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Abstract: For the surge problem existing in a magnetically suspended high-speed centrifugal blower, a
surge detection method based on a magnetic bearing was proposed. A universal co-frequency wave trap
was adopted to filter the co-frequency components in the process of rotor displacement for eliminating
the influences of co-frequency perturbation on surge detections. By analyzing effects of different con-
vergence factors on estimated functions of surge frequency. an adaptive estimation algorithm with var-
iable convergence factors was proposed to reduce the interference of low frequency signals and to im-

prove the quick reaction capacity to surge signal detection. Finally, the convergence of the proposed
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detection method was analyzed, and a verification experiment was performed on a test system for the

100 kW magnetically suspended centrifugal blower. The experimental result shows that the improved

surge detection algorithm detects premonitory signals of surge rotating stall before the surge occurs

and detects surge signals within 0. 23 s after the surge occurs, which shortens the detection time by

2.6 s as compared with that of common algorithms. The proposed algorithm is characteristics by sim-

ple, high velocity, less calculation and can be implemented without other auxiliary systems. Moreo-

ver, it can reflect the changes of frequency and amplitude during the surges.

Key words: magnetically suspended high-speed centrifugal blower; surge detection; rotor displace-

ment; adaptive estimation
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Fig.1 Block diagram of synchronous notch filter
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Fig. 2 Amplitude-frequency curves of notch filter

B2 R Rt A e, 430 1 FD 9 IR AT AY
IR0 74 D0 2 s A AR M i . iR 2 AT e,
E T PRI B N G FE AT 98, 2 e, K
INNCEN € T

3 Wik AEEAET

3.1 WeiR{ES R
Wi 415 Az A sk % IXUBIL 2R 8 N Jo o 3 e R R D 4
KRR AR TR T4 B Sk ) Kk AR
7% DT 5 B 10 Ak P Bl R R e o 1N B R AR e 3
B i i 5 1R 1 % LR B 3h R
u() = AsinCwy t+0) (5
Forb iR E AM AR O BB ORI HE . TESURALR 4
45 T B 5 A TR E AL B — R AR T
RG24 M PR AR <, 78— B (8] N AT T AR
AAE
EXHANREZE 0 (OF (D, v
ERMGIRE S wCo B THE, MBI AYS o (D
i (LA A AR 22 /2 19 2 (D A v(D) = (u
(D v ()" FPREER 2 (DF 2 (D IERX
G IPIRSZE B o (O F1 2 (DA RIRH .
o] sin(wy t) cosCwy 1) o (1)
xz(i)]{ ku)}’
(6)

cosCuyt)  —sinCwyt)



5 4 1 I A L R

5 3 XUATL P i I A 000 913

D) i 4 A5 5 B B A TR
A=/ + 4. (7
W e(D) = ult) — x () A BBEAG TR 22, AR5
/N 22 R 52 AR BRI
Jv(D,»=0.5(D=0.5Cu(t) — a2, (D)°.
€))
MR 3 A T 2% 86 B T B 5 ik AR A
70 g B AR AL T 1l AN BRI SRR B D 1), D
(1)
2 () —wpsinCwyt)  —wpcos(wyt)
A 6) AK Q0 A (1), /] 44 R i {5 5
PR B A 2R

5C1(t) . - € Wo
— w 0

2 (D)
TEEWME ST X202 #4738 fr 7

A

— wpsinCwy b)

B { wycosCwp t)

x (D) 3

0

|+

Ig(t)

s
xl(s)J s°+est wh
= TR (13)
x; (s) —ewy
§ +est wh
L s=jw BB e AN ORA .
[Jﬁ(jw) 1
Cad = j U w=w
xz(? S . (1D
[11 ]w J%{ o 5w
x Gw) 0

ARXAD XY, HZH e AH 0 RELBE 2 (D
AR B A S S w(D
3.2 WmiRIMEMG T

TEAR 5 BRBE A &5 R AR A R A 2)
Mg PR AT w, AT F Y

T Xy

w :i{ rct n(ﬂ)}
' e, <+

dt X2

(S ( u— Il)
b
o+ 2

> Wi PR AR e, A HTET, Ry T S5 IR W R A 3
IR BIA T2 w . b w R w WAl
183w RBEARFW w 15,

