Introduction to Electro-hydraulic
Proportional and Servo Valves

ENGINEERING YOUR SUCCESS.
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Proportional Valves

Servo

Valves
Mobile bankable | NFPA Mounting NFPA Mounting Servo Servo Valves
Style, Threaded | wjithout Spool With Spool Performance, With either
Cartrdige Style Position Position Closed Loop Mechanical or
Feedback Feedback Valves with Spool  § Electrical
Position Feedback § Feedback (spool
position).
Parker Models Pulsar VP, D*FWs, D*FTs’ D*FP a BDs’
VPLs. * Wl D*FHs 4 %o | DYS’
P D*1FH ’ SEs’

Mechanical
Construction
(spool shift)

Electro-Hydraulic
Pilot,

Mechanical
(spring) Return

Electromagnetic
Force,
Mechanical
(spring) Return

Electromagnetic
Force,
Mechanical
(spring) Return

Electromagnetic
Force, Mechanical
(spring) Return

Torque Motor Pilot
Control

Balance PSI spool
Control

Hysteresis 3....7% 3...7% 0.03.....1% 0.1....5% 0.1.....0.5%
Frequency <10 Hz 10...50 Hz 10....70 Hz 50...150 Hz 100...200 Hz
Response

Center Lap Overlap 5...20% Zero Overlap Zero Overlap
Condition

Operating 1000...2000 PSI 1000...3000 PSI None

Pressures Limits
(Drop across
metering edge).

Applications

Open Loop Control

Low End Closed
Loop Position

Closed Loop
Position & Force

Postom
Positio
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Proportional Valves

Servo

Valves
Mobile bankable || NFPA Mounting NFPA Mounting Servo Servo Valves
Style, Threaded | without Spool With Spool Performance, With either
Cartridge Style Position Position Closed Loop Mechanical or
Feedback Feedback Valves with Spool  § Electrical
Position Feedback § Feedback (spool
position).
Parker Models Pulsar VP, D*FWs, D*FTs’ D*FP @ BDs’
VPLs. * Wl D*FHs 4 %o | DYS’
P D*1FH ' SEs’

Mechanical
Construction
(spool shift)

Electro-Hydraulic
Pilot,

Mechanical
(spring) Return

Electromagnetic
Force,
Mechanical
(spring) Return

Electromagnetic
Force,
Mechanical
(spring) Return

Electromagnetic
Force, Mechanical
(spring) Return

Torque Motor Pilot
Control

Balance PSI spool
Control

Hysteresis 3....7% 3...7% 0.03.....1% 0.1....5% 0.1.....0.5%
Frequency <10 Hz 10...50 Hz 10....70 Hz 50...150 Hz 100...200 Hz
Response

Center Lap Overlap 5...20% Zero Overlap Zero Overlap
Condition

Operating 1000...2000 PSI 1000...3000 PSI None

Pressures Limits
(Drop across
metering edge).

Applications

Open Loop Control

Low End Closed
Loop Position

Closed Loop
Position & Force

Postom
Positio




Sectional Valves
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Sectional Valves
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VPL Main Spool
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Compensation, VPL

Series

* Pressure compensation maintains a constant flow
regardless of pump pressure, load pressure, or any other
load in the system

e This means when running multiple sections at the same
time, there will be no change in speed

/.

Standard Spool / Springs for
complete flow range m

M
Z
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VPL Compensator
Components




Proportional Valves

Servo

Valves
Mobile bankable || NFPA Mounting NFPA Mounting Servo Servo Valves
Style, Threaded | without Spool With Spool Performance, With either
Cartridge Style Position Position Closed Loop Mechanical or
Feedback Feedback Valves with Spool  § Electrical
Position Feedback § Feedback (spool
position).
Parker Models Pulsar VP, D*FWs, D*FTs’ D*FP @ BDs’
VPLs. * Wl D*FHs 4 %o | DYS’
P D*1FH ' SEs’

Mechanical
Construction
(spool shift)

Electro-Hydraulic
Pilot,

Mechanical
(spring) Return

Electromagnetic
Force,
Mechanical
(spring) Return

Electromagnetic
Force,
Mechanical
(spring) Return

Electromagnetic
Force, Mechanical
(spring) Return

Torque Motor Pilot
Control

Balance PSI spool
Control

Hysteresis 3....7% 3...7% 0.03.....1% 0.1....5% 0.1.....0.5%
Frequency <10 Hz 10...50 Hz 10....70 Hz 50...150 Hz 100...200 Hz
Response

Center Lap Overlap 5...20% Zero Overlap Zero Overlap
Condition

Operating 1000...2000 PSI 1000...3000 PSI None

Pressures Limits
(Drop across
metering edge).

