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RESEARCH ON ENERGY SAVING OF CIRCULATING
WATER PLANT PUMPING STATION SYSTEM BASED ON

PERMANENT MAGNET GOVERNOR

ABSTRACT

The pump station system of the circulating water plant, as a key
equipment in the chemical industry, has drawn much attention to its energy
consumption issue. The traditional pumping station system uses valves to
regulate the flow rate, but the energy consumption is too high. With the
increasingly severe global energy shortage and the proposal of the "dual
carbon" goals, this regulation method is difficult to meet the current urgent
need for energy conservation and consumption reduction. To solve the
above problems, based on the advantages of permanent magnet speed
regulators in speed regulation, this study applies them to the pumping
station system for energy-saving optimization research, mainly including
the following aspects:

Firstly, the design of permanent magnet governor based on Halbach
array. Based on the composition and basic principle of the permanent
magnet governor, the structure of the permanent magnet governor was
designed, and the permanent magnet governor adopting the Halbach array

mode was developed. Compared with the common N-S arrangement, the
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Halbach array can double the air-gap flux density and output torque. The
mathematical model of the permanent magnet governor is established by
the equivalent magnetic circuit method, and the output torque formula is
derived. The results show that the output torque is mainly affected by
factors such as the speed difference, different openings and the thickness
of the copper ring.

Secondly, the magnetic field characteristics were studied based on
Maxwell software, and the transmission characteristics of the permanent
magnet speed controller were analyzed. The research shows that the output
torque of the permanent magnet speed controller is affected by multiple
factors. When the opening degree remains unchanged, the output torque
shows a variation law of first increasing and then decreasing with the
increase of the speed difference. When the speed difference remains
unchanged, the output torque is positively correlated with the opening
degree. In addition, the thickness of the copper ring has a significant impact
on the output torque. As the thickness of the copper ring increases, the
output torque keeps growing.

Subsequently, verify the transmission characteristics of the permanent
magnet governor. An experimental platform for the pumping station
system of the circulating water plant was established. The experimental
data of the operation of the permanent magnet governor and the finite
element simulation results were compared and analyzed, and the error
between the two was within 5%.

Finally, the research on rotational speed regulation was carried out.
The output rotational speed of the centrifugal pump was regulated with the
help of the permanent magnet governor. The valve regulation and
rotational speed regulation were verified. The results show that the method

of rotational speed regulation is more energy-efficient. When three
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centrifugal pumps operate in parallel, the maximum energy-saving rate of
speed adjustment can reach 15.7%. A mathematical model of the parallel
centrifugal pump was established. It was derived that the operation mode
of regulating the same rotational speed for the same model of centrifugal
pump was the most energy-efficient. Through experimental verification,
when the flow rate was 30, with the increase of the rotational speed
configuration ratio, the relative energy-saving rate was continuously
improving, reaching up to 10.08% at the highest, providing a reference for
the operation mode of the pumping station system.

This project applies the permanent magnet speed regulator to the
pumping station system of the circulating water plant. The output speed of
the centrifugal pump is regulated by the permanent magnet speed regulator,
thereby achieving the regulation of the system flow. It provides a practical
and feasible technical solution for the energy conservation and operation

of the pumping station system and has reference significance.

KEY WORDS: permanent magnet governor, pump station system, energy

saving optimization, Halbach array, speed adjustment
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LRSI, S Nl sl AR5 T ekt , i S DR KA B B IR 2R
PRI o SR R LA IR NI s 5 KA AR ELATE 7 AR R R R SR B
s . N AR T 5K T IO A TR, T Se BB A A, X
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IR IEERS UE T

ERNFIBT 7K GRS 2% (M AL R B TAR IR PR, 787 SR FOR 1 3R, ettt
K T8 s S5 46 LA ST AR SR T i i 2%
2.3 KEAEIR RS T
2.3.1 FEFIRT

PR TR KL A R SRR A 2 —, TR b, SRR T ORI ERIR,
IXPPEE RGBT RENE CRUEAE TR AR, BP0 v ) B ik 2 LA A PO R F 26
il 2-2 o, 7RSO TR A RO S s T, YRR E DT I3 A1 TT R IR I
[MIREALESL, XA T SR T 54N RN AN, A5 E
SRBNTE BB GETE . 2 SRR TRl eI, AR T ALY, A
B, NI R T A T IR B

(a) (b)

K 2-2 A TS5 R

2.3.2 KHEAFEFIRIT

FEVCTH KW TN, TR 7000 25 RIS AT 22 4 o AKBEAMRAE 7K Wl e 1 B [ 7 T
AP, — R RGN, KRB E 7L K W A BE by R A KR T
PR, OB AR RN o B SRR R N R SN A AR (] E A K A BE L
FEAT Y v s rEULINS , i R DR AT B8 S (/A Bl A A AR IRl 17 5 e 5 45 A
PERE, WA T R M 0 7K e 5 EAT Wi

TGS 53 7K REAEAE . 7K w5 AR BEE 22 o KA B Wi, ¥eit ik
fil v o A KRR 22, T IR R A REFE AL 5, B LKk WA A 8. i AR 7K
EFEAE N IT RS, R /K REAAR RN R WAL N, Be g By LR K AR RS, W] 2-3 B
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KWdmas  KHEFERE  KEEEE IKHEFEAE

(a) (b)

2-3 KW ¥ S R
2.3.3 FKHEAAIZ T
FEFK MR 2R IS AT I RE b, BRLI R (0 A2 s TR K BE AR R e g D11, 3
— I PR S AR AR B IR L o o, K AA TR IR R B 2R 2 TR T R/
REEEFR . FTLL, AKBAIER A 2R EERER, W ILRE SRR 2-1 B

7N o
2 2-1 % WK BRI

oS BERE T KRR Tl v JE B i 7

BT %/°C KJ/m? T °C KA/m
B -0.126 247-263 >0.117 320-460 > 844
(RN -0.18 > 27 > 0.39 465 > 240
YR -0.03 4776 1.4 680 51.74
R -0.02 >87.5 > 1.15 800 > 127.36

FER PR MRS, FEGEHEUT I EER K.
(1) HHEBKB AR B AR &1L W F 2 TAERKT, &

Ik BEN A o
(2) RS 7 Z N T AR 5. HUN 75 2255 FE S /K AR AR 15
HAT RUFHASEE k.

(3) KM EEHAT € I i R e o DR 97K i R T S I B3 AT 27
AT at, SURIRET R, P DARE B G DA iy i 5 E A K A IR RE RN o

AR 7 B A R AR AR 8 DA S B PR 3R 4500, Bl ik i A4k
RE i 2 7K W A R 75 5K o BRI, AR S0 SR FH B Bk ) Dy 7 B Ak T e«
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BRI L, KEER N MR EZA T R, BT R K
REARATAE 5y S0 WA P SR AR S5 L, AS RTS8 B B PR S A2 R AT I
ZIa)o i 2-4 o, B K WA P AL I 0 B 2 TR IR KA, SR,
TR WAL FeRE T2 A REROR, I3 t p BB, AR s 6, ZRE 7%
JITH A ER, AR 2818 e T A N 7K BEAR 54 o

(a) B AR 1) 72Tk (b) FE¥ FE M

W 2-4 J T ANRE TV 7K B AR 7 AR AR
2.3.4 BoREER T
o 5 JECJRE 22 B AE FUL R T, 38 S B 5 4 N AR I SR TR U R S T AN,
HesmunE 2-5 frx, FEASFAREISHETE6.

