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Unlike the typical snapacting type, this solenoid offers
a stroke which is proportional to input current. This
enables the operator to position the solenoid plunger
at any point along its stroke by merely increasing or
decreasing the current to the coil. This unique feature
is particularly the current to the coil. This unigue feature
is particularly useful in the relatively new field of electro-
hydraulics. In recent years, it has become increasingly
important to combine the precision of electronics with
the brute force of hydraulics. This catalog will em-
phasize the use of the proportional solenoid in controll-
ing & spool value in a hydraulic or wet system. Other
fluids can be used as wall as no Hluids at all. You can
benefit by utilizing a low cost proportional actuator
capable of being controlled by an operator (open loop)

What is Proportional Solenoid?
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PROPORTIONAL SOLENCID

or an attended system (closed loop) with extreme accuracy, using an inexpensive unregulated supply. Mimimal filtration
is required (100 microns) and direct replacement of servo valves is possible, with our proportional solenoid actuating
the vave spool directly. Where larger valves cannot be controlled directly, proportional solenoids can be used with a

smaller spool valve acting as a pilot valve,
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The force versus stroke curves (shown left) are for a typical closing air
gap type solencid (Curve A) and for a proportional solencid (Curve B)
The force curve for the closing air gap solenocid shows that the force
level increases as the distance between the pole pieces decreases
10 The force curve for the proportional solenoid increases (similar to the
closing air gap solenoid), and then levels off and remains relatively flal
fr for the remainder of the stroke. Design concepts developed by Ledex
allow the manufacture of a solenoid in which the lines of flux within the
solenoid control the force output from the solenoid, forming a flat
force-versus-stroke relationship.
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ELWOOD Explanation of Hysteresis

The main feature and performance characteristic of the proportional solenoid is the ability to directly control the armature
positicn within the solenoid by the input signal to the solenoid. This control can be accomplished in a variety of ways with
varying degrees of accuracy. Hysteresis in the proportional solenoid is related to the difference in current required to
maintain the same position of the output shaft when the solenoid is cycled through its full control stroke. Usually, hysteresis
is expressed as a percent of the rated current.

Shown here are typical hysteresis curves for three different modes of operation for a PS16 proportional solenoid at 20°C
waorking against a spring load.

The least accurate system would be to supply a DC voltage directly to the solenoid coil. By varying the voltage, the position
of the armature will change accordingly. With no method of feedback from the solenoid, the repeatability of such a system
leaves much to be desired. This is due mostly to friction and loading within the solenoid.

The addition of a Ledex open loop controller to this system provides increased accuracy with improved repeatability. The
main difference of the basic open loop controller is the addition of a 100 Hz “dither” frequency applied to the output voltage of
the controller. This, in essence, keeps the output shaft moving constantly back and forth at the rate of 100 times per second.
This minimizes the effect of friction and breakaway forces of the plunger and will improve repeatability, as indicated by the
graph.

When additional accuracy and repeatability is required, a Ledex feedback device should be incorporated into the system
This feedback device is a linear variable differential transtormer (LVDT), which monitors the solenoid armature position and
improves repeatability of the stroke to + 5 percent. This device is supplied as an integral part of the solenoid and is used with
a closed inner loop controller. As indicated by the graph, the hysteresis curve is considerably better than that of the
proportional solenoid operated either with DC Only and no feedback, or Open Loop and no feedback.

COMMAND VOLTAGE

CONTROL 5TOKE

Typical PS 16 Solenoid on Mobile Valve Typical PS 16 Solenoid on Industrial Valve
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Proportional solenoids are available 1o two sives, both with-and
without feedback. The P516 15 the smaller of the two units and
will provide output forees ranging from 16 pounds at conlinuaus
duty o 30 pounds at 14 daty throughowt a controlled stroke of
AZ5 ineh, Total siroke capability of the PS16 .15 266 inch,

The P20 s the larger of the two wnits and provides output forces
ranging Trom 20 pounds st continuous daty o about 33 pounds st
L duty throughout a contratled stroke ol , 312 inch, Total sooke
ol the PS20 15 625 inch.

