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Technical Support

How to Get Technical Support

Start with your
manuals

Technical support

The manuals supplied by MTS provide most of the information you need to use
and maintain your equipment. If your equipment includes MTS software, look
for online help and README files that contain additional product information.

If you cannot find answers to your technical questions from these sources, you
can use the internet, e-mail, telephone, or fax to contact MTS for assistance.

MTS provides a full range of support services after your system is installed. If

methods you have any questions about a system or product, contact MTS in one of the

following ways.

MTS web site The MTS web site gives you access to our technical support staff by means of a

www.mts.com Technical Support link:
www.mts.com > Contact Us > Service & Technical Support

E-mail  techsupport@mts.com
Telephone ~ MTS Call Center 800-328-2255
Weekdays 7:00 A.M. to 5:00 P.M., Central Time
Fax  952-937-4515
Please include “Technical Support” in the subject line.
Before You Contact MTS

Know your site
number and system
number

MTS can help you more efficiently if you have the following information
available when you contact us for support.

The site number contains your company number and identifies your equipment
type (material testing, simulation, and so forth). The number is usually written on
a label on your MTS equipment before the system leaves MTS. If you do not
have or do not know your MTS site number, contact your MTS sales engineer.

Example site number: 571167

When you have more than one MTS system, the system job number identifies
which system you are calling about. You can find your job number in the papers
sent to you when you ordered your system.

Example system number: US1.42460

Seismic Test System User’s Manual Technical Support 9



Know information from

prior technical
assistance

Identify the problem

Know relevant

computer information

Know relevant
software information

If you have contacted MTS about this problem before, we can recall your file.
You will need to tell us the:

. MTS notification number

*  Name of the person who helped you

Describe the problem you are experiencing and know the answers to the
following questions:

*  How long and how often has the problem been occurring?
e Can you reproduce the problem?

*  Were any hardware or software changes made to the system before the
problem started?

*  What are the model numbers of the suspect equipment?
e What model controller are you using (if applicable)?
*  What test configuration are you using?

If you are experiencing a computer problem, have the following information
available:

*  Manufacturer’s name and model number

*  Operating software type and service patch information

*  Amount of system memory

*  Amount of free space on the hard drive in which the application resides
*  Current status of hard-drive fragmentation

*  Connection status to a corporate network

For software application problems, have the following information available:

*  The software application’s name, version number, build number, and if
available, software patch number. This information is displayed briefly
when you launch the application, and can typically be found in the “About”
selection in the “Help” menu.

*  Itis also helpful if the names of other non-MTS applications that are
running on your computer, such as anti-virus software, screen savers,
keyboard enhancers, print spoolers, and so forth are known and available.

If You Contact MTS by Phone

10

Technical Support

Your call will be registered by a Call Center agent if you are calling within the
United States or Canada. Before connecting you with a technical support
specialist, the agent will ask you for your site number, name, company, company
address, and the phone number where you can normally be reached.
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If you are calling about an issue that has already been assigned a notification
number, please provide that number. You will be assigned a unique notification
number about any new issue.

Identify system type  To assist the Call Center agent with connecting you to the most qualified
technical support specialist available, identify your system as one of the
following types:

*  Electromechanical materials test system
e Hydromechanical materials test system
*  Vehicle test system

*  Vehicle component test system

*  Aero test system

Be prepared to Prepare yourself for troubleshooting while on the phone:
troubleshoot
e (Call from a telephone when you are close to the system so that you can try

implementing suggestions made over the phone.
*  Have the original operating and application software media available.

*  Ifyou are not familiar with all aspects of the equipment operation, have an
experienced user nearby to assist you.

Write down relevant  Prepare yourself in case we need to call you back:

information
e Remember to ask for the notification number.
*  Record the name of the person who helped you.
*  Write down any specific instructions to be followed, such as data recording
or performance monitoring.
After you call ~ MTS logs and tracks all calls to ensure that you receive assistance and that action

is taken regarding your problem or request. If you have questions about the status
of your problem or have additional information to report, please contact MTS
again and provide your original notification number.

Problem Submittal Form in MTS Manuals

Use the Problem Submittal Form to communicate problems you are experiencing
with your MTS software, hardware, manuals, or service which have not been
resolved to your satisfaction through the technical support process. This form
includes check boxes that allow you to indicate the urgency of your problem and
your expectation of an acceptable response time. We guarantee a timely
response—your feedback is important to us.

The Problem Submittal Form can be accessed:

e Inthe back of many MTS manuals (postage paid form to be mailed to MTS)

«  www.mts.com > Contact Us > Problem Submittal Form (electronic form to
be e-mailed to MTS)
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Preface

Before You Begin

Safety first! Before you attempt to use your MTS product or system, read and understand the
Safety manual and any other safety information provided with your system.
Improper installation, operation, or maintenance of MTS equipment in your test
facility can result in hazardous conditions that can cause severe personal injury or
death and damage to your equipment and specimen. Again, read and understand
the safety information provided with your system before you continue. It is very
important that you remain aware of hazards that apply to your system.

Other MTS manuals In addition to this manual, you may receive additional MTS manuals in paper or
electronic form.

If you have purchased a test system, it may include an MTS System
Documentation CD. This CD contains an electronic copy of the MTS manuals
that pertain to your test system, including hydraulic and mechanical component
manuals, assembly drawings and parts lists, and operation and preventive
maintenance manuals. Controller and application software manuals are typically
included on the software CD distribution disc(s).
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Conventions

Conventions

Documentation Conventions
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Hazard conventions

Notes

Special terms

lllustrations

Electronic manual
conventions

Preface

The following paragraphs describe some of the conventions that are used in your
MTS manuals.

As necessary, hazard notices may be embedded in this manual. These notices
contain safety information that is specific to the task to be performed. Hazard
notices immediately precede the step or procedure that may lead to an associated
hazard. Read all hazard notices carefully and follow the directions that are given.
Three different levels of hazard notices may appear in your manuals. Following
are examples of all three levels.

Note  For general safety information, see the safety information provided with
your system.

A\ DANGER

Danger notices indicate the presence of a hazard with a high level of risk which,
if ignored, will result in death, severe personal injury, or substantial property
damage.

A\ WARNING

Warning notices indicate the presence of a hazard with a medium level of risk
which, if ignored, can result in death, severe personal injury, or substantial
property damage.

Caution notices indicate the presence of a hazard with a low level of risk which,
if ignored, could cause moderate or minor personal injury, equipment damage, or
endanger test integrity.

Notes provide additional information about operating your system or highlight
easily overlooked items. For example:

Note Resources that are put back on the hardware lists show up at the end of
the list.

The first occurrence of special terms is shown in italics.

Illustrations appear in this manual to clarify text. It is important for you to be
aware that these illustrations are examples only and do not necessarily represent
your actual system configuration, test application, or software.

This manual is available as an electronic document in the Portable Document

File (PDF) format. It can be viewed on any computer that has Adobe Acrobat
Reader installed.
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Conventions

Hypertext links ~ The electronic document has many hypertext links displayed in a blue font. All
blue words in the body text, along with all contents entries and index page
numbers, are hypertext links. When you click a hypertext link, the application
jumps to the corresponding topic.
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Conventions
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Overview

This section of the User's Manual provides a brief description of the Seismic Test
Controller upgrade for the NCREE system.

The system operator should obtain a good functional understanding of all major
system components before attempting to operate the system. Failure to do so
could lead to serious safety problems.

The seismic controller upgrade consists of MTS console assemblies, associated
cabling and control software. An MTS console assembly has an imbedded
processor and real-time hardware. The control software consists of the real-time
control software and the control panel software. The real-time control software
drives the processors to generate command and error signals. The control panel
software runs on a PC and has a graphical user interface consisting of interactive,
modeless dialogs that are used to enter system parameters and execute a test.

The control system also includes a Hydraulic Controller, and a STEX software
module for offline compensation and data analysis. The control system also
includes the PC’s for interfacing to the controller systems and the data analysis
package.

469D Table Controllers

The 469D Digital Seismic Table Controller is a real-time, digital controllers that
provides three-variable, closed-loop control along with adaptive control. It
provides an operator interface to the real-time hardware. The control hardware
architecture is based on Digital Signal Processing technology that optimizes the
performance of the embedded control system, and allows for the implementation
of advanced control and data filtering operations.

The controller consists of a MTS console assembly, associated cabling and
control software. The MTS console assembly has an imbedded processors, real-
time hardware. The control software consists of the real-time control software
and the control panel software. The real-time control software drives the
processors to generate command and error signals using state-of-the-art Three-
Variable-Control (TVC). The control panel software runs on a PC and has a
graphical user interface consisting of interactive, modeless dialogs that are used
to enter system parameters and execute a test.

The 469D digital controller provides the following features:

*  Degree of Freedom Control

e Three-Variable Control (TVC)

e Adaptive Control

»  Differential Pressure Stabilization

*  Force Balance Compensation
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Motion of the multiaxial table is governed by the collective movement of all
system actuators. To create a desired table motion, actuator motions are time-
synchronized using the patented Degree of Freedom (DOF) control concept.
This concept allows the user to control system motion in a coordinate domain
most natural to the test. There are six degrees of freedom; vertical, lateral,
longitudinal, yaw, pitch and roll.

The Three-Variable Control concept is utilized to provide flat performance
across the broad frequency range of a typical seismic test system. TVC is critical
for high fidelity and high bandwidth control.

TVC provides simultaneous control of displacement, velocity, and acceleration,
emphasizing displacement at low frequencies, velocity at middle frequencies,
and acceleration at high frequencies.

As components age and their effects change, these changes alter the total effect of
the system, so that a given command no longer produces the expected response.
Adaptive control techniques are effective tools to use to counter parameter
changes in system components. Adaptive control techniques include Amplitude/
Phase Control (APC), Adaptive Harmonic Cancellation (AHC), Amplitude
Inverse Control (AIC), and Online Iteration (OLI).

Differential Pressure Stabilization control technologies are critical for high
performance. Differential Pressure Stabilization effectively dampens oil column
compliances that occur with heavy mass loads, by feeding a signal proportional
to actuator force into the control loop. This technique allows for stable operation
over a much wider range of gain settings.

When multiple actuators are used to meet the force or velocity requirements of
seismic tables, the system becomes “over-constrained”. Over-constrained
systems are inherently subject to undesirable force imbalances which can
seriously limit the performance of the table. Force Balance Compensation
corrects for this by balancing the force generated by each actuator against a
weighted average of the other actuators in the same degree of freedom. This
ensures that the force is distributed equally among all driving actuators and that
the full force capability of the actuators is available to drive desired table motion.

Hydraulic Power Unit Controller

The Hydraulic Power Unit (HPU) Controller provides the control hardware to
operate the HPUs, the accumulation modules, and the safety system logic devices
for the test system.

MTS Seismic Test Execution (STEX) Software

18

Overview

In conjunction with the MTS Model 469D table controllers and the HPU
Controller, the system also includes a supervisory PC operating with the MTS
Seismic Test Execution (STEX) software. The STEX software provides test
waveform creation and data storage functions. It acts as the primary test
waveform source for the test system, and provides data acquisition, processing,
and storage functions for the system motion and specimen response data acquired
during testing.
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Operator's Safety Practices

Overview  This section contains general operating safety techniques and precautions for
operators of MTS testing systems. Your testing system operates within a unique
environment that includes:

*  Facility utilities, including mechanical and electrical equipment and
atmosphere

e Test specimens
*  Operator experience and specializations
*  Equipment modifications you make to perform specific tasks

Because of these variables, the system could operate under unforeseen
circumstances, resulting in an operating environment with unknown hazards.
Common sense and a thorough knowledge of the system's operating capabilities
usually suggest the appropriate approach to system operation.

In addition to reading these guidelines, you should also read all supplied
manuals. Anyone who operates an MTS system should also have had prior
schooling and training on similar systems. MTS has training facilities for system
operators and maintenance personnel to provide experience and training on MTS
products.

Seismic Test System User’s Manual Operator's Safety Practices 19



General Guidelines

General Guidelines

The following operating safety considerations are applicable to most systems. As
you read each item, consider your system to ensure that your operating
environment and procedures do not result in hazardous situations. Although
complete elimination of hazards may not be possible in a laboratory
environment, the following guidelines can help identify hazards so appropriate
training, operating procedures, and safety equipment can be implemented.
Contact an MTS representative if you have any questions.

Read all Provided Manuals

System operators should gain an understanding of the system functions by
studying the various drawings and product manuals in the system reference
manual set. The reference manual set includes an Assembly Drawings manual
and a Product Information manual. These drawings and manuals provide a good
background for the structure and operating principles of the system.

Review Operation Procedure

Read Safety Placards

Before operating the system for the first time, make a trial run through all
operating procedures to locate and become familiar with all of the appropriate
controls. If any operating adjustment seems unclear, review the operation and
adjustment procedures listed in the associated product manual. If you need
additional information, you can contact MTS for technical assistance.

Special points to consider when reading the manuals include:

*  Locate all caution and warning notices for the known hazard characteristics
of your system. These notices are located in the standard hardware product
manuals provided in the system Reference Manual.

*  Refer to the Operation Manual for step-by-step system operating
procedures. If the operating procedures for your system change due to
component modifications or other reasons, mark the changes in this manual
to reflect the proper procedure.

Locate, read, and follow all instructions on equipment safety placards.

Locate Emergency Stop Buttons

Use Eye Protection

Locate all system Emergency Stop (or E-STOP) buttons on the system so you can
quickly stop system operation in an emergency situation.

Use adequate eye protection when working with system fluids or near an
operating system.
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General Guidelines

Stay Clear of System When Running

Never enter the test area while the test is in progress. Do not approach or touch
the test specimen when the system is running. Ensure that hydraulic pressure is
removed from the system before entering the test area.

Clean Work Area

Always keep work area floors clean. Spilled hydraulic fluid on any type of floor
surface is dangerously slippery.

Know Effects of all Adjustments

Do not make any mechanical or electrical adjustments to system components
unless you know exactly how the adjustment will affect system operation.
Consult your MTS representative if in doubt about any adjustment procedure.

Ensure Interlocks Work

System interlock devices should always be used and properly adjusted. Test all
interlock devices for proper operation before starting a test. Due to the possibility
of operator error, misadjustments, or component failure, interlock devices must
not be relied on to protect personnel. These devices are primarily designed to
minimize the chance of accidental damage to test specimens and test equipment.

Avoid Moving Cables and Hoses

Stay clear of cables and hoses that move along with the test specimen or
equipment. Objects may get tangled or dragged along with such cables and hoses.
Serious injury can be inflicted by a fast moving cable or hose.

Avoid High Voltage Areas

High voltage is present inside the system control consoles. Avoid exposure to
these areas when electrical power is applied. Avoid touching any exposed wiring
or contacts anywhere in the system.

Use Care When Charging Accumulators

Systems that use pneumatic devices (such as accumulators and static supports)
contain high-pressure gas that is very hazardous if improperly handled or poorly
maintained. Read all gas cylinder labels to properly identify the type of
accumulator and the type of gas to use. Follow all charging instructions given in
the appropriate manuals. When charging accumulators, use only dry nitrogen.
(Dry nitrogen can be labeled “oil pumped” or “dry water pumped”.) Do not use
oxygen in place of nitrogen. If oxygen comes in contact with pressurized
hydraulic fluid, a highly explosive condition will exist. Contact your MTS
representative if in doubt about any charging procedure.
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General Guidelines

Maintain Electrical Cables in Good Condition

Protect electrical cables from spilled hydraulic fluid and from excessive
temperatures that can cause cable hardening and eventual cable failure. Clean
spilled hydraulic fluid from electrical cables as soon as possible. Inspect cables
for cuts, exposed wires, or other types of damage prior to system operation.
Ensure that cable connectors are securely plugged into their respective
receptacles. Remove system electrical power before replacing a defective cable.
Ensure that all cables have appropriate strain relief devices installed.

Use Care When Routing Cables and Hoses

Protect all system cables and hoses from sharp or abrasive objects. Never walk
on hoses or cables or move heavy objects over them. Route hoses and cables
away from areas that expose them to possible damage.

Check Hoses and Cables

Thoroughly inspect hoses for blisters, cuts, or other damage prior to system
operation. Replace damaged hoses or cables. While the system is operating,
inspect all hoses and cables to ensure that there is no excessive thrashing,
bending, or chafing that could cause cable or hose damage.

Be Aware of Servovalve Silting

Because of servovalve silting, an actuator can develop random instability or
erratic operation at unusually low hydraulic pressure levels (such as bypass).
This is even more common if the system uses large servovalves or the hydraulic
fluid is dirty. Contact MTS for information on hydraulic fluid maintenance
procedures.

Flush Hydraulics

Flush the hydraulic system immediately after any of the system's hydraulic
components have been replaced, or the system configuration has been changed.
Contact MTS for information on hydraulic fluid maintenance procedures.

Use Caution When Handling Fire Resistant Hydraulic Fluids

Special safety considerations are necessary when operating a system that
contains any type of fire resistant hydraulic fluid. These fluids are toxic and
present a lethal situation if the fluid is accidentally swallowed or if a sufficient
amount of fluid is absorbed through the skin. Avoid contacting fire resistant fluid.
Do not mix fire resistant fluid with petroleum-based fluids. Also, do not add fire
resistant fluids to systems that are not compatible with these types of fluids.

Avoid System Crush Points

Stay away from any potential crush points, especially when the system is
running. The system is capable of producing very high forces within a fraction of
a second. Never assume that human reaction time is fast enough to escape injury.
Know where the crush points are on your system and protect yourself and others
with appropriate safety devices.
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General Guidelines

Use Care When Installing Test Specimen

Test specimen installation is potentially the most hazardous part of system
operation. You are very close to or in contact with the system force train during
installation. Exercise great caution to avoid crush points. Be sure to follow all
provided installation instructions along with the following:

e Clear the work area, especially near crush points.

*  Balance the servo control loop (reduce dc error to zero), use low hydraulic
pressure, and ensure that the servo control system is stable. Be particularly
alert for phase or control reversal if the system setup has been modified
since the last time the system was operated.

* Do not bump, wiggle, adjust, or otherwise disturb a transducer that provides
a feedback signal to the control system.
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Hazards Related to Unexpected Actuator Reactions

Hazards Related to Unexpected Actuator Reactions

Destructive forces can be generated from unexpected actuator response. Likely
causes of such response are operator error and equipment failure (broken cables,
damaged hoses, damaged electrical components, etc.). An actuator piston rod that
reacts unexpectedly can strike an operator, or cause expensive equipment
damage. Anyone who must be close to the system while hydraulic pressure is
applied should acquire a thorough knowledge of the system's operating
characteristics.

The following examples are some of the most probable causes of an unexpected
actuator reaction.

Loss of Control Mode Feedback

If the control mode feedback signal is interrupted during operation, the active
Controller senses a dc error. The actuator will then attempt to correct the error by
stroking (at maximum velocity) until it reaches an internal or external mechanical
limit. The external limit may be anything in its path (tools, specimens, or hands).
Be aware that the full force of the actuator will be applied to that external limit or
obstruction. Also, be aware of the following special points regarding the force-
producing characteristics of hydraulic actuators:

* A selectable operating range does not reduce the static force capability of a
hydraulic actuator. It only increases or decreases the sensitivity of the
electronic control and readout components.

*  The only way to effectively minimize the static force capability of a
hydraulic system is to reduce the system hydraulic pressure.

*  The control mode feedback originates from a transducer located in the
system, and is transported to the control electronics through a transducer
cable. This cable must be protected from damage to minimize the chance of
unexpected actuator reaction. If the cable is routed around corners or
through wall openings, ensure that all sharp edges are padded. Ensure that
this cable has appropriate strain relief devices installed.

e The error detectors in the control electronics minimize the potential for
equipment damage caused by loss of feedback or larger-than-normal dc
errors. Do not rely on these circuits to protect personnel.

Loss of Servovalve Control Signal

An open control loop results if the cable from the control electronics to the
servovalve is broken or disconnected while hydraulic pressure is applied to the
system. The response of the actuator will depend on several different factors
(piston rod position, the servovalve in use, etc.). In any case, actuator reaction
can be violent. The same precautions that apply to transducer cables must be
observed for servovalve cables.
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Hazards Related to Unexpected Actuator Reactions

Program Interruption and Step Functions

The composite command signal for the servo control loop usually consists of
several program inputs such as program, command, setpoint, span, and master
span. If one of these inputs is inadvertently removed or suddenly changed, the
servo loop will detect a large instantaneous dc error and the actuator will respond
accordingly.

Applying Hydraulic Pressure with a Command Present

When hydraulic pressure is not applied to the system, the actuator can drift down
to its endcap unless restrained in some manner. If hydraulic pressure is applied
again and the system is operating in static control, the actuator will quickly return
to its previous position. The setting of the active Setpoint control is the
determining factor in most cases. Always adjust the active Setpoint control to
zero the servovalve command before applying hydraulic pressure.

Do not use any interlock reset to bypass the interlock chain and attempt to apply
hydraulic pressure. Doing so will apply hydraulic pressure to the system
regardless of the interlock condition.

Electrical Power Failure or Shutoff

Over Programming

Turning off electrical power, or an electrical power failure when hydraulic
pressure is applied to the system, can cause considerable and unpredictable
actuator reactions. Loss of electrical power generally causes the actuator to
stroke at maximum velocity in either direction.

Unexpected actuator movement or excessive actuator force can result from
operator error when adjusting a Setpoint or Span control. The composite
command to the servo control loop is the algebraic sum of the signals produced
by these controls. Either Setpoint or Span can program 100% of the system
force producing capability. For example, in most systems a 10-volt signal
produces full-scale response. If the program input to the control electronics is a
10-volt sine wave and Span is adjusted to 100%, any mean level offset
introduced by the Setpoint control causes the command to exceed the
capabilities of the system.
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Understanding Control Principles

Overview This section contains information on the control principles used in the 469D

control system. The following topics are discussed:

Actuator Control Concepts

Basic Closed-Loop Control

Inner and Outer Closed-Loop Control

Three-Variable Control

Table Control Concepts

Table Motion

Table Polarity

Degree of Freedom Control

Compensation Techniques

Force Balance Compensation

Differential Pressure Stabilization

Velocity and Acceleration Lead Terms

Test Adjustments

Master Gain
Span
Setpoint

Limit Detection

Adaptive Control

Amplitude/Phase Control

Adaptive Harmonic Cancellation

Adaptive Inverse Control

Online Iteration

Before setting up the test system or executing a test, it is important that you fully
understand these control elements.
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Actuator Control Concepts

Motion of a seismic table is governed by movement of its collective actuators.
Each actuator in an MTS seismic test system is controlled through basic closed-
loop, inner and outer closed-loop, and three-variable control concepts. These
basic servohydraulic control concepts are discussed in the following subsections.

Basic Closed-Loop Control

Command
from —»
Programmer

Summing

In general, closed-loop control consists of comparing a command signal with a
feedback signal.

Consider the system schematically illustrated in the next figure. In this system, a
displacement command signal is generated by a program source that is outside of
the control loop. Feedback is generated by a linear variable differential
transformer (LVDT).

Gain
Junction Valve
Servo -
valve [ |
Closed T1 [T
Loop
LVDH
Feedback |
Transducer ‘
Conditioner

Actuator

Basic Closed-Loop Control

The polarity and magnitude of the dc error signal derived by the command/
feedback comparison causes the servovalve spool to open in a direction and by
an amount necessary to cause the desired actuator response. As the actuator
responds, feedback approaches command. As the program input changes, the
command/feedback comparison continuously generates dc error signals that
drive the servovalve to create the desired actuator displacement. When command
and feedback are equal, the dc error is reduced to zero, the servovalve spool
closes, and the actuator does not move. This control method is referred to as
“closed-loop control.”
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Inner and Outer Closed-Loop Control

The simplest form of closed-loop control, as described in the preceding
subsection, is used in systems containing a standard one-stage servovalve.
However, the large flow and frequency response requirements of seismic testing
require the use of a multi-stage servovalve. The multi-stage servovalve (see the
next figure) contains a spool LVDT that introduces a second loop into the basic
closed-loop control system; the basic closed loop described above becomes an
“outer” loop and the second loop becomes an “inner” loop.

The MTS Model 252 servovalve is used solely to drive the slave-stage spool. The
spool LVDT provides a signal that is proportional to the position of the spool and
that is, therefore, approximately proportional to the output flow of the

servovalve.
\
MTS S Pilot
Model 252 Stage
Servovalve Input Pressure

Pilot
Supply Return
Spool
LVDT \
Slave
| > Stage
End Cap
Return

Hydraulic
Actuator

Multi-Stage Servovalve

The next figure schematically illustrates the inner and outer closed-loop control
concept. As shown, the outer loop is similar to the basic closed-loop control
concept discussed in the previous subsection. The dc error generated in the outer
loop is the same as the dc error signal of the basic closed loop illustrated in the
figure, “Basic Closed-Loop Control,” on page 28. This dc error signal is then
applied to the inner loop as a valve command signal.
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Inner and Outer Loop Control

The inner loop controls the position of the slave-stage spool in the same manner
that the basic closed-loop concept controls the actuator. The inner loop summing
junction produces a dc error signal that drives the slave-stage spool in the desired
direction. This second loop enhances closed-loop performance to meet the
hydraulic flow and frequency response requirements of seismic testing.

Three-Variable Control

The controlled variable in the examples of closed-loop control discussed in the
previous sections is displacement. Two other control variables common to
conventional closed-loop seismic test systems are velocity and acceleration.
Using a single control variable (whether it is displacement, velocity, or
acceleration) cannot provide flat performance in the broad frequency range of the
typical seismic test system. Therefore, MTS utilizes all three of these control
variables in seismic systems through application of the three-variable control
(TVC) concept.

Three-Variable Control (TVC) is what is known in control theory literature as
state variable control, with additional special features. The three state variables
that TVC can control are displacement, velocity, and acceleration. It is a common
misconception that all three state variables are controlled simultaneously. The
truth is that only one state variable is the primary control variable, with the others
serving only as compensation signals to improve damping and stability.

A detailed view of the internal structure of TVC is shown in the next figure.

30 Understanding Control Principles Seismic Test System User’s Manual



Actuator Control Concepts

feediorward
gains
Yo o
. L
i
reference ® 5 = =>
Em
o> 'D‘
e =|“'~.._\
_ L'/r resonance
highpass ﬁnaf}f‘ . promsmasasas X master reset compensation
force sensor —bE{ .-:D— gain integrator notches
controller
displacement -4 output
SENSOr _ »O {qty. 5)
A .
& s | Em
o g : #D—
o
5 |3
acceleration S B X N
SENsor l
feedback
gains

Internal Structure of Three Variable Control
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On the reference side, the Reference Generator takes the reference signal, which
represents desired displacement, velocity, or acceleration depending on control
mode, and creates the reference states x,,, ¥,/ ¥,.,, and ¥, .. On the feedback

side, displacement and acceleration sensors are combined by the Feedback
Generator to create the feedback states Xppk > Xppko and X - In addition, the force

sensor output is highpass filtered to remove its static force component and the
result used as a stabilization signal to suppress the oil column resonance. Note
that even though there are more than three state variables, the name “Three-
Variable Control” is retained for historical reasons.

The reference and feedback states are weighted by feedforward and feedback
gains, respectively, and summed together. The sum is scaled by the Master gain,
which is used to quickly reduce all gain effects in order to recover control of the
system should it become unstable. The result is integrated and added to itself to
provide rejection of static offsets in the system. Finally, a series of five notch
filters are applied to compensate for oil column and specimen resonances. The
resulting controller output is then used to drive the servovalve of a hydraulic
actuator.

A detailed view of the internal structure of the Reference Generator for each of

the three control modes (displacement, velocity, and acceleration) is shown in the
next figure.
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Reference Generator

The reference signal is processed by the Reference Generator as a displacement,
velocity, or acceleration signal depending on control mode. In displacement
control, the reference is lowpass filtered to form the displacement reference,
which is then differentiated to obtain the velocity and acceleration. The jerk
reference is not computed and is set to zero. In velocity control, the reference is
bandpass filtered to form the velocity reference, which is then integrated to
obtain the displacement reference, and differentiated to obtain the acceleration
and jerk references. In acceleration control, the reference is highpass filtered to
form the acceleration reference, which is then integrated to obtain the
displacement and velocity references, and differentiated to obtain the jerk
reference. The highpass filtering of the reference that occurs in velocity and
acceleration control modes removes static offset and low frequencies from the
reference signal to prevent the integrator outputs from becoming too large.

The purpose of the Feedback Generator is to compute wideband estimates of
velocity and acceleration feedback from limited bandwidth displacement and
acceleration sensors. A detailed view of the internal structure of the Feedback is
shown in the next figure.

displacement
sensor

: g

acceleration
SEnsor

Feedback Generator
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To obtain a wideband estimate of velocity, the differentiated displacement sensor
signal is combined with the integrated acceleration sensor signal via a crossover
filter. The crossover filter ensures that the velocity estimate consists primarily of
differentiated displacement at low-to-medium frequencies where the
displacement sensor is most accurate, and integrated acceleration at medium-to-
high frequencies where the acceleration sensor is most accurate. The wideband
acceleration estimate is obtained from the wideband velocity estimate by
differentiation. Note that a wideband estimate of displacement is not computed
because it is not necessary for control purposes. Instead, the displacement sensor
signal serves as the displacement estimate.

The notch filters are used to compensate for resonances and antiresonances. As
shown in the next figure, the notch filter frequency response is defined by three
parameters: center frequency, 3dB bandwidth, and notch depth:

magn
A

depth=0

'iJ %, (anti-notch)

. —

71 bandwidth

cenler freq

Notch Filter

Note that the notch response at the center frequency can be upward or downward,
depending on whether the notch depth is positive or negative. Negative notches
are used to suppress resonant peaks, whereas positive notches are used to boost
antiresonant valleys. A total of five notches are provided. One notch can be used
to suppress the oil column resonance if there is no force feedback in the system.
The other four can be used to suppress up to two resonance/ antiresonance pairs.