Applications

Open Loop Control

Low End Closed
Loop Position

Closed Loop
Position & Force

Postom
Positio
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How does it Work? (No Spool Feedback)

,_1 =1
r b r b

“Integrated Electronics”

(PWD Amplifier)
\ ﬂl+ ----------- "

Solenoid “B”

A

TN '
V/
= / A i||| = e
l\ li.'ll!lﬂ-.'lllll‘:lillllll;"-ﬁ]!r_:-] z Solenoid “A
L

“Command Signal” based upon a % of Maximum. Typically O to +/- 10 VDC.
Amplifier converts Voltage (Command) into proportional Current (Typically

0..2.1 Amps).
Variable DC current into solenoid assembly produces Electromagnetic Force,

proportional to current applied.
By matching Opposition Spring Force to Solenoid Force, Proportional Spool

Movement is obtained. m
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How does it Work?
Proportional Solenoid Construction

Frame

Winding

Plunger
(armature)

Push pin




How does it Work? e
Solenoid Operation CTTTTTT

12v 50% Duty Cycle
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Proportional Valve Spool
Designs

V-Notch Spool M
C-Notch Spool M
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Proportional Valve Spool

Designs
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V-Notch - Bleed Center

primary \

metering
notch
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Proportional Valve Deadband
T Ps T




Positive Overlap + Spring Force




Deadband Eliminator
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Deadband Compensation




Deadband Compensation




Valve Drivers (Open Loop) On Board
Integrated Electronics

Arrangement of Potentiometer

rap MAX MMMMM
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Connectors for ' |
solenoids : |
L i ‘ I ramps B |
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Valve Drivers (Open Loop) On Board
Integrated Electronics (Pot adjustments)

Ramp Pots

Max Pots ===

MIN Pots
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Valve Drivers (Open Loop) On Board

Integrated Electronics (PC Adjustments)

Digital Onboard Electronics

-_.Parker Hannifin ProPxD
Ele Opions Heb

A [a]

PCD A+8 Param. | PCD A Pasam | PCD 8 Param |

Current B [0=0.84 1=354 2=2.TA3=18A 4=1.34]

Number of salenoids

Max [%] A-channel

Max [%)] B-channel
Dither-Amplitude [%] A-channel
Dither-Frequency [Hz) A-channel

c Choose a standard valve.

1 ChamelA | ChamelB |

P3 [ 1000
P4 [ 1000
P5 05
P& 70
P7 0.0
Ps 00
05 10
06 250
51 0.0
52 0.0
||z 0.0
54 0.0
55 0
56 [
57 0
| I |ss 0
rRange
C08A=0 |
C 35A=1
£ 278=2
€ 184=3
C13a=4

: TOA07EE0M

I ‘DSAET007POPLA*  11.0302 |

L DSAEIOZE-LA" 110302

§ DWES2ILA PEAE] o

I TOATIOTEIOOL: 230709
TOAI0TEINOM*  2307.039 p

Ext

oK
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Deadband Eliminator Pto A flow Path
Ps
T T




Deadband Eliminator (P to B flow Path)
Ps
T T




Proportional Valves

Servo

Valves
Mobile bankable | NFPA Mounting NFPA Mounting Servo Servo Valves
Style, Threaded | without Spool With Spool Performance, With either
Cartrdige Style Position Position Closed Loop Mechanical or
Feedback Feedback Valves with Spool Electrical
Position Feedback Feedback (Sp00|
position).
Parker Models Pulsar VP, D*FWSs, D*FTs’ D*FXs’ D*FH BDs’
VPLs. ol D*FMs  § DYs’
DF**, ERVs - D*1FH SEs’

DS

Mechanical
Construction
(spool shift)

Electro-Hydraulic
Pilot,

Mechanical
(spring) Return

Electromagnetic
Force,
Mechanical
(spring) Return

Electromagnetic
Force,
Mechanical
(spring) Return

Electromagnetic
Force, Mechanical
(spring) Return

Torgue Motor Pilot
Control

Balance PSI spool
Control

Hysteresis 3....7% 3...7% 0.038.....1% 0.1....5% 0.1.....0.5%
Frequency <10 Hz 10...50 Hz 10....70 Hz 50...150 Hz 100...200 Hz
Response

Center Lap Overlap 5...20% Zero Overlap Zero Overlap
Condition

Operating 1000...2000 PSI 1000...3000 PSI None

Pressures Limits
(Drop across
metering edge).