Uhe approach porion of the wial siroke is required when two so-
lenaids are operating against each other to control a spool valve.
II'this 18 notrequired on your system, use only the cantrol zone,
The control zone is that segment ol the siroke that can be propor-
tignally controdled, See the force versus stroke curves on adjacent
pages.

How To Use Solenoid Data

In determining your selection, it must be kept in mind that the
solenuid can be powered up 1o obtain high force values only il it
iz done intermittently. The ON and OFF sequernce 19 the ume
factor which determines the allowable watts input. Duty cycle is
an avempl to express this time factor mathemabcally, I = the
maximmum fraction or percentage of tme the solenoid s
energized out of one cycle, This means that intermittently 3
solenoid can be powered 1o, for instance, the = 14 voliage bui
the Iength of timeit canbe at thai level cannotl exceed 25%
(1/4} without possible thermal damage to the unit.

3. Available Power Source - COnee vou have determined which
calumn of the chart you will be operating i, move down the
column and select a coil wire size which 15 suitable for your
power source. Then move to the left and determine the solenoid
part number for that coil. The left-most two columns contain part
numbers for units with feedback for closed loop applicauons, and
without feedback for open loop apphcatons. Stocked units are
shown in green Lype,

Basic selection should begin with de-
termining force and stroke require-
ments and selecting one of the two
sizes available. Dynamic flow and
spring forces in the spool valve must
net exceed forces shown on the [orce
VETSus stroke curves,

Once a solenoid size has been se-
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Solenoid Specifications

Technical Information

Parameter PS16 PS20
Stroke 25" controlled, 125" approach 312" controlled, .312" approach
[ Pressure 2500 psi 2500 psi
' Filtration ' 100 microns 100 microns
Mounting | sq flange w/ 4 holes on 1.418 sq, 1.062-12UN-2A male thd., .38 Ig.
Life ?J fnililun cycles min. 10 million cycles min.
Frequency response 7 Hz at cont. duty, .250" stroke 5.5 Hz at cont, duty, .625" stroke
Hysteresis -
wio LVDT @ 120 Hz +5% +5%
with LVOT (@ 1000 Hz +=2% +2%
Insulation Class of Goil E155 E F. 185" C
Vibration 10G. 500 Hz 10G, 500 Hz
Shock 30G. 11 ms 30G, 11 ms
High Temperature ~-71°C +71°C
Low Temperature - -40° C —-407 C

Dielectric Strength

0.5mA max. (@ 1000 VBMS

0.5mA max. @ 1000 VRMS

LVDT — What Is It and How Does It Work?

An LVDT is a basic linear position,
electrical feedback sensor. Its func-
fion Is similar to that of a common
potentiometer The device consists
of three coils and a core rod of spe-
cial material. The core rod is
attached to the rear of the solenoid
armature and slides through the
inside of the three coils without can-
tacting them.
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A voltage feeds into the primary coll
which induces a voltage in the two
secondary coils. The intensity of the
induced voltage is dependent upen
the amount of core rod material
inside the coil, When the core rod is
centered, an equal voltage is
induced in both secondaries. When
the core rod is displaced unequally
under the two secondary coils, an
unequal voltage is induced.
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lustrated here is the LVDT dis-
placement-versus-ouput voltage. It
is this characteristic that can be uti-
lized by an electronic controller as
an elecirical feedback signal to
determine position
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Proportional Solenoids size PS-16

Flange Mount Size 16 Flange Mount Size 16 With Feedback (LVDT)