IRERZLAT SR

LS P IHILE Bt 6

R

fal AR AL

2-5 FE5))Ji L f iR

¥zt 6 EE SN R IE, ERER AL — i), RIRLALH —
Sy 5S4 AT o] S A B R R b, TR EREZAT IR o — S ik BBl 5% -5 1 Al rE ML
%, AR LIS B S B IR PR L AL e, B HESIRE BT & M B 2z 5. il
R ST & BN AL B, e SN 7 Bk 1A T o R 5 T AR A R B, B iR T
T ) A
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2.4 Halbach F&E%IHEfR

TE TR RGBS (R AT L b, B RAE 1) ERERE A IR T s i% 0, N T HE
ANHE IR REAR KR R BE R AR TR IR AR (PR RE, D25 ) SR A0 SR I 1) S R
PEARIRRES . AR50 N-S ZE B HA 77 B R, EIAEAE A2 BRI B AH
AR LA 18] 53 7= A U, 5 BOREAARTR F 26 A ey, BT 1) 240 7 R R (0 AR AT AL

Halbach [ %1/ H13¢ [E 2% Klaus Halbach 7Effscabit &M, 0k 2-6 At
N, B KA B, AR T R R A SO, B TR IA S TR AE — 0 LD
TR, MET N-S HEFIJ5a, ] Halbach F431) fi 8 5l i B i AR ok
/N, TERIREEH KRR HTER ™, RBSE 70 70 R FH K RERE 7 B 73 0), BRI A A
A, [Fli} Halbach M5 Re 88 78 70 FI ARG, FEAE BN AR Hhidt— 2D 3 Tk ik
AR AR LR,

(a) N-SH7 (b) Halbach[F%

K 2-6 N-S #F41| 5 Halbach B 1A
£ Maxwell B %F N-S HEFAT Halbach 451 1% #5 A HES 7 2000 7k i A 3t
ATEREI) 3 M, R EC T AE SRR LI P AR A O, Bk BN B AR A L T ]
2-7 F12-8 Fim.
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A [Whim]

0.0240
0.0208
0.0176
0.0144

0.0112
0.0080
0.0048
0.0016
-0.0016
-0.0048
-0.0080
-0.0112
-0.0144
-0.0176
-0.0208

-0.0240

B [tesla]

1.2000

AKHEAAAE N-S HEF T 30N, KRR 1 A5 S oA 6 s 70 26 (HRBERS 1
WINAETEIRREIL G . AHELZ R, Halbach B4 7 205 A IR ) 2 3 B4 PR TE ik B
Fer A, AR s 2 e R, BLAE KGR 5 AN TCIR i . A2 7K e 5 ob
M RRAL B A2 O D ERARE T N-S HEBU PP~ L s 2R B 4., T Re g

Z)
&\\\)\\?)

(a) N-SHE#

=N
}ﬁl‘-\?f ¢
L7

A [Whim]

0.0240
0.0208
0.0176
0.0144

0.0112

-0.0112
-0.0144
-0.0176

-0.0208

-0.0240

(b) HalbachFE#

K] 2-7 N-S HE%1| 5 Halbach [ 51 (114 712625 4,

(a) N-SH%1

(b) HalbachP4%

2-8 N-S HE%1 5 Halbach [ 41 (#8254,

SRR A I3 -

5 18 B R 7K B R S 2% B P RE A S B PR 3R 2 AR TR A 1 MO A RUBR
G RN o S IEAE T A 5 K W T 2 1AL R S — 2R IR, AT B4 B AL 37 0
FER) 73 ATRFIE - 45 Bl Maxwell ()5 AbBRDIRE, WL 5B REIE VS R 57 [0 R AR A R

i, BRI 2-9 Fios.

15



74t MR NS S VAT

Mag B [mTesla] 6007 —— Mag B [mTesla] ]

Mag_B [mTesla]
g

T T T T T T T T T T T T
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700

Distance [mm] Distance [mm]
(a) N-SHEFI (b) Halbachf%%

2-9 N-S #5155 Halbach [.51) i) BUREE S 1537 18]
N7 VAl N-S HE415 Halbach B 51 00 i RESA RSP, 14 S RGUAL ISP 32 Bl il 25 %
TE N bR . 25, N-S HEFIN R I-F L8 % B0 168.67mTesla, 1M
Halbach [ )< B 7 ¥ Rl % FE ik B 343.57mTesla. FHULAT L, AHE T N-S 4
#7730, Halbach B 77 1P 3 REGESE = T 103.7%, BAASEUIE 2-2 Fr

7N o

% 2-2 N-S #E%1 5 Halbach B 1 (1) B REEXT EE

ViR UALSE TN 3@ N-S HE51 Halbach [
B KHEBZE (mT) 264.86 527.57
FIIHLEEE (mT) 168.67 343.57
iR (N - m) 4.614 9.236

5% N-S HEFI A Halbach P41, £F Maxwel H1 506 HiF AT B8535 0 4. PPk
IR T &S HAME, & B HEZEAN 100rpm. FFEA 100% 1 H 4R K 2-10
Firo, 5 PP R ARG HE S J7 3T BT HE L 1 DL

T
12 + = Halbachl 51|
1 JjEe= N-S#E51
10 A
9_
~ 84
E
z 7
3_5 5 ¢
&
4
3_
2_
1_
0

T T T T T T T T T
10 20 30 40 50 60 70 80 90 100

<o

Time (ms)

K] 2-10 N-S %15 Halbach B 31 )4 Hi 446 1K
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13X b N-S HFF1 AT Halbach B0 77 2R 1%t #4E , wT A4S 3 7E [F) 45 5 F
'™, Halbach B 51 G5 (s 7K A A T 254K 45 B8 Rt 640 . o N-S HE91 R P35 %
¥Ry 4.614N - m, Halbach P51 -5 Hi#H25 9.236N - m, Halbach [471]
Firian R AR AR T N-S HEFIREE IR 51 100.2%, MUEHL Halbach [ 51| A Sk
A RS 7 =
2.5 KHLBIRBIVBIFIRBIE T

TR TR A P 128 R WS IR T S AR 5 7K A TR AR ELAE B R T3
J O TR G B, LR 78 A BV (0 B SR Al B O B %, UK GRS 284
IR G, H BRI G RS 0 % AR IR AR, AT TGV S IR A 10 A AT
SR R — ) R, T A5 RO VA T K A AR, I
PR PERIR T B8 B lt, A TER N 2 % tH 56 5 A S S BUE L R R P,

BT W% 5 U B AR B, 5 RO B N 3% o BT B A D 2 A0 F I P
[ 052 o S ) R B 1) S5 A I, TR UR N AR 70 A R, i R R Sl 2 0
BFEFF N 2D AL, R AR R 4L R Y Halbach FEFURAL N 2-11 fir
No MG T UIRIEE T B & BRI A 7= R iR, B A Rk S
LREFERIELL, AR SRR, AR T AR P A ROR

= Tk P4
S fal /\
R TR P \
~_ ¥
~
‘it Ny
- 1 ’
7K B . - ! 1
—~ vy s s 0 R
~ S ] N
| L1 L1
= ™~ ]
KR 1 W
TR

2-11 Halbach 451|552 — i Y ]
(1) BEIEAE TGRS RIE IR G B8AE, W2\ E BUKBEAR Y N AR
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R AU 2 RS B AR AR AT, PR PR R R BIA 58 = Bk BEAR I S A%,
B AN E BB N Sk, ZEd SRR AR N T HOK AR S 1, BEEANE
BN R, G S BRI AL [ 30 oy oK R AT S H2 .

(2) WETIBNEE —HOKRIAAT) N B, RIS A G4
b5 BRI IR AR, RAFIE H S S M.

(=) IWHE% -

(D) S — YUk M A LR 545 36— 2R AR, BTN N AR R,

SRR EFEA IR F] S M 88 gk AR, WEIZRM N Mk, SR
B YUK S 1), BEFE AR =B N A% H R Gk HEFEAE 5] 2158 — B
S .

