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Discrete Noise Control of Automobile Cooling Fan by
Combining Rotor and Stator Phase Modulation Principle
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2. Shanghai Brose Electric Motors Co., Ltd., Shanghai 201801, China)

Abstract: With the development of automobile industry and the improvement of people’s requirements for
driving comfort, it is increasingly important to control and improve the discrete noise level of the cooling
fan module (CFM). In the early stage of CFM design, finding a fast method to predict discrete noise is
helpful for designers to shorten design cycle and improve work efficiency. In this paper, a combined
method of rotor-stator blade phase modulation is proposed to control the harmonic noise of CFM, i.e. , to
reduce the second and third harmonic in the CFM noise spectrum by controlling fan blade angle distribution
parameter of CFM; Based on the “Venetian blind” theory of stator vanes, its angle distribution parameter
is designed to further reduce the first harmonic component in CFM noise spectrum, aiming to improve the
CFM discrete noise level. The method is verified by experiments in two combined cases of 7-blade fan, 6-
vane and 8-vane respectively. And the experimental results are in good agreement with the theoretical
prediction results.
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Fig. 1 Discrete noise level
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Fig. 2 Harmonic noise level
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Fig. 4 Simplified point source array model for stator vanes

v—1

W,s oc kiJﬁJ‘ZKU > cos a,cos X, +

0J 0 =0

1

2
4 4
E cOS a, COS X(,> +

q=0
v—1 v—1 9

( Ecos a,sin X, + E cos a, sin Xf,) } X
q=0 q=0

sin (depdd (10

A
. 2 2
X, = k,bsin 0cos<¢ — ULCI)_ n %q

X' = k,bsin ﬁcos<¢—2n?q>— n Znq.

’

ZT[q / 27[q

Bo=" Bo=
cos @, = cos fcos ¢+

sin @sin ¢sin ( ¢ — %)
cos a, = cos fcos ¢ +

sin fsin ¢sin ( ¢ — Zn?q/)

FCL0) K i B LR A 1 et 7 22 it
T 2800 A B IS o 7 R ) S R 7 DR O3 A
ATy TR o = 3CHP 6 ) Al o = 4 (U 8 i)
Pl B0 565 MATLAB SR fif 50 (10). 7 gy
AT 7K P55 U A e Bl 22 AN R 5 . ol T AT A

[ -2-x=02
3oL m-2=03 A0
—O—X=0.4 DD,BO'O A/AD
—40k AéeAﬁi V- /E/
oty & }3 \X/d
5ol EPA od \A \D/
% /O(go\g P \D\ /D \AA/
§ — 60k /O/D A/ e} o
—70F AA/R /
(n ﬁ\ A
_80_fgnu W
_ L ! ! I
900 7 14 21 28
k
(a) 6 Hnt
—20r A y=02 -
—o-x=0. o \
=30 —gf§=8i /%6668 /a AAO/O ;
’ DDD):(AO I
—40r o A dY N
©of0,_J ' /A
/OD/ O / \ o} \
@ —50F S S P
/ \/ \
Z O/E‘ A/ o = A
=60 anohf ]
ED_DOF\ A
—70t fo.oo;(nm A/
_80_
90 7 420 28
k
(b) 8 Hnt

E IR e O NE R oy O

Fig. 5 “Venetian blind” diagram of vane array
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