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LASHiP Electro-Hydraulic Positioning Systems

HYDRAULICS & PNEUMATICS

= Electro-hydraulic positioning systems (EHPS):
« For driving and controlling high loads with reliability, speed, and accuracy
= Main components:

 Electrically modulated hydraulic control valve
« Servovalves, Proportional valves

« Cylinder
« Controller
Position sensor X 5 <
o 1—»
Ve Aa As A
\/Controller ' I Actuator
U. Valve
S
pSA |J-'p'|'
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LASHP

HYDRAULICS & PNEUMATICS

= Control valves:

Electro-Hydraulic Positioning Systems

Pressure dependence of the valve flow rate
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LASHP

HYDRAULICS & PNEUMATICS

= Cylinder + load
 Non-linear friction

Force [N]
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Electro-Hydraulic Positioning Systems
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« Dynamic behavior function of the cylinder position
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HYDRAULICS & PNEUMATICS

Electro-Hydraulic Positioning Systems

= System configurations:

« Symmetrical cylinder + symmetrical valve

Position sensor

Ap = Ay

Qv = Qva

Uy

Actuator

= Q_U,E >
M, XA
| |
[ 3 - F;
I I
Ff,,
S
B

1

Z1

« Asymmetrical cylinder + asymmetrical valve
* Itis also usual: Asymmetrical cylinder + symmetrical valve

[T 1]

QEE -

Position sensor

Ap =14, I \ < F,
Qv =Tlva | actuator | |

Ideal:r, =1y

Uy

A
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Uyi

" Controller |
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HYDRAULICS & PNEUMATICS

Electro-Hydraulic Positioning Systems

= System configurations:

« Asymmetrical cylinder (single effect) + 3 port valve.

— )
Position sensor M, — x,
- |
| Ap =14, | ‘ \ < F,
Actuator L— |
A, Ap Fy,
; ’?If
Ux [ro === _,T_._._ ......... -
. q B
- > Uy > v valve ! t
" Controller ! |
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U\SHIP Design Methodology for Mechatronic Systems

HYDRAULICS & PNEUMATICS

» Design Methodology for Mechatronic Systems:
* Four classical phases according to design methology for technical systems as in Pahl et al., 2007
» Tasks, steps, and activities developted for mechatronic systems as in De Negri et al., 20212

Problem/Need

PLANNING & TASK Design data &

CLARIFICATION speuficatio ns \ oriented
L Y ) S =t s - ] \ i : - e
CONC‘E'PTUAL Solution
] Conceptual
DESIGN model oriented
K v / Solution
p  EMBODIMENT Defin@ feasibility

Problem

DESIGN D model

oriented
k Y | . Construction /
DETAILED — Product _
DESIGN +—— model Implementation
oriented

1 pahl, G., Beitz, W., Feldhusen, J., & Grote, K.-H. Engineering design: a systematic approach (3 ed.). London: Springer Science & Business Media, 2007.

2De Negri, V. J.; Mufioz Salas, K. ; Vigolo, V. Design methodology for mechatronic systems: An approach using function/means tree and channel/agency
net. E-book. Florianopolis: Universidade Federal de Santa Catarina, 2021.
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LASHP Design Methodology for Mechatronic Systems

HYDRAULICS & PNEUMATICS

FUNCION = Rudder positioning
Maximum angle = 25°

PLANNING & TASK

CLARIFICATION . .
Settling time=1s

v

N [ ]

. l |
Actuation
System

il
oo I

N [ 1 > Controller gains: Kp =2; K, =0,1

CONCEPTUAL
DESIGN

Position sensor: Ks=300 V/m

Cylinder: d =50 mm

—k

EMBODIMENT
DESIGN

— Valve: qvn, = 10 L/min
~— (@ 4p = 10 bar)

SENSOR = Type HDY0905
DETAILED CONTROLLER = Type DSP1312

DESIGN Cylinder = Type DXY09
Valve = Type 4QE600
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U\SHIP Design Method for Valve-Controlled Hydraulic Positioning
Systems

HYDRAULICS & PNEUMATICS

System
Requirements

Position

System &
Cylinder Spec.

