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PERFORMANCE RESEARCH AND SYSTEM DESIGN OF
MICRO METERING SCREW PUMP

ABSTRACT

Micro metering screw pumps were widely used in micro-electronic
packaging processes. As the precision requirements for pump outlet flow rates
became increasingly stringent, it was critically important to design a high-
performance screw pump system. In this study, the theoretical flow rate formula
for the screw pump was first derived based on the principles of the rotor and stator.
Using the formula as a theoretical foundation, all feasible structural parameters
for the screw pump's rotor and stator were determined. Through simulation, an
optimal set of structural parameters was selected, and a physical prototype of the
micro metering screw pump was manufactured after calculations and component
selection. Finally, the correctness of the simulation results and the derived
theoretical flow rate formula was verified by comparing actual experiments with
simulation experiments. Additionally, to enhance the pump's performance during
solution transfer, an spider wasp algorithm optimized PID control method was
proposed and applied to the pump's operation. The specific work of this study is
as follows:

(1) First, the key components of the screw pump, the rotor and stator, were
studied. The linear relationship between them was established, and the non-
overlapping interval within one stator pitch was theoretically derived using a
power series expansion of the axial cross-section equations of the stator and rotor.
This significantly improved sealing performance, reduced wear, and enhanced the
pump's reliability. Additionally, the theoretical flow rate formula for the screw
pump outlet was derived, providing a complete theoretical basis for determining
the structural parameters of the screw pump, and 91 sets of feasible structural
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parameters were identified,;

(2) Next, a fluid simulation model of the screw pump was established. Under
different conditions, the optimal set of parameters (eccentricity: 1.77 mm, rotor
cross-sectional diameter: 8.08 mm, rotor pitch: 11.327 mm, rotor-stator clearance:
0.02 mm) was determined based on the variation in the pump's outlet flow rate
and the forces on the rotor in the X, Y, and Z directions. The relationships between
the screw pump's outlet flow rate, rotor torque, and rotor shaft power under
different rotational speeds, inlet-outlet pressure differences, and solution
viscosities were analyzed. The changes in the flow field velocity contours and
rotor flow field pressure contours in the X, Y, and Z directions were also studied.
This not only significantly improved the pump's performance and efficiency but
also provided scientific guidance for practical production and laid the foundation
for further research and industry technological advancement;

(3) Subsequently, the axial force of the rotor during the operation of the screw
pump was calculated, and based on this indicator, suitable servo motors, reducers,
and controllers were selected, and a physical prototype was constructed. The
relationship between the system components was analyzed, and a complete
transfer function for the flow control system was obtained. An spider wasp
algorithm was proposed for PID parameter tuning. Through simulation analysis,
it was found that applying the spider wasp algorithm optimized PID control
method to the system significantly reduced the delay time and settling time
compared to traditional PID, fuzzy PID. The response time shows significant
improvement with markedly enhanced performance;

(4) Finally, experimental research was conducted on the constructed screw
pump prototype. Under different rotor rotational speeds, the maximum error
between the experimentally measured and simulated pump outlet flow rates was
5.667%, and both results demonstrated a proportional relationship between the
pump's outlet flow rate and rotor speed. Under different pressure differences, the
maximum error between the experimentally measured and simulated pump outlet
flow rates was 2.6%. Three solutions with viscosities of 7 mpas, 80 mpas, and 150
mpas, used in the simulation experiments, were prepared. When the pump
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transported these solutions under three rotor speeds and four inlet-outlet pressure
differences, the experiments showed that the pump's outlet flow rate remained
proportional to the rotor speed when transporting solutions of different viscosities.
When the solution viscosity was approximately 80 mpas, the pump could
effectively adapt to working environments with larger inlet-outlet pressure
differences.

KEY WORDS: Micro metering screw pump, Stator-rotor structural parameters,
Performance parameters, Spider wasp optimization algorithm, PID
control, Comparative verification
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Xo) =esing,

Yo, =ecosg, (2-2)
t

ZOI - 2_7T¢1

X (2-2) H¢ KR O00, 5Y HhitJA . ¥ 1 ih 2 e e A bn R 0, XYZ )

Fikn = (2-3) Fiw:
X = Rsinf + esing,
Y = Rcosf + ecosg,

; (2-3)
Z=5_"h
WX = O, LA TR YOZ . FINEA I FARES:
Rsinf + esing, = 0
Rl
sinf = - %sinqﬁ]
A -
cosd = +/1— sin?0 = \/ 1— (— %sinqﬁl) : (2-4)
Rl (2-4) RN (2-3) AR 2IH TAEYOZ Ab a7 F2 (2-5) -
Y= R\/l — (—%sin¢l> "t ecoss,
(2-5)

t
Z—Z¢1

3 (25) ity 1— (- Ssing) RIFHABEOSI I

) =1 bsome) ) )

T, BRI B HT P AR S (2-5) Hh A3 215 13 7 R TR X (2-6) -
Y=R— % (sing,) > + ecosg,

; (2-6)
Z=7"¢
223 EFBZRFIE
SE TR ALK RN 2-7 Fiw, OXYZ NEHkr Ry OX\Y\ Z N AR R . TEB)A4
R E TR IZB (ABC . DEF) RhTR A M (X, Y) KA B Rk 5 e T an =
(2-7) FiR:
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Y,
>
B M
7]
4 B - 0y C
0, M
@I
de —— — 0 X,
F f,—RjD\#
E

2-7 & T REATH AL bR R
{ X,= Rsin0
Y,

= Rcosf + 2e (2-7)

X 2-1) 0 MO, 5Y, I . 2aahAbbs R 583 55 4000 5 17 B € Tl b 2 0Z

a6, if, 197 (2-8) .
X = X,cos6, — Y;sinf,
Y = X sin6, + Y,cosb,

(2-8)
T
Z — 2_71_90
# 2-7) A (2-8) EREE THIEIZ& TR (2-9) -
X = RsinOcosO, — RcosOsinf, — 2esinf, = Rsin (0 — 0,) — 2esinb,
Y = Rsinfsinf, + R cosOcosb, + 2ecosO, = Rcos (0 — 6,) + 2ecosb, (2-9)

T
Z—Zeo
X (2-9) 0. 0,5 L —%segg\ 0<0,<2mn(n W), {X =01, %
NNE PRI YOZ, FE LT ARIES:

sin(0 — 6,) = %sin@o

HEHE (2-10) -

cos(0—0,) = \/1 — (% sin90> 2 (2-10)

B (2-100 AT (2-9) B (2-1D) .
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2e . 2
Y=R,/1— ?smﬁo + 2ecosb,
(2-11)

T
Z—EQO

%ﬁ<zu>$m¢b(%@mﬂzﬁﬁm%ﬁﬁ#mmmmz

2e . 2 1(2e . 2 1/(2e . 4 1 (2e . 6
\/1—<fsm90) —1—§<?sm€o> —g(?mn(%) _E<?Sm9°>

FAETHE, BUBIFRM RTINS (2-11) F 153 5 1 Hh 2k B B Sk i oy
FEf =L (2-12) -

2e* , .\,
Y=R— r (sin6y) * + 2ecos b,
, (2-12)
Z — 2_72_60

K 2-7 hETHLE (CD . AF) ERMEE R M HAASRRR AT ana (2-13) Fros:

{Xl —k 2-13
Y, = Rcotg’ (2-13)
B (2-13) AR (2-8) B (2-14) .

X = Rcos6, — Rcotg¢'sinb,

Y = Rsinf, + Rcot¢'cosb, (2-14)

T
Z_2_7Z'00

7[ .

