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1. Introduction

"EHA: Electro-hydraulic actuator
DDH: Direct driven hydraulies
ABSMC: Adaptive backstepping sliding
' - mode control
| PID Proportlonal mtegral -differential
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'@ . Introduction )

Hydraulic system: Fast response, High power density,
Reliability, Robustness

A ; * High accuracy
* Fast response

Valve- e Sy

* Complex
- 2, X1 P
/ controlled * Throttling loss

A N,
o - High calorific value

Hydrauli
C system — "
— |
— N - Higher energy efficiency
Pump- > _@I@_ * Simple
controlled o * High calorific value

X/ Pump * Slow response
=24 * Low accuracy
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@ 1. Introduction )

(1) Fixed displacement pump
and variable speed electric
motor

Pump- =p EHA |a=p|(2) Variable displacement
controlled .
pump and fixed speed motor
" Nonlinear friction, \
parameter uncertainty (3) Variable displacement
and unknown external pump and variable speed
\disturbances y electric motor

The first scheme has a slow dynamic response, but it has
the properties of low-cost, simplicity, and high-efficiency
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@ 1. Introduction )

===

/ Syll.nrcriletnc I }Sltar;c)ed earhet:r
Pump- cylinder as been mature
controlled ~— The flow between

Asymmetric

/ =P the two chambers
cylinder

1S asymmetric

Alexander Jart and Tatiana Minav proposed a
double-pump direct driven hydraulics (DDH) system.
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Purpose ecar

In order to reduce the influence of the parameter
uncertainty, nonlinear characteristic and uncertain external
disturbance on DDH position control. Improve the
position control accuracy of the double-pump DDH

Content
1 Analyze and establish double-pump DDH model

2 Adopting ABSMC method for the DDH

3 Perform simulation and analysis
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< )DH
21 PPH \ A/ %
22 Modellmg ofDDH

L 3"
A % Ta
* \\ . No.7/Sum:24



null

9.978774



§C Modelling )

(A

Reservoir

X, X, X

_____

Figure 1. Schematics of DDH.

1: Servo motor,

2: A-side pump,

3: B-side pump,

4: Hydraulic
accumulator,

5: Cylinder,

6: Check valve,

7: Relief valve.
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1€ odelling )
2.2. Modelling of DDH

_____________ . e
| Cyhnder flow | : |
| v, | | DDH model: |
|94 = Ax+ci(pA_pB)+CepA+—pA | . |
| f; | : 1= |
IqB=—ABx+ci(PA—PB)—cePB—ﬂB Py | | (%2 =43 |
I_ ___________ e__l | \xs =7’1x3 +1’2x2 +b0u+f:
——————— |
[

| xo=ln 1 xf I __B I

: Pump flow \ kxaf | M I
| Gya =nD,1, :- ) E— . (AAz A J :
| Gvg =nDgng | : PR T |

______ — | by = B (AADAUA ABDBUB) |
——————————————— M| V %
: Force balance I : F ’ B :
:_pA — e As; Mx+Bx+kx+F| By :

______________ -
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3. Design of
~ "ABSMC
.controller

3.1, Deszgn of ABSMC cmd the adaptive
© o law of un!cnowrg parameters

3.2, Stébility ver:ifica?ion
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§(3. Design of ABSMC controller)

DDH system
X, =X,
1%2 = X3
Xy =0,X, +a,X, +a,X, +bu+d

\

where, a;, a,, a; and b are the unknown parameters, and
d is an unknown disturbance.
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§(3. Design of ABSMC controller) [&]

3.1. Design of ABSMC and the adaptive law of unknown

parameters

(Start )

/

Define error

Lyapunov
Function V1

l

Define first
virtual y1

dVy/di< 0

Lyapunov
Function V2

l

Define first
virtual y2

dV2/dt<0

|
Step 4 ‘ Yes |
|
——= dV/di<0 ; ABSMC :
: |
No T Inte%rate |
|
Lyapunov Adaptive |
Function V low :
A A
Define the |
| parameters {
estimation e
error |
l y
Lyapunov I' Stability
Function V3 | verfication
l l
| Over

IeCAT
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9 (3. Design of ABSMC controller)

3.1. Design of ABSMC and the adaptive law of unknown
parameters

e, =X, — Y, s{%(x2—yd)+%2(x3—y1)+rlxl+72x2+r3x3+u+r4—£
€3 = X3~ Y, 4 :_klelz_kzezz+eze3+5[Cla4(x2_3/d)+cza4( 3_y1)]+

|

|

|

|

| X
|

|

| 1,7, (_ TAz)+ 3T, (_ TA3)+ AT (_ TA4)+ A5l <_ ﬁ4)
I A A A A A

| U= _C1a4(x2 _yd)_cza4(x3 _y1)_71x1 —TyXy —T3X3 —

I A A

| Tytay, —his—h,sgn(s)

|
|
|
|
|

ﬂ”l 2 3 24
1 Step 4
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@(3. Design of ABSMC controller)

3.2. Stability verification

:V— —kier —kye; +e,e5 =S  =hyls| | | V=—E'QE —h,|s|<0 |
i ool | GoFe :
Lo S | V=-E"QE - h,|s|< -G |
N el +k, h i | e < {V(el(O),ez(O),%(O))—} |
27| mac herk e oo | e V(e (), e,(0) e5(0)) ] |
| he helon e g :
! Barbalat's
o } theorem

| k, >0, k, >0, h; >0, h, >0, ST T T

[lc; >0, ¢, >0 | |1t1£.}G:O |

r Kok, + kile,” + kyhie,” > 0 | Mime, =0(=12,3) | StabIE]
|\k1k2h1+k1hlcz—(k1+h1c12)/4>0: | ims=0 |