PN 16000-%%* P/N 16(0041*+=
COIL DATA
' STANDARD MODELS | OPEN LOOP CLOSED LOOP |
Stock Modals in Shaded Areas Low Power | Low Power | Med. Power  High Power
IP5-16 PS-16 | duty cycle f=1 =213 f=13 f=14
wio LVDT | with LYDT walts at 20°C (approx.) 22 36 | a0 i)
LA ** 1660041 -*** awg.no  resistance volts DC volts DC vyolis DC | volts DO
-002 oz 21 1.78 6.0 B0 10.0 120
o -bo3 | o3 | 22 2:{16_ .0 10.0 12.0 150
LE0040-004 16004 1-004 23 445 10.0 12.0 15.0 20.0
-(M)5 . -5 24 618 | 12.0 150 2000 24.0
160040-006 | 160041-006 25 10.59 15.0 200 240 0.0
007 (M7 26 17.53 20.0 24.0 30.0 360
LI0H -008 27 2428 24.0 30.0 36.0 48.0__
(Y 009 28 3923 300 360 48.0 G0
010 1) 29 6244 6.0 480 6400 2.0
=011 011 30 97.58 4801 60.0 T2.0 95.0)
-012 -012 e, 167110 600 720 95.0 120.0
-013 013 3z 253.57 720 95.0 120.0 150.0
014 014 3 414,07 95.0 1200 | 1500 2000
115 -015 34 614,97 12000 150.0 200.0 230.0
) ABPPROACH I Te 33 CONTROL
I-'_ 175 IOMNE | Tis  rOME
Y
44 i TYPICAL FREQUENCY RESPONSE
80 . Duty | Currerit Spring Force Time, Millicec Mmi_
;|E '_]H | \‘-ﬁ‘-"" | Sirake | Cycle. | {Amps) Inisial  Ending | Eneng. Dean&rg___l?ll:}m (Hz_;
oz /lL—L-:..______“_____ 125" [ Comt [ 115 | 4% [ 108 | 52 | 40 ¥
=0 il o Conmol | 172 | 1.66 4 | 108 | 30 | 43 135
= k2 ~—T = Zone 14 | 234 4% | 1% | 2 46 | 15
ur , 2507
o HE Control & | Cont. | 1.15 2124 T2 65 T
O e Approach 12 1.66 2124 38 68 9
w e Zone 14 | 234 21724 T4 | 35 12 10
ouUTyY CYCLE 3 = =
WATTS
This tabledepicis typical frequency response of a size 16 proportional
0 = 2 28 s g solenoid, with 16.4 ohm coil at 20°C ambient lemperature working
e againsta sprng. A TN40O0G diode was used for arce suppression when
STROKE ¥iomeient

de-encrgized, These speeds are in an open loop mode,
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Electrical
Coil Temp, — Max. Rated 150°C
Case Temp, — (Nom.) 80°C
Insulation Class — F, 155°C
Dielectric Strength — 0.5 mA Max, Leakage
Allowable Coil To Case at 1000 VEMS
Inductance —
Current build-up
Shalt extended — 363.7 mh
Shaflt rewracted — 146.2 mh
Current decay
Shaft extended — 145.2 mh
Shalt retracted — 150.6 mh

Mechanical
Weight w/o LVDT — 1 Th. 6 oz. (&2 kg)
with LVDT — 2 b, (.9 kg
Life (full eycles) — 10 million min,
Pressure — 2500 psi static
Filtration — 100 microns

2540 = 0.20
1.000 + 00F
EMERGIZED ~
gag + DB
— 'BORE FOR et JE LR
#0149 "0 AING zan * :ﬁ |
TOTAL STROKE | |
198 = 413
125 = 00§ =
CONTROLLED i
STRCHE 1A
I
1
1=
Tolerance:
mm: o 03 Dok 16
Fiches: wxo+ D10] xkx 005 |
mges. - 1*
2540 + 0.20
1000 + 008 "1 B
fii s T
ot B
TOTAL STRAOKE :
A8 1 003 1
; e oy A28 e 005 |
C'BORE FOA h v LF" I COMTADLLED
#018°0° RING™, = H ] SETHOKE
;_ Sl P

PS-16

Electrical
Coil Res. Primary — 7.8 + 10%
Secondary 66.5 £ 10%
Insulation Class —F, 155°C
Primary Input Volis — 8 VAC Peak 1o Peak
Input Frequency — 8 KHe
Lingarity — 2% of full stroke
Ouiput — +4.25 VRMS @ 5 KHz

