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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a random pitch impeller for a fuel pump, and more particularly, to a random
pitch impeller for a fuel pump, in which blades of the impeller used for the fuel pump are arranged at random pitches,
thereby reducing high-frequency noise generated by rotation of the impeller, and minimizing pulsation noise attributable
to random intervals.

Description of the Related Art

[0002] There have been known various apparatuses for drawing and/or discharging fluid, one of which is a fuel pump.
This fuel pump is used in the fuel supply system of the internal combustion engine and draws or discharges fluid,
particularly fuel, by means of rotation of a rotating member such as an impeller formed on a disc and having blades on
the outer circumference thereof.
[0003] As illustrated in FIG. 1, the fuel pump includes a pump housing 102 having upper and lower housing parts, a
disc-shaped impeller 101 rotatably installed in the pump housing 102, and a drive motor 103 rotating the impeller 101.
[0004] Generally, the impeller of this fuel pump has numerous blades installed on the outer circumference thereof at
uniform pitches, i.e. at equal intervals. Thus, when the rotating member rotates, each blade of the impeller passes
through a partition, which is installed on the housing holding the rotating member, at constant time intervals. At this time,
the partition is located adjacent to the blade between inlet and outlet of the fuel. For this reason, a peak of sound pressure
(i.e. noise) is created within a certain frequency band, i.e. a so-called blade passing frequency (BPF) band, corresponding
to the number of blades (or the revolutions per minute (rpm) of the rotating member).
[0005] In order to solve this problem, Japanese Patent Publication No. Hei 11(1999)-50990 discloses a fluid drawing
and discharging apparatus, in which the intervals between the blades are disposed in a random manner, namely in an
irregular manner. The fluid drawing and discharging apparatus disclosed in the patent document encounters a phenom-
enon that the blades lean to one side as illustrated in FIG. 2 because the blades are randomly disposed.
[0006] Further, as illustrated in FIG. 3, since the time intervals at which each blade passes through the partition adjacent
to the blade are constant without a difference, the sound pressure peak, a frequency of which is n times as high as a
rotation-order frequency of the rotating member, occurs, or noise is increased within the frequency band of the sound
pressure peak by resonance according to circumstances.
[0007] In order to overcome this drawback, Korean Patent Application Publication No. 1999-23306 discloses a fluid
drawing and discharging apparatus, in which the sum "Sm" of angles of blades satisfies the expression, (360/k)-10 ≤
Sm ≤ (360/k)+10 (k=2,3,4), such that the average of incremental angles in a specific section is similar to a grand average,
thereby reducing noise.
[0008] However, these fluid drawing and discharging apparatuses control the blade arrangement on the basis of a
random number, so that prediction and control of the blade arrangement are impossible.
[0009] JP 2003 278684 discloses a fluid suction/exhaust device capable of lowering noise due to arrangement of
unequals in spite of its uneven-interval arrangement of blades.
[0010] US 5,975,843 discloses a fluid supply device such as a fuel pump having an impeller on which vanes and vane
grooves are arranged alternately on its outer circumferences.
[0011] US 4.923,365 discloses an impeller wheel for feeding a medium, for example fuel, including a plurality of vanes
spaced from each other at non-uniform intervals along the periphery of the impeller wheel.

SUMMARY OF THE INVENTION

[0012] The present invention has been made to solve the foregoing problems with the prior art, and therefore the
present invention provides a random pitch impeller for a fuel pump, in which blades thereof are arranged at random
pitches without being deflected in a specific section so as to reduce a sound pressure peak, and in which the random
pitches of the blades are set on the basis of a periodic function so as to easily predict and adjust the arrangement of the
blades.
[0013] There is provided a random pitch impeller for a fuel pump, capable of reducing noise through distribution of
high-frequency peaks of the impeller, and minimizing pulsation noise (low-frequency peak) attributable to random inter-
vals.
[0014] According to an aspect of the invention, there is provided an impeller for a fuel pump, having a number of
blades, wherein: the blades have an incremental angle set by an expression below: 
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where ΔθI is the incremental angle between the blades, N is the total number of blades (N=2, 3, 5, 7, 11, 13, 17,...), Am
is the distribution magnitude of the inter-blade interval (equally divided angle) (0 < Am < 360/N), i is the order of the
blade (i=1, 2, 3, ... , N), and P1 and P2 are the factors exerting an influence on the cycle (0 < P1 < N, and 0 ≤ P2 ≤ N); and
the incremental angle has maximum and minimum values a difference of which satisfies an expression: 