(2) 3 ZHOKBIAR MBI Z N N Rt &, il SRS R E S S 7.

(3) BB=HUKMIARIITE TR N R, S KRR AR SR B H
1S o

(4) VKRR IZM N SRR, il RS RZIHE S S K.

Halbach 41 12 50 6 7 5 B A 2-12 FloR, S 3006f B P EE 5 Sk
2-3 fIiR.

P 2-12 Halbach [ 41) 55 R4 fid it 4 704 1]
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% 2-3 Halbach #8555

Rair AR HERE Riron1 KT AL AR
R A AR RE Rironz S RUNEE AL
R, AR FE R, KA 22 TRV PR FEL
F, IR LI 5 ® [2lii)

R R AR T A R B 5 5 A B AR R X S RO R, R HE 5 H B AN A R A PR R 50

HRIEAN:

F=H]I,

c

Ref, H, KBRS, L, Ak R
el 5 T 7

rR=L

us

A, LOAMHIEIE,  p NFRHINEL SR, S b Rk AR .

AT DAHE 3 H 24 e AF R RERH D «

R, =
LS,

L.
R. _ air

air —
/uairSO

L

cu

lucu SO

cu

ironl

ironl
:LlimnlSO

L

iron2

iron2
/’lironZSO

Hr, L

air

(2-1)

(2-2)

(2-3)

(2-4)

(2-5)

(2-6)

(2-7)

R, L, NIRRT, L, WABSERTRE, L, A3

iron2

TRIERE sy NKHEARAS W28 g, RSEHIRITE 2 0, JYBIA AR 5

B g KBTS 5 1y, NS EEARREG 25: S, NEAIK B

A2 1) g T AT S A
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A R B
g ®
SO

FH R B O AL T 79

® = BS, cos(w-1)

27xnN,
=
60

A ONE], o ARIHEACESE, N, NRRS A, n NFEZE .

A e PR SRR R A T 457

de .
=|—|=BwS, sin(w-t
goe ‘dt‘ 0 ( )

TR EE Al F i RIE AT A -

2
a)o-ﬂf)u

Ah =

X o NI TR, A AR

1
p=—
o
HA IR L RN I L B A
27rr
R =
R=P S hr
A IR RS Y LI P A T AR A
S, =nxr’

r NI RN R AT, O PR RN R FL N«

Do _ BwAhsin(wt) vdr
dR 2p

di =

BRI A A5 A D P -

2 2 3 2+ 2
dP:&:B zr @ sin” (wt)
dR 2p

A DA AR T RO

Ahdr
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B’rnr'e’ sin® (ot)Ah

P=jo’dp= ” (2-18)
HFAAE — > A B P S5 R A T R A
P =%jofpdt=”'r4 '1'962"/)“’2'Ah (2-19)
PR IR IR AR FE S T 2 AR,
P - n-z-rt-B:- oAb 220
16- p
o =Ty (0 - o,) (2-21)
Forb ke kAR S, Mo AR AR

1 B QORI R0, i Bk R T Ayt P T S 2 L SRR s AN B 2 ok

EHAMS RN, HALshae ) R B G2 ARIFRE RS X R 1 7
FIARTERD o AR R .
2.6 KEINEG

A EGHN A T AR A B LR S T AR SR, ot S AR R A B
BB RHEAT AR, o TRk A B L & B B TS, DR i 5
SRR RTEL . BJG, SR K BEARHES) 7 3R TE T XL BT, A% T390 N-S
8, Halbach FFEFITE RIS, A RRRLE %5 13 AV H BG40 T — .
S22 6 Halbach .91 R 7K RV T 9800 A7 5502 T E, 5 /0 T 8 O
MR AR, BRSE T KBE I S8 AL 3 e ) LB SR s . RRJTRE . HRER 8 B
HK.

21



74t MR NS S VAT

£ 38 KRR EIFENR

3.1 515

FE T A P2 R R, A7 3R A R TR 75 SR AT DLd i 7 i R 25 45 DASE I . A
SUA—6 5.5kW 1B O IO FREA, KK BT IE AR 1 S4B, IR
AN E| Maxwell B AT 738 . W HBESHE RITFIR A FE, % HE X Halbach [f
FITE AN B K WL 2 AT ST, W FCAEAN A S5 A T 3 22« T BE AN 2R 5 B 5%
B HE R PR A T LA A
32 ZRbrFHESE

NRBRANE LN %520 R 32 S A DR R, FEREAT A0 B, T8
Wy Maxwell BAFITEREFT, RAARICETOT L, £ = 4R8BS 0 f i3 )
BT AR RE SR A, AT I 2 vE W 5 O R R R N

VxH = J+a—D

ot

oB
VxE=-— 3-1)
V-B=0

V-D=p

X VAIRERE T, HAWRE, BAMGERE, JNBRERE, DN
HIBZE, ENHIEE, p NEHEREE,
ol 75 FE 5 a5 B ok R OB
D=cE
J=0oF (3-2)
B=uH
Xt e o u RN EER. MR RE, M TE.
AR RS, BT an, Em%E D=0, .

1 OB
Vx—VxH+—=0
{ o ot (3-3)

V-B=0
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MR ERHFIEN:
B=V-4 (3-4)
Y A RN
IR T A T A ) LR T A
J=J 41, +], (3-5)

b T N = A RS, J, bR EEARRIR ST, J, N
I

AKBEHIR S FIRX Q, , KEIARIX Q, , AKX FEIEX Q,, HKHRA:

Q, :Vxl(VxA):a(—ﬁ—A+vaxAj
7 ot

Qz:Vxl(VxA—Br):—O'a—A (3-6)
Y7, ot

Q,: Vxl(VxA)——O'a—A
y7, ot

R vASEMAEIEE, o ABFE, B AKBARREL.
iy tH A
1 ol
TZEID;LLxBﬁﬁ%/ (3-7)
R VAR, n. o NSEET M.

3.3 KEGEIRBFERITIREES
33.1 ARITAHIENS

1 BR TG4 MR A — P EUE TH 715058, o0 JE AR SR i DX 3 B8 LAk
NETAFRN “BIT” T IXIER, X8I0 T XA R e AR T,
SRS B XTI, B 28Rl T AN DX ek ) B A7)

BB THRENER PO K &, AR T tmiE TR RCRR 2 2 F 1=/, MY
HE 4 R KRR EE A2 3 SR A I ) %), 3 B AR AT B 70 23 Wik AE 22 5 R 0UsR 1) R B2
AEBN ARSCHTGRAB T H RS, SR Maxwell 4 FRIGH T LAE A C
) RRLO), AR R T 2 s i TR AL, RERE BT RE A A, TSR B

szlUl
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W] SE IR AT BR 0 70 B 46 A
332 EXREE

TERY @A BRIC /MR HT, A BT R s iy, 7 S BRI AT a4k A
H, HARMRE AT

(D) BBKBEARTE R TT 7] L3850 7, IF BB IARHE %4> J7 1) |
HE AT AR R A R A T

(2) MRAERAT 05 B FE X 2 b8 R B, 2 K R R 2% (T
FLv INTIE A MRS JURREE, 25 58 S Nl -5 % R 47 L2 SR s,
TE RIS AL AT Bk

(3) fEKMERESIZ TR S, RS ZRIFEE, ST 5K
TR SR, H W A SR R AR AR

(O R BE R AR IZ AT, BT IR R, L% 23 BT 48 AN I A 5
KAAAN 23 PR R0 38 2550 I T 4 A AR T A
333 BRTERES

ARSLELHof 7K R R SR 2 (AL SV R TR IR 0T, FEMUAZ O AL i R AR
FARRE I SRR, BRI SE IR 3-1 fs. T SolidWorks £ 45
BRI T KRG R A 1) = e AR, R AR AL T N Maxwell SFHEAT 1
BT, NEORI T RIS, 2 SRR T AR T R B 2 =k, ]
3-1 fiw, FRH L E N Band 3, (FIL 8 2SR T, NG SAL SRR A
PRALRE B 10 07 LA