2,0$90$27m,n?'~j§%

i (2-14) 0,2 arctan <%> <6, < arctan (2_Re> +

o MX =0WHRNEFRMBINYOZ, FsRILAT A
cos 6, = cot¢g'sinb,

Htie rrHEH 20 (2-15) -

, _ cosb,
cotp’ = Sinfy (2-15)
Bt (2-15) R (2-14) 50 (2-16) -
Y = Rsinf, + R C?SQO cosb, R
ind, in6,
T (2-16)
Z - EQO

2.2.4 FEFETFIEE D

H e 1 R e ¥ ) A T 5 R ) R

t T
220 = 20
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PlIE TIREE (T) AETIREE (¢) MmifE, SA= (2-17) .
¢ =26, (2-17)

o TR T B AR 7 R0 ) 6 [ — A e, 7 \/1 _ (-%sm(pl)z ,

(- Gsing) B BRI \/1— (- gsing) =1, AR a1 o
550 (2-18) :

Y =R+ ecos26,
(2-18)

z="La,
T

IR B 7 R AE T LRI RS Jy e, T 5E T R 2R D il 2 BE 2k BUN 2

AU TR
(1) HHZREL:
2
AYus =R~ 25 (sin0) + 2ecosfy — (R+ecos20,) —e
CADIESE
2
AYyy = 2ecosb, — % (R—e) (cosB,) > — 2%

%AY@@;}:OH%; ﬁ:
R+ (R—2e)

cosl, = 2(R—e)

HZa T HEE it (2-19) A 6 BUE 1H -
R—(R—2) e

(c0560y) min = 2R—0) —R_e,QOmaxzarccosR_e ro
oy - RE@R=2 (19

0/ max 2<R_€) s Y O0min
%OS%Smmeieﬁ,%?ﬂ%?%ﬁ%%%%;%%>mmeieﬁ,

PISR IR 7, I E TR & O BB

(2) HAR:
AYun = R (R+ ecos20,) — —a—'e>[R —za+'2eﬂ
= oo ecos20,) —e= sinfo) | = 0 e sin? 6,

AV = OIS, I7E 2.2.3 HEHL 00 RS 2+ eo>arcmn(2%), B 00 T

%~%,w=%=§o

g EnTHEH 30 (2-200 o 1 A0E 72—V E TR N A E S X (8]
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T
<90<5

e
arc cos

R—e
T

2

T e
<90<5+arccosR_e
e 3w

R—e <00<7

(2-20)

7w + arccos

kY4 3z
> <6, < > + arccos

2.3 WEIHEBHRER FEWSHATBES
231 EREORE

MR — R, R DR RS BN — AN B AR BT TR AR,
AJ 58 SORAE— /N I8 IE N 58 ARG T 13 A 0 A PR A AR 22 (1), OB &8 mT an =X
(2-20) iR, 3 Q) KRG 1 le st — B I AT A2 Bl AR IR & . D % i
I NERET

e
R—e

O,= (4e X2R + nR*— 7R?) X t = 4eDt (2-21)

2 R - B RN R [B) e B n A5 350 (2-22) -
__eDtn
0= 15000

b QO MIBHRE DE; n TR,
2.3.2 EFFHMSHMEFRFIEE

AR — 2 Al TSR (7 it — PRI AT R HE i 0.648 mil) , IEHEH
BIERE T BTHEHSE, JFRUHSRBO— MR TH EIRAT 2R .

BT ERAR (2-20) mrEH R (2-23) -

eDt = 162 (2-23)

gityzHe. D. tZAlififfe<D<t. e<0.5D; NETFEEEFAERNT, &KX 5E
e DHUEEZ RN UGG, ¢ BUE IR 2 R AE /NS G =07 S5 S W)
AP —EMBMER R, HAUE IR O¢ R AT % B4R 2 11 1) AT 242 Be v h b v 7],

A (2-24) NRZ Wk TIRAT RE 7 T 4 S 5 Bt hn e R RIB T
{0. 1D <e<0.22D
1.4D<t<2.5D

(2-22)

(2-24)

W R X = [x,x0,x3] 7 = [e,D,t] 75 MRIER (2-23) . (2-24) , e Hb» & En
A (2-25) Fin.s 2R (2-26) flios:
minf(X) = (x;x,x; —162)2 (2-25)
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0.1, —x, =0
x—0.22x, <0
1.4x%, —x;=0
X;3—2.5%, =<0

(2-26)

2.3.3 ERTHEMSHATEES T
BT 2.3.2 SRR, SRR 2-1 FRIIBA R 8 T A5 S 80T
HUE TSRS OB I e e T A M S HOTRMER A 1EOL. HEE 2-1 7T A1, x HL
EYEEJ90.87 —1.77 [A]RE 9 0.01; = x, HUE Y 0.87 I, x, BUE TG v8.64 —8.70 [A]FE
N 0.01, 4x, BUHE N 8.64 I x; BUE A 21.552. 24 x, BUE A 8.70 ) x; BUAE A 21.403.
% 2-1 WRNTHEE B T A M B 50 5y B e

HE x, (e) x, (D) x;(1)
Max:8.70 21.403

1 0.87
Min:8.64 21.552
Max:8.80 20.919

2 0.88
Min:8.59 21.431
Max:8.90 20.452

3 0.89
Min:8.54 21.314
Max:8.13 11.386

89 1.75
Min:7.95 11.644
Max:8.10 11.364

90 1.76
Min:8.00 11.506
Max:8.08 11.327

91 1.77
Min:8.05 11.370

2.4 REINE

AR e QAR T B EAT A A A M RS AR IR AR5 X R IR rh e B A A
Fe 7 AE TR R BT IC, s Has s itk , 13 1 AE 74— 8 TIRFE N Y
AEGXE; HESHIREFRE D ORERREAN, RIELN SELhRNHRR. €
Fer 85 B R MR AR, € e R T 45 S BT BUE I 91 4116 B
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F3E HETEBTRER TEHS R MIERLRIHIRI

4RI B AR R B A HT I, W B T I A5 B M R et
FHA I AR T SRR S B R,
3.1 WENTEBM RIHIEEEN A

TERORAT RBAT AL, e FAbRIT . 2 T PORNET o S0 th 1 SRS K A A X0
RBOR T R RO B, [ 31— MR RS O B, T
% 10 43R SR B 2 Bl 23 0 7 VR0 e T AR 23R
R T DX AL PRI 1 77

AR

i B A O SR AR 7Y

Bl 3-1 T E g A R R A

3.2 MENTEBNREE FEWSHRMERE

N TR FE . TR R B T IB PR IEAT IR H IR 5 o AR SO EU R
OIRBUE RN Al OB R CEMR-CoRR By 0.88 mm . 1.25 mm . 1.77
mm ), WEFIEE 1 5 S HOT U 1 A 1 DUEAT 07 BRI 7T . A SO R TR
MBI W E N =R AN ETRERN LY, ELEGANERE .
321 =R LETEMAREORE

HFHFINTRE. PR E. BRIREL IO FEIRERE, M EIET
RAEERA AR, Horp e il oA IBREC A, B AR R BREY . AR SCHERHT IR
AT, S A B 5 1 (R B E N 0.05 mm o [FI, NTEGFF R S 4
5ERMNEDORE IR, B0 B LB 75308 60 r/min . 240 r/min . 360
rimin GX =P T R 22 DV BB E 519 0.648 mifs \2.592 mils \3.888 mils );
T EHOR 3 EARIREC 305 AR A AR FRHEK N R (B IR EE AL mpas )
ARIEFE N 25°C; BEOE S8 1 MR SUE, BRI E 280 .
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R 3-1 A fw-CoBRAE 0.88 mm W, ey B BAR . e TIREE T HUE R OL. & 3-2
DAE =M 5l IR SR S i LR . B 3-2 WA =M EGE T, I
WEAT 5 B A R4 A Z97E 0.603 mi/s < 2.406 ml/s  3.604 mli/s ; HE 3-2 1) (a)&
M) EIF &, BEE DB, ¢8RN, BRFFREH DR ESFE AR, BRI D) KR A
REARGF ORI R, AN ATIIRRER S 2 D Bl KB . ¢ B/ MERS, il B E AR

P B AR A 2l 5K .
# 3-1 fiLoFEy 0.88 mmiN ¥R EAT . IR v BUE KL

HAL D t

1 8.59 21.431
2 8.62 21.356
3 8.65 21.282
4 8.68 21.209

8.71 21.136
6 8.74 21.063
7 8.77 20.991
8 8.80 20.919

0.6079
0.6075

0.6070

0.6060

0.6040

0.6020

RN E Gnlis)