where MAX is the maximum value, and MIN is the minimum value of the incremental angle.
[0015] According to embodiments of the present invention, the impeller for a fuel pump arranges the blades at random
pitches using a rand pitch function, prevents deflection of the blades by means of the term (-1)i of the random pitch
function to thereby reduce a sound pressure peak, and creates the random pitches of the blades on the basis of a
periodic function using both the distribution magnitude Am of the inter-blade interval (equally divided angle) and the
factors P1 and P2 exerting an influence on a cycle so as to easily predict or adjust the arrangement of the blades.
[0016] Further, the impeller minimizes a low-frequency peak, pulsation noise, caused by the random intervals thereof
and the resultant random flow.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The above and other objects, features and other advantages of the present invention will be more clearly
understood from the following detailed description taken in conjunction with the accompanying drawings, in which:

FIG. 1 illustrates the structure of a fuel pump;
FIG. 2 illustrates arrangement of blades of a random pitch impeller according to an embodiment of the present
invention;
FIG. 3 is a graph showing results of comparing high-frequency peaks of a uniform pitch impeller with that of a random
pitch impeller according to an embodiment of the present invention;
FIG. 4 is a graph showing a variation in pulsation noise;
FIG. 5 is a graph showing incremental angles of blades of a random pitch impeller according to an embodiment of
the present invention;
FIG. 6 is a graph showing an average of incremental angles of neighboring blades in a quarter section; and
FIG. 7 illustrates how a rotating flow is created from an impeller.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENT

[0018] The present invention will now be described more fully hereinafter with reference to the accompanying drawings,
in which exemplary embodiments thereof are shown.
[0019] According to an embodiment of the present invention, an impeller for a fuel pump sets an incremental angle,
Δθi, between blades as in Expression 1 (called a random pitch function) below: 

where N is the total number of blades and the prime number (N=2, 3, 5, 7, 11, 13, 17,...), Am is the distribution magnitude
of the inter-blade interval (equally divided angle) (0 < Am < 360/N), i is the order of the blade (i=1, 2, 3, ... , N), and P1
and P2 are the factors exerting much influence on the cycle (0 < P1 < N, and 0 ≤ P2 ≤ N).
[0020] With this random pitch function, the impeller not only makes random pitch conditions of the same structure
despite a change in the number of blades, but also makes the average of the incremental angles within a specific section
similar to a grand average because the created functions comply with an oscillation (divergence) function due to the
term (-1)i.
[0021] FIG. 2 illustrates an impeller for a fuel pump which is designed by random pitch arrangement in accordance
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with an embodiment of the present invention. It can be seen that the neighboring blades 3 and 4 are arranged at intervals
of a random angle rather than of a uniform angle.

MAX Minus MIN VALUE

[0022] According to an embodiment of the present invention, the impeller for a fuel pump can arrange the blades at
random pitches by setting the incremental angle depending on Expression 1 above. However, in comparison of a uniform
pitch impeller having the same angles between the blades with the random pitch impeller of this embodiment, the number
of high-frequency peaks is obtained to an equivalent level in a specific section. Here, the specific section refers to a
section where a difference between the maximum and minimum values "MAX" and "MIN" of the incremental angle is
less than 2.
[0023] Thus, the difference between the maximum and minimum values of the incremental angle is preferably more
than 2. Two kinds of noise measured from the uniform pitch impeller and the random pitch impeller under this condition
are shown on a graph of FIG. 3. On this graph, the maximum value of the high-frequency peak of the uniform pitch
impeller is about 53 dB(A), while the maximum value of the high-frequency peak of the random pitch impeller of this
embodiment is about 45 dB(A) . It can be seen from this result that the high-frequency peaks of the random pitch impeller
are distributed to reduce entire noise.
[0024] Further, when the blades of the impeller are arranged at random pitches, it must be taken into consideration
that an angle of minimizing low-frequency pulsation noise is selected. When transferring fluid, the uniform pitch impeller
having the same inter-blade interval generates a small quantity of pulsation noise due to the same fluid passing area
between the blades. In contrast, the random pitch impeller having a different inter-blade interval generates a large
quantity of pulsation noise because it is impossible to form a constant flow. When the pulsation noise is increased, the
low-frequency peak is increased. Particularly, the pulsation noise becomes more troublesome in proportion to a dis-
charged flow rate of the impeller.
[0025] Thus, in the random pitch impeller of this embodiment, when the difference between the maximum and minimum
values "MAX" and "MIN" of the incremental angle is less than 6, a value of this pulsation noise can be limited to a certain
level (about 3 Kpa or less). FIG. 4 is a graph showing results of analyzing a variation of pulsation noise caused by a
difference between the maximum and minimum values of the incremental angle. Here, points are to designate the
pulsation noise values shown in Table 1 below. It can be seen from FIG. 4 that, when the difference between the maximum
and minimum values of the incremental angle is less than 6, the pulsation noise value can be controlled less than a
predetermined level.