®3-1 PRSI 28

TR TR ZH ZHE (mm) MR FR
TR AR Kox B x 5 60x30%x25 IR
L 209
A Ve 221 |
(RN 60
L 84
iR Az 200 W
R 60
WAt 221
SR AME 241 N
K 60
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T Maxwell 3D #3 NSRS 1) Band SANEE S A LML, Kt
1% Band UMK 210, TFEAS KT HARS SR 728, 3 H Band

ST St
(—k—l

SR T 1273 Band

/

KRR IS ALS

3-1 AR T

WAME R EAE
3.3.4 MRIBMIRE

JUREARY ST J5 0 AR AT B8, Maxwell 200F A E T 35 1% H
B, W EZR AR S A 2N ERPRTCTR 2R vt K B 7 b
RHRIIN, AR AT AF A RE BEDDRE B 52 SOITA R Sl S AAH R B S
HEPEPAEL, I 28R P R SR R, BRI ZHUOLE 3-2 Fs.

R 32 BHEEWIMES

T4 FR PR FR EROR TS B FH BH % Sl
TR A N48SH 1.47 625000 -890
CTE2N Copper 0.99 58000000 0
Band Air 1 0 0
Region [X 1, Vacuum 1 0 0
S YINE] Steel-1008 696.3 2000000 0
TR EFEAE Steel-1008 696.3 2000000 0

335 EXSHERE
(1) B

FE5E AR R 5 1 A RHE R e ARG, 7 ZEARGE e BT DLk B 710 57
AT o DR 7K A 308 52 B AR ) 2 A AR, e O 3 5 A e PAY 00 7 il FE A
WE [ HRSH, AN RARE . RO LIRS 7R85 L fihe, A
AR e TIREILR IR A, T AR R M o me A v B 5 2% A
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(2) WAt E

FEAMRTC T, AR AE R AU, I B SR, i8I D) E ek
27 A IR BRI, WO T BANAC 4 FRLR o TETT RN L2 R0, 7oK A B0 B i It
ST AIREEUIIR, W OREEA 0TI FE AT B AR S B AN S BR 0

(3) Mg

FEABRICA M, KBTS A ARG R LR ot i H 00 LA v et . BT LA,
BB KRR B KRSy 4mm, AR AK S KRSy Smm, 2558 3 RS I 7
K/NEREATH R ], B SR AR BEFTRCA 12mm. B TR G MY
TEAR, BTLAMIA 2 9 DU TH 4 B A d5), il 3-2 B

3-2 A EI Ay

(4) WERMSH

WU RI o e, AR U BRI . SRS RE T, S5 RFLL L Rk
A TRE, SRIOEES T BB, SR, 45888, HEi
SR 2 BN . AR R B K, R R U, A
AN B RE SR AR 1] A 100ms, 25K E N 10ms.
3.4 FEFRERE THIE B

PPHE BBV RR 0 DG S B0 M tH A, 18 I 2 ST Hh e R A AR R
H B R R S R A O DI UK VR R BN [ 2 T AR R, SR A
Maxwell FAFEAT 08T o B T30 BRI T 72 o) B 14 8 AN e i, DR L 8 7K
Tl ¥ RN T SR 7 DR e el 2 et , DA DR 8 Z A AE AR XA 3l , AT
ST X 7K i YR 8 A B AR IR R AT T A

XTI B R AT SR, Wi 3-3 Fios, BL 60rpm it
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2, 500rpm LR, BB ARG 40rpm, X5 E 2 AT S HUGT B . 7E 58 UK B
AT EH RS, HENJEAEIATT, 133 HAE AN F LT B2 e A A
HARZAR IR 3-3 fius, 3830 Origin B0 G HMAEA T EERT, it #6505 5
IR Z ML, & 3-4 fos.

Sweep Definitions | Table | General | Calculations | Options |

Sync # | variable [ [ s |
8 Add/Edit Sweep X —I
o = Variable Desciiption|
inear Step f t
Nosisl S o ot Linear Step from 60mpm oSDS
€ Single value ‘
@ Linea step Add »>
" Linear count J ‘
" Decade count
5 — | € Dctave court —I B
it
ES € Exponential count | —l
Stat: [60 [om — ~]
Step: |500 pm v| i
Sep [0 [pm =] 0K Cancel
Edit Variables ¥ | HPC and Analysis Op!ions.,.l ns Y

K 3-3 SR
R 3-3 ANFAFEZET I EHE (N-m)

HIH 2 (rpm) 25%JT & 50% T T5% I 100% T &
60 1.932 4767 7.510 8.389
100 3.012 7.314 11.421 12.782
140 3.843 8.770 14.166 15.893
180 4.529 9.620 15.811 17.782
220 5.327 9.842 16.542 18.626
260 6.038 9.944 16.583 18.705
300 5.896 9.475 16.220 18.316
340 5.410 8.968 15.639 17.714
380 5.033 8.349 15.056 17.134
420 4.902 7.674 14.516 16.569
460 4.730 7.017 13.779 15.794
500 4451 6.346 12.775 14.670
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1—=—25%
20 4| —o—50%

A H % (N-m)

0or———"7T"T 7T 7T 7T T T T T T
60 100 140 180 220 260 300 340 380 420 460 500

R 7 (rpm)

B 3-4 AN [ 272 T ) L B ok

DN FEAN R 00 T P58 e A, S A A G EIR T DU L. Mk i
FETTFEAE T I, o A B T T 2 (3 K RIS T S PR e B . X T
P3N 5 B IA S AT b, AR AR S e e, WK D) B = AR IR NI I
b G5, BEMSRAERN Y, HESH AR BT SR, AR IR B ME S
G BE, XN RN RS R4 BANS S5 R, B NG N RES B, SR
WHITS, SRR RN, RGOS R e R R b,
AR R AE I B VEAE S5 TR

FEAH F TR 22 56 AT, - 350 H S AR T B ) B i 360K, JF BE 38 oK
THYEEGHR, SRRURNEE LTy, T InE SRR, HHEshi e Rk
$hn. teah, HEEZELF] 260rpm B, TIRFFEHN 25%- 50%- 75%iE 2 100%,
TR VA5 R 0 e RS IR B A . HOBUE 43 7905 6.038N - m. 9.944N - m. 16.5
83N - m#l 18.705N - m.

TETK G RE B IEAT T, ARERR T (R LW IR B A DA . — 5T, TR
WAL BB, 5 ERE A AR P SR AR i 5 — 7T, IR PRI S L
TRRARFE I P R A, PRSI R A I IR R8T . SEBR b, KRR A Y 32 2
THERBFEUR TSI, I Maxwell B (15 A FRThRE, AT LATT 58 23 R4
E LN B SR 48, Wik 3-4 fian, 38 Origin BAHLA HAEASF L R oh%
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FEMZE, WK 3-5 Arw.
* 3-4 AFLHFFETIE (W)

Hd 7 (rpm) 25%FF B 50% B T5% I 100%FF &
60 11.8 28.7 44.6 49.9
100 30.9 73.4 114.6 128.5
140 56.1 127.8 202.3 227.5
180 84.7 184.6 295.2 333.7
220 114.7 239.7 381.7 436.9
260 144.2 289.7 469.3 507.0
300 165.7 333.6 541.4 613.8
340 188.1 371.3 602.4 684.8
380 201.7 403.8 654.8 732.2
420 222.9 430.7 702.8 776.4
460 243.9 454.2 746.4 824.2
500 262.4 474.0 785.2 900.7

1000 — T T T T T T T T T T T T T 1
1 —=—25%J7
900 7 |—@—50%JT /% E
1 A= 75%I7 %
800 — —w— 100%1 & /1
700 - — .
g 600 s - .
ﬁ 500 - r .
?Ef 400 / .

