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/\ Context & problematics
7%

1 Modeling and control of Fluid Power systems is usually
considered as a difficult task :

o multiphysic : mechanics, fluid dynamics,
thermodynamics, electrical eng., ...

o highly non linear behavior

4

more difficult to control than electrical
drives ?
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/\ Differences electric and fluid power drives (1/3)

Fompere 50
 Electric drives -

desired: [~ Zngular position
commandV_ <,

User friendly

\ ] J
| I
l High bandwidth Low bandwidth l
o lot of sensors (current, voltage) o high reflected inertia
o complex control algorithm embedded o complex friction phenomena
(large computation capacity) o can be considered part of the
o but everything is included !!! load (disturbance)

| l
Y
The whole package is on-the-shelves !!!
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/\ Differences electric and fluid power drives (2/3)

Fompere
 Hydraulic drives

command :

@ -
|

] | J
| B— T .
! Low bandwidth High bandwidth !
o ~no sensor (mech/elec feedback) o o o low inertia
o each design is different o nearly a integrator

o safety component have to be added N

| Not user friendly '
Y

Help yourself 1!
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/\ Differences electric and fluid power drives (2/3)

Fompere
 Other architectures of hydraulic drives
command :

Mechanic \ — EINGEH] o)
Power “U ~ R

|
_ow bandwidth High bandwidth

desired ¢ Not user friendly

command Vg angular position I
() ﬁ; @\ ~D
l J \ It

J
| . . . v .
High bandwidth Low bandwidth  High bandwidth
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/\ Differences electric and fluid power drives (3/3)

Ffere
J Pneumatic drives

command *

T . Y )
! High bandwidth Low bandwidth !

o ~no sensor (mech/elec feedback) o o o low inertia
o low efficiency o low pressure dynamic
o each design is different o
o safety component to be added | Not user friendly

\ J

Y

| Help yourself 1!
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Why electrical drive are so user-friendly ?

;
— A .
S | @ B SO
= :
S Serv?/Prop. Hydraulic Act. The intelligence
“= , Is in the box
2 EHA/ dlspTent pump Plug & Play
O
o
= Nearly no computation EHA/ variable speed ’
wn capacity embedded i iiﬁ !
Not Plug & Play %
.&N@
. | Electric MA
@ F§F g o
Sefvo Pneumatic Act. >

@ tcoLt
CENTRALELYON

User-friendly control
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/\ How to make the control easier ?

d The physical variables are not always the best for control

Ffere
purposes .
P, | Py i
v, Vv )
—-
_____ e Y

\

o On mechanical side
Fpneu = S(pP —pN)

@ B S(PP _pN) _Ffmt(v) — Fext

dt M "'
Speed

dy

E:'U ‘ J

Displacement

o On fluid side (pneumatic)

y

dpp
dt

Q'mP —{
(QmN +

@ @ INSA @o

dpn
dt

.

qu (uP,Pp)
qu (uN,PN)

$

uy =Y~ (qmn, Py)
Up = l/)_1(qu:Pp)

2 commands : {

Inversion
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/\ The AT transform (1/2)

W
4 2 different phenomena

o The differential pressurization : da, _ dpp de » Force

dt dit
o The symmetric pressurization : dpr _ - dpp n de
dt dt dit

» do not modify the force

d Let us consider the following coordinate transformation:

GmT gmN dmn qmT = pressurization flow

with(*) [t __1 |
Vely)  Vn(y)

_ .l . : * Note : this transformation can easily be
L Vely) Vn(y) extended to non-symmetric cylinder
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/\ The AT transform (2/2)

A
 Make the really interesting variables appear in the
equations
( dpp kT S
dr Vp '(QmP_ﬁ-pP-U) - .
< o =AW
de _ k.r.T ( + i 'U) qu qu
@t vy MmN TP
| l
Y
Fpneu=s-(PP — Py) =S.Ap
_ Py+Pp
Pr=——

4 %

dpr _ _k.S.v' Pp _ PN L k.r. dAp _ k.S (pp i pN) n k'T'T_qu
dt 2 Vp  VUn 2.Vo dt Vp VN Vo
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/\ The AT transform (2/2)
7%