Mechanical
Life (full cycles) — 10 million min,
Pressure — 2500 psi static
Filtration — (X} microns
Connector — SRC-02-A-13.7.P
ITT Cannon

=— GHAFT EXTENSION CAk
BE ALTERED FOA DESIRED

APPLICATION.
amoaRD B 081
T A S i
AUICK DISCOMMECT
= 0z TERMINALS
A0 el
L]
T14a
e — FEE
108
= 400 REF.
HHAT
— AEF -
5873 &5
203 DiA THALI

SHAFT EXTENSION CAN z

BE ALTERED FOR DESIAED FiEa

APRLICATION, FIDia SPOTFACE

8.35 RECEPTACLE
~ STANDARD g % r-"Jr mgcz-AJJ 7R 1800

| DUICK DISCONNECT
| TERMMNALS

J4582 « 078
1804 = 000

Metrics are for reference anly,

TEE - PR
LUCAS LEDEN PART NO. 102000-0¢1
e B BECONDARY COIL A PIN 1 £ 3 {8548 = 10% [ AT 20°C)
il =B 8 1 PRIMARY COIL— PIN 4 & & (7 82 = 10% £ AT 20°C)
PIM PATTERM ‘?_:;\\'.__ _.I/A'}' BECONDARY CCHL "B° PIN B A 7 (65 40 + 0% L[] AT )



Proportional Solenoids

size PS-20

Thread Mount Size 20
PN 162001 2-%+*

Thread Mount Size 20 With Feedback (LVDT)
BN 162013-**=

COIL DATA
STANDARD MODELS OPENLOOP| CLOSED LOOP
tock Modets In Sheded Arses| Low Power | Low Power | Med. Power | High Power
P5-20 P5-20 duty cycle F=q F=213 f=1/3 f=1/4
win LVDT | with LVDT watts at 20°C {approx.) 6 54 1[13_ _1.?
162012-*** |  162013-*** |  awg.no. resistance volts DC | volts DC | wolts DC volts DC
003 003 17 A6 4.0 6.0 70 8.0
-004 004 18 103 6.0 7.0 100 | 120
| 162012:005 | 162013-005 19 143 |70 100 120 | 140
-006 006 20 2.79 100 12.0 16.0 19.0
162002-007 | 162013-007 21 385 12.0 16.0 19.0 40
o008 | 008 22 6.95 16.01 190 | 240 32.0
(09 009 | 23 962 | 190 24.0 2.0 ®O |
o1 010 24 1652 | 240 320 40.0 48.0
011 | oin | 325 2731 2.0 40.0 | 48O 600
-012 012 26 4423 40.0 | 430 600 | 800
013 013 | 2 61.18 48.0 600 800 | 950
m4 | 014 28 10991 | 600 BO.0 100.0 120.0
015 015 |29 170.15 80.0 o0 | 1200 | 1600
| 016 | 016 30 260.26 100.0 120.0 1650 | 2000

re
’-. 213 APPROACH ZOWE —T—
|79
- -

K]

7.9

CONTROL ZONE —|

an e 154 TYPICAL FREQUENCY RESPONSE
a8 | 4%
| === Duy [Curfern | Spring Force | Time, Milsoc. |  Max
o 133:5_0.1 o ! Bk Cycnn | (Ampe) | sl Endrg Ererg. Os-aneyg . Asie (Hz|
Z|w 243 - ]
cle / | 5% S 312" Cont 577 5 | 254 [160 | 51 | 45
1 /" [ Control | 1/2 (816 | 5# | 254 | B4 | S6 | 7.0
i = - : == Zome | 14 1155 S# | 25# | 42| 62 | 95
- i &= 625" '
= | Control & |Cont.| 577 | 3% | 17# | 88 | 88 | 55
O uis ! Approach| 1/2 (8.6 | 34 | 17| 59| 92 | 65
L 1o -
| — Zone | 174 1155 38 | 17# | 42 100 70 |
1 WATTS
l This table depicts typical frequency response of a size
2 2ri . s e - 20 proportional solencid, with a 1.04 ohm coil aL 20°C
o o g 7o T “sa ) ambient temperature working against a spring, A
STRONE BN EE IN4004 diode was used for are suppression when de-

encrgized. These speeds are in an open loop mode.
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PS-20 SOLENOID CHARACTERISTICS
Electrical