L

300 / —
200 .

100 .

060 ' l(I)O ' 14110 ' 1;30 ' 2é0 ' ZEISO ' 3(I)O ' 34110 ' 3;30 ' 4é0 ' 4EISO ' 500
35 (rpm)
81 3-5 N[ Lo R HIARRE T 2 il 2
MEE3-5 PR LR, s 18 e i, 7k R T 24 () H5RE T 6 Bt T 5 1
RTSEIN s WAEFF FEEA R HITE LT, RT3 BE e 22 (3G K E 8 k. DA
N 260rpm. TFE N 100% L4400 T ISR ], Hb s o A 1 ol an B 3-6 Jir
TR AR THI 1) PR I 28 B A KA T3 2.7 107 A/ m® 5 388 VLI AR AL AR 1) 3 30 T

EREESUREY WAkTE S

o
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J [A/m*2]
2. 7433E+07

2.5608E+07
2.37T83E+07

2.1958E+07
2.0132E+07
1.8307TE+07
1.6462E+07
1.4667E+07
1.2832E+07
1.1007E+07
9.1817E+06
7.3566E+06
5.5315E+06
3.T063E+06
1.8812E+06

5.6082E+04

Kl 3-6 A FL I AT
KRR SIS AT RE T, BT SR T SRR T 2 B AR E 8, N
WAEIR EA R, JET SR IBAARFE. Wil 3-7 Bros A 22 260rpm. JT
N 100% TH0 T HA3A I RRA AT AT 1 D, Fo o AT RFAIE 5 Al HE 370 2 P 2 A A )
B A RO T AR Y BILAE AR A A r o DX S8 AT g P8 7 7

Ohmic-Loss

Wim*3]
1.4939E+07
139436407
1.2947E+07
1.1951E+07

1.0855E+07
9.9591E+06
8 9632E+06
7.96T3E+06
6.9714E+06
5.9755E+06
4.9796E+06
3.9837E+06
2.98TBE+06
1.9919E+06
9.9602E+05
1.2641E+02

] 3-7 HAFRRRARTRE 53 A1 [
KM S R TR B A, HTONIANEE, TN aesE, NA-

h=1, (3-8)

T A5 A 2 RN -

P, T,n,/9.55
p=2=2h70 M (3-9)
B Tn /955 n

A PO KBRS AN Th 3, P, 7Kk kR a5 s D, S W,
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nos oy NSRRI T ARG TR, SN/ min, s IR,
AT HIRFE DR -
AP:ij|J|2 av (3-10)
X p R,
TFELI R AP AT B KRR

B=""= (3-11)

7 J95B, _95AP(=s) 95547 (3-13)
n, s-n(l1-s) S-n

BT EIRRRIRFE TR A e a0 (3-12) , AT LA S R GRS AR AR AN R T
OUF I DI, WL 3-5 Fios . MH Origin BATUE, 15214 R TH0 T fi i 2
REHE TR AL, W 3-8 s,

* 3-5 AFRTH R oiE (W)

HEZE (rpm) 25%F B 50% B 75%F 100% 1 &
60 558.5 1359.6 2111.1 2364.2
100 872.6 2073.6 3236.3 3628.1
140 1116.0 25413 4024.3 4525.7
180 1291.7 2814.7 4501.8 5088.5
220 1410.3 29473 4693.2 5372.3
260 1478.1 2968.9 4810.3 5444.8
300 1449.9 2919.3 47373 5370.4
340 1430.1 2823.0 4580.0 5206.5
380 1350.9 2704.2 4385.4 4903.8
420 1329.4 2569.0 4191.7 4630.7
460 1307.0 2433.9 3999.7 4416.6

500 1272.6 2298.8 3808.2 4268.5
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J——25%F

5500 ——@— 50%JT 1

{—A—75% I &
—w— 100%

Bt Th A (W)

o+——7F——F—T 7T T T T T T T
60 100 140 180 220 260 300 340 380 420 460 500

4 % (rpm)
P 3-8 A [l 00 it 2= i 2k B

M AT DA H, i DR B i 2B TS PR S
RFERE KRS, ARPR R R BRI N i R, SRR IR, G
TR, IHESD R T2 L. SR, RN R R R G (1 554 T 22 B e
Uit i 73y NI BT 87 Rir 8 S UE Vs VA 7873 v | R - I - e A DA Y5 5
7 I 5 22 (R RR S D 2 S ERFE T R B3 BT, S Th R R Mkl
T 2 PR AR — I, 3l 253K B 260rpm 4 AL REIA IR, XoF IS [ U8 {1 73
BN 1478.1W. 2968.9W. 4810.3W Fl 5444.8W.,

3.5 NEFFE TR

W TR B AE A [F) I BE T A E R, SR Maxwell #AEAT 7 &
OYNT, TEEGEZE R E N 100rpm FIZAT TR, XF 25% 50%- 75%F1 100% P4 F 1 &
THUEAT T XTI A3 R AR, N [RIHF BN (R 55 43 A I
B, BRIy

(1) 25%FFRE: Gl 3-9 B, S 1) K e 55 57 32 8 40 A0 £ By 3508 X 45
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B [tesla] B [tesla]

0.2201

Kl 3-0 HARAE 25% 15 T s e R B oy A 14
(2) 50%JFSE: Unf 3-10 B, oK Ia s DA oy 3, (HIFgR 1
0 DX

0:3000 A=

0.2202
0.2003

Kl 3-10 HIIATE 50% T B TG J k= A
(3)75%JTFE: anid 3-11 B, e R R0 5 3283 ) g 358 AR A O X AR A
AT A,

B tesla] B [tesla]
0.3000 0.3000
02801 02801
02602 02602
02403, 02403
02204 0.2204 . £
02005 02005 ! 1]
0.1806 0.1808 od
|

0.1607) (1607, p
0.1408 b -
Tt 01209
0.1010 01010/ g
00811 oo y
e 00612

00413
00413,

00214
00214

00015

0.0015!

B 3-11 HIAATE 75%FF B R g 2% M Ok 50 A R
(4) 100%FF £ anl&l 3-12 s, ok ki % B4 Ao 7e v A oo s Az, H
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AR 1) H A [ SR ) o

B [teslal B [tesla]
0.3000 0.3000
02801 02801
02603 ; "/‘—;“.-—"-'-—'=\ = ; T
0.2404 - b i ] 02404
02205 £ 4 ] \ 02205 F
02008 I8 ll ' 02006 Es
0.1808 = i 01808 il
0.1808 j 0.1608 =
0.1410 01410 =
o121 01211
01013

0.0814
00615
0.0416
00218
0.0019

CEILRE, BEEITRERIIG N, RAE 2 P A0 AT M\ i SR B ] L i R, B ARAE
100%T £ T TF B 348 R HH 4o [X 35 1) SR 4 Hh 4 A

BB AR BE R AR BLHC A 100ms, TEUR 2R FFIG I Z 18 2 I TE T, kil
VRS (R0t 2 DR T BE IS [T A6 A2 A, A 3-13 Flow, £ 25%JT BEI
Py e AR DY 3.012N - my 0T AR TE 2 50% 0, P2 fm i1 2 7.341N -
m; HITEERRTT R 75%MF, PR HI R 11.42IN - m; T4 0F A 2] 100%0H
S5 H RIS B 7 12.782N - mo 100% I BERL T 75% T FE f R B AR 4R T 17 10.6%,
R 50% T 4 AR 32 =1 1 42.8%, M T 25%FF & 4 Hh 54 502 KR i =
T 76.4%.

