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Introduction Background

Hydraulic actuation is the priority of heavy machinery and
vehicles.

Electro-hydrostatic  actuator (EHA) is  replacing
conventional hydraulic actuators due to its combination of
advantages of both electric and hydraulic actuation.

The high power EHA is more challenging to meet all the
requirements, especially the dynamic performance.

Multi-objective optimization is a beneficial method to
alleviate this issue.

Source: https://legacy.iyiou.com/p/120966.Fiml
<A



(

Tampere University
Tampere University of Applied Sciences

Introduction

~

" servo configuration

St at e_Of_t h e_art (" System requirements

Fuaction Nominal Objectives (criteria)
: - Size
Requirement and definition , load profile . Mfu'eight
! ' By -Cost
. .[u.mlal dﬁ]fu’n . —— Analysis |4 = .F.”I:- —==3 Component types Constraints
optimization parameters * i I [ 1 -Machines - Dimensions
1 3 W) WM _Gears - Speeds
Update optimizing parameters Criteria - Semiconductors - Control Ermor
via optimization method Jv . 1 /
! Synthesis [ ¥ -
* | Design & optimization l Start i
| process - — - I
Provisional desien | Physical system optimization |
£ I |
Calculation of static performance l‘ : Static EDJ"FO"E'“ Dp}lmaltldeslgr.n :
(i.e., weight) Simulation | o _512;0 - Objective - Egﬁr'f;'.'jf ’ [
1 7 l i - Stiffness function - Radius |
Transfer pm'amm?rf. o T!:ll:‘ AMESim model Expected properties : ' : :
and run simulation results | E I |
Get of dynamic performances via simulation l' | £ I Parameters of the |
(i.e., rise time, dynamic stiffness ) »| Evaluation | : 1 optimized physical system |
I I
* || Resulting Control system optimization I
_— | |
_— Finish optimization —— No Value of the design ' Dynamic simulation Objective I
process | system model function :
|
| |
| ,LDptlmlzatmn algnnthmj I
| |
Validated No | I
| |
| )

— Requirement? _— -

Y Approved design 4 Optimized configuration

Source: Xue L. et. al. A simulation-based multi-objective optimization Source: Andersson, J. Multiobjective optimization in Source: Roos, F. Towards a methodology for integrated design of
design method for pump-driven electro-hydrostatic actuators engineering design: applications to fluid power systems. mechatronic servo.

 The multi-objective optimization preliminary design considering all the requirements is to be
developed, especially considering the dynamic performance.
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The preliminary design task

Pressure feedback

Load

Mode control

Pressure feedback

13(1ﬂ

Velocity feedback
== _ |——3__1__

controller

4(R)

4(3)

- 18(2)

10

 Determine the component types
and the lumped parameters

T ATTem perature feedback

Pressure feedback

13(2)T

Position feedback

Description

Maximum output force 100,000

« Predict performance with limited information,

« Multi-disciplinary evaluation models,

« Maximum the performance with the available Jaleliiile]alelelal{ge]Mor-1alo L Milekis

resources,
« High calculation efficiency

Rated output force 200,000 N

150  mmis
100  mmis
£55  mm
8 Hz
£0.1  mm
115 kg
9*10"7  N/m
-40~80  °C
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The preliminary design task

] ] N * Weight
f1(x1, %5, oo, Xp) Competitive performance mmm) - Efficiency
min f(x) = | f2(e1 X2, e, 2Xn) as objectives |
« Bandwidth
_fm(xl'xZJ an)_
XeQ) stgx)<0 ) Force_
* Velocity
. Major parameters as variables Bounde_d performance as ===mp . Accuracy
« Other parameters generated constraints e Stroke
automatically :
« Stiffness

* (X1, X2, X3) = motor rated torque
Tm (Nm), the pump displacement _ _
Do (mL/rev), and the piston Note: thermal management is considered upon

diameter of the cylinder dpis (M) the optimization design results
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Evaluation models
Mg =M, +M + M, +m,

« Scaling law for pump and motor

m, = 0.2717D,"°°® + 0.7186
m,, = 0.1397T,,*>% + 2.051

Jo = 0.0003666T,,°>"°
Jp, = 0.0008218TD,,"*>°

Weight

« Analytical model for cylinder

mc:mpis+mshell+mbottom

mpis = _(dpls +5p|s) (S+ Ipis + Itop)

T
Mypey = 4( shell T hell) (S+|

T 2
mbottom - h Z(dshell + 5shell) /0

p__d (S + Ipls)p+ dshelllplsp

pis

top)p

4 dszhell (S + IpIS)
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Evaluation models —— Efficiency

