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ABSTRACT

In the early developmental stages of robotics, hydraulics played an important role.
Many of the early high-payload capacity manipulators were actuated by hydraulic cylinders
and hydraulic rotary actuators. As the power-to-weight ratio of electric motors increased, they
eventually came to be the preferred form of actuation for robotic manipulators because of the
relative ease of operation, control, maintenance, and for general cleanliness. Recently, however,
task requirements have dictated that manipulator payload capacity increase to accommodate
greater payloads, greater manipulator length, and larger environmental-interaction forces.
General tasks such as waste storage tank clean-up and facility dismantlement and
decommissioning require manipulator lift capacities in the range of hundreds of pounds rather
than tens of pounds. To meet the increased payload capacities demanded by present-day
tasks, manipulator designers have turned once again to hydraulics as a means of actuation.
Hydraulics have always been the actuator of choice when designing heavy-lift construction and
mining equipment such as bulldozers, backhoes, and tunneling devices. In order to successfully
design, build, and deploy a new hydraulic manipulator (or subsystem) sophisticated modeling,
analysis, and control experiments are usually needed. To support the development and
deployment of new hydraulic manipulators Oak Ridge National Laboratory (ORNL) has
outfitted a significant experimental laboratory and has developed the software capability for
research into hydraulic manipulators, hydraulic actuators, hydraulic systems, modeling of
hydraulic systems, and hydraulic controls. The hydraulics laboratory at ORNL has three
different manipulators. First is a 6-Degree-Of-Freedom (6-DoF), multi-planer, teleoperated,
flexible controls test bed used for controls and teleoperator research. Second is a 2-DoF
Flexible/Prismatic test bed used for the development of waste tank clean-up manipulator
controls, thermal studies, system characterization, and manipulator tracking. Finally, is a
human amplifier test bed used for the development of an entire new class of teleoperated
systems. To compliment the hardware in the hydraulics laboratory, ORNL has developed a
hydraulics simulation capability including a custom package to model the hydraulic systems
and manipulators for performance studies and for controls development. This paper outlines
the history of hydraulic manipulator developments at ORNL, describes the hydraulics
laboratory, discusses the use of the equipment within the laboratory, and presents some of the
initial results from experiments and modeling associated with these hydraulic manipulators.
Included are some of the results from the development of the human amplifier/de-amplifier
concepts, the characterization of the thermal sensitivity of hydraulic systems, and end-point
tracking accuracy studies. Experimental and analytical results are included.
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1. INTRODUCTION

1.1 GENERAL COMMENTS ON HYDRAULICS

Hydraulically actuated manipulators play an important role in real applications because of
their high payload-to-mass ratios compared with conventional electrically actuated
manipulators. Comparable power-to-mass ratios range from 3.3 kW/kg (2 hp/lbp,) for

hydraulic systems to 50 W/kg (0.03 hp/Iby,) for electric systems.! The best electric motors are

now getting as high as 1 kW/kg (0.6 hp/Ibyy,) power-to-mass ratios.

In many industrial applications where a high power capacity is desired, hydraulics is the
general form of actuation. Hydraulics provides a number of unique features. First, the fluid
provides a natural method of lubrication and cooling. There is no phenomenon in hydraulic
components that is equivalent to the saturation and concomitant losses in magnetic materials as
is associated with electric motors. Torque output from a hydraulic machine is limited only by
safe stress levels. Furthermore, hydraulic actuators have a high stiffness compared to other
drive devices. In addition, they have a higher speed of response as well as large torque-to-
inertia ratios, providing high acceleration capacity. Hydraulic components may be operated in
continuous, intermittent, reversing, and stalled conditions without damage. In addition, rotary
and linear hydraulic actuators are available for many different sizes and power ranges.?

Hydraulics technology is not without its disadvantages. For example, hydraulic power
is not as readily available in most industrial settings as is electric power and most stationary
applications must have a hydraulic power supply installed. Hydraulic components are
expensive. Hydraulic fluids are sometimes flammable and/or considered to be hazardous
waste. Hydraulic systems almost always leak and are therefore considered messy. Hydraulic
fluids must be filtered and in some cases filtered thoroughly for high-performance applications
such as servovalves. Contaminated oil is one of the primary reasons for component failure in
hydraulic systems. Hydraulic actuators are not generally as flexible and easy to use for low-
power applications as are electric actuators.

1.2 HISTORY OF HYDRAULIC MANIPULATORS AT OAK RIDGE NATIONAL
LABORATORY

The applied nature of the projects at Oak Ridge National Laboratory (ORNL) and the

direct results of the value of hydraulics has made it the power source of choice in many ORNL
projects. Consequently, ORNL has had considerable experience with hydraulic manipulators
and movable systems over the past decade. This section briefly describes some of the hydraulic
hardware systems developed at ORNL.

Except for some very early work with commercially available teleoperated manipulators,
one of the first hydraulic systems developed at ORNL was the Soldier Robot Interface Platform
(SRIP) vehicle shown in Fig. 1.2



Fig. 1. The Soldier Robot Interface Platform (SRIP) vehicle.

The SRIP vehicle was designed and built with the assistance of the Tooele Army Depot
in Utah. The SRIP has a hydrostatic-drive transmission and was fitted with an electric arm and
numerous sensor systems. It was designed for two purposes: the military intended it as a
platform for research into unexploded ordinance disposal, and the Department of Energy
(DOE) supported it for buried waste site characterization and remediation. One of the
particularly challenging aspects of the SRIP development was providing it with the ability to
maintain an accurate trajectory necessary for complete coverage of an area during a waste
characterization survey in spite of limited accuracy wheel position sensors, a natural tendency
to slip on rought terrain and/or loose soil conditions, and a hydrostatic transmission. At the
time of the development of SRIP, low-cost and accurate Global Positioning System (GPS)
sensors were not readily available.

Another hydraulic system developed at ORNL was the Future Armor Rearm System
(FARS), shown in Fig. 2.*> The FARS was designed and built with the assistance of Tooele
Army Depot. The FARS was developed to allow the Army to rearm its new M1A1 tanks
without exposing the soldier to the hazards of the battlefield. The FARS hydraulically actuated
arm served several purposes: (1) to dock with the empty tank; (2) to be a communication link
between the tank and the FARS rearm vehicle; and (3) to transfer the ammunition between the
tank and the FARS vehicle. Control of the FARS arm proved to be a challenge in achieving the
fine motion required to dock with the tank rearm port. Management of the interaction forces
between the arm and the docking port during contact was proven to be a hydraulic system
challenge. -Ultimately, interaction forces were controlled by developing a compliant rearm port
on the tank. Flexibility and low natural frequency would be a problem with the FARS arm if it
were moved quickly. To avoid exciting the arm’s structural dynamics, however, the joints are
moved slowly.



Fig. 2. The Future Armor Rearm System (FARS).

The next system developed by ORNL was the Telerobotic Small Emplacement
Excavator (TSEE), shown in Fig. 3.%” Like the SRIP, this system was developed as a dual-use
system. The military supported development as a platform for research into unexploded
ordinance disposal, and DOE wanted it for buried waste site characterization and remediation.
One of the particularly challenging aspects of the TSEE development was providing it with the
ability to be remotely operated as well as be operated as it was originally designed with no
interference to the operator from the modifications for remote operation. In addition, the TSEE
control panel was made to be portable with an intuitive operator interface. Arm and bucket
motions were controlled by a single joystick where the direction of the joystick motion matched
the physical direction and motion of the arm and bucket. The control system provided an
adjustable dig floor to prevent the operator from inadvertently digging below a desired level.
These intuitive features made the TSEE easy and simple to use; in fact, over half of the soldiers
surveyed in an operational experiment comparing the use of the remotely operated TSEE with a
conventionally operated version preferred the remotely operated TSEE. Low-cost and reliable
proportional valves were used in the TSEE vehicle. The TSEE has also been operated over a
computer internet link over distances of thousands of miles.

As part of the DOE Robotics Technology Development Program’s support of
decontamination and dismantlement (D&D) efforts, the Dual-Arm Work Module (DAWM) was
developed by ORNL and RedZone robotics.*® This system is the most current manipulator in
the evolutionary development of telerobotic manipulators at ORNL.” The DAWM, shown in
Fig. 4, features two 6-Degree-Of-Freedom (D.O.F.), hydraulically actuated, Schilling
manipulators, and a 5-D.0.F., hydraulically actuated base. It was initially deployed off a
4-D.O.F. electrically actuated, ganiry-like transporter and suspended from an overhead crane
but could also be deployed off of a mobile platform.” Each of the Schilling arms is capable of
lifting 240 Ib fully extended. A similar system will be used to support the D&D activities at the
CP-5 reactor at Argonne National Laboratory (ANL). The ORNL DAWM is used for support
of the D&D effort at ANL in the areas of operator fraining, tool and fixture testing and
development, control algorithm development and testing, cost/benefit experimental analysis,
and operator interface design and evaluation. The DAWM is shown in a D&D mockup in Fig.
5.

Another hydraulic manipulator system at ORNL is the Schilling 7F, 6-D.O.F.,
multiplaner, teleoperated, flexible controls test bed used for controls and teleoperator research
for hydraulically actuated, flexible-link manipulators. This system is shown in Fig. 6.



Fig. 3. The Telerobotic Small Emplacement Excavator (TSEE)

. The Dual-Arm Work Module (DAWM).
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Fig. 6. The Schilling 7F, 6-D.O.F., multiplaner, teleoperated,
flexible controls test bed.

This system is presently being used for event-based controller integration in support of ORNL’s
Gunite And Associated Tanks (GAAT) clean up effort.”* This system has also been used for
mock-up of larger arms and for preliminary demonstrations of hardware that is normally
deployed off of larger manipulators. This system is normally teleoperated, but it has been
converted to run robotically. Limited accuracy and low reliability remain a problem.






2. HYDRAULIC SYSTEM MODELING

2.1 GENERAL HYDRAULIC MODELING AND ANALYSIS

When considering the transfer function from voltage input to speed output electric
motors respond as a simple lag device. In conirast, hydraulic actuator transfer functions
between voltage and speed are basically quadratic in form with a relatively high natural
frequency. This difference makes controller design and analysis much more difficult for
hydraulic systems.

The flexible/prismatic test stand, shown in Fig. 7, was developed as a research
manipulator for the ORNL Hydraulics Laboratory

Fig.7. The flexible/prismatic test stand in the
ORNL Hydraulics Laboratory.

Its main objective is to serve as a research test bed for studying the effects of hydraulics and
link flexibility on manipulator design and control. The goal of the design is to have a
reahstmally sized actuator and payload. The mechanical details are described in greater detail
in the Sect. 3, Experimental Results.

Consider two representations of the valve command (volts) to position output (in.)
transfer function, G, for a typical hydraulic actuator shown in Egs. 2.1a and 2.1b:

G (s) = 437.6352
18) = {e+57.53) - (2.12)

Ga(s) = 35782

s(s? + 81.7618s + 2606.1)  * (2.1b)

where s is the LaPlace transform variable.



These transfer functions are taken from actual fits to data obtained by using varying
frequency sine waves as inputs to the prismatic joint servovalve of the ORNL flexible/prismatic
test bed at the nominal operating temperature of ~25°C. Analytically derived transfer function

representations from the valve command to the position output are presented in Merritt’s book.?
For a prismatic actuator with valve command in in., and the position output in in., one obtains:

Ky
y = A" . (2.2a)
5(1711\_’352 +(erpM L BpVr) | (1 . BpKerplj
Aazr \TAZ  apar) Az ]

Note that all of the symbols for all of the equations in this report are defined in Appendix A.
For reference, the transfer function for the valve command in inches and the output position in
radians for a rotary actuator is given as

Om = S( Vit +(KPTHJT N BmVT)5 s BmKPTm)) . (22b)

48.D% D 4D D&

Appendix B contains the governing equations for the derivation of the transfer functions of Eqs.
2.2a and 2.2b.

Examining Egs. 2.1a and 2.1b in light of Eq. 2.2a, one can determine that the third-order
transfer function of Eq. 2.1b is the one that is physically correct (second-order voltage to speed
with an integrator); however, the second-order transfer function of Eq. 2.1a is the analytically
equivalent electrical motor model for the hydraulic actuator. Equation 2.1a was obtained by
fitting the nonphysical second-order transfer function to the same set of data used for the fit of
Eq. 2.1b. A similar model can be obtained by developing a reduced-order transfer function
from Eq. 2.1b. Note that the third-order fit has 50 times less error than the second-order fit.
Bode plots from‘both models are shown in Fig. 8.

Notice that there is little difference between the frequency response of either
representation excépt at the high frequencies; however, the phase angle plots are much different
at frequencies greater than 10 rad/sec, as is expected because of the difference between the
third-order vs the second-order transfer functions (second-order system with no constant term
will go from -90° to -180°, whereas the third-order system phase will go from -90° to -270°). It
is precisely this difference in the dynamic performance that makes hydraulic systems more
difficult to control. ,

Consider the root loci of Fig. 9. These correspond to the transfer functions of Eqgs. 2.1a
and 2.1b and are for a proportional controller only.
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Fig. 8. Bode plots for the transfer function models of Eqs. 2.1a and 2.1b.

As the gain is increased in the root locus plot for the second-order transfer function,
G,(s), the roots move from one on the negative real axis and one at the origin to both at the
same point on the negative real axis and then along a line parallel to the Y-axis. However, at no
time do the roots ever move into the right-half plane, indicating that (at least theoretically) this
system remains stable for all values of the proportional gain. (Certainly, this is not true in
reality since, as when the gain is increased, the system is no longer linear, and the transfer
function does not adequately describe the system dynamics. In addition, noise becomes an
important factor as the gain increases.) Considering the root locus for the third-order transfer
function, G,(s), one observes that as the value of the proportional gain is increased, the real
parts of the two complex conjugate roots move into the right-half plane. This indicates that
there are values of the gain where the system becomes unstable regardless of nonlinearities
and/or noise. This added complexity makes the development of controllers for hydraulically
actuated manipulators more difficult than for electrically actuated manipulators and requires
more extensive and more detailed modeling and analysis prior to hardware implementation. In
addition, important hardware choices must be made in the initial design if a high-performance
system is to be achieved. This includes the use of stiff hydraulic lines (e.g., metal as far as
possible), the mounting of servovalves as close as possible to actuators, careful attention to the
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removal of all entrapped air, and selection of high-performance components, including low-
friction actuators and zero deadband valves. Because of the need for detailed modeling and
analysis, the following sections describe models developed for some of the ORNL hydraulic
systems that are used for controller design and evaluation.

2.2 FLEXIBLE/PRISMATIC TEST STAND DESIGN AND MODELING

Models were developed for the flexible/prismatic test bed mechanical design as well as
for the hydraulic systems. Mechanical modeling was used in the test bed design and is
discussed in Section 3.2.1. The hydraulic system of the flexible/prismatic test bed was
modeled in detail using Simulink and Matlab. It was necessary to use a computer modeling
package as opposed to relying completely on analytical models because of the significant set of
nonlinear behaviors present in typical hydraulic systems. These nonlinearities include nonlinear
friction, both sticion and Coulomb friction; nonlinear drive-train compliance; actuator
saturation; mechanical backlash and deadband; servovalve nonlinear friction and deadband;
entrapped air within the hydraulic fluid; nonlinear servovalve orifice effect; the effects of fluid
contamination; pressure losses in piping, including bends and reductions; asymmetric actuator
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areas and time-varying nonlinear effects. Not all of these nonlinearities were modeled, but
several of the important ones were included in the formulation of the governing dynamics'
equations. These equations are shown in Appendix B. An example of the Simulink model of
the flexible/prismatic test bed is shown in Fig. 10.

N
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Step Input

Fig. 10. Flexible/prismatic test bed hydraulic system model in Simulink.

2.3 HUMAN EXTENDER/AMPLIFIER MODELING AND ANALYSIS
2.3.1 Description of Human Extender/Amplifier

A human extender (also called a human amplifier system) is a device that amplifies the
lifting capacity of a person and allows a preselected amount of force feedback to the operator
(e.g., the operator can feel any desired portion of the load). This type of manipulator system is
similar to a teleoperated system in that a human operator is coupled directly to the mechanical
system; however, it is fundamentally different from the traditional teleoperated manipulator
system in the sense that the master and slave manipulators are one integral unit. Applications
of a human extender system include the following:

1. Material handler in an unstructured environment where manipulating and orienting large
objects, while transmitting back to the operator a fraction of the object's dynamics (i.e.,
its weight, contact forces, slippage, etc.), could significantly enhance productivity,
quality, and safety (e.g., missile loader and rearming tanks/heavy artillery for the

ilitary)

2. Rescue oi:erations (e.g., Oklahoma bombing rescue, firefighting).

3. Material handler in the construction industry (i.e., taking large loads off trailers, as is
typically done by a large crane; moving large pipes; putting up sheetrock; etc.).

11



4. Medical (e.g., patient manipulation).
5. Material handler in the mining industry.
6. Material handler in the forestry industry.

"The human extender problem was first addressed in the 1960s by General Electric during
the Hardyman project.”® More recently, H. Kazerooni has been working on a scaled-down
version of a similar concept.*’® These systems have always had difficulties because of
profound stability issues associated with varying dynamics and gross nonlinearities in the fluid
power system (e.g., nonlinear pressure-flow relationship, time-varying fluid properties, large
quantities of nonlinear friction, and time-varying system dynamics).

The goals of the ORNL human amplifier system are to achieve high lift capacity (around
500 Ib), force amplification (from 1 to 500), and tracking performances (submillimeter range).
The effects of human dynamics must be minimized to achieve these goals.

Detailed hydraulic models that include most of the nonlinear fluid and mechanical
dynamics have been generated for a 1-D.O.F. human extender test stand. Fundamental
stability limits and how they relate to the mechanical device have been analytically developed
and experimentally evaluated - on the hydraulic test stand. The ORNL human
extender/amplifier is shown in Fig. 11.

[

Fig. 11. The ORNL 1-D.O.F. human amplifier.
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2.3.2 Human Extender/Amplifier Modeling

The governing linear equations for the human extender/amplifier will be derived in this
section. The following derivation is valid for a symmetrical actuator with the servovalve spool
at its center position. Using the center position as an operating point is a reasonable
assumption for this system and its standard operating conditions. The human amplifier system
at ORNL does not have a symmetrical actuator; however, this approximation is adequate to
describe the dynamics of the system based on the experimental model verification
demonstrated in the next section. Figure 12 is a free-body diagram of the human extender test

stand.
l I:"load

\
: \
Carriage | Mass=M
Contact .
Ffier |"&=| .-load
Y A4 cell2
load -----> pm .~
cell 1 . . " handle
Fhand
act .
Fet i ... hydraulic
cylinder

VAV AV AP AV AV AV av ey ed

Fig. 12. Free-body diagram of human extender test stand.

The following is a linear analysis of the model of the electrohydraulic system shown in
Fig. 12. (See Ref. 2 for details and the list of symbols in Appendix A for definitions of terms.)
Flow to the actuator, Q;, is related to command current to the servovalve, I, with load pressure,

P; (which is similar to back emf for dc-motors) reducing the total flow,
Q=K I-K, Py 2.3)

For a hydraulic cylinder, the time rate of change of the actuator position, y, is related to
the effective flow into the actuator, Q;, minus the amount that the fluid compresses
(proportional to the time rate of change of the load pressure P;) and minus the amount leaked
across the cylinder seals (proportional to the load pressure Pp),

QL _CpPL. 2.4)
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The actuator force, F,c, is equal to the dynamic forces, frictional losses, external load forces

(i.e., contact with an environment), gravity (i.e., weight of the hardware), minus the hand forces
(since the operator is in contact with the frame),

Fax=APL=M -(-ic% + Firict + Fload + Fgrav - Fhand - (2.5)Frictional forces can be divided into
actuator frictional forces and everything else (i.e., friction associated with the carriage),

Load cell 1, placed between the cylinder and the frame, measures the cylinder actuator forces
minus the actuator frictional forces with some sensor noise, Ny,

Frc1 = Fact - Fiy + Nicy - (2.7)

Load cell 2, placed between the operator handle and the frame, measures the hand forces with
some sensor noise, Nj ¢,

Frc2 =Fhand +Nrcz - (2.8)
The total system is represented in the block diagram in Fig. 13.

slope=1

P O e Gttt —‘—-—l
Fhand
* Ffrict +FLoad+ ngav I
Ks
s
I
1/a sY
M -
A S B(s)+1
I
I
I
____________ -l

Fig. 13. Human extender/amplifier block diagram with controller.

Some of the blocks on the diagram require further description. The N and B terms that
add to the force of the hand and the actuator prior to their respective load cell measurements
represent noise and bias respectively. The nonlinearity in the upper-right corner represents the
environment; forces are zero while moving in free space and then contact is made with an
environment represented by a linear spring with rate Kg. G is a compensator that is to be
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designed to stabilize and improve the performance of the human amplifier. B(s) is a transfer
function containing valve flow pressure coefficient from Eq. 2.3 and leakage and compressibility
term from Eq. 2.4. NLKy is a nonlinear relationship between the amplifier frame motion and

the human hand which will be discussed later. Note also that oy is the primary force reflecting
gain and o is the auxiliary force reflecting gain.

2.3.3 Parameters for Human Amplifier Model

Two tests were conducted to determine values for the physical plant model in the block
diagram of Fig. 13. For the first test, a sinusoidal test signal is injected at E in Fig. 14.

< Kvisc"‘j

E \% I j 1/ sY Y

S e S N e + Mo T |+ L
MR 1 %sB(s)+l

Fig. 14. Position control with G; = K¢ (constant) = 1 and E = A, sin (6t).

=

Note that Fig. 14 is the dynamic representation of operator-free, free space, unloaded motion
from Fig. 13; consequently, only the viscous friction term is included in the velocity feedback
loop. The transfer function between Y and E (or between Y and V since G. = 1) is

K
Y(s)= RA . (29)
A/ S MVr 245 —M—(Kp + Ctb)"'KVisc Vr + [1 +Kvisc (KP + Ctp)]
4 B, A A2 4 B, A2 A?
Because of the low leakage and low viscous friction, KX;C (Kp +Cip)=0, Eq. (2.9) can be
simplified to
X
Y(s)= RA _ ) (2.10)
VOSTMVE o, Mg 1oy Bme¥a] s g
4 B, A? A? 4 B A? |

The model of Eq. 2.10 taken from typical data is shown in Fig. 15. This Bode plot is
only for a fixed Ap of 1 in.; the frequency was swept through the discrete values shown by the
x-marks (from 0.6 rad/s to almost 200 rad/s). For different amplitudes Ap, the model changes
because of the nonlinearities of the system (e.g., nonlinear orifice flow relationship in the
servovalve, nonlinear friction, efc.); but the general trends are always the same.
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Bode Plot
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Fig. 15. Y/V(s) transfer function (A, was set for 1 in. travel). X’s mark
actual data points, and the lines, represent the fit to the data.