[0026] In order to satisfy all the conditions considered above, the random pitch impeller of this embodiment preferably
restricts the difference between the maximum and minimum values of the incremental angle as in Expression 2 below: 

where MAX is the maximum value of the incremental value, and MIN is the minimum value of the incremental value.
[0027] The embodiment presents that both the high-frequency peak and the low-frequency peak can be properly
controlled through the difference between the maximum and minimum values of the incremental angle.

Average of Incremental Angles in Specific Section

[0028] According to an embodiment of the present invention, the random pitch impeller controls the average of incre-
mental angles in a specific section so as to have a value similar to the average of total blade angles such that the blades
of the impeller can be arranged at unequal intervals to distribute high-frequency peaks, and simultaneously pulsation
noise generated by the unequal intervals can be minimized. Thus, the average of the incremental angles in the specific
section and the average of the total blade angles (i.e. 360/N) are controlled so as to satisfy Expression 3 below: 

Table 1

MAX Minus MIN Value 0 4 5 4.7 6.1 8

Pulsation Noise Value(Kpa) 1.43 2.37 2.46 2.33 3.17 6.14
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where "AVG_SEC" is the average of the incremental angles in the specific section, and "AVG_TOT" is the average of
the total blade angles.
[0029] For example, it is assumed that the total number of blades is 41 (i.e. N=41). Here, when the specific section is
set to 1/4 of the total number of blades, the number of blades of the specific section becomes 41/4 (=10.25). The number
of blades in the specific section is 10. In detail, when the average "AVG_SEC" of ten neighboring incremental angles is
derived, the derived average must be similar to the average "AVG_TOT" of the total blade angles, i.e. 360/N. Here, the
average of the total blade angles becomes 360/41 (=8.8).
[0030] FIG. 5 is a graph showing incremental angles of blades arranged at random pitches when the total number of
blades is 41 in accordance with an embodiment of the present invention. It can be seen that the average of the incremental
angles is about 8.8. At this time, the average "AVG_SEC" of the neighboring incremental angles in a section corresponding
to 1/4 of the whole blades is preferably set to a range of 60.5 on the basis of the average of the total incremental angles.
[0031] FIG. 6 is a graph showing an average of incremental angles of neighboring blades in a quarter section when
the total number of blades is 41. For example, when an x-axial value is 17, this value is an average of incremental angles
of 8th through 17th blades. When an axial value is 1, this value is an average of incremental angle of 33rd through 41st

and 1st blades. As shown in FIG. 6, the average of the incremental angles of the blades in each quarter section is set
to an allowance range of 60.5 on the basis of the average of the total incremental angles.

Selection of Number of Blades

[0032] In order to secure a value exercising an influence on performance such as a flow rate, electric current, rpm,
etc. under the use conditions of the fuel pump, a total number of blades preferably has a range from 31 to 47, i.e. 31 ≤
N ≤ 47. If the number of blades preferably is equal to or less than 31, the interval between the neighboring blades of the
impeller is increased. At this time, in the case of a low-capacity impeller having a relatively low rpm, the performance of
the fuel pump is considerably reduced. In detail, if the speed of a rotating flow is increased in a channel, the capacity of
raising pressure is improved as much, and thus the performance of the fuel pump is improved. In contrast, if the interval
between the neighboring blades of the impeller is increased, the speed of the rotating flow is reduced, and thus the
performance of the fuel pump is reduced. FIG. 7 shows a process in which a rotating flow 15 is created as an outer
circumferential wall 13 of an impeller 1 rotates. Here, the symbol A designates a direction where fuel flows, and the
symbol B represents a shape where the fuel passes.
[0033] Further, if the number of blades exceeds 47, the interval between the neighboring blades of the impeller is
reduced, and thus an area through which fluid can pass is reduced. As such, when transferring a high flow rate, the
impeller is subjected to an increase in load, an increase in electric current, and a decrease in flow rate performance, so
that the performance of the fuel pump is greatly reduced. Thus, the number of blades of the impeller is preferably set
under the use conditions of the fuel pump as in Expression 4 below: 

where N is the total number of blades.

