred to as refrigerant pressure), and outputs a refrigerant 
pressure signal corresponding to the refrigerant pressure to 
the controller 70. 

The controller 70 counts a pulse number that is output to 
the stepping motor 36. Additionally, the controller 70 inte 
grates the counted pulse number, and calculates and stores a 
pulse integrated value. A positive or negative sign is given 
to the pulse number. When the rotational shaft of the 
stepping motor 36 negatively rotates in a direction in which 
the valve portion 43 is inserted into the valve port 34 
(hereinafter, referred to as entering direction), the pulse 
number is a negative value. On the other hand, when the 
rotational shaft of the stepping motor 36 positively rotates in 
a direction in which the valve portion 43 comes out of the 
valve port 34 (hereinafter, referred to as leaving direction), 
the pulse number is a positive value. In other words, when 
the rotational shaft of the stepping motor 36 rotates posi 
tively and when the valve portion 43 moves in the leaving 
direction, the pulse integrated value increases. On the other 
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6 
hand, when the rotational shaft of the stepping motor 36 
rotates negatively and when the valve portion 43 moves in 
the entering direction, the pulse integrated value decreases. 
As shown in FIG. 3(a), the position of the valve portion 

43 located when the taper portion 42 of the valve body 40 
comes into contact with the valve seat 33 is set as a reference 
position. When the valve portion 43 is in the reference 
position, the pulse integrated value of the controller 70 is 
reset, and the pulse integrated value becomes “0. As shown 
in FIG.3(b), when the valve portion 43 leaves the reference 
position, a gap is generated between the valve portion 43 and 
a minimum diameter part of the valve seat 33. The position 
of the valve portion 43 is equal to the movement distance of 
the valve portion 43 from the reference position. Therefore, 
the position of the valve portion 43 is specified by a 
relationship with the pulse integrated value. The movement 
amount of the valve portion 43 from the reference position 
corresponds to the Sum total of the pulse number counted 
during a movement from the reference position to a prede 
termined position. The position of the valve portion 43 
corresponds to the pulse integrated value. 
The opening area is the area of the gap between the 

minimum diameter part of the valve seat 33 and the valve 
portion 43. More specifically, the opening area is a differ 
ence between the area SA of the minimum diameter part of 
the valve seat 33 and the cross-sectional area SB of the valve 
portion 43 along a plane including the minimum diameter 
part of the valve seat 33. The area SA and the cross-sectional 
area SB are both equivalent to the area of a cross section 
perpendicular to the axial direction. 
When the whole of the valve portion 43 appears from the 

first pipe 31, the opening area coincides with the area SA of 
the minimum diameter part of the valve seat 33, and 
corresponds to a maximum opening area Smax. The opening 
degree is a ratio (%) between the opening area when the 
valve portion 43 is in a predetermined position and the 
maximum opening area Smax. When the taper portion 42 of 
the valve portion 43 and the valve seat 33 come into contact 
with each other so as to be totally closed, the opening degree 
is 0%. When the valve portion 43 completely appears from 
the first pipe 31, the opening degree is 100%. 
The opening degree approximately bears a proportional 

relationship with the amount of refrigerant flow. When the 
amount of refrigerant flow is controlled, the opening degree 
is adjusted. An adjustment to the opening degree is made by 
use of a pulse integrated value. The opening degree becomes 
greater in proportion to an increase in the pulse integrated 
value. On the other hand, an increase aspect of the opening 
degree resulting from the pulse integrated value depends on 
a side surface structure of the valve portion 43. Therefore, 
when the opening degree is adjusted, the controller 70 uses 
a map showing a relationship between the opening degree 
and the pulse integrated value. 