The second test to determine values for the physical plant model in the block diagram of
Fig. 13 is based on inserting a-sinusoidal command signal into the error signal, E, and then
measuring the force on the load cell between the actuator and the frame, F; ;. All positional

and force control loops were opened. The transfer function between Fic1 and E (ref. Fig. 13),
Ky _ .
assummg—A‘”z—SE(Kp + Cyp) = 0 as in Eq. 2.10,

B KqM (S + Kvisc)
—LCl(s) = Ra M/ (2.11)
E MVt o M(Kp+Ctp)+M +1
4 B A2 A2 4B A?]

An example of typical data collected for this transfer function is shown in Fig. 16.

16



Bode Plot

Gain dB-

108

50

Phase deg

0
10° 10°

Frequency (rad/sec)

Fig. 16. Frc1/E(s) transfer function’s Bode Plots. X’s mark actual
data points, and the lines represents the fit to the data.

The objective of these tests and the prior measurements is to determine the coefficients

in the models of Egs. 2.10 and 2.11 and to ultimately obtain an estimate of the amount of
uncertainty is in these system models so that adequate margins could be inserted into the

comyj

pensator design to accommodate these plant variations. Table 1 shows the values of

simil

ar coefficients taken from the models of Egs. 2.10 and 2.11 and clearly illustrates the

amount of variability resulting from the different models and measurements. These two model
types were found to bound the data collected (as viewed from the Bode plots) for this test
stand and will be used in the controller design.

Table 1. Coefficient values estimated for the models of Egs. 2.10 and 2.11.

Model Type M Vq —M—(K + Co) + KoM
g VP P . Sa
4 BeAz A RA
Kvisc VT
For%(s) (Eq.2.10) 4.273E-5 2.189e-3 3.098
For ﬁEQ—‘(s) (Eq.2.11) 1.859E-5 5.093e-3 4.862
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2.3.4 Human Extender/Amplifier Control Objectives and Controller Design

Typical controllers drive an error function toward zero; therefore, to determine the
controller objectives for the human amplifier, the appropriate error signal must be formulated.
The overall objective of the human extender/amplifier is to magnify the operator’s hand force to
overcome the dynamics of the mechanical system and load. This is represented by the following
relationship: ‘

43
0FFpang= M d_z"' F%?ict + Fjoag + I:"grav . (2.12)

Combining the system dynamic and friction equations (Egs. 2.5 and 2.6 respectively) one
obtains the following: .

dv
M '%‘*' F%ct + Floag + Fgrav = Facr + Fhana - F?rci%t : (2.13)

Recognizing that load cell 1 (F; ;) measures the actuator forces, F,, minus the frictional losses,
Factfyict, and that load cell 2 (Fpc,) measures the hand forces, F,, 4, both with added noise
(neglecting sensor bias), then

M% + F&Gict + Fioag + Fgrav = Frc1 + Frc2 + Sensor Noise | (2.14)
If sensor noise is ignored then combining Eqs. 2.12 and 2.14 and recognizing that Fy, 4 is also
F; o produces

OFFhana = OFFLc2 = Frer + Frez - (2.15)

or ’

(0r-1)Frez=Ficr - (2.16)

The error equation can then be formulated as

e=(0F- 1) Fico-Fia - (2.17)

The controller's objective is to drive the error signal, e, to zero. Only forces are being utilized for
a human extender. This is in contrast to teleoperated systems, where either a position-position
or a position-force type control architecture is employed.” This error signal is shown in Fig. 13
as E. Next, it will be shown that it is desirable to set the controller gain to as high a value as
possible to mitigate the effect of the large cylinder friction.

One can show that the velocity of the cylinder and the actuator friction (modeled as a
disturbance) can be related, assuming no contact with the environment or the operator
(Fhana = 0), as

_B

Y (s)= A . (2.18)
B, M KoM
frict XSB+1+GC(XF*ﬁ—
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Equation 2.18 clearly shows that in the limit, as the compensator approaches an infinite gain

(G¢—0), the effect of friction due to the actuator will go to zero. This is the motivation for
trying to keep the controller gain as high as possible over an acceptable range of frequencies.

2.3.5 Stability Problems with the Human Extender/Amplifier System

Three stability problems are encountered by the human extender system. The first is the
free-space problem. This is where the device does not make contact with the environment or a
human being. The second problem is the contact stability problem. For this condition, the
device is making contact with the environment, but a human being is not attached to the device.
The last stability problem is where contact is being made with the environment and the human
being is attached to the device. The case where a human being is holding the handle and no
contact is being made is a subset of the last problem and therefore will not be addressed.

1. Free-Space Problem (no contact with environment, either human or task):

i.  Set Frict + Froad + Fgrav =0, BLc1 =Brca =0, Nrc1 =Nre2 =0, NLKs=0, Fhana =0,
and FZ5L, =0.
The resulting block diagram is shown in Fig. 17.

ii. The transfer function between the error, E, and Z (newly defined in the block diagram of
Fig. 17) is

. (GeKqM
a ————
F( RA 2.19)

(s)=
%SB+1

TN

The Bode plot for Eq. 2.19 using the two sets of coefficients from the two different models in
Table 1 is shown in Fig. 18.
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Fig. 17.Block diagram for the free-space stability problem for the
human extender/amplifier.
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Fig. 18. Bode plot for G(s) =1 and oci::l (the X's representing the actual
data points have been removed to improve the quality of the figure).
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Equation 2.19 is the open-loop transfer function. When the loop is closed, the transfer function
between Fpang and Y is

- Ge Kq (o +op-1)+B
Y - RA A
)= (2.20)
hand MsB+o (GCKqM s +1
A

2, Contact Stability Problem with Fpang = 0:
i. SetBrci=Brce=0,Nici =Ny =0,NLK;=0, and F?gtct =0.

ii. A nonlinear relationship between Y and an output Fj gaq (as shown by the dashed line in
upper right corner of the block diagram in Fig. 13) represents the contact with the

environment. ,
iii. The transfer function between an input Y and an output F paq is
. (B + ozf.-——Gc Xq )
Y (5)= A RA . (2.21)
FLoag MsB+(xF(G cKqM s)+1
A RA

The closed-loop control problem is shown in Fig. 19.

sloEe=1

O -FY (S) & e
Load S

Fig. 19. Block diagram for the nonlinear contact problem #2 with
environmental contact but no operator for the human
extender/amplifier.

3. Contact Stability Problem with Frapg as an Input:
i. SetBrci=Brm=0,Nici=Nprc2=0,and F?ﬁf:t =0.

ii. A nonlinear relationship between Y and an ooutput Fyoaq (as shown by the dashed line in
upper-right corner of the block diagram in Fig. 13) represents the contact with the

environment,

iii. A nonlinear relationship exists between Y and Fiang and is represented by NLK,.
assumption will be made that this relationship can be approximated by a hnear

relationship (e.g., linear damper and spring) as Fhand = - Gv(s) Y.
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iv. The transfer function between an input F 54 and an output Y is

. ] (g+a-Gc&)

Y (5)= AT FRA

Froad (G KqM G .

2 %sB+aF(%——s)+1+Gv{_;§q (CXF+(XF-1)+%]

This nonlinear problem is the same structurally as the one shown in Fig. 19.
To address problem 1, it is clear from Fig. 18 that in the low to mid frequency range the

open loop system looks like a derivative operator (e.g., mass 4 y/dt = force). To achieve higher
gains over this frequency range, either an integrator or lag compensator is needed in the
controller compensator G.(s) :

(2.22)

Gls) =X (2.23)

S

In fact, it will be shown that an integrator for G.(s) will satisfy the next two problems as well.

Setting the gain in Eq. 2.23, K, to 0.0028 provides at least a 25-dB-gain margin for problem 1.
Integral compensation is not new to force control of manipulators;® however, the main
contribution of this analysis is that the nonlinear contact stability problem is formulated and
the stability bounds and performances of the human extender/amplifier are tied to the test
stand design parameters that were experimentally measured. )

The describing function approach was found to be inadequate to solve these types of
nonlinear control problems because of a violation of the Filter Hypothesis,” that is, the output
waveform is not dominated by the fundamental component; rather, it has a more extensive
frequency content. Instead of using the describing function approach, the circle criterion” was

employed. According to the circle criterion, the transfer function gjo)= [F-L (s) %]
Load s = jo
must He in the half-plane {s: Re s > -1} for stability to be guaranteed. It needs to be stressed
that the circle criterion only states that if this region is avoided, then stability is assured;
however, if this region is penetrated, then the circle criterion says nothing. In other words, it is
sufficient to stay out of the region {s: Re s>-1} to ensure stability, but it is not necessary. The
constraint of avoiding {s: Re s>-1} can be mapped to the Nichols chart, and this curve is shown
in Fig. 20 as the open oval passing through the 0-dB, -180° point.
The load cell on the actuator has a stiffness of 2.8871 X 107 N/m (or 1.67 X 10° Ib/in.).
Since the load cell is more compliant than the steel or aluminum of the actuator and frame, it is
the critical design parameter. The environmental stiffness K was selected to be 0.02 of the
load cell compliance. Based on our experience, we could penetrate the circle criteria area and
still maintain a stable system if we stayed away from the -1 point (e.g., 0-dB, -180°). Assuming
a value of environmental stiffness of 0.02 of the load cell stiffness means that contact can only
be made with relatively compliant objects such as rubber or cork. The obvious fix would be to
add a compliant surface to the frame (i.e., end effector on a final design) such that hard contact
with stiff objects such as metal is possible. This was the approach taken in the FARS project.
The following discussion outlines an alternative solution for the hard contact problem (problem
3). :
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Fig. 20. Nichols plot for the contact stability problem 2 with environmental
contact but no operator for the human extender/amplifier (oci: =1).

To address problem 3 (environmental contact and operator contact), it can be shown
that for higher force reflection gains, O, the model curves in Fig. 20 move lower along the gain
axis. Moving the model curves down along the gain axis provides a greater margin between the
model curves and the circle criteria stability boundary. This means that environments having
larger stiffness can be accommodated. Mathematically, this becomes apparent by noting that
O is in the denominator of Eqg. 2.22. It can be shown that when the gains are around 200, hard
contact with metals is possible without a compliant surface. Physically, this becomes apparent
when one considers that with higher force gains the human operator can absorb more of the
damping energy during contact. Once gains of up to 200 have been achieved, noise from the
sensor becomes an issue and can no longer be neglected in the analysis. Section 3 will discuss
an effective solution to the noise problem and other experimental observations.

2.4 ANALYSIS OF PARAMETERS THAT VARY AS A FUNCTION OF TEMPERATURE

When modeling hydraulic systems, it is important to recognize that the proper model is
dependent upon the operating conditions, especially the temperature. Several of the fluid
properties that influence the performance of a hydraulic manipulator vary as a function of
temperature, and these are summarized in this section.

Density varies as a function of temperature and pressure, as is shown in Merritt:*

p=poll+ é(P - Po) +0(T - To)| (2.23)



Viscosity and bulk modulus vary with temperature, and examples are shown in Tables 2
and 3.

Table 2. Viscosity as a function of temperature
for Houghto-Safe® hydraulic fluid.

Temperature Viscosity Viscosity (Saybolt
(°C) (OF) (Centistokes)* Universal Seconds)
-18 0 6438 3000
2170 78 361
38 100 42 200
54 130 24 117 B
66 150 17 89

The equation relating Centistokes to Saybolt Universal
Seconds is Centistokes = 0.216SUS - 166/SUS.

Table 3. Bulk modulus as a function of temperature
for a MIL-H-5606B hydraulic fluid’

Temperature “Bulk Modulus

) (F) (KN/m”) (psi)

-18 0 2620 380,000
38 100 2413 350,000
93 200 2068 300,000

149 300 1379 200,000

204 400 620 90,000

Viscosity variation may be approximated by the following equation®’

B = pee 2T, (2.24)
where A is a fluid-dependent constant. '

Pressure loss in bends, expansions, and entrances creates a rise in temperature and a
resulting change in fluid properties. Temperature increases as a result of energy input through
the pump but also through friction and energy loss through pipes and bends. |
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3. EXPERIMENTAL RESULTS

3.1 FLEXIBLE/PRISMATIC CHARACTERIZATION
3.1.1 Flexible/Prismatic Test Stand Mechanical Modeling

The flexible/prismatic test stand was designed to support ORNL’s task cleanup and
D&D activities. It was designed to carry realistic payloads with realistically sized hydraulic
actuators. The prismatic joint of the flexible/prismatic test stand consists of a hardened steel
tube with 1.0-in. OD and a 0.6 in. ID. This tube can extend from 12 to 60 in. In addition, the

payload can vary from 10 to 75 pounds. With this range of payload and displacement, the arm
can match the natural frequencies expected with the MLDUA. In addition, small displacements
in the position of the prismatic actuator can provide dramatic variations in the natural
frequency, as illustrated in Figs. 21 and 22. With the speed capacity of the prismatic and
rotary joints, the natural frequency of the arm can vary by an order of magnitude over a very
short range of motion in a very short time.

Figure 21 shows the variation of the flexible/prismatic test bed’s link natural frequency
as a function of payload and prismatic displacement. The stroke of the cylinder is 48 in. with
the link length varying from 12 to 60 in.

Figure 22 shows the sensitivity of the flexible beam’s natural frequency to variations in
the prismatic displacement (in this case the payload is 25 Ibg).

The rotary actuator on the flexible-prismatic test bed is a Parker HTR30 hydraulic rack
and pinion rotary actuator. At 2000 psi, this actuator has a maximum torque capacity of
20,000 in.-1b;. The prismatic joint is powered by a Parker Series EH hydraulic cylinder with a 2
in, bore. Its force capacity at 2000 psi is 6280 lb, Moog 760 series valves control the fluid
flow. These high-bandwidth valves are relatively popular in the aircraft and robotics
community. The valve on the rotary joint has a rated flow of 5 gpm, while the prismatic joint’s
flow is rated at 15 gpm. Vendor literature for this hardware is included in Appendix E.
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Fig.21.  Analytical determination of the natural frequency as a function
. of length and payload for the flexible/prismatic test bed.
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Natural Frequencies of Prismatic Test Stand (Payload = 25Ibf)
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- Fig. 22. Natural frequency as a function of length for 25-1bs payload
for the flexible/prismatic test bed.

3.1.2 Flexible/Prismatic Test Stand Sensors

Lateral effect photodiodes provide a relatively new approach to measuring link end
point position. These systems mount a laser diode on one end of the flexible link and a detector
on the other end. The detector can measure the relative displacement of the diode, in either a
line or a plane, with respect to the detector. The detector selected for the flexible/prismatic test
bed is a Graseby Model 272. This detector has a 9.9° field of view. Future experiments will
focus on using this detector for both vibration measurement and control. The goal of the
experiments is to establish the benefit of tip deformation or position measurements in the
control of flexible/prismatic manipulators. Specifications for another type of end point sensor
are presented in Appendix D.
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3.2 FLEXIBLE/PRISMATIC TEST STAND TEMPERATURE VARIATION EXPERIMENTS

A set of experiments was performed to characterize the response of the
flexible/prismatic test bed to extended operation. One of the primary goals was to determine
the sensitivity of the plant dynamics to temperature increases encountered during system warm-
up and extended operation. Figure 23 contains experimentally measured temperature data at
the hydraulic reservoir and at the actuator supply (measured right at the servovalve). These
data were taken from a single day-long experiment with the flexible/prismatic test bed.

Temperature Variations of Supply and Reserve
55 ] ] T 1 1

- 50

B o+
=] 0

[
[4)]

Temperaiure (Celcius)

30

o517 Dashed - Reservoir .
Solid - Supply
20 [} 1 L] 1 1
0 50 100 150 200 250 300

Time (minutes)

Fig. 23. Temperature vs time for a flexible/prismatic
test bed extended operation experiment.

The figure shows the variation of reservoir and supply fluid temperature as a function of time.
This increase in the temperature produced the effective variation in magnitude response evident
in Figs. 24 and 25. The experiment consisted of running a consistent series of frequency
response experiments. A program repetitively output 20 cycles of sine waves with frequencies
of 04, 0.8, 1.0, 2.0, 5.0, 7.5, 10.0, and 12.5 Hz. During each cycle, the position response was
measured, and the discrete fourier transform (DFT) of the frequency provided the
corresponding magnitude and phase. Raw data for selected experiments are shown in
Appendix C. The oscillation in the fluid temperature in the latter part of the experiment was
due to a cooling effect in the hydraulic lines. The low-frequency moves are accompanied by
significant motion of the actuator. As the frequencies of the commanded moves increase, the
actuator response decreases in magnitude (refer to the Bode Plot of Fig. 24). This decrease in
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actuator magnitude, which results from the natural inability of the dynamic system to track the
high-frequency command, is associated with a concomitant decrease in the amount of fluid
traveling through the lines from the reservoir to the valve and actuator. This lower flow is what
causes the temperature to fall slowly since the fluid that rests in the hydraulic lines leading to
the valve has time to cool and is not replaced by fresh, higher temperature fluid from the
reservoir. Once the last high-frequency test of a particular series is completed, the lowest
frequency test of the next set is conducted. The actuator can track this low-frequency
command, resulting in large motion and large flow and accordingly, the temperature rises again.
This explains the oscillating appearance of the supply temperature in Fig. 23.

Bound on Plant Dynamics

Magnitude (dB)
&
o

-100

-120 s o ' * * e
10
Frequency (Hz)

Fig. 24. Minimum and maximum plant models for the rotary joint of the
flexible/prismatic test bed extended operation experiment of Fig. 23.

Figure 24 shows the variation of the rotary hydraulic cylinder’s magnitude response as the
temperature of the hydraulic fluid varied from 25°C to ~50°C. The variation in the magnitude
response provides the motivation for robust controller designs.
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Magnitude Plot vs. Temperature
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Fig. 25. Plant variation of the rotary hydraulic joint as a function of temperature
for the flexible/prismatic test bed extended operation experiment of
Figs. 23 and 24.

Figure 25 illustrates a three-dimensional plot of the magnitude response of the rotary hydraulic
joint as a function of temperature and frequency. Appendix C includes the data and fits for
selected temperature characterization experiments from this series of tests. Clearly, the main
parameter that varied in the experiments is the magnitude of the response at low frequency.
Referring to Eq. 2.4, one can see that the only parameter in the model that could vary as a
function of temperature is the effective bulk modulus (also see Table 3). The conclusion is that
the bulk modulus will decrease as a result of thermal expansion and that this change will reduce
the stiffness and overall closed-loop bandwidth of a hydraulic servomechanism. When
designing controllers for hydraulic manipulators, the variation of the plant with temperature
(e-g., time) must be considered and appropriate measures taken. Cooling units can be added to
the hydraulic power supply, and controllers should be formulated so that they are robust to
temperature changes. In any event, adequate warm-up time should be allowed before operating,
tuning, or calibrating a hydraulically actuated robot manipulator.
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3.3 HUMAN EXTENDER/AMPLIFIER

The human extender/amplifier was experimentally evaluated in the laboratory and was
shown to lift large loads with submillimeter accuracy. Force amplification ratios from 1 to 500
were achieved. More importantly, stable contact was achieved with environments of all
stiffness ranging from free space, to foam, rubber and metal.

As the force amplification gain was increased to values above 100, it was observed that
the noise level in the operator handle load cell (load cell 2) caused a noticeable random

vibration, Typically, the auxiliary force reflection gain, 0z, was set to a value of 1, and the
primary force reflecting gain, Oig, was set to the desired gain value. This was acceptable for
total force reflecting gains (product of 1/¢; and o) under 100 where the handle load cell signal
noise level did not cause a random vibration observable by the operator. If higher gains were

required, a gain of 250 for example, Oz would have to be lowered to 0.1 and o set to 25. This
allowed higher operating ranges at the expense of lowering the effective actuator friction
reduction.

Contact stability was tested by driving the system against various objects of different
stiffness. This system was able to go beyond a stiffness of 2% of the load cell stiffness (up to
5%) by increasing the compensator gain. Once the noise problem was overcome using the
auxiliary gain method, contact with surfaces of rubber to hard metal was easily obtained.

To test the force reflection of the system, weights of 25- and 35-lb; increments were
added to the system. A spring scale was placed at the handle. By varying the force reflection
ratio, the spring scale static position would change. Accuracies to the limit of the spring scale
resolution were observed.

3.4 GENERAL EXPERIMENTAL COMMENTS AND OBSERVATIONS

The use of environmentally safe fluids is appealing from the standpoint of safety and
compliance. Environmentally safe fluids are difficult to control because of low viscosity and

increased air entrapment. ORNL has found Houghto-Safe® environmentally friendly fluid to
be an acceptable compromise, and typical properties are provided in Table 4.

Table 4. Typical properties for Houghto-Safe® hydraulic fluid

Property SI Units English Units
Density 1072 kg/m3 8.951by,/gal
(0.0387 lby, /in.3)

Specific gravity 1.074 1.074
Specific heat 2973 J/kg-°C 0.71 Btu/lb,-OF
Thermal conductivity 0.45 W/m-°C 0.26 Btu/hr-ft-OF
Bulk modulus 1,965,000 N/m?2 285,000 Ibg/in.2
Thermal expansion 0.00061 1/ °C 0.00034 1/ OF
coefficient
Pour point -540C -659F
Viscosity (21°C or 709F) 78 Centistokes 89 SUS

Refer to Table 2 for the complete viscosity data.
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4. FUTURE HYDRAULIC SYSTEMS

4.1 GUNITE AND ASSOCIATED TANKS

One of the largest problems facing DOE is the containment of hazardous waste stored in
large underground nuclear waste storage facilities. Many of these facilities have contained
hazardous materials for over 40 years. At the Hanford facility, there are 177 huge underground
tanks of high-level nuclear waste, some of which have leaked or are building up heat or
flammable gas.”? Access to these tanks is limited to ports and risers, generally 40 in. in
diameter, that have been used for monitoring and sampling of the waste. Because of the
uncertain integrity of the tanks, itis desirable to establish a method of deploying robots in the
tanks with minimal impact on the tank’s structure. One option is to design a long, slender robot
that can be deployed through the existing ports and risers.”

At ORNL, there are underground waste storage facilities as well. Fortunately, the
number of tanks and their level of radiation is far below levels at the Hanford facility. A
current project at the Robotics and Process Systems Division (RPSD) at ORNL consists of
constructing a system that can go into an underground storage facility and safely extract waste
for reprocessing and safer storage. This system consists of two long-reach manipulators
deployed simultaneously in a tank. The first manipulator, the MLDUA, has 8-D.O.F. and a
payload capacity of 250 Ib. A second arm, the hose management arm (IMA), has 4-D.O.F. Ik
carries a confined sluicing end-effector (CSEE) that acts as a cutting jet and vacuum for waste
removal. The strategy is to have the MLDUA grasp the CSEE and move through the tank,
extracting material. Figure 26 illustrates a conceptual image of the gunite tanks and the
associated hardware. (Gunite is a concrete-like material.)