0.6000

0.5978
0.5974

0.00 025 0.50 0.75 1.00 125 1.50 1.75 2.00 2.25 2.50 2.75 3.00
fr Lt (s)

(a) 60 r/min F AR &
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2416
2414

2.406

2.400

AR (mlss)

2,394

2.390

2.384
0.00 0.25 0.50 0.75

fHEN s

(b) 240 r/min B ARFA &2

3.6180 : - - S

3.6100 - ‘ R | P 6

RRRE (mlfs)

3.6000

3.5930

0.00 0.05 0.10 0.15 020 025 030 035 040 045 0.50
P G

(c) 360 r/min HHAFR L &
3-2 LR TR EEN 0.88 mm i BEAT 5 HY 111 97 B LR P
#* 3-2 MO EEAE 1.25 mm IV, BB EAR. BT IiRrRaT UE RSO B 3-3
N CALE 12 o BE RS 1] B MR AT SR AE = 1l T A ) H i e LU . i 3-3
AT =PRI, i BT SR SR H DR E 7 A AI4E 0.618 mills  2.471 mlls
3.697 ml/s; FtidG DR, ¢ /NN, SRR H IR 2B HT AR K.
% 3-2 (e 0BEDY 1.25 mmi e 7k [ ELAR e MR T BUE TS

HEL D t
1 7.20 18.000
2 7.50 17.280
3 7.80 16.615
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B3 3-2 00N 1.25 mmi B0 B ELAR . F 5 W3 ] BUE TS DL

HE D t
4 8.10 16.000
5 8.40 15.429
6 8.70 14.897
7 9.00 14.400
8 9.30 13.935
9 9.62 13.472
0.6220

0.6210

0.6200

0.6180

0.6160

PRERE (mifs)

0.6140

0.6120

0.6100
0.00 025 050 0.75 1.00 1.25 1.50 1.75 2.00 225 2.50 275 3.00

P ERF ] ()

(a) 60 r/min I FRFR VL
2.4760
2.4745

2.4650

R Gnlfs)

2.4616

2.4558

0.00

fEEE ()

(b) 240 r/min B AT &
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3.7100
3.7085

3.7000

ARG Cmlss)

3.6900

3.6800

0.00 005 010 015 020 025 030 035 040 045 050
P F A (s

(c) 360 r/min AR &
B 3-3 =Rl TREE RO FE Y 1.25 mm I EFT A O3 B LA ]

FHAE _E PR i oCo 2B o) B R AT 2R 1T HE TR B AR G R T A (L) ARl 1Tk
N HERAT AR R EEUE AR TR R LU 9C s (2) BEE W o E I3 OR, 7
FPIEF SR H R E AR (3) HfWLri—ERf, FEAE DR, B/, BRAR
H R 2 B W AR K

* 3-3 A CEELE 1.77 mm W, D, ¢ "JHUERIFTATEN. B 3-4 AHLEZ G iR
T ] SRR E AT SR AE =M 1l S SR DR LU . ] 3-4 WA, = e 1
FER, i BB R R K H R4 A ZIAE 0.627 mils « 2.5 mils  3.748 mils . [A]
I E AT A, BIREER (D M (20 BHERRTE . (EXT4518 (3) JLiEREF BT IER .
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BN R IR SR AEARES T N 5018 SRl BE VRIS, IRAT SR 4% T4 e 2 tH IR 13 50
K] 3-34 USRI TRIDI R LA, BT, MEE0N 60 r/min I SEAE S IE DY MURG
FEIE AR TR R M2 455X10° W, 3.2X10% W, 3.1X10° W | 57X
103 W, M)y 240 r/min B IR E R DU FRORS B2 VA AR I e 7 B Dh 28 43 T 2020 «
0.0009 W . 0.0048 W . 0.0503 W . 0.0932 W, 4#Lid N 360 r/min W IR AL 4% DY PR,
FERI A I TR ThE 4y 4008 0.0023 W, 0.0111 W, 0.1161 W | 0.211 W ; =
T il T 38 R IS A BT SR A A B BOR VRN, o r D) 2 E K F 15D
BB 2 TR BT FEAEAR A 1 N ik e Rl LIRS, AT 2R e 1 b Dy Ze o H IR
KIS o
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3-34 DUBNAS [RIRG FEVE VAL = Fhis 3% 18 e T D LA

NWTFRAEA R O ZEEET, A FPRS BN IR SV e RS2 . AT P IY
MRS EEEW (1 mpas < 7 mpas < 80 mpas « 150 mpas ) , EVUF#HEOEZET (0
Mpa +0.03 Mpa .0.06 Mpa.0.09 Mpa) AT HRAMTE DN HRGTERTHEWT:
AR 3. EAIRECN 305 BT iRE N 240 rimin s AR TG IR HNE KA
Ji, AR Y 25°C; #EEE S L AMRHER SR

K] 3-35 Dy DU Fofohls B2 v £ DU Mgk 1 He 22 T IRATF SR tH DR be A ] . B K] 3-35 7]
A1, HRENEN mpas KRV, BEAE R ZEE R, B DRESIEETAR N, AR
25332 HERILT—8; MUEKIENT mpas KRS, DUMEZE THEOREL
AN: 2532 mlls . 2.443 ml/s . 2.365 mli/s . 2.293 ml/s ; 2472 %i% 80 mpas . 150 mpas
XL SR TRV, SR DR R 2 IR R B3N, (R B AT AR T LIS 3 2.5 mlls
Je A WARRR R, HIERT AN, AR R /0N PR VAP G T R R B il 2 AR
TN Hom Al 2l MR 2, (H R IR BN AR AT BN o 18] 3-36 JIRAT e 141
FELLECE] . ] 3-36 IR0, 4kt R ZE0N O I, SRAESIIRRG B2 BRIV s 77 A ) %
TR 2 AR BT R ES{H [R] IR % - LR I sh R Mt R 228 0.03 Mpa . 0.06
Mpa i, ZZAEHIE 1 mpas K5 B W P2 A2 #3156 2 LU RE 7 mpas K B 7 0 2
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[ I AR S A3 AT 1 DU RRAS [E)RS P VAR i 736y 240 r/imin i3kt R 228 0.06
Mpa b}, ARG TAE X Y Z =AW BRI shs = AR R = B & 3-38
ISR IR T X 7 1) B s, TR, DUROR BV TR 1% TAER T, X 7 b
PAAE RSN 2 B e 0.1276 mis  0.1256 m/s . 0.1242 m/s . 0.123 m/s . 1K 3-39 Ay
WEMIR T Y D BB AL, R A, DUMORS BEVE R TARRREE T, Y Ji ) b
AR BN E /> B N: 0.1046 m/s . 0.1028 m/s . 0.1018 m/s . 0.1007 m/s . & 3-40 Ay
WEAF IR LT Z J7 A IR, R, DURORE BV RAE % TAESREE N, Z J7 A b
A RN E 23 9N 0.016 m/s . 0.01 m/s . 0.009 m/s . 0.008 m/s . B34 Eft vl
RN, ISR SR VAR, B AR e, R = AN BRI R E S AT R, R
FEIEA K. B 3-41 NIBHRE TR IE I =B, AR A, DMk FEE A 1% TAR
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3.4 KB

AREE SR 2 5 AR B0 L 5% PRI 8 B - 5 M S HURR SE 07 BB AY TN AN [R] i
RSO, DUEAT R DR E S T X, Y, Z =AJ5AERISZ oAb ErR, R
AR — 4w CoBE . BRI IR EAS . B iREE . e TR R ASE (RAASH
RG> BN 1.77 mm . 8.08 mm . 11.327 mm . 0.02 mm) . o, FTHiE
R T T A S8, Sy EAR, BEFEFT R R E . B T 7 hhh
KRR R HTIBAT R O e AN 4l oh 2R B R 22 AR
WK R WWITIEH R O E. M PR RS R E ABE R . A,
W7 EAERY, BT TAE XL Y Z ST R B B D TR
JE 1= BRI B, DLASTHIVE A R AT R PR R R E AR A S R
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£ 42 B EBTREMEIERRRITT