For example, when the conical valve portion 43 that has 
an easily formable shape is employed, a map in which the 
opening degree is expressed as a C-D-(E-Xa) function with 
respect to the pulse integrated value Xa is used. In this case, 
a contribution of Xa to the opening degree is great when the 
opening degree is adjusted in a Small opening degree range. 
In other words, the amount of variation of the opening 
degree in a slight variation of the pulse integrated value Xa 
is great, and therefore it is difficult to finely adjust the 
opening degree, and it is difficult to finely adjust the flow 
rate. Therefore, in the present embodiment, a map that 
enables an easy opening-degree adjustment is assumed with 
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the aim of controlling the opening degree with high accu 
racy. Additionally, the applicant has devised a valve struc 
ture based on this map. 
As shown in the map of FIG. 5(a), the opening degree 

becomes great exponentially with respect to the position of 
the valve portion 43 corresponding to the pulse integrated 
value Xa. The opening degree satisfies the following for 
mula (1). 

Numerical Formula 3 

Y(X)=Af 
Y: Opening degree 
A: Constant 
X: Pulse integrated value 
B: Value in which Y=100 when X-Maximum pulse inte 

grated value Xmax 
Xmax: Maximum value of pulse integrated value, i.e., 

pulse integrated value corresponding to the position of the 
valve portion 43 most distant from the reference position. 
When X=0, i.e., when the pulse integrated value is 0, the 

opening degree actually becomes 0%. However, for simpli 
fication of calculation, let it be assumed that the opening 
degree has a predetermined value when X=0. 

According to the opening degree Y(X), the following 
relation is established in two points that differ by a prede 
termined value 8 of the pulse integrated value X (predeter 
mined increase-decrease value of the pulse number). 

(1) 

Numerical Formula 4 

(2) 
Y(X) p 

When the predetermined value Ö is assumed as 1 (one 
pulse), the opening degree ratio (YCX--1)/Y(X)) in two 
points that differ by 1 in the pulse integrated value X 
becomes "B.” The opening degree ratio is constant regard 
less of the pulse integrated value X. The opening degree 
ratio is constant with respect to the pulse integrated value X 
although the opening degree ratio (YCX--8)/Y(X)) also 
becomes great when the predetermined value Ö is made 
great. 

In short, the fact that Formula (1) is satisfied is the same 
as the fact that Formula (2) is satisfied. If a map that satisfies 
Formula (1) is used, the opening degree ratio will become 
constant with respect to the position of the valve portion 43 
corresponding to the pulse integrated value. When the 
opening degree ratio is constant over the whole of the pulse 
integrated value, the variation ratio of the amount of refrig 
erant flow with respect to the pulse integrated value also 
becomes constant. Therefore, it is easy to control the amount 
of refrigerant flow. The opening degree particularly in a 
Small opening degree range increases little by little, and 
therefore it becomes possible to finely adjust the amount of 
refrigerant flow. 
The fact that the opening degree ratio is constant denotes 

the fact that the opening degree increases in predetermined 
value increments with respect to an increment of the pulse 
integrated value. For example, when the opening degree 
ratio is 1.05 and when the initial value of the opening degree 
is 1%, the opening degree sequentially increases in incre 
ments of 1.0%, 1.05%, 1.1025%, 1.15763%, and so on with 
respect to an increase in the pulse integrated value in 
increments of 1. 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
According to this type of map, the amount of refrigerant 

flow increases exponentially with an increase in the pulse 
integrated value. In other words, when the pulse integrated 
value is Small, the amount of refrigerant flow is Small, and 
an increment of the amount of refrigerant flow resulting 
from an increase in the pulse integrated value is also Small. 
On the other hand, when the pulse integrated value is great, 
the amount of refrigerant flow is great, and an increment of 
the amount of refrigerant flow resulting from an increase in 
the pulse integrated value is also great. 

With reference to FIG. 6, a description will be given of the 
shape of a visible outline of the valve portion 43 that satisfies 
Formula (1). The visible outline of a cross section including 
a valve axis of the valve portion 43 satisfies the following 
formulas. 