Step 1
P Step 2
System &
Valve
Actuator S
S Characterization
Characterization
Desired

Dpscement ]

Response Valve
Conceptual O Specification
mo el T e e e e
v
EMBODIMENT
System
DESIGN Operation
ST e
kS = Definitive
Circuit
Step 3
Det néti\lle Implementation . [T =
mode p Estimated Modeling and
Response : :
| Simulation

Real
Response’

This design method is implemented in the HyPS Tool software available at laship.ufsc.br
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LASHP

HYDRAULICS & PNEUMATICS

Step 1 - System & Actuator Characterization

Phase

Design data &
specifications

Conceptual
model

EMBODIMENT
DESIGN

Definitive
model

Steps

Behavioral
specifications

Parameters &
Cylinder Spec.

Valve
Characterization

Valve Specification

Conceptual
System & Actuator
Characterization \

Dynamic Modeling
and Simulation

Definitive
Hydraulic Circuit
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Activities

LASHP Step 1 - System & Actuator Characterization

HYDRAULICS & PNEUMATICS
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LASH. P Step 1 - System & Actuator Characterization

HYDRAULICS & PNEUMATICS

START
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LASHP

HYDRAULICS & PNEUMATICS

Step 1 - System & Actuator Characterization
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EMC-UFSC

Step 1 - System & Actuator Characterization

HYDRAULICS & PNEUMATICS
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LASH. P Step 1 - System & Actuator Characterization

HYDRAULICS & PNEUMATICS

¢ Supply Pressure D¢
3 AA PL Initial Position Xi_4 i ‘pL =Dy — 1y pB‘ Xea=Xiatx5 ‘
Actuator Area & Coading 5 RN' 4,74
Load Pressure  4— 5
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o =
a 8
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. with p;, = Py _pimax with A,
| PA { py /\/\/\[ |_> A A
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Jﬁ R
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LASH. P Step 1 - System & Actuator Characterization

HYDRAULICS & PNEUMATICS

LOAD PRESSURE @ MAXIMUM POWER
4 Ports Sym = pj, pay = 2/3P, 4 Ports Asym = p; ppae = 4/3P; (Extend)
3 Ports ASym = py, pax = 1/3Fs 4 Ports ASym = p; pmer = 1/3P, (Retract)
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HYDRAULICS & PNEUMATICS

Step 1 - System & Actuator Characterization

Position transducer
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LASHP

HYDRAULICS & PNEUMATICS

Step 1 - System & Actuator Characterization

Position transducer
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LASHP Step 1 - System & Actuator Characterization

HYDRAULICS & PNEUMATICS
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HYDRAULICS & PNEUMATICS

Step 2 — Valve Characterization Tasks

Phase Steps

Behavioral

specifications

Conceptual

Hydraulic Circuit

Design data &
specifications

Conceptual
model

System & Actuator
Characterization

Parameters &

Cylinder Spec.
EMBODIMENT Valve

DESIGN Characterization

Valve Specification
Definitive
model

Dynamic Modeling
and Simulation

Cata@

AN,

Definitive

Hydraulic Circuit
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Coefficient

v

6 qy xAp,

Verify Operating
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N\SHiP Step 2 — Valve Characterization

HYDRAULICS & PNEUMATICS 1
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EMC - UFSC —

LASHP Step 2 — Valve Characterization

HYDRAULICS & PNEUMATICS
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LASHP Step 2 — Valve Characterization

HYDRAULICS & PNEUMATICS

v

3 Ap @ MAXIMUM SPEED
Valve Total 3 Ports (r; = 0.5) 4 Ports Asym.(r; = 0.5)
Pressure Drop - i
l 4 Ports Sym. (ry = 1) Retract
Ap, =2 Alg)p
S
Ap, =2 (7 ~ [Pt |)
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"3 P 3
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40

TOTAL pressure drop: Ap;
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T PARTIAL pressure drop: 4p,
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LASHP