Coil Temp, — Mux. Rated 150°C

Case Temp.— (Nowm,) 40°C

Insulaton Class — F, 135°C

Diclectric strength — 0.5 mA Max, Leakage

Allpwable Coil To Case at 1000 VEMS
Inductance —
Current build-up
Shaft extended — 93.8 mh
Shaft retracted — 33.3 mh
Current decay
Shaft extended — 22.5 mh
Shaft retracted — 30.3 mh

Mechanical
Weight wio LVDT — 3 Th. B oz (1.6 kg)
with LVDT —4 1b. 8 oz, (2.0kg)
Life {full ¢yeles) — 10 million min,
Pressure — 2500 psi static
Filtration — 100 microns
i
1.000 =

i EMEHLT --
215 ERGIZEDR

SHAFT EXTEMSNN AN
BE ALTERED FOR DESIAED
APPLICATION,

15.88 1 L 47
625 = 018
TOTAL STAORE

T892 - 020

TE - A
COM T ROLLED STAOKE

PS-20

LYDT CHARACTERISTICS
Electrical
Coil Res. Primary — 9.4 + 10%
Secondary 73.2 + 10%
Insulation Class — F, 155°C
Primary [nput Volts — 8 VAC Peak 1o Peak
Input Frequency — 8 KHz
Limearity — 2% of full stroke
Qutput — + 4.25 VEMS @ 5 KHz

Mechanical
Life (full eycles) — 10 million min,
Pressure — 25000 psi stauc
Filtration — 100 tmacrons
Comector — Laads

CAUTTON: These solenoids not for use with water-based
fluids. Please consult factory.

Tolerance:

mm: Gx = 0.3;0xx = 1156

inches  xx = 010, zxx = 005
angles. = 1’
Metrics are for reference only.
2540 N, LA
- I -
[} .
e - 12 UN - 34 THIS o AT o
/ FIE WG 1983 0 D
| hadE
| Zssom "EF i
{ 18I HOLES. I
[
|
1T 18
550 = 06 i
16150 18 inch
B3« 6

Caged Spring Shown, Follower Spring Available,

el
‘L}:JJ‘
i n
TETOp AR B
38
B = R NERGIZED
i D0 - 018
SHAFT EXTENSION CAN
BE ALTERED FOR DESIAED 1588 <08
APPLICATION T |_
TOTAL STAGKE |
)
7.92 = .20 :
312 - 008 T
CONTROLLED
STAOKE

Jy

r e - 12Uk - 28 THD'E.

EFT.E
T.on
WHITE & YELLOW WIBES - SHIMARY |

GAEEM & BLACK WIHES - SECONDARY "B
REC & BLUE WIRES - SECONDARY “A i

MM LEADS

i 6.4 254, Feaenn o
syl 2 oy, N n.Eﬂ_Df. 1 1983 - 05 00 |
.f' |E) HOLES. #18 ANG ,nf ‘-3 j“'f
.Il ;'lll/ g\-
= e /
_,_,-"/‘/
I __.—/
|
1387 = 1.5 | AL E—
550+ 05 T am MR
2TE 1N ‘
B8T : Of

Caged Spring Shown, Follower Spring Available.
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As control systems become more complex, electronics moves
intoy the forefront as the leader in the control lield. Nothing to date
affers the flexibility required W accommodate the mave of
reguirements common in the design of today’s control systems.

In gencral, there are two control areas. The first is the mielli-
gence, This is that area which can visualize the outcome of a
product or service, and monitors for control the operations
involved in rendering that product or scrvice.