Numerical Formula 5 

Smax - B. B (3) 
r = — 

Numerical Formula 6 

Smax = B. B." (4) 

X: Length from a basal part 44 to a part corresponding to 
the radius r in the valve portion 43 
Xmax: Length from the basal part 44 to the forward end 

in the valve portion 43 
Ö: Opening degree ratio 
Smax: Maximum opening area 
r: Length (radius) from the valve axis of the valve portion 

43 to the side surface 
B: Constant. 
When a distance by which the valve portion 43 moves in 

the axial direction per one pulse is set as a unit distance, 
Xmax corresponds to the product of the unit distance and the 
maximum pulse integrated value Xmax. Additionally, the 
width of the taper portion 42 is assumed as being extremely 
Small, and the cross-sectional area of the basal part 44 and 
the maximum opening area Smax are assumed as coinciding 
with each other. 
The valve portion 43 that satisfies the aforementioned 

formulas satisfies Formula (1) and Formula (2) by means of 
pulse driving. According to Formula (3), Formula (5) is 
established. 

Numerical Formula 7 

Formula (5) shows a relationship between r and the 
distance X when the valve portion 43 is separated from the 
reference position to the position of the distance X. Formula 
(5) shows the opening area. Formula (5) shows the opening 
degree at a predetermined position of the valve portion 43. 
According to Formula (5), a difference between the maxi 
mum opening area Smax and the cross-sectional area (tr) 
of the valve portion 43 along a plane including a minimum 
diameter part of the valve seat 33 is expressed as an 
exponential function of the position of the valve portion. 
Formula (5) is the same as Formula (1). In Formula (4), the 
opening degree ratio is constant regardless of the position of 
the valve portion 43. 

Another example of the valve portion 43 will be described 
with reference to FIG. 7. A side surface of the valve portion 
43 of this example is divided into five regions. A first region 
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RA corresponds to a part in which the opening degree is 
from 0% to less than 20%. A second region RB corresponds 
to a part in which the opening degree is from 20% to less 
than 40%. A third region RC corresponds to a part in which 
the opening degree is from 40% to less than 60%. A fourth 
region RD corresponds to a part in which the opening degree 
is from 60% to less than 80%. A fifth region RE corresponds 
to a part in which the opening degree is from 80% to 100%. 
A side Surface of each region is a side Surface shaped in 

a truncated cone. Aborderline LS of the side surface of each 
region is disposed on a virtual curved surface V in which the 
opening degree ratio becomes constant. More specifically, 
the virtual curved surface V is a curved surface that satisfies 
Formula (3) and Formula (4). The side surface of the valve 
portion 43 is approximated to the virtual curved surface V. 
In this case, an interval length L that is a length in the axial 
direction of each region becomes smaller toward the forward 
end of the valve portion 43 in order of disposition. An angle 
0 of the side surface of the first region RA satisfies the 
relation 0<tan 0<0.2 with respect to the valve axis of the 
valve portion 43. 

Another example of the valve portion 43 will be described 
with reference to FIG. 8. A side surface of the valve portion 
43 of this example is divided into four regions. A first region 
RA corresponds to a part in which the opening degree is 
from 0% to less than 25%. A second region RB corresponds 
to a part in which the opening degree is from 25% to less 
than 50%. A third region RC corresponds to a part in which 
the opening degree is from 50% to less than 75%. A fourth 
region RD corresponds to a part in which the opening degree 
is from 75% to 100%. 
A side surface of each region is a side surface shaped in 

a truncated cone. Aborderline LS of the side surface of each 
region is disposed on a virtual curved surface V in which the 
opening degree ratio becomes constant. More specifically, 
the virtual curved surface V is a curved surface that satisfies 
Formula (3) and Formula (4). The side surface of the valve 
portion 43 is approximated to the virtual curved surface V. 
In this case, an interval length L that is a length in the axial 
direction of each region becomes smaller toward the forward 
end of the valve portion 43 in order of disposition. An angle 
0 of the side surface of the first region RA satisfies the 
relation 0<tan 0<0.2 with respect to the valve axis of the 
valve portion 43. 

Next, control of the amount of refrigerant flow will be 
described. In the air conditioner 1, the amount of refrigerant 
flow is adjusted based on refrigerant pressure, refrigerant 
temperature, etc. The amount of refrigerant flow is adjusted 
by adjusting the opening degree of the electronic expansion 
valve 30. A required opening degree is calculated by the 
controller 70 based on refrigerant pressure, refrigerant tem 
perature, etc. The opening degree of the electronic expan 
sion valve 30 is adjusted to correspond to the required 
opening degree. The required opening degree is updated by 
PID control one after another, and is adjusted each time. 