Transferred as the energy consumption under the specified duty cycle

Duty Electrical power
| - i .
BASIN Powertfa“?fg'lji\'on model | SIS A Jow calculation cost backward model
(0}
ra) k
Cylinder dw (k) (T),When k=1
k) = Av(k) + C AP(k it Jwk) — ok -1
Qcy( ) V( )+ c ( ) (1)( ) Z)( ),Whenk > 1
\
AP(K) = F (k) + Bv(k)
PUMp Motor
T (k) dlm (k)
_ U.(k)=1L + K.w(k) + I,(k)R
qump(k) = Qcy(k) + CpAP(k) I () K; ;n( (3{) dt ew (k) m (k)
qump I —
a)(k) = Dp d]m(k) _ ) n ,Whenk =1
dw(k D dt In(k) — I, (k — 1)
T(k) =] ac)li ) + kfric(i)(k) + Ap(k)ﬁ \ = hm ,whenk > 1
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Evaluation models —— Bandwidth

open-loop transfer function of EHA
Go(S) = DpGpp(s)Gep(s)s™

Kt
G —
pp(S) L]s? + (K¢L + R])s + RK; + KtKe
A—l
vm (Cstm VB j
S™+ + S

G, (8) =

. C.B

A2

EA? A>  EA’ +

Applying PID based cascade controller

Gy (5) =Gy Ky /s

AD,
K..=
%% BCg + A2

X (s)

205+,
X4(s) s*+2w.5+@;

Ky =20, /K
Xg(s) T~

os’?

K, K.S+K. K

pX 0s 0s " "IX

s°+K K s+K K

pXxX " "0S 0s " "IX

X(s) =

Kix — a)cz / Kos
/’-‘x

Applying power limitation

< min( mD 1 TmaxDpA
0 min ny,
c 30Axy 21 |xp(A2] + D2m)
N—
—_

Applying stability limitation

KiX -1
Go(s) = Kpx +T)D Gep(S)s

p
\

ey
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Evaluation models ——— Constraints

After the motor rated torque T, the pump displacement D,, and the piston
diameter of the cylinder d .. are assigned

4

Generating other parameters

4

® Calculate force and velocity based on energy conversion formula
® Calculate static stiffness based on bulk modulus formula
® Calculate control accuracy based on the following control model

X(s) 205+

X,(s) s*+205+a

pis
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Optimization design implementation
» 13 x10°

12
. = 210} o
1.generate the major parameters = 125 <
'_> 5 - g
T , Dp, doi 5 o g ;
m pr MpIS e E 8|
é 12. 2 .
| -] .
= . . o - - g 6 r "
- ., . - .
2.generate other concerned 11.5. . . & -
. . . . . . -
parameters in preliminary deisgn 15 * . % 4 .
10 \\"\\ . * i
%10° T e
\\\\ N S . 2 L .
o — ' ] . S g 705 N L 69 69.5 70 70.5 71 71.5
= 3.performance estimization energy consumption/J 0 49 69.5 70 mass/kg
e . . mass/kg
Q using the dedicated models 12.6
= - 126 :
" 124}
— : : 124}
4. objective and constraint evaluation . =
by the optimization algorithm T2t = 122 .
;: - : o . -4 12 0 .
E 127 . . -.E ’
. . 11.8 .
11.8 | . I
Yes ’
L6 , , 11.6 : : : ' - :
5.preliminary parameters and 69 69.5 70 70.5 71 71.5 . * - 6 i 8 s m i

. o energy consumption/J x 197
corresponding performance mass/kg
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Optimization design implementation

7,/Nm

21

20.5

201
0

Dp/ (mlr)

i 72
171.5 -
i 21
=
70.5 % n
~
L]
® 70 20 | .
° \..‘o N {
e 69.5 8 .

— 100.1 : n
; ] 6
4 999 d,;/mm 69 D,/(mVr)

energy consumption/J
L]
21.5
L
21 |
B
é: 20.5
~ . |
L ]
20 L > |
10 3 )
N “4“77100 1 100.2
6 100
4999
Dp/ (ml/l‘) dpi/mm

bindwidth/Hz
e Qo
"%
— 100
4 999
%x10°
11
o
10
9
(]
8
7 °
6
5 (]
4
([ J
3

12.6
|
124

B 12.2

1002

T 100.1

11.6

d,;/mm

(T,,=21 Nm, D,=9.5 mL/rev, d

pis

=100 mm)

(Mgpya=71.155 kg, w,=12 Hz, E=337 kJ)

T Mgy Wp E
dpis Mepya Wp E
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Simulation analysis
Simulate the design solution with AMESIm model

3 ‘—Magnitude of signal output[dB]
x1105 ] —Sine command [m] 0
' R N Sine response [m] —
______ 5
SN EEE L
-10
0.5 -15
205 0
0.0 10 X: Frequency [Hz] 10
‘ — Phase of signal output [degree]
0,
0.5 ]
40
s
15 -120 1
0 2 4  X:Time [s] 6 8 10 ]
-160 0 1
10 X: Frequency [Hz] 10

Dynamic performance
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Simulation analysis

350

— energy consumption [kJ]

o e | i
= Ly [ Ly =
L [ [ [ [

Ly
i

0 ' | ' | ' | ' | ' |
20 40 60 80 3 Time [¢] 100

Lo

Power consumption (8.6% error)
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Conclusion

« EHA preliminary design task can be transferred into a multi-objective
optimization problem to maximum the performance of the available resources;

« Parameter generation tools and dedicated models were proposed to implement
the objective and constraint evaluation;

« A 30 kW EHA achieved more than 10 Hz bandwidth with under 72 kg weight,
the efficiency was also optimized;

« The performance envelope and the in-depth understanding were realized.

« The optimization results were verified with an EHA AMESIm model.
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