The other area of control is the actual muscle necessary 1o ingure
that the system will stay within the parameters set down by the
intelligence. This muscle can be an integral part of the intelli-
pence, the sirong right arm on a backhoe operator’s shoulder, or
it can be an amplified clectrical signal from a programmable
controller 10 a servo or a proportional device. The elecical
amplification might also be the only electronics involved in the
system with the backhoe operator manipulating an elecirical
control lever. The operator supplies the intelligence. This part of
the control equation is the part the electronic controllers are
designed o address; in particular, we are concerned with the
praportional solenoid type system,

To best contral the proportional solenoid, we selected a method
of control called pulse width modulation (PWM). When compar-
ing a proportional solenoid toa more common servo type device,
some major differences are apparent. The proportional solenoid
consumes watls: the servodevice consumes milli-watis, Thus the
controllers for proportional solenoids must be capable of han-
dling higher current levels, Because the moving mass of the
proportional solenoid is greater than that of the servo device,
friction ismuch more significani. Another point to consider when
designing a proportional controller is the magnetic hysteresis of
the materials involved. In manufacturing the solenoid, this hys-
teresis presents isellmuch like mechanical friction. Tominimize
the problems of power loss and component heating doe to high
current levels, and 1w help redoce the frictional sticking and
magnetic hysteresis of the solenoid, the signal to the solenoid is
apulsing DC voltage, A DC pulse 15 apphied to the solenoid with
avariable duration (proportional to the command), at a predeter-
mined frequency. The more power required 10 position the
solenoid, or higher the force required, Lhe longer the “on™ time
supplied by the controller. These pulses also provide a “dither”
to the solenoid plunger. While the solenoid cannot follow these
pulses, it does feel the vibration these pulses introduce. The
vibration minimizes the mechanical and magnetic fnction,

The last major consideration for the design of the controller is
closing of the feedback loop. When greater accuracy or repeata-
hility is required, a closed loop system must be utilized, On servo
devices there is normally some method of mechanical feedback.

Controllers

On the proportional system there 1s utilhized, when necessary,
electrical feedback in reference to the solenoid plunger position.
The controllers are designed (o operale i conjuction with an
LVDT that is integral Lo the solenoid or the load being controlled.
The conmoller can then compare the desired command 1o the
actual solenoid positon and cause the solenotd w comply with
the command. Besides direct monitoring of the solenoid shaft po-
sition, the controllers also have capabilities of momitoring the
linal, or output, function and adjustng the solenoid to achieve the
desired end result. “Closed inner loop™ means monitoring and
controlling the solenoid shafl extension only, "Closed ouler
loop™ means monitoring the work outpul by controlling the
solenoid shaft. A closed outer loop system may involve both
inner and ouler loop monitoring and control,

1. Amplifiers
A, Open Loop

I. Constant voltage — controls one proportional solenoid
without LVDT
+ Least expensive
+ Very simple
+ No options available

2. Constant current — controls one proportional
golenoid without LVDT
= Mullifies effects of temperature variation
¢ Adjustable current levels
= Adjustable dither frequency
* Adjustable supply vollage

B. Closed Loop

L. Single channel — controls one proportional solenoid
with LVDT
+ Adjustable centering
= Adjustable span
» Adjustable gain
= Adjustable control vollage

2. Dual channel — controls 2 proportional solenoids

{1 with LVDT, 1 without)

« Adjusiable centering
+ Adjustable span
¢ Adjustable gain
= Adjustable control voltage

« PWM circuitry is used to minimize power loss and heating as
well as 1o provide dither,

» Lead-lag compensation is used o stabilize the system under
varions load conditions.

= Low cost, wide tolerance power supply can be used, since
built-in voltage regulation is provided,

= Closed loop controller provides approxamately {our limes
( 1/4 duty} continuous power to move the load and then reverts
1o a lower power level 10 hold the load.