After determining the required opening degree, the con 
troller 70 makes an adjustment so that the opening degree of 
the electronic expansion valve 30 coincides with the 
required opening degree. More specifically, the controller 70 
determines a correction pulse value that is a pulse integrated 
value corresponding to the required opening degree while 
using a control map. Thereafter, the controller 70 reads an 
actual pulse value that is a pulse integrated value when the 
required opening degree is commanded, and a difference 
between the correction pulse value and the actual pulse 
value is calculated. Thereafter, the controller 70 outputs a 
pulse signal corresponding to this difference to the stepping 
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10 
motor 36 and drives the valve portion 43. The controller 70 
thus allows the opening degree of the electronic expansion 
valve 30 to coincide with the required opening degree. 

Next, the control map will be described with reference to 
FIG. 9. The control map of FIG. 9 is substantially the same 
as the map of FIG. 5(a). In the control map, the opening 
degree ratio becomes constant regardless of the magnitude 
of the pulse integrated value. Herein, the abscissa axis 
indicates required opening degrees, and the ordinate axis 
indicates pulse integrated values. 

Next, a description will be given of a control map relative 
to the electronic expansion valve 30 of the present embodi 
ment in comparison with an electronic expansion valve 
having a conventional structure. The broken line of FIG. 9 
shows a control map of an electronic expansion valve having 
a conventional structure. The conventionally structured elec 
tronic expansion valve has a valve portion shaped in a cone 
or a truncated cone. In this type of valve portion, the opening 
degree becomes greater in proportion to the square of the 
movement amount of the valve portion when the valve 
portion moves in a direction coming out of the valve port in 
accordance with a pulse integrated value. Therefore, it is 
difficult to change the required opening degree little by little 
when the required opening degree is Small. As shown in FIG. 
9, the pulse integrated value corresponding to a small 
opening degree range that is from 0% to 10% of the required 
opening degree is /10 or less of the maximum pulse inte 
grated value. 
On the other hand, in the electronic expansion valve 30 of 

the present embodiment, the opening degree is arranged so 
as to increase exponentially. Therefore, as shown in FIG. 9. 
the pulse integrated value corresponding to the small open 
ing degree range occupies about /2 of the maximum pulse 
integrated value. Therefore, in the Small opening degree 
range, the valve portion 43 can be controlled by use of pulse 
numbers more than in the conventional structure, and the 
opening degree can be finely adjusted. As a result, the 
amount of refrigerant flow can be controlled highly accu 
rately. 
As described below, according to the present embodi 

ment, the following effects can be achieved. 
(1) The opening degree ratio is constant when a gap is 

formed between the side surface of the valve portion 43 and 
the valve seat 33. According to this arrangement, the side 
surface of the valve portion 43 is formed as above, and 
therefore the opening area increases at a fixed ratio when the 
valve portion 43 is moved. Therefore, the variation ratio of 
the amount of refrigerant flow becomes constant. Therefore, 
the amount of refrigerant flow can be finely adjusted. 

(2) The side surface of the valve portion 43 is divided into 
three or more regions in the axial direction. Additionally, the 
borderline of each region is disposed on the virtual curved 
Surface V in which the opening degree ratio becomes 
constant. According to this arrangement, the side Surface of 
each region is formed on and along the virtual curved 
surface V. In other words, the side surface of the valve 
portion 43 is approximated to the virtual curved surface V. 
As a result, the variation ratio of the amount of refrigerant 
flow becomes Substantially constant over the moving range 
of the valve portion 43. Therefore, the amount of refrigerant 
flow can be finely adjusted. 