Applications

Open Loop Control

Low End Closed
Loop Position

Closed Loop
Position & Force

Closed
Position

30




Spool Feedback, How does it Work?

Spool Position LVDT g . “Integrated Electronics”
! | (PWD Amplifier)
Solenoid “B”
_ - Solenoid “A”
| [ e | [ e ] I i3 Trc
' [ I:ﬁﬂ_j B

«Same basic operation as non-feedback valves, but
“outcome” iIs measured and corrected to match desired
result.

*“Closing the Loop”.
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Spool Feedback Device
Linear Variable Differential Transformer

Input

v DC — T
Oscillator | _
Primary
: = :

Secondary Secondary

Output
vDC — I —

Demodulator m




L.V.D.T.s

Stainless Steel Housing and End Caops

High Permeability  High Dansity Glass Filled
Megnetic Shell Polymar Coil Form

Coil Assembly

Primary Winding

Secondary Windings Epoxy
Encaopsulation

Core

Threaded Hola
(poth onds) Q l

High Permeability Mickel-lron Core




Spool Feedback Devices
(Electrical Schematic-Integrated
Electronics)

Disturbances
ad)
I F

CMD + Error

FB -

LVDT

34



Internal Closed Loop

35

Force

Command
Signal

<

<

—

Valve position feedback



Sample Application

m Results -- VCCM SIZING

_ Previous | MNext | Select I
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Kv Sizing
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& Results -- VWCCM SIZING

S[=0ET

SERVO - "TIIPa (1015 PSI)
L1

HETX

Q..

£.2921 IN"3/SEC

1.9200 GFM

PROPORETIONAL
1M Pa (I14? PSI

R L LXK

ANAINTICAL SCHEMATIC

O

032813 HOLES ) (

KypLpPa

E{vpl,PB

o

?—

erl,AT) !

— | Kyr,BT

0.32813 HOLES ] (
£

Q.-
27940 IN"3/SEC
THE VALVE ,L VOCM DATA
KVT, PA 023203 HOLES KVT, PB

~ Inputs “Next | Select Bt




Non-Symmetrical Spools

N L
7‘—\

°L




Sample Application, Number 2

Results -- VCCM SIZING

Previous |




Non-Symmetrical Spools

M.
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Common Procedure

The manufacturer can choose to take a
standard 10gpm valve with normally 4 notches
on each land and only cut two notches in the

land that will be connected to the small area of
the cylinder.

ST

3 notches instead of 4
4 notches instead of 6
2 notches instead of 6... S~




Non-symmetrical Spools
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Sample Application No. 2 with Non-
Symmetrical Spool

Resulis -- WCCM SIZING

Previous MNext Select




Flow Force Effects Proportional

Valves
Flow

N

P
<
P
<
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Flow Force Performance

Operating Limits
Curves show Valve
Performance over
entire Pressure
Range

GPFM LPM

Flow

144 53

12

10

45

38

30

23

15

8

Bar
PSI

at 100% NominaTCurrent
P A:B T:orP B:A T

138 207

276

L 4

2000 3000
Pressure Drop

4000




Proportional Valves

Servo

Valves
Mobile bankable | NFPA Mounting NFPA Mounting Servo Servo Valves
Style, Threaded | without Spool With Spool Performance With either
Cartrdige Style Position Position Closed Loop Mechanical or
Feedback Feedback Valves with Spool Electrical
Position Feedback Feedback (Sp00|
position).
Parker Models Pulsar VP, D*FWSs, D*FTs’ D*FXs’ D*FH BDs’
VPLs. ol D*FMs & DYs’
DF**, ERVs - D*1FH SEs’

DS

Mechanical
Construction
(spool shift)

Electro-Hydraulic
Pilot,

Mechanical
(spring) Return

Electromagnetic
Force,
Mechanical
(spring) Return

Electromagnetic
Force,
Mechanical
(spring) Return

Electromagnetic
Force, Mechanical
(spring) Return

Torgue Motor Pilot
Control

Balance PSI spool
Control

Hysteresis 3....7% 3...7% 0.038.....1% 0.1....5% 0.1.....0.5%
Frequency <10 Hz 10...50 Hz 10....70 Hz 950...I50 HZ 100...200 Hz
Response

Center Lap Overlap 5...20% Zero Overlap Zero Overlap
Condition

Operating 1000...2000 PSI 1000...3000 PSI None

Pressures Limits
(Drop across
metering edge).

