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Design and simulation analysis of hydraulic control system
for lifting speed of scissor lifting platform

ZHAO Xin, JI Ai-min, DENG Ming, ZHANG Lei
(College of Mechanical and Electrical Engineering, Hohai University, Changzhou 213022, China)

Abstract: Aiming at the problems of large speed change rate, long buffer time and unstable movement of the working platform of scissor lift-
ing platform, the speed control system of the working platform was investigated. Firstly, the lifting speed function of the working platform was
established by the method of instantaneous center of speed, and the reason of unstable movement of the working platform was obtained through
analysis. Then, according to the working principle of scissor lifting platform, a hydraulic control system was designed and the corresponding
mathematical model of speed control system was established. Finally, the simulation experiment of the speed control model of the working
platform was carried out by using Simulink, and the system performance under traditional PID control and fuzzy PID control were analyzed
and compared. The results indicate that comparing with the traditional PID control, the adjusting time of fuzzy PID control to step signal is
significantly shortened, the speed of the working platform is stabilized at 0.5 seconds without overshoot phenomenon, and the vibration of the
system in the lifting stage is eliminated, which can quickly stabilize the speed of the working platform at a desired speed, and has better con-
trol performance and motion stability than traditional PID control.

Key words: scissor lifting platform ;speed control system ;fuzzy PID;motion stability

0 B = P& T Z TR TR FEREKEN T,
=]

SRR T AR G A4 T O R T AR 5 B AR AR
BT G 0 OB R AR T BT XHE RIS & 1 TAERCR AR R i N B 24
B sk TAEN R Y, R RIE R E , 2— #MEXER,

Y5 B #A:2021 -01 - 15

ESWE : HEAARREEERBIIUHE (51805144,51175146 ) 5 M 28 MEll 4 A 58 BEBE R B 40 S0 00 % il 5L 4 W B30T H ( CLAI201805)
EBET M FE(1997 - ), 5 ARG A B OF R A: , 8N FHUE AL B 5 W FE 1 5 T A9 5Y . E-mail :290427998@ qq. com
BEBRRANLZH, P 25 AR, E-mail: jam@ ustc. edu



59

B 2,45 Y ST B T BE W Pl R e vt S s

H TR B XTI A 02 sha e ik, = Ak
S WO fA BE X I R 4T T #FSE, MD T 128 A" H
Sy PRI X B SUHLA EAT T RIFSE , 08 B B AR Xt
HOAT TR A5 T 85 R THREE  B TAEE- G /Y3
AHEE, AHEDTEES TSR R OR 3 A B X R as A
WA BB R IEE I ADAMS 40, A TAEE G
Bk E N bR, SRR T T ARG B0 A, X
BN X TR G R RGO AT TR, A5 B
AMESim 3N TS 9T XU A B 20K R 40, it
PR I I B I 5 AR DA SR F LAYy =X
PEAT T ERER, A T A 5 TR & W B AR Ak

16 L 45 2 48 )7 T, SAMAKWONG T %8 A1) 3%
T EA S B A R A IR R 48 PID sl 1I-
EM D T %5 A B0 T EA R 26 A Bk F s il 2

RS EARER MAS [R5 T ek 1 5 ST
Bz shfase v A e R e B 2 AR R
G i K S A 1 )

AR SO BT S TR 15 1B 3 ) R GV E Mg
X4 R RO PID 42 il £ A X 1 28 S 40tk 7 52 i
JERE SRR R TAEF Gl TR B8 sh AR
WL WmRE SR,

1 AR 508 T3 B R 0K i

AHIF 5% 2R FF 8 W U 02 ST B LK TAE B 1
PEPE R 5 G TH R 6 59 BT SR R B
K1 Fis,

A B,
O
P
A B,
0,
B
A, 4 SRLEETPRELEEPP P =P

P Vi v B '''''''''''''''''' I
T i ():-" G
poetiilll ) B
A, !
9 53¢
A o3 B
K1 RO E
E.F#e C.D—1L TiEHGZEE L, VA 0, ~ 04 A

P AR KK — BB A AB,— T &P, ~P,—
3 U4 A,B, A,B, A,B, A, B, #9EEs

VY S (e s N o, N
V,, =SwlLcosa (1)
D NS A,B, WIS, S C BT XU AB,

- 1175 -
HIEC R, T LAA
V,=1P,Dlw (2)
V.= 1AClw (3)
= (1,2)AT15 .
[P,DI
Vo " 5Lcosa % VA5 (4)
h(1,3) 115,
[AC]
Ve " 5Lcosa X VAS (3)