(3) In the modification shown in FIG. 7, the interval 
length L of each region of the side surface of the valve 
portion becomes smaller toward the forward end of the valve 
portion 43 in order of disposition. According to this arrange 
ment, the amount of variation with respect to the movement 
amount of the valve portion 43 becomes greater in propor 
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tion to an increase in the opening degree, and becomes 
Smaller in proportion to a decrease in the opening degree. In 
other words, in a small opening degree range, the amount of 
refrigerant flow can be adjusted with higher accuracy than in 
a large opening degree range. Additionally, the valve portion 
43 can be made shorter than in an arrangement in which the 
interval length L of each region does not become Smaller 
toward the forward end of the valve portion 43 in order of 
disposition. 

(4) The visible outline of a cross section including the 
valve axis of the valve portion 43 satisfies the relation shown 
in Formula (3) and Formula (4). According to this arrange 
ment, the side Surface is formed with a curved Surface, and 
the opening degree ratio is B in the moving range of the 
valve portion 43. Therefore, a variation in the flow rate of a 
refrigerant can be made Substantially constant over the 
moving range of the valve portion 43. 

(5) In the modification shown in FIG. 8, the aspect of the 
side surface of the valve portion 43 varies whenever the 
valve portion 43 moves and the opening degree increases by 
25%. Additionally, each borderline is disposed on the virtual 
curved surface V in which the opening degree ratio becomes 
constant. Therefore, the valve portion 43 can be more easily 
formed than in a case in which the side surface of the valve 
portion 43 is a curved surface. Additionally, the flow-rate 
variation ratio can be made Substantially constant over the 
moving range of the valve portion 43. 

(6) In the modification shown in FIG. 8, the aspect of the 
side surface of the valve portion 43 varies whenever the 
valve portion 43 moves and the opening degree increases by 
20%. Additionally, each borderline is disposed on the virtual 
curved surface V in which the opening degree ratio becomes 
constant. Therefore, the valve portion 43 can be more easily 
formed than in a case in which the side surface of the valve 
portion 43 is a curved surface. Additionally, the flow-rate 
variation ratio can be made Substantially constant over the 
moving range of the valve portion 43. 

(7) The angle 0 of the side surface of the first region 
satisfies the relation 0<tan 0<0.2 with respect to the valve 
axis of the valve portion 43. In this case, the opening area 
can be increased and decreased little by little with respect to 
the movement of the valve portion 43. Therefore, the amount 
of refrigerant flow can be finely adjusted in a small opening 
degree range. 

(8) The air conditioner 1 is provided with the electronic 
expansion valve 30. According to this arrangement, the 
amount of refrigerant flow can be finely adjusted, and 
therefore air-conditioning performance by means of the air 
conditioner 1 is stabilized. 
The present mode can be modified as follows. 
Although the entire side surface of the valve portion 43 

satisfies Formula (3) and Formula (4) in the present embodi 
ment, only a part of the side Surface may satisfy Formula (3) 
and Formula (4). In this case, the opening ratio in at least one 
part of the side surface of the valve portion 43 becomes 
constant. Therefore, in the part satisfying Formulas (3) and 
(4) of the side surface of the valve portion 43, the amount of 
refrigerant flow can be controlled with high accuracy. 

For example, if the length from the basal part 44 to the 
forward end of the valve portion 43 is set as 100 and if the 
position of the basal part is set as 0. Formula (3) and 
Formula (4) may be satisfied in the range of 1 to 25. The fact 
that the opening degree ratio is made constant only in a 
predetermined region denotes that the flow rate is almost 
Zero in the position 0, and has a technical meaning when the 
opening degree is not controlled in a minimum opening 
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12 
degree range or when a fine adjustment of the opening 
degree is less frequently made in the range of 25 to 100 in 
the position. 

Although the shape of the side surface of the valve portion 
43 is optimized as achieved in the map of Formula (1) in the 
present embodiment, the shape of the valve seat may be 
optimized instead of the shape of the side surface of the 
valve portion 43. Additionally, both the shape of the valve 
portion 43 and the shape of the valve seat 33 may be 
optimized as achieved in the map of Formula (1). 

Although the side surface of the valve portion 43 is 
divided into five or four surface parts in each modification 
shown in FIGS. 7 and 8, it may be divided into six or more 
Surface parts or may be divided into three Surface parts. In 
any case, a polyhedron consisting of Surfaces of each region 
is formed so that the entire side surface of the valve portion 
43 expands with respect to a virtual conical shape composed 
of a bottom surface and a forward end of the valve portion 
43. 