At first glance it may seem that TVC is very complex because it has so many
tuning adjustments. However, it turns out that many of these are not used. For
example, as we will see in the upcoming Acceleration Control Tuning section,
the acceleration feedback gain is always set to zero. Closed loop servohydraulic
control systems do not tolerate acceleration feedback because it has the wrong
phase. So we make the following admission:

TVC, as it is used in servohydraulic control systems, is simply a displacement
controller with sophisticated feedforward.

The effective topology of TVC as it is used for acceleration control is shown
below:
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TVC used for Acceleration Control

The topology for velocity control is similar, having only one reference integrator
instead of two.
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Table Control Concepts

Table Motion

Translational Degrees
of Freedom

Rotational Degrees of
Freedom

Motion of a seismic table is governed by the collective movement of all system
actuators. To create a desired table motion, the individual actuator control
concepts discussed in the previous section must be synchronized. MTS achieves
this synchronization through application of the degree of freedom (DOF) control
concept.

Understanding standard definitions of table motion, DOF coordinates, and table
polarity are critical to understanding DOF control. The following subsections
provide these definitions and a description of DOF control.

The unrestrained motions of the seismic table are described by six degrees of
freedom. These six degrees of freedom, illustrated in the figure below, are
defined as follows:

Longitudinal Motion along the longitudinal (X) axis

Lateral Motion along the lateral (Y) axis
Vertical Motion along the vertical (Z) axis

Roll Rotation about the longitudinal (X) axis
Pitch Rotation about the lateral (Y) axis

Yaw Rotation about the vertical (Z) axis

Note  The Dalian system has three unrestrained motions: longitudinal, vertical
and pitch. The other three motions (lateral, roll and yaw) are restrained.

@

Vertical

A

Yaw
( :
Longitudi al

Roll

Pitch

)
Lateral
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Table Polarity

All actuator movements are defined by positive or negative table movement. As
shown in the next figure, actuator movement is defined as positive for a motion

in the positive direction of table movement.

Positive Commands Move the Actuators in the
Positive Table Direction

Table Motio +

Foundation
NN N N\ N\

Actuator Motion

Actuator Motion

+
Negative Commands Move the Actuators in the
Negative Table Direction

N
N

Although the same DOF coordinate system is applied to most MTS seismic
systems, table and actuator polarity is defined on a system-specific basis.

Degree of Freedom Control

Motion of the multi-axial table is governed by the collective movement of all
system actuators. To create a desired table motion, actuator motions must be time
synchronized. This synchronization is achieved using the Degree of Freedom
(DOF) control concept. This control concept allows the user to control table
motion in the coordinate domain rather than the actuator domain.

This concept provides the means to account for and control all actuator
movements in a given DOF by transforming the feedback signals from all
actuators in that DOF to provide DOF feedback inputs. It then transforms all
DOF composite error signals to provide coordinated actuator control signals.
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Compensation Techniques

The remaining seismic control concepts are methods of compensation and
stabilization techniques that improve the fidelity of system performance. The
techniques explained in the following subsections are:

*  Force Balance Compensation
*  Differential Pressure (AP) Stabilization

e Velocity and Acceleration Lead Terms
Force Balance Compensation

Force balance compensation is required in systems where more than one actuator
affects the control of any translational or rotational axis (that is, where systems
are “over-constrained”).

If a table is considered a rigid body, three actuators completely define the plane
of the table. A fourth actuator, if not perfectly balanced, may exert large forces to
try to distort the stiff table into a shape out of the plane of the other actuators.
Therefore, due to the high stiffness of a typical seismic table, small errors in the
actuator position can cause large internal table forces to be generated.

This force “imbalance” can seriously limit the force capability of the actuator
system. The force balance function compensates for this effect by adding two
more degrees of freedom, warp and roll which is controlled to zero using a PID
controller.

Differential Pressure Stabilization

Differential pressure stabilization is commonly used in MTS seismic test systems
to improve the fidelity of system performance. This function stabilizes the
extremely high frequencies encountered during seismic testing to provide more
stable acceleration.

Differential pressure (AP) stabilization is applied to all electronically-controlled
axes. The functional diagram in the next figure illustrates the application of AP
stabilization in a single degree of freedom.
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Velocity and Acceleration Lead Terms

In a seismic system, where there are large masses and high velocity and
acceleration requirements, there is a maximum amount of gain that can be
applied to the control loop and still ensure table stability. To enhance system
response when it is not possible to apply more gain, MTS seismic test systems
contain velocity and acceleration lead terms.

The velocity and acceleration lead terms effectively feed forward an operator-
adjusted amount of the command (reference signal) into the composite error

signal to provide system performance beyond the optimum stabilized response
otherwise available.

The lead terms can be applied to all electronically-controlled axes. The
functional diagram shown in the next figure illustrates the application of the lead
terms in a single degree of freedom.
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Test Adjustments

Master Gain Adjustment

Span Adjustment

Master gain is a multiplier applied to the error signal. It determines how quickly
the controller responds to error. The greater the gain, the more the servovalve
opens for a given error. As master gain is increased, the error decreases,
indicating closer tracking of the feedback to the command. The following figure
shows a step command and resulting transducer feedback signal with a small
gain.

<¢— Response Time

Command

Feedback

0%

Increasing the master gain decreases the stability margin of the system, increases
the frequency of oscillation, and decreases response time. The following figure
shows the effect on the transducer feedback of increasing the master gain
adjustment.

Response Time

Overshoot

Command

Feedback

0%

Setting the master gain too high can result in unstable system operation, causing
specimen damage. Master gain should be set high enough to achieve an
appropriate response time while maintaining stable system operation.

The maximum and minimum amplitude of a waveform output by a programmer
is £10 volts, which represents =100% of the full-scale operating range. The
master span control determines the amplitude of the command signal that is sent
to the servo control process.
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Setting the Span
Controls

Setpoint Adjustment

Determining Setpoint
Position

Setting the Setpoint
Controls

Test Adjustments
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You set the span controls during test setup to scale the command signal. You can
also make minor adjustments to the span control during the test.

The maximum and minimum amplitudes of a waveform output by a programmer
are =10 volts, which represent 100% of the peak amplitude operating range. The
local setpoint control changes the mean level offset of that program.
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The setpoint position is the position about which the actuators will move during
testing. For seismic testing, setpoint is typically the actuator midstroke position.
If a different position is desired, you must ensure that the position does not limit
the program capability.

For example, if you adjust a channel setpoint to +75% of the full-scale operating
range, then any command that exceeds +25% of the full-scale range will shut
down the test system when a full-scale system limit is encountered.

You set Setpoint control during test setup. Refer to Operation beginning on page
163, for procedures used to adjust the setpoint controls.
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Limit Detection

Limit Detector Settings

Limit Detector Actions

Enabling Limits

Error Detector

Limit detectors can be set to monitor any of the following signals:

*  reference signals
»  feedback signals
e error signals

e auxiliary signals

Refer to, “Control Panel Reference,” on page 57 for additional information about
the signal list.

You set the following parameters for each limit detector: the operating band and a
persistence value. The operating band defines the allowable range for the signal.
The persistence value is a time, in seconds, that the signal can remain outside of
the operating range before setting an indicator or interlock.

You can set an action to be taken when a limit or error is detected. The action can
be any of the following:

*  turn an indicator on
e stop a program signal
*  trip the system interlock

Refer to , “Limit Detectors,” on page 95, and Operation beginning on page 163,
for additional information about setting the limit detectors.

After setting limit parameters, you enable the limit detectors and choose an
action before running a test.

Error detectors are limit detectors that monitor the error signal, that is, the
difference between the command and feedback, as shown in the following figure.
An error detector can stop the test if an error in excess of the preset level is
detected.
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Limit Detection

Error

Program Command:

Fcedback/

The level of acceptable error depends directly on the accuracy requirements of
each testing situation.

Setting Error Detectors You set the operating band and persistence for the error limit detector.

For static and low frequency testing, the initial error detector levels can be
determined before beginning test setup. The level selected should reflect the
response requirements of the specific test. For example, if the test can tolerate up
to 25% deviation from the program signal, the error detector level can be set to

25%.

The error detector level can also be adjusted during testing if desired. Operator
experience is the best guide for adjusting the error detectors for high frequency
testing.

Feedback Limit Detectors

Feedback limit detectors monitor the feedback signals. As shown in the
following figure, when a feedback signal exceeds its preset upper limit or falls
below its preset lower limit, the corresponding limit detector can (if set to hold a
program or trip the system interlock) stop the test.
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Upper Limit
Detect Level

Lower Limit /V\_/

Detect Level
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-100%
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Limit Detection

Determining Limit
Detector Levels

Setting Limit Detectors

The limit detectors should be set to minimize the chances of accidental damage
to test specimens and test equipment. They are typically set to shut down the
system upon specimen failure in order to prevent fixturing or equipment damage.

Important Under no circumstances should the limit detectors be relied on to
protect personnel.

You set the operating band and persistence for each feedback limit detector.

A limit event for a particular signal indicates that the signal has exceeded its
upper or lower limit. The selected band establishes a range of values that
represent a desired system operating range. This band also represents the range
where valid test data can be ensured. The persistence value is a time (in seconds)
that an upper or lower out-of-limit condition can persist without causing an
interlock.
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Adaptive Control

In any real-life test system, there are specimen and system mechanical response
nonlinearities, the components age and their effects change. These changes alter
the total effect of the system, so that a given command does not produce the
expected response. To improve the fidelity of the system response, an adaptive
controller is introduced into the closed loop, as shown in the following figure.

TVC |
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cceleration rror Adaptive Seismi
eismic
Controller Table
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Accel
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Adaptive control can include the following techniques:

*  Amplitude/phase control—for correcting amplitude and phase errors in sine
response waveforms.

*  Adaptive harmonic cancellation—for reducing or canceling spurious
harmonics that are present in the feedback when the command is sinusoidal.

*  Adaptive inverse control—for rapid adaptation to changing system
dynamics. It is effective for improving tracking accuracy in mainly linear
servohydraulic test systems, for any wave shape.

*  Online iteration—intended to complement basic adaptive inverse control,
providing a way of handling nonlinear system applications.

These techniques are discussed in more detail in the remainder of this chapter.
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Amplitude/Phase Control (APC)

Amplitude/Phase Control (APC) is a control compensation technique that
augments a fixed-gain controller to correct for closed-loop amplitude and phase
irregularities in order to improve control fidelity. It measures control system
dynamics directly and modifies the control compensation accordingly in
realtime, making it possible to adapt to changing system dynamics. Amplitude
phase control:

e corrects phase errors as well as amplitude errors (important for phased
multi-channel testing applications).

*  converges quickly to optimum correction because the correction is updated
at every point on the sine wave, not just at the peaks.

*  works well even with very noisy feedback signals.
*  works only with sine wave program signals.

APC is optimized to work with sinusoidal command waveforms (both fixed and
swept frequency) and predominantly linear systems. If the command waveform
is non-sinusoidal, use Adaptive Inverse Control (AIC) instead. If the system has
significant nonlinearities, augment APC with Adaptive Harmonic Cancellation
(AHC) to reduce harmonic distortion. APC and AHC complement each other:
APC enhances the fundamental frequency component of the system response
while AHC cancels the harmonics.

How APC Works

Amplitude/Phase Control (APC) is a control technique that eliminates amplitude
and phase discrepancy between command and response when the command
waveform is sinusoidal. This discrepancy arises from dynamics of the fixed-gain
controller, actuator, fixture, and test specimen combination hereafter called the
plant. Plant dynamics cause a sine command input to emerge at the plant output
scaled in amplitude by a gain 7 and shifted in phase by angle ¢ (notationally,
TZ¢ ). APC corrects this amplitude and phase discrepancy by preceding the plant
input with a compensator network that scales the command amplitude by gain

7" and shifts the phase by angle —¢, resulting in an overall gain of 7 e =1

and an overall phase shift of — ¢ +¢ = 0. This is shown schematically in the next
figure.
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The inverse plant gain 7" and phase shift —¢ is not known in advance, so it is
computed online by estimating the plant input with an inverse model driven by
the plant output, comparing the estimated input with the actual input to develop
an input error signal, and updating the inverse model in such a way as to drive the
input error to zero. Once the input error is driven to zero, the inverse model gain

and phase becomes ! Z/—¢ , which is copied to the inverse compensator placed
between the command generator output and the plant input.

A more detailed view of the internal structure of APC is shown in the next figure.
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Both inverse model and inverse compensators are amplitude/phase adjusting
networks that implement the trigonometric identity

Asin(wt) + Beos(wt) = Csin(ot+ ¢)
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which states that by suitable choice of coefficients 4 and B, a sinusoid of any
amplitude C and any phase ¢ can be obtained. In APC, these coefficients are
modified using the Least Mean Square (LMS) algorithm in such a way as to drive
the input error ¢ to zero. It is beyond the scope of this document to discuss
specifics about the LMS algorithm; there are many good digital signal processing

textbooks available on this topic.
Note in the diagram above that both the plant input and output signals are filtered
by narrowband bandpass filters. These allow APC to filter out harmonic
frequency components that arise due to plant nonlinearities and focus instead on
the fundamental frequency. The center frequencies of these bandpass filters are
varied according to the current command generator frequency, allowing APC to
work with sine sweep commands. This frequency is also used to update the
quadrature (90°) phase shifters. Because APC needs current frequency
information, you must use the built-in sine and sine sweep function generators.
You cannot use an external sine generator or a sine time history file with APC
because these command sources do not provide current frequency information.

Example
The following figure shows the typical “before and after” responses of the
system. In (a), there is a substantial mismatch between command and feedback

Before and After
with the APC switched off; in figure (b), the APC has been switched on and has
completely removed amplitude and phase errors so that the feedback lies on top

of the command.
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Adaptive Harmonic Cancellers (AHC)

How AHC works

When nonlinearities are present in a feedback control system, spurious
harmonics appear in the feedback even when the command is a simple sinusoid.
This is especially true of servohydraulic seismic systems due to servovalve
orifice nonlinearity. One way to reduce harmonic distortion is to increase the
controller feedback gain. This tends to linearize the nonlinearity, but gain can be
increased only so far before stability is compromised. Another way to reduce
harmonic distortion is to iterate it out by playing the command waveform
repeatedly, noting that the response, and updating the system drive waveform
using the system inverse frequency response function. This method is quite
effective, but can be very time consuming and requires a significant level of user
interaction and sophistication. A new approach, inspired by active noise control
technology, is to add harmonics to the controller command waveform with just
the right phase and amplitude to cancel the harmonics at the system output. This
technique is called “Adaptive Harmonic Cancellation” (AHC).

Adaptive Harmonic Cancellation (AHC) greatly reduces harmonic distortion of
the response of a control system driven by a sinusoidal command. It measures
the harmonic distortion directly and adapts in realtime the canceling waveform

that it applies to the control system input.

AHC is optimized to work with sinusoidal command waveforms (both fixed and
swept frequency). To improve the fidelity of the system's response to a sine
command, AHC can be augmented with Amplitude/Phase Control (APC). APC
and AHC complement each other: APC enhances the fundamental frequency
component of the system response while AHC cancels the harmonics.

When a control system consisting of a fixed-gain controller, actuator, fixture, and
test specimen (hereafter called the plant) is driven by a sinusoidal command,
nonlinearity in the plant will cause frequency components at multiples of the
command frequency to spontaneously appear at the plant output. These
harmonics cause unwanted discrepancies between command and feedback.
Eliminating a harmonic is conceptually straightforward: simply add to the
command a “cancelling signal” of the same frequency as the harmonic and with
amplitude and phase such that what propagates through the plant and emerges at
the output has the same amplitude but opposite polarity as the harmonic, thereby
cancelling it. In order for this scheme to work properly, the cancelling signal
must have the correct amplitude and phase to a high degree of precision that can
only be obtained by adapting them according to online measurement of the
harmonic.
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As shown in the previous figure, AHC consists of a parallel network of
cancellers, each dedicated to a single harmonic. A bandpass filter tuned to the
harmonic frequency extracts the harmonic from the plant output. The extracted
harmonic is used as an error signal to adapt the amplitude and phase of the
cancelling signal which is then added to the command input of the plant. Once
the harmonic is cancelled, the adaptation error is zero and the amplitude and
phase are constant at appropriate values.
A more detailed view of the internal structure of AHC is shown in the next
figure.
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Adaptive Harmonic Cancellers (AHC)

The amplitude/phase adjusting network in each harmonic canceller is based on
the trigonometric identity which states that by suitable choice of coefficients 4
and B, a sinusoid of any amplitude C and any phase ¢ can be obtained. In AHC,
these coefficients are modified using the Least Mean Square (LMS) algorithm in
such a way as to drive the response error ¢ to zero. It is beyond the scope of this
document to discuss specifics about the LMS algorithm; there are many good
digital signal processing textbooks available on this topic.

Asin(ot) + Beos(wt) = Csin(ot+ ¢)

Note in the diagram the presence of a model of the plant, which give the LMS
algorithm critical phase information that it needs to adapt canceller coefficients.
The transfer function of this plant model must be measured online during a
training procedure prior to cancelling harmonics.

Also note in the diagram above that the harmonic generator output and the plant
response are filtered by narrowband bandpass filters. These extract content from
the signal only at the harmonic frequency. The center frequencies of these
bandpass filters are varied according to a multiple of the current command
generator frequency, allowing AHC to work with sine sweep command
waveforms. This frequency is also used to update the quadrature (90°) phase
shifters. Because AHC needs current frequency information, you must use the
built-in sine and sine sweep function generators. You cannot use an external sine
generator or a sine time history file with AHC because these command sources
do not provide current frequency information.
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Adaptive Inverse Control (AIC)

How AIC works

Adaptive Inverse Control (AIC) is a control compensation technique that
augments a fixed-gain controller to correct for closed-loop gain and phase
irregularities in order to improve control fidelity. In addition, in multichannel
control systems with cross-coupled dynamics, it greatly reduces cross-coupling
disturbances between control channels. It measures control system dynamics
directly and modifies the control compensation accordingly in realtime, making
it possible to adapt to changing system dynamics.

AIC is optimized to work with non-sinusoidal command waveforms and
predominantly linear systems. If the command waveform is a pure sine wave,
Amplitude/Phase Control (APC) works better and is easier to use. If the system
has significant nonlinearities, you can augment AIC with Online Iteration (OLI).

Adaptive Inverse Control (AIC) is a control technique that improves the input-
output frequency response of a control system. A control system must have a
frequency response of unity magnitude and zero phase at all frequencies in order
to achieve perfect control fidelity. In reality this is never achieved; peaks and
valleys in the magnitude response and phase shifts conspire to cause
discrepancies between command and feedback. AIC fixes up the overall
frequency response so that the magnitude response is unity, and although it
cannot make the phase response zero, it linearizes it so the overall frequency
response looks like a simple delay.

AIC is shown schematically in the next figure.
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Adaptive Inverse Control (AIC)

Ideally we would like the transfer function between command and plant response
to be D(w) rather than T(w), which represents the dynamics of the fixed-gain
controller, actuator, fixture, and test specimen combination hereafter called the
plant. When AIC's inverse model is placed between the command generator
output and the plant input, the inverse model cancels the plant dynamics, and the
overall transfer function becomes D(w) . The inverse plant transfer function

Til(co) is not known in advance, so it is computed online by driving the desired
model with the command generator, comparing its response to the response of the
actual plant, and adjusting the inverse model to drive the response error to zero.
When the response error is zero, the response of the inverse model/plant
combination is indistinguishable from the response of the desired model, which
is the intended result.

In general the desired model can be anything, but restrictions apply if a useful
control result is to be obtained. If D(w) = 1, AIC attempts to cancel all plant
dynamics, including the input/output delay that is present in all real plants. The
only thing that can cancel a delay is a prediction, which AIC tries to do by
forming an approximation to a predictive, noncausal compensator, for example a
filter that produces an output before an input occurs. Of course this is impossible,
and large control tracking errors result.

Much better results obtain if, rather than calling for perfect, delay-free tracking
between command and response, the specification is relaxed a bit to say that
some delay is acceptable. In other words, the desired model should be a simple
delay. This delay is called causality delay because it allows AIC to create a
causal compensator. The term anticipation delay is also used. The amount of
anticipation delay should be at least as much as the input/output delay of the
plant.

AIC can be extended to handle multichannel cross-coupled plants as shown in the
2-input/2-output system below.
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Adaptive Inverse Control (AIC)

Instead of a single transfer function 7(w), the plant now consists of a matrix of
transfer functions that represent the interaction between every combination of
input and output. Likewise, AIC has a matrix of inverse models. The diagonal
terms of the matrix correspond to the main interaction between each input and
output; the off-diagonal terms correspond to undesirable cross-coupling
interactions between channels. When AIC is perfectly adjusted, the matrix
product of the inverse models with the plant models yield a matrix of transfer
functions

D(w) 0
0 D(o)
corresponding to perfect response of individual channels and no cross-coupling

between channels.

A more detailed view of the internal structure of AIC (in the single-channel case)
is shown in the next figure.
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Note that the mechanism to estimate the inverse model requires knowledge of the
forward model. So AIC requires that not only the inverse transfer function be
measured online, but the forward transfer function as well. Both models are
implemented as adaptive Finite Impulse Response (FIR) digital filters whose
coefficients are modified using the Least Mean Square (LMS) algorithm. It is
beyond the scope of this document to discuss specifics about adaptive filters;
there are many good digital signal processing textbooks available on this topic.
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On-line Iteration (OLI)

How OLI works

drive
generator

Online Iteration (OLI) is a control technique that repeatedly modifies the
command input to a control system on an individual sample-by-sample basis
until the control system response is almost a perfect replica of the original
desired command.

OLI is optimized to work with non-sinusoidal command waveforms and
significantly nonlinear systems. If the command waveform is a pure sine wave,
Adaptive Harmonic Cancellation (AHC) works better and is easier to use. If the
system does not have significant nonlinearities, use Adaptive Inverse Control
(AIC) instead.

The focus of OLI is two time history files, the Desired file and the Drive file.
The Desired file is an unchanging file that contains the time history that you
want to reproduce on the test system. The Drive file is a time history file that is
modified every time it is played out in such a way as to cause the system
response to eventually match the desired time history. The process of repeatedly
playing out the desired and drive files while updating the drive file is called
“iteration”.

OLI is shown schematically in the next figure.
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-line lteration (OLI)

Summary of AIC and
OLI

In the diagram above, the desired time history file and the drive time history file
are played out simultaneously through their respective waveform generators. The
drive is played directly into the plant, which is the term used hereafter to refer to
the dynamics of the fixed-gain controller, actuator, fixture, and test specimen
combination. Simultaneously, the desired is played out and compared to the plant
response to develop a response error. A drive correction is computed by running
the response error through a filter that approximates the inverse transfer function
of the plant. This drive correction represents a best linear estimate of the amount
of drive error that gave rise to the response error. A fraction of the drive
correction specified by the “iteration gain” is added to the current drive
waveform (delayed to account for plant and processing delays) to form the drive
for the next iteration cycle and the result is stored in a disk file. The iteration
gain, whose value ranges from zero to one, determines the rate at which the
response converges to the desired and is chosen according to the amount of
nonlinearity in the plant. For a very nonlinear plant, the iteration gain must be
small and the number of iterations large for the iteration process to converge. For
a predominantly linear plant, an iteration gain of nearly one is possible without
divergence, in which case only two or three iterations are required.

Note in the diagram that OLI requires knowledge of the inverse transfer function
of the plant in order to compute a drive correction. This inverse transfer function
is provided by the Adaptive Inverse Controller (AIC), appropriately rewired to
serve in this role, and is determined by a training process prior to running OLI
(refer to, “How to Use Adaptive Inverse Control (AIC),” on page 190 for details).

AIC is an effective digital control technique for improving tracking accuracy in
mainly linear servohydraulic test systems. When nonlinearities are significant,
on-line iteration works with adaptive inverse control to eliminate tracking errors.

For more information on the Multichannel AIC panel, see “Multichannel AIC”
on page 104.

For more information on the Online Iteration panel, see “Online Iteration” on
page 112.
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Control Panel Reference

Overview This section contains alphabetically arranged descriptions for each control panel
in the 469D Digital Seismic Table Controller software.

For most options, a control panel is automatically opened when you select
the option. These control panels display current settings.

Changing these settings can cause immediate movement in the system.

Before you change a displayed setting, know the effect the change will have on
the system. Refer to Operation beginning on page 163, before adjusting any value
or attempting to operate the system.

The following table identifies each panel described in this section, as well as its
corresponding option name and menu location. Refer to Understanding Control
Principles beginning on page 27, for information on how to select these menu

options
PANEL NAME MENU MENU OPTION
AC/DC Conditioners Calibration Conditioners
Adaptive Harmonic Cancellers Operation Controllers: Adaptive Harmonic
Amplitude/Phase Controllers Operation Controllers: Amplitude/Phase
Data Player Operation Data Player
Data Recorder Operation Data Recorder
Digital Meter A or B Display Digital Meter A
Digital Meter B
Digital Oscilloscope Display Oscilloscope
Digital Readouts Display Digital Readouts
Force Balance Controllers Operation Controllers: Force Balance
Frequency Response Function Plotter  Display FRF Plotter
Function Generators Operation Function Generators
Impulse Response Function Plotter Display IRF Plotter
Limit Detectors Operation Limit Detectors

469D Digital Seismic Table Controller - -
Panels
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PANEL NAME MEeNU MENU OPTION

Message Log Display Message Log

Multichannel AIC Operation Controllers: Adaptive Inverse
Observers Configuration Observers

Online Iteration Operation Controllers: Online Iteration
Ramp Rates Configuration Ramp Rates

Resonance Compensators Operation Controllers: Resonance Comp
Spectrum Analyzer Operation Spectrum Analyzer

Static Lift Operation Static Lift

Three-Variable Controller Operation Controllers: Three-Variable
Units Configuration Units

3-Stage Valve Drivers Calibration Valve Drivers
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AC/DC Conditioners
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Panel Description

Access

When to Use the Panel

The Conditioners panel allows you to perform the following tasks:

e Select a specific AC or DC conditioner

. Calibrate the conditioner to its associated transducer

*  Select polarity of output

*  Select filtering option

*  Set hardware limits for the conditioner output (feedback)

e Identify whether an interlock has occurred

. Disable and/or reset interlocks

Open the Conditioners panel by selecting the Conditioners option from the
Calibration menu on the 469D Digital Seismic Table Controller panel.

Use the Conditioners panel to calibrate a conditioner with its associated
transducer and to identify and reset hardware interlocks. Whenever a transducer
is replaced or moved, the associated conditioner should be calibrated. Hardware
limits should be checked and reset before starting a test. In addition, MTS
recommends verifying calibration values periodically.
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AC/DC Conditioners Panel Control Descriptions (part 1 of 2)

CONTROL

DESCRIPTIONS

Conditioner text box

Shows the name of the currently selected conditioner. The adjacent conditioner
ID box shows the slot number of the selected conditioner.

Select a conditioner using the Select..., Next, or Previous buttons.

Select... button

Opens the conditioner selection panel, from which you can select a
conditioner.

Next button

Selects the next conditioner in the selection panel list.

Previous button

Selects the preceding conditioner in the selection panel list.

Excitation mode pop-up

Displays the type of conditioner selected; AC or DC.

Excitation slide bar and text
box

Sets the level of the excitation signal sent to the transducer. You can use the
slide bar to set a value or you can enter it in the text box.

Excitation freq pop-up

(Available for AC excitation mode only.) Click the E| button to display a list
of available excitation frequencies. Select the desired frequency and click the

button to accept the selection and close the list, or click the to decline
the selection and close the list.

To select no excitation frequency, select None from the list and close the list as
described.

Demod. phase slide bar and
text box

(Available for AC excitation mode only) Sets the demodulator phase of the AC
conditioner output. You can use the slide bar to set a value or you can enter it in
the text box.

Zero slide bar and text box

Sets the dc offset of the conditioner output. You can use the slide bar to set a
value or you can enter it in the text box.

Gain slide bar and text box

Sets the total gain of the conditioner. You can use the slide bar to set a value or
you can enter it in the text box.

Delta K (+) slide bar and text
box

Sets the delta K(+) value for the conditioner. You can use the slide bar to set a
value or you can enter it in the text box.

Filter cutoff pop-up menu

Select the desired output filter cutoff frequency.

Invert Polarity checkbox

Selects the polarity of the output signal. The choices are: Inverted or
noninverted.

Shunt Cal button

(Available for DC excitation mode only) Closes the shunt calibration relay to
complete a shunt calibration of the conditioner and displays the value in the
Conditioner Output Value display.
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AC/DC Conditioners Panel Control Descriptions (part 2 of 2)

CONTROL

DESCRIPTIONS

Interlocks

Disabled check box

When checked, disables hardware interlocks for this channel.

Reset button

When pressed, resets the hardware interlocks for this channel.

Watchdog timer indicator

Indicates the state of the watchdog timer.

Excitation fail indicator

Shows whether excitation has failed. This detector is always enabled, both in
hardware and software. Excitation failure causes a system interlock because it
may indicate a broken, defective or missing conditioner cable.

Limit indicator

Indicates whether the conditioner output has gone outside of the limits set
using the Upper and Lower Limit slide bars.

Upper Limit slide bar and
text box

Sets the upper limit of the conditioner output. You can use the slide bar to set a
value or you can enter it in the text box. If the conditioner output (feedback)
has exceeded this limit, the Limit indicator is lit.

Lower Limit slide bar and
text box

Sets the lower limit of the conditioner output. You can use the slide bar to set a
value or you can enter it in the text box. If the conditioner output (feedback)
has fallen below this limit, the Limit indicator is lit.

Conditioner output value
text box

Shows the value of the signal output by the selected conditioner.