E

— B 25%
o—50% v
1490 A 750 M v
v— 100% A s a
12 A -
2 10 .
z
8 g
prd
H
€ 64 i
44 i
2_ -
O T T T T T T T T T

0 10 20 30 40 50 60 70 80 90 100

Time (ms)

Bl 3-13 AR T it e e
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3.6 NEISEMEE THE 4T

TE TG VR 28 (AL S I R e, IR L8 S A A ) S R B 2 7 A, 38 v I
IR, T AR JE 2 (7R 2 s e LA, TR G 0 S0 30 5
AT VELNS T -

WE FH ZE N 100rpm, X EE A T 3AAE 3mm. 4mm. Smm. 6mm JEE T
R, WE] 3-14 B ZEAHIRI LOUT, A A0 e G 5 R 1O 189 T e 2 3 5,
XA RO AR ER B ERG I, FEAH [ S A T O) BRI 2, IR R 5 4
S, AT HE BN H G A TR T

40 T T T T T T T T 9
e =3
3604 T g ® 4 — Y b — . 4 —
—h—5 A—5 = — > —o— o &
sadvd  y—yrTyrov ot ey —
/ ——
28 e ———— 1
Vs 6
£ 2.4 4
z Z 5
# 20+ w
*;‘g # 44
& 167 f‘é
1.2 37
0.8 24
0.4 o 14
0.0 T T T T T T T T T 0 T T T T T T T T T
0 10 20 3 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 8 90 100
Time (ms) Time (ms)
(a) 25% (b) 50%
14 ———— 16
=3 ] —=—3
—e—4 ¥ -y 14 [® 4 B S T S
12 4 |45 A = —A—5 //’
—v—6 e —¢—+—0o—o —v—6 e . Py o ° o
11 y B 12 y h
10 y
/
—~ 91 1 & 104
£ z
z 8 4 &
£ 7 R
s =
H 61 1
€ 5] ] 6
44 il
3_
2 2
14
0 T T T T T T T T T 0 T T T T T T T T T
0 10 20 30 40 50 60 70 8 90 100 0 10 20 30 40 5 60 70 80 90 100
Time (ms) Time (ms)
(e) 75% (d) 100%

3-14 AS[FVHR PR 5 RE it A it 4 &
AN [F) 4 0 B P~ 2 i R R a0 3R 3-6 BTz, 1E 100%FF R, 6mm 438 )5 &
T 3mm. 4mm A Smm FE 5303 S T 20.25% 10%- 3.61%; £ 75%
FFETR, 6mm A EFEMLE 3mm. 4mm & Smm Fi30EE 0 SR T 18.46%-
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8.65%-+ 3.18%; 1t 50%JFFET, 6mm i3 /EEAM LT 3mm. 4mm & Smm 435
JERE Sy AP R T 15.93%. 5.91% 1.57%; 1E 25%JFHE R, 6mm 413K EFEHHLL T
3mm. 4mm A Smm FiI L3 5EE T 21.98% 11.29%. 4.62%.

% 3-6 ANFEHEPEE TP HEREER (N-m)

HPRERE (mm) 25% T 50% % 75% 100% 1 &
3 2.35 6.149 9.313 10.194
4 2.672 6.882 10.433 11.504
5 2.873 7.199 11.058 12.32
6 3.012 7.314 11.421 12.782

W8 o A A JEL R I EE 0, o R e AR SR AR T . X R TR R R e
BRBE, AR I BEEE K BE S M K, BB At ok, S 43R E Tl T S 7
(RIRE 7 BEAE i T B, A R FE 3 T8 T B, WO 6mm H 38 )R N A ST
CTEZNEN 3
37 KRB

A 23 T PR G706 A A 28 1 = 4R JE ST 34T, {E SolidWorks
Hoy 3 = AEAR R BT A0 T SN BT LA AT 407, % Z 8B A RL S B AR S HE K
PR AT BEE, XL RIS AT 7T . WFFURM, KGR 2% 1% A s %
FRERIZR M, EMFEF SRR T, SRl E I K BT e R,
FEAE 260rpm o ZE I H IR ; S {RIFFEIR ZARN, 5 5 I B R/ R
IELR R, FROHOR, FeFEdkan; s RS, FEAE AR, JE&N ik
AN IE i, B AR AN R . B R FOAN R TN B R, A4S
WX s e B B AR TR
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FA4E KLARBERBRE LANA

4.1 518

A BRG KRR E AR N FH T h R e, @SR K SR R G = R T
TSR fEZ AT R b, E 2 2R 80 IR o4 340 K A Halbach
B 51 P 7K R TR TR AL B RF I o DR T 80 B IR AE SEBRIG D0 T AL B RrIE, 75 B G
HSEIRENL, LA RS 7 5 K BERS AR AT FU5 B, X B RE 2 FE LR AT M B
T, S0 HOHE 5 BB A5 SR AT X LLIR AR, 42 75 AL PPN 7K T R 25 B AT
.
4.2 IR Rih RSN T S5EE
42.1 EEIIE

AR URAI T IR KRR T 25 8 TR B %%, MU Re S AR SR T IR A
BT 3R L % A R R S 2R I 1R T AAE PR K ) 223 R4, AR R Gt A
LU UM A

(1) &6 3O IE FTEC 2% I KRG R A 25 B S i el il LAz, A Al P A%
7 31 6 Bl A 5 7K VR T 2 AR S TR, AT 42 ) B O 2 1) i HR

(2) BEHOEME ORGRE ER B3 im. (e, @
AT FEL 2R R S X L Rl 1 AR S

(3) Hi PLC SEBzM], #AEI7 5, Ehw DA S SR, #H R
A ACIE NS

FESL SIS IR, 5 A FRHEARN BT e, A EEAK] R
uh RGHI L JT 5, (E SolidWorks A i 2l EIA /K] FR ki 5 Gt = 4R B 1] 4
Kl 4-1 Bz
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e
- 116 [

A

B 4-1 IEFRK) Rk R G =4 Ay K
HEZHLUT L 4H Ak
(1) W RS 80 2R KWL E AR T E DR E, £ =D sl
R EB 22 2R B JIC A, R FH AR] A FELATURS B U 42 4% B0 S 8 ) 2 4 D77 1) o AT SR B G
VRS HE S AR BN Y, AT 20E B Co 2 0 Hh e e (R R v das o), s 4-2
Fi7R

________

Kl 4-2 THE R = 4ER A

01: B0 02: FhAME; 03: /KEOHEZS: 04: HEHL; 05: FEBNJERE
(2) BB KAM: BiFshERIRA SRS AR, iV s Bk i R i 5

38



74t MR NS S VAT

IR IEE K . 7RO, JFRERIR, KFERKENB GRS, Bk Bl
EEE A8, WK 4-3 fiw.

K 4-3 B0 IR HE KA R 1A
(3) IR KA SR A 2208, KB I A M E T 1k E
JEJJZRANE T, G 4-4 PR . R TR 3320 RGBS O AR K
WEME Sy, WDy BRI, iR RiET PLC #4730, Ak
BEFOUAN [F) 0t T W T 05 R 15 22 o

K 4-4 BOIR HUKE AR

Hrr

0l: J&Eih; 02: 1E[EIE; 03: FKJJALELE: 04: HLBHIHTTE

(4) FEANJEEE: KA 10 SRS R U RIS AR, 0 FIEERIR, i)
BIE ARG . EWNEE ME RN, RN EREE U 2, wE
4-5 fiizn, @ U BUE-RAEKE, B kKA BRK IR T 580 .
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K] 4-5 A e a AR ]

(5) BHERDKAM: SORMERARE. IERK. KR FIERK
AN, & 4-6 Fros. mE T RIC R SO R B B HUKTE, KR
HRACK B DI, PSR K RGO HIN TS, B I KR KR
B . FEJRSI RGN IR, PLC R GUN BN IR SL s i, DASEIUNBEE
ARG R BRI RO .