The invention claimed is: 
1. An electronic expansion valve comprising: 
a valve body whose forward end is provided with a valve 

portion; 
a valve seat that forms a variable throttle portion between 

the valve portion and the valve seat by allowing the 
valve body to move in an axial direction; and 

a stepping motor that moves the valve body in accordance 
with a pulse number, 

wherein when an area of a cross section of a gap formed 
between the valve portion and the valve seat and that is 
perpendicular to the axial direction is defined as an 
opening area and when an area ratio between the 
opening area in which the pulse number has not yet 
been increased and decreased and the opening area in 
which the pulse number has already been increased and 
decreased is defined as an opening degree ratio, at least 
one part of a side Surface of the valve portion is shaped 
So that the opening degree ratio becomes constant. 

2. The electronic expansion valve according to claim 1, 
wherein the side surface of the valve portion is divided into 
three or more regions in the axial direction, and a borderline 
of each of the regions is disposed on a virtual curved surface 
in which the opening degree ratio becomes constant. 

3. The electronic expansion valve according to claim 2, 
wherein when a length in the axial direction of each of the 
regions is defined as an interval length, the interval length of 
each region becomes smaller toward a forward end of the 
valve portion in order of disposition of the regions. 

4. The electronic expansion valve according to claim 1, 
wherein when a maximum value of the opening area is 
defined as a maximum opening area and when a percentage 
of the opening area with respect to the maximum opening 
area is defined as an opening degree, the side Surface of the 
valve portion is divided into: 

a first region that corresponds to a part in which the 
opening degree is from 0% to less than 25%; 

a second region that corresponds to a part in which the 
opening degree is from 25% to less than 50%: 

a third region that corresponds to a part in which the 
opening degree is from 50% to less than 75%; and 

a fourth region that corresponds to a part in which the 
opening degree is from 75% to 100%, and 

wherein the side Surface of each region is a side Surface 
shaped in a truncated cone, and the borderline of each 
region is disposed on a virtual curved surface in which 
the opening degree ratio becomes constant. 
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5. The electronic expansion valve according to claim 1, 
wherein when a maximum value of the opening area is 
defined as a maximum opening area and when a percentage 
of the opening area with respect to the maximum opening 
area is defined as an opening degree, the side Surface of the 
valve portion is divided into: 

a first region that corresponds to a part in which the 
opening degree is from 0% to less than 20%: 

a second region that corresponds to a part in which the 
opening degree is from 20% to less than 40%: 

a third region that corresponds to a part in which the 
opening degree is from 40% to less than 60%: 

a fourth region that corresponds to a part in which the 
opening degree is from 60% to less than 80%; and 

a fifth region that corresponds to a part in which the 
opening degree is from 80% to 100%, and 

wherein the side Surface of each region is a side surface 
shaped in a truncated cone, and the borderline of each 
region is disposed on a virtual curved surface in which 
the opening degree ratio becomes constant. 

6. The electronic expansion valve according to claim 1, 
wherein a visible outline of a cross section including a valve 
axis of the valve portion satisfies a relation expressed by the 
two following formulas: 

Smax - B. b. 
t 

Smax = B. B." 

Numerical Formula 1 

(wherein X is a length from a basal part of the valve seat to 
a part corresponding to radius r in the axial direction of the 
valve portion, Xmax is a length from the basal part to the 
forward end of the valve portion, B is an opening degree 
ratio, Smax is a maximum opening area, and r is a length 
(radius) from the valve axis to the side surface of the valve 
portion). 