 Make the really interesting variables appear in the
equations

r d'y
E = v
dv  —bw— Fiee(V) + Fpneu
dt M

4
dent:u _ AI-U-y-Fpneu — AZ-U-PT + B Decoupling
dt Vp.VN Force
generation

dpi _ —A3.0. Fppew + Ag.v.y.pr B @ from

[ dt Vp.VN Pressurization
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/\\ The AT transform (2/2)

A N
 Make the really interesting variables appear in the
equations

| d
&y
dt Fonew = 5.(p JP PN)
d_’U _ —bU — FSEC(’U) + Fpneu Speed
dt M ‘.'f
£ Displacement

dent:u AI-U-y-Fpneu — AZ-U-PT
— + By _
dt Vp.Vy Active flow

Pressurization flow

dp’_{ _AH .T;:I "F:UTE-ET.L —I_ _.:44 .T;’.y.?)‘:{" —|_ B
- = 2
| dt 'p. VN P, ~ Actuator Stiffness
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/\ Experimental validation

Fompare

. [ati P ==
d Open-loop - variation on g.ml _ | | | | |
S T variation of 4 bars
o7 — =
dpr  k.Swv (pp pN N k.or.T @ [ | ; i
a2 \Vp Wy 2.Vo » 2
O 38
S
[ampppt 8
1 (4+]
1 l ' :qmn %"
%o.a qu < ' ‘
D ji | % : 2 7 5 s
= | Titfle [s]
= f .
o : _ =
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£ | o 7t variation of 0.7 bars
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0.8 ] L 'S5
i (@]
N \ | c
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t[s) ﬁ
£
dAp PP DN kr.T @ o
= —k.S.w. S
dt v (Vp + VN + Vo @ » % ssf
a

cr)
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/\ Experimental validation

Fompere
1 Open-loop : variation on |_q_T.AI

—

5
5
51

25

< .
= variation < 0.05 bar
|_
o b
dpr  k.Swv (pp pN N k.r.T | \ |
a2 \Vp Wy 2.Vo * 2 MMWMMW
[¢D)
S it |
[
© s
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S o : | Time [s]
=
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/\ AT Transform vs. Park Transform

Fompere
L AT Transform

o change of variables for
control purpose:

o] L
GmT dmN Vq

o original flows of power
modulator change in :
virtual active flow gmA

Force control

Vs ”‘

L Park Transform

o change of variables for
control purpose:

2.r
cOs (9 - T)

2.m
)

cos () COs (9 +

2. 2.

3) —sin(9+ 3 )
o original voltages of power

modulator change in :
virtual voltage Vvd

Torgue control

—sin (#) —sin (9 —

Displacement and force generation

virtual presurization flow qmT

Mean pressure control

virtual voltage Vq

Magnetic flux control

Actuator stiffness
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Génie Electrique, Electromagnétisme, Automatique, Microbiologie Environnementale et Applications

Applications of the AT Transform

* Trajectory control (Y-P+ control)

* Energy saving (Y-P,,; control)

* Displacement / Stiffness (Y-K control)
 Position oberver (at 0 speed)

* Mono-distributor

: 2\
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/\\ Application of the AT Transform
A N

1 Active flow 1 Pressurization flow

4u
O\

dma

$

Pressure difference

Fpneuw = S-(pp — pN) Pressurization Position oberver
(at O speed)
,., j control
(Y-P5 control)
Speed
w.r j Energy saving Mono-distributor

Displacement (Y-Propi CONtrol)

Stiffness
(Y-K control)
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/\x Trajectory control (Y-P; control)
Ffere

d Control synthesis : Backstepping

desired — ER : —

= . trajectory yd = | desired i
£ o] trajectory Pry~_ f
"GC—)' ?) 4 o et e L
= measured D . .
S trajector -
< Jectory’y c o measured
=0 s trajectory P,

.5:G Ti m%e] [S] | ; | 5‘) é 0 1 2 -ﬁﬁne [S] 4
S il
S .
= Amr _ Same results to what was
g | achieved with other control
El techniques
.§ .5
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/\ Energy saving (Y-Pq,p; CONtrol)