4.2 APPLICATION OF DAWM TO THE CP-5 REACTOR AT ANL

The most pressing application of the techniques described herein are for the accurate
control of the DAWM described in the Introduction. This system is being deployed in the CP-5
reactor at ANL. The basic degrees-of-freedom of the DAWM arms are all hydraulically

actuated and must be operated with some limited robotics capabilities. Accurate control of
these joints will require a complete understanding of the hydraulic issues discussed in this
report.

4.3 SCHILLING 7F

The 6-D.0O.F., multiplaner, teleoperated, flexible controls Schilling 7F test bed has been
transferred to the Cold Test Facility (CTF) at ORNL. This facility is a mockup of the ORNL
Gunite tanks.** It includes a real control room, a mock tank, mock waste, vision systems, and
other support hardware. The Schilling 7F test bed is being used for control system integration
prior to receiving the Modified Light Duty Utility Arm (MLDUA)® that is to be inserted into the
CTF and eventually into the Gunite tanks. One of the first tasks is to integrate path planning
and control routines for waste cleanup and to integrate T. J. Tarn’s newly developed event-
based controllers.”

33



4.4 DEXTEROUS MANIPULATION OF HEAVY PAYLOADS

Dexterous manipulation of heavy payloads (DMHP) is a new application area for '
hydraulic manipulators. Basically, DMHP is defined as systems with payload/weight ratios

greater than 1 and positioning accuracy/payload ratios less than 10¢ m/kg. These systems
appear in nature as insects and as large animals (e.g., thinoceroses and elephants) but they have
no parallel in the machine world.  Present manipulator systems have . precision
accuracy/payload ratios that range around 102 m/kg for electric robots to 101 m/kg for

conventional machines and earthmoving equipment. Aiming for a goal of 106 m/kg for a
DMHP machine will require careful analysis and design of hydraulic control systems. The
design and modeling techniques developed herein will contribute to this goal.

Fig. 26. Tank waste removal hardware for the GAAT cleanup effort at ORNL.
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5. CONCLUSIONS

ORNL has extensive experience in the design, analysis, and control of hydraulic
manipulators. ORNL has over a decade of experience in developing hydraulic systems for a
number of applications including mobile robotics, robotic arms, and new concept systems. To
support the development and deployment of the new hydraulic manipulators, ORNL has
outfitted a significant experimental laboratory and has developed the software capability for
research into hydraulic manipulators, hydraulic actuators, hydraulic systems, modeling of
hydraulic systems, and hydraulic controls. The three manipulator systems in the Hydraulics
Laboratory at ORNL and the hydraulics modeling capability have been used to extend ORNL's
experience and hardware capability in hydraulics. The 6-D.0O.F., multiplaner, teleoperated,
flexible controls test bed has been used for basic controller development and as a systems
integration tool for the gunite tank efforts. The 2-D.O.F. flexible/prismatic test bed has been
used for the development of waste tank cleanup manipulator controls, thermal studies, system
characterization, and manipulator tracking. One of the primary sets -of tests with the 2-D.O.F.
flexible/prismatic test bed was the extended operational experiments where the hydraulic
system model was determined as a function of time (temperature). Finally, the human amplifier
test bed was used for the development of an entirely new class of teleoperated systems,
including not only amplifier systems but also deamplifier systems as well. These experiences
and the existing hardware and software infrastructure give ORNL an unmatched capability in
hydraulic manipulator design and analysis.
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APPENDIX A
LIST OF SYMBOLS

A = effective cylinder area (in.2)

Ap = amplitude (in.) for sinusoidal input functions

B(s)= Kp+ Gy 1
A 4B.A

Byc1 = bias voltage for load cell 1 (V)

s transfer function defined for compaciness

B¢z = bias voltage for load cell 2 (V)

By, = motor viscous damping (in.-1b¢-s)

Bp, = piston viscous damping (lbg/in./s)

Cim = total leakage coefficient for a rotary motor (in.3/s/psi)
Cip = total leakage coefficient for a piston (in.3/s/psi)

Dy, = volumetric displacement for a rotary motor (in.3/rad)

d/dt = time derivative
E or e = error signal (V)

Fact = actuator force (lbg)
Ffrict = total friction force (Ibg)
F2&t, = actuator friction (lbg)
F§5 . = friction of carriage (Ibf)
Fgray = gravity force (Ibg)
Fhand = hand force (Ibg)

Fi.c1 =load cell 1 force (Ibg)
Frcz = load cell 2 force (Ibg)

F 024 = load force (lbg)

g(§w) = circle criterion transfer function
Gy(s), G,(s) = arbitrary transfer functions

G(s) = compensator transfer function
G,(s) = linear transfer function modeling relationship between Operator and
human extender/amplifier

1= electrical current (A)
Jr= motor and load interia reflected at the motor shaft (in.-Ibs-s2)

K, = valve flow pressure coefficient (in.3/s/psi)
Kpm = total flow pressure coefficient for a rotary motor (in.3/s/psi)

KPTp = total flow pressure coefficient for a piston (in.3/s/psi)

K4 = valve flow gain with current as command (in3/s/A)
qu = valve flow gain with valve position as command (in.3/s/in.)
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K= environment stiffness (Ib¢/in.)
Kyisc = viscous coefficient (Ib¢/in./s)

M = mass of load (Iby,)

Nrc1 = noise voltage of load cell 1 (V)
Ni c2 = noise voltage of load cell 2 (V).
NLK; = nonlinear spring (Ibg/in.)
NLKYy = nonlinear block (Ibg/in./s)

PL = 10ad pressure (psi)

QL = effective flow (in.3/s)

R = electrical resistance ()

s = LaPlace transform variable
T'= temperature (°F)
T,=nominal temperature (°F)

Vt = total volume (in.3)

V = voltage (V)

Xy = valve position (in.)

Y or y = actuator position (in.)

Y or 3 = actuator velocity (in./s)
Z =modified load cell force (iby)

o = cubical expansion coefficient (1/°F)
O = force gain

0 = auxiliary force gain

B =bulk modulus (psi)

Be = effective bulk modulus (psi)

8y, = rotary motor position (rad)

A = viscosity temperature constant (1/°F)
p = density (Ib,/ft)

p, = density at nominal condition (Ib,,/ft%)
L= absolute viscosity (Ibrs/in.?)

1= absolute viscosity at T, (Ib¢s/in.?)
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APPENDIX B

GOVERNING EQUATIONS FOR HYDRAULIC DYNAMICS

B.1 INTRODUCTION

A typical linear actuator system is shown in Fig. B.1. It is basically a three-land
four-way critical center spool valve that controls the flow of pressurized oil to and from
the power cylinder. The power cylinder is solidly connected to a purely inertial load
whose motion is opposed by nonlinear friction forces. In the case of the rotary actuator,

the piston will have rotary motion, as opposed to linear motion and the rotary motor
would generate a torque instead of a force.

* Pr * Ps Qs - Supply Flow Rate
Return Supply Ps - Supply Pressure
Qs s
\ N\ | <—,
L | 1
Q2 [ Q1
- e —————y
P2 P1 ,
/
Bp ;
] /
- 1 1V
| " 7
" [ /\/\/\/?
,
kp é .
Xp | 4

Fig. B.1. Model of hydraulic piston used for explanation of governing equations.
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B.2 VALVE EQUATIONS

To develop the combined servovalve and actuator model, we will consider two
cases: one where the servovalve spool position x, is positive and the other where x, is
negative.

Case I: Extension Stroke (x,= 0)

Assuming that there is symmetry in the construction of the servovalve and orifice
geometries, the flow rates Q, and Q, are

2
Q1=CdA1’;(Ps—P;)
0,=C A /E(P —P)

2 d p 2 r ’

where C, is the discharge coefficient (as defined by Merritt?) P is the fluid mass density,
and A is the orifice area. With the assumption of linear valve displacement
characteristics, Egs. (B.1a) and (B.1b) can be rewritten in terms of spool position, x,, as

0 =Cpx,\(B~R)

(B.1a & B.1b)

. (B.2a & B.2b)
Q2 = Cdxv'\’ (I,z - R-) )
which are normalized to yield
, (B.3a & B.3b)
9, = quﬂ’xvnonn'\] (pz - pr)’
where
Ql Q2 })1 P2 Pr
q =" q2 = p =_7 p2=_-9 p = >
1 Qs Qs 1 Ps Ps 4 Ps
. [P
x == v , C = S x -
VROoFFrn x defff 4 O vimax
vmax s .
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Case II: Retraction Stroke (x, < 0)

In this case, Egs. (B.3a) and (B.3b) become

ql = Cdeﬁ'xvnonn (pl —pr)

(B.4a & B.4b)

42 = Cdeﬂ“xvnom'\/ (1 - p2)‘

In Egs. (B.3) and (B.4), the sign ofx, determines the direction of flow. The flow
saturation effect can be modeled as

3 {xmm for lx, I(1

Xpmx JOr 1x,.. 121

X

vnorm

(B.5)

The servovalve dynamics are modeled as

dl x X X, x
el v — Zymax vi o v , 6
dt(xvm] T [xvm wi] (B.6)

x, are the desired and actual servovalve positions respectively.

where x

vi/

B.3 LINEAR ACTUATOR EQUATIONS

The continuity equation to each piston chamber can be written as:

k =%[Q, ~ Ak, ~Cy(R~B)-C,P]

1

B (B.7a & B.7b)
B= 7:—[—92 ~Api, +C,(R~B)-C,B)]
where
V., = volume of forward chamber (includes valve, connecting line, and piston volume),
. 3.
in.3;
V, = volume of return chamber (includes valve, connecting lines, and piston volume),
s 3.
in.3;
C, = internal or cross-port leakage coefficient of piston, in3/s-psi;
A, = area of piston on side 1, in.%;
A,, = area of piston on side 2, in.%;
x, = displacement of piston, in.
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The volumes of the piston chambers may be written
‘/l = %l + Aplxp

V=V A

p27"p?
where V,,; =is the initial volume of forward chamber in3 and V,, = is the initial volume
of return chamber, in.3. ’

The Egs. (B.7a) and (B.7b) are normalized to yield

A
B =%[q,(%)—(7"},, —C,(p—P3)- Ce,,pl}
1 4

s S

(B.8a & B.8b)
b= [qz (%HAT}C =Gy =P c,,,pz}
where p's and ¢'s are as defined above.
The force generated or developed by the piston is
' F, =AuB—AP, . (B9)

The nonlinear friction model can be represented as shown in Fig. B.2, where theoretically,
the switchover from the static friction F to dynamic friction F, is considered to occur at

I )'cp | = 0. However, this causes some instability when the model is to be solved by

numerical techniques. Therefore, the switchover is assumed to take place at a certain
velocity [x,l= Dv, which is chosen in order to give sufficient numerical stability.

The friction force F - can be modeled as follows:

F for

gen

Fen

(E and |t,|< Dy
o = | Fsign(F,,) for |F,,

Fsign(F,,) for |%,

YE and IJ'CPISDV ,

Y- Dv
(B.10)

which is shown in Fig. B.2.



Ff

Dv Velocity

-Fs

Fig. B.2. Model for nonlinear friction, including stiction and Coulomb friction.

Assuming inertia load and nonlinear friction, the force equation can be described by

F,=M3, +Bi, +F, (B.11)

gen

where M, is the total mass of piston and load referred to piston. (Ib-s2/in.) and B, is
the viscous damping coefficient of piston and load (Ib;-s/in).

For a bore diameter of D (in.), a piston rod diameter of d (in.), and a friction factor Fp,
the coulomb friction force may be obtained from

F.=12d+30F,d+6F,D . (B.12)

The. stiction force is calculated by applying a correction factor ofF,_, to friction
factor F),. Hence the stiction force equation becomes

F, =12d+30F,_F,d +6F, F.D . (B.13) -

corr

The correction factor for low-friction-type seals used in this actuator is 1.0.
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B.4 ROTARY ACTUATOR EQUATIONS

The same servovalve models apply in the case of the rotary actuator. The
continuity equations for piston motors are given by

. D
h= %[% (%)_ (Tj)wm —Ci(Pr—py)— Cempl:|

) D,
o Bl s

5 S

(B.14a & B.14b)

where D, is the volumetric displacement of the motor (in.3/rad) and @, is the angular
velocity of the motor shaft (rad/s) and other variables are similar to those defined in the
linear actuator case.

The two volumes may be expressed by

Vi=Ww+D,0,

VZ =‘70_Dm6m’

where 6, is the angular displacement of the motor. The torque generated by the motor
becomes

=D, (A-F) . (B-15)
The load equation can be written as
T,=716,+B,0,+T, , (B.16)

where J, is the load inertia, B, is the viscous friction, and Tf is the nonlinear friction
torque.

A similar model, as in the case of linear actuator, is assumed for the nonlinear friction
torque. Nonlinear friction torques T, and T are assumed equal and are calculated from
the given breakaway force.
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APPENDIX C

RAW DATA FOR SELECTED EXPERIMENTS FROM THE EXTENDED
OPERATION EXPERIMENTS WITH THE FLEXIBLE/PRISMATIC TEST BED

Table C.1. Raw data from temperature variation study for the rotary actuator of the
flexible/prismatic test bed
Column 1 is the input sine wave frequency (~l-inch position
command), column 2 is the supply temperature, column 3 is the
reservoir temperature, column 4 is the magnitude, and column 5 is the
phase of the Bode plot model.

Freq (Hz) Sup. Temp(°C) | Res. Temp(°C) Mag. Phase (deg)
0.4000 25.8000 24.4000 0.5371 -65.1316
0.8000 26.3000 24.4._1000 0.2976 -87.2921
1.0000 26.8000 24.5000 0.2429 -94.2214
2.0000 27.0000 24.5000 0.1542 -120.8883
5.0000 27.2000 -+ 24.6000 0.0266 -167.2850
7.5000 27.5000 24.6000 0.0123 169.8520
10.0000 27.6000 24.6000 0.008__0 140.7889
12.5000 27.6000 24.6000 0.0055 125.8120
0.4000 29.7000 26.0000 0.5242 -66.0947
0.8000 30.0000 26.3000 0.2909 -87.9998
1.0000 30.1000 26.4000 0.2372 -94.3185
2.0000 30.1000 26.4000 0.1498 -121.0868
5.0000 30.2000 26.6000 0.0252 -168.4509
7.5000 30.2000 26.7000 0.0119 168.1162
10.0000 30.3000 26.8000 0.0078 139.5006
12.5000 30.3000 26.8000 0.0045 127.5730
0.4000 34.5000 32.3000 0.5114 -66.6169
0.8000 34.7000 32.5000 0.2828 -88.0043
1.0000 34.9000 32.6000 0.2311 -04.1931
2.0000 35.0000 32.8000 0.1483 -120.6683
5.0000 35.0000 32.9000 0.0224 -169.8434
7.5000 35.0000 33.0000 0.0120 170.0440
10.0000 35.0000 33.1000 0.0083 141.6796
12.5000 35.0000 33.1000 0.0047 130.6471
0.4000 40.3000 39.7000 0.4991 -67.3725
0.8000 40.&'1000 39.9000 0.2778 -88.1155
1.0000 40.7000 40.0000 0.2284 -93.9358
2.0000 40.6000 40.0000 0.1494 -120.5877
5.0000 40.5000 40.1000 0.0210 -169.9951
7.5000 40.5000 40.2000 0.0117 170.7045
10.000 40.5000 40.4000 0.0078 143.4931
12.5000 40.5000 40.4000 0.0039 1311.5381
0.4000 45.2000 46.0000 0.4928 -67.9742
0.8000 45.5000 46.0000 0.2765 -88.1163
1.0000 45.5000 46.2000 0.2311 -93.6323
2.0000 45.4000 46.2000 0.1462 -120.1499
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Table C.1 (cont.) Raw data from temperature variation study for the rotary actuator
of the flexible/prismatic test bed
Column 1 is the input sine wave frequency (~1l-inch position command),
column 2 is the supply temperature, column 3 is the reservoir temperature,
column 4 is the magnitude, and column 5 is the phase of the Bode plot

model.
5.0000 45.4000 46.3000 0.0199 -169.1051
7.5000 45.2000 46.3000 —0.0115 171.9688
10.0000 45.1000 46.4000 0.0066 146.5064
12.5000 45.1000 46.4000 0.0029 136.8753
0.4000 49.8000 —_51.8000 0.4865 -67.9928
0.8000 50.1000 — 51.9000 —_0.2776 -87.7229
1.0000 50.2000 51.9000 0.2275 -93.7230
2.0000 50.1000 |  52.0000 0.1409 -119.6014
5.0000 —_49.8000 52.0000 0.0180 -168.1353
7.5000 49.7000 52.1000 0.0115 172.5459
10.0000 49.4000 “52.2000 0.0080 147.8011
12.5000 49.4000 52.2000 0.0042 141.0822
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APPENDIXD

END POINT POSITION SENSOR DATA
FOR FLEXIBLE/PRISMATIC TEST BED

This appendix includes some data on one commercially available 6-D.O.F.
position sensor that might be applicable to the flexible/prismatic test stand.
Vendor: Ascension Technology
Product Name: Flock of Birds :
Description: This is a 6-D.O.F. position sensor that is based upon a pulsed DC
magnetic field. There is one transmitter (approximately a 12 inch cube) and up to 60
receivers (approximately a 1 inch cube). For example, one can track up to 60 of these
sensors (relative to the big cube). Because of the pulsed field, the sensor is somewhat
sensitive to metallic objects (it receives some interference due to eddy currents), but it is
not as bad as ac field technology (e.g., Polhemus sensors).
Specifications:

Range: + 3 ft. (translation) * 180° (azimuth, roll) 900 (pitch)

Accuracy: 0.1 in. RMS (translation) 0.5 ° (rotation) Resolution: 0.03 in.
(translation) 0.1°(rotation)

Cost:  ~$2500 ‘
This sensor has extended range transmitters that go up to: 12 ft. with a degradation in
accuracy and resolution.
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_ APPENDIX E
VENDOR LITERATURE FOR HARDWARE TEST STANDS
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760 SERIES

760 Series Servovalves

The 760 Series is a high performance, two-stage
design that covers the range of rated flows from 1 to
15 gpm at 1000 psi valve drop. The output stage is a
closed center, four-way, sliding spool. The pilot stage
is a symmetrical double-nozzle and flapper, driven by
a double air gap, dry torque motor. Mechanical
feedback of spool position is provided by a cantilever
spring. The valve design is simple and rugged for
dependable, long life operation.

Specifications:
Fluid Supply: 760 Series Servovalves

are intended to operate with constant suppl Rated Flow | Internal Leakage |Rated Current| Coil Nom.
pressure P i Model |Response} {1000 psi) (1000 psi) {parallel coils) | Resistance
' gpm.| lpm gpm | Ipm mA ohms
Supply Pressure: 760-100A Std. | 1 38 | <0.17 | <0.68 15 200
Minimum: 200 psi (14 bar) 760-910A | High. 1 38 | <023 | <0.92° 40 80
Maximum Standard: 3500 psi (245 bar) 760-101A | Sd. -| 25 | 95 | <022 | <0.83 15 200
Maximum (special order): 5000 psi (350 bar) | 760-911A | High. | 25| 95 | <0.30-) <1.15 40 80
760-102A Std: 5 41 19 <0.35 <133 15 200
Proof Pressure: 760-912A | High. 5 19 | <045 | <1.78 40 ~80
150% of supply pressure at P port 760-103A | St 10 38 | <035 | <1.33 15 200
100% of supply pressure at R port 760-233A | High. 10 38- | <045~ <178 40 80
Fluid: 760-104A: Std. 15 57 <0.35 | «1.33 40 80
Compatible with common hydraulic fluids 760-814A1 High | 15 | 57 | <045 | <178 40 80
Recommended viscosity range: Optional designs are available with intrinsically safe coils (FM approved), and/or special spool/bushing lap
60-450 SUS @ 100°F configurations. Available seal materials: BUNA (Std.), VITON or EPR. .
(10-97 cSt @ 38°C)
Cleanliness Level: g7 1 1 ] 1T g ’: ]
ISO DIS 4406 code 16/13 max. s TN oI A s TN \“’R /g{ ,/
14/11 recommended € I rea0on om 1Al & PN [/ 1\ £ U 1@ IR\ @X
£ -4iib=760910A,911A, 5124 2 8 4 e \)(/
Operating Temperature: 2,  E——— QR AP /1 ,@ w2 . 2 .s-‘mmcuang“} ! X/ 120
£t . A0°E (-40° g‘ T f40% \< &@ H \ 8 g | e +100% \/\ t’/\
Minimum: -40°F (-40°C) E 3~ RATED CURRENT / LYo & & b Coment 100
{maximum fluid viscosity: 6000 SUS) 10 |~ AATEO RURRENT EPANYLO) : \ao g 10 [ 00PSIOTE S XX\ .
Maximum: +275°F (+135°C) - eSO 28 y :ﬁ;/)@\ o 2 = = /f/(g\ )(\\Q @'\ o
 — /N 40 § ! 40
Rated Flow Tolerance: +10% —t A l/] i z /7 i el
= i : ' —_—
Symmetry: < 10% o 2 @ 27w 7 300 500 1000 10 20 30 5070100 200300 500 1000
Frequency (Hz) Frequency (Hz)
Hysteresis: < 3% FIGURE 1- FREQUENCY RESPONSE OF FIGURE 2- FREQUENCY RESPONSE
Threshold: < 1/2% 1,2-1/2 AND 5 GPM SERVOVALVES OF 10 GPM SERVOVALVES
o< o
Null Shift: I IR At ,
. - 2 o : — : i
with temperature, 100°F variation: < 2% 2 . s '@ ] “H ; f
with acceleration to 10g: < 2% c \\\ Jecillik 1/ /,
with supply pressure 1000 psichange: <2% 3 : AN \1\ /4
with back pressure 0 to 500 psi: <2% £ j CiaN\N\glel :: g E ?@g;@ 9/}9/ ,@/
Frequency Response: Typical response 10— /\K/ - 0§ g ' JooPSISUPPLY |
. . : C ®\ ) [—za0% o g 1=760-910A. 9114, 9124
characteristics for 760 Series Servovalves are 727 N Ne RATED&RRENT AR 2= 760-100A. 101A. 1024 §
shown in Figures 1, 2, and 3. ; S ARTED CURRENTE] 90 £ 327601034 L
- L AN sooopsioreas {1z & R i
Step Response: Typical transient responses AN —
of 760 Series Servovalves are shown in Figure ' * = 70 500 0 100 Tmems o
4. The straight fine portion of the response.
represents saturation flow from the pilot stage FlGUggfs- é?ﬁ%‘éi’;%f, 253;2"55 FIGURE 4. STEP RESPONSES

which will increase with higher supply pressures.