TE T8 AR AL T B BT 5 8 i - S M S B R AL B i i J5 B B BT S5 s
RN FHARSE &, FEEIEAT RSt mik. BEREH RS, LM EMEREE— b
THEIRZ T 5 o 38 RSB AMY BEFIE R A SR T N A B 84T, BT SL
197 B FRORG HE T4
4.1 WBTEBMRENIZ D

TERMAT BT BB AT IR G5 M (0 124 40 A I, THERRE Tl ) RAS UM E 2, REAIX
TR PRI B2 AR T SRV I SRR, (RIS 38 9% 508 HMEAT 2 IR 3h R B AT B4R 5 ¢
SERME o AR O TR T ) I T R TEMR AT R AL T IR B ATIRES, HEBR T R 3D
W ) B 9 VA VR TR S B 3 1 5 08 T BRI T (5 )

TEMBAT IR IR TAERT, Hi 72k —wmihim )y, HAmEAG, G =AY
B, arnsl (4-1 FioR:

G =G, +G,+ G, (4-1)

A GRREH B ERIERAN TS5 R HI ) G, R U TR 2 TR
AT AT B, X B T RN R 775 G RoR BN 3 5 HE H ity 2 [R) 4 6
7 5 BT S BN R 7).

(L GMITHE

BT 5 T MG A BT — I TR BRI, YA 52 28 PR 1 TR 28 11 3 A ) Bt
Bo MEEFHERERT, KEPIEBA AT — g M RAER J1, Z 10 BRI 1%
T R BT ARG (4-2) B,

_ MSv,

Gy =55 X107 (4-2)

KA w BB FIEN IR S AP AEFXHE s 2 F IR IR v, NIER
TR S A B A R i 0 N e T TR] BRAEL
He, S, v, il (4-3) . (4-4) R

S=(6R+8e)L (4-3)
Vg = g—g 4-4)

R A-1 WO BRI R R S H

e 0 R e L T

Bl 0.02 4.04 1.77 67.962 22.654
XNFARMMSE (ufin) , HESTZIEAFIE € 1 15 B2 508 ] 50 236 Bl Ot
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NN u: 1~500 mpas« n: 0~600 r/min, HUx KAEFME 4-1 PHAEARAR (4-2) . (4-
3D U, [JFHG =1472.155 N,

(2) G, it

G, PG s — & A T kAT O AL 3his, T B0 e, B raxE ¥
TN 7, 3 el 73R T 5 8 7 R )7 A T BRI G, S BRI 51 R 2 ) 7 114
FEAR, R BN Goe s AR Y TIRE B TR R, &7 — L
P, XECREE o SR AR TR, BN IR I, B R T A Gy

Bl (45 . 4-6) . (4T) . (4-8) HEHINIG,,:

G2a - Nla (4'5)

N, =mw?ex107’ (4-6)
n

ml — ERszIX 1079 (4‘8)

X NORE TR AL SN BT P 2E B0 T my NI R o T f
FE: a NEETHAE FECEHIMETEERE: p METINEE. K, T EERL
a=0.05; ¥ o AHMEEHIK, p=7900 Kg/m®; HRSHEHES F3C—8. K&
SHHEMRANX (4-5) F (4-8) 1, 5H: G,,=0.00958 N,

A7 71 Gy -

Gy, = Pa (4-9)

p = amxznbl, (4-10)

Co
Omax = 5T Bh (4-11)
b=1+/20R — 6~ (4-12)
,_Am |, T?
L—T e+l67r2 (4-13)

A PONE TR E; Ona NE TR ELER &K 11 C B BN
BEIEE: hNEFERRZERTFYERE, LA ORI LKE . H,
h=3 mm.C=500. B=0.91 . KE(EARNK (4-9) £ (4-13) 1[1§, G,,=0.161 N,

(3) GsMitH
G R WA T BT R R R ) 5N R ) 8 B R Z i S 500 7 R 7
Gs= (P, —P)A4 (4-14)
A=7R>+ 8eR (4-15)

A PO BRI IR i s Py BT BB A R D [ 715 A ON%E
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IR M S PR A A T TR

BTN BT RE L SRR I E R RE D AT RS, WP, =0 PRI Z AL S I IRAT
ﬁ%%ﬁﬂﬁﬁﬁﬁﬁﬁ:Rzaszzﬁﬁﬁﬁﬁt,ﬁAﬂﬁ:@=2L®6No

¥G . Gy GHEUARA (4-D) 1, BB Frszilin /)G =1494.02158 N . H
BN R = 4.04 mm , F256 R A AT TH 5 AT S AL AR 3% 1358 23 e
FEAE R KA (T~ 6.035 N - m ), 0] LR A iZ AT 22 A B LR S HLI%E 25 PR A 3
4.2 WBETEBMREGFRGIER
4.2.1 {AIAREBHLIZEY

IR EAL— M A B i g, AT LASERS RS EAE S, I PP SR G SR 1 )
FEOR VR, B RERS I M N AR B A IHE 4, SCREE R B 45 Ik RO R AR it
b, Al Ak B AL ) BT B s R RE S R R AR AR BRI AT, T R PRI RE R AL
[FI A 7R AL 4, RIS & 1 B bR AL, — Bis ATl R iR pR,
o Al B 1R AR, # iR LS e SR AN 2 4

A% Y (AR i LS 5 )1 AR IRBRBh 45 9 LW100- fr] ik AL RE AR 52 H £ =%
JFER A, HIERSENE 4-2 o, R SRNE 74T m ez T kR
FEEE T, BHTE 4.1 HRAS B EUE vl R, FAR IR AL 336 T REAS 2 LA B3R 1Y)
IEW AR, 97 N0, #& B IF 22— N R

* 4-2 fAREBHEASE

PHERESHL Gine) il L2
BUE e T, 1.27 Nm
HE B I 2.5 A
BE ek N, 3000 RPM
HUE LS U 220 14
ey J 0.418 X107 Kg'm>
LR4H LK L, 0.004 H
LReH HLRH R, 1.06 Q
LR R ki 0.508 Nm/A
LR E ks 0.296 VI (radls)
Rl RV 222 ks 0.008 N (radls)

4.2.2 {TERURHIEER
AT IR R R R mRCR . AR AR E . AT RN AT 2
W RS, W AEAT B FE AL SR BH A e % 1 AR pe 48 B B 2 e, DUHOMUkRy

46



LACTRER AR 2 A 3

HIHES 5 A 4547 GRS B o LT 7R AT G, AT E e R
W NN AT, BB TR IMTRN S fEm T R EERIER . AR SCE R R EOEN LA 5
60 1T R ICENL, FEASHUNE 4-3 k.