AW
d Control synthesis : |
. : q q
o (ma IS IMposed (y trajectory) ¢ i ' y™
- . P i p
o minimize | C(t) = |gm p(t)| + lgmn ()] VA I e
P X i
-
Amp 4mnN g Y
: — V. _
with  qma = Vo ( AT )
If VV smaller than V,, less flow is required to produce g, if g, 1S Used
If V. smaller than V, less flow is required to produce g, if g, IS used
(Gp =05ty = =X gurif y >0, I as Gmp = Vo. |22 4 dmi
|:> Gmp =V Qmy = %-QmAl Y ) Amt = Vo- VP VN
v . .
= yoma s Gy =0 if Y <O Optlmgl control is
obtained for :
kaP:_QmN: ﬁ% Ify:'[) qu — _qm;‘q'SgTL(y)
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/\ Stiffness (Y-K control)

Fompere
 Stiffness control:

o reject or not disturbances in open-loop (do not required fast
closed loop)

o variable compliance

d Control synthesis :
o gma IS IMmposed (y trajectory)

. PP PN 2
Actuator stiffness K = + ).k.S
N PR\ Ve(y)  Vn(y)
f dy B
E =7

natural behavior of the
actuator to come back to its
equilibrium point

dv o —b.v — Fsec(v) + Fpneu
dt M
)

dF, e

deneu _ Aﬁ-Kpﬂeu-y-U - Aﬁ-Fpneu-ﬂ - Bd-y-QmA + B5-QmT
| dt Vn(y)-Ve(y)
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\ « Stiffness (Y-K control)

Fompere
d Control synthesis : Backstepping

_ Close loop stiffness —J Z"
£ g
Z | _ o
o | desired Ky, . —
@ 25 i =
% il N Koo =1,5.105N/m | .l
& \ Konew = 2,510 N/m |
Koney = 3,5.108 N/m
measured K, .
: e Isl  Featic error decreasing Time [s]
I neasured with Kpp,at impact R A = s

a

=
wn

j=d
Q
()
@D
3
@
-
—

S

neu = 1,5.105 N/m -
neu = 2,5.105 N/m -
=3,5.105 N/m ]

o

Displacement [mm]

\desired position yd

Virtual flow rates [g/s

pneu

1
30

115 - s 2|5 = i 1 i L 1 1 1 i 1

T”fﬁe [Sz] % 0.1 02 03 0.4 _05 06 0.7 08 09 1
&) ;
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/\ Position observer at standstill
Ffere

U Position observer at standstill (v=0) : position
dy _ ( j_” ~0 estimation error
dt t estimated
Qo —Faov=0)+Fpea | I dmas mt dv _ —Fyec(v=0)+ Fpnew / System inputs
< at - M not known dt M
AF mew S Vogmr — S2y.qm
Wmes _ p g, = ety i (G L= S
d - SVogma— S y.qm
ﬂii—p: = B2.gmr | % = B2.[gmr + 7 e ;P-VN = T]
Fpneu |
Q From pressure sensors only :
Fonew @nd Py can be calculated, :> - .
the full state can be obtained by differentiation: e dip:eu
d Procedure ior
B

o change slightly q,,rwithqg,,,=0
:> theoritically F,,, do not change (or < dry friction)

:> the piston do not move (v=0)
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/\\ Position observer at standstill

Fompere

 Observer synthesis : Sliding mode

derivative of Fg,

Effort pneumatique [N]

Force Fyne, [N/M]

[N/(ms)]

o 5 Hz Sinusoisal trajectory on P; g

f= =]
=3

=

~
T

@
T

| I |

[ ——F_ mai:60N

S o oS =1
T T T T

P
=
T

s

©

-

nou

n
-

n
n
T

Displacement [mm

2.3

=3
~
=

1 1 1
4 12 14 1

Time [s]"

2000 ] | i ]
0

2 4 6 8
t[s]

Time [s]
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10 12 14 16

—y.
——y estimé

estimated

/ position y

real position ym

Displacement [mm]

lll é Ti rﬁe [S] 1‘0 1‘2 1l4 16
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/\ Conclusion
Fompere

1 Active flow 1 Pressurization flow
fina : EI \
4 |
|
Pressure difference | What else ?
Frwu — . - . -
P S-(Pp =PN) | [ pressurization
,., j ' control -
I (Y-P. control) Position oberver
Speed : ! (at standstill)
‘.r j : Energy saving —
Displacement : (Y'PTopti control) Mono-distributor
I s
| Stiffness
I (Y-K control)
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