HYDRAULICS & PNEUMATICS

v

4 kV
Flow Coefficient

v

S chat

Catalog Flow
Coefficient

Step 2 — Valve Characterization

25 L/min nominal flow with a 10 bar valve pressure differential

80

1 Ap=10 bar constant
2 Ap=120bar constant
3 Ap=30bar constant
4 Ap =50 bar constant
5 Ap=100 bar constant
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LASHP

HYDRAULICS & PNEUMATICS

Step 2 — Valve Characterization

v
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P34, displacement 25
TensionU_
0
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v

S5 kV_cat

Catalog Flow
Coefficient

v

6 qyxAp,
Verify Operating
Limits & Dynamics

END

Step 2 — Valve Characterization

!

@ MAXIMUM
SPEED

_ KVcat \ Apt_vm ax

K. U

n

@ MAXIMUM SPEED Given in
) K
Pressure Gain Salalog b K, = KLU
K. = KVcat K L)
’ JPs — 2D, ., Not Given in Catalog
T 3 Ports valve | 4 Ports Asym. (ra = 0.5)
(ry, = 0.5) ~Configuration
K. = Kveae :1 Ports Sym. Extend Retract

Cc
2\/175 - |pL_vmax

(g = 1) l

Direction

K ca
KC — Vcat
V3@s —p1y,,,,)

KVcat

K. =

2\/195 - |pL_vmax|

END
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» Proportional Hydraulic Platform (PHP)
« Hydraulic power unit
« Two workstations
« Data acquisition and control system

PRESSURE
REDUCING VALVE
PRESSURE TRANSMITTERS -

SYMMETRIC
PROPORTIONAL VALVE «__

\

= \Workstation:
* Loading system
* Forces up to 3900 N
SYMMETRIC
CYLINDER

..... v / « Symmetrical and asymmetrical
— valves

» Differential and non-differential
cylinders

A\ |y

T — -
\% N,
\. N,

* smmumnteUlEEEENNN
\ANAEAWA W

W

SYSTEM
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U\SHIP Influence of the Valve Flow Coefficient
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.. Relative to
Flow Coefficient (Kv)
selected value j
. x107 £.0.06 G
L/min.barl/2 s parz P =
: 2 0.05
113 0.60 ~ 40 E Ve |
1 42 n 7R ~ B0 3 0.04 /47~ —Input signal I
— 2 “.(/ =-=Non linear model, Kv=1,13, Kp=15,0
2.48 1.31 Specified value 5003 & | Non linear model, Kv=1,43, Kp=8,0 ||
| 5.38 2.84 ~ 200 | / —Non linear model, Kv=2,48, Kp=4,0
0.02 -=-Non linear model, Kv=5,38, Kp=2,0 |
1 1.05 1.1 113 1.15 1.2
u RE_SUltS (M =76.5 ka): Time [s]
i 0
° KV < 1.24 L/m|n.bar1/2 (50 A)) 100 [ . \ﬁ . . == Non |inear’ KV:1,13, Kp:15,0
» Higher controller gains are required = £ % Y% | Nonlinear, Kv=1,43, Kp=8,0
) ] S, 50 | N LY i |==-Non linear, Kv=2,48, Kp=4,0
» Larger periods of valve saturation o i \ % Y—Non linear, Kv=5,38, Kp=2,0
£ 1 N ", .
« Tendency of instabilit c O R T
- . S TN
« Kv >4.96 L/min.barl/2 (200%) o 100 ,f/ \\ W &
. . > J L
« Smaller proportional gains g 50 &‘
: R Y — -
* No valve saturation 0 TRt e ey

I
« Larger valves do not exhibit performance improvement 1 1,05 . 1,[1] 1,13 1,15 1,2
] ime (S
« Slower and more expensive valve
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Maximum Acceleration

= Maximum positive acceleration = Maximum acceleration

e QOccursatt=0s

* Maximum negative acceleration:

 Qccurs at the end of motion

— 2 =2
Amax n — —Xq Wp~ €

» Using negative acceleration:
« Smaller cylinder can be used
. or
« Higher mass can be moved