Phasa lag (dogrees)



el

CcGo NTROLS

760 Series Servovélves

The 760 Series is a high performance, two-stage
design that covers the range of rated flows from 1 to
15 gpm at 1000 psi valve drop. The output stage is a
closed center, four-way, sliding spool. The pilot stage
is a symmetrical double-nozzle and flapper, driven by
a double air gap, dry torque motor. Mechanical
feedback of spool position is provided by a cantilever
spring. The valve design is simple and rugged for
dependable, long life operation.

Specifications:

Fluid Supply: 760 Series Servovalves
are intended to operate with constant supply
pressure. .

Supply Pressure:
Minimum: 200 psi (14 bar) .
Maximum Standard: 3500 psi (245 bar)
Maximum (special order): 5000 psi (350 bar)
Proof Pressure: Fle=s 5
150% of supply pressure at P port — 760-103A"
100% of supply pressure at R port 760-2

"Fluid: Pl =
Compatible with common hydraulic fluids i ’
Recommended viscosity range: Optional dwgns are available with mtnnsmuy sate coils (FM approved), andlor specnal spooVbushmg lap
60450 SUS @ 100°F configurations. Available seal materials: BUNA (Std.), VITON or EPR.
(10-97 cSt @ 38°C)
Cleanliness Level: g ’: ] — g ’j RN
iRl B S N
fecome s -fmmammin \x an g < «(3’5‘ ‘
Operating Temperature: 2 —— o 2 ol e N/ ’ "
Minimum: -40°F (-40°C) € || maveo cumment N CAIN 1 -y il Y AVAYCIVAN “
(maximum fluid viscosity: 6000 SUS) I | et ,ﬁf Vel Ve o leorsiomeae \ \ 0
Maximum: +275°F (+135°C) {socorsioreze || A& V) N o © ANAN R e
———l A 2 r ZIANR] \
e - Z7T -
Rated Flow Tolerance: +10% — » T A
Symmetry: < 10% 10 20 30 50 70100 200 300 500 1000 10 20 % 50 70100 200300 500 1000
. Frequency (H2) Frequency (Hz)
Hysteresis: < 3% FIGURE 1 - FREQUENCY RESPONSE OF FIGURE 2 - FREQUENCY RESPONSE
Threshold: < 1/2% LIRAIDSETUSEIOVALYES CrDGTHSEROMS
' < o
ces, .A +2 T 120
Null Shift: g o ‘| [2=760-104A | |
with temperature, 100°F variation: < 2% e LL=7e0814A] ioF 100 N
= 2 AN AL
with acceleration to 10g: < 2% € AN 3 . / / g
with supply pressure 1000 psi change: <2% 3 N\ 4 120 - ® V717
with back pressure 0 to 500 psi: < 2% - B RN A s £ (;)@é Jof }5 o)
g 5 2
Frequency Response: Typical response -1 /’5 S Yb — ® 3 9 / // /A/ 3000 PSI SUPPLY
characteristics for 760 Series Servovalves are A RATED CURRENTF) &0 g 5" / / / y %’:Z:%&ﬁ%}ﬁf o2 | |
i a0 § :
shown in Figures 1, 2, and 3. > 7 N %3553?232’ I 20 :E:iﬁﬁ 3
Step Response: Typical transient responses NS ] ° p—
of 760 Series Servovalves are shown in Figure % % % 7010 2030 50 100 ) 3 3 s 12 15 s
4. The straight line portion of the response Freqeney i) Time (ms)
represents saturation flow from the pilot stage FIGURE 3- FREQUENCY RESPONSE
OF 15 GPM SERVOVALVES FIGURE 4- STEP RESPONSES

which' will increase with higher supply pressures. P




Standard Electrical Configuration

760 Series

Torque 1
motor colls 172 MAX
(437
|2.5 62'
383 MAX _‘_ 4. (65.07)
{973
Cpnnector - o c D B3 s max
pins {87 4} 13259
t
E«ternal connections and electrical polanty for flow out
control port No, 2 are:
single coll: A+, B-; or C+. D- \‘I_):g st l[‘aéafg]mnu
series coils: tie B to C: A+, D- TO DEPTH SHOWN (1 125 REF)
paraliel cals: te AtoCandBtoD;A& C+. B&D- leTg ool
ELECTRICAL
CONNECTOR
'-— 211 —— PIND PINA
1 1536 PINC PINB
1
EXTERNAL NULL ADJUST I
332N HEX SOCKET M 285 MAX
\ . {124 e L T |
l @ "1 217 T
' (55 1; Aoog ' 1125
S 1L,
|
| I 1.t
\— LOCATING PIN 09 O1A ——”——- 09
[23

Accessories:

Flushing Block: PN 23718-1K1
Mating Electrical Connector:

PN 49054F14S2S (MS3106F14S-2S)
Suggested Mounting Bolts:

PN A31324-2288

516 - 18NC x 1-3/4 long

Socket Head Cap Screw

Subplate: 3000 psi 5000 psi
4port PN43586 -1 -5
5pont PN43586 -4 -7

System filters available. Call factory for
details or see brochure #605.

Notes:
Valve Weight: 2.3 Ib (1.03 kg)

Subplate O-Ring Size: 0.070{1.78] sect.

x 0,364 [9.25] L.D. (unversal size -013)

Aux. Pilot Pressure Port O-Ring Size:

0.070 [1.78]sect. x 0.364 [9.25] 1.D.
(universal size -012)
Aux. Pilot Pressure Port: Optional

Null Adjust: Flow out of control port No. 2 will
increase with clockwise rotation of null adjust

screw (3/32 hex key).

Surface Finish: Surface to which vaive 1s
mounted requires &7 [VV] finish, flat within

0.001 [0.03] TIR.

Moog Controls Inc. « East Aurora. NY

- 12.3]

PORT PER SAE J1326
4375-20 UNF.2B DASH 4 \

STR THD O-RING BOSS
{25 TUBE 0D REF.

£71 00
4X 3125-18 UNC-28 THD
RETURN PORT —e] ]—— [¢]2 07 @]
D 15 ALXi AR (570 1
PILOT PRESS.R: POR” et {B73] |t ax @312
e v 1] r__ /
100
CONTROL PORT NO 2 '
™~ X contRoLPORT | 4Pt l
\ N 1 NO.1
ESHIE i
L \ \e;\ l
: 1 i 1500 ]
A : = e \S@_‘é B (2
REYR] R = . o —— . "
T T
. | e <
XTI 7 t
1 L] (] e
l N 2Nz 13T 20
\
PP, N lele 0i5@)
Lig e 1 [N\
SEREES VALVE MOUNTS ON THIS
lolo na vy MANIFOLD SURFACE
PRESSURE PORT PORT PER SAE J1926
10625-12 UN-2B DASH 12
STR THD O-RING BOSS
{ 75 TUBE OD REF)
4PLACES

Typical Subplate Manifold

14052-3300 « 716/655-3000 « FAX: 716/655-1803

760-11920



Standard Electrical Configuration

Torque
motor coils

Connector
pins

A B Cc D

External connections and electrical polarity for flow out
control port No. 2 are:

single coil: A+, B-; or C+. D-

series coils: tie Bto C: A+, D-

paraliel coils: tie Ato CandBto D; A& C+, B &D-

760 Series

: [~~~ ix .28 18.33] THRU

EXTERNAL NULL ADJUST.
3732 IN. HEX SOCKET

1,89 — 112,531 (13.49}
{48.0) TO DEPTH SHOWN (1 125 REF)
> 378 MAX ——~ [&]2.008@]
{96.0]
ELECTRICAL
CONNECTOR
PIND PIN A
PINC PINB
H ’ 2.85 MAX N
_ {72.4) . Py M {
217 T
(55.1) - Moog ! 1125
h ‘ [28.58]
1

¢

Accessories:

Flushing Block: PN 23718-1K1
Mating Electrical Connector:

PN 49054F1452S (MS3106F14S-2S)
Suggested Mounting Bolts:

PN A31324-228B

5/16 - 18NC x 1-3/4 long

Socket Head Cap Screw

: LOCATING PIN

PORT PER SAE J1926
.4375-20 UNF-2B DASH 4
STR THD O-RING BOSS

N

(.25 TUBE OD REF)

4X .3125-18 UNC-28 THD

RETURN PORT

Subplate: 3000 psi 5000 psi 25155 AUXILIARY
.156
4port PN43586 -1 -5 . PILOT PRESSURE PORT - 4X 3312
Sport PN43586 -4 -7 [¢]z 014@)
System filters available. Call factory for CONTROL PORT NO. 2 l'g?.

CONTROL PORT I
NO.1

details or see brochure #605.

Noies:

Valve Weight: 2.3 Ib (1.03 kg)

Subplate O-Ring Size: 0.070 [1.78] sect.
x 0.426 [10.82] 1.D. (universal size -013)

Aux. Pilot Pressure Port O-Ring Size:

NN
N

—

{

] <
@s@__f__._.}:@_*.

* | i

!..
&

0.070 [1.78]sect. x 0.364 [9.25] L.D.
(universal size -012)
Aux. Pilot Pressure Port: Special order
Null Adjust: Flow out of control port No. 2 will
increase with clockwise rotation of null adjust
screw (3/32 hex key).

Surface Finish: Surface to which valve is
mounted requires &/ [VV] finish, flat within
0.001 [0.03] TIR.

R YT R A T P E ] i

Moog Controls Inc. « East Aurora, NY 14052-3300 » 716/655-3000 * FAX: 716/655-1803

~ 2.136T.20
&|@.015
4X .344 THRU / N &12.0158)
Qe 1750 :390] \ VALVE MOUNTS ON THIS
014
EIEEER) / {3.500} MANIFOLD SURFACE

PRESSURE PORT PORT PER SAE J1926
1.0625-12 UN-2B DASH 12
STRTHD O-RING BOSS
(.75 TUBE OD REF)
4 PLACES

Typical Subplate Manifold

L e v o
760-893E
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Model NF122-202A1 Servoamplifier

This circuit card is designed to drive servovalves or proportional
valves in closed-loop servosystems. It provides any combina-
tion of proportional, integral, and derivative contro! (PID). It may
also be used as a simple voltage-to-current converter to drive
servovalves.

The NF122-202A1 Servoamplifier is a form-fit-function replace-
ment for the F122-202A001.

Features

PID Control
Jumper-selectable proportional, integral, and derivative control
Independent integral and derivative gain adjustments
Adjustable low-pass filter on derivative control
Easily-accessible integrator reset function
Error-Summing Input Stage
Three standard inputs can be reconfigured for differential input
Independent gain, bias, trim, and scale potentiometers
Summed error easily accessible for monitoring
Front-Panel Adjustments
Provide quick access to gains, scales, bias, and dither
Front-Panel Test Points
Allow for fast & easy setup, test, & monitoring of parameters
Dither Generator
Jumper-selectable with adjustable frequency and amplitude
Current or Voitage Drive
Jumper-selectable with overcurrent protection
SPDT Relay Section
Energized by high (5 to 15 Vdc) or low (0 Vdc) logic signal

Used for integrator reset, signal switching, or other functions

Specifications

Proportional Gain 5 to 200 mA/V

Integral Gain 5 to 3,000 mA/V-sec
Derivative Gain 0.02 to 8 mA-sec/V
Current Output to + 50 mAdc into 1302 coil

to = 10 Vdc nominal

to+ 15 Vdc on terminals 3 and 7

to £ 120 Vdc on terminal 9

<£0.1 mV/°C from 10°C to 50°C (with
100KQ inputs and proportional gam

at 50 mA/V)
10°C to 50°C (50°F to 120°F)

-3 db @ 2 800 Hz (1 Henry load)

Voltage Output
Input Levels

Drift

Temperature Range
Frequency Response

Linearity + 3% full scale
Dither 2510 300 Hz, 0 to 20 mA p-p
Relay contacts: <2 A/24 Vdc

consumption: 15 mA from +24 Vdc line
Connector DIN 41612 style C
Form Factor Eurocard 100 x 160 mm, 7HP, 3U
Weight 0.36 Ib (0.16 kg)

i

@

78 .
7@
123 t
,’és*a'

yst
P& Q
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P2
e

NF 122-202
.me_.._ﬂgh o

Adjustments

P1

P2

P3

P4

P5

P6

P7

P8

P9

Bias Changes bias voltage at input (summing) stage.
Tum CW for positive input bias voltage. Adjust for desired
offset between command and feedback.

Gain Changes proportional gain of input (summing)
stage. Also changes integral and/or derivative gains if
jumpers | or D are on. Turn CW to increase gain. Adjust
for system stability.

Dither Frequency Tum CW to increase frequency.
Adjust for a frequency appropriate for system dynamics.
Dither Amplitude Tum CW to increase amplitude.
Adjust for desired dither current amplitude, typically + 10%
of rated current. Note: jumper DITHER must be on.
Integral Gain Changes integral gain if jumper | is on.
Turn CW to increase gain. Adjust for system stability.
Filter Frequency Changes comer frequency of low-pass
filter on differentiator. Turn CW to increase frequency.
Adjust to reduce excessive noise.

Trim Changes authority of signal on terminal 7. Tum
CW to reduce authority. Adjust to provide scaling of input
at terminai 7.

Derivative Gain Changes derivative gain if jumper D is
on. Turn CW to decrease gain. Adjust to add phase lead.
Scale Changes authority of signal on terminal 9. Turn
CW to reduce authority. Adjust to provide scaling of input
at terminal 9.

—“



———— e e ——— e ————— e e e e e e o e e e e s o
| P 1 PBA |
error monitoring E|} — A . Foermnn |
i 21 AN 1 [100K . |
spare ifo [} ° e, ! Current or Voitage Drive I
] I 2 2 | Twos2 T
| 3 /]‘/ ' I
as asv [can] | ! nz7 |
P2
R6 100k cw| ! 100K I
] [ 3 !
100K 1 I R2e
feedback input : oz ]
to+ 15 vde 221K : see !
! note2| |
command input : K & cm;“
to £ 15 vde Summing ! > 2o
feedback input 2] Amplifier ' 4 X |
tox120vdc ! o) |
. seenote 4 | e 1 0K oA 2 I
I ;’2\:“ —_ams 259 : s L0 43.90 —'Elal
| 1SV REF A«i\,—. ISV REF ! S0k R2S I
Pt 100K e —P .
________________________ : — .
10 " - < '
integrator reset l.j > !
integrator reset Sel- ———-——----w-----o ey - ‘ |
% p
n.c. relay contact & I(J 1 ot |
n.o. relay contact " IN4148 |
I * 1 \e | i
common relay K : CD : Isv }
contact ! Relay > ' see
N 2z | note 3
relay trigger 7 1 15
see note 1 33 a !
. 1 AAN 1
relay tnggerll3 10K e a8 | i
seencie 1 | 75K : |
———————————————————————————— I

[ FREQUENCY]
iNNer oo INPUL = — — ==~ == === == = = e e e e e e e e e c e e -
p Inp =l REF} 25 mA max servovalve current plus .2y,
& 15v 15 mA if relay is used 3 i
40V

| 1%1‘,?1‘.@ cu_:gg‘xf CB I |
i KN Signal Common ) Power Common —t

WELicp g1 100F <7 ,
T T3 v

CUTT I |
£, . wv
@——L— asveer | 20 MAmaX : servovalve current  -2av.

Note 1: To energize relay, connect terminal 2 to terminal 24 or connect +5 to +15 Vdc to terminal 1.

Note 2: Place I/U jumper in | position for current drive. Place /U jumper in U position for voltage drive.
Note 3: Voltage at test point “Isv" represents current through vaive coils with a scale factor of 50 mA/Volt.
Note 4: Voltage at test point “Vrs" must not exceed + 15 Vdc.

Note 5: B = pin 1 (square pin).

Typical Applications

e mmmm e e e e e —————————————— -
1 i
1
. NF127-101 Rack Card Cage 1 NF127-101 Rack Card Cage }
! .
; Proportional Loops: Nodel NFiz2202 STH 7 commandsignar 1 VOItage-to-Current T WModaNFiZo20e AT 7 commandsignal !
y (curentdrive) 1 3 feedbacksignal 1 Converter: 1 13 to servovalve coils !
| Pposition, pressure, force, = “| 13 toservovalve cails | = 15 to servovatve coils !
| and torque contro! '} 15 to servovalve coils | 5 . ° key: |
key: | todrive servovalve when loop is off i
! DITHER P | D off ) closed with a digital controlter ~ [[DITHER P 1 D ¢ .
| =j== 5 \ ek Dl |
| N o . . . .
I d 1 [ !
!
o e Rttty B e e e L R PP 1
1 !
! NF127-101 Rack Card Cage . NF127-101 Rack Card Cage
. 1 !
: Inte%ral) Loops: Model NF122-202 7 commandsignal | VOItage. Driver for Model NF122:202 [ -] 7 commandsignal ¢
 fumentany I 3or9 feedvacksignal | Proportional Valves: ' 3 feedvacksignal
. velocity and flow control v 13 tosetvovalve coils | vk 13 to valve input |
‘ " 15 tosenvovalvecals | position, pressure, force, . 22 tovalve common |
ey. 4 .
' DTHER P | D of s .| andtorque control DUHER P 1 D of !
i assupoenn € 1 ampexcams € 1
=== 5 2 , ol Mratallk. ,
| in 24 . [ i
! * switch notsupplied. open switch to reset integrator i J

CONTROLS

Maooo Conirale Ine e Fact Arirara NV 140592200 ¢ 71R/AEE.20NN ¢ FAY: 718/aRE . 42072

NF122-202A1-1092
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HTR Series

Hydraulic Rack & Pinion Rotary Actuator

E

&
-

‘This Design Series "C"
actuator includes -
improved featuresto

| provide greater strength

{ and service life under the

! @ most severe conditions.

- | Standard features of the HTR Series include:
B TAPERED ROLLER BEARINGS -

i Large tapered roller bearings are used to support the pinion and output shaft, allowing the unit to support high external
‘ radial and thrust loads. These bearings ensure a minimum of downtime for high cycling applications, as well as reducing
l‘ total system complexity.

W DUCTILE IRON HOUSING

A high strength ductile iron housing is now standard on all size actuators. This rugged housing provides greater shock
resistance, greater flexibility in mounting, and greater assurance of long unit life.

M SAE SIDE PORTS
SAE side ports are used to provide a compact and leakfree actuator. The side ports can be specified in any one of four
orientations to simplify plumbing and installation. SAE straight thread O-ring ports give accurate and tight fluid connections
with guaranteed zero external leakage.

N WEAR-PAK PISTONS AND SEALS

High strength steel pistons are piloted to the rack, ensuring concentricity. Filled PTFE wear bands eliminate metal to metal
contact and scoring. Self energizing deep Molythane PolyPak seals reduce maintenance with virtually leakproof operation
and long life.

R CHROME ALLOY STEEL PINION AND RACK

J Through hardened high quality chromium alloy steel is used for the rack and pinion. The through hardening provides
H maximum shock resistance and strength while minimizing wear, providing long, dependable service life.

Automation Actuator Division
Wadsworth, OH 44281 m i

Motion &Control
i 27
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Specifications

HTR
TIE RODS BEARAE RACK RACK & PINION -
Medium alloy cold A large support area Heavy duty gear

END CAPS
Machined from cold
rolled steel plate,
designed to NFPA
standard cylinder bore
sizes for increased
flexibility of options
and greater reliability.

CYLINDERS
Precision micro-finish
honed D.O.M. alloy
tubing, heavy walled.

THREADED
MOUNTING
HOLES

(4) each side offers
choice of mounting
surfaces for flexibility
in design, optional
mounting surfaces
also available.

NOTE:

All pressure containing seals
can be inspected or replaced
without removing actuator
from customer’s shaft or dis-
turbing actuator mounting.

worked steel with
precision rolled thread
for greater strength
and fatigue resistance.

KEYWAY
at 12:00 position at mid
stroke of acguator.

HOUSING
High strength ductile

iron provides ultimate
strength and .

resistance to shock

loads.
STANDARD
MALE KEYED
SHAFT

is as large as possible

to ensure superior
strength; pinion and
output shaft are one

piece to provide long

life.

for the rack is provided
by a bronze rack
bearing, which
reduces wear and
gives long life. (Note:
standard on HTR15
through HTR600.)

THREADED
BEARING
RETAINER (FAR
SIDE)

assures proper
tapered roller bearing
preload and resultant
bearing load capacity
by eliminating the
inconvenience and
guesswork of shims.
Once properly torqued,
a set screw securely
locks the retainer in
place, even under
shock and high load
conditions.

~=* maintenance.

design is made from
through hardened
chrome alloy steel for
maximum strength and
shock resistance and
long, dependable
operation,

PISTON SEALS-
Heavy duty deep Moly-
thane PolyPak seals

are self compensating
for extreme life, zero
leakage and reduced

TAPERED
ROLLER
BEARINGS

provide substantial
pinion and shaft
support ensuring a
rigid and long fasting
assembly. The large
bearings allow
external radial and
thrust loads to be
applied as well,
simplifying complexity
and providing longer
service life, even under
high cycling
applications.

PISTON:!
ons plece
is plloted

ensturing ¢
A heavy g
band elim.
to metal ¢
resultant ¢

scoring, gi
binding.

prevent
* overpre:
gear. chii
possible
pinion 8!
provides
. indicator
* wear. L

o '
ottt

For additional information — call your local
Parker Fluidpower Motion & Control Distributor.