Not editable.
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Adaptive Harmonic Cancellers
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62 Control Panel Reference

Adaptive Harmonic Cancellation (AHC) greatly reduces harmonic distortion of
the response of a control system driven by a sinusoidal command. It measures
the harmonic distortion directly and adapts in realtime the cancelling waveform
that it applies to the control system input.

Open the Adaptive Harmonic Canceller panel by selecting the Controller option
from the Operation menu on the 469D Digital Seismic Table Controller panel,
then dragging the cursor right to open the Controller submenu and selecting
Adaptive Harmonic. You can also open this panel by clicking on the Adaptive
Control AHC label on the 469D Digital Seismic Table Controller panel.

The Adaptive Harmonic Canceller panel allows you to setup adaptive harmonic
canceller to reduce or cancel spurious harmonics in the feedback when
programming sine waves. This approach will inject input harmonics into the
controller command waveform with just the right phase and amplitude to cancel
the desired feedback harmonics.

Note  Adaptive harmonic canceller function is controlled using the Adaptive
Control button next to the AHC label on the 469D Digital Seismic Table
Controller panel.
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Background Because cancellation occurs at the system output by means of a signal at the
Information system input, the phase response of the system must be known. The “control
system model”, an adaptive finite-impulse-response (FIR) filter, provides this
information. Before cancellation is turned on, it must learn the system phase
response by commanding the system with a random signal over the frequency
range of operation.

During training, excite the system with a low level random signal using the
Function Generator panel. The maximum frequency of the random signal should
be entered into the Maximum Frequency text box on the Adaptive Harmonic
Canceller panel.

Adaptive Harmonic Cancellation Control Panel Descriptions (part 1 of 3)

CONTROL DESCRIPTION

Channel text box Shows the name of the selected command channel.

Select a channel using the Select..., Next, or Previous buttons.

Select... button Opens the channel list box, from which you can select a channel.
Next button Selects the next channel in the list.
Previous button Selects the preceding channel in the list.
Model These controls are used during training.
Reset button This button is active when the Adaptive Control button for AHC is set to
Training.

Click the button to reset the coefficients to their initial state. Unless you are
changing the test setup significantly, you do not need to reset coefficients.

Tracking indicator Indicates green when the model coefficient adaptation process is tracking.
Indicates white when the model coefficient adaptation process is not tracking.
The conditions for tracking are:

¢ Under Adaptive Control on the 469D Digital Seismic Table Controller
panel, the button next to AHC is set to Training.

*  On the Adaptive Harmonics Cancellers panel, the Convergence rate
under Model is nonzero.

e The command waveform on the Function Generators panel is not constant
at zero or any other level.

Maximum Freq slide Set the maximum frequency up to which AHC will cancel harmonics. You can
bar and text box use the slide bar to set a value or you can enter it in the text box.

This value should be set to the maximum frequency used to train the model.
AHC cannot cancel harmonics outside the range of frequencies in which it has
been trained.

If the command waveform is a sine sweep, when a harmonic exceeds the
maximum frequency, cancellation of that harmonic is automatically disabled.
Once the harmonic frequency is within range again, cancellation of that
harmonic is automatically reenabled.
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Adaptive Harmonic Cancellation Control Panel Descriptions (part 2 of 3)

CONTROL DESCRIPTION

Convergence rate slide  Set the convergence rate of the model coefficient adaptation process. You can
bar and text box use the slide bar to set a value or you can enter it in the text box.

A value of zero means no adaptation; higher values increase the speed of the
adaptation process at a cost of decreased model accuracy. Too high of a value
will cause the adaptation process to diverge, driving the coefficients to infinity.
A convergence rate of less than one is usually (but not necessarily) safe.

A\ CAUTION

Setting the convergence rate too high will cause system instability.

Instability can result in uncontrolled actuator movement that can cause
both equipment and specimen damage.

If instability occurs, immediately lower the convergence rate to 1.0 or less.

Coefficients text box Displays textually the current values of the model coefficients. This
information is also displayed graphically in the Impulse Response Function
(IRF) Plotter. This display is updated using the Update button.

Update button Click this button to update the Coefficients display with current values of the
model.
Canceller
Reset button This button is active when the Adaptive Control button for AHC is set to

Disabled, Frozen, or Tracking.

Click this button to reset the canceller coefficients of all active harmonics to
Zero.

Tracking indicator Displays the current state of the canceller coefficient adaptation process. The
tracking indicator is green if coefficients are adapting, white if not. The
conditions for tracking are:

¢ Under Adaptive Control on the 469D Digital Seismic Table Controller
panel, the button next to AHC is set to Disabled, Frozen, or Tracking.

*  On the Adaptive Harmonics Cancellers panel, the Convergence rate
under Canceller is nonzero.

e The command waveform on the Function Generators panel is not constant
at zero or any other level.
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Adaptive Harmonic Cancellation Control Panel Descriptions (part 3 of 3)

CONTROL DESCRIPTION

Convergence rate slide  Set the convergence rate of the canceller coefficient adaptation process. You
bar and text box can use the slide bar to set a value or you can enter it in the text box.

A value of zero means no adaptation; higher values increase the speed of the
adaptation process at a cost of decreased cancellation quality. Too high of a
value will cause the adaptation process to diverge, driving the coefficients to
infinity. A convergence rate of less than one is usually (but not necessarily)
safe.

A\ CAUTION

Setting the convergence rate too high will cause system instability.

Instability can result in uncontrolled actuator movement that can cause
both equipment and specimen damage.

If instability occurs, immediately lower the convergence rate to 1.0 or less.

Harmonics selection Select the harmonics to be cancelled. Selected harmonics boxes are shown as
boxes dark gray. Do not use the first harmonic unless you are cancelling cross-
coupling disturbance on another channel (discussed in a later section).

Authority display box Displays the maximum amplitude of any cancelling signal that AHC has added
to the command. Not all of the signals will have this amplitude, only the largest
one.

Max Authority text box  Set an upper limit of the amplitude of any cancelling signal that AHC adds to
the command. You can use the slide bar to set a value or you can enter it in the
text box.

This is a safety feature designed to limit the amplitude of motion should AHC's
adaptation process become unstable.
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Control Panel Reference

The Amplitude/Phase Controller panel allows you set up an amplitude/phase
controller to correct feedback amplitude and phase errors when programming
sine waveforms.

Open the Amplitude/Phase Controller panel by selecting the Controller option
from the Operation menu on the 469D Digital Seismic Table Controller panel,
then dragging the cursor to the right to open the Controller submenu and
selecting Amplitude/Phase. You can also open this panel by clicking on the
Adaptive Control APC label on the 469D Digital Seismic Table Controller
panel.

Use this panel only when the program (or command) signal is a sine wave. This
controller minimizes the differences in amplitude and phase between the
command and feedback.

Note  Amplitude/Phase Control is controlled using the Adaptive Control

button next to the APC label on the 469D Digital Seismic Table
Controller panel.

Amplitude/Phase Control (APC) is a control compensation technique that
augments a fixed-gain controller to correct for closed-loop amplitude and phase
irregularities in order to improve control fidelity. It measures control system
dynamics directly and modifies the control compensation accordingly in
realtime, making it possible to adapt to changing system dynamics.
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Amplitude/Phase Control Panel Control Descriptions (part 1 of 2)

CONTROL

DESCRIPTION

Channel text box

Shows the name of the selected command channel.

Select a channel using the Select..., Next, or Previous buttons.

Select... button

Opens the channel list box, from which you can select a channel.

Next button

Selects the next channel in the list.

Previous button

Selects the preceding channel in the list.

Compensation

Preset button

Presets the Ampl correction to 1and the Phase correction to 0.

Reset button

Sets both the Ampl correction and the Phase correction to zero.

Ampl correction display text
box

Displays the current amplitude correction being applied to the command. Also
allows values to be entered so that APC can be set to correction values other
than that provided by the Compensation Preset and Reset buttons.

Phase correction display
text box

Displays the current phase correction being applied to the command. Also
allows values to be entered so that APC can be set to correction values other
than that provided by the Compensation Preset and Reset buttons.

Frequency display box

Displays the current frequency of the command.

Tracking indicator

Displays the current state of the coefficient adaptation process. The tracking
indicator is green if coefficients are adapting, white if not. The conditions for
tracking are:

¢ Under Adaptive Control on the 469D Digital Seismic Table Controller
panel, the button next to APC is set to Tracking.

*  The Convergence rate on the Amplitude/Phase Controllers panel is
nonzero.

e The command waveform on the Function Generators panel is not constant
at zero or any other level.

*  The number of sine cycles since the start of the command waveform is
greater that the number of cycles of startup delay.

Bandpass inputs check box

Specify that APC's input signals are to be bandpass filtered to remove
harmonic noise. This is a desirable thing except in certain rarely encountered
situations that require the maximum possible adaptation speed, making the
slight slowdown due to the delay of the filters unacceptable. It is recommended
that you leave this checked.

Startup delay slide bar and
text box

Set the number of sine cycles after the start of the command that must elapse
before adaptation can begin. You can use the slide bar to set a value or you can
enter it in the text box.

This prevents adaptation during the transition from a stopped to a running state
until transients have died out somewhat.
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Amplitude/Phase Control Panel Control Descriptions (part 2 of 2)

CONTROL

DESCRIPTION

Max authority slide bar and
text box

Set the maximum amplitude correction that APC is allowed to apply to the
command. You can use the slide bar to set a value or you can enter it in the text
box.

This is a safety feature designed to limit the amplitude of motion should APC's
adaptation process become unstable.

Convergence rate slide bar
and text box

Set the convergence rate of the coefficient adaptation process. You can use the
slide bar to set a value or you can enter it in the text box.

A value of zero means no adaptation; higher values increase the speed of the
adaptation process at a cost of increased susceptibility to noise. The
convergence rate should be no more than unity otherwise the potential for
instability exists.
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Panel Description

Access

When to Use the Panel

Playout File
Information

The Data Player panel allows you to list the data channels and select a time
history file for the program source.

Open the Data Player panel by selecting the Data Player option from the
Operation menu on the 469D Digital Seismic Table Controller panel. You can
also open this panel by clicking the button next to the Program Source label on
the 469D Digital Seismic Table Controller panel, then selecting Data Player
File and finally clicking on the Program Source label.

Use the Data Player panel to list the data channels and choose a file to be played
out as the program source when the Data Player selection is enabled for the
program source on the 469D Digital Seismic Table Controller panel.

First choose the desired channels and then select the file. It is very important that
the number of channels and order of channels selected match the number and
order in the selected file.

Important  Always keep the natural order of channels as they are listed by the
software in the Available list.

When using a file for the playout source, the file must be in MTS binary format.
The Translate text to binary option under the File menu on the 469D Digital
Seismic Table Controller panel will translate an ASCII text file to MTS binary
format.

The text file to be translated must be in the following format:

The first value in the text file must be the time period between samples, followed
by the data in engineering units arranged in a single column.

The translator will prompt you for the ASCII text file. The converted file will be
given the same name as the text filename but will have a .bin extension.
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When a file is played out, the system does not automatically ramp up at the
beginning of the file. It is assumed the file will contain this ramping data if it is
required. The span will jump to 100% at the beginning of the file. The only
exception to this is in the middle of the file, if the program is put into Stop mode,
then the system will ramp down to 0% and ramp back up to 100% when it starts
up again (Run mode enabled).

You can scale the playout file by playing it out at a different sample rate than the
recorded rate. The Play Sample Period input allows the user to input a playout
sample period different from the recorded sample period.

Data Player Panel Control Descriptions

CONTROL DESCRIPTIONS

File... button and text box Selects the file which contains the playout data. The file must be in MTS
binary format. The Translate text to binary option under the File menu on the
469D Digital Seismic Table Controller panel can be used to convert an ascii
text file to MTS Binary format.

File Sample Period text Displays the sample period of the recorded file.
window

Play Sample Period text box Input the desired sample period for playing out the recorded file. This value
default to the File Sample Period.

File Length text window Displays the playout file length.

Elapsed Time text window Displays the amount of time that the file has been played out.

Pass _ of _ text boxes Input the number of times to play the selected file in the second text box. The
current pass is the number in the first text box.

Reset button When clicked, resets Elapsed time counter to zero, the Pass counter to one,
and the playout file to the beginning.

Channel Selection text Select the channels to be played out. The Available box shows the available

boxes channels. The Selected box shows the selected channels. To move a channel
between boxes, first highlight the channel by placing the cursor on it and
clicking once on the mouse button. Then click on the appropriate arrow to
move the channel to the other box.

Press the Reset button to clear the Selected box of all channels.

Make sure the number of channels selected and the order of these selected
channels matches the number and order in the selected playout file.

Reset button When pressed, resets the playout file to the beginning.
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Panel Description

Access

When to Use the Panel

The Data Recorder panel allows you to:

. Record data from selected channels and store in a user selected file
*  Set the sample rate, starting delay, and recording period

¢ Choose whether to start recording data when the START button is pushed,
or to synchronize the data recording with the RUN button on the 469D
Digital Seismic Table Controller panel

Open the Data Recorder panel by selecting the Data Recorder option from the
Operation menu on the 469D Digital Seismic Table Controller panel.

Use the Data Recorder panel to record data from selected channels and store the
data in a file. The data in the file will be in MTS binary format. This data file can
be converted to an ascii text format file by choosing the Translate binary to text
option under the File menu option on the 469D Digital Seismic Table Controller
panel.

Data Recorder Panel Control Descriptions (part 1 of 2)

CONTROL

DESCRIPTIONS

Sample Rate pulldown menu

Select the recording sample rate. The available sample rates are 32, 64. 128,
256, 512, and 1024 Hz.

Starting delay text box

Input the time delay between when the Start (or Run) button is pressed and data
recording begins.

Recording period text box

Input the period of time that the data recorder should run.
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Data Recorder Panel Control Descriptions (part 2 of 2)

CONTROL

DESCRIPTIONS

Enable AA Filters check box

When checked, a digital anti-aliasing filter is added to each selected signal.
The software will select an appropriate filter type dependant on the sample
rate. The frequency response of this AA filter can be viewed using the FRF
panel.

The AA filter will add a delay which is displayed for your reference. You may
need to adjust the starting delay and/or extend the recording period,
accordingly.

Synchronize with Run
check box

If checked, data recorder will start when the Run button on the 469D Digital
Seismic Table Controller panel is pressed (the Start button on the Data
Recorder panel must also be on). If not checked, the data recorder will start as
soon as you click the Start button.

Loop Forever check box

When checked, will record over and over again.

File... button

Input the filename where the recorded data is to be stored.

Comment text box

Use this text box to input a comment to be stored with the data. This comment
box can be used to input information to identify the particular acquisition such
as a Serial ID number, etc.

Signal Selection text boxes

Select the signals to be recorded. The Available box shows the available
signals. The Selected box shows the selected signals. To move a signal
between boxes, first highlight the signal by placing the cursor on it and
clicking once on the mouse button. Then click on the appropriate arrow to
move the signal to the other box.

Reset button

Pressing this button will clear the Selected box of all signals.

Start/Arm button

Starts data recording. If acquisition is synchronized, the Start button grays out
after you click on it. Acquisition is then queued to start with the appropriate
event.

Progress bar

After data acquisition starts, the progress bar grows from left to right, showing
how much data has been recorded (0 to 100%).

Stop button

Stops data recording.
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Panel Description

Access

The Digital Meter A or B panel allows you to monitor a signal.

Open the Digital Meter A or B panel by selecting the Digital Meter A or Digital

Meter B option from the Display menu on the 469D Digital Seismic Table
Controller panel.

Toggle the arrow [#] to display the right side of the display or hide the right side
of the Digital Meter panel:

When to Use This
Panel

Background
Information

Seismic Test System User’s Manual

Use either panel to read the current value of the selected signal.

The digital meters provide the following signal monitoring modes:

Max/min

Monitors the maximum and minimum signal values since the display
session began or the reset button was last selected. Signal values are
displayed in the Maximum and Minimum text boxes.

Peak/valley (banded)

Similar to Max/min mode, except the Reset button is automatically pressed
after the signal reverses by an amount determined by the sensitivity
adjustment. Thus changes in signal peaks and valleys can be continuously
monitored. This selection can be used for cyclic and non-cyclic waveforms.

Peak/valley (timed)

Similar to Max/min mode, except the Reset button is automatically pressed
after the signal reverses a quarter of a cycle as determined by the signal’s
current frequency. Thus changes in signal peaks and valleys can be
continuously monitored. This selection can be used only for cyclic
waveforms.

RMS/mean

Monitors the RMS and mean of a signal since the display session began or
the Reset button was last selected. The amount of signal averaging can be
adjusted using the Averaging Interval slidebar or textbox. This selection
can be used for cyclic and non-cyclic waveforms.
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Digital Meter A or B Panel Control Descriptions (part 1 of 2)

CONTROL

DESCRIPTIONS

Signal text box

Shows the name of the current selected signal.

Select a signal using the Select..., Next, or Previous buttons.

Select... button

Opens the signal selection panel, from which you can select a signal.

Next button

Selects the next signal in the selection panel list.

Previous button

Selects the preceding signal in the selection panel list.

Maximum or Peak or RMS
or Amplitude text box

Displays the Maximum value for the signal when Capture Mode is Max/Min
and Display Mode is Extrema.

Displays the Peak value for the signal when Capture Mode is Peak/valley and
Display Mode is Extrema.

Displays the RMS value for the signal when Capture Mode is RMS/Mean
(Display Mode is grayed out).

Displays the Amplitude of the signal when Capture Mode is Max/Min or
Peak/valley and Display Mode is Amplitude/Base.

Minimum or Valley or Mean
or Base text box

Displays the Minimum value for the signal when Capture Mode is Max/Min
and Display mode is Extrema.

Displays the Valley value for the signal when Capture Mode is Peak/valley and
Display Mode is Extrema.

Displays the Mean value for the signal when Capture Mode is RMS/Mean.
(display Mode is grayed out)

Displays the Base value of the signal when Capture Mode is Max/Min or Peak/
valley and Display Mode is Amplitude/Base.

Current value text box

Displays the current value of the selected signal.

Reset button

Clears the Minimum and Maximum text boxes.

E arrow

Toggle the |E! arrow to open/close the right side of the display panel that
contains the options described below.

Capture Mode pop-up menu

Selects a monitoring mode. The choices are:

Max/min—display the maximum and minimum values of the signal in the
Maximum and Minimum boxes.

Peak/valley (banded)—display the peak and valley values of a signal
determined by reversal outside a specified sensitivity band.

Peak/valley (timed) — display the peak and valley values of a signal
determined by reversal within an amount of time determined by the signal
frequency.

RMS/Mean — display the RMS and mean values of a signal averaged over a
specified sliding time interval.
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Digital Meter A or B Panel Control Descriptions (part 2 of 2)

CONTROL

DESCRIPTIONS

Display pop-up menu

Selects a display mode. The choices are:
Extrema—Displays min/max or peak/valley values. See Capture mode above.

Amplitude/Base—Alternative form of displaying extrema, where:

. max - min max + min
Amplitude = E— Base=———

and

Note  Not available in RMS/mean capture mode

Sensitivity slide bar and text
box

For peak/valley detection, sets the sensitivity of detection to a percentage of
full-scale band. You can use the slide bar to set a value or you can enter it in the
text box.

Averaging interval slide bar
and text box

For RMS/Mean capture mode, sets the averaging interval. You can use the
slide bar to set a value or you can enter it in the text box.
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Digital Oscilloscope

[ pigital Oscilloscope o im] A |
ChA [Reference [25.0 25.0
Select... | Next | Previous |
ChB | Feedbacl A B
I 0.000382 o.o
Select... | Next | Previous | . .
in in
Sweep Period | 0.999023 sec IT T
Nel T1 LY/ 0.0 Time | SEC 0. 999023
A8 Delay I n.n SEC | Autoscale [V Display mode Sweep Singlel A”“’l
el [ [*F Same scale ¥ (¢ Time @ Freq © XY

Panel Description The Digital Oscilloscope panel shows oscilloscope traces for one or two signals.

This panel allows you to perform the following tasks:

Select one or two signals to be monitored.

Set the sweep period and delay for the display of the selected signals.
Select the scaling mode of the selected signals.

Select the display mode for the monitor.

Select the sweep mode for the monitor.

Access Open the Digital Oscilloscope panel by selecting the Oscilloscope option from
the Display menu on the 469D Digital Seismic Table Controller panel.
When to Use the Panel Use this panel at any time to monitor system signals.

Digital Oscilloscope Panel Controls Descriptions (part 1 of 2)

CONTROL DESCRIPTIONS

Channels select controls

Ch A or Ch B text box Shows the name of the currently selected signal.

Select a signal using the Select..., Next, or Previous buttons. You can select
NONE from the Select... list (or a blank from Next or Previous) to remove a
channel from the display.

Select... button Opens the signal selection list, from which you can select a signal.

Next button

Selects the next signal in the list.

Previous button

Selects the preceding signal in the list.

Sweep Period slide bar and
text box

Sets the sweep period in seconds, for a trace on the oscilloscope display. You
can use the slide bar to set a value or enter it in the text box.

Control Panel Reference
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Digital Oscilloscope Panel Controls Descriptions (part 2 of 2)

CONTROL

DESCRIPTIONS

A-B Delay slide bar and text
box

Sets the time by which the Channel B trace follows the Channel A trace. (If the
value is negative, B precedes A.) You can use the slide bar to set a value or
enter it in the text box.

Autoscale check box

Selects independent autoscaling. In this mode, the two signals are scaled to fill
the entire scope display area, regardless of their relation to each other.

Same scale check box

If this box is checked, the same scaling is applied to both signals.

Display mode radio buttons

Select a relation for the A and B traces:
*  Time — time is displayed along the X axis, amplitude along the Y axis

*  Freq — frequency is displayed along the X axis, amplitude along the Y
axis

*  X-Y —signal A amplitude is displayed along the X axis, signal B
amplitude along the Y axis

Scope display area text
boxes

The text boxes surrounding the scope display area show the values of the upper
and lower limits currently displayed.

+ Ifin Time display mode, the top and bottom text boxes on the right and
left sides show the minimum and maximum values of the A and B traces
(respectively); the right and left text boxes on the bottom of the monitor
show time.

« Ifin Freq display mode, the top and bottom text boxes on the right and
left sides show the minimum and maximum values of the A and B traces
(respectively); the right and left text boxes on the bottom of the monitor
show frequency.

If in X-Y display mode, values of A and B are shown on the left and
bottom (respectively), and nothing is displayed in the text boxes on the
right.

*  Ifyou click on a specific point in the scope display area, a line appears,
and the corresponding X and Y values will be shown in the text boxes in
the right center, bottom center, and left center.

Sweep, Single and Auto
buttons

Select single sweep or automatically updated sweeps for display.

+ Ifin Single mode, only one sweep will be displayed. To update the
display, use the Single button again.

* Ifin Auto mode, the display will be updated when one sweep period (as
set on the Sweep Period slide bar) of new data is available.

To return to the single mode from the automatic mode, use either the Single or
Auto button.
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Digital Readouts
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Panel Description

Access

The Digital Readouts panel allows you to monitor up to 32 signals.

Open the Digital Readouts panel by selecting the Digital Readouts option from

the Display menu on the 469D Digital Seismic Table Controller panel.

When to Use the Panel

Use this panel to read the present voltage value of a selected signal.

Digital Readouts Panel Control Descriptions

CONTROL

DESCRIPTIONS

Channel selection

To remove a channel from the panel:

Click on any text box or previously selected channel to display a panel that
lists the available channels. Select from the list the desired channel.

Click the OK button on the bottom of the list to display the selected signal next
to the text box you clicked. The current value for the channel is shown in the
text box.

Click on the name of the channel you want to remove.

From the list of available channels, scroll to the top of the list and select

NONE.
Click OK.
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Force Balance Controllers
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Panel Description  The Force Balance Controllers panel allows you to setup and tune the force
balance servo control loops. All current and reference gains are included in the
parameters saved to a settings file.

Access Open the Force Balance Controllers panel by selecting the Controllers option
from the Operation menu on the 469D Digital Seismic Table Controller panel,
then dragging the cursor to the right to open the Controllers submenu and
selecting Force Balance.

When to Use the Panel You can use the Force Balance Controllers panel to set up and adjust parameters
for the Warp PID controllers.

Background Each of the controls on the Force Balance Controllers panel affects the system in

Information a distinct way. It is important to understand these effects before attempting to
tune the system. Refer to, “Understanding Control Principles,” on page 27, for
more detailed information about the control system and servo control
adjustments.

Force Balance Controllers Panel Control Descriptions (part 1 of 2)

CONTROL DESCRIPTION

Gain text box and slide bar  Adjusts the proportional gain for the selected channel. You can use the slide
bar to set a value or enter it in the text box.

Reset indicator Indicates the state of the reset integrator.
White — not integrating
Green — integrating

Red — has integrated up to maximum integral authority. You should
review whether to increase the integral authority.

Reset text box and slide bar  Adjusts the reset (integral) gain for the selected channel. You can use the slide
bar to set a value or enter it in the text box.
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Force Balance Controllers Panel Control Descriptions (part 2 of 2)

CONTROL DESCRIPTION

Reset Authority text box

Adjusts the limit for the reset integrator. Input the value in % of full scale
and slide bar

output. You can use the slide bar to set a value or enter it in the text box.

Bandwidth slide bar and text

Adjusts the bandwidth of the low pass filter. You can use the slide bar to set a
box

value or enter it in the text box.

80 Control Panel Reference Seismic Test System User’s Manual



Frequency Response Function Plotter
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Panel Description The FRF (frequency response function) Plotter panel is used with adaptive
inverse control and adaptive harmonic control. It allows you to display the
frequency response characteristics of the selected channels. This panel is also
used to display the forward FRF determined by the spectrum analyzer. The
display plots magnitude or phase vs. frequency.

Access  Open the FRF Plotter panel by selecting the FRF Plotter option from the Display
menu on the 469D Digital Seismic Table Controller panel.

When to Use the Panel  Use this panel to display the FRF for one or two channels. It allows you to
identify cross coupling between channels. Before using this panel, use the
Function Generator panel to set a random drive signal for the channel(s).

Background The frequency response function, or FRF, is a mathematical model that accounts
Information for the effects of a system on a signal.

It provides a linear approximation of the changes in phase and amplitude that
occur in the frequencies making up a signal as that signal passes through a
system. It is used within a component test to compensate for those changes.

The system that the signal is played through contains the electronic and
hydromechanical parts of the testing equipment, the transducers, and the test
specimen. The response collected shows all the changes in phase and amplitude
that the system produces in the signal. These changes are calculated and used to
compensate for the effects of the system on the signal.

If any system component is significantly changed (for example, if a test specimen
accelerometer is replaced) a new FRF should be measured for the system.

An FRF is measured by exciting the test system with a shaped random drive
signal (whose frequency content is similar to the desired drive signal) and
collecting responses to the excitation.
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Frequency Response Function Plotter Panel Control Descriptions (part 1 of 2)

CONTROL

DESCRIPTION

FRF A or FRF B text box

Shows the name of the selected channel.

Select a channel using the Select..., Next, or Previous buttons.

Select... button

Opens the channel list box, from which you can select a channel. You can also
select a channel by clicking in the appropriate box in the cross-coupling
configuration diagram.

Next button

Selects the next channel in the list.

Previous button

Selects the preceding channel in the list.

Cross-coupling configuration
diagram

This diagram shows how each command signal is coupled to a feedback signal
for adaptive control. The rows correspond to command signals, and the
columns correspond to feedback signals.

Feedback

LT e
L ] e
[]
[]

LI

L]

N I O I
LI DI
L [

g O

[ ]
[ ]
[ ]
[ ]
[ ]
[]

In the first example shown here, the first command (Long) is coupled to the
first feedback (Long). The adaptive controller is said to be “on-diagonal,”
coupling a command channel with its corresponding feedback channel.

Each adaptive controller couples one command to one feedback, but these need
not be associated with the same degree of freedom. In the second example
shown here, the first command channel (Long) coupled to the third feedback
channel (Pitch). In this configuration, the adaptive controller is said to be “off-
diagonal,” coupling an actuator with a different transducer.

Magnitude/Phase pop-up
menu

Selects the type of Y-axis data to be displayed. The choices are:
¢ Magnitude (in V/V)

e Phase (in degrees)

Reset button

The Reset button when activated is used with the spectrum analyzer. It resets
the spectrum analyzer averaging to zero count and starts averaging again.

Update and Update both
buttons

The Update button for each signal updates the display of adaptive control for
that signal. The Update both button updates the display of adaptive control for
both.
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Frequency Response Function Plotter Panel Control Descriptions (part 2 of 2)

CONTROL

DESCRIPTION

Scale check boxes:

Auto Selects independent autoscaling. In this mode, the two signals are scaled to fill
the entire display area, regardless of their relation to each other.
Even if Auto scale is selected, you can change the frequency range of interest
using the text boxes on the X axis.

Same If this box is checked, the same scaling is applied to both signals

Log If checked, plots on a logarithmic scale. Unchecked, plots on a linear scale.

Points text box

Selects and shows the number of points displayed at the selected scale. You can
enter a number of points in this box (range 32 to 384).

Display area text boxes

The text boxes surrounding the display area show the values of the upper and
lower ranges currently displayed.

e The top and bottom text boxes on the right and left sides show the
minimum and maximum values of the A and B traces (respectively); the
right and left text boxes on the bottom of the monitor show frequency.

«  Ifyou click on a specific point in the display area, a line appears, and the
corresponding X and Y values will be shown in the text boxes in the right
center, bottom center, and left center.

Save E

Click to save plotted values to a text file. A dialog box will appear to ask for a
file name.
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Function Generators

The following Function Generators are available. Click the button next to
Program (highlighted in red in the following figures) and select the desired

program.
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Panel Description

Access

When to Use the Panel

The Function Generator panel allows you to select the program source and set the
appropriate parameters.