K 4-6 BEE R /KAE AT A
(6) KH: RAKEEBIN 1K A KM IBRALR, B KEHE, 1
IEIR K A7 &, AE7KAE TR AL =2 Bk 22 Wi D BASH K,
Kl 4-7 Fi7s.
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]
— —

&1 4-7 KR = Ak
422 LWIRERIER
(D FReEAH R bt
RS RL T T I0 E  REAR R AR R R A AR IR R o AEAR RS
A BRI TE SRR AL AR REFE S b 0 7 B REAT R I, AT DRIE 256 45 SR ) T
SEE, HAEM TN E 4-8 fos.

Kl 4-8 FHr R bt
(2) FHReEH T
WS VC6234P MG FHFAedat, Wil 4-9 Fros. EREATH N I % s
MR, S A EETK IS AR A BY R A RN RO AR, H FOAR [ b I 7 H AL N
b, WEARNSLE IS, HEDGIRALE, TR T T RO AR, — Y
RS, FEENL, RN E .
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4-9 Pt
(3) BIRPENHE L &
R R e B MR SR AN AR IR AR, AN 4-10 s o ReIs £k [ € 1E
I e B b, RSkt 5 A T 2 5 RE S ) B e e, A ) e o e AR A
i RN Lt 2 i U TE AT (TR E 2 B0 38

K 4-10 I E

(4) ZIMREFE
KT Z ThRE R, K2 IR RS BUIER, WK 4-11 For.
DEEAEA A TO0 S rEBLA 6 H rR AN D28, Sl EEAN TR 00 Il MR T 3K

IIMTTRENE DL o
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4-11 ZYjReE
(5) ka5 5 ARk S
FES IR SES , ld v H A AR A A D BE e A TR BT AR ARk & . KA
7] T30 BSOS vt th IR B A D R AT SR, IRk B R, Wi 4-12 Fir

7N o

K 4-12 Bt E T 5 R IE S
(6) AL
16 i A AR S Th RE AR AN TR 1, A 4-13 P FERLIRSESS Hoxf K
R OEI K B AT IE IR IE 6] R G, B LT 2 & &0 R MK AT
IKANE T 3 B O 2R R B
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4-13 %U\iwﬂzfr

(7> ¥=HkE

BEXS B IR SRR IR B, 8 4-20mA (B S EERI RS, R
A T R KRG RS TN EE s, i 4-14 B,

K 4-14 $HI4E

4.2.3 HEHLFE
s> ViR A, 5 T Rk KGRI RS Mok, PLEFENLE T
50, AR 4-15 B,
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Kl 4-15 K] 225G RGFEHLIE

Horpe

0l: WH ARG 02: FORIKAM: 03: BEOREHKAM: 04: R
05: REERIKAM; 06: KF; 07: M,
4.3 KR BZE N KL
431 XWRERIUAR

KRR AL 4-16 FToR, FEH AT BN, KRR, #
BNJERHE . B0 IE LA BT e B 2H . BT it ORERLIR RS ik RS 7 BR 76 43
Pl —35, BhAh, BTN GG RN ROGIGAR, A FAR [E M IS 7E BTN
i b, R FH TR 2 T (50 AL T A7 St W, AN R P s ) e it 12
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K 4-16 7KHLEZSFENLE

01: —AHSFDHML; 02: KWLHES: 03: FEBNIRIAE; 04: B0%; 05:
HEEE

Il KR R A E AN R LR IS AT IR, 4% LT LA B AT A -

(1) & B RGO AR AL B AT REHEATF b, DA SR R 1 7K 18 T3 25 1)
AT

(2) BEEFEANFEIBATIRE G, I I B4 B 2 1) % L A T,
FAL R % HH i, JEAT R0 &, 73 ) R 40 2 Dhfg R id sk ALK TE FE D) 26
P.

(3D 2 1) 2 G il R S 1 I R O S TR e T 72, 15 RGUR B I8 AT )
M dFEn ~ ny Po

(4) FRUAEBh¥E 6 R GOR R B R 3 R A AN, HREE LR b
¥R

432 SLIGEER KBRS
HALEIE ThTh R PRI N K B RE 25 O N TR Py, KRG R T #5340 N T 2R Py Al
IR P, K RN

B =FR(l1-¢) (4-1)

FXC L AT 5 33 ) e R«
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P
M, =m, =4

= 4-2
27n, (+2)

IR, TR ARSI EE, N PR Te 0 B A AT,
£ 100%J1 BN 5256 5 A BRcEds n sk 4-1 A1l 4-17 phow.
R 4-1 75 100%JT T S i dha 45
WAFR  bRE FEE AR SRR TR RE

n4(r/min) n,(r/min)  An(r/min) P,(W) M;(N-m) M,(N-m) (%)
2979 2919 60 2528 8.104 8.391 3.418
2976 2906 70 2897 9.296 9.63 3.463
2968 2888 80 3258 10.483 10.74 2.388
2966 2876 90 3512 11.308 11.694 3.301
2965 2869 96 3687 11.875 12.165 2.38
2965 2865 100 3844 12.381 12.782 3.136
2964 2854 110 4131 13.31 13.629 2.342
2964 2848 116 4321 13.922 14.133 1.491
2964 2839 122 4483 14.459 14.643 1.258
2961 2835 126 4566 14.727 14.903 1.184
2961 2831 130 4680 15.094 15.18 0.565
A
) /.'-{'," 1
14 > - i
,'.
13- > i
ZE « ™
g ] o« ¥ ]
& -
=117 o T
10 ] -
] '
ey
9 - -
1 %
s-F -
7 T T T T T T T T

T T T T T T T T
60 65 70 75 80 85 90 95 100 105 110 115 120 125 130
3 7 (rpm)

B 4-17 100%1 5 T i HH A0 EL ]
£ 100%FBEN, S5 Al A5 A8 5 05 A R IBAFAE R 2, IRELE 5%
AN, AT TRERVEEEN . 075 85 S50 & i hm R AR E B &,
SR 1A BR IC 7 VAL AR W s 07 5 b s R A
P 2 [MAFE R 2, EE BT RS, HIRIootrnd =4 Al it
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177 RIACALEE, RIS AR R 3 ARAE D (i B X 4 R A€ R . A,
H /KR R A AR ot R G B B MBI OR, i AR 2 H AR ks,
REIE I FUL AT D Dh 25 e 42 HE S H AR, 1T SE s AT R A LSRR AT b i 458
FESE AR RS, RN AE L AR E

4.4 KEGAIRZZHIEIREF S
T s 1) 2R G H B R Y R P IR 1A BT T, o 7K R VR T % A T R AT Y
HH LS BIFEAE I T ORISR R =, & 4-18 F1 4-19 AR

5000

T T T T
1

4500 - -
B -/ 4
4000 4 — 4

i
|

3500 —

HIh2% (W)
8
=
1

1

27 2500 —

il

L

2000 .