Conditions of Other Factors

[0034] In order to satisfy all the conditions of Expressions 1 through 4 as described above, the value of Am of Expression
1 is preferably set as follows: 1 ≤ Am ≤ 3. In Expression 1, P1 = 1 or P1 = N-1. Further, P2 = 2 * P1.
[0035] In order to satisfy the conditions presented to Expressions 1 through 4 above, both the distribution magnitude
Am of the inter-blade interval (i.e., equally divided angle) and the factors P1 and P2 exerting much influence on the cycle
are controlled. Thereby, the pitch conditions that are similar to the random pitch conditions and have predetermined
intervals can be created, so that the arrangement of the blades can be easily predicted or adjusted.

Setting of Final Incremental Angle

[0036] When the incremental angles between the blades are set on the basis of Expression 1, a sum of all the
incremental angles may be more or less than 360°. In this case, the final incremental angle must be separately defined
on the assumption that it should satisfy Expressions 2 and 3. In other words, in the case in which the sum of all the
incremental angles is not equal to 360°, the final incremental angle is obtained by Expression 5: 
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where the final incremental angle must also meet the conditions of Expressions 2 and 3.
[0037] Further, the incremental angles created through Expression 1 are preferably rounded only to the first decimal
place. If the incremental angles are applied without limiting the decimal point, some numbers after the first decimal place
are reflected on the angle between the neighboring blades and the angle of installation, a difference of the total sum
occurs. As in the embodiment, in the case in which the total number of blades is 41 (N=41), the sum of the total incremental
angles satisfies 360° when the incremental angles are limited to the first decimal place.

Claims

1. An impeller (1) for a fuel pump, having a number of blades (3,4) , wherein:

the blades have an incremental angle characterized in that the incremental angle is set by an expression below: 

where ΔθI is the incremental angle between the blades, N is the total number of blades (N=2, 3, 5, 7, 11, 13,
17,...), Am is the distribution magnitude of the inter-blade interval (equally divided angle) (0 < Am < 360/N), i is
the order of the blade (i=1, 2, 3, ... , N), and P1 and P2 are the factors exerting an influence on the cycle (0 <
P1 < N, and 0 ≤ P2 ≤ N); and
the incremental angle has maximum and minimum values a difference of which satisfies an expression: 

where MAX is the maximum value, and MIN is the minimum value of the incremental angle.

2. The impeller (1) as set forth in claim 1, wherein the blades has a total number satisfying an expression: 31 ≤ N ≤
47, where N is the total number.

3. The impeller (1) as set forth in claim 1, wherein the incremental angle and total blade angles satisfy an expression: 

where AVG_SEC is an average of the incremental angles in a specific section, 360/N is total blade angles, and
AVG_TOT is an average of the total blade angles.

4. The impeller (1) as set forth in claim 3, wherein the specific section is a section corresponding to a quarter of the
total blades.

5. The impeller (1) as set forth in claim 1, wherein the distribution magnitude, Am, satisfies an expression of 1 ≤ Am ≤ 3.

6. The impeller (1) as set forth in claim 1, wherein the factor, P1, satisfies one of expressions of P1=1 and P1=N-1, and
the factor, P2, satisfies an expression of P2=2*P1.

7. The impeller (1) as set forth in claim 1, wherein, when a sum of all the incremental angles is not equal to 360°, the
incremental angles satisfy an expression: 
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where Δθn is the final one of the incremental angles.