Hydraulic force = 1100 N
AC.p, = M. afax

1,2

0.08 I l
E I i
- »*
£.0.06 e t =2/un
: ]
/
% \/ —Input signal
Y Docied
® / Vs esired response
2 / e —=Non linear model, Mt = 10.3Kg
0 A ===Non linear model, Mt = 76.5Kg
0 027 :
- 1 1,05 1,1 113115
Time [s]
Acceleration Mass
106.5 m/s? 10 kg
-14.4 m/s? 76.5 kg
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LASHiP Correlation between Natural Frequencies

HYDRAULICS & PNEUMATICS

= Valve Natural Frequency x Positioning System Natural Frequency:

* Experimental system:
 Valve natural frequency = 440 rad/s (70 Hz) W,y ~ 95w,
 System natural frequency = 46.15 rad/s (7.3 Hz) i i

» Without load mass and coupled spring:
Ensure a high cylinder+load natural frequency Wy ¢ > 5 Wn s

0.08
) _0.07 %;._
.Wlth an<3wnS I§'006 /
_ - _ . — U, 7/
« The dynamic performance cannot be achieved o 0.05 // — Reference
& V. —Wn,_ =2 xWn_
S 0.04 / Y -
= \With @Wnyv =5 Wy s % 0.03 /// _an =3 Xwnsis
. . . . a v / —_— =
+ The dynamic performance is effectively achieved | = /ﬂ wn, =5 xWngg
» Desired response without overshoot '
1 1.02 1.04 1.06 1.08 1.1 1.12 1.14 1.16 1.18 1.2

Time [s]
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Correlation between Natural Frequencies

= Cylinder Natural Frequency x Positioning System Natural Frequency:
« Cylinder natural frequency = 220 rad/s (35 Hz)
« System natural frequency = 46.15 rad/s (7.3 Hz)

wn_C ~ 5 wn_S

« Changing fluid volumes: Wnc=2Wng Wpc =3 Wy s
0.072
= With wp 4 <3 wp g = 0.07 /?‘?7-‘;*7
« The dynamic performance cannot be achieved £ 0.068 /
€ 0.066 | — Reference
o Y- —
_ S —Wna— 5anSiS
= With ®na2 5 Wn_s S 0.064 / —Wn_=3xWn_
= a SIS
] . ] . e
« The dynamic performance is effectively achieved 0.062 / —Wn_=2xWn__
» Desired response without overshoot : : : :
1.05 1.07 1.09 1.11 1.13 1.15 1.17 1.19 1.21 1.23 1.25

Time [s]
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System
Requirements
P

osition

Desired
Response

System
Operation

Response

Results from the Design Method

Requirement Value

Settling time 0.13s
Displacement 0.05m
Overshoot? No
Supply pressure 7x10% Pa
Mass 76.5 kg
Stiffness 2618.4 N/m

System &
Cylinder Spec.

Step 1
p Step 2
System &
Valve
Actuator o
S Characterization
Characterization

Valve
Specification

Definitive
Circuit

‘ Step 3
. N Dynamic
Implementation | / Estimated Modeling and
il RESponse Simulation

QQ
Parameter Value \q,

System nat. freq. 46.15 rad/s (0\’\/%
Max. Cyl. speed 0.849 m/s 9’]’%
Max. Negative Cyl. acceleration -14.4 m/s? 6é «rxﬁ\
Max. Power Load Pressure 4.67x10°Pa *(\o (,6
Calculated Cyl. area 2.28x10“4m? obc;(o’{'(\
Cylinder rod diameter 18 mm /%K@é Q@
Cylinder bore diameter 25mm € & 'O@C(\
Cylinder annulus area 2.364 cm? 4
2x104m?3/s
Max. flow rate
(12 L/min)
Cylinder nat. frequency 220 rad/s
Valve nat. frequency 230.75 rad/s

1.31x107 m3/s.Pal/2
Valve flow coefficient
— (2.48 L/min.bar'?)

1.41x107 m3/s.Pal’2

Catalog flow coefficient

Selected valve: (2.68 L/min.bar''2)

Bosch Rexroth valve 0 811 404 038 (Kv = 2.68)
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