1500 ]

1000 / -

E E

500 —T T T T T T 1 T T " 1T T T " T T T 7

0 10 20 30 40 50 60 70 8 90 100
AFEFFEE (%)

4-18 ANFIJFEE S iy oh =

30 — T - T T T 1T T T "~ T T~ T°

57 ] ]
E ._——_.______,.———I

24 — —

- |

T (m3/h)
O
1
\.
1

or——r—7—T—T 7T T 7T T T

0 10 20 30 40 50 60 70 80 90 100
ANFTIFE(%)
Kl 4-19 ANFEITFE N B E R
M B 08 A IR A T AN W K, O 2R i H D AR A s BB 3G 24
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T EERG/IN, B A i H D RS BT A BON B s T EIE B — €
I, L IR DA R A AR A IZBE T T, IX R WK T 1A o e i R 5
A RIFHFEYE . K 4-20 SR 7K S R BT B AR T 2, B
TFEERIIR, DB Iz dT BT, e R AE AW

L o A S B B S A R A R

0.9 * ]
0.7 i
064 i

0.5 1 -

HZEHE (%)

0.4 .
03 - .
0.2 .

0.1+ 4

or——7T——7T——T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100

AFTFEE (%)

4-20 ANFITFRE N i 725

A I AR R R A T, AT DUAT R0 1 RO AR i R A, R i
BEPDRINEE, RERSRSHULAC LAt Th R 5 IR A1
4.5 KB

RETEGHEIR T IEHMIK] Rl RGN BT SR @ AE, DL &SRR
RHIIETY, FHoRe /KRG T 8% 2 e AE LS B O JR 2 A o 385 b s 48 %o 7K B T T
I T S HOEATRE IR, XT8N AR SE R B, SN IR e i B At
AT, . T B A5 R 5L EER AT L RoR, RELE 5% LN, AT TR VG
P o 3 A PR T 0 FLASE UL K B A T s A Bl Re A, BEM S 3 A A BT AT R A 3,
LR N FHAR M 7RI EESCRE o bAh, RE /KRR 3 &5 T B2 (1 E ] 1 B
FHL BN TERE
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ESE RLAGTEREMR

51 515

FBEB L AN REMEEAGR, T K RS2
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B LRI, ST TR AE AW N, AH X BE RAE AR W &, T ik F] 5.67%,
FRITTRERN 3.37%.
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Bl 5-14 &N 35m? /hist AN [F) G i 8 Lk oG R it 2k
(EFR A 40 m* /1T, SRITFABIRIE 57 i, AR G B ORI
My, AR DA R BTN, G B TR E 2 A n, i,
B LI, 4G B O R EEEAT .
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% 5-7 PN 40m’ /hivf AR R BC B L REFEXT EL

Flfmt FE2@mid R1A O E2H  HRAERENL  SFI XM

iz ¥ idn, ¥eidn,  ThThFE  ThIE (ny/ny) TIEP RER
(rpm) (rpm) (W) (W) (W) (%)

2236 2236 3179 3266 1.000 6445 0.00

2383 2206 3297 3247 1.080 6544 1.51

2438 2188 3327 3225 1.114 6552 1.66

2485 2162 3383 3186 1.149 6569 1.92

40 2522 2082 3451 3169 1.211 6620 2.64
2595 2059 3516 3105 1.260 6621 2.66

2636 2041 3589 3046 1.292 6635 2.86

2672 2018 3680 2967 1.324 6647 3.04

2705 1977 3768 2933 1.368 6701 3.82

MRIEL T Hds, A Origin BAFLHIHAEAFIRE T, HodfE 5% e
DHZFAHXS T REFR R R ML, WEl 5-15 Pis. FEVREN 40m’ /Wi, BEAE s
BRI, A DDA W N, ARXT T e
FEIFTRER N 2.52%
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7R VR T2 R T B 2 PR T, T SR IR IE 1R AT IR T R R 43 B
IR, R RG %6 B I R HOR T isir )y NE AR E=6E
OIRIFBGSATIE LT, e B 75 R AE 15.7%. R S B O A IR
BUEROR, HES H A5 B0 R AEAH R a8 AT RO TR, I T R B AALS
B, EARRERT, 1R IFBR0 A A R R & L 1% B,
I SR IR T A S B O R IR GE AT, B O A R RGN T B . AR
BN 30m’/h Lo T, BEERERE LRI, X TaeReEAW iR, &Eik
£ 10.08%, FFuh RGBT T7 IR BETTRERT 7 .
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B BEERE
6.1 fagk

AR MG SEPR N, vt OB AL B SERERIL, A2 SEBn TRE N o R
A NS HNME . A SO KWL RS S5 BET 1 it 55T, KA Halbach [
SIHEAT T AL S N-S HEFI, KBRS AR RO T RE T 1 %
o IR TR A N T ARl AR 4, I O R R R A SR 1T S T 5
PAR FE Al R SR RETE 77, WSO BT TAR I T

(1) R ARG HIAFAE R T8 R IR 1T =i oK B RER AR AE,
DRI i 22 48 H A A 7 S ke R AR AE 1D R i, 8 D) KR AR A T S A 5 SR
TR E AT TR . S5 K LR A S R, BT, SR FR A
Halbach [ 5 HEAT 5 QM0 AR AS ,  JFHs FLR ] ARl R Ge b AT S R 1Y

(2) AT KRR 2% 0 25 R 2 RSORN AR SR B, R0 FL 5 R 4 AT T
Beito. XL Halbach 515 N-S #£41], Halbach FEA17E [F] 55 25 11 N ml R <R
P8 g AN e R R SR L 1

3T Halbach BRI, HN7 1 7K AR 2% 10 45 RUREBR AR Y, - Hh Y 60
T ERHGETE . AR R L R

(3) A BRITITVER K M 25 ) = 4RI AT 105 5. R TREAL
ROTRE 7 R =R, JF g 13RS B Rk 7T 1 i AR A i AR
BRI RR W] AEAHRITEE S, BEE RGN, fth FaE 25 ETHA TRER
FaF , ARG 22 260rpm A BIVEAR 5 1745348 Lh 25 U i 9 3ok 22 484 KRR 08 Jns
FEAH TR Z2 26, Bt A A B T B A D ITT 2 25 3T s Ak, A 2
TN B SR DL TN, AT SR Tt e R I o M 22 . AN R EE AR A
JEREXHE SRR IR, Dy SRS IR AR L BT SR AL T B K

(4) [ VAR R RGN BT S5 @R . Rk LR 2R AL
R TR R 40, il sei SR IZ 1T 2 8. SR B 54 PR 0 548 R Fxt
PUERH, SRAA BRI T S A R T T & B A s e I B B m O AT S, R 4%
HIFE 5%, AT TREAEENA, WA RGO Y. thsh, xik
TR A2 T P U P UE B 1 7K 1A T 2 B R AR B TR RE
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(SR T B O I AT REJFEHE, MBSO 11 T 5 RS2 AR AL e A
UE B 7 A TR AR T IR TR T BT e K LR AR S TR R 48, R A
TGRS A% R T B 0 2R () B R R, S S EG IOIE AR T IR T TR A 4 B0
IR, Rl RA S G B OAR IV 1 I I O RE . E= 6 ED
FIFBRIBATIEOL, a5 fe 1 R A ]IE 15.7%. 18I L B O SR IR AL
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The. fEH IR 30m’/hIENL N, B NG E LN, AR AR R
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WA AR
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T R R AR AL SRR R R 3R, A BT R R . SEBGSR I, KRR I A
HA R 1 g

(2) 4K BEVRE RS N TR0 R, 3 KRR I AR B O A AT — %
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g I T RN RE . U2 G RIES B ORISR, TR
SRIHTHE N, ARRE R RGO Re, MR RS Mia4T )7 AR 4 e
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6.2 RZE

ARSCBEVE K R 28 A TSR T RESR A T —Flobr 00 S8 %, H b T2
B SRR B & BRI, ETHEAAE L R A 2 -

(1) B AT 7T K BE R 38 3 N TR B0 AR, AT A KA
XA R R B B0 3, 5 RE R TN A B R R 28 RS IR 5 B T R B B 3
B FIREE B RE R o
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