Applications

Open Loop Control

Low End Closed
Loop Position

Closed Loop
Position & Force

Closed
Positio
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VCD®...Milestone for High
Performance Valves

= D1FP (NGG6) valve as pilot valve for D*1FP

* Integrated drive
electronics

= \/oice Coll Drive

= valve body

= spool-sleeve
assembly

= spring assembly
fail-safe position

47
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VCD®...Milestone for
High Performance Valves

= Parker Voice Coil Drive (VCD®) technology for
highest precision

Integrated feedback
system

coll permanent
magnet

pushpin carriage \‘ housing moit
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VCD®...Milestone for High
Performance Valves

= VCD® principle, moved colil in magnetic field
AMAA

_Fo B Fo ( )
«— —
<>
. | I
FO =B:1:
B = magnetic flux density
| = electrical current L )

| = wire length (winding)

B permanent magnet B on-magnetic material
B winding 1 iron (magnetic) —Darker
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VCD®...Milestone for High
Performance Valves

= Characteristics of force in comparison

FIN] F [N]
0 X [mm] 0 X [mrr{]
conventional solenoid Voice Coil Drive
force dependent of stroke force independent of stroke

50



Servo Solenoid/Voice Coil Valves

“Line to Line” Lap
Or “Axis Cut” No Deadband

"

Sleeve Housing
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Spool and Sleeve Arrangement




Spool Lap Conditions

= = (Positive) Overlap

=== Zerolap

e (Negative) Underlap
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Spool Lap Conditions

(Positive) Overlap Zerolap

E T : |

U=40% gl Pl U = 40%
[ 0 L

il N

—— [
R P ——
e

U =20% T e e T e o e U=20%
[ [
|

Il (A
:|' E

_ ] = e s ok by
U — O% = —— e —— -_-_- U — 0%
[} (o) [ L () L
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Flow windows

55

«Standard Symmetrical Laps

LU

*“Knick Servo Cuts”

P o

. | v, (b 20)

2 4 6 8 10 Voits
20! i | |

Vy (b 20)

gpm (L/min)
flow



Proportional Valves

Servo

Valves
Mobile bankable | NFPA Mounting NFPA Mounting Servo Servo Valves
Style, Threaded | wjithout Spool With Spool Performance, With either
Cartrdige Style Position Position Closed Loop Mechanical or
Feedback Feedback Valves with Spool  § Electrical
Position Feedback § Feedback (spool
position).
Parker Models Pulsar VP, D*FWs, D*FTs’ D*FH @ BDs’
VPLs. Wl D*FMs 4 2o | DYS’
DF**, ERVs P D*1FH ' SEs’

Mechanical
Construction
(spool shift)

Electro-Hydraulic
Pilot,

Mechanical
(spring) Return

Electromagnetic
Force,
Mechanical
(spring) Return

Electromagnetic
Force,
Mechanical
(spring) Return

Electromagnetic
Force, Mechanical
(spring) Return

Torque Motor Pilot
Control

Balance PSI spool
Control

Hysteresis 3....7% 3...7% 0.03.....1% 0.1....5% 0.1.....0.5%
Frequency <10 Hz 10...50 Hz 10....70 Hz 50...150 Hz 100...200 Hz
Response

Center Lap Overlap 5...20% Zero Overlap Zero Overlap
Condition

Operating 1000...2000 PSI 1000...3000 PSI None

Pressures Limits
(Drop across
metering edge).