£ 43 WHNIEAESH

SRR H MR Mg
PN OETIRES fLA% 14mm . SERETE Amm LA AR HE LA il
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K 4-1 NPT A O TR AT R S I

B LR ML 5 %R Sk i
fa] iR FELHL TREHL YN

5] 4-1 35 MO R IEFT R S
4.2.3 %25 EEY
U 4-2 YA, ARSCAT RS PLC SAcdas il ] Al DX 2 8 a2 10 16 142 ) R v S B 2 1) P
GIR %ﬁmﬁﬁﬁﬁﬁ (e SRR AT BT ¥ B T 5 {3 B MCGS -5 f) i 5 5 g 42 il AT 2
BB A%, B/ il R S S PLC 3@ A5 BN B RE, SNy (i
TR R B S AT I A . PLC S 4-3 Fos s BART SR 4-4 R il
%%ﬁul@ 4-4 FE/T Ehﬁ:ifrcvﬁu%% 4-5 F)?T

K 4-2 SRR XS R G T A
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4-3 P41 PLC

X 4-4 PLC HASH
RN 1/0 ¥ CPU %I 5
6ES7211-1AE40-0XB0 6DI. 4DQ. 2Al 1211DC/DC/DC

4-4 MCGS fih 455 Jo7 42 il

R 4-5 bR SE A S

5 P F LR ET s
TPC7062Ti DC24V D B 1/U /M W/

4.3 WA ERTRREEH RGO

ARSI 4-5 Pron. ERBOES HbsE, TAENERPREETRETT L
3 B A, PR AR SEPME S F b E R Z (A SN R B AR S AR ALIE 5, AL
FMUE T R T U B HG 7 I Fe TBEAT Vs - £ AT S A b EZE LR, 3R
TR, FEBGILVOE BBIER, BN T ROR G IR, IR BT far ik
FarERE IR, SO HETR A% o
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N Pl
i*

A 4

I . FHLHRD
el LA | wmn |

K 4-5 RgEtlmiE R
4.3.1 REFEHRGIRR
AT SCHE S U = A R i E R i = A A i 3 B 45 M S 80 BAR Bl
CIECR::F

PIREBL IR LN 5: 1 (Cnin=5:1, m YHHLRIARE) |, BROLAEE 5HGH
AN (o =270, o FHENAERD , —FEAONEAT R R E A g Hn 1550
(4-16) :

27
9= 350007 !

S8 SUIR IR F LI R FE N M, & S B8R, Pl e B e e X (4-
17)

(4-16)

M= J% + ks, (4-17)
PN FRY R 2 2 SR ] R G AL AR R NS il (4-18) -
M:k111 (4-18)
A (4-19) P ILONHENIRAEER. B (4-17) o (4-18) B2 (4-19)
_J dwl ks,
I, = K d + & (4-19)
HNLIE TAER P2 AR B S A (4-20) TR
Ea — k2 W (4'20)
FNLIE & TAER B P FE = (4-21) Fiow:
d,
U=1L 71 +1L,R +E, (4-21)
B s (4-19) . (4-20) A1 (4-21) w1520 (4-22)
d2
_ LiXJ (“’1) Liks+ RJ dwl Ri ks
U= N + a 7[+< k -|-k2>a)1 (4-22)
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¥ (4-22) 5K (4-16) #HZ Laplace BHASF|EH o MR (4-23) -

U(s) = {L;Jsz—l- le3:R]Js+ (R;;Q +k2>}co1(s)
1 1 1

06 = (350005 )

T SR AR R ] R G AL B BB S s (4-24) PR
G®:Q®_ 27

U(s) 250007 x [L’;”s“r LR (R,’f3 —I—k2>]
/ / l

(4-23)

(4-24)

B 4-2 TEEAAR (4-24) 7ATERA (4-25) .
G(s) = 0(s) - 27
U(s)  0.2585s% 4 73.4502s + 24558.8439

A (4-25) A AbRHERTE = (4-26) Flios:
Gs) = 104.45
5/ T P 1284 165 + 95004.77

(4-25)

(4-26)

HIU (4-26) AT4N, BHRAEEGRFTERLE MM RS%, LKA LIHE
IR 0, ~308.2 radls . BB ~0.46 , @, MBI 0.707 £AN, REGHAY
B Eh A MR, AN SRBHJE LLEUDN, 7R Bl N R dR olcE R S FHJE b L R
S0 (1) R g PR

N EINE M W RS Ra e, T T RS RIIRSE P S AR DS, 1 4-6

HNARGHIATE R
104.45

G (e)l= \/(1 — (wlw,)?)* + (2lw/w,)? (4-217)
G (jow) = - arctan (%) (4-28)

M (4-27) FE4E R 5

(D S (o<w,) : IE{EN201g(104.45/95004.77) ~ - 59.2dB ;

(2) fFEEHE (0> 0,) : 201g(104.45) ~40.4dB, #2501 —40 dB/decade 1¥15}
T

() FEARIEMIE (o~w,) : HTHENI~0.46, RGaHH—NILHRE
fE.

H0 (4-28) FME A AT 0

(D EEIE (o <w,) : ML 02

(2) TEEHE (0> w,) : H3ET-1802

() FEHBIERME (w~w,) : AN OFIE T F43-180<
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- R A o0h 28
0 R SRS 1 SO T [ . : e %@*kﬁ[.]%‘
I
270 !
= -80 | "
= '
90 1
1=
=-100— 1
1
110 - |
@ =308.2 rad/s
-120 : : o . b S
10! 10 10° 10*
$i# (rad/s)
. *Hﬂﬂi'!h’r'#ﬂh’dé
- :
-50
i

-100

FHAE

-150

|
1
1
1
1
1
:
’.‘

-200 ‘ ‘ — = ‘

10" 10 10° 10

% (rad/s)

K 4-6 RGtHTER
gi b, ZAGRREN, HAREMERE, Tl ERRFEHTRIE, &
FALRIE R AR I B RS A I At .
4.3.2 5% PID =HIRIRE R R E
PID il xf K, (EepiEam) « Ko (B « Ky (i) =412
) B kAR KRR AR EE, X (4-29) AHIEARFEAELES RGH 55
ot 2 [R) A R &R X

e(t) =r(t) —c(t)

B ‘ de(t)
u(t) =K,e(t) + K, / e()d+ K= (4-29)
G(s) = Z((;)) =K, + % +Kys

A e() NRGHEMESHBERRZE; G(s)y PID %] RS HIL 8R4

AL M IR T id 0 2400 /min . BRE /KA B, HH O E 2.532mills N H AR
B RN AIECN 3s . £50 PID $ 1688 4 IS BRI 4 307 E BT R 8 5 A3 2 i =4
SHHUES AN K,=120. K,=3000. K, =60,
4.3.3 15 PID £HIMRE RS HE

A PID $2 1) 28 OV AR S0 2% (1) JE AR BB RN IR NAL G5 PID Fibl 28 rh, AR LR
45 PID il 88 & & B U HIERE . T RGP B PID S Hl 8 r0 8, 0ok
E GREMmMZEME) FMec (MEAEMELMET) ENMNERE. HIESR PID #8515
B (K,+ Ko\ KO fERNEHAS S ARG ) I Sy N A% 2 A H AR g AT O Ak i

\\
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Adgr e, AEFE LIk R 55 ZEARHE 51 b LA 8 ORI AR & I BCR AN SRE FE I TIREY, B AT
EMERIMT: (D BHhSEM TERHE: ARG BEWNT (E. ec: {-1~1};

K, K« K;: {-2~23) o« A FIBH TR IER (PB) « IEH (PMD | 1B/ (PS) |

ZF (ZO) . fi/h (NS) | fiit (NM) « FK (NS) o (2) e 38 I B R BURI R OR 4%
ORI s TR TG AR R R R 7 T 2N B 1 = A T (VSR P R s SR )
Z R T ZH ML XA BUE A S BARSEE I 1R A9 S5 ORI, BT T
PID %t (1) PID ZHH W A BHERNZSHENE, R 4-6 NIRYE T KA Mk
AR

K46 AK,\ AK,~ AK,FRIF

E ec

NB NM NS Z0 PS PM PB

NB PB/NB/PS PB/NB/NS PM/NM/NB PM/NM/NB PS/NS/NB ZO/ZO/NM ZO/ZOIPS

NM PB/NB/PS PB/NB/NS PM/NM/NB PS/NS/NM PS/NS/NM ZO/ZO/NS NS/ZO/ZO

NS PM/NB/ZO PM/NM/NS PM/NS/NM PS/NS/NM ZO/ZO/NS NS/PS/NS NS/PS/ZO

ZO PM/NM/ZO PM/NMI/NS PSINS/NS ZO/ZO/NS NS/PS/INS NM/PSINS NM/PM/ZO

PS PSINM/ZO PSINS/ZO ZO/ZO/ZO NS/PS/ZO NS/PS/ZO NM/PM/ZO NM/PB/ZO

PM PS/ZO/PB ZO/ZO/PS NS/PS/PS NM/PS/PS NM/PM/PS NM/PB/PS NB/PB/PB

PB ZO/ZO/PB ZO/ZO/PM NM/PS/PM NM/PM/PM NM/PM/PS NB/PB/PS NB/PB/PB
4.3.4 BTk EA M PID IEHIMRERFEHE
(1) W e B0V (1) R AR i

k4% (Spider Wasp Optimizer, SWO) SLyEREAEL 1 MfE P W gk e Sy CRAIE P Feh B4 T K
2, GBd . SUEAAZRL AP AT A0,