Series _Spegifications
f ; ;
HTR Series
The HTR Series actuator incorporates bearings themselves have additional load capacity.
significant features and improvements designed Or, specifying the optional cushions can eliminate
to give superior life under the most severe the need for external deceleration devices, and
operating conditions. These features include high reduce system shock and vibration.
capacity tgperic'js rollgrht_)eﬁru;\rgs. i!;\rgmeﬁlallpy steel The HTR Series actuator is also designed for ease
g'"'of‘ a".rhra":_l.rhag g stheng : uc 2éron " of maintenance. The Wear-Pak pistons with seif-
dousgl]g.ﬁ e 4 stul erutas lts e "!Iosblrut%%a an energizing Molythane PolyPak piston seals can be
K urable tie rod style actuator available today. inspected or serviced without removing the actuator
ven The HTR Series actuator will provide superior life from the mounting or shaft. The piston seals are the
on the most demanding applications, including only dynamic seals that are pressurized, the pinion
machine tools, plastics and rubber machinery, and shaft seals ngver see system pressure, eliminat-
b process equipment. material hapdling equipment ing the possibility of external leakage.
oating and in basic metals manufacturing. To guarantee delivery of only the highest quality
The many options available on the HTR Series’ products, all HTR Series actuators are 100%
ure- allows the actuators to be “designed” to the inspected and tested before shipment. These tests
d application, which can reduce overall system include a static proof test at 4500 psi, breakaway
complexity.and cost For example, the optional pressure test, and a rigorous inspection to detect any
n hollow shaft and base mount can eliminate the need external leakage, all ensuring shipment of the finest
;‘3 for external support bearings, as the actuator rotary actuator possible.
€SS
w HTR SERIES SPECIFICATIONS
: :‘.:28 W Maximum Operating Pressure: 3000 psi non-shock, W Leakage - Externat: 0 cubic inches per minute
except HTR22/45: 2000 psi non-shock - Internal: 0 cubic inches per minute
B Proof Pressure: 4500 psi W Maximum Breakaway Pressure: 75 psi
B Standard Rotations: 90°, 180°, 360° B Operating Temperature (Standard Nitrile Seals):
B Rotational Tolerance: -0°, +2° -40°F to 180°F )
B Output Torques @ 3000 psi: 900 Ib-in to 600,000 M Mounting Orientation: Unrestricted
’ Ib-in B Timing: Keyway located at 12:00 position at
j midstroke of actuator
‘ SPECIFICATION TABLE
Achual Output Tofqus, [b-inat | Maximum Ang- | Standard Displacement,
Pressure . ular Backissh, Rotation .
‘ 7000 pai | 2000 ps!_| 3000 Minutss Degrees
: N B
f e z
‘ )
600 1200 | 1800 30 .180
' 350
;T ’_».‘ o ; e
'steel e 3
hto rack 2500 5000 | 7500 30 1% 971
;::f'.tryh‘;f ) 360 194 53
fon uses & 5 ni e B
wushion S 2 - e 52 = 228
gg ::3'9" 3300 | 6600 | 10000 30 180 125 54
: 360 250 66
plexity; e aA TS T > R, ST
rings and - )3 = ;;“
‘antee - 3 3 s
dle free 10000 | 20,000 | 30,000 15 <180 355 14
R = -. ~ o _‘,.r‘f’i :vo-:*.
ro% 0 R
: POR,TS 15000 | 30,000 - 15 189 i 133
\E straight 360 111 134
)g ports Er = I
1kage and o eI
hazards. 90 (T T
1g side port 50,000 | 100,000 | 150,000 15 180 184 367
lifies 360 368 454
1d offers & e W g TR e o r oA i
exibility. s : Ty
90 . 355 1110
200,000 | 400,000 | 600,000 10 180 711 1260
360 1421 1560

Automation Actuator Division
Wadsworth, OH 44281
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Dimensional Data ,
HTR.9 thru HTR10 - vy
SINGLE AND DOUBLE RACK WITH FACE MOUNT (A) AND MALE KEYED SHAFT (B)
M-KEYWAY SHOWN IN
/ MID-STROKE POSITION
A
R
DOUBLE RACK MODELS sa.
s /HTR18 HTR7Z5&HTR10  jug L o - .
| M
L [E'®
T ) N 1 +—l ”
2v F ©
A 7 b | | }_ ’
‘ v l - G I .r
1 : — KDIA. N =
, 6 / 5\ SHAFT M
” AN U-PORT SIZE -
RELIEF VALVE B2 JMTG. HOLES 1
P-DIA. PINION E (BOTH SIDES) B2 - iR
JOURNAL 5 B
Model [P0 | A lBfc|D|E|F|6| o |[kK|L|M|[N|loO|P|R|S|T (SRE).‘;
HTRS |— L) o o ool ret8] 875 | om0 | 7a2 | N | oy fonieli®
HTRLe |_180_| 9% | 3 | 3% | 3Y:|2.625/2375|1188) v pyo | ‘ez | 1910 150 | 7pn | £ 1 [ 3% | e | 50 | Tl
360 1278 T s |l i N % £
HIRS7 | — o] sve] 5% | 4 |ao00]as2s] 1813 16 1250|1313 \ro7a v | e | 20| e | 72 [t B
HTR7.5 | 180 | 18Ys|3%e| 5% 000) 3625/ 1.8131 o5 DP [1.249| 172 | 315 [1.08a] 172 | TR 22| 2 | T2 e | T
360 | 187 : o
%0 | 11% : : P PECT B RV PRS0 SN e ?
HTRS : 7Y P | Y16 [1750) ., 1438 (15001 , f .5
HTR10 | 180 |14%s|3%s| 6 |'4 13.000500012500\, o pp(1.7491 275 { 4s0 |1400| 2 | 1
360__1 227 Apet f o IR : -
HTR15 thru HTR600
SINGLE AND DOUBLE RACK WITH FACE MOUNT (A) AND MALE KEYED SHAFT (B)
A ]
! A2 ] 030R DOUBLE RACK MODELS
i ' HTR30, HTRAS, HTR150 &
. | __ - - HTR600 T
: voolgh b=t ]
- A, leoin pivicke | .ﬂ.» :
N " lJouRNAL ‘ U 5 o
-_.r——-l 7 'r--i--
RELIEF VALVE d :
' = = Fd =
| v —e 7 $|= —x |
. L s et SRR B, -@ ';S K-DIA.
J U-PORT SIZE | SHAFT
l". T = l—— _/ E/Z—: - S B2 cpe
j Js-MTG. HoLes~/ | E - e
(BOTH SIDES) D B
Model | Ao | A | Bfcd|cs|D| E [Fd |[Fs|G | 4 | K |L|Mm|N]|o]|P
HTR15 |90 | 16 - el _ - |2000f " Bidaxieesol. " |isea |1ess| ., 1.
TR0 et (ol - | [P [omso| - | o f 2P 2240 [¥%e) ses |1.908 | #0 2
HTRe2 |90 16% -_18%hs - |2000 1213 x| 2.250 563 |1.933
180 |21%] 5 7 {5875 3375 3| 08| 27
HTR4 35513 =l | 8 - 6.750 3, DP |2.249{3"8| 565 |1.928| 78| <"e
m 20’/4 . ! FEEE TR TR F e R b - R PN
HTR75 -1 L} - [4500] . s 30006, 175012577 1l
180|270 7' 8V | 6500 25 boviece bood DU ik i EVX N
HTR150 350 [42V. 13 11.500 ) : g . = . : ,
HTR300 | 201317 - |15% - [5.000 147 x|5.000 |, [1.250|4.296 15/16-12 f’
180 _|43%] 12 1578{13.000 7.625| 17, pp | 4.000 | 72 |1 252 |4.288| & [672|7V2| 1%4[1.25]" yqzy |5
HTRE00 360 |eg7s| |18% 13.500| - . ) :
For additional information - call your local
Davirar Ehisidmaiarar Matinm 2 Cantral Dictrilviifar 5



' HTR Series Options
MOUNTING OPTIONS (B, P) i B l
d koo ‘oo I

= & =i
= 72

ettt 1 =

+
.osxw/ i A

au A i)
1
b2 N\ 03R
| it B e
| BASE MOUNTING (B) PILOT MOUNTING (P)
Model A|lB|lc|[ D] E F . Mode! Al B
ATR.9 ; HTRS  [1.875
%SQ‘? 225013 |1.813|2625|3"2 | %he-18 NC x Y2DP HTeis: |.e73] ¥
. HTR3.7 |2625
ng_s 3.000| 3'%/16|2.625{3.000 | 4 35-16 NC x %16 DP HiRos |oeza|
o |3000]3%s[a000|3000{4 | %16 NC x%sDP HTRS . |Sara| ™
ATR15/30 4.063 . : HTR15/30 |4.250
%2%45 3875(5 |, 1gs|5875|7 Y213 NC x ¥s DP HTRoo/as |4.248| 8
’ HTR75 5.500
m;gg 5v75° 71/2 6.438 6.500 8‘{2 %s-16 NFX1'IBDP . HTR150 5.408 3/8
HTR300 [8-750] -
HTRe00 |9500( 12 8.375(13.000| 15%s | 17 NC x 1%/ DP Himsoo |e748| 2
SHAFT OPTIONS Al shaft options shown in mid stroke position. .
PlN:%N —8 | ‘
&
B-KEYWAY E |— B —= —n"E
A
KEY\AZ\\_('LGTH c 030R | gy B c
I T —— ———1 —— + ~ - e
s | . A-BORE T == N
E-DIA. PINION JOURNAL D . ~MOUNTING FACE
(ALL SHAFT STYLES) OF UNIT
FEMALE KEYED (A) FEMALE SAE 10B SPLINE (D) MALE SAE 10B SPLINE (E)
Model A|lB|[c|D]|E Model A|lBJ]Cc | D]|E Model A|lB|]C]|D|E
HTRO | 625 .187 | .709| pesy, | 4 HTRS |, |5, | 625| 538) 098 HTRS | |, | B73| 747)..134
HTR1.8 | .626] .189| .719 HTR1.8 624 537| 0% HTR1.8 s |8 | g72| 742| 133
HTR3T | 875 187] 964]0 | 1o | [FTRBT ay, [, [ 75| 753} 137 HTR3T | 1 | v, |1-2%8]1.069] 192
HTR7.5 876| .189] .974 HTR7.5 .876] .752| .135 HTR7.5 1.24611.064| 191
e RS TG — :
mfo e e by RN HTRio |17 | 1'% Egi Zg fgi HTRI0 |20 | 1% g'g :ﬁ jg
HTR15/30}2.000{ .500 [2.223 415 27 HTR15/30 2y 2 2.000f1.720( .312 HTR15/30 2 oy 2.24711.928| .347
HTR22/45|2.003| .502]2.233|% "' 8 HTR22/45{ =% 1.998|1.718] .309 HTR22/45| ¥ ”° * |2.245{1.923] .346
HHI'g:go P Tea |s0ts| e | SN MR | 3% | 3 o] P el |nmRimo |47 |3 |ooes| o] 208
HTR300 (5.000{1.250 [5.363[ 1115, | 41 HTR30D |, "~ [5:000|4300] .780 HTR300 |5, | 5 |4-996|4.296| 776
HTR600 |5.005]1.254 [5.373 b I HTR600 a2 49974297\ 777 HTR600 2 4.99414.294| 775
SEALS (V PTFE
( ,W) Steel Piston WearBand Deep Molythane

A durable Wear-Pak piston is standard on all units. This includes a deep Molythane Piloted on Rack "\ \ /PolyPak

PolyPak seal to eliminate leakage, and a filled PTFE wear ring to prevent metal to
metal contact, wear, and contamination damage.
Operating Temperature Limits: -40° F to 180° F.
Recommended For: general purpose, petroleum based fluids. ' \
/N

Filtration Requirements: ISO class 17/14 cleanliness level.

Optional seals:

(V) Viton (W) Carboxilated Nitrile (Piston seals only)
Recommended for: High temperature and/or synthetic fluids. Recommended for: Water glycol and high water content fiuids.
Operating Temperature Limits: -20°F to 400°F Operating Temperature Limits: 30°F to 180°F

Automation Actuator Division
Wadsworth, OH 44281
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~Options
PORT SIZE & Z!.OCATION

g"‘;::: { -) :::l'"pl
ﬁ__:}::: :::{"__“S;

——

e

Standard SAE Standard SAE .
. Model | Straight Thread (1) [NPT(2)[ | Model Straight Thread (1) | NPT.
NOTE: e i Y- 18(SAE ) - e “FTRaves | -16 (SAE g2
1. Port position 1 is standard. .| HTR3.7 - e Y
2. Portposition 2, 3 and 4 are standard options | HTR75 %16 - 18 (SAE 6) a ﬂgzgo 1%16-12 (SAE 12) t’{;
available at no additional cost. HTRS | T o — s iy
3. Port position 5 is available at additional cost. " e -18(SAE®B) | yg S -1 1%18- 12 (SAEI6)' 3
HTR10 .- |.-/18~ 18{SAE®) |.1718- 12 (SAE16)
CUSHIONS (1, 2, 3, 4)
The standard cushion operates over the last
20° of rotation in either or both directions, .
A floating bushing ensures no binding  STANDARD CUSHION
of cushion spear. For severe NEEDLELOCATIONS -
operating conditions high (Referance above char)
performance cushions should be PortPosition | CushionPosition
fitted on double rack units. FEREE -
All cushions are fully adjustable. - = g s S -
On double rack units with only 2 2 3 . ‘W
cushions, cushions are located 3 A L - \__ FLOATING CUSHIONﬁ.‘.’lﬂ_.
. " S e, SRSty
on upper cylinders. 4 3 CUSHION BUSHING Rl
“Single rackonly. | .. 5 frer gRAEE ADJUSTMENT NEEDLE TR
HIGH PERFORMANCE CUSHION (8) e B"_1
(This option can be specified on double rack units only) T - : .
A C-1 -] -5 =
By combining the output/exhaust flow from two cylinders, then WL = . -
routing it through a single cushion bushing and cushion U6 ¥
adjuster, cushion performance is enhanced. The increased g

cushion flow results in better control, doubles the cushioning
torque, and eliminates dangerous pressure intensification.
This unique circuit also eliminates two pipe or tubing tees.

B-2

OPERATION:

" Thework ports of a standard directional valve are plumbed
toports C-1and C-2. Port A-1is plumbed directly to A-2, and
port B-1 is plumbed to B-2. When pressure is applied to port
C-1 (clockwise shaft rotation), fluid is also directed through , IYITI
line A to the other rack. Exhaust flow from B-1 through B-2
is directed through the cushion bushing and cushion adjust

ment. When the cushion spear closes off the main passage, Work Ports Cushion Connection Ports
total flow from both end caps is directed across one cushion c-1,C-2 Adjustment A-1, A-2,B-1;B-2
adjustment needle, equalizing back pressure and improving Port Position Position Port Positiofi ™
performance, Alternatively, pressurizing C-2 and exhausting ; . -

o5 ,-‘\Wm"n':f".;jnnfc-"~
C-1 reverses the operation. St T R e 2

A
DIMENSIONAL INFORMATION: _3 ‘ 1 S
Units are identical to standard double rack and pinion units, foTe
with the exception of porting location. This chart describes the 5 '2 o 3
location of the ports.

For additional information — call your local
Parker Fluidpower Motion & Control Distributor.




HTR Series Options/Bearing Loads
’ ' o o P— A --'
STROKE ADJUSTERS, 5° and 30 /
" ]
NOTE: i 4.t
1. Maximum unit rotation is equal to C - THREAD SiZe N " T _
rotation specified in model code. . N a_-
Adjusters allow rotational positioning equal B HOLLOW HEX :
to orless than the maximum rotation. v
2, 5° stroke adjusters are available with or
without cushions. Double rack units will have -
cushions on upper rack and stroke adjusters on lower JAM NUT—/
rack. Single rack units will require additional "A" length. ]
3. 30° stroke adjusters not available with cushions. THREAD SEAL *Extemal square on HTR75/150
and HTR300/600
[ ¢)) 5° Adjustment w/o 5° Adjustment w/ 30° Adjustment w/o
Model Turn Cushioned End Cap Cushioned End Cap Cushioned End Cap B - c
Adj. A (Max) A (Max) A (Max)
T | w po T m | m | memu
HTR3.7 o . ]
HTR7.5 33 63 113 1.13 /4 2. 20 UNF
lliH 25° 63 118 113 Ye | -20UNF
e | 200 88 181 163 Yg Y4 - 16 UNF
e 20° 256 375 . 856 * | 1'2-12UNF
HTR300 . . .
HTRE00 1.2 3.56 6.06 5.31 22-12 UNF
BEARING LOAD CAPACITIES
C.L.
et A} Eggg“— Dynamic’ Bearing Load Capacities vs. Operating Pressure
LBS. . Radial Load (Ibs.) Thrust Load (Ibs.) Overhung Moment (lb-in)
I-- : I (R) Model R, (Per Bearing) @ R, @ R xA@
' 1,000 psi {2,000 psi{3,000 psi [1,000 psi [2,000 psi [3,000 psi[1,000 psi [2,000 psi 3,000 psi
| ‘*"' ' HTR.9 3,780 | 3420 | 3,120.| 2690 |. 2590 | 2490 [ 2,440 2240 | 2,040
| @1 S HTR1.8 | 4030 | 4030 | 4030 | 279 | 2790 | 2790 | 2640 2640| 26dce
[ THRUST |HTR3.7 5,920 4,980 4,100 3,610 3,360 3,120 6,250 5,250 4,325
m s [HTR75 | 6,750 | 6750 | 6750 | 3.830 | 383 3830 | 7120 7120 71202
aal R HTR5 7870 | 6790 | 5910 | 4240 | 4020 | 3810 | 7,670| 6790 5910
@ | ® HTR10 | 8560 | 8560 | 8560 | 4460 | 4,460 | 4,460 | 8560| 8,560 8,560
HTR1S | 13,790 | 12,220 10,650 | 12,300 | 11,810 | 11,330 | 25240 | 22,380 | 19,490
NOTE: HTR30 15,360 | 15,360 | 15,360 | 12,780 | 12,780 12,780 | 28,110 | 28,110 | 28,110
1. Static Bearing Load Capacities = HTR22 | 13,010 | 10,650 _ 12,060 | 11,330 — 23,800 | 19,490 -_
Dynamic Values x 1.5 HTR45 | 15360 | 15360 | — | 12780 | 12,780 | — | 28,410 | 28410 —
2. Values listed are "Bearing" 75 1 - 1 7 1
moment capacities. Standardmale  |HTR75 | 16,340 | 10,060 | 3,770 | 16,540 | 14,060 | 11,570 | 65200 | 40,140 | 15,040
shaft sizes do not provide 4:1 design [HTR150 | 22,620 { 22,620 | 22,620 19,020 | 19,020 | 19,020 | 90,250 | 90,2502 90,2502
factor at these operating conditions.  [HTR300 | 29,050 | 14,510 770 | 24,080 | 19,710 | 15340 [ 172,850 | 88,710 | 4,580
Larger shaft sizes are avalable. HTR600 | 43,190 | 43,190 | 43,190 | 28,460 | 28,460 | 28,450 | 256,980 | 256,980 |256 9802
Consult factory for further details. 2 ! 2 J d z d > 2

Automation Actuator Division
Wadsworth, OH 44281
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Special Option

PROXIMITY SWITCHES

-The inductive type proximity switch provides end of rotation
indication. The non-contact probe senses the presence of the
ferrous cushion spear and has no springs, plungers, cams or
dynamic seals that can wear out or go out of adjustment. The switch
is solid state and meets NEMA 1, 12 & 13 specifications. For ease of
wiring the connector housing is rotatable through 360°. To rotate, lift
the cover latch, position, and release.

The standard proximity switch controls 20-230 VAC/DC loads from 5
to 500 mA. The low 1.7 mA off-state leakage curent can allow use
for direct PLC input. The standard short circuit protection (SCP)
protects the switch from a short in the load or line upon sensing such
a condition (5 amp or greater current) by assuming a non-conductive
made. The fault condition must be corrected and the power removed
to reset the switch preventing automatic restarts.

The low voltage DC switch is also available for use with 10-30 VDC.
This switch is in a non-rotatable housing, but does incorporate the
short circuit protection.

Both switches are equipped with two LEDs, "Ready" and "Target”.
The "Ready” LED is lit when power is applied and the cushion spear
- is not present. The "Target" LED will light and the "Ready” LED will
go out when the switch is closed, indicating the presence of the
cushion spear. Both LEDs flashing indicates a short circuit condition.

NOTES: ,
1. Available with or without cushions.

e
S
UERTH

2. Not available with stroke adjusters. LOW VOLTAGE DC SWITCH (10-30 VDC"):‘ ':'E!li
3. Pressure rating: 1500 psi — -
4. Operating temperature: -4°F to 158°F wm"(':? D'ag'?';’ and Information
5. Specify switch type, orientation and voltage when ordering. -t o
6. The low voltage DC switch is available in non-rotatable style - Orange (4) Sink 55
only, consult representative for further information. (NPN) )
SW -
Black (5) of)
HIGH VOLTAGE SWITCH (20-230 VAC/DC) : Source .
Wiring Di : . Red 2) (PNP) .2 .
iring Diagram and Information Lo
wn‘;c . Pin Receptacle 3 ; :,:c;m;w 030VOC  §
e (3) o Color Code : Source P S—
sw v PinReceptacle 4 3. Ground Not Connected ™ 77"
—{71—oL2 oC o & Nor Required (Greer) % ==
1. Green e Color Code s — 71 4. Orange: Sink . .'Tﬁ*:
Black (2) 2. Black 5. Black: Common e
Internally Short 3. White 2 3 : L
Circuit Protected Brad Hamison 40908 Connector Brad Harison 41310 Connoctor
-
NOTES: &
1
;)

For additional information - call your local
Parker Fluidnower Motion & Coniral Dictrila ifae
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. HTR Series : ' Special Option
PRECISION FEEDBACK POTENTIOMETER PACKAGE
3.44 -
POTENTIOMETER
ﬁ - - WATERTIGHT
_— —COVER
[ /
' r D \— i [
o @ T
-+ 4+—r— N \ .. : Ry gl SN
- ey j SHAFT SEAL <
@ @ MOUNTING of o N
= CLEAT FOR
HELICAL TYPE \ / /
COUPLING ADJUSTMENT _J
1/2" CONDUIT
CONNECTION
APPLICATION: . POTENTIOMETER SPECIFICATIONS:
The potentiometer option is an analog feedback device * Potentiometer: 7/8" diameter single tumn
designed for use on a wide variety of applications that precision servo-mount with
utilize closed-loop feedback to acheive accurate position, conductive plastic element
velocity, or motion control. The potentiometer option . Resfstance: 10K ohms
can also be used on open-loop systems as a continuous, *Resistance Tolerance: ~ +10%
infinite position monitoring device. » Linearity: +1%
* Resolution: Essentially infinite
| - Effective electrical angle: 340° + 3%
OPERATION: « Power rating: 70°C - 1 watt
A potentiometer is a variable resistor. There are three Rating: 125:C -0 watt°
electrical terminals on the potentiometer - two on -gemk;l)erﬁ'fure ating: . & 1°C to +125°C
opposite ends of a fixed conductive plastic element ° Rac as | lfe: 2'1 max.
(terminals 1 and 3, see electrical schematic on the right) :Totat.xogla.t te- . Ro'ooo'ooo revl.
and one attached to the "wiper" that moves along the Ae",'l“" e on: ear, turret style
conductive element as the shaft rotates (terminal 2). As * Rvalkab g,°f" . PTRILTR Seri
the potentiometer shaft rotates, resistance between ack & Pinion” - HT?%/ lé ioenes
terminal 2 and terminals 1 and 3 charges. enes
M Series
Because the resistance of the potentiometer is linear v s d Seri
(+ .1%), when a fixed voltage level is supplied across ane - tandard Series
terminals 1 and 3, shaft position can be determined by « Electrical Sch .
reading the output voltage at terminal 2. By measuring ectrical Schematic:
the rate of change in voltage at terminal 2, rotational 2 WIPER
velocity can be determined. To determine actuator
position or velacity, the potentiometer shaft is connected
to the actuator shaft via a flexible coupling. The 1 3
potentiometer is enclosed in a water tight enclosure for cew. o—MANVVVNWAV—O0 Cw.
resistance to dirty environments. CLOCKWISE ——————tm
ORDERING INFORMATION: NOTE:
Consult the factory or your local representative for *1. Rack :ndbzifnion E}cfiﬁ_lmrs have a small amount of backlash-
: i matt PR : consider before applying.
specific application and ordering information. 2. Electrohydraulic options and operation may affect other
actuator components such as seals, bearings, etc.
Consult your local representative for additional information.
Automation Actuator Division
Wadsworth, OH 44281
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’ Spe’cfal Optlon

HTR S¢
FRECISION RESOLVER FEEDBACK PACKAGE by
3.44 g
RESOLVER @ .
f WATERTIGHT .
= - COVER
- {+
250
© 3
i | AV X B,
+ 5 i N \_
) ‘--.ﬁ j SHAFT S L MOUNTING @
@ @ n CLEAT FOR
HELICAL TYPE ADJUSTMENT /
COUPLING —J
1/2" CONDUIT ;
CONNECTION 3

APPLICATION:
The resolver option is a precision analog feedback
device designed for use on a wide variety of applications
that utilize closed-loop feedback to achieve accurate

RESOLVER SPECIFICATIONS:

» Resolver:

1
* Input Voltage:

11D servo-mount, .
brushless synchro .
7.5 volts .-

position, velocity, or motion control. The resolver option * Input Frequency: 4000 Hz e
can also be used on open-loop systems as a continuous, * Input Current: 13.5 mA (max) B
infinite position monitoring device. * Input Power: 60 mw
. * Output Voltage: 4 volts
* Phase Shift: 0
OPERATION: . [S):e:n}s:‘zitivityli_'x t ZO }Two e
. . otor Resistance: ohms
A resolver is a brushless rotary sychronous transformer « DC Stator Resistance: 19 ohms

which eliminates wiping contact and provides higher
résponse and accracy. A voltage and frequency is
applied across the primary coil; changes in shaft position
Cause a proportional change in the secondary winding.
Measuring the rate of change also provides velocity. To
determine actuator position or velocity, the potentio-
meter shaft is connected to the actuator shaft via a
flexible coupling. The potentiometer is enclosed in a
water tight enclosure for resistance to dirty
environments.