Open the Function Generator panel by selecting the Function Generator option
from the Operation menu on the 469D Digital Seismic Table Controller panel.
You can also open this panel by clicking the button next to the Program Source
label on the 469D Digital Seismic Table Controller panel, then selecting
Function Generator and finally clicking on the Program Source label.

You can use this panel to generate and apply a program to the test system.
Typically, you will want to use the function generator when you are tuning the
servo control loops during test setup, but it can also be used for testing.

A\ WARNING

Whenever hydraulic pressure is applied, adjustment of the controls on the
Function Generator panel can cause actuator movement.

Unexpected actuator movement can result in personal injury or equipment
damage.

Ensure that all personnel are clear of the actuators, fixturing, and specimen before
adjusting any Function Generator control. In addition, make sure that all operators
know the effect of control adjustments before they make any adjustments.

Function Generators Panel Controls Descriptions (part 1 of 6)

CONTROL

DESCRIPTION

Controls for all program sources:

Chan text box

Shows the name of the currently selected channel.

Select a channel using the Select..., Next, or Previous buttons.

Select... button

Opens the channel selection panel, from which you can select a channel.

Next button

Selects the next channel in the selection panel list.

Previous button

Selects the preceding channel in the selection panel list.

Setpoint slide bar and text
box

Sets the setpoint position for the channel. You can use the slide bar to set a
value or you can enter it in the text box.

*  If hydraulic pressure is not applied, this setting identifies the position to
which the actuator will ramp when hydraulic pressure is turned on.

e Ifhydraulic pressure is applied, adjustment of this control ramps the
actuator to the specified position.
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Function Generators Panel Controls Descriptions (part 2 of 6)

CONTROL DESCRIPTION

Desired Span slide barand  Scales the amplitude of the command applied to the channel (regardless of

text box selected source). You can use the slide bar to set a value or you can enter it in
the text box.

+  Ifaprogram is currently running, it will be ramped to the new amplitude
within 2 seconds.

*  Ifno program is currently running, the program will be ramped to the
amplitude set by this control within 2 seconds when it is started.

This Desired span value for each axis is multiplied by the Desired span value
on the 469D Digital Seismic Table Controller panel and the result is applied to
the respective channel. Notice that if Span is set to a negative value, the signal
will start in the opposite direction.

Current span text box Not editable. Displays the current span of the function generated for the
selected channel.

Stop/Run buttons Pressing the Run button starts the program on the selected axis. The command
ramps to the amplitude level set with the Desired span controls within 2
seconds.

Pressing the Stop button stops the program for the selected channel. The
command to the selected channel ramps to zero, as shown on the Current
span display. The Desired span remains unchanged.

Notice that this does not start or stop a test program; use the Run/Stop on the
469D Digital Seismic Table Controller panel. Refer to the 469D Digital
Seismic Table Controller panel description for information on starting or
stopping a test program.

If Phase is selected for this axis and another axis is selected as the Master, the
Run/Stop button on this channel cannot be used. The master channel controls
running and stopping the command.

Program pop-up menu Selects the programming source. The choices are:
Cyclic Data Player File*
Sine Step Online Iterator*
Sweep Remote Application*
Phased External (Scramnet)*
Random

* If the Program Source button on the 469D Digital Seismic Table
Controller is set for Data Player File, Remote Application, or External
(Scramnet), all function generators are set to that same source. The
Program is grayed out and cannot be changed.

Controls Descriptions for Cyclic Program

Shape radio buttons Selects the shape of the function to be generated for the selected channel by the
(Square, Triangle, Sine) cyclic function generator.
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Function Generators Panel Controls Descriptions (part 3 of 6)

CONTROL

DESCRIPTION

Peak amplitude slide bar
and text box

Sets the peak amplitude of the function to be generated for the selected channel
by the cyclic function generator.

You can use the slide bar to set a value or enter it in the text box. The command
ramps to a new amplitude at the rate entered in the Ramp Rates panel.

Frequency slide bar and text
box

Sets the frequency of the function to be generated for the selected channel by
the cyclic function generator.

You can use the slide bar to set a value or enter it in the text box. The command
ramps to a new frequency at the rate entered in the Ramp Rates panel.

Control Descriptions for Sine Step Program

Peak amplitude text box

Sets the peak amplitude of the function to be generated by the step function
generator.

You can enter a value in the text box. The command ramps to a new amplitude
at the rate entered in the Ramp Rates panel.

Minimum freq text box

Sets the frequency of the first step.

You can enter a value in the text box.

Maximum freq text box

Sets the frequency of the last step.

You can enter a value in the text box. The command ramps to a new frequency
at the rate entered in the Ramp Rates panel.

Step size text box

Sets the step size for increasing from to minimum to maximum frequency.

Ramp interval text box

Sets the ramp time to reach peak amplitude for each step.

Dwell interval text box

Sets the time to stay at peak amplitude for each step.

Pause interval text box

Sets the pause time between steps.

Current freq display

Displays the current frequency of the sweep function generator.

Reset button

Resets the step function to the minimum frequency.

Controls Descriptions for Sweep Program

Sweep type pop-up menu

Selects the type of sweep (linear or logarithmic). The choices are:

Linear

Log

Sweep mode pop-up menu

Selects the sweep mode (one-time or continuous). The choices are:

Once
Cont

If Once is selected, the function generator sweeps to the end of its sweep
range, then dwells.

Peak amplitude text box

Sets the peak amplitude of the function to be generated for the selected channel
by the sweep function generator. You can enter a value in the text box.
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Function Generators Panel Controls Descriptions (part 4 of 6)

CONTROL

DESCRIPTION

Initial freq text box

Sets the initial frequency of the sweep function for the selected channel. You
can enter a value in the text box.

Minimum freq radio button
and text box

Sets the minimum frequency of the sweep function for the selected channel.
You can enter a value in the text box. Click on this radio button if you wish to
make the sweep first start moving from the initial frequency towards the
minimum frequency.

Maximum freq radio button
and text box

Sets the maximum frequency of the sweep function for the selected channel.
You can enter a value in the text box. Click on this radio button if you wish to
make the sweep first start moving from the initial frequency towards the
maximum frequency.

Sweep rate text box

Selects the sweep rate of the function to be generated for the selected channel
by the sweep function generator. You can enter a value in the text box. Units
are defined as dec/min for the log sweep and Hz/sec for the linear sweep.

Jog increment text box

Sets the amount by which the dwell frequency can be raised or lowered by
pressing the up or down jog arrows on the panel. For example if the jog
increment is 0.1, pressing the down arrow lowers the dwell frequency by
0.1 Hz. You can enter a value in the text box.

Current freq text box

Displays the current frequency of the sweep function generator.

Not editable while sweeping but you can enter the desired frequency when in
Dwell mode.

Dwell button

Stops the sweep and maintains the current frequency.

Jog arrow buttons

Jog the dwell frequency up or down. The Jog increment text box specifies how
much the dwell frequency is raised or lowered. Use the up arrow button to raise
the frequency by the Jog increment amount. Use the down arrow button to
lower the frequency by the Jog increment amount.

Controls Descriptions for Phased Program

Note This can be considered a master/slave channel relationship. This
source can only be selected if the master channel has a cyclic or
sweep source. The master channel determines the frequency. The
shape, amplitude and phase lag between the master/slave channels is

selectable.

Master: pop-up menu

Selects the master actuator.

Shape radio buttons
(Square, Triangle, Sine)

Selects the shape of the function to be generated for the slave channel.

Peak amplitude slide bar
and text box

Sets the peak amplitude of the function to be generated for the slave channel.
You can use the slide bar to set a value or enter it in the text box.

Phase slide bar and text box

Sets the phase lag between the master channel and the slave channel. You can
use the slide bar to set a value or enter it in the text box.
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Function Generators Panel Controls Descriptions (part 5 of 6)

CONTROL DESCRIPTION

Controls Descriptions for Random Program

Because TVC tuning is done almost exclusively in the frequency domain, the
Random Function Generator is used to excite the system so that good transfer
function estimates can be obtained.

The Random Function Generator consists of a uniform distribution random
number generator followed by a bandpass filter. This filter has four parameters
adjustable from the Random Function Generator Panel:

Shape pop-up menu Selects the shape of the function to be generated for the selected channel by the
random function generator.

This is the shape of the bandpass filter’s magnitude response as a function of
frequency between minimum and maximum frequencies. Five shapes are
available: 1/F”2, 1/F, Flat, F, and F*2, where “F” denotes frequency.

1/F~2 —signal energy decreases with frequency as 12
1/F - signal energy decreases with frequency as 1/f
Flat - signal energy constant for all frequencies

F - signal energy increases with frequency as f

F~2 - signal energy increases with frequency as f>

The primary consideration in selecting the shape is to get the most energy into
the system across the frequency band of interest without damaging the system
by excessive velocity or acceleration. In acceleration control, “Flat” works
well, but in displacement control, “Flat” will result in excessive velocity and
acceleration at high frequencies; “1/F” or “1/F~2” is much gentler on the
system in that case. Shapes “F” and “F~2” accentuate acceleration at high
frequencies and so should not be used. Note that theoretically a shape of “1/F”
or “1/F"2” results in a filter magnitude response that tends toward infinity as
the frequency tends toward zero. This is neither desirable nor practical, so the
filter response is rolled off to zero as the frequency approaches the minimum
frequency. In addition, for technical reasons the minimum frequency is not
allowed to be less than 1% of the maximum frequency when “1/F” and “1/F*2”
shapes are selected.

RMS Amplitude slide bar Selects the root mean square amplitude for the function to be generated for the
and text box selected channel by the random function generator. You can use the slide bar to
set a value or enter it in the text box.

Adjust the RMS amplitude to the minimum value possible to prevent damage
to the test specimen. Keep in mind, however, that using too low of an
amplitude will result in inaccurate estimates of the transfer function. If your
system is significantly nonlinear, try to use an RMS amplitude similar in
amplitude to the test waveform if possible, because in such systems the transfer
function is a strong function of signal amplitude. Also, keep in mind that you
are setting RMS amplitude, not peak amplitude; peak amplitude will be
somewhat higher than RMS amplitude.
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Function Generators Panel Controls Descriptions (part 6 of 6)

CONTROL DESCRIPTION

Minimum freq slide barand  Selects the minimum frequency content for the signal to be generated for the
text box selected channel by the random function generator. You can use the slide bar to
set a value or enter it in the text box.

This is the cut-in frequency of the bandpass filter. Set this according to the
lowest frequency expected in your test waveform. A minimum frequency of
zero is allowed. In velocity and acceleration control modes, this frequency
should match the cut-in frequency of the Reference Generator.

Note For 1/R or 1/f, minimum frequency cannot be zero. If zero, it will
automatically be set to same scale non-zero frequency value.

Maximum freq slide bar and  Selects the maximum frequency content for the signal to be generated for the
text box selected channel by the random function generator. You can use the slide bar to
set a value or enter it in the text box.

This is the cutoff frequency of the bandpass filter. Set this according to the
highest frequency to which you expect to control.

Note The following controls are not selectable via the Function Generator
panel. They are for display purposes only and are selected via the
469D Digital Seismic Table Controller panel.

Data Player File This option indicates that the program command to the selected actuator comes
from playing a data file. Refer to Data Player panel information.

Online Iterator This option indicates that the program command to the selected actuator comes
from the Online Iterator panel. Refer to Online Iterator panel information.

Remote Application This option indicates that the program command to the selected actuator is
generated by a remote source to be determined by the user (for example,
STEX).
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Panel Description

Access

When to Use the Panel

Background
Information

The Impulse Response Function Plotter (IRF) Plotter panel is used for initial
setup of adaptive inverse control and adaptive harmonic control. It allows you to
select one or two channels, then view the impulse response characteristics of the
adaptive filters for the selected channel(s).

Open the IRF Plotter panel by selecting the IRF Plotter option from the Display
menu on the 469D Digital Seismic Table Controller panel.

Consult MTS before using this panel. Normally, you will not have to use it. (See
the note below.)

The system impulse response interval is a function of your system—the time it
takes the system response to settle after a step command. You normally set the
adaptive filter to a value slightly longer than this interval, to make sure the
adaptive control is not applied before it can take effect. Too short an interval
results in wandering coefficients. Too long an interval results in slower
convergence.

The IRF (impulse response function) is plotted as gain vs. time.

Note  MTS has provided you with a default impulse response suited to your
system. If you are using both stroke and acceleration adaptive control,
MTS has provided a default for each type of control. If these settings
seem wrong, or if you have any other questions about setting adaptive

control parameters, consult MTS.

Impulse Response Function Plotter Panel Control Descriptions (part 1 of 3)

CONTROL

DESCRIPTIONS

IRF A or IRF B text box

Shows the name of the selected channel.

Select a channel using the Select..., Next, or Previous buttons.

Select... button

Opens the channel list box, from which you can select a channel. You can also
select a channel by clicking in the appropriate box in the cross-coupling
configuration diagram.

Next button

Selects the next channel in the list.
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Impulse Response Function Plotter Panel Control Descriptions (part 2 of 3)

CONTROL

DESCRIPTIONS

Previous button

Selects the preceding channel in the list.

Reset button

The Reset button when activated is used with the spectrum analyzer. It resets
the spectrum analyzer averaging to zero count and starts averaging again.

Update and Update both
buttons

The Update button for each signal updates the display of adaptive control for
that signal. The Update both button updates the display of adaptive control for
both.

Cross-coupling
configuration diagram

This diagram shows how each command signal is coupled to a feedback signal
for adaptive control. The rows correspond to command signals, and the
columns correspond to feedback signals.
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In the first example shown here, the first command (Long) is coupled to the
first feedback (Long). The adaptive controller is said to be “on-diagonal,”
coupling a command channel with its corresponding feedback channel.

Each adaptive controller couples one command to one feedback, but these need
not be associated with the same degree of freedom. In the second example
shown here, the first command channel (Long) coupled to the third feedback
channel (Pitch). In this configuration, the adaptive controller is said to be “off-
diagonal,” coupling an actuator with a different transducer.

Scale

Auto check box

Selects independent autoscaling. In this mode, the two signals are scaled to fill
the entire display area, regardless of their relation to each other.

Same check box

If this box is checked, the same scaling is applied to both signals
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Impulse Response Function Plotter Panel Control Descriptions (part 3 of 3)

CONTROL DESCRIPTIONS

Display area text boxes The text boxes surrounding the display area show the values of the upper and
lower ranges currently displayed.

e The top and bottom text boxes on the right and left sides show the
minimum and maximum values of the A and B traces (respectively); the
right and left text boxes on the bottom of the monitor show frequency.

«  Ifyou click on a specific point in the display area, a dot appears, and the
corresponding X and Y values will be shown in the text boxes in the right
center, bottom center, and left center.

= When pressed, saves plotted values into a text file. Saved data will appear in 2
or 3 columns.

Column 1 — Time axis data
Column 2 — IRF A data

Column 3 — IRF B data
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Limit Detectors

Panel Description

Access

When to Use the Panel
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The Limit Detector panel allows you to:

*  Select a specific software signal for which a limit can be set

*  Choose the action to be taken if a limit is exceeded

*  Set an allowable operating range and persistence value for the signal

*  Identify if an upper or lower out-of-limit has occurred

*  Reset the software limit detector circuit

Open the Limit Detector panel by selecting the Limit Detectors option from the
Operation menu on the 469D Digital Seismic Table Controller panel. You can

also open this panel by clicking on the Interlocks label on the 469D Digital
Seismic Table Controller panel.

Use the panel to set safety limits for the test system.

A\ WARNING

The limit detectors are designed to protect equipment from damage.

They are not designed, and should not be used, to protect personnel from
injury.

Ensure that you are aware of the consequences of changes you make to the limit
detector settings.

The limit detectors are enabled and disabled from the 469D Digital Seismic
Table Controller panel. If not enabled, they will not set an indicator or interlock.
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Background A limit event for a particular signal indicates that the signal has exceeded its
Information upper or lower limit. The upper and lower limits establish a range of values that
represent a desired system operating range. This band also represents the range
where valid test data can be ensured. The persistence value is a time (in seconds)
that an upper or lower out-of-limit condition can persist without causing an
interlock.

When an out-of-limit condition occurs, the Message Log panel identifies the
specific out-of-limit condition.

Limit Detector Panel Control Descriptions (part 1 of 2)

CONTROL DESCRIPTION

Detector text box Shows the name of the current selected signal.

Select a signal using the Select..., Next, or Previous buttons.

Select... button Opens the signal selection panel, from which you can select a signal.

Next button Selects the next signal in the selection panel list.

Previous button Selects the preceding signal in the selection panel list.

Reset button When pressed, clears the Upper and Lower indicators and any software
interlocks generated by the out-of-limit condition, if the channel is within
limits.

Action pop-up menu Select the result of an out-of-limit condition. Selections are:

* Indicate — This selection causes the indicator to light only while the
signal is outside of the limit. When the signal returns inside the limit, the
indicator goes out.

*  Alert — This selection causes the indicator to light and latch. When the
signal returns inside the limit, the indicator remains lit until the Reset
button is used. The out-of-limit condition will be recorded in the message
log.

*  Program Abort- This selection causes the system to trigger a program
abort if the signal goes outside the limit where the master span will be
ramped to zero at a rate entered in the Ramp Rates panel. The Reset
button is required to reset the system. The out-of-limit condition will be
recorded in the message log.

*  Interlock — This selection causes the system to trigger an Emergency
Stop if the signal goes outside the limit. The Reset button is required to
reset the system. The out-of-limit condition will be recorded in the
message log.

Upper slide bar and text box  Sets the upper limit of the selected signal. Note that when you set the upper
limit value, the lower limit is automatically set to the negative of the upper
limit value. If you desire a different lower limit value, you should change it
using the lower slide bar after setting the upper limit.

Upper indicator Lights when an out-of-limit condition occurs for the upper limit.

Lower slide bar and text box  Sets the lower limit of the selected signal. Setting this value does not affect the
upper limit value.
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Limit Detector Panel Control Descriptions (part 2 of 2)

CONTROL DESCRIPTION

Lower indicator Lights when an out-of-limit condition occurs for the lower limit.

Persistence slide bar and

Sets the time, in seconds, that an upper or lower out-of-limit condition can
text box

persist without causing an interlock.
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469D Digital Seismic Table Controller Panels

469D Digital Seismic Table Controller: Settings.set
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Panel Description

The 469D Digital Seismic Table Controller panels allows access to all other parts

of the Digital Seismic Table Controller application. It includes both menus and
system controls. The following menus are provided:

Note

File—allows you to add comments to the message log, change passwords
for access privileges, close windows, restore or save settings, convert files
from binary to text format or visa versa, and quit the application

Calibration—allows you to calibrate A/D and D/A converters, AC
conditioners, DC conditioners, and valve drivers, and save or restore the
calibration values.

Configuration—allows you to configure units, observers, ramp rates, and
analog inputs.

Operation—allows you to setup TVC controller, adaptive controller, online
iteration, function generator, data recorders, limit detectors, spectrum
analyzers, and static lift.

Display—allows you to use digital meters and readouts, read the message
log, use FRF and IRF plotters and the digital oscilloscope

You can click on an underlined label on the 469D Digital Seismic Table
Controller panel to open the associated panel for that item.

System controls on the 469D Digital Seismic Table Controller panel allow you
to perform the following tasks:
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Monitor the current settings file
Enable and monitor hydraulics
Enable or disable limits

Reset limit/interlock conditions
Monitor the control mode

Monitor the program source
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*  Set the master gain and parking setpoint
*  Set the desired span and monitor current span
*  Stop, run or preview a program

*  Enable/disable adaptive control

Access The 469D Digital Seismic Table Controller panel opens when you start the
application. It cannot be closed except by quitting the application.

When to Use the Panel Use this panel to set system controls and to access all other panels.

469D Digital Seismic Table Controller Panels Control Descriptions (part 1 of 4)

CONTROL DESCRIPTIONS
HPS buttons Click the buttons 1, 2, and/or 3, as required to enable the desired diesel
hydraulic power supplies.
Super On button and Turns on the supercharge pump.
indicator

The indicator turns green to indicate the supercharge pump is running.

Pilot On button and Applies pilot pressure to the table
indicator
The indicator will turn green to indicate pilot pressure is available to the
system.
HPS On button and Indicates that the hydraulic power supplies are on and hydraulic power can be
indicator applied to the system.

The status indicator will turn green when the pumps reach the system operating
pressure.

Note The hydraulic power supplies are controlled from the Hydraulic Power
Controller described later.

HPS Lo button and Applies low system pressure to the actuators. The indicator blinks yellow
indicator while the pressure is ramping to the low pressure level and turns green when
low pressure is available.

HPS Hi button and Applies high system pressure to the actuators. The indicator blinks yellow
indicator while the pressure is ramping to the high pressure level and turns green when
high pressure is available.

Interlocks selector Click this button to open the Limit Detectors panel.
Disabled/Enabled Enables/disables the software and hardware limit detectors. The hardware limit
button detectors are only enabled if the hardware limits Disable control is not checked

on the AC/DC Conditioner panels.

Reset button and Use the Reset button to clear the hardware and software limit status indicators
indicator located on the Conditioners and Limit Detector panels and the system E-
STOP chain.

The indicator turns green when all over limit conditions are clear.

Control Variable display Displays the selected control mode (displacement, velocity, or acceleration).
The control mode is selected on the Three-Variable Controller panel. Click
Control to open the Three-Variable Controllers panel to change the control
variable.
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469D Digital Seismic Table Controller Panels Control Descriptions (part 2 of 4)

CONTROL

DESCRIPTIONS

Program Source selector
and button

Click the Program Source button to display the list of available program
sources. Select the desired program source from the list.

Function Generator — setup functions using the Function Generator panel
Data Player File — select a file using the Data Player panel.

Remote Application — the program command to all actuators is generated by a
remote source to be determined by the user (i.e. STEX).

External Analog — the program command to all actuators is generated by a
remote analog source to be determined by the user.

Scramnet — the program command to all actuators is generated across the
Scramnet network.

The only control options for the Data Player File, Remote Application,
External Analog, or Scramnet selections are changes to the setpoint and span
on individual actuators or to stop the command to an individual actuator. These
changes are made on the Function Generators panel

Click on Program to display the panel for the selected program source.

Use simulated feedback
check box

Click the check box to use simulated feedback.

Master Gain slide bar and
text box

Adjusts the master gain. You can use the slide bar to set a value or enter it in
the text box.

Parking Setpoint slide bar
and text box

Adjusts the park and unpark setpoint position. You can use the slide bar to set a
value or enter it in the text box.

Desired span slide bar and
text box

Adjusts the desired span of the command signal. You can use the slide bar to
set a value or enter it in the text box.

Current span display

Shows the current value of the span. The master span may take time to ramp up
to its set value. This shows the actual value, at any moment.

Stop/Run/Preview buttons

Controls the program.

Stop — stops the test program. Span will ramp to zero. System returns to
setpoint levels

Preview — allows user to evaluate (preview) command time history while
hydraulic power is on. The program runs without commands being sent to the
servo controller. Active only in velocity or acceleration control modes. Use
Preview to verify that the program will not exceed the mechanical limits.

Run - enables and runs the program.

DOF indicators

EEOOE M

The indicators turn green when commands are going to the indicated degree of
freedom.

Adaptive Control buttons
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469D Digital Seismic Table Controller Panels Control Descriptions (part 3 of 4)

CONTROL DESCRIPTIONS

APC pulldown menu Click the label to open the Amplitude/Phase Controllers panel.

Click the button to select from the following functions.

Disabled— APC is off.

Frozen — APC is on and controlling, but coefficients are unchanging. This
mode is not recommended for normal operation. If you freeze the
coefficients and then change the command frequency, the amplitude
correction corresponding to the frozen coefficients may be
inappropriately large at the new frequency, resulting in damage to your
specimen and test system.

Tracking — APC is on and controlling, and coefficients are changing.
This is the mode recommended for normal operation.

AHC pulldown menu Click the label to open the Adaptive Harmonic Canceller panel.

Click the button to select from the following functions.

Disabled —AHC is off.

Frozen — AHC is on and cancelling, but canceller coefficients are
unchanging. This mode is not recommended for normal operation. If you
freeze the coefficients and then change the command frequency, the
harmonic amplitude corresponding to the frozen coefficients may be
inappropriately large at the new frequency, resulting in damage to or
destruction of your specimen and test system.

Tracking — AHC is on and cancelling, and canceller coefficients are
changing. This is the mode recommended for normal operation.

Training — AHC is on but not cancelling. Plant input and output are
passively monitored while model coefficients are updated. This mode is
used to determine model coefficient values prior to running Frozen or
Tracking modes.
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469D Digital Seismic Table Controller Panels Control Descriptions (part 4 of 4)

CONTROL

DESCRIPTIONS

AIC pulldown menu

Click the label to open the Adaptive Inverse Control panel.
Click the button to select from the following functions.

Disabled —AIC is off.

Frozen — AIC is on and controlling, but coefficients are unchanging This
is the mode recommended for running most tests.

Tracking — AIC is on and controlling, and coefficients are changing. This
mode is used to refine coefficients during training, as well as adapting to
changing plant dynamics during a test.

Training — AIC is on but not controlling. Plant input and output are
passively monitored while coefficients are updated. This mode is used to
determine initial values of transfer function coefficients prior to running
Frozen or Tracking modes.

OLI pulldown menu

Click the label to open the Online Iteration panel.
Click the button to select from the following functions.

Disabled — OLI is off.

Frozen — OLI is on, but advancing to the next drive file at the end of the
current iteration is inhibited. Use this mode if you want to OLI to monitor
error statistics when playing out a final drive file.

Tracking — OLI is on, and advancing to the next drive file at the end of
the current iteration is enabled. Use this mode to develop a final drive file.

When you turn on OLI to Frozen or Tracking, AIC is automatically turned on
in Frozen mode for you. When you turn off OLI, AIC is automatically turned
off.

You can change AIC to Tracking mode if you want AIC's inverse transfer
function to update during iteration. In certain strongly nonlinear systems where
the inverse transfer function varies significantly with signal level, this feature
may help the iteration process to converge. However, because most systems
converge nicely without this feature, and because the potential for AIC
divergence in Tracking mode, we recommend that you leave AIC in Frozen
mode.
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Message Log

—

07:05:24 Fri
07:05:37 Fri
07:05:50 Fri
07:07:49 Fri
07:23:29 Fri
07:25:31 Fri
07:27:44 Fri
07:27:58 Fri
07:29:41 Fri

[+

l6-Feb-09 Scramnet program shnabled.

l6—-Feb-09 Table B program =nabled.

Nl6-Feb-09 Table C program enabled.

l6—-Feb-09 Table C program =snabled.

l6—-Feb-09 Data Plaver program snabled.
Nl6-Feb-09 Scramnet program enabled.

l6-Feb-09 FRFemote application program shnabled.
le-Feb-09 Data Plaver program enabled.
l6-Feb-09 Table B program snabled.

= =L

Panel Description

Access

When to Use the Panel

The Message Log panel allows you to read messages generated by system events.
Messages are saved to a file called message.log. This file records many system
actions automatically.

Open the Message Log panel by selecting the Message Log option from the
Display menu on the 469D Digital Seismic Table Controller panel.

In this view, the message log can be read but not changed.

Use this panel to read the message log. Only messages from the current session
are displayed. The file message.log, however, keeps a running list of all
messages from all sessions.

Note This file must periodically be deleted to prevent it from growing large and
affecting performance. (Although it would take a very long time.)

Message Log Panel Control Descriptions

CONTROL

DESCRIPTION

Scroll bar

Use the scroll bar to scroll through messages in the message log.
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Panel Description

Access

When to Use the Panel

Background
Information

The Multichannel AIC panel allows you to set up an adaptive inverse controller.

Open the Adaptive Inverse Controller panel by selecting the Controller option
from the Operation menu on the 469D Digital Seismic Table Controller panel,
then dragging the cursor to the right to open the Controller submenu and
selecting Adaptive Inverse. You can also open this panel by clicking on the AIC
label on the 469D Digital Seismic Table Controller panel.

Use the arrow IE' to expand or hide the right side of the panel. The figures above
are shown expanded.

Although adjustments are described later in this section, in normal use you will
need to make few adjustments.

Note  Adaptive inverse control is turned on or off using the Adaptive Control
button AIC on the 469D Digital Seismic Table Controller panel.

Adaptive Inverse Control (AIC) is a control compensation technique that
augments a fixed-gain controller to correct for closed-loop gain and phase
irregularities in order to improve control fidelity. In addition, in multichannel
control systems with cross-coupled dynamics, it greatly reduces cross-coupling
disturbances between control channels. It measures control system dynamics
directly and modifies the control compensation accordingly in realtime, making
it possible to adapt to changing system dynamics.

Multichannel AIC Panel Control Descriptions (part 1 of 5)

CONTROL

DESCRIPTIONS

Active Elements

Forward/Inverse radio

button

Specify which transfer function matrix, forward or inverse, is the focus of
various controls and displays, namely:

Activation Status grid display

Matrix Element list selector

Matrix Element grid selector

Frequency Response Function (FRF) Plotter grid selectors

Impulse Response Function (IRF) Plotter grid selectors
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Multichannel AIC Panel Control Descriptions (part 2 of 5)

CONTROL

DESCRIPTIONS

Activation Status grid
display

Displays the activation status of a transfer function matrix element by color:
Green — The element is active and its coefficients are adapting.

Yellow — The element is active but its coefficients are frozen (not
adapting).

Gray — The element is inactive (pruned out of the matrix).

The location of an element within the grid is a function of the physical
interaction that the element represents. System inputs are represented by rows
and system outputs by columns, as shown below:

Inputs
TogEEEEE T goy
at — ong ——
vert —OOQQOO Lat —[E0]
Rol —AOQQOOO
ritth —OOOO@0 vav —[JC]E0
T L
o 235 3
Outputs §’§ E E 5 >‘.;“ utputs 5 s
t o
6 DOF AIC Biaxial AIC ps-03

For example, the element in the sixth column of the second row is the element
that represents the effect that Lat has on Yaw. This row-column interpretation
applies to all grid indicators in this and other panels.