WGBS BNV, V Ol I ZEAT AR T i 22 5
Bl €D Z IR AR BE v Ak T
V =V,cosm =V cosy (6)
K (4,5) AKX (6) i, Zd B HiGH]

Vx5L x cosa
VA5_|P4D|cosn—|AC|cos‘y (7)
AP T PR LT G &R AT DU 2 T AR & 3
E V45)_'g:

V, =

SVeosar / (L, +L,)" +4L7sin’ o —4L(a +b)sin’ @ +2L(L, +L, )sin(2a) + (a +b)*
2cos(2a) (L, +L,) +2sin(2a)[L - (a +b)]

(8)

VA5=V'f(a) (9)
AP L—BR I UK ;a—0,6 K ;6—0,H 1)
KJF L, —CG WK ; L,—DH WK ; o— B U il i)
57K 2Z (R £ 3 B—IR0H L 1) 5 7K - 1T 22 8] Fr)
S sn—WREL R 5 D Sy e A y—IR
FEGLHI S C ST IR e V—2 B
JE (i X I T AN4E a5 BRI Y 7B )

H X (9) WAL TAEF- & 8 B 2k 75 %Ki
SR VA o, HANDIREAS 55 A A ARk %
), BARZSHC R L = 1800 mm,a + b =1317 mm, L, +
L, =282.8 mm,

EHWGSHRARN P BB T TG 8
ACIENL, Il 2 FR

0131

P

/(m *s™")

N
#
&

I 1ET

5 10 15 20 25 30 35 40 45
/(%)

K2 TAEFGEEE



- 1176 - L H

Tr & %38 &

HEC(9) AT 2 AT, S R GL L Vo B [ e
HEFBEE o B3R, TAR & 003 BE 23 S /N 71
K,BIHIEATRL, MELRN TAED R TAEF
B R — e, BT B T 5 A P R R ) R
SR RN %516 ok I N U I (S B S NtV 933 24 VS I O 8 )
FRETE— I,

2 WRIER RGO

BEXS BRI, 255 PR TARS 0L, 2B
LTI BT 5 R0 P ) AR G ) R R A
Simulink H #4512 P PR 45 1 R 4E, il 4 58 PID
PRSI PID £ ULk R GEPERE, [l TAEF 519
R fE DR R E A A B (E
2.1 BERGZRE

B S S ML - B 78 TAERT R E R G0 shil
FEGLPAE LB TR SRR, ZIERITHEF 518

sE ERIE R SRR T I RE R G
EE 3 B,

7-2

it

7-1
8-1

L1

K3 TR G

1—ib 48 2—d R B, 3— R 4— 0 FHM,5—E AR 6—%
BV M 0 ) s T—TF % 1] 48— 37t JE A ,9— 1% 47 1]

HiTEL 3 W R Ge I B A

T 56, FE I TIAR U 22 5 U8 A AR AL A
SHHLIREh K R i R G i Bt s 7, SR J il A
s LA 1] 1 6 , AL P R % L B8 J86 1) R A o7 42638, 0
IMEATFRI 7 1.7 — 2, WO IF O B4 7 4558, )
TP ATCAFIE A AT M T 0 3 220 PR 4 R A A2 3 AT
A L INSEHE (] i (BT G 1R A4 1 e o 4 o 2k
L P, P ) 42 ) 45 S O B A i i i) 25K 1
TREE m R TF OG0, TARF- 65
AHETE AR G IR FF SR E A 8 SR L )
PR R A8 1) R o7 4, DR IR RIS R A o7 43638 , W
TR LA

2.2 HEFiER

AR HAMEERE, W THRLRS, AR —K
PN LI | A 2 X SR YRR T [P B R R AT A HE Y
Bk, It LAY AL, T AL B PRI 1 R 58
e 4 fiw .

v, 7,

P, P

0, 0,
XL
T T

, (5‘ \J_l

Kl 4 RS 4% i R 58

va

XZRGM F , RY HA5 5 2 0% ZE A 15 3)
M o fEHIE SR B R  m  E U, TR
o TAETAEL £, IR i 24 A5 S X 5 5 A T3k
155 HA I R, T AR 1) 2 LU 1] 46 1) 152 % 5 72
TP It e e RO I A M 4 7 5 T A R
firiz shEs o i A AR
2.2.1 b Beww IALAS 77 A2