.- - ___ | L _ J
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[E]sciforum

4. Simulation
“and Analysis

4 1. Szmulaﬁon model
4.2. Load o_md dlsturlgance'

- 4.3. Simulation analysis
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@ (4. simulation and Analysis )

4.1. Simulation model

y_d
dy_d
ddy d
dddy_d

In

ABSMC

f

- dx

ddx

0=

|

DDH

xandy d
—P +
IR S
Error

Figure 3. The schematic diagram of the Simulation model of
the DDH control system
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F, (N)

‘.»(4. Simulation and Analysis )

1.4+

1.2+

0.8

0.6

4.2. Load and disturbance

%10*

||

N

0 5 10 15

Time(s)

(a) load and disturbance F,

20

F, (N)

1.5

057

x10

5 10 15 20
Time (s)

(b) load and disturbance F,.

Figure 4. Signal diagram of the sum of load and disturbance F
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.(4 Simulation and Analysis ) E

4.3. Simulation analysis

4.3.1. Simple sinusoidal signal

X, =0.15$in(%t—§)+0.15

5 x 10
. 0.3 &
EC 5 1
50 5 1
So2| ' o
el 205
= ' 4
g1 g
G ——ideal position g0
£ 0 ---PID E
00204 |7 ABSMC o)
‘ | | ~~-1.5 ' * ‘
5 10 15 20 0 5 10 15 20
Time (s) Time (s)

(a) position tracking without disturbance (b) tracking error without disturbance.

Figure 5. Simple sinusoidal single responses of double-pump DDH using
ABSMC and PID without disturbance
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T —~ 2 ) T
203 o I %15 fluctuant
o2 50
h 46 5 5 £ 05
= v,
- % 0
g01 E .
" ——ideal position E‘ '
£ 0 ---PID -1
————— o
0 0.20.4 | ABSMC £ 15 L |
0 5 10 15 20 0 5 10 15 20
Time (s) Time (s) .
(a) position tracking with F; 4 (b) tracking error with F,
| = £ 27 fluctuant ‘
203 03 # = — ABSMC
Che 5 15 —PID
&b 0.29 51
902 /00 oo
S 4246 5 5 05
p= >
g0 R
-‘% ——ideal position 2-057
£ @ § PID = n
0 0.20.4 R ABSMC ;3
1. ‘ ‘ ‘
. . e s 20 >0 5 10 15 20
Time (s) .
.y . . . Time (s) .
(c) position tracking with F, (d) tracking error with F,

Figure 6. Simple sinusoidal single response of DDH using ABSMC
and PID with disturbance
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.(4. Simulation and Analysis ) E

4.3. Simulation analysis

4.3.2. Multi-frequency sinusoidal signal

Y, = 0.05{5111(2—@ —5) + sin(ft —£j+ sin(lt —fj + sin(z—”t —Z) +4
) 5 2 10 2 25 2

0.305 G
—_~~ L Pt N— 3 |
£ 93 03 /\/ 5
L 7 \ = |
%0025 0.295 52
% 02f 775/ .gol_
e <107 <
=015 o
5 4 £of
= Ol 2 i ——ideal position g
£ 0.05 ===PID E-1f
) 0 010203 | ABSMC 3
1 1 - L_z I 1 -
0 5 10 15 20 0 5 10 15 20

Time (s) Time (s)
(a) position tracking without disturbance (b) tracking error without disturbance.

Figure 7. Multi-frequency sinusoidal single responses of double-pump
DDH using ABSMC and PID without disturbance
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.(4 Simulation and Analysis ) -

%10

- 02092 /\‘/ E, —PID |
000,25
§ 7 75 %«D
: o ;<10'3 —é 1
- 1 L 2
- 4 % |
z o 2 e ——ideal position g
£0.05¢ ---PID g4l

0.05 :
[l . /90 01 02 03 — ABSMC ~

-2

0 5 10 15 20 0 5 10 15 20
Time (s) Time (s)
(a) position tracking with F; ,(b) trackmg error with F,
. x10
_ 03051 &5l — —ABSMC.
g 03/ 03 /\ 5 stabilized —PID
g 02 7.75 £1
§ %107 e
c 0.15 S b
-9 0 1 4 '/ E
=Y 2 //' —1ideal position .8 qF
£0.05 st : ~~PID Z
ob/o 0102 03 ABSMC S ‘ ‘ ‘
Time (s) Time (s)
(c) position tracking with F, (d) tracking error with F,

Figure 8. Multi-frequency sinusoidal single response of the DDH using
ABSMC and PID with disturbance
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. 5. Conclusion 2020

A controller adopting ABSMC was proposed for the
double-pump DDH

The simulation results show that ABSMC can track
the position accurately under varying load disturbances,
no matter with simple or complex position reference.It
can effectively overcome the influence of the system's
nonlinearity and parameter uncertainty, fast and accurate
tracking and has strong robustness to parameter changes.

It lacks experimental data for comparison and
verification. Therefore, the following research should
establish a test bench and conduct experiment to validate
the simulation results. In addition, the design process can
be innovated.
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