Applications

Open Loop Control

Low End Closed
Loop Position

Closed Loop
Position & Force

Postom
Positio
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Servo Valve — Double Flapper Design

Torque Motor
\ Feedback Spring

Spool & Sleeve

Assembly\ F
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Servo Valve — Double Flapper Design

Armature
Frame .
\Coil Coll
N\ /
NN R
]
S

Flapper
Flexure Tube

Nozzle Feedback Sprin

and Ball/R

58



59

Servo Valve - Principles of Operation
Valve at “Null”
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Servo Valve - Principles of Operation

Valve With Current Applied

(+)
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Flow Forces Not an Issue with Servo

Valves

AP LPM Flow vs. Pressure Drop —
55 pl 35 20
w0 (114 5
0| fB i) | Ho
15| 57 loa
Tl

g i

E 2

=

g .

g =2

s
| 5
1.0 4 Ciyled Flow T
ps! 2
Bar 14 20 4 BE gz 138 204
Pal 200 400 500 00K 500 2000  A000



Servo ‘s Performances

Frequency response 5% Command Flow limit*

signal*
a 2 :
) nE. Paria DFphus valve with VCD (NG0B)
% 0 =] "-%%\ |
2 i B i
£4 a, 1354 l
-E \ Servovaive with lorque metor (skza O4)
g | 1) Parker DFplua vaive with VCD (NG#) !
2) Earvovaive with borqus malor [stzs D4) !
) High response aolenold valws (NGS) —-120 i
Y, mg i
aallie !
! & '
Al ] - 30 E High response salanold valve {NG0B)
,_'-""..;;ﬁfﬂf oo :
1 10 100 200 :ammsmmm 350bar Pressure drop
Frequency [Hz]

* schematics, all valves Q= 40 |/min
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Symbology

i At ional Valve with |
Proportional Directional Valve Proportional Valve with Spoo

Feedback

S~

A\ W

Servo Performance Proportional Valve Servo Valve

4
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Terminologies



Pressure Gain

40% pressure chanqge

aﬁ:;ﬂ—-e%pp 1% command change
60 / T
L0 80% rise

20A l

“Upg.g [%] -4 -3 -2 -1 f 1 a 3 4 Up-g[%)]
20

/|

— «— 2% command
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Hysteresis

100% Degrgasing |FI :)vv’/f!
90% from\Malve /
80%
3 70%
= 60%
S
S 50% resis
=S 40%
LL Mechanical
= 30% adl
o o pool
> 20% | Overlap:the
radbland Incre:
10% . / from
1 /
0% |
1 2 3 4 5 6

Input Signal
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Repeatability

67

% of Full Open Flow

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

Input Signal

4 .5 6 7 8 9

10



Valve Frequency

Two methods: frequency response, step
response (we’ll use frequency response)

Thru center Bias or one sided

offset
bias

68
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Valve Frequency Response

'4— 0° Phase Lag

CMD [\ /\ /\ /\/\ Valve
VAVl

LALNAANN
SAVALVAVAY

+— 90° Phase Lag

90° Phase Lag = ¥4 cycle

The input frequency which creates a phase lag of 90° is the
defining characteristics of a valve and is referred to am
bandwidth



Frequency Response

70

To measure the response of a control
valve, a sinusoidal varying input signal Is
applied, effectively switching the valve
from one working position to the other

At a very low frequency the valve Is able
to follow the demand signal closely

As the frequency increases the valve
becomes less able to follow the input

signhal precisely .



Frequency Response

* The output starts to lag behind the input,
then the valve Is not able to reach the
maximum output position before the input
sighal reverses

 The lag between the input and output Is
known as phase lag

 The reduced output apparent at higher
frequencies Is known as attenuation

71



Valve Frequency

Amplitude ratio (dB)

Phase lag (degrees)

72

Frequency response (sine wave) to make catalog data

+5
0
-5
-10

10

Frequency (Hz)

50

100

200



Proportional Valves

Servo

Valves
Mobile bankable | NFPA Mounting NFPA Mounting Servo Servo Valves
Style, Threaded | wjithout Spool With Spool Performance, With either
Cartrdige Style Position Position Closed Loop Mechanical or
Feedback Feedback Valves with Spool  § Electrical
Position Feedback § Feedback (spool
position).
Parker Models Pulsar VP, D*FWs, D*FTs’ D*FH a BDs’
VPLs. Wl D*FMs 4 2o | DYS’
DF**, ERVs P D*1FH ’ SEs’

Mechanical
Construction
(spool shift)

Electro-Hydraulic
Pilot,

Mechanical
(spring) Return

Electromagnetic
Force,
Mechanical
(spring) Return

Electromagnetic
Force,
Mechanical
(spring) Return

Electromagnetic
Force, Mechanical
(spring) Return

Torgue Motor Pilot
Control

Balance PSI spool
Control

Hysteresis 3....7% 3...7% 0.038.....1% 0.1....5% 0.1.....0.5%
Frequency <10 Hz 10...50 Hz 10....70 Hz 50...150 Hz 100...200 Hz
Response

Center Lap Overlap 5...20% Zero Overlap Zero Overlap
Condition

Operating 1000...2000 PSI 1000...3000 PSI None

Pressures Limits
(Drop across
metering edge).

