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Abstract : This paper proposes an uneven pitch-simulated control for electric oil pumps. Mechanical arrangements of uneven
pitch vain angle are widely used for the noise reduction of vane pumps. However, the tooth angle of the gear-type pumps should
be even mechanically. The proposed uneven pitch-simulated control provides similar effects of the mechanical uneven pitch
arrangement through the instantaneous motor torque controls of the electric oil pump that cannot have uneven pitch mechanically.
The magnitude of the motor torque for each pump tooth is determined by an uneven pitch formula that is widely used for
mechanical vane pumps in previous studies and patents. A formula for the shape of the motor torque is proposed by analyzing the
pressure fluctuations of the pump as a combination of trigonometric and exponential functions. The calibration factors for the
magnitude and shape are adjusted based on the characteristics of the pumps. The experimental results showed the noise reduction
and dispersion effects of the proposed method.

Key words : Electric oil pump(&2] 2 ) Noise(42+), Uneven pitch(}-5 3] A), Transmission('¥<571), Electric
motor(Z-571)

Nomenclature LME
Af : incremental angle(pitch) between the teeth, rad 18 A ake] ] S 9l 71 X 5o
n : order of the teeth Ul o2 FHE FHAE FEo] He A o= gk ar
N : total number of teeth AT A R T of] 23] A AR = VAN oY HE
A, : distribution magnitude of uneven pitch £ 7R 7] As71ek Aol 7ol olsf e E= A
. . 3 3T 2 = 2] & = S (]
P, P, : factors exerting an influence on the cycle 2 2 AR At 13 AE A AU E S
. . (=g = <3} b]
B, : factors for uneven pitch-simulated control SEEBEAL 9l
. Al A 3] 2 & o H|H|F Ez25l= 7414 o A
w"e! : reference of angular velocity, rad/sec ; ] L] ﬁ]J— ]} eflsked i - }‘“]— 1 ]_; E] ;
. _T_f_ 01]1‘?_ o] =R} 7123 A=Al 0 Q] =
w : measured angular velocity, rad/sec o el <l 7}4]%} |5t 7o e A Z ':E -
— = - —
. e b AL AL e Aol = A e Fe L
i : reference of current, A - - o L o e -
4 A Frge] 5ol atE o] A A3 A7 E S T aslT
1 . measured current, R
s , ’ QA Aol Ag WA B Age] 4 Fol EelA
- re . . . - B T
Lo en : reference for uneven pitch-simulated control, A glom o]= A 7+aly] Yok AA 7)|4e B A %ALY
Ve - phase voltage, v SLe) NERA B A B3 skt aE?
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Fig. 1 Binary vane pump with uneven pitch

R TS
wajo] olol o
Q1 sllof gk, kv )
¢7] wel 24 o) v
B0 AT
479} ge BARE
5 )72 wjdets 57
1}@°ﬂ4a31ﬂ
§H0k4u7ﬂw@qwm@
5 92 A @3 2

=
=

S ¢
==

i

1+

>4

b o —111
-1E 10 o Ol

27r+ (—1)
N

A6,

@
X A {sin(P1 2Wnn) X cos(P, 2Wﬂn)}

R
n—

9)¢)

9@l N
719} vl

2 (D)9 A= 27N Aol Zh(Degree), n
I Aol A4, PR P e
74 3h= Mot

o
=
e x

%
2.2 7|0 EfR} @2l mmo|
v ool HAtste] Ag)stslr] of
Ha, W 2 94 7)o FHxela Bels 7)o g4k A
3of| njs) aL7tolrh

H|

HlQl HE =

7} %|(Tooth) Ake]¢] AL 5
235 9] A go] drlst.

WA B9 o] el gme) S8 4
FU HEor HIo XY U XE ¥

33} é}o] ofe] 74+ dej= LAY sHA

f

o

l

,U

18

?‘53011 whe} Fig. 33} 7o) vl
Al ok whEba] BA age] A ER B

S|
S



S5 13| A HOIE MBS w28

=

(W]
Fig. 2 Structures of gear-type pumps: (a) internal gear type, (b)
external gear type
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Fig. 5 The proposed shape of uneven pitch-simulated control
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Table 1 Specification of the tested system

Value Unit
Pump type External gear -
Number of teeth 11 EA
Max speed 3200 RPM
Max hydraulic power 4bar@]16lpm -
Max electric power 25A@12V -
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