R ~ e (u—a)
=

ERFUI A @ 5w Z EAETE
PR 22 R PR A 5 i AT DAl 92 1 25 3 W /N . X
B ZEBCH ko, H R, >0, 047 .

w T (15)

(16)

WD=—e2 = cCuo— 2 ()
\%

sinCwy t) J

cosCwy 1)
D)
P, e B E B TR WSO B SR I R A5
o (1) [sinCwyt) (sinCwpt) |
i)z(t)J e cos(w)t)J woTe cos(w)t)Jxl(t)'
aom
XoF 2 2 320 [) B R S AT A
“vl(t)J sinCwy ) cosCwy 1) ] “%Jl(t)}. an
v, (1) cosCwyt)  —sinCuyt) | (v (1)
%Z: ljjli;/s: sjvk_u’ an
HARA6) 5 AKAT  ATHE .
o= kG — ) = b, ST (g

o+

k.

xf+ b

il
B

>0 A WAL AR A AT

wy = px (u—x1)

Forpr p R T2 0 R RSN T

19

A TH

B3 R A T A T

Fig. 3 Structure of adaptive estimation
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Fig.5 Structure of proposed detection algorithm

G5BT I R 2 g ik 15 B ek
Wit 41 G 0 B T O S5 A N R 5 TR . RE R TRE R R
G B R A 5 2 [l A9 4 D0 4 0 B T (W) 400 40 o
11 i i~ S ) 7 3 Ul S R VA [ W RPN 1 BUNL
7 IR I R i AR A T AT AR B g PR AR - 0 4
AR,
4.2 TEIRSTER Ml i WS 4 i

M0 I 78 AR TR A B o b B
J5 B A B B R ) (w2 (i
w) S AR

[1£<t,£4>} [Bshl(vmt)4—@) } b
xg(t,"c;o) — BeosCwy t+¢) ’
A
B= AE"UUO
(wp—wd) (25)
o2 ’
¢=o0+tarctan © %
7S
e &)713(t,&0>(u—x?<t,%0)> (26)
b 0 - b

Dty wy) i+ 29 Ctywy)?
HAR AR (22) w0, ATFR K
= f(Lray). 27

AAS QT E T I DL, R w1
S A5 B L AR



5 3 XUATL P i I A 000 915

= o () » (28)
Hrp
0.5Ae(uf, — wf)

. T
flw,) = %‘J fw)dt =—
0

(ah, — w))” + (ewy)’
(29)
AT o, = S Cun) BIIRSE 2 A

H

3 FCwn,)
au’On

=— A<0. 300

“oa T

WAESCER 221y BB 4.1 WL N TR
pEL0, 1 >0, w &R EN., 1«
wo, = wy BT, B 26 800 2R I A 2 (28) L 4
3,

e — Jf N), ~
Woa 22y f ( wOE.)Jr/uq)—v—J;(f(d) R Cwp, — wp) =
Da wy, T
— o ACwy, —w,) s (31

MR AR GO AL w, BB w, U Sk
BT o AR, EL U SO B 5 A fE 5
W (AR T L

5 ZiiE

5.1 XKBTEE

FIHE 6 FT 7 (0 1 A 07 250 s AL R 42k
B AT TR e, B A KL A 100 kW
B TR ML, ML S8 T8 S 8O0 % 1. /g 3K
(143 il SR FH LA A5 55 Ab B4R (DSP) R %0 1Y 5
LR G, Hrh DSP Xt #7655 AT R
FE 5 4l 38 5 CREERZ B R 6. 67 kHz) .5
2 H PWM {55, 282 Dy S A v % 42 1 O ok
1 b R £ B A L 3T L AT OB AR T 7R - B e
Wi 1 i TR B TR ENLE .

x1 XBERFSH

Tab.1 Parameters of test system

g b
I5 12 i -

6 REEIFELAFENI AL LR
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