The Forward/Inverse radio button determines which transfer function matrix
status is displayed.

Saves the current values of the filter coefficients to a text file. Temporarily
save coefficients obtained during the training process.

Note This is only a temporary file; the final settings should be saved in the
settings.set file by clicking Save Settings under the file menu.

'}

=

Opens and restores the temporary file saved above. This is useful for backing
up intermediate training results in case something goes wrong.

Reset all button

Reset the coefficients of all elements of a transfer function matrix to zero. The
dialog box shown below appears in order to allow you to specify whether
coefficients in the forward or inverse or both transfer function matrices are
reset.

Reset all coefficients to zero:
¥ Forward

[ Inverse

Flt:st:tl Cancel
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Multichannel AIC Panel Control Descriptions (part 3 of 5)

CONTROL

DESCRIPTIONS

Noise Level Set and Clear
buttons

Set or clear the feedback noise threshold level that AIC uses to determine when
the system is at rest so it can inhibit coefficient adaptation.

Setting the noise level while adaptive control is tracking will cause
unexpected actuator movement.

Unexpected actuator movement can result in personal injury or
equipment damage.

Before setting the noise level, make sure adaptive control is frozen. Click on the
Frozen button.

Note  Setting the noise threshold while the system is in motion will cause
tracking to cease altogether. In this case, stop the system, click the
Clear button, and then the Set button.

Minimum freq and
Maximum freq slide bar and
text boxes

Set the frequency range in which AIC concentrates its effort. Signal energy
outside this frequency range is discounted as noise. This is done by filtering the
signals input to AIC with bandpass filters whose cut-in and cutoff frequencies
are the minimum and maximum frequencies, respectively.

Impulse response text box

and E button

Set the impulse response length of all AIC filter elements. Selecting of the
proper impulse response length is discussed in detail in a later section.

Click the E button to display a list of response choices. Select the desired
response and click the button to accept the selection and close the list, or
click the button to decline the selection and close the list.

Anticipation slide bar and
text box

Set the anticipation delay that allows AIC to create a causal compensator.
Selecting the anticipation delay is discussed in detail in a later section.

Forward con rate and
Inverse con rate slide bars
and text boxes

Set the convergence rate of the coefficient adaptation process. A value of zero
means no adaptation; higher values increase the speed of the adaptation
process at a cost of decreased transfer function accuracy. Too high of a value
will cause the adaptation process to diverge, driving the coefficients to infinity.
A convergence rate of less than one is usually (but not necessarily) safe.

Setting the convergence rate too high will cause system instability.

Instability can result in uncontrolled actuator movement that can cause
both equipment and specimen damage.

If instability occurs, immediately lower the convergence rate to 1.0 or less.
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Multichannel AIC Panel Control Descriptions (part 4 of 5)

CONTROL

DESCRIPTIONS

Forward conv rate and
Inverse conv rate indicators

Displays the current state of the coefficient adaptation process. The tracking
indicator is green if any active transfer function element is adapting. If no
transfer function elements are adapting, the indicator is white. The conditions
for tracking are:

¢ The AIC mode is set to Training or Tracking.
*  The convergence rate is nonzero.

e The master span is nonzero (that is, the Run button on the 469D Digital
Seismic Table Controller panel has been pressed). Note that the state of
the Run button on the Function Generator panel has no effect on tracking.

*  The feedback signal level is above the noise threshold level.

Select, Next, Previous
buttons

Select an individual transfer function matrix element for manipulation or
examination.

Lat -> Vert
Long—>Long (inw) + Selection
Long—:>Lat (inw) =
Long—:>Vert (inwv) —
Long—3REoll {inw) =
Long—:Fitch (inw)
Long—:Yaw (inwv)
Lat—:Long {(inwvh et
Lat—:Vert (inw) ooaooo
Tat—>Roll (inw) EEEEEE
Lat—:Pitch (inw) ooooco
Lat—:Yaw {(inw) oooooo
Vert—:Long (inwv)
Vert—:Lat (inwv)
Vert—:»Vert (inwv)
Vert—:REoll {(inw)

%]
0k | Cancel |

The Select button pops up a list (the list above shows the 6 DOF elements)
with all elements presented in a linear form from which a single element can be
selected. Next and Previous buttons sequence through the list without having
to call up the element selection dialog. The selected element is shown in the
text box above the buttons

Matrix Element grid selector

oooooo
ooaoono
oooooo
ooooon
oooooo
Oooooono

Select individual transfer function matrix elements for manipulation or
examination by clicking on box corresponding to the desired element.

The Forward/Inverse radio buttons determine which transfer function matrix
elements are available.

The Matrix Element grid selector looks superficially similar to the Activation
Status grid display. However, their purpose and operation are quite different.
The former is an graphical control used for selecting a particular element,
whereas the latter is a graphical display that shows the activation status of all
elements.

108 Control Panel Reference

Seismic Test System User’s Manual



Multichannel AIC Panel Control Descriptions (part 5 of 5)

CONTROL

DESCRIPTIONS

Active checkbox

Activate or deactivate a particular element within a transfer function matrix.
See “Pruning the Transfer Function Matrix” on page 190.

Freeze checkbox

Freeze or unfreeze coefficient adaptation of a particular transfer function
matrix element. Its use is described in detail in the sections on transfer function
training below.

Coefficients Reset button

Reset the coefficients of a particular transfer function matrix element to zero.

Coefficients Update button

Update the Coefficients text display with current values of the coefficients of a
particular transfer function matrix element.

Coefficients text display

Displays textually the current values of the coefficients of a particular transfer
function matrix element. This information is also displayed graphically in the
Impulse Response Function (IRF) Plotter.

Tracking indicator

Displays the tracking status of a particular transfer function matrix element
rather than all elements.
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Observers

Panel Description

Access

When to Use the Panel

Reference Generator

Feedback Generator

110 Control Panel Reference

—icix

Heference generator

Cut-in freq I 1.0 Hz

el EY/
Cutoff freq | L0.0 Hz
Nl LI EY/

Feedback generator

Crossover freq | 1.0 Hz
Nel | EY/

The Observers panel allows you to configure the Reference generator and
Feedback generator for optimum use. The Observers Panel is where adjustments
for the Reference Generator and Feedback Generator Observers are made (the
term “observer” is control theory terminology for a special-purpose filter that
computes a feedback signal)

Open the Observers panel by selecting the Observers option from the
Configuration menu on the 469D Digital Seismic Table Controller panel.

Use this panel to do the following:

*  input the cut-off frequency for the lowpass filter used when the command
mode is displacement

*  input the cut-in and cutoff frequency for the bandpass filter used when the
command mode is velocity

e  input the cut-in frequency for the highpass filter used when the command
mode is acceleration

e input the crossover frequency

The velocity feedback signal is generated from either the position feedback
or the acceleration feedback. At lower frequencies, the position feedback is
used. At higher frequencies, the acceleration feedback is used. The
crossover frequency, where the source of generation is switched from
position to acceleration, can be adjusted.
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Observers Panel Controls Descriptions

CONTROL DESCRIPTION

Reference generator

Cut-in freq slide barand  Input the cut-in frequency for the bandpass filter (velocity mode) or the
text box highpass filter (acceleration mode).

Valid only in velocity and acceleration control modes, this is the frequency
below which energy content in the reference signal is removed to prevent large
commanded displacement. Because reference signals (such as earthquake
records) differ on low frequency content, you may have to adjust this
frequency often on a per-test basis. A lower value is better because less
frequency content is removed from your reference signal, which results in
improved reference-feedback matching.

Physical displacement limits place a lower bound on this frequency. For sine

waves, the amount of displacement amplitude X that can be expected given
acceleration amplitude

A can be computed from the formula X =A4/CHn )2

Discontinuities in the derivatives of the reference signal also place a lower
bound on this frequency, because the highpass filter acts as a double
differentiator at low frequencies, greatly amplifying derivative discontinuities
that emerge as large transients in the Displacement Reference.

You can determine whether the cut-in frequency is high enough for your
reference signal to prevent these problems by using the Preview feature
available on the 469D Digital Seismic Table Controller Panel, which allows
you to play out a reference waveform and observe the Reference Generator
outputs without actually moving the system. Use the Digital Meter's Max/Min
displays to view the range of excursion of the displacement reference signal; if
it exceeds the physical displacement limits, the cut-in frequency must be
increased.

Keep in mind that the filter is only second order and therefore makes a gradual
transition between passband and stopband. Therefore a significant amount of
signal energy below the cut-in frequency will leak through the filter.

Cutoff freq slide barand  Input the cutoff frequency for the lowpass filter (displacement mode) or for the
text box bandpass filter (velocity mode).

Valid only in displacement and velocity control modes, this is the cutoff
frequency of the lowpass filter and bandpass filter, respectively.

Feedback generator

Crossover freq slide Input the crossover frequency where the predominate feedback sensor is
bar and text box switched from position (LVDT) to acceleration.

This is the frequency below which the displacement sensor has maximum
influence on the computed feedbacks, and above which the acceleration sensor
has maximum influence. You should leave this at the default value of 1.0 Hz.

Use EXTREME CAUTION if changing this parameter. Normally it should not
have to change once the system is installed.
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Online Iteration

i
Desired file | Open... | Iteration log

Drive file |

Open...l New... *

Drive update file |

Iteration gain I 0.5

Elapsed time jo:o0:00 | of|

¥
1 | [*] [=] -

Start | Abort [~ Auto Savc...l Clear |

Panel Description

Access

When to Use the Panel

112 Control Panel Reference

Online Iteration (OLI) is a control technique that repeatedly modifies the
command input to a control system on an individual sample-by-sample basis
until the control system response is almost a perfect replica of the original
desired command.

The Online Iteration panel allows you to set up and run online iteration, including
the following tasks:

*  Select and open a desired file.

e Select and open or create a drive file.

*  Set the iteration gain.

e Start manually, start automatically, or abort online iteration.

*  Monitor the process in an iteration log, and save this log. Notice that this log
is editable, so you can add comments..

Open the Online Iteration panel by selecting the Controllers option from the
Operation menu on the 469D Digital Seismic Table Controller panel, then
dragging right to open the Controllers menu, and selecting Online Iteration. You
can also open this panel by clicking on the OLI icon on the 469D Digital
Seismic Table Controller panel.

Use this panel when basic adaptive inverse control alone does not remove the
tracking error because of nonlinearities. For example, nonlinearities arise in
mixed mode applications, where the drive signal is of one type (stroke) and the
response of another (acceleration).

Note  Online iteration is turned on or off using the Adaptive Control button OL/
on the 469D Digital Seismic Table Controller panel.

Enabling OLI will automatically put AIC into Frozen mode since online
iteration requires adaptive iteration control be enabled before it can run.

Seismic Test System User’s Manual



Online Iteration Panel Controls Descriptions (part 1 of 2)

CONTROL

DESCRIPTION

Desired file text box and
Open... button

Selects a desired time history file. You will be prompted with a file open dialog
box.

Drive file text box and New
button

Creates a new drive file sequence. You will be prompted to enter the root name
of the drive file sequence with the dialog box.

Drive file text box, Open
button

Opens an existing drive file. You will be prompted with a file open dialog box.

Drive update file text box

Displays the name of the current drive update file, a new command file
generated by online iteration. A new drive update file is generated during every
pass. When tracking, the update file from one pass automatically becomes the
drive file for the next pass. When frozen, the drive update file is generated, but
does not become the drive file for the next iteration.

The filename for each update is formed by adding a numeral to the original
drive filename extension. For example, a desired file named JTS.DES will
generate files named JTS.D00, JTS.DO1, and so on.

Iteration gain text box

Sets the rate at which the iterations converge to a final solution. Acceptable
values range from zero to one.

Elapsed time display

Displays the elapsed time and the total length of an iteration textually. Elapsed
time is also displayed graphically in the progress bar. (see below)

Progress bar

Shows the percent of the current file completed, as a progress bar that grows
from left to right.

Start button

Starts the current iteration.

Abort button

Terminates the current iteration prematurely.

Auto checkbox

Specify automatic iteration mode. When checked, after completion of an
iteration, the next iteration is begun immediately without having to press the
Start button. If unchecked during an iteration, motion will stop at the end of
the current iteration. Do not use this feature unless you have run a few
iterations manually and are confident that the iteration process is progressing
smoothly.

Iteration log display

Displays the results of each iteration so that iteration progress can be
monitored. A typical iteration log entry looks like this:

Iteration 4:19:53:30 Sat 05-Apr-03

Desired: KobeXGee.des

Drive: KobeXGee.d04

Drive update: KobeXGee.d05

Iteration gain: 0.8

Elapsed time: 0:00:58 of 0:00:58

Response error: max rms
Ch1: 0.178113 0.006182

Drive update: max rms
Ch1: 0.799459 0.092892
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Online Iteration Panel Controls Descriptions (part 2 of 2)

CONTROL DESCRIPTION
Save button Saves the text in the iteration log to a text file.
Clear button Clears the text in the iteration log.
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Ramp Rates

[l Ramp Rates

Setpoint rate

Setpoint accel

Run span rate
Stop span rate

Abort span rate

Frequency rate

_ (ol x|
|25.EI %F5fs
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ISD.D %ols
IED.D %ls
|1nn_u Yols

|2.E| Hzls

Panel Description

Access

When to Use the Panel

Phase rate

|45.c| degfs

The Ramp Rates panel allows you to set maximum values for the setpoint
generator velocity and acceleration, the span ramp rate and phase rate.

Open the Ramp Rates panel by selecting the Ramp Rates option from the
Configuration menu on the 469D Digital Seismic Table Controller panel.

Use this panel to set limits on how fast the system can reach the displacement
setpoint and how fast it can ramp up or down.

Ramp Rates Panel Controls Descriptions

CONTROL

DESCRIPTIONS

Setpoint rate text box

Input the maximum velocity that the system is allowed to achieve while trying
to reach the displacement setpoint value set on the 469D Digital Seismic Table
Controller panel.

Setpoint accel text box

Input the maximum acceleration the system is allowed to achieve while trying
to reach the displacement setpoint value set on the 469D Digital Seismic Table
Controller panel.

Run span rate text box

Input the maximum rate that the span function generator is allowed to ramp up
when starting a program.

Stop span rate text box

Input the maximum rate that the span function generator is allowed to ramp
down when stopping a program.

Abort span rate text box

Input the maximum rate that the span function generator is allowed to ramp
down when aborting a program (abnormal stop). The limit detector will use
this rate.

Frequency rate text box

Input the rate that the program will ramp to a new frequency when the program
cyclic generator frequency is changed.

Phase rate text box

Input the rate that the phase lag between a master and slave channel can be
changed.
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Resonance Compensators

<] Resonance Compensators ;IQIEI

ILDng Feszonance Comp A

Select... | Mext | Previous |
Motch A: Motch B:
Frequency 1000.0 HZ | Frequency 1000.0 | Hz
Nel LY/ Nel LY
Bandwidth 1000.0 Hz | Bandwidth 1000.0  Hz
Nel [ [+# el LY/
Depth [0.0 ¥V | Depth [0 N

Ne] || EY/ Nel || EY/

Panel Description

Access

When to Use the Panel

The Resonance Compensators panel allows you to setup the extra TVC notch
parameters. The Resonance Compensator consists of four identical notch filters,
grouped into two pairs for user interface purposes because resonances usually
come in resonance/antiresonance pairs. Like the TVC notch filter, the frequency
response of the Resonance Compensator notch filters can be viewed in the FRF
Plotter.

Open the Resonance Compensators panel by selecting the Controllers option
from the Operation menu on the 469D Digital Seismic Table Controller panel,
then dragging the cursor to the right to open the Controllers menu, and selecting
Resonance Comp.

You can use the Resonance Compensators panel to set up or adjust parameters for
up to two TVC notches. Notches are used to remove specimen and/or multi-axis
system resonances (actuator bowstring).

Resonance Compensators Panel Control Descriptions (part 1 of 2)

CONTROL

DESCRIPTIONS

Channel text box

Shows the name of the current selected channel.

Select a channel using the Select..., Next, or Previous buttons.

Select... button

Opens the channel selection panel, from which you can select a channel.

Next button

Selects the next channel in the selection panel list.

Previous button

Selects the preceding channel in the selection panel list.
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Resonance Compensators Panel Control Descriptions (part 2 of 2)

CONTROL DESCRIPTIONS

Notch AorB

Frequency slide barand  Adjusts the center frequency of the notch. You can use the slide bar to set a
text box value or enter it in the text box.

Bandwidth slide barand  Adjusts the notch bandwidth (broad or narrow notch). You can use the slide bar
text box to set a value or enter it in the text box.

Depth slide bar and text  Adjusts how deep the notch extends at the center frequency. The range is 0.0 to
box -1.0. At 0.0 there is no notch, maximum depth is at -1.0. You can use the slide
bar to set a value or enter it in the text box.

Note that the notch depth can be greater than 0.0, but great care should be used
when trying a positive depth notch as the system may become unstable. Also
do not turn on the hydraulics with large positive notch depth values. Return
these values to zero, turn on hydraulics, and then slowly return to the positive
value.
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Spectrum Analyzer

Panel Description

Access

When to Use the Panel

RIS
Input |Long Reference

Select... | Next | Previous |
Qutput |I.Dng Feedback
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Sample rate
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|D avgs
Flt:st:tl

Averages taken

The Spectrum Analyzer panel allows you to set up the spectrum analyzer to
measure the forward transfer function between two channels. Use the FRF Plotter
panel to display the transfer functions.

Open the Spectrum Analyzer panel by selecting the Spectrum Analyzer option
from the Operation menu on the 469D Digital Seismic Table Controller panel.

Use the Spectrum Analyzer when tuning the system to monitor signals for
frequency content and to check for system resonances.

The Spectrum Analyzer produces a true FFT transfer function with input and
output PSDs and coherence functions. It uses hanning windows, 50% frame
overlaps, and exponential averaging to minimize leverage effects and to smooth
spectral estimates.

Spectrum Analyzer Panel Control Descriptions (part 1 of 2)

CONTROL

DESCRIPTIONS

Input and Output text boxes

Shows the name of the selected input channel.

Select a channel using the Select..., Next, or Previous buttons.

Select... button

Opens the channel list box, from which you can select a channel.

Next button

Selects the next channel in the list.

Previous button

Selects the preceding channel in the list.
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Spectrum Analyzer Panel Control Descriptions (part 2 of 2)

CONTROL

DESCRIPTIONS

Enable button

Use to enable/disable the spectrum analyzer.

Remove mean check box

When checked, removes the dc content of the signal by adding a hi-pass filter
(with an extremely low cut-in frequency) to the input of the analyzer.

Differentiate input check
box

When checked, the software will differentiate the input signal to remove any
integrator between the input and output.

Differentiate output check
box

When checked, the software will differentiate the output signal to remove any
integrator between the input and output.

Sample rate pop-up menu

Use to select the desired sample rate of the spectrum analyzer.

Click the E button to display a list of sample rates. Select the desired sample
rate and click the button to accept the selection and close the list, or click
the button to decline the selection and close the list.

FFT size pop-up menu

Use to select the FFT size. The FFT size determines the frequency resolution
of the analyzer (Resolution = Sample Rate + FFT size).

Click the E button to display a list of sizes. Select the desired size and click

the button to accept the selection and close the list, or click the button
to decline the selection and close the list.

Decay time constant slide
bar and text box

Use to adjust the decay time constant which determines how long the analyzer
keeps data before discounting it. A lower average will allow the analyzer to
track better but spectral estimates will be noisier.

Averages taken display

Displays how many averages have been taken by the analyzer. Can be reset to
zero using the Reset button.

Reset button

Use to reset the averaging process.
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Static Lift

~i0
Autobal | | kN
utobalance Activate | @ Error tolerance 0.0

Sequence
Antichatter band | 0.0 kN
Pressure Dum |
P Yertical force setpt | 0.0 kN

Vertical force | n.o kN
Roll moment | n.o kN-m

Pitch moment I n.o kN-m
[+]

Panel Description  The Static Lift panel (for 6 DOF table controller only) allows you to activate the
static lift support cylinders for purposes of compensating for table and specimen
tare weight.

Access Open the Static Lift panel by selecting the Static Lift option from the Operation
menu on the 469D Digital Seismic Table Controller panel.

When to Use the Panel Use this panel when the table is in test position prior to test execution and before
parking the table after test execution.

Toggle the arrow [#] to display the right side of the display or hide the right side
of the Static Lift panel.

Static Lift Panel Control Descriptions

CONTROL DESCRIPTIONS

Autobalance Sequence Select the appropriate static lift position(s) based on the location of your

Activate button and indicator specimen mass. The current value of the appropriate static lift cylinder force
will be displayed.

Pressure Dump button Click this button to dump the hydraulic pressure from the static lift actuators.

Vertical force display Displays the current value of the vertical force feedback.

Roll moment display Displays the current value of the roll moment feedback.

Pitch moment display Displays the current value of the pitch moment feedback.

Error Tolerance text box

Antichatter band text box

Vertical force setpt text box
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3-Stage Valve Drivers

3-Stage Yalve Drivers
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Panel Description

The 3-Stage Valve Drivers panel allows you to perform the following tasks:

*  Select a specific valve driver channels.

*  Adjust the dither amplitude and balance for the selected valve driver

channel.

*  View the value input to the valve driver by the servocontroller.

*  Insert the valve phase.

. Disable and/or reset interlocks.

. Monitor interlocks.

e Tune the inner loop.

e Make spool conditioner adjustments.

Access

When to Use the Panel

Open the 3-Stage Valve Drivers panel by selecting the Valve Drivers option from
the Calibration menu on the 469D Digital Seismic Table Controller panel.

Use the 3-Stage Valve Drivers panel when adjusting the valve balance and dither

amplitude during test setup. The 3-Stage Valve Drivers panel also allows you to
tune the inner loop and make spool conditioner adjustments.
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3-Stage Valve Drivers Panel Controls Descriptions (part 1 of 2)

CONTROL

DESCRIPTION

Driver text box

Shows the name of the selected valve driver. The driver ID box, to the left,
shows the chassis location, slot location, and channel of the selected driver.

Select a driver using the Select..., Next, or Previous buttons.

Select... button

Opens the valve driver list box, from which you can select a channel.

Next button

Selects the next valve driver in the list.

Previous button

Selects the preceding valve driver in the list.

Enabled check box

When checked, sets input of valve driver to zero. (For tuning purposes only).

Balance slide bar and text
box

Adjusts the electrical balance of the servovalve.

Dither amplitude slide bar
and text box

Adjusts the dither applied to the servovalve. You can use the slide bar to set a
value or enter it in the text box.

Invert polarity check box

Selects inverted or non-inverted valve phasing.

Readout pop-up menu

Selects a function for direct readout.

Click the E button to display a list of signals. Select the desired signal and

click the button to accept the selection and close the list, or click the
button to decline the selection and close the list.

Interlocks

Disabled check box

When checked, disables hardware interlocks for the selected channel.

Reset button

When pressed, resets the hardware interlocks for the selected channel.

Watchdog Timer
indicator

Indicates the status of the watchdog timer.

Excitation fail indicator

Shows whether excitation has failed. This detector is always enabled, both in
hardware and software. Excitation failure causes a system interlock because it
may indicate a broken, defective or missing conditioner cable.

Inner Loop Tuning

These adjustments are for three-stage valves only.

Proportional gain slide
bar and text box

Adjusts the proportional gain for the selected valve driver. You can use the
slide bar to set a value or enter it in the text box.

Rate gain slide bar and
text box

Adjusts the derivative rate gain for the selected valve driver. You can use the
slide bar to set a value or enter it in the text box.

Rate input radio buttons

Sets the signal source for rate input as spool position or spool.
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3-Stage Valve Drivers Panel Controls Descriptions (part 2 of 2)

CONTROL

DESCRIPTION

Spool Conditioner
Calibration

Excitation amplitude
slide bar and text box

Sets the level of the excitation signal sent to the transducer. You can use the
slide bar to set a value or enter it in the text box.

Demode. phase slide
bar and text box

Sets the demodulator phase of the conditioner output. You can use the slide bar
to set a value or enter it in the text box.

Spool zero slide bar and
text box

Sets the spool position zero offset. You can use the slide bar to set a value or
enter it in the text box.

Conditioner gain slide
bar and text box

Adjusts the conditioner gain for the selected valve driver. You can use the slide
bar to set a value or enter it in the text box.

Invert polarity check
box

Selects inverted or non-inverted spool conditioner polarity.

Valve driver input display
box

Shows current value input to the valve driver by the servocontroller. Not
editable.

Spool position display box

Displays the current spool position.
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Three-Variable Controller
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Panel Description The Three-Variable Controller panel allows you to set up and tune the three
variable servo control loop. All current and reference gains are included in the
parameters saved to a settings file.

Access Open the Three-Variable Controller panel by selecting the Controllers option
from the Operation menu on the 469D Digital Seismic Table Controller panel,
then dragging the cursor to the right to open the Controllers menu, and selecting
Three-Variable.

When to Use the Panel  You can use the Three-Variable Controller panel to set up or adjust parameters
for a TVC controller, including the following:

e Control variable

*  QGains

e Lead values (feedforward)
e Input-output delay

*  Dynamic Force

*  Notch parameters

. Reset
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Background
Information

A notch can be added to the controller to suppress excitation of the oil column.
You can view the frequency response of the notch using the FRF panel.

Before making any adjustments, you may wish to use the Active <--> Reference
button to copy the current stable settings to the reference boxes. If the system
becomes unstable, you can immediately click on this button again and restore
these stable settings to the active boxes. You can then examine the gains that
caused the instability.

Each of the controls on the Three-Variable Controller panel affects the system in
a distinct way. It is important to understand these effects before attempting to
tune the system. Refer to “Understanding Control Principles” on page 27, for
more detailed information about the control system and servo control
adjustments.

Three-Variable Controller Panel Controls Descriptions (part 1 of 3)

CONTROL

DESCRIPTIONS

Channel text box

Shows the name of the current selected channel.

Select a channel using the Select..., Next, or Previous buttons.

Select... button

Opens the channel selection panel, from which you can select a channel.

Next button

Selects the next channel in the selection panel list.

Previous button

Selects the preceding channel in the selection panel list.

Control Variable radio
buttons

Selects the control variable. The choices are:
*  Displacement

*  Velocity

e Acceleration

In multichannel systems, the selected control mode is applied to all channels,
not just the channel displayed in the panel.

Save ref, Restore ref, and
Active <-> Ref buttons

Save ref copies the active gain values to the Reference text boxes. Restore ref
copies the reference gain values back into the Active text boxes. Active <->
Reference swaps Active and Reference values. Use the Save ref button to
temporarily store a set of gains that you deem satisfactory but wish to improve.
If subsequent tuning yields worse results, you can then use the Restore ref
button to get back the original acceptable gains. If you have two sets of
satisfactory gains but wish to see which one is better, you can quickly switch
between the two using the Active <-> Reference button.

The Restore ref and Active <-> Reference buttons are inactive when the
program waveform is running because sudden gain changes while the system
is in motion can result in large transients.

The following parameters are explained in more detail in “Understanding Control Principles” on page 27.
“Calibration” on page 247 explains how the parameters are used in tuning the servo loop.

Displacement Gain slide bar

and text box

Adjusts the gain applied to the displacement error. This is the primary feedback
gain used in TVC. You can use the slide bar to set a value or enter it in the text
box.
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Three-Variable Controller Panel Controls Descriptions (part 2 of 3)

CONTROL

DESCRIPTIONS

Velocity Gain slider bar and
text box

Adjusts the gain applied to the velocity feedback. This gain is seldom if ever
used. You can use the slide bar to set a value or enter it in the text box.

Acceleration Gain slide bar
and text box

Adjusts the gain applied to the acceleration feedback. This gain is seldom if
ever used. You can use the slide bar to set a value or enter it in the text box.

Displacement Gain slide bar
and text box

Adjusts the gain applied to the displacement reference. It affects response at
very low frequencies. This gain is seldom if ever used. You can use the slide
bar to set a value or enter it in the text box.

Velocity Lead slide bar and
text box

Adjusts the gain applied to the velocity reference. It affects response at
frequencies below the oil column natural frequency. This is the primary
feedforward gain used in TVC. You can use the slide bar to set a value or enter
it in the text box.

Acceleration Lead slide bar
and text box

Adjusts the gain applied to the acceleration reference. It affects response at
frequencies near the oil column natural frequency. You can use the slide bar to
set a value or enter it in the text box.

Jerk Lead slide bar and text
box

Adjusts the gain applied to the derivative of the acceleration reference. It
affects response at frequencies above the oil column natural frequency. You
can use the slide bar to set a value or enter it in the text box.

Input-output delay slide bar
and text box

Adjusts the amount of delay applied to the reference in order to align it with
the feedback for display and error calculation purposes. You can use the slide
bar to set a value or enter it in the text box.

Dynamic Force Gain slide
bar and text box

Adjusts the gain applied to the dynamic force feedback, which is a highpassed
version of the regular force feedback. It provides damping of the oil column
resonance. You can use the slide bar to set a value or enter it in the text box.

Dynamic Force Frequency
slide bar and text box

Adjusts the cut-in frequency of the highpass filter applied to the force
feedback. A value of 0.5 to 1.0 Hz is recommend for most systems. You can
use the slide bar to set a value or enter it in the text box.

Notch Frequency slide bar
and text box

Adjusts the center frequency of the notch filter applied to the controller output.
Use a value equal to the frequency of resonance that you are trying to
compensate. You can use the slide bar to set a value or enter it in the text box.

To aid tuning, the frequency response of the TVC notch filter can be viewed in
the FRF Plotter.

Notch Bandwidth slide bar
and text box

Adjusts the 3dB bandwidth of the notch filter applied to the controller output.
Use a value equal to the bandwidth of resonance that you are trying to
compensate. You can use the slide bar to set a value or enter it in the text box.