B 2 X I e e A 2 A ) R R B AT BE LI 44k, AR Ay T s (4-30)
BN

SW!=H,~+rx (H,— H)) (4-30)
s SWIR AT 2 O, i AFEEEE H . Hy 20 5N RIE AR R 548 |
Gty N[0, 1] Z P BEHL IR & .
U e £ 1) R BRI A6 A B E 07 J5 iR IR i AR B IRBBE AW
i, R E S KBENUR R R (N3 4-31 fis) AAs B K/ NE R R (nak
4-32 Fi7R) -

SW!T = SW! 4+ u, X (SW!— SW}
{ H ( b) (4-31)

,u1=|r,,|><r]
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SWIT = SW!+ i, X [H,+r, X (H, — H))]
= X X cos(2xl)
1
1+2/

(4-32)
X =

A SN+ VIR SWa s SWy s SWEOR SR BERLIE IR E
s po NS KR E . 7, N RS A AL BIBENLEG 7 7 o8 [0, 1] Z IR BEAL
B X ONEEH w IRIER RS, 2 NERER, 18(-2, 1) ZIEFEENLE.

HIRIE AR R B B T R BV R, IR N BB B AP Bes K
DIl ARG YBR[ P R 25 SO M Dhfi R RIS IS, AT R R Ty AT in K
(4-33) s MAYIRE%R )5, BRI LEIE 1B R b 2 DB 22 1) 3 K F) i 8 7 A T )

frE, HhrEEH 7 (4-34) s
SW!T' = Jc X |2 X rs X SWE— SWY|
JC={2—2><< A )}Xm (4-33)
fmax
SVVinrl — SWit X v, (4_34)

s Jo NIGE TR LA N T rss N[0, T ZIEIBENLEG /' fas 7350

N A IE N EE RN e KGNS s ve N [k, k] Z AR 1R A5 0 A AR RN D &, k=1 — ff .

Ik e R EH O BIRSYJm 2 HEN BISUELEY BL 120 BUT Bk 5UE SONIAT e
AMFNEFE T ARG I R S E A B IR AU BT R (AT AR
AT 4-35 FR) 55— iR sl AL TR o 47l SR B0 i A8 0 F) (o B kAT SR (LAT
NI AT UK 4-36 i) o AR5 AR AT, ki 2 5 P AIA T (1 20 KR e
FER— A E EEE R A S

SWit = 8SW" + cos 2nl) X (SW*— SW}) (4-35)
SWIT =SWi4rs Xy X (SWL—SW) + (1—rs) XU X (SW;, — SW!) (4-36)

b SWNMETA R AUE: y NH Levy YAT 0 AT A2 i) 51 48 2R K/NRTJT [7)
% 7590, 1] ZRIIBENLEG: U A—ANBENLA8 0 B 1 A& .

RIS SR S R, SN BISEC BT B . MR ) DA T e A, LT
s (4-37) Froe N7 KRR ERgZESe, B (4-38) 177 FOR A B 1k
R .

Swit! = Crossover (SW!,SW,,,Cr) (4-37)
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SWiT =SW!+e' X|p| X v+ (1—e') X|Bi| X v,

Yy = { a xiaf(xa) <f(xz)
ol — o, St (4-38)

by {xb — Xe, J(x) < f ()

X — X, HoAth

H: Crossover 38128 X SW,, N HEIE BRI IR 7] &5 Cr ASE XHEE; £
PRI IEA 7 A A I BENLE, TR AR e s TR Mt o i LA fid A5
vy Rl v, £8P RFAE o
(2) Wigkige—PID 5k iR 2

WERMRUSENK, . K« K, HIEFE=500, YIEMAFIFARH = (0,0,0).
WILGERRER] E5 H, = (5000, 5000, 5000) , IEARIRECH 500 K. 4 T FEAK R GRS W 2
IR R GRLE R H] > RG I E, WG ERES (4-39) Fis:
F=wXE+w,Xt,+w; XM, (4-39)

X wi, wy, wy IBE R (AL IEA: 044 030 0.3) « ENRG LR
A R ZE(E . ¢ RGBT, M, ARG,

T ik dg LAY PID 3B = AN S50 5N K, =40, K, = 4000 . K, =250 .
435 :ﬂ! PID ZHI 5 A THRE RS M ELRITEL

7E Simulink JR5E T, X 5 5t [F) i F gk e S0 0 48 PIDS 528 PID. %45 PID %
B PRERY, EE R A RNE AN 4-7 s SRR B 45 R0 4-8 Fs

K] 4-8 ' A1, A2, B1. B2, C1. C2 X\ rifAEbR 42 14 (0.15 5, 1.266 ml/s )
(0.68 s, 2.4054 ml/s) - (0.19 s, 1.266 mi/s) . (0.98 s, 2.4054 mi/ls) . (0.24
s, 1.266 ml/s) . (0.79 s, 2.4054 mi/s ) .

HI& 4-8 FIEH, X RGEHMkEE S IE L PID #EHIEE, RGEER [EA
0.15 s JHEERT ]9 0.68 s, XFLLAH FHBRI PID #2188 f£4: PID ¥l 4%, FH BRI [H]
AR VAEERT St LR ERTRUE kg EEAE PID IR T R G,
FERELRIE RS TAER IR MRS . F AR R Guiali il 3 e IR A
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num(s)
den(s)

k=
O

»
num(s) )
den(s) ‘ @ D

A A4

K 4-7 =7 PID Fil s B T RG]
Nl 532 - y LZ L

B2

— PRSI L PID
— HIIPID
— 4 PID

I |
0 0.5 1

Kl 4-8 =M PID 2] 75 147 FLA5 R EE

4.4 KEING

AFE T ST IR W R R IEM I E e T A S8, Sia LN R, HhitE
ey hin g, JFCLONTRFRIG R S E R AR FAL . BRI R g . BESS, KERRAT
FH HR A 2N B TR B Oy L, IR VESE AT R IR B R . RIS R
B OCFR, NI AL e B R S A5 ) R AL 1 R K. Sl WAL s ek 2, RILR
Gira BT o AMRRR — IR, 23 AR FHAESE PID 4241 . BOK PID 42 kg 5%
YAk PID 455 I IR AT 2t FHR E AT T . D7 A R W], XL (L4 PID. %
B PID #7775, 4% R G H Ik R E A PID 4565, H RS AEIR R [H] 2 44
B EER (Al bR, RIS SEAR e AR I RE
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F5F HEVTEBHRIWINESSERSH

T8 R T BRI FF R I S5 B VA R R GV, R R 47 52
o IE N 45 A3 A B A R ) U5 S IE WA 0 BB . AL HE A SR AL
FEULAT ST AT, LU RO VP 5 54 SEBRIB AT e (P R DL, TR AL 36 7 FURER P
k.
5.1 MBI EBTRENLNRREE

€] 5-1 o (YRR AR A 92 0 B B M S OB, IR PN A
BRI HS, A B Aol BT 1 11 (R

] 5-1 WRAT RIS B i se i A
B 5-2 IRFF R AL MG BT B T Se e, AR iR T SRR 4 73 b e
WHEER, AZURTHE &I 75 24— € AT 8 iy R oy, A DN &S R RS P T )
i PRI R A A R EE, DMRIER R TS R HEmR s 18] 5-2 s it &t
i%uﬂﬁ%ﬁiﬁﬁﬁﬁ%ﬁﬁ%%ﬁ%%ﬂv@%ﬁTﬁﬁﬁﬁ%%W%Wﬁﬁ%o

-w

Kl 5-2 IEAT AR M ST S
P 5-3 I ARG B BRI o (BB P s BMEAT IR 1k sk rp, 2
Fey IERENS, EHTRCA B BRAL I 2= R AR AR, WS TEBGEN o IRAT A 3
A—EREWEEST, (EHDREEA RN, R AR UL /. K 5-3 ke
MEREAN 500 ml, AIENRAERE N EBUER — T A,
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K 5-3 AT RSN E . Mulh B B se &

K] 5-4 JIC EEA [ RE B2 VA VBN i 75 50 & SRR S 1] o JR R BE LT e R B2 — et
YER T IEBE AN ER, XCMORIERATR, 5 T o0 UK FR s i 2 GE IR 1E 9 K
AN IRV FE BRI 5 98 Kt FEE A T LA A R RDR 4 ST RS EAR B 44 e 4%
ik 4 SHREEEM . 509 LND-A, "B — M E 5 UGS, 0 I BORS Bt AT 2 A= 1 7
RO s IR B R A, AEARIEE FL A I H P e IR TR R A S LA Bk
E [67] .