Applications

Open Loop Control

Low End Closed
Loop Position

Closed Loop
Position & Force

Positio _.lagr!(er
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Actuators

Rotary Motion

Position Control (Angle) Linear Motion

*Velocity

*Position Control
eTorque

*Velocity

eForce
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Actuators Linear Feedback Types
Magnetostrictive (M.D.T.s)

hdowable ] ]
Faosition Pulse is sent down waveguide, when
Magnetic field hagnet (o) - hits magnet, “twist” is sensed. Time
Sleompassas SN = between pulse sent to twist measured
wavequide - generated e . . .
— dictates distance.

by intermogation pulge-..____h__a
(1 Approximately 9 microseconds = 1”

htermogation:
Fetum I'J_mre“'hi..e-"?’fﬂ i hagenetic Field
MSREgUIEE from Postion
hagnet (Float)
1 rteraction of magnetic
Fulze Chutput ields causes
wavequide to generate
Strain Pulse Detector 3 strain pulse
N I
RN - NSNS §
\ 12.7 mm (25 in.) Bore Q \w\
\\ /_"\ "\";"\"\. I e "'\\
B = = |\
| %\ %{,— Fiston Head & Rod Assembly ?Sn.us:n?n_rgai{.]du §§
Eﬁjﬁ;ﬂﬁmgﬁﬁnm & A RN, \
o \ X —Non-feﬂoussi.:;cel[Part Ma.: 400633 % g
i AR e o e TN e Bt TS ches

Threads
(3/4-16 UNF-34 or M18 2 1.3 mefric threads)

Cutaway View
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Actuators Linear Feedback Types
Magnetostrictive (M.D.T.s)

Analog Outputs  sms

1

rE

|L-1Dm+1[l"fd:
+10tn-10Vd:

0o 10 Ve
1010 0V

410 20 ma
20 tod ma
Oto 20 mA
20 to 0 ma

e

| to magnet position
P i

76

»/_ Itanet

o
|
L Ll
Mull Span
(Setpoint 1) {Getpaint 2)

Torcantroller matar or other device

Digital Outputs

- =]

=

ta— Pubse width iz proporticnal —-",-
H i 1
1

-1

i—+ Gate Jocontroller, meter

START/STOR | | Strt Pulss

'I—- Gate o other device
|

+5tart nput signals
- St o sensor

|

| St Pulss
|_| “reflection”

i
—l_sa +5top  Dutpat signals

L

F—Tme betwesn Startand Stop—=

pulzes is proportional
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Valve Drivers and Motion Controllers
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Valve Drivers (Open Loop) Off Board

I - o,
I ‘ !C corr'lnar' s Ramps Dither

Optional s Ef A.Z:";. Sokoi
Set point card B ils - e oy
I z ' '
slg | ss Pls UDUCL PDUDUDUH[_.IZI waeneat
B- Min B
S | L
Command —+ D ‘% * @ “/I/ i+
P1 F!z
Orfset Max A
Zera Pld > :|:|:|][|:|:|:|][ —I‘IZI Scofenoid B
3 |
B
Rang
Solenaid
) fav. e
« Converts “Command Signal” to 1 _l -| -‘
. ) ; o
PWM signal to drive Coil. T aonouy oy
« Digital Versions (shown) —I
incorporate a microprocessor '1’; 50% Duty Cydle
with numeric settings. [
* Analog Versions incorporate H—————