10
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ZONSTANT VOLTAGE
Single Channel
P/N 185307-001

The single channel constant voltage conuoller is an inex pensive
method of achieving pulse width modulation conizol in propoc-
twmal solenoid applications. This device is designed o give a
proportional PWM signal in relationship to the angular displace-

Schematic
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CONSTANT CURRENT
Single Channel
B/N 190093001

The single channel constant current controller converts an input
analog signal to a pulse width modulated output signal that will
hold a constant average current through a proportional solenoid,
[F the task the proportional solenoid is doing is dependent on a
constant foree outpul, regardless of solenoid stroke or coil tem-
perature, this controller will sullice. There are three differcnt
current levels available on this controller: (-225 mA, 0- 300 mA,

Schematic
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Amplifiers — Open Loop

Rating Min, | Typ. | Max. | Units
+DC Inpue 11 12 14 Yals
Orperating Temperature N B — +15°C | oC
Load Current — - ) Arips
CMA. POT.(PI) — 1414 — | Dhms
PWM Freq. 80 101

120) Hel®

ment of a 100K potentiometer. In comparison 1o a rheostal type
comiroller, the constant voltage controller offers the advantage of
dither to minimize mechanical fricnon. s size is small when
compared © output availabie,

Wire Hook-up
e
T -
z ¥i |
. E—
0 l_
+m1:|t = PROPOET CINA
Ly SO0 ENCALY
I ARG LARE |
) Rating Min, | Typ. | Max. | Units
+ I Supply npul I3 15 29 Volts |
Command Valtage 0 Hi} Yolts
Cuoil Current Runge¥*
CMD Lo 192 225 258 ma
CMD Med 255 300 345 mA
CMD Hi 340 | 400 | 460 | maA
Yero Current Adj, +490) mA
Dither Frex. Adj. 100 500 Hz
*CMD & Fok Input Impedance | 35K Ohms
Opserating Temperature 25 | #70 | *C

* Dioes Mol Apply to 4-2lmA Feedback
** Ranges shown are typical for minimum selting of GAIN (P3)

and 0-4(imA. The desired level is programmable by three differ-
ent input selection ports. There arc also provisions on hoard for
externally generated feedback sigmals of (=10 V DCord-20mA,

Wire Hook-up

By -}j

Fo= LR LOMMAST PFOT,
Mo the proper locaton of The
amraer i plecss # lha = 0C or
DD Firsd the sinmrester will give ar i i —
stronenualy low resding [
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Amplifiers — Closed Loop

& ELwoon &

CONSTANT | Rating | Min. | Typ. | Max. | Units
VOLTAGE + DC Input 13 15 29 Vohs
Single Channel Command Voluge 0 10 Vol
PN 190094-001 y ""i : Span—CMD Ha 0125 In./Volt
| "Hlﬂa A et Span—CMD Lo 063 In/Yolt
W' FWM Frequency 250 Hz
Cormenand Input Impedance SOK Chhms
*Feadback Impedance 25K Ohms
Operating Temperature -25 [ +70 *C

. ; *Does Not Apply to 4-20mA Feedback
The single chanmel controller converts an input command vole oes Not Apply

age to a proportional output signal for controlling the positonof from an LVDT. In addition 1o the LVDT position feedback, the
a proportional solenoid. This device utilizes pulse widith modu-  controller also has provisions for externally generated feedback
Jation for optimum performance along with positional feedback  signals of 0-10V DC or 4-20 mA.

Schematic Wire Hook-up
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CONSTANT VOLTAGE ! Rating . l, Min, | Typ. | Max. | Units
Duoal Channel + [C Supply [nput 13 15 29 Yolis
P/N 190095001 : ! Command Voluge {1 0 Yolus
Span—CMD Lo 005 In.fValt
Span—CMD Hi R In./Waolt
CMD & FBK Input Impedance®| 25K Ohms
| ! V. Out (Adj. Range) 50 10.0 Volts
Center Voltage p] Yaolis
| Solenond Resistance 22 4 Ohims

’ | Dperating Temperature | -25 ¥25 | +70 "w

*Does Not Apply For 4-20mA Feedback
The two-chamme! controller converts an inpat command voltage
toa proportional output signal for controlling the position of two
proportional solenoids working in opposition wone another. The
contraller determines which solenoid is to energize and how  feedback from an LVDT. In addition to the LVDT positio
muchthat solenoid is to energize. Thisdevice utilizes pulsewidth  feedback, the controller also has provisions forextemally gene:
modulation for optimum performance along with positional  ated feedback signals of (0-10V DC or 4-20 mA.
Schematic Wire Hook-up
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7 Channel, 7 Rate