Notch Depth slide bar and
text box

Adjusts the depth of the notch filter applied to the controller output. Use a
negative value to suppress a resonance, a positive value to boost an
antiresonance, and a zero value to do nothing. You can use the slide bar to set a
value or enter it in the text box.

Reset Integrator Gain slide
bar and text box

Adjusts the time constant of the reset integrator used to remove static offsets in
the system. You can use the slide bar to set a value or enter it in the text box.
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Three-Variable Controller Panel Controls Descriptions (part 3 of 3)

CONTROL DESCRIPTIONS

Reset indicator Displays the current state of the reset integration process using this color code:
White: The reset integrator is off.

Green: The reset integrator is integrating (“tracking”) and its contribution
to the controller output is less than the Maximum Authority limit.

Red: The reset integrator is on but its output is pegged at the Maximum
Authority limit (plus or minus).

The conditions for tracking are:
Hydraulics are on and in high pressure.
The system is at rest.

The reset gain is greater than zero.

Reset Integrator and Adjusts the maximum amount of correction that reset integrator is allowed to
Maximum Authority slide apply to the controller output. You can use the slide bar to set a value or enter it
bars and text boxes in the text box.

Note that Reset is active only when the program is stopped.
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Units

Panel Description

Access

When to Use the Panel
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The Units panel displays the system full scale units.

Open the Units panel by selecting the Units option from the Configuration
menu on the 469D Digital Seismic Table Controller panel.

This panel displays the full-scale units for system feedback signals.

You can use this panel to determine scaling for BNC inputs and outputs, and
when using the external analog program option.

Units Panel Controls Descriptions

CONTROL

DESCRIPTION

Channel text box

Shows the name of the current selected channel.

Select a channel using the Select..., Next, or Previous buttons.

Select... button

Opens the channel selection panel, from which you can select a channel.

Next button

Selects the next channel in the selection panel list.

Previous button

Selects the preceding channel in the selection panel list.

Displacement display box

Displays the full scale value for displacement.

Velocity display box

Displays the full scale value for velocity.

Acceleration display box

Displays the full scale value for acceleration.

Force display box

Displays the full scale value for force.
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Hydraulic Power Unit Controller Reference

This section contains alphabetically arranged descriptions for each control panel

in the Hydraulic Power Controller software.

For most options, a control panel is automatically opened when you select
the option. These control panels display current settings.

Before you change a displayed setting, know the effect the change will have on
the system. Refer to Operation beginning on page 163, before adjusting any value
or attempting to operate the system.

The following table identifies each panel described in this section, as well as its
corresponding option name and menu location. Refer to Understanding Control
Principles beginning on page 27, for information on how to select these menu

options

PANEL NAME MEenu MENuU OPTION
Analog Inputs Calibration A/D Converters
Analog Outputs Scaling Calibration D/A Converters
Analog Readouts View Analog Readouts
Digital Meter A or B View Digital Meter A
Digital Meter B
Digital Oscilloscope View Oscilloscope
Digital Readouts View Digital Readouts

Hydraulic Power Controller

HPC E-Stop Panel

Hydraulic Power Controller

E-Stop Menu button

HPC Fault Panel

Hydraulic Power Controller

Fault Menu button

HPC Manual Static Lift Panel

Hydraulic Power Controller

Static Lift Menu button

HPC Foundation Control and
Details Panel

Hydraulic Power Controller

Foundation Menu button

HPC Pump Detail Panel 1

Hydraulic Power Controller

Pump Menu button

HPC Pump Detail Panel 2

HPC Pump Detail Panel 1

Page 2 button

HPC Miscellaneous I/O Panel

Hydraulic Power Controller

Miscellaneous Menu button

Message Log

View

Message Log
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Analog Inputs

Analog Inputs

Panel description

Access

When to use the panel
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0.0 psi

The Analog Inputs panel allows you to select a device connected to the hydraulic
control console and calibrate it to the control electronics.

Open the Analog Inputs panel by selecting the A/D Converters option from the
Calibration menu on the Hydraulic Power Controller panel.

Use the Analog Inputs panel to select a device connected to one of the analog

inputs of the console and calibrate the selected device to the control electronics
and assign engineering units to the signal.

Analog Inputs Panel Control Descriptions

CONTROL

DESCRIPTIONS

Input text box

Shows the name of the currently selected input device. The adjacent device ID
box shows the slot number of the selected Analog input.

With the Extended access level, you can click on the selected input name and
change the name to reflect the type of device providing the input.

Select a converter using the Select..., Next, or Previous buttons.

Select... button

Opens the input selection panel, from which you can select a specific input.

Next button

Selects the next sequential input in the selection panel list.

Previous button

Selects the preceding sequential input in the selection panel list.

Offset slide bar and text box

Adjusts the offset of the signal output by the converter. Enter an offset that
results in a Current value of 0.00 V. You can use the slide bar to set a value or
you can enter it in the text box.
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Analog Inputs

Analog Inputs Panel Control Descriptions

CONTROL

DESCRIPTIONS

Gain slide bar and text box

Adjusts the gain of the signal output by the converter. Use the Gain adjustment
to set the full-scale range of the converter. You can use the slide bar to set a
value or you can enter it in the text box.

Engineering Units

+10 volts = text boxes

Enter a value in the left text box that corresponds to the full scale output, in
engineering units, when the output of the device is at +10 volts.

Enter the engineering units for the device in the right text box.

-10 volts = text box

The value in this text box defaults to the negative of the full scale value entered
in the +10 volts = text box. You can change this value to something else.

Current value display

The top display shows the current output of the device in volts.

The bottom display shows the current output of the device in the designated
engineering units.

Seismic Test System User’s Manual Hydraulic Power Unit Controller Reference 131



Analog Outputs Scaling

Analog Outputs Scaling

Panel description

Access

When to use the panel
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The Analog Outputs Scaling panel allows you to select a user supplied device
and calibrate it to the control electronics.

Open the Analog Outputs Scaling panel by selecting the Analog Outputs option
from the Calibration menu on the Hydraulic Power Controller panel.

Use the Analog Outputs Scaling panel to select a device connected to one of the
analog outputs of the console and calibrate the selected device to the control
electronics.

Analog Outputs Panel Control Descriptions

CONTROL

DESCRIPTIONS

Output text box

Shows the name of the currently selected output device.

Select a channel using the Select..., Next, or Previous buttons.

Select... button

Opens the selection panel, from which you can select a specific output.

Next button

Selects the next sequential output device in the selection panel list.

Previous button

Selects the preceding sequential output device in the selection panel list.

Offset slide bar and text box

Adjusts the offset of the signal output by the scaler. Enter an offset that results
in a Current value of 0.00 V. You can use the slide bar to set a value or you
can enter it in the text box.

Gain slide bar and text box

Adjusts the gain of the signal output by the scaler. Use the Gain adjustment to
set the full-scale range of the converter. You can use the slide bar to set a value
or you can enter it in the text box.

Current value display

The display shows the current output of the device in volts.
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Analog Readouts

Analog Readouts
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Panel description  The Analog Readouts panel allows you to select a signal to be output to an
analog readout device.

Access Open the Analog Readout panel by selecting the Analog Readouts option from
the View menu on the Hydraulic Power Controller panel.

When to use the panel Use this panel to select up to 16 signals to be output to an analog readout device.

Analog Readouts Panel Control Descriptions

CONTROL DESCRIPTIONS

Signal selection Click on any number or previously selected signal to display a panel that lists
the available signals. Select from the list the desired signal.

Click the OK button on the bottom of the subpanel to display the selected
signal next to the number you clicked in the Analog Readouts panel.

To remove a signal from the panel:
Click on the name of the signal you want to remove.
From the subpanel, scroll to the top of the list and select NONE.

Click OK.

Click Cancel to close the subpanel without accepting any changes.
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Digital Meter A or B

Digital Meter A or B
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Panel Description

Access

When to Use This
Panel

Background
Information

134 Hydraulic Power Unit Controller Reference

The Digital Meter A or B panel allows you to monitor a signal.

Open the Digital Meter A or B panel by selecting the Digital Meter A or Digital
Meter B option from the View menu on the Hydraulic Power Controller panel.

Toggle the arrow [#] to display or hide the right side of the display panel.

Use this panel to read the present values of the selected signal.

The digital meters provide the following signal monitoring modes:

Max/min

Monitors the maximum and minimum signal values since the display
session began or the Reset button was last clicked. Signal values are
displayed in the Maximum and Minimum text boxes.

Peak/valley (banded)

Similar to Max/min mode, except the Reset button automatically activates
after the signal reverses by an amount determined by the sensitivity
adjustment. Thus changes in signal peaks and valleys can be continuously
monitored. This mode can be used for cyclic and non-cyclic waveforms.

Peak/valley (timed)

Similar to Max/min mode, except the Reset button automatically activates
after the signal reverses a quarter of a cycle as determined by the signal’s
current frequency. Thus changes in signal peaks and valleys can be
continuously monitored. This mode can only be used for cyclic waveforms.

RMS/mean

Monitors the RMS and mean of a signal since the display session began or
since the Reset button was last clicked. The amount of signal averaging can
be adjusted using the Averaging Interval slide bar or text box. This mode
can be used for cyclic and non-cyclic waveforms.
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Digital Meter A or B

Digital Meter A or B Panel Control Descriptions (part 1 of 2)

CONTROL

DESCRIPTIONS

Signal text box

Shows the name of the current selected signal.

Select a signal using the Select..., Next, or Previous buttons.

Select... button

Opens the signal selection panel, from which you can select a signal. You can
select NONE from the list to remove a channel from the display.

Next button

Selects the next sequential signal in the selection panel list. Scroll through the
list until a blank appears to select no channel for display.

Previous button

Selects the preceding sequential signal in the selection panel list. Scroll
through the list until a blank appears to select no channel for display.

Maximum or Peak or RMS
or Amplitude text box

Displays the Maximum value for the signal when the Capture Mode is Max/
Min and the Display Mode is Extrema.

Displays the Peak value for the signal when the Capture Mode is Peak/valley
and Display Mode is Extrema.

Displays the RMS value for the signal when the Capture Mode is RMS/
Mean (The Display Mode button is grayed out).

Displays the Amplitude of the signal when the Capture Mode is Max/Min or
Peak/valley and the Display Mode is Amplitude/Base.

Minimum or Valley or Mean
or Base text box

Displays the Minimum value for the signal when the Capture Mode is Max/
Min and the Display Mode is Extrema.

Displays the Valley value for the signal when the Capture Mode is Peak/
valley and Display Mode is Extrema.

Displays the Mean value for the signal when the Capture Mode is RMS/
Mean (The Display Mode button is grayed out).

Displays the Base value of the signal when the Capture Mode is Max/Min or
Peak/valley and the Display Mode is Amplitude/Base.

Current text box

Displays the current value of the selected signal.

Reset button

Clears the Minimum and Maximum or RMS and Mean text boxes.

E arrow

Toggle the E arrow to display or hide the right side of the display panel that
contains the options described below.
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Digital Meter A or B

Digital Meter A or B Panel Control Descriptions (part 2 of 2)

CONTROL

DESCRIPTIONS

Capture Mode pop-up menu

Selects a monitoring mode. The choices are:

Max/min—captures the maximum and minimum values of the selected signal
for display in the Maximum and Minimum text boxes.

Peak/valley (banded)—captures the peak and valley values of the selected
signal for display in the Peak and Valley text boxes. Signal reversal is
determined by the specified sensitivity band.

Peak/valley (timed)—captures the peak and valley values of the selected signal
for display in the Peak and Valley text boxes.Signal reversal is determined by
the signal frequency.

RMS/Mean—captures the RMS and mean values of the selected signal for
display in the RMS and Mean text boxes. The signal is averaged over a
specified averaging interval.

Display mode pop-up menu

Selects a display mode. The choices are:
Extrema-Displays min/max or peak/valley values. See Capture mode above.

Amplitude/Base—Alternative form of displaying extrema, where:

. max - min max + min
Amplitude = — Base=————

and

Note  Not used for the RMS/mean capture mode

Sensitivity slide bar and text
box

For peak/valley detection, sets the sensitivity of detection to a percentage of
the full-scale band. You can use the slide bar to set a value or you can enter it in
the text box.

Averaging interval slide bar
and text box

For the RMS/Mean Capture mode, sets the averaging interval. You can use
the slide bar to set a value or you can enter it in the text box.
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Digital Readouts

Digital Readouts
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Panel Description  The Digital Readouts panel allows you to monitor up to 32 signals.

Access  Open the Digital Readouts panel by selecting the Digital Readouts option from
the View menu on the Hydraulic Power Controller panel.

When to Use the Panel  Use this panel to read the present value of a selected signal.

Digital Readouts Panel Control Descriptions

CONTROL DESCRIPTIONS

Channel selection Click on any text box or previously selected channel to display a panel that
lists the available channels. Select from the list the desired channel.

Click the OK button on the bottom of the list to display the name of the
selected signal next to the text box you clicked. The current value for the signal
is shown in the text box.

To remove a channel from the panel:

Click on the name of the channel you want to remove.
From the panel that displays, scroll to the top of the list and select NONE.
Click OK.

Seismic Test System User’s Manual Hydraulic Power Unit Controller Reference 137



Digital Oscilloscope

Digital Oscilloscope
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Panel Description

Access

When to Use the Panel

The Digital Oscilloscope panel shows oscilloscope traces for one or two signals.
This panel allows you to perform the following tasks:

*  Select one or two signals to be monitored.

*  Set the sweep period and delay for the display of the selected signals.
e Select the scaling mode of the selected signals.

*  Select the display mode for the monitor.

e Select the sweep mode for the monitor.

Open the Digital Oscilloscope panel by selecting the Oscilloscope option from
the View menu on the Hydraulic Power Controller panel.

Use this panel at any time to monitor system signals.

Digital Oscilloscope Panel Controls Descriptions (part 1 of 2)

CONTROL

DESCRIPTIONS

Channels select controls

Ch A or Ch B text box

Shows the name of the currently selected signal.

Select a signal using the Select..., Next, or Previous buttons.

Select... button

Opens the signal selection panel, from which you can select a signal. You can
select NONE from the list to remove a channel from the display.

Next button

Selects the next sequential signal in the selection panel list. Scroll through the
list until a blank appears to select no channel for display.

Previous button

Selects the preceding sequential signal in the selection panel list. Scroll
through the list until a blank appears to select no channel for display.

Sweep Period slide bar and
text box

Sets the sweep period in seconds, for a trace on the oscilloscope display. You
can use the slide bar to set a value or enter it in the text box.
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Digital Oscilloscope Panel Controls Descriptions (part 2 of 2)

CONTROL

DESCRIPTIONS

A-B Delay slide bar and text
box

Sets the time by which the Channel B trace follows the Channel A trace. (If the
value is negative, B precedes A.) You can use the slide bar to set a value or
enter it in the text box.

Autoscale check box

Selects independent autoscaling. In this mode, the two signals are scaled to fill
the entire scope display area, regardless of their relation to each other.

Same scale check box

If this box is checked, the same scaling is applied to both signals.

Display mode radio buttons

Select a relation for the A and B traces:
*  Time — time is displayed along the X axis, amplitude along the Y axis

*  Freq — frequency is displayed along the X axis, amplitude along the Y
axis

*  X-Y —channel A amplitude is displayed along the X axis, channel B
amplitude along the Y axis

Scope display area text
boxes

The text boxes surrounding the scope display area show the values of the upper
and lower limits currently displayed.

+ Ifin Time display mode, the top and bottom text boxes on the right and
left sides show the minimum and maximum values of the A and B traces
(respectively); the right and left text boxes on the bottom of the monitor
show time.

« Ifin Freq display mode, the top and bottom text boxes on the right and
left sides show the minimum and maximum values of the A and B traces
(respectively); the right and left text boxes on the bottom of the monitor
show frequency.

If in X-Y display mode, values of A and B are shown on the left and
bottom (respectively), and nothing is displayed in the text boxes on the
right.

*  Ifyou click on a specific point in the scope display area, a line appears,
and the corresponding X and Y values will be shown in the text boxes in
the right center, bottom center, and left center.

Sweep, Single and Auto
buttons

Select single sweep or automatically updated sweeps for display.

+ Ifin Single mode, only one sweep will be displayed. To update the
display, use the Single button again.

* Ifin Auto mode, the display will be updated when one sweep period (as
set on the Sweep Period slide bar) of new data is available.

To return to the single mode from the automatic mode, use either the Single or
Auto button.
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Hydraulic Power Controller

The Hydraulic Power Controller is a centralized control unit used to select and
operate the pilot pressure pump and the diesel and electric HPUs in the facility.
The operator can operate these systems using the following panel.

Hydraulic Power Controller: Settings.set

structural RUN|

Panel Description
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System controls on the Hydraulic Power Controller panel allow you to perform
the following tasks:

Reset interlock conditions.
Individually turn on or off each system hydraulic pump.
Monitor the status of each pump in the system.

Monitor the status of E-stop and fault circuits, fuel level for the diesel
pumps, the static lift pressure and hardline valves.

Raise or lower the foundation.

Warmup the HPU if necessary.
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The following menus are provided:

»  File—allows you to select the access level, restore or save settings, and quit
the application.

*  Calibration—allows you to calibrate the input and output devices.

*  View—allows you to use digital meters and readouts, read the message log,
and use the digital oscilloscope.

Access The Hydraulic Power Controller panel opens when you start the application. It
cannot be closed except by quitting the application from the File menu.

When to Use the Panel  Use this panel to monitor and control the hydraulic control systems, raise or
lower the foundation, and adjust the static lift pressure.

Hydraulic Power Controller Panel Control Descriptions (part 1 of 6)

CONTROL DESCRIPTIONS

469D Active indicator The indicator is red when the 469D controller program is not running.

The indicator is green when the 469D controller program is running.

469D E-Stop indicator The indicator turns red when the Abort button is pressed or an HPC E-stop
button has been pressed.

The indicator is green when it is OK to run the 469D controller program.

HPU E-Stop indicator This indicator is green when the E-Stop buttons on all of the HPU control
panels are unlatched.

This indicator is red if an E-Stop button on any HPU control panels is latched.

Interlocks indicator The indicator is red if an interlock condition is present. The system HPUs
cannot be started when an interlock condition exists.

The indicator is green when no interlock conditions exist. It is OK to start the
HPUs.

Reset button After all interlock conditions have been corrected, clicking the Reset button to
reset the HPU interlock circuit and the pump sequences

Main Pressure display Displays the main output pressure.

Main Temperature display Displays the main hydraulic fluid temperature.

Filter Fault indicator The indicator is green when all six system filters are OK.

The indicator is red when any filter is in the dirty condition. Click the Fault
Menu button to display the HPC Fault Panel in order to identify the dirty
filter(s).

Reservoir Fault indicator The indicator is green when the hydraulic fluid level and temperature in the
reservoir is OK.

The indicator is red if either the hydraulic fluid level is low or the temperature
is too high. Click the Miscellaneous Menu button to display the HPC
Miscellaneous I/O Panel in order to identify which condition is causing the
indication.
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Hydraulic Power Controller Panel Control Descriptions (part 2 of 6)

CONTROL

DESCRIPTIONS

Pit Fault indicator

This indicator is green when all of the table pit sensors are OK.

The indicator is red if any sensor related to the sump system in the pit, to the
pilot filter switch, or to the pilot pressure switch detects a fault condition. Click
the Miscellaneous Menu button to display the HPC Miscellaneous I/O Panel
in order to identify which Table Pit condition is causing the indication.

Sump Running indicator

This indicator is green when the sump pump is running.

This indicator is red when the sump pump is not running. The sump pump only
runs when the fluid level in the pit activates the level switch.

SuperCharge Pump

SuperCharge Run
button and indicator

The supercharge pump may be turned on locally using this button or remotely
from the 469D Controller.

If the supercharge pump is started remotely, this button is not pushed and is
inactive.

If the supercharge pump is started by clicking this button, the pump cannot be
turned off from the 469D Controller. This button must be clicked again to turn
the supercharge pump off.

The indicator is green when the supercharge pump is running.

The indicator is red when the supercharge pump is not running.

SuperCharge E-Stop

This indicator is red if the E-Stop button on the Supercharge pump control box

indicator was pushed and left latched.
The indicator is green if the E-Stop button on the Supercharge pump control
box is unlatched.
SuperCharge 469D This indicator is green if the 469D Controller has requested the supercharge
indicator pump to run.

This indicator is red if the 469D has not requested the supercharge pump to
run.

Structural Pump

Structural Run button

Click this button to start and stop the structural pump. The structural pump can
only be controlled from the Hydraulic Power Controller panel.

This indicator is green when the structural pump is running. When the
structural pump is running, the supercharge pump can only be turned off from
the Hydraulic Power Controller panel. Control of the structural pump from the
469D Digital Seismic Controller panel is locked out. The Super On indicator
on the 469D Digital Seismic Controller panel will turn off, but the supercharge
pump will continue to run.

This indicator is red when the structural pump is not running.

Structural E-Stop
indicator

This indicator is red when the Emergency Stop button on the Structural Pump
Control box is pushed (latched).

This indicator is green when the Emergency Stop button on the Structural
Pump Control box is released (unlatched).
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Hydraulic Power Controller Panel Control Descriptions (part 3 of 6)

CONTROL DESCRIPTIONS

Enable Pump #1 and
Enable Pump #2 Check
boxes

When the check box is selected (checked), the pump motor for the associated
pump is enabled for operation. When the check box is unselected (unchecked)
the pump motor for the associated pump is disabled from operation.

At least one pump (pump #1 or pump #2) must be enabled (typically both will
be enabled).

Run Pump 1 and Run
Pump 2 indicators

This indicator is blue when the associated pump motor is running.

This indicator is white when the associated pump motor is not running.

High Pressure indicator

This indicator is blue when the structural pump is in high pressure mode.

This indicator is white when the structural pump motor is not in high pressure
mode (either in low pressure mode or off).

Fault indicator

This indicator is green when there are no fault conditions for the structural
pump.

This indicator is red when there are is a fault condition for the structural pump.
If a fault condition is indicated, click the Fault Menu button to determine the
possible cause.

Remote/Local indicator

This indicator is green when the structural pump is in remote mode (controlled
from the Hydraulic Power Controller.

This indicator is red when the structural pump is in local mode (controlled
from the control panel on the structural pump starter box.

Pilot Pump

Pilot Run indicator

The pilot pump can only be controlled from the 469D Digital Seismic
Controller panel.

This indicator is green when the pilot pump is running. When the pilot pump is
running, the supercharge pump can only be turned off from the 469D Digital
Seismic Controller panel. Control of the pilot pump from the Hydraulic Power
Controller panel is locked out.

This indicator is red when the pilot pump is not running.

Pilot E-Stop indicator

This indicator is red when the Emergency Stop button on the Pilot Pump
Control box is pushed (latched).

This indicator is green when the Emergency Stop button on the Pilot Pump
Control box is released (unlatched).

Enable Pump #1 and
Enable Pump #2 Check
boxes

When the check box is selected (checked), the pump motor for the associated
pump is enabled for operation. When the check box is unselected (unchecked)
the pump motor for the associated pump is disabled from operation.

At least one pump (pump #1 or pump #2) must be enabled (typically both will
be enabled).

Run Pump 1 and Run
Pump 2 indicators

This indicator is blue when the associated pump motor is running.

This indicator is white when the associated pump motor is not running.
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Hydraulic Power Controller Panel Control Descriptions (part 4 of 6)

CONTROL

DESCRIPTIONS

High Pressure indicator

This indicator is blue when the structural pump is in high pressure mode.

This indicator is white when the structural pump motor is not in high pressure
mode (either in low pressure mode or off).

Fault indicator

This indicator is green when there are no fault conditions for the structural
pump.

This indicator is red when there are is a fault condition for the structural pump.
If a fault condition is indicated, click the Fault Menu button to determine the
possible cause.

Remote/Local indicator

This indicator is green when the structural pump is in remote mode (controlled
from the Hydraulic Power Controller.

This indicator is red when the structural pump is in local mode (controlled
from the control panel on the structural pump starter box.

Pilot Common indicator

Not implemented.

Diesel Pump #1, Diesel
Pump #2, and Diesel Pump

#3

Diesel #n Run label and
indicator

The diesel pumps can only be started from the 469D Digital Seismic Controller
panel.

When the label is red, the associated diesel pump is not running.

When the label is green, the 469D Digital Seismic Controller has turned on the
associated diesel pump.

The indicator next to the label is blue when the associated diesel pump is
running but no pressure is applied to the system.

The indicator next to the label is yellow when the associated diesel pump is
providing low pressure to the system.

The indicator next to the label is green when the associated diesel pump is
providing high pressure to the system.

The indicator is white when the associated diesel pump is off.

Diesel #n E-Stop
indicator

This indicator is red when the Emergency Stop button on the Control box for
the associated diesel pump is pushed (latched).

This indicator is green when the Emergency Stop button on the Control box for
the associated diesel pump is released (unlatched).

Enable pump check box

The diesel pumps can only be enabled to run from the 469D Digital Seismic
Controller. These check boxes reflect the selection mode on the 469D Digital
Seismic Controller panel.

Speed Control indicator

This indicator is blue when the associated diesel speed control is enabled
(turned on)

This indicator is white when the associated diesel speed control is off.
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Hydraulic Power Controller Panel Control Descriptions (part 5 of 6)

CONTROL

DESCRIPTIONS

Relief On indicators

This indicator is blue when the associated diesel relief valve is enabled (turned
on)

This indicator is white when the associated diesel relief valve is off.

Dump A On and Dump
B On indicators

This indicator is blue when the associated diesel dump valve is enabled (turned
on)

This indicator is white when the associated diesel dump valve is off.

Faults indicators

This indicator is green when there are no fault conditions for the associated
diesel pump.

This indicator is red when there are is a fault condition for the associated diesel
pump. If a fault condition is indicated, click the Fault Menu button to
determine the possible cause.

Foundation

Foundation Up button
and indicator

Click this button to place the foundation isolation zones (A, B, and C) under
HPC control. This button also reflects the condition of the Raise Foundation
button on the HPC Foundation Control and Details Panel (click the
Foundation Menu button). When this button is clicked, the foundation is held
between the upper and lower limits.

‘When the button is not selected, the foundation level is not controlled.

Foundation Dwn
indicator

When this indicator is on indicates that the foundation control is in the dump
mode. The indicator stays on until the Low Limit indicator turns red,
indicating the foundation is fully down.

Faults indicator

This indicator is green when there are no fault conditions associated with the
foundation system.

This indicator is red when there are is a fault condition associated with the
foundation system. If a fault condition is indicated, click the Fault Menu,
Foundation Menu, and Miscellaneous Menu buttons to determine the
possible cause.

High Limit indicator

This indicator is green when all zones (A, B, and C) are within the upper limit.

This indicator is red if any zone limit is outside the upper limit. Click the Fault
Menu, Foundation Menu, or Miscellaneous Menu buttons to determine
which zone(s) are causing the indication.

Low Limit indicator

This indicator is green when all zones (A, B, and C) are within the lower limit.

This indicator is red if any zone limit is outside the lower limit. Click the Fault
Menu, Foundation Menu, or Miscellaneous Menu buttons to determine
which zone(s) are causing the indication.

Hard Line
HPS to Table Valve This indicator is blue when the ball valve to the shake table is open, indicating
indicator that the pilot and diesel pumps are connected to the shake table.

This indicator is white when the ball valve is closed, isolating the shake table
from the pilot and diesel pumps from the shake table.
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Hydraulic Power Controller Panel Control Descriptions (part 6 of 6)

CONTROL DESCRIPTIONS
HPS Common Valve This indicator is blue when the commoning ball valve is open, indicating that
indicator the structural pump is commoned to the diesel pumps. If this ball valve is open,

output from the structural pump is applied to the rest of the system as
determined by the state of the HPS to Table Valve and the HPS to Lab Valve.

This indicator is white when the ball valve is closed, flow from the structural
pump is only applied to the structural system.

HPS to Lab Valve This indicator is blue when the ball valve to the lab is open, indicating that the
indicator diesel pumps are connected to the lab.

This indicator is white when the ball valve is closed, isolating the lab from the
diesel pumps.

HPU Warmup

Time remaining display ~ Turning on any diesel pump initiates the warmup sequence to warmup the
diesel engine before low pressure can be turned on. The display is a count-
down timer that automatically sets to 900 seconds (15 minutes).

Skip Warmup button Click this button to abort the warmup sequence.

Static Lift

Auto Control indicator ~ Not implemented

Dump indicator Not implemented

Static A Pressure, Displays the air pressure in each static lift airbag.
Static B Pressure,

Static C Pressure, and

Static D Pressure

displays

Diesel Fuel Level The indicator bar is green when the fuel level is above 25%.
display
The indicator bar is yellow when the fuel level is between 10% and 25%.

The indicator bar is red when the fuel level is below 10%.
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HPC E-Stop Panel

i1
HPC E-STOP Panel
469D Table Controller Diesel #1 Pump
HPC Controller Diesel #2 Pump
Supercharge Pump Diesel #3 Pump
Structural Pump Pit Wall
Pilot Pump Pit Tunnel
Pilot Pressure OK Flexible Link
Main PLC Cabinet Exit

Panel Description The HPC E-Stop Panel displays the status of the various E-Stop inputs.

Access The HPC E-Stop Panel opens when you click the E-Stop Menu button on the
Hydraulic Power Controller panel.

When to Use the Panel Use this panel to identify the source of an E-Stop indication on the Hydraulic
Power Controller panel.

HPC E-Stop Panel Control Descriptions (part 1 of 2)
CONTROL DESCRIPTION

E-Stop condition indicators Each item on this panel indicates the source and condition of an E-Stop
detector. The item is red if an E-Stop condition exists at the device.

The item is black if no E-Stop condition exists.

469D Table Controller If red, indicates that an E-Stop was executed from the 469D Controller. This E-

indicator Stop will shut down the diesel pumps but not the pilot pressure or structural
pumps.