TR bR A A8 o) AR — > LR A R B
HoAL 3 R BOR ™

K. K,
G(s) =x,(s)/U(s) %52 4
0 o,
K U— B BOR SR A HLEAR 5, Vs K, — LBk
AL AR R £ AV K — LG B4 1] R 25, m/A
w,— H B8 1) B AF AT 98, vad /s 5 &, — LU BB 5 1) 1 1) BEL
Jett,
2.2.2 RRMKETE
TEZWIERGE T R TN
Q= quv -K.p, (11)
2 K, — I IR I 3 25 R, m® /s K —T R A I
IR R, m’ /(N - 8),
2.2.3 REHIVEGAZTES TR

TR AL TP IR S 18 0 )

Vidp, dV,

(10)

Q,=C,(p, —py) +C,p, Tt a (12)
V,dp, dV,
QZ=Ci])(pl _pZ)_C(ePPZ_Eg_ﬁ (13)

Lh:C,,C,—BUEGL NN R L, m /(N - S);V,,
V,—JCKF I AT AT I AR RS, m® 5 E—th Y 25 3 PR B i
PERCEE  Pa,



B 2,45 Y ST B T BE W Pl R e vt S s

- 1177 -

RE A BRI A S A SRR

QIAa :% (14)
(12 ~14) 75,
(v, ) (40,
_‘_ZE(Vl a2 ) lw T

2

0. =CP,

(15)

A€, TR SR A C, = €, + P,
JEGEL TR T, P, =P, - P,,

&2 SEE NIGRRNID k=i W g 3

V. dP,
Qu=CP+ o +Aw (16)

. N A +A .
A, —FIIE R, A, = 12 2V —WREGLA

LEAY A
2.2.4 RIEEIEFHIHRG N FHEFAE
T (L 2E K1 A 1 1 A AR R
dv

Acp,‘=M5+Rv+f (17)

K . M—2 SRR S T i ke R—EETEBE B R BN -
s/myf—FM T TT N A, — G AFR0E ZE A, m®

Bkt (10,11,16,17) #ATHL G A8 4 3 HL
TEZBAB RS B E FEH S IR, H
3o 1] [ A% 28 () G T A% 0 e, BT LAFEIZ R 48 TAE
AR TP, T LACKS: LU A 460 1 o B 45 A% g B 1 1]
TR L AR

I, AT R GE R A% i pR BN

Vv
L—F(s) «—8

HITIZ R G i O RS O T R T AR &
T 3R e A, S T EC(8) X R Gekim th #EAT e Ak, &
GV, BN TR G,

Lf EITA e m] LR 2% R G M Pl R G RE
P, i 5 R

1/4,

> 1% Vs
0, O

K5 il RGO HER

2.3 Simulink {7 B8 % 1

SRSV R GG AR N 125 mm, 6 ZEFT AR N
90 mm,(ﬁ%*?]:’ﬁf’/ﬁﬁzjif 400 mm ; ZEPEEEE R KL R =
2100 N + s/m, AMAER T M =2 280 kg, R0 IE S
Ps =5 MPa, TR % FE p =900 kg/m” | 17 25 0 AR FH i
PR £ =0.7 x10° N/m*, iR IR R4 C, =0.6,
GRS IG5 K, =3. 8, WA T/E Al N
0.1 m/s,

e e G AW BB /v LI R i N i N
FIZH0; R FH MATLAB R B9 414 Simulink 4347 2 S8
A, T Simulink 25 T AR Z A D RERLE , B4
DIReE ™ NS 2 TR, B R G m i
MATLABFunction B3, 3145 5 2 )7 K 2 (8) B AL ¥4
Ak AL TAET- 6 s |
2.4 &% PID #4125

R TSNS HT e R AR E  #E— Ak
RETERE, EHAE RGN PID $5 il 5 A1 R 5t 4
A AACE, AT SR R | S et L vk A5 VA AT T
B AUy 84 3 TS REAT AW R R il R Gk
A5 T A P e 7 P E

IS ARS8 PID F T 1) Simulink {5 ELAR T 40
E 6 iR,

Ky ) -y AEA,
v(s) = ¢ 28 (18)
—2+—hS+l
wh a)h
AA E ME R %
Hr.gp =2 | " .& = = ¢
Htio, =2 (S ms0=C [ 0 A
q
Gain5

W PID(s)

Stepl Gainl PID Controller Gain2

d

Gain3 Derivativel Constantl
1/4, -
den(s) ! 4 [
Transfer Fen2 ! fen
MATLAB Function2 Scope