7. An electronic expansion valve comprising: 
a valve body whose forward end is provided with a valve 

portion; 
a valve seat that forms a variable throttle portion between 

the valve portion and the valve seat by allowing the 
valve body to move in an axial direction; and 

a stepping motor that moves the valve body in accordance 
with a pulse number, 

wherein, in a region at least from a basal part to /5 of an 
interval between the basal part and the forward end of 
the side surface of the valve portion, an angle 0 with 
respect to the valve axis of the valve portion satisfies 
the following formula: 
O<tan 8-O2 Numerical Formula 2) 

8. An air conditioner including the electronic expansion 
valve according to claim 1. 

9. The electronic expansion valve according claim 2, 
wherein when a maximum value of the opening area is 
defined as a maximum opening area and when a percentage 
of the opening area with respect to the maximum opening 
area is defined as an opening degree, the side Surface of the 
valve portion is divided into: 

a first region that corresponds to a part in which the 
opening degree is from 0% to less than 25%; 

a second region that corresponds to a part in which the 
opening degree is from 25% to less than 50%: 

a third region that corresponds to a part in which the 
opening degree is from 50% to less than 75%; and 
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14 
a fourth region that corresponds to a part in which the 

opening degree is from 75% to 100%, and 
wherein the side Surface of each region is a side Surface 

shaped in a truncated cone, and the borderline of each 
region is disposed on a virtual curved surface in which 
the opening degree ratio becomes constant. 

10. The electronic expansion valve according to claim 3, 
wherein when a maximum value of the opening area is 
defined as a maximum opening area and when a percentage 
of the opening area with respect to the maximum opening 
area is defined as an opening degree, the side Surface of the 
valve portion is divided into: 

a first region that corresponds to a part in which the 
opening degree is from 0% to less than 25%; 

a second region that corresponds to a part in which the 
opening degree is from 25% to less than 50%: 

a third region that corresponds to a part in which the 
opening degree is from 50% to less than 75%; and 

a fourth region that corresponds to a part in which the 
opening degree is from 75% to 100%, and 

wherein the side Surface of each region is a side Surface 
shaped in a truncated cone, and the borderline of each 
region is disposed on a virtual curved surface in which 
the opening degree ratio becomes constant. 

11. The electronic expansion valve according to claim 2, 
wherein when a maximum value of the opening area is 
defined as a maximum opening area and when a percentage 
of the opening area with respect to the maximum opening 
area is defined as an opening degree, the side Surface of the 
valve portion is divided into: 

a first region that corresponds to a part in which the 
opening degree is from 0% to less than 20%: 

a second region that corresponds to a part in which the 
opening degree is from 20% to less than 40%: 

a third region that corresponds to a part in which the 
opening degree is from 40% to less than 60%: 

a fourth region that corresponds to a part in which the 
opening degree is from 60% to less than 80%; and 

a fifth region that corresponds to a part in which the 
opening degree is from 80% to 100%, and 

wherein the side Surface of each region is a side Surface 
shaped in a truncated cone, and the borderline of each 
region is disposed on a virtual curved surface in which 
the opening degree ratio becomes constant. 

12. The electronic expansion valve according to claim 3, 
wherein when a maximum value of the opening area is 
defined as a maximum opening area and when a percentage 
of the opening area with respect to the maximum opening 
area is defined as an opening degree, the side Surface of the 
valve portion is divided into: 

a first region that corresponds to a part in which the 
opening degree is from 0% to less than 20%: 

a second region that corresponds to a part in which the 
opening degree is from 20% to less than 40%: 

a third region that corresponds to a part in which the 
opening degree is from 40% to less than 60%: 

a fourth region that corresponds to a part in which the 
opening degree is from 60% to less than 80%; and 

a fifth region that corresponds to a part in which the 
opening degree is from 80% to 100%, and 

wherein the side Surface of each region is a side Surface 
shaped in a truncated cone, and the borderline of each 
region is disposed on a virtual curved surface in which 
the opening degree ratio becomes constant. 

13. An air conditioner including the electronic expansion 
valve according claim 2. 
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14. An air conditioner including the electronic expansion 
valve according to claim 3. 

15. An air conditioner including the electronic expansion 
valve according to claim 4. 

16. An air conditioner including the electronic expansion 
valve according to claim 5. 

17. An air conditioner including the electronic expansion 
valve according to claim 6. 

18. An air conditioner including the electronic expansion 
valve according to claim 7. 
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