ORDERING INFORMATION:
Actuators can be supplied as complete packages, or
with an enclosure for the mounting of a customer
supplied resolver. Consult the factory or your local
representative for specific application and ordering
information.

« Total Null Voltage: 10 mVv

3

* Accuracy (Maximum error): 7 minutes* 3

* Leads:
* Available on:
Rack & Pinion* -

Vane -

NOTE:

Standard Series ’

#28 AWG, 12inches long

PTRILTR Series =
HTR Series .
M Series

LY B

oo

*1. Rack and pinion actuators have a small amount of backlash-

consider before applying.

2. Electrohydraulic options and operation may affect other
actuator components such as seals, bearings, etc.
Consult your local representative for additional information.

For additional information — call your local
Parker Fluidpower Motion & Control Distributor.
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ﬂ HTR Series

" Special Option

LINEAR POTENTIOMETER FEEDBACK PACKAGE

& 4

©
OLls e

i
i
i

i

©

APPLICATION: )
The linear potentiometer option is an analog feedback
device typically used for rotary actuator rotations
exceeding 340°, or where a standard rotary potentio-
meter cannot be connected to the actuator shaft.
Applications for this device include closed loop feedback
to achieve accurate position, velocity, or motion control.
This option can also be used on open-loop systems as
continuous, infinite position monitoring device.

OPERATION:
A potentiometer is a variable resistor. There are three
electrical terminals on the potentiometer - two on
opposite ends of a fixed conductive plastic element
(terminals 1 and 3, see electrical schematic on the right)
and one attached to the "wiper” that moves along the
conductive element with the piston and rack. Asthe
wiper moves along the element, resistance between
terminal 2 and terminals 1 and 3 charges.

Because the resistance of the potentiometer is linear
(.1%), when a fixed voitage level is supplied across
terminals 1 and 3, shaft position can be determined by
reading the output voitage at terminal 2. By measuring
the rate of change in voltage at terminal 2, rotational
velocity can be determined. Since the linear potentio-
meter is enclosed in the actuator itself, it is safe for
operation in dirty or wet environments.

ORDERING INFORMATION:
Consult the factory or your local representative for
specific application and ordering information.

i

LINEAR POTENTIOMETER SPECIFICATIONS:

» Potentiometer: Calibrated conductive film with low
resistance wiper carnage.

* Resistance: Approx. 1 K ochm per inch of stroke

« ResistanceTolerance: +20%

- Linearity: 0.1% of full stroke

*Voltage: 5 - 50vde

« Resolution: Essentially infinite”

« Repeatability: 0.001*

« Power rating: 70°C - 1 watt/cm?

125°C - 0 watt/cm?

» Temperature Rating: -55°C to 125°C

« Pressure Rating: 3,000 psi

» Terminat: 3 pin micro connector

« Available on:
Rack & Pinion* - PTR/LTR Series

HTR Series

M Series

« Electrical Schematic:
2

T WIPER

1 3
CoW. O—— AANNNA—O CW.

CLOCKWISE ———t=

NOTE:
*1. Rack and pinion actuators have a small amount of backlash-
consider before applying.
2. Electrohydraulic options and operation may affect other
actuator components such as seals, bearings, etc.
Consult your local representative for additional information.

P

Automation Actuator Division
Wadsworth, OH 44281
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LOT FEEDBACK PACKAGE

r—-F-' 13
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APPLICATION:
The linear displacement transducer (LDT) option
provides digital feedback of the rack position via
interaction between two magnetic fields. The LDT option
is recommended for applications where rotation exceeds
340°, or where a standard rotary potentiometer or
resolver cannot be connected to the actuator output
shaft. Applications for this device include closed loop
feedback to achieve accurate position, velocity, or
‘motion control. This option can also be used on open-

loop systems as a continuous, infinite position
monitoring device.

OPERATION:

The LDT utilizes two magnets, a permanent one located
on the piston, the other is a‘magnetic pulse generated
by a current pulse along a wire inside a waveguide tube.
The interaction between the fields produces a strain
pulse which travels down the waveguide tube and is
sensed by a coil at the end of the device. Position and
velocity of the permanent magnet is pinpointed by
measuring the lapsed time between the launching of the
current pulse and the arrival of the strain puise. An
interface box converts this information to a usable output
form, either digital or analog.

ORDERING INFORMATION:

Actuators can be provided as complete packages or with
drilling and mounting for customers purchased LDTs.

Consult the factory or your local representative for
specific application and ordering information.

-

LDT SPECIFICATIONS: .
« Linearity: +.05% of full stroke (min."+.002 j
* Repeatability: +.0001 in.* c
+ Temperature oo
Coefficient (probe): <10 ppm/°F AL

« Temperature Coefficient (electronics box): : _"f" &
Digital: <10 ppm/°F T
* Analog: 55 ppm/°F RSy
* Resolution™: C e
Digital:  .004, .002, .001 or .0005 availabii

Analog: Stepless continuous output* |
» Output: _ .
Digital: Absolute, TTL compatible, paralle;
‘ or serial e

Analog; -10 to +10 Vdc and 20mA range

* Operating Temperature: “aT
Digital: 0° to 150°F 0

Analog: 35° to 150°F ..

* Hysteresis: .0008 in.* N
* Available on: ;
Rack & Pinion* - HTR Series :

M Series

NOTE: oyt
*1. Rack and pinion actuators have a small amount of backlas!g:
consider before'applying. LT

2. Electrohydraulic options and operation may affect other <z
actuator components such as seals, bearings, etc.
Consult your local representative for additional information.

For additional information - call your local
Parker Fluidpower Motion & Control Distributor.
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R Series

Ordering Information

imple: HTR150-1803-AB11V-C23

ies

[ur[150 |-[180]3]cC —[alBT1[1]v]-[cxx

3~ Heavy Duty Hydraulic Tie Rod Series

e
que Outputin 1000 b-in at 3000 psi
Single Rack Units Double Rack Units
9= 900 lb-in 18 = 1,800 lb-in
3,7 = 3,700 lb-in 75 = 7,500 lb-in
5 = 5,000 lb-in 10 = 10,000 lbin
15 = 15,000 Ib-in 30 = 30,000 lb-in
2 = 15000 lb-in® 45 = 30,000 lb-in*
75 = 75000 lb-in 150 = 150,000 lb-in
30 =2300,000 Ib-in 600 =600,000 Ib-in
grees Rotation
) =90° 360 = 360°
p=180° Specify Other Rotations
jshion
nit- None (STD) 3 - Both Rotations 8 - High Performance Cushion™”
» CW Rotation** 4 - Four Cushions™* 9 - Special
 CCW Rotation**
roke Adjusters (see Stroke Adjuster Table)
it - None D - 0-30° CW Rotation™™**
+ 0-5° CW Rotation**» E - 0-30° CCW Rotation™*
} 0-5° CCW Rotation**# F - 0-30° Both Rotations**
- 0-5° Both Rotation® X - Special
ounting Style
- Face (STD) B - Base Mount P - Pilot Mount
haft Configuration
~Female Keyed D - Female 10B Spline X - Special
- Single Male Keyed (STD)  E- Single Male 10B Spline
- Double Male Keyed F - Double Male 10B Spline
ort Type .
- SAE Straignt Thread (STD) 3 - Flange
-NPTF 9 - Special
rort Location (see Port Location Table)
- Side: Position 1 (STD) 3 - Side: Position 3 5-End
:- Side: Positon 2 " 4-Side: Position 4 9 - Special
jeals
W - Carboxilated Nitrile

5mit- Molythane/Nitrile (STD) V- Viton

special Options (Detail in Clear Text)
Air Bleeds Proximity Switches Feedback Potentiometer
Special Actuator Code

Jmit- Standard Unit

Two digit code assigned by factory and applies when any

~hen special options or features are required.)

Design Series

X" or "9" appears in the model number or

Assigned by Factory

*  HTR 22/45 rated to 2000 psi maximum
** Viewed from Shaft End

*s» Double Rack Models Only. Use four cushions for existing applications only. For new applications,

See options section for additional information.

»  Not available with End Ports. Standard 5° Stroke Adjusters and Standard Cushions available together on all units.

Single rack units required additional "A” length.
M Not Available with End Ports or Cushions

use option 8, High Performance Cushion.

Automation Actuator Division
Wadsworth, OH 44281

5 : Lo
PR TR N e -




Parker Series EH
lectrohydraulic Actuator

IR Actuator
Specifications and
Features

parker EH-IR Actuator

The Ultimate in Accurate, Dependable Linear Position

L D

Plumbing
Complete
Integral End Cap
Two Sizes Per
Bore Size
— ) : /;t:\ h
'S - _l: + E:
[| T ] ~ET Rotary Encoder
i s - ‘ /

F L
5

;imnFl . ’fl /

T

[ AN

/

/

Precision Helical Screw

_/ \

Anti-Backiash Nut _Flexible Coupling

Here’s How The Parker EH-IR Feeds Back Linear Positioh '

The precision helical screw nut is attached to the cylinder
Diston. As the piston moves through its stroke, the nut “back-
d"Vefo the helical screw, rotating the screw within a set of
precision thrust and radial bearings. The helical screw shaft

is attached to the shaft of a rotary encoder with a flexible cou-
pling. The linear motion of the cyclinder piston is converted to
rotary motion by the precision helical screw.

Standard Specifications and Features Include:
* Max. non-linearity (scale dependent) of .0001/inch

* Repeatability to +.0005"

* Rotary output is one revolution per inch of stroke

* Mounting adapters to accept most rotary encoders,

;esolvers are available to provide an absolute or incremental
‘eedback

* Complete factory testi it-
provided ry testing of assembled unit-test report

* gl‘;l;;llished and certified to NAS-1638 particulate courit

* Proven machine tool technology adapted to NFPA hydraulic
cylinders for optimum performance and life

o Straight thread ‘O’ring ports for “no leak” pressure and return
hydraulic connections

* Encoder connector varies with the encoder order

¢ TTL compatible quadrature output is standard for position
and velocity feedback

o Stroke length up to 48 inches

» Consult factory on velocities exceeding 20 inches per
second

\‘
Sflinder Division Regional Plants a Goodland, IN = Hillsborough, NC s Owen Sound, Ont. Can.
Jes Proirolf Road = Santa Fe Springs, CA 219/297-3182 919/732-9371 - . 519753712662
“Caragg s L 60016 310/698-0985 w Plymouth, Ml u Akron, OH w Toronto, Ont. Can.
400 » Enfield, CT 313/455-1700 216/253-4500 416/255-4567 can
203/749-2215 2 *j'.".f;',%’&‘g%‘},”c (Accum) = Portland, OR w Lachine, Quebec, Can. Mation & Control
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- Cap Fixed Eye
Cap Fixed Clevis

Cap Spherical Bearing Parker Series E > ]

2"-8" Bore

Cap Fixed Eye
Parker Style B with CLP Feedback Only

Electrohydraulic Actu

EE
{2) PORTS
——]

LB « STROKE \.1 ,--— ;

E
:
]

-

~nv

= |
|

b, ~
‘s«gr"
AL

hoe

T

'% N
a]

AWt

MR I T )
e ? - 3
o 4 .
1 ‘ e :
¥ o
3 A
]
o4
%0+ STROKE a 33:
' Cap Fixed Clevis 3
Parker Style BB with CLP Feedback Only evor o ;
ko]
. ']' ’ 20+ sTrOXE WITH CYLINDER Py ..':.;;3
f W —————— . 8-STROKE —_——— , 3
L ; n F—— s
TR ! - A Y N T =id
ey XK ' £ - i - CO. . -
o or ’o - oes e~ e
< T / I = b e |
_IE i ~ I L N 4
TEE\= S y
s o I it % ; Y -3
= IE \ h 4 X
| == - o | L B
i L b cw :a cw
Fe e G S —e s -L L Moy
X0+ STROKE *,'
Cap Spherical Bearing
Parker Style SB with CLP Feedback only
- 2H + STROKE 1 mPEgRrs
W — e oeSTROXE o : sB PRESSURE
P’ — C% l E‘ 1
- =T -c - o) 2 2000
=S | oomn I_:. T 2% 1350
L —k | 3 1350 .
- , e [I 3+ roms R
H - 5" 1800
e | '@ g | o = R
Y 4
. = Pressure rating is for maximum life of  +¢,
—— > L4 _.4.1 cylinder and bearing based on :
— i 77 Na A3 == dynamic load of ct bearing. T
: l _L ] el 4
-——sJ 4 St —' ;
X+ STROKE - — plahet
Rod End Dimensions — See Table 2 . .
“Specidl”
— A — —_— THREAD :
I STYLE3 N
[ Ac e W e e s R TY N |
. 1 ! Special thread,
Parker ~C==v Parker - ~e= lr-—v extension, rod eye,
Thread w . . Thread ! ee— 5 i~ blank, etc., are also a
Style 4 1 Style 8 ! \ I —— available. ~
I T To order, specify *
” l , l , i [ “Style 3" and give
MM B l“ ' ' MM B desired dimensions for a
' _’l_ ,l CCor KK, Aand LA.
' i If otherwise special,
o NA ! o ! furnish dimensioned
AcROSS wheoss : L sketch. For female
T C

threads, see page 152.

, For additional information — ¢4l your local
Parker Fluidpower Motion & Control Distributor.
140
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Parker Series EH

Electrohydraulic Actuator _

TABLE 1 — ENVELOPE AND MOUNTING DIMENSIONS

Cap Fixed Eye

Cap Fixed Clevis
Cap Spherical Bearing
2"-8" Bore .

R +.000 ADD SJ
SAE CDaA STK.
_BO,RE E EE F G H J K L M X LR MR CB | CW [-002| CK | MA SL LE LB * faled

2 3 #2 | % | 1% | 4 | 1% % | 1% % | 2% | M| % | 1% % | 751 P | 1% | 1% | % | 6% | 2% | NA

2% | 3% | #12 % | 1% | 5% | 1% % 1% Yo | 2% s | s | 1% % 751 ) Yh | 1% | 1% % 6% | 2% | 4%

3% | 4% | #12 |2 6% | 1% % 1% | 1 3% | 1% | 1% | 1% Y% (1001 ] % 1% | 1% | 1% 7% | 2% | 4%

4 5 #12 % 2% 7% 1% Y 2% 1% 3% 1% 1% | 2 1 1.376 | 1%s 1% T4 | 1% 7% 2% 4%

5 6% | #12 % 2% 8% 1% 1 2% 1% 4% 1% | 2% 2% W (1751 | 1 | 2% % | 1%s 7% 2% 4%

6 7% | #16 | 1 2% | 9% | 2% | 1% 2% | 2 5 % | 2% 2% | 1% 12,001 | 1% % | 2% | 2%s | 8% | 2% | 4%

7 8% | #16 | 1 3% |11 2% | 1% | 3 2% | 5% | 2% | 3 3 1% 2501 | — —_ — — 9% | 2% | 4%

8 9% | #16 | 1 3% |12 3 1% | 3% [ 2% | 6% | 2% | 3% 3 1% |3.001 | — - — — 9% | 2% | 4%
ADimension CD is pin diameter.

* For lower flow servo valves ~— see page 153, Group A, B, C, G. Z 7 %:
** For higher flow servo valves - see page 153, Group D, E, F, H. Velocity of CLP actuators must not exceed 40 ips. 57 ’
TABLE 2 — ROD END AND ENVELOPE DIMENSIONS .

ROD DIA. THREAD +.000 ADD STROKE
ROD B -

BORE =——MM———CC— | KK A =002 C 0 LA - ———W.. | _XD . X i, ZH
/2 2 1% W-12 | 114 | 1% | 1.998 % 1% 2% | 1% % 1 10%s | 106| 11 1176 3 |
\2,/: Z ™% TE12 | 1%92 [ 2~ -| 2374 % 1% 3N 3 % T | 1196 | 119 | 11%7e|

3 1% %12 | 1-14 1% 1.999 % 1% 2% 1%s % 1 10%%s | 10%s| 11Ys 11918
1 1% 1%-12 1-14 1% 1.998 % 1% 2% 1%s Ye % 11% 11%s 12% 12'%s
3 2 2 %12 | 1412 | 2w | 2624 % 1% | 3% 154 % 1% 1% ] 11%s | 12% | 13%
3 1% %12 | 1%-12 | 2 2.374 % 1% 3% 1'% % 1% M% | 11%s | 12% | 13%
} 1 1% 1412 | 1%-12 2 2.374 Y 1% 3 1%s Y 1 12% 12%¢ 13% 14%s
T4 2 2% 2Y-12 | 1%-12 3 3.124 1 2%s 4% 2% % 1% 12% 12%s | 14% 14% |
3 2 1%-12 | 1%-12 2% 2.624 % 11%s 3% 1'%s Y 1% 12% 12%s 14 14%s
1 1%-12 | 1%-12 2% 2.624 7 1%s 3% 1%s Y 1% 12% 12%e 14% 15%s
5 2 3% I%-12 | 2%4-12 3% 4.249 1 3 4% 3% % 1% 13 13% | 14% 15%
3 2% 2%-12 | 1%-12 3 3.124 1 2%s 4% 2% % 1% 13 13% | 14% 15%e
4 3 2%-12 | 2%-12 3% 3.749 1 2% 4% 2% % 1% 13 13% | 14% 15%s
1 2% 2%-12 | 1%-12 3 3.124 1 2%s 4% 2% % 1% 14% 14%s 16% 16'%s
6 2 4 3¥%-12 3-12 4 4.749 1 3% 5% 3% Ya 1% 14% 14%¢ 16% 16'%s
3 3 2%-12 | 2¥-12 3% 3.749 1 2% 4% 2% 4 1% 14% 14%s 16% 16'%s
4 3% 3%-12 | 2%-12 3% 4.249 1 3 4% 3% Y 1% 14% 14%s 15% 16"
1 3 2%-12 | 2%-12 3% 3.749 1 2% % 2% Y 1% 16 —_ 18% -
2 5 4%-12 | 3%-12 5 5.749 1 4% 6% 4% Y 1% 16 — 18% —
7 3 3% 3%-12 | 2%-12 3% 4.249 1 3 4% 3% % 1% 16 - BY% —
4 4 3%-12 3-12 4 4749 1 3% © 5% 3% Y 1% 16 - 18% —
5 4% 4%-12 | 3%-12 4% 5.249 1 3% 5% 4% % 1Y 16 -— 18% —
1 3% 3%-12 | 2%-12 3% 4,249 1 3 4% 3% ] 1% 17% -~ 20 -
2 5% 5%-12 4-12 5% 6.249 1 4% 6% 5% e 1% 17% — 20 —
8 3 4 3%-12 3-12 4 4.749 1 3% 5% 3% i 1% 17% — 20 —
4 4% 4%-12 | 3%-12 4% 5.249 1 3% 5% 4% Ya 1% 17% — 20 -
5 5 4%-12 | 3%-12 5 5.749 1 4% 6% 4% Y 1% 17% - 20 —_
Note: Electrical port or connector will be provided at position 1 of rear cap.
linder Division Regional Plants = Goodland, IN ] Hillsbomu%l;. NC . = Owen Sound, Ont. Can.
500 So. Wolf Road = Santa Fe Springs, CA 219/297-3182 919/732-9371 . 519/371-2662
Des Plaines, IL 60016 310/698-0985 s Plymouth, MI = Akron, OH ) s-Toronto, Ont. Can.
708/298-2400 u Enfield, CT 313/455-1700 216/253-4500 416/255-4567
ONATAQODIR m Hillehnaratnh NC fARAMIMY = DarHand AR et omabklma Permbemm O I s .




760 Series Servovélvés

The 760 Series is a high performance, two-stage

design that covers the range of rated flows from 1 to

15 gpm at 1000 psi valve drop. The output stage is a
closed center, four-way, sliding spool. The pilot stage
is a symmetrical double-nozzle and flapper, driven by

a double air gap, dry torque motor. Mechanical

feedback of spool position is provided by a cantilever

spring. The valve design is simple and rugged for
dependable, long life operation.