IRl 5-4 FiC LA Rl B2 T 182 4% f Ak Sz )

RIS H R 5-1 s MR AKX (-1 o, U ¢ it
IFTa) S v ONIE SR RE . F AT ORI & i e BU HH VAR BT & 181 5-3 HoBeb IR
JITEC LA R AR AR, 38 I o B AT AR AR BB m] 5 L P A BV VR S R o R P BB AR S
(5-2) v, AR IR . X (5-2) e w NS TREEE . p NE

R 5-1 HiEMEIEASH

B EES WWEKE AHEAA AR PR
100ml D49 .5mm 4mm 81 £15° dp4mm 220 X 80 X 70mm
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{ t=0.154v + 11 (¢ < 235) -
t=0.223v +6.0(23s < ¢ < 150s) (-1)
L= pXv (5-2)

5.2 =8IRSt
52.1PLC }2F4%HwE
AT SeAE A ik G B A E 80 B LT A e PO R ra MLe e — el R Bk 2 9 3000
LA PLC H1H) CTO 484, BB PLC HUALIN [] A 12 R Rk ivh 5t 2 ) ) i P L FR)
;A PLC AR ERIEAE N € I 45454, ORI BRI AR AL IZ F2  18)
Kl 5-5. K 5-6 NTERLEEM EXF PLC AR . 8 ket A ds, R4E R IR sh &%
SN S L v B MUK R 0 Q0.2 g TRl D Q0.1

Rack_0

|qlﬂ [ g | |

[ [o=& | i Ji* |
'ﬂ%iwﬂm ~

*ﬁ am
e P EmEEEE

= | mHBE

£

L
Aman > PRGR
b v

K 5-5 &HS 1

|9 it e ol ew |

EEHEEEEWEZE
- BCPRESE (FrOPWM -~ Bl | Pulse_1

- PTO1/PW i Y .
#i —
BHAR =
WL v

- PTO2IPWNE
wH
gt > BHE
WL B AEIR
0 ikt
» PTO3PUNG EB%A. (PO (Bod A TS [=]
» PTOS/PWME bE: [58 =
B L ——
pon nER: (B2
AIERE A ms [ 2]
PRI IS s [5 5 z— j
¥ web RS h o T e
EhSER i
A ' > EHEL
- BhirSES
iEERH
R FoRis: %002 | 100 kHz iSRS
EREES
H2BH
AEEETEHE
* OPCUA DEH
i i)
~ BEE
A Flait Qo - 0 kHz {EEEL
&
- Security
Secure channel

APEHME PTOZIPWM2
» ERET
EREE vl %l

Kl 5-6 s 2
F 5-7 XS O T SR 22 AT P BE X S B I BT g 5 1) PLC R2 % . 7457 # (MDO)
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B RRE. K 5-7 T SRR, RISITI MR T ¥ 1s, DMEER
TR B TR R s AR A B R R T REAT IR 90 55 HTHIT SRS PLC 2 Kikin
k22 oy 0, RUEHRARAAL. REFE T2 F ki .

WM10.0 MuL %001
“Teg_29" Uint 1 A
i | EN — {R }—s
%WIDO %WD4
"Tag_23" —ZIIN1 ouTe— "Tag_2"
250 — IN2 3F
WM10.1
*Tag_30" MOVE
— | EN —
O—IN wWID4

s+ oum — "Tag_2"

D86
%DB3 *IEC_Timer_0_DB_
YDB4 “IEC_Timer_0_DB" 2"

%WA10.0 "CTRL_PTO_DB" TON %€Q0.1 TON WA10.1
*Tag_29" CTRL_PTO Time “§_1 )" Time *Tag_30"
— ——¢&n ENO N Q {s N Q—{s}—

— REQ DONE —tfalse T#1s —PT ET — T#0ms T#90s — PT E1I—T#
265 BUSY —ifslze
“Local~Pulse_ PTO ERROR —i%2lze
%WAD4 STATUS — O

"Tag_2" — FREQUENCY

K 5-7 PLC fF¢
5.2.2 AIRFHEHIZRETS
N T RIS ANLAS B Re Sk SE I T IEAT IR BIZ ), /£ MCGS A3 B Xt i
B PEHI A AT R E . B 5-8 NS EAHATH IP Hb(E R %E, AH 1P Hililk
N EAT B R A B SRR 1P Mkl i 1P Ml PLC PR 1P Mk, BESHuhb
(I B AT — R 5l A —5.

isEREE0 — o
BT TRS %3l | EExd I E | BiEshIE | [0 A
EhiRERS: 5.034000 0000 = ARG [_I
EhEMRIEE: FEHIEMR . e ES % = B
ag:}g%gﬁ’ﬁ E EﬁggE\ngrm\drwers\plc\El]?\sxem E—
I = 3
WBIBHBIENEE: £
REEEEE
s REE
g2 $iEE
iEREeE
i 3 2 R
wEEEE wEELE }j AEREEH
EEIE Siemens_1200 ggmmai
Wia L F#S 1 - Bzh LB EEEST)
B AN (ms) 100 —
TCP/ IPRRER 200 Behig &t
SRTCP/IPERFHEIE (] 10
H.32E [Rack] 0 ERERSL
#E[51lot] 1 EERERSA
BRI 0 L -
FIe it 192. 168.0. 8 bikiis L)
FiwOS 3000 WEATRE
AW TPt 192. 168. 0. 1 W® R
w8 1na e
L1 ;’J n #

5-8 filBihTZHA 1
PR PR MR 22 ) S B B FH 3 S AR i E 2025 AR S 1, i i an 1] 5-9 flrs,  [RA
P B ES PLC FRAHRN A 2k S A A B B o R AE RSB EER, A
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TRCTRER AR A AR S

ANPAZHIZhfE. B 5-10 97 fidi s 5 Sy o Fie S 300 A 1 o

=t il RERNT [_j

AzFRRE |

ehw [ s5m | @uo | wao | e |

E—
vamieasr [f  ewesool o
reggs  aemes [ |

oaw [exm | wum | mao | e |

(c) fiifbe 5 45 1A% A B L

(d) fidBe o i b AT A
Kl 5-9 fl#i R 2 2
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5-10  fif5L 57 £ il 2 S ) ) i

5.3 LIRS
5.3.1 ¥ FRREMNEMTRH RERF N

N T BN [F) A 1A O BB A H LR R R, AR SO A KA BT SE B A
AR TARRD @ B & 1) B EE SR AT Ik« AE AR R st 772 M9 1)
H 790 o ] 5-11 Sy i Sae il 43 (AN [R) % 7 1R BT SR i = AR AR 3% 5-
2 SRTEAN RN 72 00T 15 A WA 2 R AR 8 P 4 BB R S BB 0T L

H I 5-11 AT, 2456 TR TR s, IR H O E AR it . AL
T H ORI B AR AR Z A AE —Rh IE LB 56 2R, AT AR T 75 58 — 25 o 4f HY (1)
FRERE R A M HER P A% TRl 1 r/s I, BFFIRTE 90 s U HE R AR
BEINZ1 56 ml, ARG EIGINEEL)90.622 mlls . B 5-2 AN, 17 ELAE A SZEE
Z K ZEFE N 0.034 mils, ZERRAR/IN, 2 LAUE A7 B 5050 (1 IR