Clockl

Gain4

6 1548 PID $51 Simulink {)j B



- 1178 - 51 R A D %38 &
2.5 M) PID 4158 e AR R R RARD
1O PID 52— Al B, 228 AT R AR R =
WER i A e A1 Ae (o, e—i 2% 5 Ae—i 22 A5 fl, g
) KRR BRI U i R RO f i K, ol s
S FRHUEAGE K, MO BB AL K, 3 SO TTE €(h) Ae(h
L M6 e, T G 4 X A BT R B 25 A T e A BRI
AETTT AT A R BT T 4R 2 | NB (i 31
K) NM(Sidn) NS(fi/h) 20 (%), PS(IE/DN) ,PM S os
(IEH) ,PBOIEK) | z
R S 85 7 Ml 2 VA R G PID £ R R I R R

il g5 SR E RO T E . H e T Ae BYRE pREL
w7 s,
K, K, K, B9 &R B & 8 s,

K8 K, .K K, [H38 %
BORY] PID 42 i s ORI FE il LI AN 1 Fios

®1EMBMNESIR

K,/K/K, Ae
NB NM NS 70 PS PM PB
NB PB/NB/PS PB/NB/NS PM/NM/NB PM/NM/NB PS/NS/NB 70/70/NM 70/70/PS
NM PB/NB/PS PB/NB/NS PM/NM/NB PS/NS/NM PS/NS/NM 70/70/NS NS/Z0/70
NS PM/NB/Z0O PM/NM/NS PM/NS/NM PS/NS/NM 70/70/NS NS/PS/NS NS/PS/70
e 70 PM/NM/Z0 PM/NM/NS PS/NS/NS 70/70/NS NS/PS/NS NM/PM/NS NM/PM/Z0O
PS PS/NM/Z0 PS/NS/Z0 70/70/70 NS/PS/Z0 NS/PS/Z0 NM/PM/Z0O NM/PB/Z0
PM PS/70/PB 70/70/PB NS/PS/PS NM/PS/PS NM/PM/PS NM/PB/PS NB/PB/PB
PB 70/70/PB 70/70/PM NM/PS/PM NM/PM/PM NM/PM/PS NB/PB/PS NB/PB/PB
Ee @B PID #5510 Simulink £5 BRI UNE 9 Fizs .,
<]
\I
Gain5
Gain3 Derivativel Constantl
Au
Al 1/4,
[>_>H" /XX\ den(s) " 4 ¥ E’
[ fen

Derivative2 Gain6

Gain7

Fuzzy Logic

Stepl  Gainl

PID
Controller Controller

Gain2 Transfer Fen2

MATLAB Function2
Clockl

<]
P

Gain4

E9 kS PID #24 Simulink {5 ELAR K

3 RS ESTHT

SEH R B AT 85 A S R B 3T T
5B A58 TR s i TAE- &3, i 10 B,

M 10 HRT LA . 72T iR TAERYTT 0. 35 s, 5
SATHRE- 6 7= A s R 2 B L TR B By
BLifE0.35 s ~5 s SBR[l BE R4S 1 TF5 s Z Ak
JEF R IR 2 IR AR AR AL FE B B R BB, T
YRR BT B 25T 5 s HZEnpit ] A A B BISIRZS

H T AR RGPERE, B H XTI FP PID 5 4
B Simulink AT 5 EY ISR T R A
W 1 s,

W11 Ha] LA B0 PID #5561 i 4t PID 4%
Tl RGEHE AT PRI R (2975 0.5 s) , TERIER S

TAETFAEE/ (m - s™)