Specifications:

Fluid Supply: 760 Series Servovalves

are intended to operate with constant suppt - "[- | RatedHow | Internal Leakage [Rated Current] Coi'Nom. -
pressure. P PRy Model |Response; {1000 psi)  {1000psi)  {(paraliel colls) Resistance
gem | lpm | ‘gpm | ipm mA - ohms
Supply Pressure: 760-100A | . Sid. 1 38 | <017 <0.66 ) 200 -
Minimum: 200 psi (14 bar) 760-910A | High | 1 38 | <023 | <092 40 R .
Maximum Standard: 3500 psi (245 bar) ;gg';?;g’ ‘ifgi ; é:g g:g 2%20 ??g z ’ %Dg
Maximum (special order): 5000 psi (350 bar, Fou - : vl I 4 B
(epecial order): SU00P (F/P Dy [760028| S0 | 5 | 1o | <035 | ams | 15 200.
Proof Pressure: 75 |7e0-012a | Highe. 5 | 19 | <045 | «t78 | A0 T80
150% of supply pressure at P port —1760-103A| Std. | .16 | 38 | <035 | <133 15 200
100% of supply pressure at R port “7|760-233A | High.. 107 | 38 | <045 | <178 40. 80
“Fluid: ;:/pff..p 760-104A |1 'Std. | 15 | 57 | <035 F <138 | - 40 .80
Compatible with common hydraulic fluids 760-814A:  High - 15 57 | <045 dJ& 4 - 50

Recommended viscosity range:
60-450 SUS @ 100°F
(10-97 ¢St @ 38°C)

Cleanliness Level:
ISO DIS 4406 code 16/13 max.
14/11 recommended

Operating Temperature:
Minimum: -40°F (-40°C)
{maximum fluid viscosity: 6000 SUS)
Maximum: +275°F (+135°C)

Amplitude Ratio (dB}

Rated Flow Tolerance: +10%

Symmetry: < 10%
Hysteresis: <3%
Threshold: < 1/2%

Null Shift:

with temperature, 100°F variation: <2%
with acceleration to 10g: < 2%

with supply pressure 1000 psi change: <2%
with back pressure 0 to 500 psi: <2%

Amplitude Ratio (dB)

Frequency Response: Typical response
characteristics for 760 Series Servovalves are
shown in Figures 1, 2, and 3.

Step Response: Typical transient responses
of 760 Series Servovalves are shown in Figure
4. The straight line portion of the response
represents saturation flow from the pilot stage
which' will increase with higher supply pressures.

configurations. Available seal materials: BUNA (Std.), VITON or EPR.

10
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FIGURE 3 - FREQUENCY RESPONSE
OF 15 GPM SERVOVALVES
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Optional designs are available wnh intrinsically safe coils (FM approved) and/or special spool/bushing lap
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FIGURE 2 - FREQUENCY RESPONSE
OF 10 GPM SERVOVALVES
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T JUN 13 795 12:17 HOYT N PAYNE CO.x QUOTATION FROM

%‘,’} Hoyt M Payne UDMMU @ STOCKING OISTRIBUTOR OF MECHANICAL -

oy POwWER, MATERIAL HANDUING &

301 East Depot Avanue Knoxville (815} 523-5183 FLLGTRICA PRODULCTS
P.0. Box ¥8X 338 - Johnson Clty (518) 283-4244
Knoxviile, TN 37801 Fax # (618} 523-1881 cINLE T
4 REF. NUMBER B
Quotation# 1242 . . ,
TO MARTIN MARIETTA ENERGY SYSTEMS DATE OF QUOTE 6~13-95
BOBOTICS & PROCESS CONTROL
ORNL ) EXPIRATION OF QUOTE
OAK RIDGE, TN 37830
ATTR: BRETT KARAUS F.0.B SHYPPING POINT
| ___TERms__ _NEL 30 DATS T
S MATERIAL DESCRIFTION. .. "/, i PRI

A I

WE ARE PLEASED 70 QUOTIE THE FOLLOWING FOR YODR CONSYDERATION:

1 PABKER HYDRAULIC CYLINDER MODEL 2"TD2HXKTS13A X 55" ' $1167.80 EA,
2" BORE 1" ROD ‘
HIGH LOAD PISTON

7% STOP TUBE NET STBORE 48"

LOW FRICTIOR ROD GLAND

BOLT ON MANTFOLD FOB MOOG 760 PARKER GROUP A
HEAD END PLUMBED TO CAY

LA = 28" A=11/8" KK = 3/4~16 MALE

@ PARRER HYDRAULIC CYLINDER MODEL 2"ID2HERTS23A X 55" ‘ ‘3537.20 EA,
9" BORE 1 3/8" ROD HIGH LOAD PISTON |
7" STOP TUBE NET SIRORE 48"

1.0W FRICTION ROGD GLAND '

ROLT OS MANIFOLD FOR MOOG 760 PARKER GROUP A
HEAD END PLUMBED TO CAP .
IA=28" A=15/8" KK = 1-14 MALE

1DT WITH APM — 10VDC TO + VDC POSITION ONLY

1 BALLUFF LINEAR DISPLACEMENT TRANSDUCER 781.00 EA.

. MODEL BTL~-2-621~1270-F-S50 _
1 BE-550-05 CONNECIOR WITH 15 FT. GABLE ) 121.00 FA,

CYLIRDER WIlH TRANSDUCER 5 — 6 WEEKS
| SHIPPING PROMISE ~ CYLINDER WITHOUT TRANSDUCER 3 - 4 WEEES) //]
TRARSDUCER3—="T0-DAYS — - 4
: T e

L

1. This and other information from Hoyt N. Payne Go. Provide product dr system options for further Investigation by users having
tachnicsl axpertise bsfora you ssiact or use any product or system. It Is Important that you analyze all aspacts of your applisation and
ravisw the information concerning the product In the current product catelog. The user, tnrough Its own analyals and testing, I8 solaly
responsibie tor making the final aslection of the system and compoenents and assuring that all performance safaty and warning roqulire-
ments of the application ars met.

2. This quatation ls made subject to the terms and condltlons figtad 5. it an order s recalved for the ltams quotad herain, It wiil not be
herein and the standard terms and conditions of the suppliers of subject to canaellation without indemnifying both the suppliers
the matarlals quoted. Coples avallsble on request. .of the matarials quoted and tha Hoyt N. Payne Co. against loan,

a. Ballars llabllity with respuct to any itam not of ssliers manutsc- 6. Uniass spapifically stated otherwise, In no ayent shall ssller be
tura shall be limited 1o that of the Vendor tharsof. ilabls hers under or ctherwise for loss of profits, special, Incl
. . denta! or consequaniial damages.
4. Unless otherwiss spscified, prices quote herein ars subject to
revision to the prices which are In sffect at the tims shipmant is
mads.
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P.3 B
PriNCiples Transd ,
0 of Opeﬁ:ﬂogﬁ —_— _SE?iég gﬁ?‘l; BAI-I-UFF :

Gen_eral DOSIQH Balluff magnetostrictive linear displacement transducers offer non-contact,
wearfree, and accurate linear positioning. They are designed for rugged
Industrial environments wherever linsar motion must be controllad,

Balluif offers thrae housing configurations to sult most any opplication, The
captive and floating magnet profile housings are designed to the same formats

g ' as linear potentlometars, The rod style is designed for hydraulle cylinder posttion:
Ing or extemal mounting, ‘

Unear stroke lengths range from 50 to 3606mm (2 In, fo 142n.).

"' 1.l?wl:ﬂabhs output signals range from analog DC voltage or current fo pulse sléncl
v ming.

All BIL-2 fransducers contain Infegrated surface mount slectronlcs designed for
high rellabliity and accuracy.

Pr Inc:ples of Operaﬂon Although variously referred to as an "LVDT, an *LDT", or even o *pot’, the
accurate term for the Bailuff BIL Is o ‘magnetostriciive transducer,"
) ] Magnetostriction, a physical effect first Identified by the 19th century British
physicist J.P. Joule, Is defined as the cross-sectiongl
and longlfudinal deformation of a feromagnetic
material in the presence of g defined magnstic fleld.
This property has besn explotted in apparatus for
generating ulfrasound as well as devices for
measuring quickly changing forces. such as shaln
gauges.

Generation of the uitrasonic
tonion pulse In a metalic
conductor basad on the prnciple
of magnetostriction,

Inthe BL, the magnstostrictive element k an
extremely small diameter (1D, <0.0125% NkFe alfoy
lube held In place Inside a pratective outer fube.
This so-called wavegulde runs the length of the
transducer. To Inlflate a measurement tor pesition
update, a clreult In the housing pulses a curent on a
conductor wire which has been threaded coaxially
through the wavegulde, During the short time that
this pulse Is on, a rotating electromagnetic fleld
surrounds the waveguide. At the same time, fines of
field from magnets In the marker ring or biock which
has besn attached extemally to the moving member
of the user's equipment come to focus on the
wavegulde. The effect of thesa two flelds is to

intial pules generate a magnetostrictive straln wave just below

' Signal diagram of the measurng cycle, the magnets, which ripples back down the
waveguide to arecelver In the transducer head. This

mechanical pulse is converted Into an slectrical
signal fhrough a Ballutf patented process. A high-
speed clock or an Integrator measures the time
between launching of the curent pulsa and armival of
the torsional wave. Sincs the veloclty of the torsion
pulse (typ. 2850 m/s. or 8.9 us/In.) Is known as @
materlal constant, and time has been dstemined by
the clock or Integrator, we now know distance. In
essence. A aonic (or ultrasonkc) dslay line has besn
created which aliows us to know the position of the
magnet ring to a resolution of 2.5 pm (0.0001%) i
depending on output signal fypa and stroke length.

Measuring ¥me & Muasurad langth The user may spsclfy an dlready scaled analog
> output slgnal, or just the raw timing puizes for

procassing the the controller,
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2.3 Spring Loading or Tensioning

The transducer rod (flexible or rigid) can be spring loaded or tensioned using a
stationary weight. Attach a spring mechanism or weight to the dead zone of the
transducer rod with a clamping device which will not deform the transducer rod.

The maximum weight or spring tension is 5 to 7 Ibs. :

2.4 Cylinder Installation

Null {as specified)
Minimum: 2 in. (SOmm)
siag— DeadZone -

. amm e —————— '
Active Stroke 25in. (635 mm)

ltt———— Minimum; § in. {127 mm) —————| <

RN - ™ AN NS R P s
2 DR pee IR 0 e, %<w-“&>»;wm/&9¢m’mmvw/wi¥i:,«r/mgmwfy,a o

T R

0-ring (MS 28778-8 or equivalent)
Part No.: 560315

Nylok® Insert :
(1) NON-ferrous Spacer, Part No: 400633

—— Magnet, Type SR-12
Part No. 201542

1
0.38"D. A (1.29n. (3276 mm) 0.,
{other options avaifable)

L—(5) Chamfered Rod Bushing

Figure 2-8
Typical Cylinder Installation

Figure 2-8 shows a typical cylinder installation. Review the following before
attempting this type of installation.
e Use a non-ferrous (plastic, brass, Teflon®, etc.) spacer [1] to provide 1/8
inch (32 mm) minimum space between the magnet and the piston.
 An O-ring groove [2] is provided at the base of the transducer hex head for
pressure sealing. MTS uses mil-standard MS33514 for the O-ring groove.
Refer to mil-standard MS33649 or SAE J514 for machining of mating
surfaces.
» The null space 3] is specified according to the installation design and
cylinder -dimensions. The analog output module provides a null adjustment.
Make sure that the magnet can be mounted at the proper null position.
» The piston head [4] shown is typical. For some installations, depending on
the clearances, it may be desired to countersink the magnet.
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Highest Standards
of Quality through
Moderm Manufacturing

and Testing

The entire signal processing circulity of
the BIL Linear Displacment Transducer
uses SMD tachnology on printed
circult boards,

The actual waveguide Is shock
mounted,

In the rod style the outer tubse and the
mounting flange are iaser welded,
and the stainless stee! outer tube s
rated to 8,700 PS! (600 bar).

Each and evary BIL Linear Displace-
ment Transducer undergoes q strict
festing procedure after final assembly,

The Advantages

Non-contact, reliable Iin
IP 67 ond NEMA 6 ind
Rod verslon rated to 600 bar (8700 Psh
Varlous outputs - analog/pulse signals
Interface cards for varloua signal pracesshiyg

Full Line of Accassories Avalicble

Floats
Connectors
Special Magnets
Custom Mounts
Special connectors/cables
(see pages G42 -G48 for detalls)

ear positioning
ustrial rated

The following criteria are checked by
the computer control:

- temperature characterstics
s temperature cycles from -20°C
+60°C

- short circuit protection of the
output drivers

- linearity of the output signal

- polarity reversal protection of
the supply voltage

- overvoltage protectionto 40V

- dislectric strength betwsen
electronlcs and housing of 1 kv
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Linear Displacement .
B MI.UFF Transducer System Overview
Series BTL-2 Analog Oufput ot
i
. _ 1 * '
Houalng diylus Analog Output Typas , ;
.
BIL-2-...F v W 8inal '
Captive Magnet Housing ‘A’ olrag: S‘;’g v o !
. Analcg ID&O ‘a' v
« tosolut L m
=mag:9_n Output » fotal steps » 100,000 T
- :
Voltage Output Signat :
ORI
Dot
BlL-2-...p gx‘:?:)oug ot
Fleating Magnet Housing » tolal tteps = 100,000°
= T
== X o~ Voltage Cutpul Signal
G <10.. 410V
gan (O wsiuton =01 my
. | =y,
Output = fotq] staps = loo.:znoo'
BiL-2-...2
Rod Style Housing
- Curren! Output $ignal
- — (o 0..20mA
lb] Analog @ tascition. "LAqu
Output » fofcl steps = 100,000
System Design «  CumentOutput Signal
SO =
Ballutf offers three BTL-2 housing Analog . N
configurations to sult most any Oulput . mﬂm -;olé?wuoé
application, Allthree houslngs can
output any of the four analog signals
shown. Intemal SMT elechonics ‘
converi absolute magnet pasitions to "Posiional ageuracy « fullbegla Langin
voltage or cunrent output signats, Lo ’
Simple interfacing to many coniroks, Fomlocoeuaton « f0mm - bium
Y} BTA-LIN
©© mMumr @0 ™
( et Yol BIA Drcu| *0..10 Vot or4..20 mA
= f g:fm Andlog Input -
g » 5 digi, LED display
@ @ @ -~ gll; » Cpllonal 4 sofpoint
s S Arel ut
0® @@ | °SAwayoup
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| _ Linear Displacement .
§ B A“-UFF na‘nsducer Andlog Output Transducers
L Ser Qs BTL-2 Geher Descrlpﬂqn
BIL-2 Analog Output Serles
General Description Balluff Linear Displacement Transducers offer non-contact, weaqtfree, and
accurate linear positioning for Industrig environmsnts wherever llneqr
motlon must be confrolled, Tha sensing slement is enclosad in eltheran
anodized stalnless stes! rod of an extruded aluminum housin The
absolute position is defected by a non-contact magnet that s gtiached
10 the moving member of the machine. The output Is an enalog signal,
with no nesd to re-home after @ power Interruption
lousing Cenfigurations Shown below are the housing configurations avaliable for the BIL-2

transducers, The BTL-2-...-Z "Rod Style* version Is deslgned for Installations
in hydraullc and pneumatic cylinder applications. The BIL-2-...-F "Captive
Magnet* and the BTL-2-, P *Floating Magnet® versions are deslgned to
the .;sar,ne formats s finear potentiometers for use In general postioning
control.

BTl-2«...-F: "Ceptive Magnet® version transducers are designed to be

used when the mechanies of the system requiire a sliding motion for the
point of contact for positioning, The magnet slides along the top of the
transducer housing on speciq] guldes and connects to the system viaa

swivel ball joint,

BIL-2-...-P; *Floating Magnet* version transducers are designed o be
used where the positioning mechanism can glide along a path above
the fransducer at a close range,

—

L
i

BIL-2-...-Z: "Rod Style* version transducers are designed to be used In
hydraulle eyiinder position control. The magnst (ring style) Is attached
directly to the Riston face sliding over the transducer roq.
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Descriptions Series BTL_-2
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BTl2-A__ Signal Description

Dual analog voitage output signais are avallable with
this verslon as: 0... 10, and 10... 0 V DC, Resolutlon ls
LT 0.001 % of Full Scale (10V) which gives the smallest

h, measureable signal change as 0,1 mv DC. The output

signals are valld across the length denoted by: "sxxx". 0
Maximurn current loading Is 10 maA. 0

+5 45

BTL2-B__

Dual andlog voltage output signals are avallable with
this verslon as: -5... 45, and +5 ... -6 V DC, Resolution s
0.001 % of Full Scale (10 V) which glves the smallest

- measurable signal change as 0.1 my BC. The output

) ’ signals are valid across the length denoted by: “XXXX*. ®

-5 5
Maximum current loading Is 10 mA. VDG

Dual anclog voliage output signals are avallable with '
this version as:. -10 .., +10, and +10... 18V DC. Resolu- ‘

flon Is 0.001 % of Full Scale (10 V) which glves the small-
est measurable signal change as 0.1 mv DC, The
output signails are valid across the length denoted by:

KXXX', Maximurn current loading is 10 mA. 10 vDe i

L0 20

Br2-G__

Analog current output signals are avallable with this
version as elther: 0...20,0r20..,0mA DC, Resolution is
0.001-% of Full Scale (20 mA) which gives the smallest
measureable signal change as <1.0uA DC. The oumput
signals are valld across the length danoted by: .
Maximum cunrent loading Is 500 chms.

BTL2-E__

Analog current output signails are avallable with this

verstun aseither: 4.., 20.0or20... 4 mA DC, Resolution Is

0.001 % of Full Scale (20 mA) which glves the smallest
measureable signal change as <1.0 sA DC. The output

signals are valid across the length denoted by: “xooc,

Maximum cumrent loading Is 500 ohms. ( 0

Gl10
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. Linear Displacement
J Transducer Analog Oufput Transducers
1 BMI.UFF Serles BTL-2 echnical Data
|
Technical Specifications Interlace Informalion )
Pply Voltage (+__11} ... +24VDC 2 10% The BIL-2 analog oufput serles

pply Voliage (-._21) ..£16 VDC £ 2%

Irent Draws:

L-Z-_'l 1 uuuuuuuuuuuu TTTTTTT YT 130 mA (24 V DC’
,-'2'_21'100 Srdtsvosencen yonenrer IUOIBOMA &15v DC)
;n-ﬂneaﬂfv

'oko m mm) '!vﬂ"ll.l'i]w m aolo1 ln )
‘-.ho #8800 (T vererepraenns 2O% wil Pull ity
1olution (all {ypss)

=(0,,10 Viypas) ,u=0.1 MV DC
5,45V typss)........»0.1 mV DC
(020 MA tyPR2) v e 1.0 DC)
.(41:-20 mA fyp“) nison -<1 .o HA DC)

ﬂefOSIS ..um...................2}.lm (o.ma ln-)

520} GCCUIALY «ununyins RESOIUTION + Hysteresls
Npling Rat@ w.uvevisnines o 10 kHz (Der update)
erating Temp. s.eenevn® 25,,,4+80°C

jage TOMP, LTINS ’251' +126°C

tle Shislding and Grounding

Iuff's standard cable s 22

16 multiconductor fype with
overall bralded shield. To
juce extemnal nolss, the cable
sid must be properly ugsed,,
nnect the cable shield fo the
nfrol's systern GND, The cable
¥d s not connsected at the
2transducer end, Use 2.2
non-polarized type capacitor
Mpprass any nolse that

pears on signal lines, Always
ierve proper grounding
finlques such as single point
unding cnd Izolating high

lage Gi.e. 120/240 VAC) from
'voltege (24 VDC) cables,
1dlagram af right. ’

traneducers inferface with elther
analog voltage or current Input
coniral systerns depending on
medel type. To retain the high
fesolution analeg signals possible
with the BTL-2 transducers, care
should be taken when speclfying
U DG power sUpply ana rounng
slectrical cables. The BIL-2
curent output fransducers (-C and
-E fypes) offer higher noise )
Immunlty over the voitage output
types. The analog current output
signals can be converted to a DC
voltage signal by placing a load
reslstance of 500 ohms across the
signal output at the contreol
system's Input terminals. This 500
ohm load would convert the 0...20
mA signal into 0..10 VDC at the
control inpuf end,

BTLZ'.u- Hmt
control
' connesting cabls Pawer
Supp!
Shield Shield ' (p"é’,’
{open at BTL2 @nd) o
522 uF Cap.
{non-polar)
&arth ground
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Signal Connections Serles BTL-2 BA”,UFF
— T—— — ""

$50 Connector Pinouts for Analog OUfpuf Transducers - "Profile” Housing Style

For: BTL-2-A/B/G11
S;l.uzv ;‘x;xaa/;:l;ygi and Cable 550
(£15V supply) - Wire Color Pin No. . Function Function
Voltage Current
vellow 1 Not used N/A
L/ arev g - Slonal (GNP NJA
pink 3 Vout faling N/A
blue. 4 Supply GND N/A
brown 5 (+) 24V or 18V N/A
gresn 6 Vout riging N/A
i white center ) 16V N/A
For: BM-2-C/E10 .
&242\' él}lgfofﬁ. and Cable $50
15V supply) Wire Color Pin No. Function Funcilon
_Voltage Current
yellow 1 N/A 0-20 or 4-20mA*
grey 2 N/A Signal GND
plnk 3 N/A not used
blue 4 N/A Supply GND
brown 5} N/A +)24Vorisy
green 6 N/A not used
white. center N/A ) 18V
*rising only
For: BTL-2-C/E17
g;.z‘g/ éupp[y). and Cable §50
TL-2-C/E27
16V supply) Wire Color Pin No. Function Funefion
Veltage Current
yellow 1 N/A 20-0 or 204 mA*
grey 2 N/A Signal GND
pink 3 N/A not used
‘blue 4 N/A Supply GND
brown 5 N/A (+) 24V or 18V
green é N/A , hotused
white center N/A ORI
*falling only

Gl4
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| Linear Displacement

Transducer Anclog Oulput ransducers -
BALLUFF Serles BTL-2 . Mesb_gnlca?smclﬂcaﬂons "

— it

1
Yenom oo Sa gt e .

x Slangsid Slecifioar stroke “wxax - < T gp - T2 380

s 7

* T 3g0%wivel T

-l

42

Proflle Styles” Standard F@M (All Qutputs)

] Elechical Kecttioal Physical Physicdl Elechical Electrical Physleal Physical
' Siroke (mm) froke (In.) (mm) (n) Stroke (mm) Stroke (in) {mm) (in.)

O LB (LAY | PG R 00 ] ridedt | e

3124 123 1270 50.0

T 00 R B s e | e T e 608
0254 10.0 414.0 163 1778 700

o SO -7 M YT B TE ¥ Js o) RRCCRR Y el o3

0381 15 541.9

- . g e

g s, e e |
N 7 AL PRSP 11 R RV W N WY
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AndiBy UGl ansadders Transducer BALLUFEFE
: rdering Code Serles BTL-2 S X

l : .l' Ordering Code for Analog Output Transducers

Aot

10111]12113{14115/18] 17 21|22

N
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Balluft - Transduoar - Linear
. QGenaration 2

Qutput Signak
A=0.10V

" E = 4..20mA
! G = ~10..+10V
. Supply Voltage
1 1= 24V£10%
: 2 = 215V 12%
© " output Signai—
IfA, B, or Gin position [7] :
1 = Vmin or Vmax at connector end, I.e. ussr selactabls tising or falling®

0 = Vmin at connactor end only, L.s. rising only**
7 = Vmax at connagter end only, i.e, faliing only**

it C or E In poaition [7] :
0 = imin at connegtor snd (raing towards Cpposite and)
= Imax at connector end (falling towards oppoalte end)

Nominal stroke In mm
0305 = 305 mm sctiva elscirical stroke

Houslng geometry

J B = Rod style with M18x1.5 thread and reference polnt 30 mm from flange (Europsan standard)
F = Profile extruaion with captive magnet . .