Patentansprüche

1. Laufrad (1) für eine Kraftstoffpumpe, aufweisend eine Anzahl von Schaufeln (3, 4), wobei:

die Schaufeln einen Inkrementalwinkel aufweisen,
dadurch gekennzeichnet, dass der Inkrementalwinkel durch den folgenden Ausdruck gesetzt wird: 

worin ΔθI der Inkrementalwinkel zwischen den Schaufeln ist, N die Gesamtzahl von Schaufeln (N = 2, 3,
5, 7, 11, 13, 17,...), Am die Verteilunsgröße des Zwischenschaufelintervall (gleich geteilte Winkel) (0 < Am
< 360/N) ist, i die Reihenfolge der Schaufeln (i = 1, 2, 3, ... , N) ist, und P1 und P2 Faktoren sind, die einen
Einfluss auf den Zyklus (0 < P1 < N, und 0 ≤ P2 ≤ N) haben; und
wobei der Inkrementalwinkel maximale und minimale Werte aufweist, deren Differenz den folgenden Aus-
druck erfüllt: 

wobei MAX der maximale Wert ist und MIN der minimale Wert des Inkrementalwinkels ist.

2. Laufrad (1) nach Anspruch 1, wobei die Schaufeln eine Gesamtzahl aufweisen, welche die folgende Gleichung
erfüllt: 31 ≤ N ≤ 47, wobei N die Gesamtzahl ist.

3. Laufrad (1) nach Anspruch 1, wobei der Inkrementalwinkel und die Schaufelwinkel insgesamt die folgende Gleichung
erfüllen: 

wobei AVG_SEC ein Durchschnitt der Inkrementalwinkel in einem bestimmten Abschnitt ist, 360/N die Schaufel-
winkel insgesamt ist und AVG_TOT ein Durchschnitt der Schaufelwinkel insgesamt ist.

4. Laufrad (1) nach Anspruch 3, wobei der spezifische Abschnitt ein Abschnitt ist, der einem Viertel der Schaufeln
insgesamt entspricht.

5. Laufrad (1) nach Anspruch 1, wobei die Verteilungsgröße Am einen Ausdruck von 1 ≤ Am ≤ 3 erfüllt.

6. Laufrad (1) nach Anspruch 1, wobei der Faktor P1 einen der Ausdrücke P1 = 1, P1 = N-1 erfüllt und der Faktor P2
einen Ausdruck P2 = 2*P1 erfüllt.

7. Laufrad (1) nach Anspruch 1, wobei, wenn eine Summe aller Inkrementalwinkel nicht gleich 360° ist, die Inkremen-
talwinkel folgenden Ausdruck erfüllen: 
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wobei Δθn der letzte der Inkrementalwinkel ist.

Revendications

1. Impulseur (1) pour une pompe à carburant, ayant une pluralité de pales (3, 4),
les pales ayant un angle incrémental,
caractérisé en ce que l’angle incrémental est fixé par la relation suivante : 

dans laquelle Δθi est l’angle incrémental entre les pales, N est le nombre total de pales (N = 2, 3, 5, 7, 11, 13,
17, ...), Am est l’ampleur de répartition de l’intervalle entre les pales (angle divisé également) (0 < Am < 360/N),
i est l’ordre de la pale (i = 1, 2, 3, ..., N), et P1 et P2 sont les facteurs exerçant une influence sur le cycle (0 <
P1 < N, et 0 ≤ P2 ≤ N) ; et
l’angle incrémental a des valeurs maximale et minimale dont une différence satisfait à l’équation suivante : 

MAX étant la valeur maximale, et MIN étant la valeur minimale de l’angle incrémental.

2. Impulseur (1) selon la revendication 1, dans lequel le nombre de pales total satisfait à la relation : 31 ≤ N ≤ 47, N
étant le nombre total.

3. Impulseur (1) selon la revendication 1, dans lequel l’angle incrémental et les angles de pale totaux satisfont à la
relation suivante : 

dans laquelle AVG_SEC est une moyenne des angles incrémentaux dans une section spécifique, 360/N représente
les angles de pale totaux, et AVG_TOT est une moyenne des angles de pale totaux.

4. Impulseur (1) selon la revendication 3, dans lequel la section spécifique est une section correspondant à un quart
de la totalité des pales.

5. Impulseur (1) selon la revendication 1, dans lequel l’ampleur de répartition, Am, satisfait à la relation 1 ≤ Am ≤ 3.

6. Impulseur (1) selon la revendication 1, dans lequel le facteur P1 satisfait à une des relations P1 = 1 et P1 = N-1, et
le facteur P2 satisfait à la relation P2 = 2*P1.

7. Impulseur (1) selon la revendication 1, dans lequel, lorsqu’une somme de tous les angles incrémentaux n’est pas
égale à 360°, les angles incrémentaux satisfont à la relation : 

dans laquelle Δθn est le dernier des angles incrémentaux.
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