HPC Controller indicator If red, indicates an E-stop condition occurred the shut down all the pumps.

Supercharge Pump If red, indicates the E-stop button on the supercharge pump starter box was

indicator pushed. This action will shut down all the pumps.

Structural Pump button If red, indicates the E-stop button on the structural pump starter box was

pushed. This action will shut down only the structural pump.
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HPC E-Stop Panel Control Descriptions (part 2 of 2)

CONTROL

DESCRIPTION

Pilot Pump indicator

If red, indicates the E-stop button on the pilot pump starter box was pushed.
This action will shut down the pilot pump and the diesel pumps.

Pilot Pressure OK indicator

Indicates the condition of the pilot pressure switch in the table pit.

If red, the pilot pump is not at the required pressure and the diesel pumps will
not be allowed to start. If the diesel pumps are running and this condition
occurs, they will shut down.

Main PLC Cabinet indicator

If red, indicated that the E-Stop button on the main PLC cabinet was pushed.
This will shut down all the pumps or prevent them from starting.

Diesel #1 Pump, Diesel #2
Pump, or Diesel #3 Pump
indicators

If any of these indicators are red, the E-Stop button on the associated starter
box was pushed. Doing so will shut down all the diesel pumps.

Pit Wall indicator

If red, indicates that the E-Stop button on the pit wall was pushed. This will
shut down all the pumps and prevent them from starting.

Pit Tunnel indicator

If red, indicates that the E-Stop button in the tunnel to the table pit was pushed.
This will shut down all the pumps and prevent them from starting.

Flexible Link indicator

If red, indicates that the E-Stop button in the area of the flexible link (next to
the table pit) was pushed. This will shut down all the pumps and prevent them
from starting.

Exit button

Click this button to return to the Hydraulic Power Controller panel.
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Hydraulic Power Controller

[E] HPU Fault

=10l
HPC Fault Panel

469D Controller

Diesel #1 Pump

Diesel #2 Pump

Diesel #3 Pump

4691 NOT Running

469D Hydvaulics ON |

Structural Pump

Engine Temp High

Engine Temp High

Engine Temp High

Engine Pressure Low

Engine Pressure Low

Engine Pressure Low

Inlet Pressure Low

Inlet Pressure Low

Inlet Pressure Low

Flectric OverLoad | GearBox Fault GearBox Fault GearBox Fault
Inlet Pressure Low
Pilot Pump Foundation Pit Signals Svstem Filters

Electric OverLoad |

Air Supply Low

FPilot Pressure NOT OK

Filter 1 Dirty

Inlet Pressure Low

Oil Reservoir

| Low Level

I Over Temperature

I/O Faults

| Power Supply Fail

Fuse Blown |

|
Zone A Low Pressure | Pilot Filter Dirty | Filter #2 Dirty
| Zone B Low Pressure | Sump Power | Filter #3 Dirty
| Zone C Low Pressure Sump OverLevel | Filter =4 Dirty
Sump Filter Dirty | | Filter #5 Dirty
Sump Filter Limit | | Filter 76 Dirty

Exit

Panel Description

Access

When to Use the Panel

The HPC Fault Panel displays the status of the various fault conditions
throughout the system.

The HPC Fault Panel opens when you click the Fault Menu button on the
Hydraulic Power Controller panel.

Use this panel to identify the source of a general fault indication on the Hydraulic
Power Controller panel.

HPC Fault Panel Control Descriptions (part 1 of 3)

CONTROL

DESCRIPTION

Fault condition indicators

Each item on this panel indicates the source and condition of a fault detector.
The item is red if and fault condition exists at the device.

The item is black if no fault condition exists.

469D Controller

469D Not Running
indicator

If the indicator is red, the operator cannot start the pilot pump or any diesel
pumps.

469D Hydraulics On

indicator

If red, indicates that the 469D Controller has requested the diesel pumps to turn
on but the HPC has not allowed it for some reason (such as an HPC E-Stop).
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HPC Fault Panel Control Descriptions (part 2 of 3)

CONTROL

DESCRIPTION

Structural Pump

Electric Overload
indicator

If red, indicates that the pump motor has a current overload.

Inlet Pressure Low
indicator

If red, indicates that the supercharge pump on the structural pump has failed.

Pilot Pump

Electric Overload
indicator

If red, indicates that a pump motor has a current overload.

Inlet Pressure Low
indicator

If red, indicates that the supercharge pump on the pilot pump has failed.

Oil Reservoir

Low Level indicator

If red, indicates that the fluid level in the reservoir is below the minimum level
as determined by the fluid level switch in the reservoir.

Over Temperature
indicator

If red, indicates the fluid level in the reservoir is above an acceptable level.

1/0 Faults

Power Supply Fail
indicator

If red, indicates that one of the Wago power supplies has failed.

Fuse Blown indicator

If red, indicates that one or more of the Wago outputs has a blown fuse.

Diesel #1 Pump, Diesel #2
Pump, and Diesel #3 Pump

Engine Temp High
indicator

If red, indicates that the engine temperature for the associated diesel has a
cooling problem and the engine water temperature is too high.

Engine Pressure Low

indicator

If red, indicates that oil pressure for the associated diesel engine is low.

Inlet Pressure Low
indicator

If red, indicates that there has been a supercharge pump failure for the
associated diesel pump

GearBox Fault indicator

If red, indicates that the transmission gearbox on the associated diesel engine
has a low oil pressure fault.

Foundation

Air Supply Low
indicator

If red, indicates that the air compressor is not producing enough air pressure to
control the floating foundation. This air compressor is the same source for the
air pressure to the static lift system.

Zone A Low Pressure,
Zone B Low Pressure,

and Zone C Low
Pressure

If red, indicates that there is not enough air pressure for control of the
associated floating foundation zone.
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HPC Fault Panel Control Descriptions (part 3 of 3)

CONTROL DESCRIPTION

Pit Signals
Pilot Pressure Not OK  Ifred, indicates that there is not enough pilot pressure to control the
indicator servovalves and the diesel pumps should not be turned on.
Pilot Filter Dirty If red, indicates that the filter on the pilot pressure pump is dirty.
indicator

Sump Power indicator  If red, indicates that the sump power is turned off.

Sump OverLevel If red, indicates that the sump pump reservoir is in danger of overflowing.
indicator

Sump Filter Dirty If red, indicates that the oil filter for the sump pump is dirty.

indicator

Sump Filter Limit If red, indicates that the oil filter for the sump pump has too much pressure
indicator across it and is in danger of rupture.

System Filters

Filter #1 Dirty, Filter #2 If red, indicates that the associated filter is dirty.
Dirty, Filter #3 Dirty,

Filter #4 Dirty, Filter #5

Dirty, and Filter #6 Dirty

indicators

Exit button Click this button to return to the Hydraulic Power Controller panel.
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HPC Manual Static Lift Panel

[=] HPU Static Lift =1ox]
HP C Manual Static Lift Panel

469D Control A

469]) Dump Static Lift A Press IT psi

B Increase C

Static Lift B Press  [0.0 psi Decrease Static Lift C Press [0.0 psi
Dump | D
Dump A Level 0.0 psi
el 1 EY/ Static Lift D Press |0.0 psi
Dump B Level 0.0 psi
+ Al
L E— Select A-B-C-D
Dump C Level 0.0 psi
Nl Y7}
Dump D Level 0.0 psi .
£ = Exit ‘

Panel Description The HPC Manual Static Lift Panel allows you to individually set the airbag
pressure to offset the table and specimen weight.

Access The HPC Manual Static Lift Panel opens when you click the Static Lift Menu
button on the Hydraulic Power Controller panel.

When to Use the Panel  Use this panel to increase, decrease, or dump the static lift pressure.

HPC Manual Static Lift Panel Control Descriptions (part 1 of 2)

CONTROL DESCRIPTION

469D Control indicator Not implemented

469D Dump indicator Not implemented

A, B, C, and D buttons Click the desired button to select the associated static lift air bag for control.
Increase and decrease Click the desired button to increase or decrease the air pressure for the selected
buttons air bag(s).

The air bag pressure should be adjusted when the vertical actuators are near the
bottom of their vertical displacement but not into the endcaps.

The air bags should be adjusted as required to remove 80% to 90% of the force
reacted by the vertical actuators. The pressures displayed under each air bag
button is for reference and should be noted after the final adjustments as the
pressure required to achieve the desired results.

152 Hydraulic Power Unit Controller Reference Seismic Test System User’s Manual



Hydraulic Power Controller

HPC Manual Static Lift Panel Control Descriptions (part 2 of 2)

CONTROL

DESCRIPTION

Dump button

When the actuator hydraulics are turned off or dumped after an abort, the air
bags should be dumped to a lower pressure.

Click the Dump button to release the air bag pressure. This function occurs
automatically after an abort.

Dump A Level, Dump B
Level, Dump C Level,
and Dump D Level slide
bar and text box

Adjust the slide bar or enter a value in the text box for the dump level of the
associated air bag.

These adjustment allow you to establish a level that allows you to recharge the
air bags with a minimum time and electricity.

Select A-B-C-D button

Click this button to select all air bags simultaneously

Exit button

Click this button to return to the Hydraulic Power Controller panel.
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HPC Foundation Control and Details Panel

] HPU Foundation

HPC Foundation Control and Details Panel

Raise Foundation Lower Foundation ‘
Faults High Limits Low Limits
Air Pressure Low | Zone A High Limit | Zone A Low Limit |
| Zone A Low Pressure Zone B High Limit | Zone B Low Limit |
| Zone B Low Pressure Zone C High Limit | Zone C Low Limit |
| Zone C Low Pressure
Foundation Control
Zone A Raise | Zone A Lower |
Zone B Raise | Zone B Lower | .
Zone C Raise | Zone C Lower | E Xlt

Panel Description

Access

When to Use the Panel

HPC Foundation

The HPC Foundation Control and Details Panel controls the foundation control
system.

The HPC Foundation Control and Details Panel opens when you click the
Foundation Menu button on the Hydraulic Power Controller panel.

Use this panel to raise or lower the foundation as well as to monitor the status of
elements of the foundation control system.

Control and Details Panel Control Descriptions (part 1 of 2)

CONTROL

DESCRIPTION

Raise Foundation button

Click this button to float the foundation on the air bags. When left pressed,
servo control maintains the pressure between the high and low limits. release
the button the dump the air bag pressure.

Lower Foundation button

Click this button to dump the air pressure in the air bags. If the button is left

pressed the air pressure will bleed to zero. Release the button to recharge the
air bags.

Faults

Air Pressure Low
indicator

If red, indicates that the air compressor is not producing enough air pressure to
control the floating foundation.
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Hydraulic Power Controller

HPC Foundation Control and Details Panel Control Descriptions (part 2 of 2)

CONTROL DESCRIPTION

Zone A Low Pressure, Ifred, indicates that the associated zone is not receiving enough air pressure to
Zone B Low Pressure,  support the foundation.

and Zone C Low

Pressure indicators

High Limits

Zone A High Limit, Indicate red if the associated zone reaches the high limit.
Zone B High Limit, and

Zone C High Limit

indicators

Low Limits

Zone A Low Limit, Indicate red if the associated zone reaches the low limit.
Zone B Low Limit, and

Zone C Low Limit

indicators

Foundation Control

Zone A Raise, Zone A These indicators will turn on and off to indicate when the associated zone is
Lower, being raised or lowered.

Zone B Raise, Zone B

Lower,

Zone C Raise, Zone C

Lower

Exit button Click this button to return to the Hydraulic Power Controller panel.
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Hydraulic Power Controller

HPC Pump Detail Panel 1

EIHPU Pump I/0 #1

Panel Description

Access

When to Use the Panel

g a g
@ q @
° a @
@ q @
° g °

The HPC Pump Detail Panel 1 is the first of two pump detail panels. This panel
provides details and status for the supercharge pump, structural pump, and pilot

pump.

The HPC Pump Detail Panel 1 opens when you click the Pump Menu button on
the Hydraulic Power Controller panel.

Use this panel to check the status of inputs and output from the pumps and to
adjust the maximum pressure.

HPC Pump Detail Panel 1 Control Descriptions (part 1 of 3)

CONTROL

DESCRIPTION

SuperCharge Pump

SuperCharge Run
Output indicator

If red indicates the supercharge pump is not providing output pressure.

SuperCharge Running
indicator

If red, indicate the supercharge pump motor is not running.

SuperCharge E-Stop
indicator

If red, indicates the E-stop button on the supercharge pump starter box is
pushed.

HPU 0 Pilot Special
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Hydraulic Power Controller

HPC Pump Detail Panel 1 Control Descriptions (part 2 of 3)
CONTROL DESCRIPTION

Outputs - Commoning Ifred, indicates the commoning valve between the pilot pump and the diesel
indicator pumps is closed.

Inputs—Inlet Pressure  If red, indicates that super charge pressure is not available to the associated
#1 and Inlet Pressure pilot pump inlet.
#2 indicators

Hardline
HPS to Table Valve, These indicators reflect the same conditions as the indicators on the Hydraulic
HPS Common Valve, Power Controller panel.
and HPS to Lab Valve
indicators

Structural Pump

Structural Pressure Adjust the slide bar or enter a value in the text box for the desired structural
slide bar and text box pump output pressure.

Structural Pressure This display indicates the current output pressure from the structural pump.
display

Oil Temperature display This display indicates the temperature of the hydraulic fluid near the structural
hardline return.

Structural E-Stop If red, indicates that the E-Stop button on the structural pump starter box was
indicator pushed.

Outputs
Start, Run, High Indicates green if the associated function is selected.

Pressure, Pump 1
Select, and Pump 2
Select indicators

Inputs

M1 Status, M2 Status,  If green indicates that the associated function is OK.

inlet Pressure 1, Inlet

Pressure 2, Overload, Ifred, indicates that the associated function is not on or working properly.
Dirty filter, Over temp,

Low Level, Master

Fault, Local Mode

indicators

Pilot Pump

Pilot Pressure slide bar  Adjust the slide bar or enter a value in the text box for the desired pilot pump
and text box output pressure.

Pressure OK indicator  If red, indicates the pilot pump output pressure is not sufficient to control the
servovalves.

Pilot E-Stop indicator If red, indicates that the E-Stop button on the pilot pump starter box was
pushed.
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Hydraulic Power Controller

HPC Pump Detail Panel 1 Control Descriptions (part 3 of 3)

CONTROL DESCRIPTION
Outputs
Start, Run, High Indicates green if the associated function is selected.

Pressure, Pump 1
Select, and Pump 2
Select indicators

Inputs

M1 Status, M2 Status,  If green indicates that the associated function is OK.

inlet Pressure 1, Inlet

Pressure 2, Overload, If red, indicates that the associated function is not on or working properly.
Dirty filter, Over temp,

Low Level, Master

Fault, Local Mode

indicators
Exit button Click this button to return to the Hydraulic Power Controller panel.
Page 2 button Click this button the open HPC Pump Detail Panel 2.
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Hydraulic Power Controller

HPC Pump Detail Panel 2

= E
HPC Pump Detail Panel 2
Low Pressure Setpt| 1050 .0 psi Hi Pressure Setpt | 2200.0 | psi
Ne[ 7T T+8kd Nl TT7T  T=Ak
System Pressure [0 psi
Diesel Pump #1 Diesel Punp #2 Diesel Pump #3
Engine Speed 1000.0 | RPM Engine Speed 1000.0 RPM Engine Speed 1000.0 | RPM
e [ /[ e [ [+8[x e [ /[
0 0
Speed Command RPM Speed Command RPM Speed Command 5 RPM
Diesel #1 E-St Diesel #2 E-St
1ese op @ iese or @ Diesel #2 E-Stop @)
Outputs Inputs Outputs Inputs Outputs Inputs
Start ) Inlet 1 Pressure @ Start ) Inlet 1 Pressure @ Start o) Inlet1 Pressure @
Stop ) Inlet 2 Pressure @ Stop (») Inlet 2 Pressure @ Stop ) Inlet 2 Pressure @
Speed Active ()] Inlet 3 Pressure @ Speed Active o Inlet 3 Pressure @ Speed Active ) Inlet 3 Pressure @
Dump Valve A () GearBox OK @ Dump Valve A ) GearBox OK @ Dump Valve & ) GearBox OK @
Dump Yalve B () Engine Pressure @ Dump Yalve B () Engine Pressure @ Dump Yalve B ) Engine Pressure @)
Relief Enable () Engine Temp @ Relief Enable () Engine Temp @ Relief Enable () Engine Temp @
Local Speed @ Local Speed @ Local Speed @
HardLine .
HPS-Table Valve #1 @ HPS-System Valve #2 @ E Xlt P age 1
HPS-Struct Valve #3 @)

Panel Description

Access

When to Use the Panel

The HPC Pump Detail Panel 2 is the second of two pump detail panels. This
panel provides details and status for the supercharge pump, structural pump, and
pilot pump.

The HPC Pump Detail Panel 2 opens when you click the Page 2 button on Pump
Detail Panel 1.

Use this panel to check the status of inputs and output from the diesel pumps and
to adjust the low and high pressure setpoints and the maximum speed of each
diesel engine.

HPC Pump Detail Panel 2 Control Descriptions (part 1 of 2)

CoN

TROL

DESCRIPTION

Low Pressure Setpt slide

bar

and text box

Adjust the slide bar of enter a value in the text box for the desired output
pressure when in low pressure mode.

Hi Pressure Setpt slide bar

and

text box

Adjust the slide bar of enter a value in the text box for the desired output
pressure when in high pressure mode.

System Pressure display

This display indicates the current system output pressure.
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Hydraulic Power Controller

HPC Pump Detail Panel 2 Control Descriptions (part 2 of 2)

CONTROL

DESCRIPTION

Diesel Pump #1, Diesel
Pump #2, and Diesel Pump
#3

Engine speed slide bar
and text box

Adjust the slide bar or enter a value in the text box for the de4sired engine
speed.

Speed Command

Displays the current engine speed.

display
Diesel #n E-Stop If red, indicates that the E-Stop button on the associated diesel pump starter
indicator box was pushed.

Outputs

Start indicator

Stays on for about 1 second when the start sequence begins.

Stop indicator

Stays on for about 8 seconds to ensure that the closed throttle will stop the
pump no matter the current speed.

Speed Active indicator

Dump Valve A indicator

Turned on the achieve low pressure. Turned off to achieve high pressure.

Dump Valve B indicator

Turned on the achieve high pressure.

Relief Enable indicator

Turned on the achieve low pressure. Turned off to achieve high pressure.

Inputs

Inlet 1 Pressure, Inlet 2
Pressure, and Inlet 3
Pressure indicator

These indicators for the supercharge inlet pressure switches must be green for
the associated diesel engine to run.

Gear Box OK, Engine
Pressure, and Engine
Temp indicators

These indicators must be green for the associated diesel engines to run
properly.

Local Speed If red, indicates that the remote/local switch on the diesel starter box is set to
remote for control from the Hydraulic Power Controller panel.
Exit button Click this button to return to the Hydraulic Power Controller panel.

Page 1 button

Click this button to return to HPC Pump Detail Panel 1.
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Hydraulic Power Controller

HPC Miscellaneous I/0 Panel

[ HPU Misc I/O

CRoLoQQ

Panel Description

Access

When to Use the Panel
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The HPC Miscellaneous I/O Panel displays the status of the various input and
output signals throughout the system.

The HPC Miscellaneous 1/0 Panel opens when you click the Miscellaneous
Menu button on the Hydraulic Power Controller panel.

Use this panel to check the condition of the listed input, output, and fault signals.

HPC Miscellaneous I/0 Panel Control Descriptions

CONTROL DESCRIPTION
Indicators All the indicators on this panel are status indicators.
If the indicator is white, the device is not operating.
If the indicator is green, the device is operating normally.
If the indicator is red, a fault condition exists for the device.
Displays The Analog Input and Diesel Fuel Tank display show the current value for the
associated device.
Exit button Click this button to return to the Hydraulic Power Controller panel.
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Message Log

Message Log

—ioix

07:19:42 Wed 11-Feb-09 HPFS & low level activated.

07:19:42 Wed 11-Feb-09 HPS & dirty filter actiwvated.

07:19:42 Wed 11-Feb-09 Emergency hyvdraulics shutdown.

07:19:42 Wed 11-Feb-09 HPS 5§ overtemp actiwvated.

07:19:42 Wed 11-Feb-0% HPS 6 e-stop btn activated.

07:19:42 Wed 11-Feb-09% (SystemDsp) Message queus overflow.

07:19:59 Wed 11-Feb-09 Interlocks reset.

07:21:28 Wed 11-Feb-09 HPFS #1 on.

07:21:34 Wed 11-Feb-09 HPS #1 off . i

Panel Description

Access

When to Use the Panel

The Message Log panel allows you to read messages generated by system events.
Messages are saved to a file called message.log. This file records many system
actions automatically.

Open the Message Log panel by selecting the Message Log option from the
View menu on the Hydraulic Power Controller panel.

In this view, the message log can be read but not changed. To add data to the
message log, use the Add comment... option on the File menu.

Use this panel to read the message log. Only messages from the current session
are displayed. The file message.log, however, keeps a running list of all
messages from all sessions.

Note This file must periodically be deleted to prevent it from growing large and
affecting performance. (Although it would take a very long time.)

Message Log Panel Control Descriptions

CONTROL

DESCRIPTION

Scroll bar

Use the scroll bar to scroll through messages in the message log.

162 Hydraulic Power Unit Controller Reference Seismic Test System User’s Manual



Operation

The complex nature of a test system requires that the operator be familiar with all
aspects of the mechanical and electrical components of the system prior to
performing any of the following operating procedures. MTS recommends that
the mechanical and electrical component descriptions in the User’s Manual and
the system Reference Manual be studied and thoroughly understood prior to
operating the system.

This section contains the most commonly used operating procedures. These
procedures should serve as a guideline and reminder of the critical adjustments
and checks to be made for each operation. Execution of these procedures requires
that the operator be familiar with the reason for the adjustment as well as the
method of adjustment.

As familiarity with the system is gained, these procedures can be altered to suit
specific test requirements.

The test system is capable of causing personal injury and damage to the
test specimen and/or the test facility.

Injury or damage can result from attempting to operate the system and
disregarding system safety precautions, warnings, and cautions.

It is imperative that you read and understand all safety precautions and
procedures before attempting to operate this test system.

Content  Pre-Test Checks and Adjustments 166

Specimen Preparation 166
Pre-test Checks 166
Activate the Hydraulic Control System (using the HPC Controller) 167
Activate the Table Control Systems 167

Hydraulic System Turn On Procedure 168
Final Safety Checks 168
Interlocks 168
Hydraulic Power Start-up 169

Initial Test Parameter Adjustments 171
Select the 469D Program Source 172

Readout Adjustments 172
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System Limit Adjustments 173
Hydraulic Start-up 173
Table Test Execution Procedure (except Remote Application Mode) 175
Verification and Safety Checks 175
Starting the Program 175
Adjustments During a Test 176
Stopping a Test 176
Test Execution Procedure (using STEX Remote Application Mode) 177
Verification and Safety Checks 177
Table Hydraulic Shutdown Procedure 178
System Shutdown 178
Emergency Shutdown Procedure 179
Using Adaptive Control 180
How to Use Amplitude/Phase Control (APC) 181
APC Operation 181
Modifications 182
Viewing the Results 182
How to Use Adaptive Harmonic Cancellers (AHC) 184
Training the Model 184
Canceling the Harmonics 186
Canceling Cross-Coupling Disturbance 187
Viewing the Results 188
How to Use Adaptive Inverse Control (AIC) 190
Pruning the Transfer Function Matrix 190
Determining the Impulse Response Length and Anticipation Delay 191
Training the Forward Transfer Functions 194
Training the Inverse Transfer Functions 197
Refining the Inverse Transfer Functions 199
Running the Test 199

Viewing the Results 200
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How to Use Online Iteration 202
OLI Operation 202

Viewing the Results 206
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Pre-Test Checks and Adjustments

Pre-Test Checks and Adjustments

Before applying hydraulic pressure, complete the following adjustments.

Specimen Preparation

Pre-test Checks

Securely mount the test or dummy specimen to the shake table.
Attach the specimen transducers and cables (if applicable).

Calibrate the specimen transducers (if required).

Before operating the system, perform a walk around of the entire system,
including the pump room, to confirm that it is acceptable to cycle the equipment.
Check the following:

166 Operation

Ensure that all hydraulic connections are made and no leaks are present in
any of the piping, hoses or connections on the equipment.

Visually observe the mechanical connections on all of the table systems and
monitor whether any sub-system elements are loose or disconnected.

Confirm power and control cables are connected and secured appropriately.

Ensure no tools, materials or other obstructions are in the travel path of the
actuators or table elements.

Ensure that the facility cooling water system and cooling towers are turned
on and operational.
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Pre-Test Checks and Adjustments

Activate the Hydraulic Control System (using the HPC Controller)

Turn on electrical power to the hydraulic controller computer (PC in the figure on
the bottom of the page). After the hydraulic controller computer(s) has completed
booting, turn on the hydraulic controller console. Wait for the console to
complete powering up (about one minute), then double click on the hpc.exe icon
located on the hydraulic controller PC desktop.

hpc.exe

The default Settings file, Settings.set, will load and the Hydraulic Power
Controller panel will appear.

File Calibration View Service NCREE HPC Main Panel
@ 469D Active @ HPU E-Stop Main Pressure a psi @ Filter Fault @ Pit Fault
@ 469D E-Stop @ Interlocks  Reset Main Temperature [-3 .9 degC @ Reservoir Fault @ Sump Running
SuperCharge Pump Structural Pump Pilot Pump Diesel Pump =1 Diesel Pump #2 Diesel Pump #3
SuperCharge RUN| @ Structiral RONL | @ pistRUN | @ Diesel #1 RUN | O Diesel #2RUN | O Diesel #1RUN | O
SuperCharge E-Stop @ Structural E-Stop @) Pilot E-Stop )] Diesel #1 E-Stop @ Diesel #2 E-Stop @ Diesel #3 E-Stop @
Pressure 0K @ Enable Pump I Enable Pump I Enable Pump [
SuperCharge 469D @) Enable Pump #1 icd Enable Pump #1 [V Speed Control ) Speed Control ) Speed Control (w)
Enable Pump #2  [v Enable Pump #2 [ Relief On o)} Relief On ()] Relief On @)
Run Pump 1 (@) Run Pump 1 ) Dump 4 On (o)) Dump A On ()] Dump 4 On @)
Run Pump 2 o] Run Pump 2 o] Dump B On )] Dump B On ) Dump B On (w)
High Pressure ()] High Pressure ()] Faults @] Faults ) Faults )]
Faults @ Faults (@)}
Remote/Local @ RemotefLocal )] Static Lift —— 100 %
. Pilot Common o)}
Foundation Auto Contral ()
Erindatt Dum
: w | o P Q9 Diesel
Foundation Dwn | (O) HardLine HPTU WamUp i pel LF:‘fi]
Static B Pressure  |0.0 psi
Faults @ HPS to Table Valve @) i Sec
Static C P 0.0 i
High Limit @ | HPS CommonValve @ atic & Fressure b
Low Limit @ | HPStoLabvalve @ M‘ Static D Pressure [ 0.0 psi L _los%
E-Stop Menu | Fault Menu | Static Lift Menu | Foundation Menu | Pump Menu | Miscellaneous Menu |

If the file Settings.set does not exist, you will be prompted for a settings file.

Note When quitting the application, you must wait one minute before restarting

the application.

Activate the Table Control Systems

Turn on electrical power to the Table Controller computer for the table system.
After the table control computer have completed booting, turn on the 469D
controller consoles for table system.
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Hydraulic System Turn On Procedure

Hydraulic System Turn On Procedure

Final Safety Checks

Interlocks

168 Operation

Complete the following adjustments to ensure a safe start-up of the test system.

Read the operating safety practices detailed in Operator's Safety Practices
beginning on page 19 of this manual.

Verify the “Pre-test Checks” on page 166

Reset any interlocks generated during activation.

1. Verify that the Scarmnet OK indicator on the 469D Digital Seismic

Controller panel is green. If the indicator is red, correct the cause.

The Scramnet ring includes the hydraulic power control console, the
structural test controller, the 469D seismic table controller consoles, and the
XPC Target PC. The indicator detects the status of the scramnet node
upstream from the indicating device. Each device must be turned on to close
the loop.

. Click on the Reset button on the Hydraulic Power Controller panel to clear

the interlock indicator.

If the Interlock indicator does not clear, a hardware interlock or a software
interlock remains uncleared in the system.

. If you suspect a hardware interlock:

A. Check each emergency stop button in the system and on each HPU to
verify that no button has been pushed and left latched.

B. On the Hydraulic Power Controller panel select the AC/DC
Conditioner option from the Calibration menu and scroll through the
conditioners listed on the AC/DC Conditioner panel to see if an
Interlocks indicator is set (red). If an interlock has occurred, determine
the cause and correct it. On the conditioner with the interlock
indication, move the limits outside of the current signal value, and
press the conditioners Reset button.

C. On the Hydraulic Power Controller panel select the Valve Drivers
option from the Calibration menu and scroll through the valve drivers
listed on the 3-Stage Valve Drivers panel to see if an Interlocks
indicator is set (red). If an interlock has occurred, determine the cause
and correct it and press the valve driver’s Reset button.

D. On the Hydraulic Power Controller panel, click the Interlocks Reset
button to clear the hardware interlock indicators.
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Hydraulic Power Start-up

Hydraulic System Turn On Procedure

Actuator movement may occur when the HPS On button is pressed.

Actuator movement can result in injury to personnel or damage to the
specimen.

Ensure that all personnel are clear of the actuator(s) or fixturing before pressing
the HPS On button.

1.

On the Hydraulic Power Controller panel, verify the following:

A. That the 469D Active indicator is green. If it is not, turn on power to
the 469D Controller and start the application.

B. That the 469D E-Stop indicator is green. If it is not, pull out the E-Stop
button next to the 469D Controller and Click the Reset button on the
469D Digital Seismic Controller panel to clear the indication.