340

284

(]
o
Lll

AR GnD

169

113

54

0 60 120 180 240 300 360
ETRER (r/min)

5-11 AN[RVHe 5 #edl M IRAF AR R AR AR
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LACTRER AR 2 A 3

AR 5-2 AN[F)RE AN AT IR IR Y AR R ) 0 A S SE R (B

i (r/min) i BRI E (mils) SLIAARURE (ml/s )
60 0.634 0.600
120 1.270 1.255
180 1.901 1.878
240 2.532 2.500
300 3.170 3.153
360 3.800 3.778

B THGEDY 240 rimin I, FEAT AT LIS BORRAT AR R R B AR N 228
ml, S5SCRAEMZE 3 ml; B THEIRE 2 500 r/imin i, 8 SEER S A R R
RN 470 ml, S BRIV FEANZE 6 ml . IEW, S5 TR IRER =
I, WEAT SRR B A K DR o e B R T v R T R K 1), A S
A kR, @ AE PLC R PID #8BUANE I 1503, AR H DA
B R IL 2 H AR{H -

Kl 5-12 J& @ RO THE IR AT S SR AT ) SR B0 ke B SEVIR Y I, s 20H
R TTE—Fh NPN LRSS R ER 24 V it K 5-13 NIEFF R E R I sL i d
A SN R G AR N SRR R

R

P 5-13 MRFFAR IR S SR 90 B F ] AR GRS PR A SE R Y P

62



i N 4 e e VAT

U I R IR Mk i R T 2R S SR AR B SR B, R i 4G AR

EHmETEAANL (5-3) Pis:
Fa=AXQ, (5-3)

XA Fa . ANER, BIERN 2.5 Gl HZmin/lL) « Q, NifiE; AxX#
B MR EN 1L min b, SRS 5 L % 2.5 HZ .

SR RIS, TEAA AR OKB A b 15 B IR AL — B A 7% kb 450k 1200, 15
SE T HEH N 500 r/min « RENEKN I A IR 20 s . HETSCAT R, fEiZE%
IR AR E RN 0.3173 Limin , BEATZRAE TAER) PLC F25 P A Bas s
AAEIX 20 s PERESIR MKt EFHEEUA RN A 160 A SCEZ T & ko EFHESUE BoE A
HFRME PLC H it 30281t i) _EFHRE 58 PID 6l 5 BN . BoMIT 8 n i) %
TR N E R

] 5-14. [&] 5-15. ] 5-16 JyREAT I8 Sm I i SE AR J5 pr s Y 45 . g 2Rl Jn,
TRy 508 rimin i, £E 20 s N FRENEIKA TN, A TR Bk b
HEA RIS BB e 1 HARME

“WB2
“PID_Compact_2"
%WM100.3 PID_Compact
*Tag_34" &t
— ———en ENO ——
7.0 — Setpoint D60
%WMD12 Output — "Tag_28"
"Tag_9" — Input Output_PER
Input_PER Output_PWM —ialse
State
Error —ifalse
- ErrorBits

K 5-14 i R H S8 PID F84 R E

00.0 i %Q0.1
950 - 1
b EN : L S—
i 508.0 5080 | [
80 WDO0 ) C
a8
60 ouT— "Teg_23 Tag 23" —IN1 OUTp—"Tag.
928" —{8@ —e ol
M 10!
“Tag . MOVE
{ EN
- IN 0
D4
% oum — "Teg_2"
& B T SR ) S rp e T AR AL 1
5-15 it T e g il S g
17
%WBS T2205
"IEC_Counter_0_ %83
DB_1"* *IEC_Timer_0_DB"
%0.0 (o] TON W100.1
“Tag_29" Int Time “Teg_31*
i w Q IN Q
- —Fr ET
ane02 anz2
( Tag 327 ] cvjp—"Tag_9
I R
—ipv

K 5-16 Y& TH R Ba e rh it E v R O
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5.3.2 i OEEXMMEFR L OREAIRT

BB AR 1 08 SR B A O R R A SEBR N AT PR
IS E SR AL R VU e BA A AL B o AR FEASRIE H 101 R 22 5o MU 22 11 1 9 1
SOWA, TERE THEHN 240 rimin . 3B 90 s, FKVEWRHEATSC . 84T AEET [ AE
JIEAT RIS o FEAGAT Z 0I5 VR T, GBI A FH 7 A BT TR 1 I 1) e e R B
DS 21 5 AR BEAT 2 H 1 7 R38R o AR S i A A T2 s3I 7314 %110 ,.0.03 ,.0.06
0.09 Mpa, FFAEIXELH [ 7] N AT IEF I H A2 R SR AR AR 7T

Kl 5-17 il SEEG IS At R AR S DR Z MBS R . HIE 5-17
AN, FEAZ AP DU 22560 B RAT 2 H LR &R AR 73 7] 04 225, 180, 139, 107
mil, A AT SR IR AR AR S e 3t R 22 R3S DR T k) [ B 4 1 22 ok
FEORHT, EAF IR H DR E AR IR 2R AN WA . X RN 0 B T MR SRR Sk v
TR A A= A R T T o 3R 5-3 NTEAS [ Tl AR AR 2R AR
(RI7 BB S SEB0ME, B3R 5-3 WA H (0 BB R SEI B 2 (Al K ZE RN 0.052 mils , 2R
BN, R CAE BT LSRR (0 W 1

225

180

TR (mD

139

107

0.00 0.03 0.06 0.09
HEHDEZE (Mpad

5-17 i M 22 SRR H DR B AR o R 1A
2R 5-3 AN[AIHEEH 5 22 T IS A 07 5 SRR RFT AR ) AR

B OEZE (Mpa) i B E (mlls ) SEIGARFRIRE (ml/s )
0 2.532 2.500
0.03 2.052 2.000
0.06 1.573 1.544
0.09 1.212 1.189
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5.3.3 A RFE X RAT R E R EF MR

AR FEAS [FPRG BE VR BON AT SR tH R B RE R, R AL EEAR . B FF. BeMh s L
H, Bctb 7 mpas . 80 mpas . 150 mpas X =FPAS [FELRG P 3R FR 38 4F 4 209V W

St 7T X =0 AS [FDRG FE AR AN [ G 508N, BT 2Rt R E AR RR I AR AL A 100
=Pl F R N 60 r/min . 240 r/min . 360 r/min, RIS 90 s FEREATINASK
Wy iy, A NART TR, —BRIEEERNEEAE 0 Mpa (R
R 208 00, BJEfF i seia s RanlEl 5-18 B, il 5-18 mIH1, ZIRAHR
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5 2 TR R IEA IR T S S 50T BUE I BT A 15 -

HE X1 (e) X (D) X3 (t)
Max:8.70 21.403

1 0.87
Min:8.64 21.552
Max:8.80 20.919

2 0.88
Min:8.59 21.431
Max:8.90 20.452

3 0.89
Min:8.54 21.314
Max:9.00 20.000

4 0.90
Min:8.49 21.201
Max:9.10 19.563

5 0.91
Min:8.44 21.093
Max:9.20 19.140

6 0.92
Min:8.40 20.963
Max:9.30 18.730

7 0.93
Min:8.35 20.862
Max:9.40 18.334

8 0.94
Min:8.31 20.739
Max:9.50 17.950

9 0.95
Min:8.26 20.645
Max:9.60 17.578

10 0.96
Min:8.22 20.529
Max:9.70 17.218

11 0.97
Min:8.18 20.417
Max:9.80 16.868

12 0.98
Min:8.14 20.308
Max:9.90 16.529

13 0.99
Min:8.10 20.202
Max:10.00 16.200

14 1.00
Min:8.05 20.124
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Min:7.91 11.770
Max:8.13 11.386
Min:7.95 11.644
Max:8.10 11.364
Min:8.00 11.506
Max:8.08 11.327
Min:8.05 11.370
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