Ramp Generator

P/N 190096-0M
Rating Min. | Typ. | Max. | Units
+DC Supply Input 13 15 28 | Volls
Cutput Voltage (a) 1 8 Volts
Ramp Rate =05 225 | ViSec
Input Line impadanse 1.5K Ohms
Input Puise Amplituda 10 15 24 Mo
Input Pulse Length 10 Conl. | MS
Operating Temperature —25 | 25 | +70 'C

{a) Outpit Load Impedance =2K Ohms

The ramp generator is a controller which offers a DC output at any one of seven predetermined levels. The rate at which the
levels shift is also independently adjustable. In addition to the seven predetermined levels, the controller also has a "home™
feature. If for any reason the power to the controller is disrupted, the output goes to a sale, or home, level when power is
estored There are two home levels offered, “0"V DC or 5V DC. The level shifts are effected by a DC trigger pulse applied to
the input ports. The trigger level may be a continuous voltage or a pulse of 20 ms or longer. This controller is designed to
operate in conjunction with the Ledex proportional controllers, but the output of the ramp generator is such that it will
interface with any equipment whose input impedance is greater than 2K ohms.

Schematic
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& eLwoo & Options

Solenoids
Common Special Design
= Terminations — Spade = Stroke — Longer than standard
el sans *+ Mounting — Can be changed to accommodate
— Hirschman
*« Size — Can be designed if quantity is sufficient
— Cannon
— MS Type Connectors * Wil require tooling dallars
— Specials

Shaft Length — 1.00" Standard
— Any Desired Length

Electronics
» Stroke — Standard as noted
— Any |length shorter Common
Mounting — Bare Boards
+ Springs — Can be added as required — Rack Mounted
— Pane| Mount
+ Manual Actuators — Push Type — Housed
Thrsaded T — Housed and Potted
e i Voltage Ranges — 11-42
— None if desired — 24-60

The applications listed below are but a few of the many versatile uses found for proporiional solenoids and related
components. Please consult the factory for help on your specific application.

SALT SPREADER TRUCKS - STEEL ROLLING -
Ground oriented; application rate control Cylinder positioning
WATER PUMPS — HONING MACHINES -
Swash plate control Cluill speed control
FORK LIFT TRUCKS - DIE CAST MACHINES -
Man in the air; [ift, tilt, and traverse controls Application rate control
TRENCHERS - COMBINES -
Horsepower control Variable speed res| drives

14
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OPEH Lnnp COMMAND

12|
0_0_[

100
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Closed Inner Loop, Single Channel
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BIMOLE CHANMEL
COMTROL BOARD

Closed Inner Loop, Dual Channel
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PROE
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75

Closed Outer Loop, Single Channel

COMBAND
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10_0
000

Closed Outer Loop, Dual Channel
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Systems

Qpen loop systems are the simplest form of control,
They require no electrical feedback. Normally they
rely on an operator, who provides this feedback,
using visual, audible or tactile methods. Open loop
control will not compensate by itself for the effects of
temperature or force changes.

Closed inner loop, single channel systems refer 1o the
addition of electrical feedback on a single solenoid.
This method improves control over an open loop
system by compensating for various parameters
aftecting the solenoids. Here, solenoid position can
be held without question for long periods of time.

Closed inner loop, dual channel systems refer to two-
solenocid operation with feedback on the solenoid.
This systern is similar to the one immediately above,
with the addition of a second solenoid. Closed inner
loop control is accurate and yet simple.

Clased outer loop, single channel systems incorpo-
rate a single solenoid without feedback. This system
loop is closed by placing a feedback device on the
final item being controlled; in this case, a hydraulic
metor. This allows the outer loop to be controlled
maore precisaly,

Closed outer loop, dual channel systems utilize two
solenoids without feedback. The feedback davice is
again located on the puter or final element: in this
case, a cylinder. Outer loop control is the most pre-
cise but the most difficult to set up.
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