P = Proflls extrusion for floating magnet

£ = Rad styla with 3/4°-18 UNF thread and refersncs paint 2 in. from fiange (USA standard)

Connection type—

CIED = connector with pin cantacts, 7-pole, form &0 (not avallable for analog rod-styls)
sfalg = connsctor with pin contacts, 8-pals, form 32 {not avaliable on *F® or P style)
[K[AT0]5] = intagral axial cabl (with & m cable)

only if 8" or ' in poafiton 18], not avallabls In *F* ar *P* gtyle

o emmamda, L

Notes:

* Usg “1* for naw applications only, or consuit factory If used as repiacoment
** Uss "0" or “7” for exact pin compatibllity with clder BTL models. Examplos:
Exact replacemant for BTL-A16-10000-2-832 Is BTI-2-A18-xxxx-2-532

Exact replacsment for BTL-A18-xxxx-Z-532 I8 BTL-2-A17-xxxx-2-832

t ., Exwctroplacament for BTL-E16-000¢-Z-892 Ia BTL-2-E10-0txx-2-832

" Exact replacement for BTL-E26-xx0e-2-KAO2 I8 BTL-2-E27- -Z-KAD2

Magret rings or blocks must be ordared aeparataly, except °F* style profils, where Balluff p/n BTL-2-2-F-2413-3 alide magnst
assembly ls Included at no charge and doas not have to be ordsred ssparately,

Consur metory for spacial part numbers danoting outputs such as 0...6V, spaclal null points, eto,
G18

[ R ——
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Linear Displacement
’ Transducer Andlog Output Transducers
_BAI-I-UFE Serles BTL-2 Ordering Code Worksheet

forisheet ~ Create your BIL-2 Part Number (for digital pulse output, see pages G28 and G29),

e

818 110{11|12/18|14/15(16|17|18|19] 20 21| 22

BIT[L [-To-T [ T1- - [=
T T

—_
o
@
-8
<
>
~

Output Signal
FllinA,B,C,EerG |
This epecifiss the output rangs only, not whether Incraasing
or dacreasing with direction of motion. Position @ will be
used to define this spacification,

Supply Voltage
Fllln1or2
This gpeclfies the supply voitage required,

Qutput Orlantation
Fillin1,00r7.
A "1"is only allowad for voitage output (A, B or G output). The "{*
means that two pins (leads) have a poaltion cutput signal;
one carmes the vollags Increasing in valus ag the magnet moves
away from tha connector/cabie end of the transducer, and the
other carries the voltage decreasing In valug as the magnet moves
. awayfrom the connector/cable end, The user may uss elther
output, but not both at the gams tima. :
A Q" ar *7* must be used to degignate dirgotion for current outputs Lo
(C orE), and may be usad with voltage outputs if the BTL2 o
I3 replacing an older model (s&e notea previous page). If °0* or *7* -
Is spacified with voltage output, only one cutput slgnal is :
avallable (increasing or decreaging). o

Nominal Stroke In mm :

Fill In stroke langth in mm, using leading zaro # necassary,

Seo pages G16 and G17 for list of standard lengths avallabls for both rod and profils atyle
housings, Tha nominal stroke rapragents the electrical stroke, that Is the travel digtance over
which the full output range Is measured, For example, 0305 means that 0...10 V, or 4..20
mA ete, Is output aver a distance o 305 mm (12 Inches). On gither aida of this nominal
siroke area are zones where the magnet is normally not allowed to traval.

Housling Gsometry
FllinB,F,Porz,
This spacifiea the hausing style or mounting thread size, *B* and *2* mean tod-style
houalng, M18 or 3/4*-168 UNF respactively. Standard (atocked) thread Is &%4-Inch. *F* and
*P* refer 10 “profile®styla housing, °F° means captive magnat varalon and *P* means floating

magniet varaion,

Connaction Type
Fill In 850, 832 or KAxx,

Thig spectfiss the cannection mathod, either with quick-disconnect axlal connegtor, or

Integral cabla. For analog output, the rod-styls Is avallabls with 832 connector or integrat cahlg only (S50 not avall-
able). Digital pulss output rod-style Is avaliable with S50 or 832 connector ar Integral cable, Profile housing {digital
pulse or analog) Is avallable with 850 connegtor only (Intsgral cable not avalliable).




No-Mount

Tie-Rods Extended Head End

No Mount

Parker Style T — All Feedback Types

ZB + STROKE

‘Parker Series EH
Electrohydraulic Actuator

LB + STROKE

- }

=< 20}

Tie-Rods Extended Head End
Parker Style TB — All Feedback Types

; 28 + STROKE l
l.._ E—— - —i W LB+ STROKE !
1 | (2) PORTS | . ]
o~ - ~-
, i o
S ce &l
vrd T A X ,%-, =
l — — = t
2_L ? MM _.?- - .é.
K
B e,

F - G —~
88
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“Special”
THREAD
STYLE 3

Special thread,
extension, rod eye,
blank, etc., are also
available.

To order, specify
“Style 3" and give
desired dimensions for
CCorKK, A and LA.

It otherwise special.
furnish dimensioned
sketch. For female

threads, see page 152.

; LA i LA
. | ) 1
Parker AW Parker ,—- AW
Thread | ! S Thread N
W IR | I - S f e
! KK H
Style 5 M) ; ‘\ ! H_ — Style 1 M) { —\ l -
T T e |
MR 7 T 7 1
h -—L’ 5 B
D NA g — [») NA I N
ACROSS ; ACROSS l
B B ke

For additional information — call your local

Parker Fluidpower Motion & Control Distributor.

~—
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!‘-r% Hoyt ¢ Payne Company 5 STOCKING DISTRIBUTOR OF MECHANIGAL -

FLUID POWFR, MATERIAL HANDLING &

401 East Dapot Avsnus Knoxvilie (818) 523.5184, ELECTRICAL PRODUCTS.
P.O. Box KK 338 Joitnson Clty (815) 253-4244- e
Knoxvills, TN 37901 Fax # (815) 523-1564: -t m(_ E103E" « —n s .
r T
Quotation # 1 2 1 3 ' REF. NUMBER _
To  MARTIN MARIETTA ENERGY SYSTEMS * DATE OF QUOTE 6-15-95
ROBOTICS & PROCESS CONTROL ) " EXPIRATION OF QUOTE
OAR RIDGE, TH 37630 ;
ATTN: BRETT KARAUS ' F.O.B SHIPPING POINT

/

* TERMS NET 30 DAYS

i BRIGE )

WE ARE PLEASED TO QUOTE THE FOLLOWIRG FOR YOUR CONSIDERATION:

1 PARRER HYDRAULIC ROTARY ACTUATOR MODEL #HTR30-360-AB11wWX $3637.00 EA.
X = LDT FEED BACK PACKAGE CONSISTING OF TEMPOSONICS IT

1T WITH APM -10VDC TO +10VDC POSITION ONLY. ALS0 INCLUDES
MATING CONNECTOR WITH 15 FT. CABLE FOR TRANRSDUCER

SHIPPING PROMISE 4 TO 5 WEEES ) P Py

1. This and other information from Hoyt N. Payne Co. Provide product or system optlons for further Investigation by users having
technioal sxpsrtise bafore you gelect or use any produst or system. It Isimportant that you analyze all aspacts of your application and
raview tho Information concerning the product in the currant product catalog. The usger, through its own analys!s and taesting, Is solsly
reaponsibla for making the final sclection of the system and components:and assuring that alf performance safety and warning require-
menta of the application ars met. :

2, This gquotation is mada subject to tha tarms and conditions listed &. If an order Is received for the Itams guoted herein, It will not ba

heraln and the atandard terms and conditions of the suppliers of ubjest to cancellation without indemnifying both the auppllera

the maleriala quotsd, Coples available on raquest, df ths matarials quoted and the Hoyt N. Payne Co. against loss.
3, Sallers liablity with raspect to any Item not of sellers manufac- 8. Unluss specifically stated atherwiss, In no avant ghall selier be

ture shall be )imited to that of the Vandor thersof, ltable hsrs undsr or otherwise for loss of proiita, spesial, Inei-

. antal or congequential damsgas.
4. Unleaa otherwlzs spscltied, prices quote hersin are subject to .

revision to the prices which are in effsct at the time shipmant Is
made, I
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%".} Hoyt N. Payne Company @ |
“\ > . STOCKING DISTRIBUTOR OF MECHANICAL-

FLUID POWER, MATERIAL HANDLING &
ELECTRICAL PRODUCTS.

301 East Depot Avenue Telephone (615) 5235184
P.0. Box 338 FAX # (615) 523-1561
Knoxville, TN 37801

FAX TRANSMISSION

10: OV DATE: -2 L%
et Karauc TIME:
eron: & Lade (fot?) NO. OF PAGES I{ SENT
CHaNGP. . o not including this sheet

if transmission is faulty,
piease call.
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brett 1

density [Ibm/i 0.28 extend Igth [in 72
length [in] 96 E-beam [Ib/ind 3.00E+07
diameter [in] 1 lcsa [in4] 0.04908739
mass [lbm] 21.1115026 end mass [lbm 120
Ixx [Ibmin2] | 2.63893783 K-beam [lb/in] 11.8362715
tot move Igth 48 w [rad/sec] 6.17355605
up time [s] 0.25 w [Hz] 0.98255196!
const time [s] 0.5 end defleci[in 10.1383278
dwn time [s] 0.25 N —
tot run time [s 1 —\/
Vmax [in/s] 64 ~
rod accel [in/s 256 extend lgth [in 24
force reqd [Ibl 5404.54467 E-beam [lb/in? 3.00E+07
force req [Ibf]| 13.9869169 Icsa [in4] 0.04908739
- end mass [lbm 120
K-beam [lb/in] 319.579331
w [rad/sec] 32.0787382
w [Hz] 5.10548975
end deflect [in 0.37549362
density [lbm/i 0.28 extend Igth [in 72
length [in] 96 E-beam [ib/inZ 3.00E+07
diameter [in] 1.8375 lcsa [in4g) 0.17546104
mass [lbm] 39.9139347 end mass [lbm 10
Ixx [lbm-in2] | 9.43278534 K-beam [lb/in}] 42.3083133
tot move lIgth 48 w [rad/sec] 40.4325763
up time [s] 0.25 w [Hz] 6.43504438
const time [s] 0.5 end deflect [in 0.23636017
dwn time [s] 0.25
tot run time [s 1
Vmax [in/s] 64
rod accel [in/s 256 extend Igth [in 24
force reqd [lbi 10217.9673 E-beam [Ibfin: 3.00E+07
force req [Ibfj| 26.4440147 Icsa [in4] 0.17546104
end mass [lbm 10
K-beam [lb/in] 1142.32446
w [rad/sec] 210.093829
w [Hz] 33.4374714
end deflect [in 0.00875408|"

Page 1



HOUGHTO - SAFE® 620

-2 10

fire-resistant wat_er-'glycol hydraulic fluid gives long pump life

There is a hazard wherever heat, molten metal or flame are
near hydraulic equipment. If a line or fitting ruptures, it
can send a combustible spray of oil into the heat source.
Severe injury and property damage may result.

To prevent this danger, fire-resistant fluids were de-
veloped and widely applied early in the 1950°s. Houghton,
a pioneer in fortifying petroleum hydraulic oils, was
among the first to perfect fire-resistant fluids for hydraulic
use.

Houghto-Safe 620 was developed as a maximum safety
medium for use, under pressure, near open flame or high
temperature areas.

Houghto-Safe 620 is a red, extremely *“‘oily” hydraulic
fluid that protects against corrosion and has additives to
give long fluid life and excellent pump wear characteris-
tics.

Houghto-Safe 620 gives maximum safety. In plant use it
has prevented hundreds of fires and saved lives of work-
ers. 620 is approved by Factory Mutual Engineering

Forgﬁ;g Presses and Extrusion

. Pelletizing Mill Equipment
. Presses Electric Furnace-Roof Lift. Tilt
Glass Feeder and Forming Ma- Mechanisms and Electrode
chines Control
Ingot Manipulators Dolomite Machines
Fork Lift Trucks Steel Strip Coil Unlosders
Clamping Fixutres on Automatic Permanent Mold Machines
Welders Hydraulic Regulators and Con-
Scarfing Machines trols
Flying Shears Autopour Units
Cranes, Hoists and Elsvators Trimmers .
Rod and Strip Coilers Furnace Docr Controls
Rod Mill, Tube Mill, and Hot Coupling Tighteners
Strip Mill Roll Jacks and Roll Balance
Crushers Controls
Planstary Mills Lift and Transfer Tables
Screw Down Controls Plating Machines
Ladle Stoppers Grid Machines
Straddle Trucks

Typical Physical Properties

TUAPERATURE, DEGREES FAMRENWET

3000

Laboratories as a less hazardous hydraulic fluid. Viscosity, SUS at 73@: 361
Houghto-Safe 620 provides high hydraulic efficiency 100°F. 200
through its exceptionally high viscosity index and is stable 130°F. 17
under high shearing stresses. Houghto-Safes are also avail- 150°F. 89
able in other viscosities. ) Vi’gf:“ﬁ g’;"( Dss7) 154
In accordance with accepted practice, it is recommended e AS s.nIM[ :
that bulk fluid temperatures be maintained below 120°F. Pamomm% ¢ Dzz70) 32;.
. pH 810 10
Applications Specific Gravity at 60°F. 1.074
Pounds Gallo . 8.95
Houghto-Safe 620 is used in virtually every type of hy- Flash pog; (Asr;},n 60°F Not applicable
draulic equipment to heip prevent the danger of fire: m Point (ASTM) Not agggcame
Foundey Machioes e s a0 “ Specific Heat at 60°F. on
Coka Oven Door Jacks and Centrifugal Pipe Casting Ma- Thermai Conductivity B.T.U. per hr.
Pushers chines per sq. ft. per °F. per it. 0.26
1] ] ns
sm : ! ! L]
o 1 l | l os Lubricity and Pump Life
wn TEMPERATURE-VISCOSITY CHART tu X The high lubricity of Houghto-Safe 620 is
- FOR HOUGHTO-SAFE 420 un & shownin these typical pump tests in widely
un } 1 < used vane type and intravane type pumps.
1 w o>
m o=
Lu: 2 O Tem conditions Vane type pump Intravane type pump
- o é Test pariod. housa s00 s00
ny €} Prmsure, psi 1000 2000
" Sy w O semptemp. °F. us 1s
- T % 2 Pumpspesd.pn 1200 1200
» s X
Ny Py Test rexuits cfter 500 bours
m a m
Z Wear onring. grams 0.0s0 0.080
] = X = weeron vaoes gms 0.045 0.0%
\ 2’. Waar on iotravane sst. grams 0.009
- a O mud No significant
- o E Woer Less then0.1%  Leas thea 0.023%
| .
: [ :‘ This is very low wear! Many ye;;is of sentrixce
! - i o ng
I EEEEERELELEER R R.A LR R can be expected under typ perd

conditions.



From: Mike Little To: Reid Kress - ORNL

Date: 8/22/95 Time: 08:40:22

wﬂ. . pu;_) ) 7;,0’3/ 5—&1&(7

Bertelkamp Automation, Inc.

Industrial Automation Sgecialists

P.O. Box 11643 / KNOXVILLE, TN 37939-1613

615-588-7691 / 800-251-9134
FAX: 615-558-9845

Quotation

Date:  22-Aug-95
Time: 09:35 AM

Quotation No.: ORNL0O822

Page 2of2

Revision:
To: Brett Karaus Your inquiry:
ORNL
Qak Ridge, TN Reference: Update of ORNLO816
Altn:
cc: Gary Dalby
ltem  Quantity Part# Description Unit price Ext price
1 144 3030 3" X 3" Heavy Wall T-Slotted Extrusion $1.39 $200.16
(4) at 36"
2 228 1530 1.5" X 3" Heavy Wall T-Slotted Extrusion $0.88 $200.64
(8) at 18"
(4) at 21"
3 4 7020 Cut To Length 3030 $2.45 $9.80
4 12 7020 Cut To Length 1530 and 1530-Lite $2.30 $27.60
5 4 2410 3030 Floor Mount Base Plate $35.60 $142.40
6 8 4328 12 Hole SO Degree Joining Plate $12.25 $98.00
7 8 4325 12 Hole Tee Joining Plate $12.25 $98.00
8 2 4355 8 Hole Tee Joining Plate $9.05 $18.10
9 6 4366 6 Hole Joining Plate $5.55 $33.30
10 4 4301 4 Hole Inside Corner Bracket $4.05 $16.20
1 146 3355 5/16-18 X 5/8" Flanged BHSCS, Double Economy T-Nut $1.39 $202.94
12 24 4375 6 Hole Inside Corner Bracket $6.10 $146.40
13 a8 3320 5/16.18 X 5/8" Flanged BHSCS & Economy T-Nut $0.57 $54.72
30 1010 1" X 1" T-Slotted Extrusion $0.21 $6.30
(1) at 30"
1 7005 Cut To Length 1010 $1.85 $1.85
2 2380 1010 Floor Mount Base Plate $21.10 $42.20
4 3356 1/4-20 X 1/2" Flanged BHSCS,Double Economy T-Nut $0.90 $3.60
Total: . $1,302.21

Quotations are firm for a period of 30 days unless ctherwise specified.

F.Q.B. Shipping point
Terms: 1% 10, net 30

BY:
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GENERAL DESCRIPTION

Mode of Operation ..........ccccecererrueunens Spatially Correspondent
Input DeviCe .....veererrrrermrernanee Compact Master Control Arm
Number of Functions Seven
Power System (TITAN 7F) Gil Hydraulic

(GAMMA 7F) Multi Fluid Compatible

DIMENSIONS AND SPECIFICATIONS

SLAVE ARM

Maximum Reach 78 inches

Lift capacity at Full Extension ............cveveveeeee. 250 Ibs.

Jaw Capacy ..o..eceveerevrererennssennnns 4.0 inches (standard)

Jaw Closure Force .. 350 Ibs. max.

Weight in Air 147.0 Ibs.

Weight in Water 113.0 Ibs.
MASTER CONSOLETTE

Height 10.0 inches

Width 6.0 inches

Length 19.0 inches

Weight 10.0 Ibs.
SLAVE CONTROLLER ASSEMBLY

Height 4.0 inches

Width. ... 1.5 inches

Length 16.0 inches

Weight in Air 27.0 Ibs.

Weight in Water 14.5 ibs.
PERFORMANCE

Hardware
Range Max. Slew Rate

Waist Yaw 270° 90°/sec.
Shoulder Pitch 90° 90°/sec.
Elbow Pitch 120° 90°/sec.
Wrist Pitch 180° 400°/sec.
Wrist Yaw 180° 400°/sec.
Wrist Rotate

Slaved 270°

Continuous 0to 55 rpm
Wrist Torque 70 1. Ibs. (peak)

HYDRAULIC REQUIREMENTS
3000 psi - 3.0 gpm nominal

ELECTRICAL REQUIREMENTS

25 watts nominal powered by 120/240 VAC or 20-30 VDC

TELEMETRY REQUIREMENTS

RS-422 type media - Single twisted wire pair;

RG-108 or equivalent
OPTIONS

Contact Schilling Development, Inc. for details.
Available in single and dual manipulator corfigurations.

g i wiovii N m i

D Mwilleiyii

DEVELDPMENT

Kir

D

1632 DA VINCI CT., DAVIS, CA 95616

(916) 7536718 o

FAX 753-8092

Side Elevation View

AN
\
, \
81.50 / \
\
/
—1] - :
=
(=)
J A D By
VI
ﬁ/ =~
~alk | |/
42.00 '\@@(
N i
T~ |
78.00
Plan View
{ I i \l ™~
i . i h
5 | ] N
| ] RN
NI i | N ‘
: P i AN H
L L g RN
~d Pt RN
AN T 1 i s g 11
i P 0y
NOREEer
y 1l
A AV ; i [y i
A LW T ; T 1 L i
A 71 [N i T .
AT N .
3 47 Ty i1t i 117 i i
q [N W/
i

Description and specifications are subject to change without

notice. Contact Schilling D

{or latest int,




1.2 TITAN7F Description

1.2 TITAN 7F Description

The Schilling Development TITAN 7F Is a high velocity,

compact and lightweight, spatially correspondent
manipulator system specifically designed for remote
manipulation.. The TITAN 7F has six degrees of freedom
plus grip and is controlled by a master controller. Move-
ments introduced at the master control arm by the
operator are duplicated by the slave arm, maintdining the
spatial correspondence between the master and the
slave. ’

For the purposes of this chapter, the system can be

viewed as three components: 1) the slave arm; 2) the
slave controller; and 3) the master consolette, containing
the master control arm and the master control
electronics. The manipulator system is an engineered in-
tegration of mechanical assemblies, servo-hydraulics,
and a microprocessor based position control system.
Because the TITAN 7F is an integrated system, it is' not
possible to completely segregate the functions of the
subsystems. Frequent cross-references will be made to
the subsystems in the discussion that follows. See Figure

TITAN  MASTER
Consoetre witn

- Forearm Seament :
Urer Ao Seovenr Wrisr Asserety
- a A Hroeaie avp

= __ L= \@g ‘Coaun Heses

y /QQ S [
0= (<o
— lv';in:umf_o:’:\; T\%Z??Assewmuzz P ) / ° 4 ]

=5 T AP
; Pressure ManisoLp / ﬁ}‘% y/lc"
) 3 ; ’
N ——— Azvami Lock Viwe Assy, / Forearm Mannfolo

I(E Linesr Acruamor Weesr Pin ,
Azimytu Romy ACTUATOQW% T Assemg
v

Stave Controruer Assy,

Pirew ano Yaw Assemsry
SiavaL ave 110 vour Bowee,

Serie s wp Feeoeack Cagre Ase v

Figure 1.1-Titan 7F Manipulator System and Major Assemblies
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Auxiliary Systems and Custom Features

8.2 General Description
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Figure 8.1 System Overview
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1.2 The Master Control Arm

ler elecirenics to determine the z2siioning of the master
contrel arm. The Master Contrct Arm Freeze butten is lo-
cated on the tis of the control zrm. Ceflecting the button
toggles the FREEZE switch bzrwzen CFF and CN set-
tings. In this version of the masizr contrelier, the function

of the FREZZE button is user cefineable. The 6 DOF
masier contrel arm is shewn in Figure 1.3,

=Ie)

TOP VIEW