Trim pots for m
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Valve Drivers (Open Loop) Off Board
Elec
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n Parker Hannifin ProP=D g@
File Cptions Help  Specials D\?
Pl Parameter ]
PC settings — PC - Module settings
Tope Mo |value |Description Tope i
PwDODA-40- ¥  la Current A-channel it |
o . I 2 |Current B-channel I . )
T DBSIQ-TSE:EZ e _ﬂ P 0.0 | Zero Adjust [%] 1 Design series =
: F3 100.0 | Max [%] A-channel .
[Walve i | P4 100.0 | Max [%] B-channel [ Wersior i
) 2.0 | Dither-amplitude [%] 777 |
D3FW“=K“>-I]~I= P& 100 D?ther—Frequency [Hz] e
! PT 0.0 |Min [%] A-channel
Fa 0.0 | Min [%] B-channel Channel "A"
51 0.0 |internal cammand 1 [%] 7
52 0.0 |internal command 2 [%] Channel "B"
33 0.0 |internal command 3 [%] 77
54 0.0 [internal cammand 4 [%)]
54 0 [rampup [ms] A
S6 0 Jramp down [ms] A
57 0 (rampup[ms] B
58 0 |ramp down [ms] B
E25 0 |[MIMN operating threshold
s Receive all
“Range |
C 08A=0
" 35A=1 Send &l |
& 274=2 3
E 12i : i Send parameter
; Drefault



Valve Drivers (Closed Loop)

Command
Signal
Y

Feedback
Device
Dasired
Temp/Spaad
Set Point N E Controlled
Generator Device
Cylinder
= ~
Actual
Temp Spaad

Figure 1 - PID Control Loop
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Valve Drivers (Closed Loop)

Command
Signal
Y

Proportional Feedback
Gain Device
Set Point Integral Controlled
Generator Gain Device Cylinder
~
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Motion Controllers

Position

Actual Error Proportional |
Position - Gain
+

plAccumulator| g Integral
Target (Integrator) Gain
Position
A Error Differential
_’(Differentiator)_> Gain
APosition Feed
> (Velocity) l > Forward
AVelocity Accel Feed| it
Target (Acceleration)_> Forward Position
Generator
[ Deadband
Command Eliminator
Processor
Laddé’ N\
Logic PLC Velocity
(14 - 77
Generate A Target Profile 1
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Velocity and Accel Feed Forward

Position

Drive
_ _ Output

-Target Position Target Velocity elocity FFWD Drive §>_>

APosition Feed
(Velocity) | ‘ Forward \
AVeIocnyHAcceI Feecﬂi
Target
Accelerat Forward
Generator (Acceleration DRIVE

L

Target Acceleration Accel FFWD Drive
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Proportional Gain ONLY

0.625” Following Error
v f J\\L

Data at 460.0 ms
Status Ox01 60

Target Fos 409961
Actyal Fos 347336 W
Target Speed 10,000 ]
Artial Bnoad 8047 ]
Drrve 1.8k
Surm Error® 217,917,327 Yy
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Feed Forward Adjust “F’ Cmd

otatus
TargetFos
Actual Fos
Targetzpeed
Actual Speed
Drivie

Surm Error

Data at 499.0 ms

Ox0060
4, 440,23
4,484.96
10.000
10,037
1,56l

%

TN

orrect drive for
onstant velocity
ortion of move.

1,255,810
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Position Error during

r duringy-Accel/Decel

Data at 439 0 ms |
Status Ox00E0D
TargetFos 449023 I
Actual Pos 443496 W
Target Speed 10,000 |
Actual Speed 10,037 ||
Crise 1,860 -
Surn Errof 1,285,810




Proper Velocity and Accel Feed
o o

Data at 99.6 ms |
Status Ox0050
' Target Fos 495.04 —
Actual Fos 478.31 |
Target Speed 9,800 |
Actual Speed  9.848 |
Cirive 21049 =
Sum Errar® 73,034 Il u T lTn . W W O s R LA T FaTr s |!!
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Real Time Plot Data

&

File Data Help

Status QE010
Target Poz

Drive
Surn Error 2003

470z S40rn=
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Closed Loop Position System

Control Drive
Signal from the
Motion Control
Module

s

Valve

Manifold

/ Metal Tubing

|

Pump Position

Reservoir
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Transducers




90

Principle of Operation

Force Balance

-

Apl% van peul

80—
6O T
Au]
207

-Ug %]

20
&0
160
T80
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Balanced Force
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Principle of operation (cont)

Ap (Y% von prul
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Closed Loop Force Control

Control Drive

Signal from the
Motion Control
Module
Metal Tubing
Valve
Manifold

/— Magnet

Differential
Pressure or Load Cell

Transducers
Pump

Reservoir m
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Balanced Force




Force Control

Fil= Data Help
Start Force Control

Increased Force
With different
Ramp Rate

In Position Control R "

Maintained
Force for X
amount of Time

T
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Thank youl!