0 2 4 6 8 10 12 14

A 10

5 FLFTRE R E R X LR

M S AR AR BRI T, 3 T RGP RRNE, HEch
A T A RAT S A S
TEAESE PID 4560 T, TARF G ELERT 0.3 s WA



%9 1 B E SR THET A R TR R G T 5 0 L1179 -
" | S 3Lk ( References) :
— {4 PID¥E o e e e RV
~ 008 ( PR [1] ?Kﬁ%‘?ﬁ%zéﬁ P, FFE. 0 R A I
: HUBREE TS5 TR ,2014,43(12) :69-72.
§ 0.06 - [2] MD TI, CHENG Y, SHENG Q J, et al. Dynamic analysis
b= of scissor lift mechanism through bond graph modeling[ J].
ﬁ_: 0.04 International Conference on Advanced Intelligent
”ff Mechatronics( AIM) ,2014(7) :1393-1399.
voer [3] A B 95Xk A AR G SRR AL IR BN 3 132 4 b7
[D]. K KB T RAAHUR T2 =B, 2015 :36-43.
Ty 6 s 10 12 [4] X & ABHK B XA R LT A ERRE
ils REMREMEDIZE[T]. HLH T 2020,37(6) :600-606.
B 11 f&5 PID AR PID $5 il R 5t b [5] SAMAKWONG T, ASSWINCHAICHOTE W. PID controller
design for electro-hydraulic servo valve system with genetic al-
— AR AR B, & X Fh IR R R R O£ 4 PID gorithm[ J]. Procedia Computer Science,2016(86) :91-94.
wykrh 3 4\%§§iﬁﬁf%ﬁ§ﬁ§,Z<§Eﬂﬁﬁﬁﬁﬁébﬂgﬁf4tﬁﬁ [6] LIEM DT, TRUONG D Q, PARK H G, et al. A feedforward
ML FIFRIAE, MU PID WA AR TR, ol o st e cotr 1 ). Ttermatoal Jou
ARHIEBE T TAES MRS, i e e BBOHT PID 45 i nal of Precision and Manufacturing 2016,17(3) :309-321.
O TR 5 T & p sl (7] I35, & SO, BRI, 55, 39 SUTHRE 5 W BT A 22 3¢
fr BRACBFE[T]. HLE T/ ,2016,33(10) :1159-1163.
4 HERGH (8] EUWCE b R, T HIER A PID (ML
ERGURHEDTE T[] SN, 2017(3) :58-63.
R T)Z 0T AT G o R b (9] X, BT i o JF 5C 1 1 0 P fr okl B 9 Tl R e 45 Tt
T, - NI , - FELD]. R KBRS R AU TR =B ,2017.
IRARSL AT B HGRELE HIO TAET R ) "5 e e s, . fooriss fled 4
BT LN R GEAAT T8 A B J5 T Simulink W RIFE 507 1), R G0 ,2016,28(2) ;
AR RTERIEIO R RSB0 P D B
ey e 2l bl 2o S \ - 11 M7, RE , B A A Simulink B
BUB] PID BT RERAT 1 TN AR L IR PR R O RS 05 1 1. UM 55
W5 R AR il 1% ,2019(12) :128-130,134.
(1)K PID BE H shJA%% PID S8, #2517 ¥ [12]  FEYEm, MRak . 35F Simulink (107 6 2 G B0 5 1 &1
> AR AV (135 17 G L] R A5 A T ,2020,58(3) :47-49.
%é}ﬁﬁ%ﬁ}[{hﬂ’]ﬁﬂj Ha [13] NIMAWAT D, NAGAR N. Self-tuning fuzzy PID control-
(2) 514t PID il A Hﬁ’*ﬁ*&[ PID f5 il A B 4f lers application on industrial hydraulic actuator using u-
F I o7 1 e ,%ﬁﬂﬁfﬂ%’ﬁﬂ{ﬁ[}%T%éL@ﬂ BB nique system identification approach[ J]. Journal of Com-
zh , {1 TR 45 58 el b R S 70 3 fﬁ; munications Technology, Electronics and Computer
Science ,2019(22) .1-6.
(3)iﬁiﬁﬁiﬁﬁﬁﬁ,QﬁﬁET%iﬁﬂU\iﬂlﬁiif/ﬁ [14] GARG N, BH(USIZIAN B. A 3 degree of freedom quarter
FH SR ERE R H . car active suspension system model design approach using
A S SR ST BB R R T S PID fuzzy logic and fuzzy tuned PID [ J]. International
SR 2 M oy A [ 2 225 . Journal of Engineering Science,2017,5(6) :262-267.
SHHREA IR ST IRRERBANEE B 1157 e, £ e, 0, 5, WA R SE4EHE M
VAR ] Xop 5 SR A AR AR R R AR HiE W PID #HIFFE )], Talk43 5 A sk & 2019
RA BT SCRBLTI ., (2, 525 A 1 i 6 g@i;;”hHﬂmﬂwwﬁwﬁ%WW% .
B, FIRTAE# 0 B AE 59 LT & Lt i% & TLI]. WIS e 2020010 180 1T,
Sy PR TAETERE [17] 2wk VS0, 2L AR IR R Gedas il 1 it v 4
TEJE SE BT GE i e S0 S5k VP IS ILT 2% IETFRBET[T]. RS 3 5% E,2020(2) .72-74.
(18] BRAJE, R 3K C R I/ SU8 O B i gy ik

FERIX R GEHAT LI

AR5 AR

JHGREG IR J] . R 14548 ,2020,37(7) ;52-58.

[#miE:H ]

B WEES S BTG RRE AR THE EOREE R G S T E AT )] AU TR 2021 ,38(9) <1174 - 1179.
ZHAO Xin, JI Ai-min, DENG Ming, et al. Design and simulation analysis of hydraulic control system for lifting speed of scissor lifting platform[ J ]. Journal of

Mechanical & Electrical Engineering, 2021,38(9) ;1174 - 1179.

<<HLEE.:|:5FE>>%/%:\;http://www. meem. com. cn