C. That the HPU E-Stop indicator is green. If it is not, check the E-Stop
indicators under the pumps listed on the Hydraulic Power Controller
panel to identify which E-stop button(s) are latched. On the associated
pump, unlatch the E-Stop button and push the Reset button on the
pump’s start panel to clear the indication.

D. That the Interlocks indicator is green. If it is not, check the 469D
Digital Seismic Controller panel to identify the cause in order to
correct it.

Verify that the Filter Fault, Reservoir Fault, and Pit Fault indicators are
green. If any are not, click the Fault Menu button to identify the cause in
order to correct it.

Check that the diesel fuel level is adequate.

Under each listed pump that you intend to use, verify that the Enable Pump
check box is selected (checked).

For the Structural Pump (if used) and Pilot Pump at least one pump must
be enabled.

Start the supercharge pump (locally or remotely).
o Locally (from the Hydraulic Power Controller panel):

Click the SuperCharge Run button. The indicator next to the button will
turn green and the Super On indicator on the 469D Digital Seismic
Controller panel turns green.

Note The supercharge pump can only be turned off form the Hydraulic Power
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Hydraulic System Turn On Procedure

170 Operation

*  Remotely (from the 469D Digital Seismic Controller panel):

Click on the Super On button. The indicator next to the button turns green
and the Super Charge 469D indicator on the Hydraulic Power Controller
panel turns green.

Note The supercharge pump can only be turned off from the 469D Digital

Seismic Controller panel.

6. From the 469D Digital Seismic Controller panel click the Pilot on button to

start the pilot pump.

Note The pilot pump can only be turned on or off from the 469D Digital

Seismic Controller panel.

After the pilot pump reaches the specified pressure level the Pressure OK
indicator turns green.

To adjust the Pilot Pressure level, click the Pump Menu button and on HPC
Pump Detail Panel 1 that appears, adjust the Pilot Pressure control to the
desired level.

Important The Pilot Pump must be running before any of the other HPUs will

start. The Pilot Pump must also be the last HPU turned off.

7. Start the enabled diesel pump(s).

8. After turning on the required HPUs, adjust the Main setpoint slide bar or

enter the desired value in the text box to increase the pressure to the target
level.

Allow approximately 40—60 seconds for the pressure to ramp to and
stabilize at the target value. Observe that the Main pressure display
indicates the target pressure. If necessary, readjust the Main setpoint until
the target pressure is achieved. Wait the recommended interval between
each adjustment for the pressure to stabilize.
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Initial Test Parameter Adjustments

Initial Test Parameter Adjustments

The calibration parameters and default Settings file, Settings.set, load and the
469D Digital Seismic Table Controller panel appears.

469D Digital Seismic Table Controller: Settings.set

File Calibration Configuration Operation Display Service
HPS Interlocks Disahledl Hesetl @ Master gain IlDEI % | Adaptive Control
2= i
q . APC  Disabled
%ﬁ Acceleration Parking setpoint | 0.0 % | — _l
I Super On @ Nl [ [#=B[>q | AHC Disahledl
. Program Function Generaturl ;
Pilot 0 | —ogram i |
ilotOn | ) Source Desired span 100.0 % | AMIC Disabled
Nel EY)

HPS On | )
HP5/1Lo | ®)
HPSIH | .

[¥ Use simulated feedback

ID psi
|D degC

System pressure
System temp
Scramnet OK )

[0 %
I Stop Previewl Run |

BEEDEEIEREM

Current span

oL Disahledl

469D Digital Seismic Table Controller Panel

If desired change the controller settings.

If you wish to use a settings file that you have saved earlier, use the Restore
Settings option under the File menu. This option restores all settings except the

following:
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Initial Test Parameter Adjustments

PARAMETER

DISPOSITION

Transient values (such as the current value of a
program)

Not saved or restored

Display/View menu value (such as oscilloscope or
digital meter)

Not saved or restored

Message log

Not saved in Settings file (message log has its own
file)

Access privilege

Always set to BASIC access

Displ setpoint

Always set to 0%

Limits

Always disabled

Hydraulics

Always off

Stop /Run button

Always Stop

Adaptive Control

Always disabled

Note The HSMs must be off before you can save settings, restore settings, or
quit the application. You can perform these functions when the HPS is

on.

Select the 469D Program Source

Select the Program source on the 469D Digital Seismic Controller panel.

*  If Function Generator is selected, use the Function Generators panel under
the Operation menu to set up the parameters.

*  If Data Player File is selected, use the Data Player panel under the
Operation menu to choose the playout file.

« If Remote Application is selected, make sure an Ethernet connection exists
to the Remote Application (for example: STEX).

e If Seramnet is selected, make sure an external connection is made to a data
playout system via scramnet.

Readout Adjustments

Setup and enable the desired readout devices for the 469D Table controller using

the Display menu.
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Initial Test Parameter Adjustments

System Limit Adjustments

e Adjust limit detector levels.

—  Use the Limit Detectors panel under the Operation menu to set limit
detector levels that ensure the safety of the system components.

. Disable the limit detectors.

—  Set the Interlocks Enabled/Disabled button on the 469D Digital
Seismic Controller panel to Disabled.

Hydraulic Start-up

Actuator movement may occur when the Main Lo button is pressed.

Actuator movement can result in injury to personnel or damage to the
specimen.

Ensure that all personnel are clear of the actuator(s) or fixturing before pressing
the Main Lo button

On the 469D Digital Seismic Controller panel, do the following:

*  Click on the Pilot On button. The indicator will turn green, and the HPS On
button on the 469D Digital Seismic Controller panel will be enabled.

*  Click on the HPS On button to start the diesel pumps and initiate the warm-
up sequence.

Allow the system HSM to run at low pressure until the normal hydraulic fluid
operating temperature is achieved (at or above 32° C). Monitor the hydraulic
fluid operating temperature using the System temp display on the 469D Digital
Seismic Controller panel.

Note  Optimum system response is achieved when the hydraulic fluid is at its
normal operating temperature (at or above 32° C).

e Click on the HPS Lo button to apply low hydraulic pressure to the system.
The HPS Lo indicator will blink yellow until the low pressure level is
reached after which the indicator turns green.

*  Verify the gain settings for stable system control. Decrease the Master Gain
control on the 469D Digital Seismic Controller panel, if necessary.

*  Click on the HPS Hi button to apply high hydraulic pressure to the system.
The HPS Hi indicator will blink yellow until the high pressure level is
reached after which the indicator turns green.
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Initial Test Parameter Adjustments

Note Itis safer and more efficient to use low pressure until high pressure is
necessary.

e Click the Activate button on the Static Lift panel (Operation—Static Lift)
to activate the static lift.

*  After the autobalancing sequence is complete, disable the static lift by again
clicking the Activate button on the Static Lift panel.
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Table Test Execution Procedure (except Remote

Table Test Execution Procedure (except Remote
Application Mode)

After applying hydraulic pressure to the actuators, complete the following
procedure to execute a test. Refer to the following section for test execution
procedures for remote application (i.e. STEX) mode tests.

Verification and Safety Checks

Note  Optimum system response is achieved when the hydraulic fluid is at its

Starting the Program

normal operating temperature.

Ensure that the hydraulic system is at its normal operating temperature (at or
above 32° C) before proceeding with testing.

Check the program input and pre-test adjustments completed in the
preceding subsections.

Clear all personnel from the test area.

4\ CAUTION

When adjusting the SPAN and SETPOINT controls, ensure that the test
program does not exceed 100% of the full-scale limits.

The SPAN and SETPOINT controls can cause the program to exceed 100%
of the system full-scale limits.

If the program exceeds 100% of full-scale, the limit detector interlocks will activate
causing a program interlock. A program interlock may invalidate the test data
because the test will stop abruptly.
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Verify that the Desired Span control (program amplitude) on the 469D
Digital Seismic Controller panel is set to a known safe operating level or
0%.

Verify the program source selection and parameters.

If desired, enable Adaptive Control. Refer to the, “Using Adaptive
Control,” on page 180, for information on how to determine which adaptive
control function(s) to use, parameter adjustments, and enabling procedures.
If you didn't restore a settings file or this is the first time you are enabling
adaptive control, you may need to run a training session first (for AHC,
AIC, and OLI).
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Adjustments During a Test

Stopping a Test

176 Operation

Immediate and unexpected actuator response is possible when a Run
command is applied to the system.

Unexpected actuator response can result in personal injury or equipment
damage.

Clear all personnel from the test system before running a test.

Press the Run button on the 469D Digital Seismic Controller panel to begin
the test.

Make adjustments to the readout devices as desired.
Minor adjustments to the Desired span control can be made at this time.

While constantly checking for system stability, slowly adjust the 469D
Digital Seismic Controller panel Desired span control towards 100%.

If the system becomes unstable, immediately remove hydraulic pressure by
pressing the EMERGENCY STOP button. Identify the cause(s) of the
instability before attempting the test again.

If any of the Adaptive Control functions are set to Tracking, put them into
Frozen mode.

Click on the Stop button on the 469D Digital Seismic Controller panel to
stop the test.
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Test Execution Procedure (using STEX Remote
Application Mode)

The Remote Application Mode is used as an automated file play-out and data
recording method. When you select Remote Application as the program source,
only the Run/Stop buttons on the 469D Digital Seismic Controller panel are
available.

STEX generates the drive record prior to the test. After the test, STEX collects
the response data from the controller.

The operator starts the play-out by clicking on the Start button on the STEX
application window, and then clicking on the RUN button on the 469D Digital
Seismic Controller panel.

Prior to the play-out, the controller reads the drive record (generated by STEX)
and checks to ensure the data matches configuration of the system (i.e. DOF,
control mode, and units).

After applying hydraulic pressure to the actuators, complete the following
procedure to execute a STEX test.

Verification and Safety Checks

Note  Optimum system response is achieved when the hydraulic fluid is at its
normal operating temperature.

*  Ensure that the hydraulic system is at its normal operating temperature (at or
above 32° C) before proceeding with testing.

*  Check the program input and pre-test adjustments completed in the
preceding subsections.

e Clear all personnel from the test area.

Immediate and unexpected actuator response is possible when a Run
command is applied to the system.

Unexpected actuator response can result in personal injury or equipment
damage.

Clear all personnel from the test system before running a test.

e Click the Start button on the STEX execution panel to begin the test.

The STEX file play-out can be aborted prior to the end-of-file. Either the
Stop button on the 469D Digital Seismic Controller panel or the Abort
button on the STEX screen can be used to prematurely stop the file play-out.
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Table Hydraulic Shutdown Procedure

After the completion of a test, the following procedure should be completed to
ensure safe shutdown of the test system.

Note Do not use the EMERGENCY STOP (E-STOP) buttons during routine
system shutdown. An emergency shutdown bypasses normal shutdown
control sequences and, if used for routine shutdown, will place
unnecessary mechanical strain on the system.

System Shutdown

1. If necessary, click the Stop button on the 469D Digital Seismic Controller
panel to stop the test.

2. Put all Adaptive Control functions into Disable mode.

3. Ensure that the table is in the desired park position using the Parking
Frame up/down arrows on the 469D Digital Seismic Controller panel.

4. Click on the HPS Hi button to remove high pressure from the system.
5. Click on the HPS Lo button to remove low pressure from the system.
6. Click on the HPS On button to turn off the diesel pumps.

7. Click on the Pilot On button to remove pilot pressure from the system.
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Emergency Shutdown Procedure

The following actions should be taken if an emergency arises during operation of
the test system.

Note If the system electronics senses an exceeded limit or open interlock
condition, a system shutdown will be activated automatically.

*  An emergency situation occurs, activate an emergency shutdown by
pressing one of the large red EMERGENCY STOP (or E-STOP) buttons.

e Correct the condition that caused the emergency shutdown.

e Execute the Hydraulic Turn On Procedure.
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Using Adaptive Control

Adaptive control techniques are used to adapt to parameter changes in any
system components that affect the control loop feedback of a system. The MTS
seismic system can include four adaptive techniques, as described in, “Adaptive
Control,” on page 45.

e Amplitude/phase control (APC)

*  Adaptive harmonic cancellation (AHC)
*  Adaptive inverse control (AIC)

e Online iteration (OLI)

All adaptive controllers use three modes. The adaptive harmonic cancellers and
adaptive inverse controller also have a training mode.

Disabled Adaptive control is disabled.

Frozen The system continues to use parameters developed during tracking, but the
parameters are not updated.

In the case of online iteration, a new drive update file is calculated during each
pass, but it is not used as the drive file for the next pass.

Tracking The frequency response of the system is continuously measured and the
applied inverse function is continuously modified to suit changing conditions
in the system.

In the case of online iteration, a new drive update file is calculated during each
pass, and this new file becomes the drive file for the next iteration.

Training (AIC and AHC Training mode is used initially to build coefficients without affecting the
only) system operation. A system model is built but the current signal being played
out is not modified. These coefficients can then be saved in a settings file.
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The choice of which adaptive controller to use is determined by two
considerations: type of program waveform, and the degree of linearity of the
entire system, including hydraulics, mechanics and test specimen.

Waveform Type
System Type
Sine/ Sweep Other
Use Amplitude Use Adaptive
Linear Phase Control Inverse Control
(APC) (AIC)
Use Amplitude Phase Use Adaptive
Non linear Control (APC) with Inverse Control
Adaptive Harmonic (AIC) with Online
Cancellation (AHC) Iteration (OLI)*
*test must be able to
tolerate iterations

Once you have determined which adaptive control technique(s) to use, refer to
the appropriate section(s) below for operating procedures.

How to Use Amplitude/Phase Control (APC)

APC Operation

Amplitude/Phase Control (APC) is a control compensation technique that
augments a fixed-gain controller to correct for closed-loop amplitude and phase
irregularities in order to improve control fidelity. It measures control system
dynamics directly and modifies the control compensation accordingly in
realtime, making it possible to adapt to changing system dynamics.

APC is optimized to work with sinusoidal command waveforms (both fixed and
swept frequency) and predominantly linear systems. If the command waveform
is non-sinusoidal, use Adaptive Inverse Control (AIC) instead. If the system has
significant nonlinearities, augment APC with Adaptive Harmonic Cancellation
(AHC) to reduce harmonic distortion. APC and AHC complement each other:
APC enhances the fundamental frequency component of the system response
while AHC cancels the harmonics.

APC is very easy to use: click the APC label under Adaptive Control on the
469D Digital Seismic Controller panel to turn it on, define a sine wave in the
Cyclic program on the Function Generators panel or a sine sweep in the Sine
Sweep program on the Function Generators panel, and click the Run buttons
on the Function Generators panel and on the 469D Digital Seismic Controller
Panel.
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Modifications

Viewing the Results

182 Operation

In most cases you will not need to adjust anything on Amplitude/Phase
Controllers panel. However there are a few situations that may arise where you
may want to make modifications:

*  When operating at a frequency that is close a resonance such as the oil
column resonance or a specimen resonance, APC may cause the response
amplitude to oscillate. Usually this can be cured by reducing the
convergence rate.

*  When running sine sweeps at a fast sweep rate, you may find that APC is
not able to adapt quickly enough to keep up. Try increasing the convergence
rate. However, if you increase the convergence rate beyond unity, you risk
APC instability and the large, potentially damaging motion that will result.
You may have to reduce the sweep rate instead.

*  For safety purposes you may want to reduce the Max Authority value to
reduce the danger of damage due to large amplitude motion should APC's
adaptation process become.

*  Ifyou observe that the response amplitude falls short of the command
amplitude, it may be because the amplitude correction that APC needs to
apply is beyond the maximum authority limit. You can verify that this is the
case because the Amplitude Correction display value will be nearly equal to
the Max Authority value. Increase the Max Authority in small increments,
until the response amplitude matches the command and the Amplitude
Correction falls below the Max Authority. If the response amplitude does
not increase when Max Authority is increased, you may be at a physical
limit of the system, in which case there is nothing you can do except reduce
the command amplitude or frequency.

You may also want to access the APC Panel to verify that adaptation is occurring
by observing the changing correction values in the Amplitude and Phase
Correction displays, or by noting the green color of the tracking indicator next to
the Convergence Rate slider bar.

You can use the Digital Oscilloscope to monitor command and response
waveforms in either the time domain or the frequency domain. In all examples
shown below, command is shown on Channel A (blue) and response on Channel
B (red).
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Below is an example showing command and response time domain signals

without APC:
{5
Ch A IReference ID.l 0.1
Select... | Me:xt | Previous |
ChB I Feedback A B
. I—D.DDDI? -8 3e-05
Select... | Me:xt | Previous |
in in
Sweep Period |1.001953 SEC Tl —
Nel T1 LY/ 0.0 Time | Sec |1.001953
4B Delay I JH0 SEC | Autescale ¥ Display mode Sweep Singlel Auml
Nel [ [=H Same scale ¥ (& Time © Freq (T XY

In the frequency domain, the response amplitude obviously falls short of the
command amplitude:

5
ChA |Reierencs Jo.os 0.05
Select... | Ne:xt | Previous |
ChB I Feedbaclk A B
Select... | Ne:xt | Previous | I
in in
Sweep Period I 8.013672 SEC
IU.U 0.0
Nel [T 1A .0 Freq | Hz [16 95455
A-B Delay I JH0 S€C | Autoscale [ Display mode Sweep Singlel Auml
Nel [ I Y| Same scale ¥ (& Time (¢ Freq & XV

With APC, command and response time domain signals are almost perfectly

overlaid:
il
Ch A |Reference |D.1 0.1
Select... | MNext | Previous |
ChB | Feadbaclk A B
5 I—E.BE—US -7 .4=-05
Select... | MNext | Previous |
in in
Sweep Period |1.001953 SEC = —
el 1 Y/ 0.0 Time | SEC |1.001953
A-B Delay I JH0 SEC | Autoscale [V Display mode Sweep Single | Auto |
Nel [ EY) Same scale V| (& Time & Freq @ XY
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In the frequency domain, the response amplitude matches the command

amplitude:
{5
ChA |Reierence Jo.os 0.05
Select... | Next | Previous |
ChB I Feedback A B
Select... | Next | Previous | I
in in
Sweep Period I B.013672 SEC
I o.o 0.0
el [T 1A 7.0 Freq | Hz [16 35455
4B Delay I JH0 SEC | Autescale [T Display mode Sweep Singlel Auml
Nel [ [=H Same scale ¥ (@ Time (o Freq (T XY

How to Use Adaptive Harmonic Cancellers (AHC)

Training the

184 Operation

Adaptive Harmonic Cancellation (AHC) greatly reduces harmonic distortion of
the response of a control system driven by a sinusoidal command. It measures
the harmonic distortion directly and adapts in realtime the cancelling waveform
that it applies to the control system input.

AHC is optimized to work with sinusoidal command waveforms (both fixed and
swept frequency). To improve the fidelity of the system's response to a sine
command, AHC can be augmented with Amplitude/Phase Control (APC). APC
and AHC complement each other: APC enhances the fundamental frequency
component of the system response while AHC cancels the harmonics.

Model

Perform the following procedure for every active control channel:

1.

Set up the Function Generators panel for a Random program. The
random program on the function generator consists of a uniform distribution
random number generator followed by a bandpass filter. This filter has four
parameters that you must enter:

Maximum frequency: This is the cutoff frequency of the bandpass filter. Set
this according to the highest frequency expected in your test waveform. Due
to internal technical considerations, this maximum frequency must not
exceed 64 Hz. Also enter this maximum frequency into the Maximum
Frequency edit box in the AHC Panel. This tells AHC not to cancel
harmonics that exceed the frequency up to which its model has been trained.

Minimum frequency: This is the cut-in frequency of the bandpass filter. Set
this according to the lowest frequency expected in your command
waveform. A minimum frequency of zero is allowed. In seismic controllers
in acceleration control mode, this frequency should match the cut-in
frequency of the Reference Generator.
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Using Adaptive Control

RMS amplitude: Adjust the RMS amplitude to the minimum value possible
to prevent damage to the test specimen. Keep in mind, however, that using
too low of an amplitude will result in an inaccurate estimates of the plant
model. If your system is significantly nonlinear, try to use an RMS
amplitude similar in amplitude to the test waveform if possible, because in
such systems the transfer function is a strong function of signal amplitude.
Also, keep in mind that you are setting RMS amplitude, not peak amplitude;
peak amplitude will be somewhat higher than RMS amplitude.

Shape: This is the shape of the bandpass filter’s magnitude response as a
function of frequency between minimum and maximum frequencies. Five
shapes are available: 1/F*2, 1/F, Flat, F, and F*2, where “F” denotes
frequency. The primary consideration in selecting the shape is to get the
most energy into the system across the frequency band of interest without
damaging the system by excessive velocity or acceleration. In acceleration
control systems, “Flat” works well, but in displacement control systems,
“Flat” will result in excessive velocity and acceleration at high frequencies;
“1/F” or “1/F”2” is much gentler on the system in that case. Shapes “F”” and
“FA2” accentuate acceleration at high frequencies and so should not be used.
Note that theoretically a shape of “1/F” or “1/F~2” results in a filter
magnitude response that tends toward infinity as the frequency tends toward
zero. This is neither desirable nor practical, so the filter response is rolled
off to zero as the frequency approaches the minimum frequency. In addition,
for technical reasons the minimum frequency is not allowed to be less than
1% of the maximum frequency when “1/F” and “1/F”2” shapes are selected.

An example random function generator setup is as follows:

=101 %]

Program Random I

Shape  Flat |

ID.l q

RMS Amplitude

Nel 1 [+

ID.25 Hz

Minimum freq

Ilnng

Select... | Next | Previous |
Setpoint |T in
Nel [ [»A[x]
Desired span i00.0 %
Ne] LY/

Nl ] EY7

Current span

I Stop Run |

ID.EI % IED.D Hz

EY/

Maximum freq

Nel T

2.
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On the 469D Digital Seismic Controller panel, click the button next to
the AHC label under Adaptive Control and select Training. In Training
mode, AHC is on but is not canceling. Instead, it passively monitors
command and feedback to the plant and updates its model accordingly.

On the 469D Digital Seismic Controller panel, click the AHC label to
show the Adaptive Harmonic Cancellers panel

Run the random function generator. First, make sure that the function
generators of all other channels are in a stopped state. Then start the
function generator by clicking the Run button.
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5.

[=] Frequency Response Function Plotter

Adapt the coefficients. When motion has begun, move the Model
Convergence Rate slide bar on the Adaptive Harmonic Cancellers panel
away from zero. The coefficients of elements in the training row will begin
to change. This can be observed textually in the model coefficient display of
the Adaptive Harmonic Cancellers panel, and graphically in the FRF and
IRF Plotters. Another indication of adaptation is the green color of the
tracking indicator next to the Model Convergence Rate slide bar.

While training is in progress, it is a good idea to verify that it is proceeding
correctly by comparing the transfer function estimated by AHC with that
estimated independently by the Spectrum Analyzer. In the example,
Channel A (blue) of the FRF Plotter shown below shows the model's
transfer function identified by AHC; Channel B (red) shows the same
transfer function identified by the Spectrum Analyzer. Note that they are
similar, but not the same (especially the phase responses, not shown)
because embedded in the AHC transfer function are effects of filters internal
to AHC that the Spectrum Analyzer cannot see.

FRF A | AHC
Select... | Ne:xt | Previousl

Magnitudel Resetl Update |

FEF B I Spec Analyzer zfer func

Select... | Next | Previuusl

Magnitudel

Flesetl Update |

[ Auto ¥ Same | | Log

100 Update hnthl

Scale

Points

(o]

|1.7 1.7
A e B
|
Wi Lii
Jo.o 0.0

0.0 Freq | Hz E0.0
=

When the coefficients have stopped changing a lot, it is time to begin a
process known as “coefficient polishing”. Slowly reduce the convergence
rate in stages, waiting a while between stages to allow time for the
coefficients to approach their optimum values. Finally, after the
convergence rate has been reduced to zero, stop the program by clicking the
Stop button on the Function Generators panel and on the 469D Digital
Seismic Controller panel.

Training is now complete. At this point is a good idea to save the AHC setup
and transfer function coefficient values to a settings file using the Save Settings
option under the File menu on the 469D Digital Seismic Controller panel.

Canceling the Harmonics

Perform the following procedure for every active control channel:

1.
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On the Function Generators panel, click on the Program button and select
Cyclic or Sweep.

On the 469D Digital Seismic Controller panel click on the button next to the
AHC label and select Tracking.
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At this point you may also want to click on the APC label to show the
Amplitude/Phase Control panel. Setup the Amplitude/Phase Control panel
to improve the fidelity of response to the sine command.

3. Run the sine or sine sweep function generator.

First, make sure that the function generators of all other channels are in a
stopped state. Then start the function generator by clicking the Run button.

4. Cancel selected harmonics.

After motion has begun, observe the response using the Digital Oscilloscope
panel. It is convenient to view the response in Frequency Display Mode so
that individual harmonics are easily discernible. Noting which harmonics
have significant amplitude, designate them for cancellation by pressing the
corresponding buttons in the Harmonics grid selector in the Adaptive
Harmonic Cancellers panel. Then move the Canceller Convergence Rate
slide bar away from zero. In the Digital Oscilloscope, the selected
harmonics will begin to shrink in amplitude. The authority displayed in the
Adaptive Harmonic Cancellers panel will increase as the amplitudes of the
cancelling signals that the AHC adds to the command are increased.
Another indication of adaptation is the green color of the tracking indicator
next to the Canceller Convergence Rate slide bar.

If the authority reaches the maximum authority limit, it is either because the
maximum authority is too low, or AHC is unstable at that harmonic. To
determine which is the case, increase the Max Authority in the Adaptive
Harmonic Cancellers panel by small increments while observing the
response harmonics on the Digital Oscilloscope (in Frequency Display
Mode). If the amplitude of a harmonic keeps increasing with increasing
authority, then AHC is unstable at that harmonic. Almost always the cause
of this behavior is an inadequately trained plant model. You may need to go
back and retrain or refine it.

Reducing the maximum authority to the minimum possible will reduce the
danger of damage due to large amplitude motion should AHC's adaptation
process become unstable for whatever reason.

When running sine sweeps at a fast sweep rate, you may find that AHC is
not able to adapt quickly enough to keep up. Try increasing the convergence
rate. However, if you increase the convergence rate beyond unity, you risk
AHC instability and the large, potentially damaging motion that will result.
You may have to reduce the sweep rate instead.

Canceling Cross-Coupling Disturbance

Adaptive Harmonic Cancellers can be used to cancel the cross-coupling
disturbance that sometimes occurs in a multichannel control system when motion
on one channel couples into another. Using the term “primary” to refer to the
primary motion channel and “secondary” to refer to the channel disturbed by the
primary channel, apply the following procedure to the secondary channel:

1. Train AHC as described above.

2. On the Function Generators panel, click the Program button and select
Phased.
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Viewing the Results

The phased function generator synchronizes itself both frequency- and
phase-wise with another channel's function generator (called the “master”
function generator). In this case, designate the primary motion channel's
sine generator as the master. Next, specify a very small amplitude, small
enough for the resultant motion to not be noticeable. Even though no motion
is desired on the secondary channel, you must drive it with sine command
because AHC uses it to drive its internal harmonic generators. The
command amplitude does not have to be large, but it does have to be
nonzero.

On the 469D Digital Seismic Controller panel, click the button next to the
AHC label under Adaptive Control and select Tracking.

Run the sine or sweep program on the function generator.

Start the primary function generator by pressing the Run button. The
secondary function generator will start as well because it is linked to the
primary function generator.

Cancel selected harmonics.

When you observe the secondary channel's response in the Digital
Oscilloscope (in Frequency Display Mode), there will probably be a
sizeable component of disturbance at the fundamental frequency, i.e., the
primary function generator's sine frequency. Cancel this “first harmonic” by
selecting the “1” button of the Harmonics grid selector in the Adaptive
Harmonics Cancellers panel. Note that the first harmonic button is used only
to cancel cross-coupled disturbance at the fundamental frequency on
secondary channels. It is not used for regular cancellation on primary
channels.

You can use the Digital Oscilloscope to monitor command and response
waveforms in either the time domain or the frequency domain. In all examples
shown below, command is shown on Channel A (blue) and response on Channel
B (red). APC is enabled in all of these examples.

Below is an example showing command and response time domain signals

without AHC.
il
ChA |Reierence Jo.18 0.18
Select... | Mext | Previous |
ChB IFeedback A B
. |3.9?e—05 1. 66=-05
Select... | Mext | Previous |
g g9
Sweep Period I 0.993023 SEC .
I -0.18 —0.18
Nel T LY/ 0.0 Time | Sec |0.999023
&8 Delay I JH0 S€C | autoscale [ Display mode Sweep Singlel Auml
Nel [ I Y| Same scale ¥ (& Time & Freq (€ XY
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In the frequency domain, harmonics are clearly visible in the response:

{5
ChA |Reierence Jo.os 0.05
Select... | Next | Previous |
ChB I Feedback A B
Select... | Next | Previous | I
g g
Sweep Period I 2.003906 sec IT }n\ —
Eﬂ [ 1 |:E 0.0 Freq I Hz I £7.0
4B Delay I JH0 SEC | Autescale [T Display mode Sweep Singlel Auml
Nel [ [=H Same scale ¥ (@ Time (o Freq (T XY

With AHC, the harmonics are gone and, because of APC, command and response
time domain signals are almost perfectly overlaid.

5
ChA |Reierencs Jo.18 0.18
Select... | MNext | Previous |
ChB I Feedbaclk A B
5 |—9.68—DS -9 3e-05
Select... | MNext | Previous |
g g9
Sweep Period I 0.999023 sec IW T
Nel T1 LY/ 0.0 Time | Sec |o.999023
A-B Delay I JH0 S€C | Autoscale [ Display mode Sweep Singlel Auml
Nel [ I Y| Same scale ¥ (& Time & Freq (€ XY

In the frequency domain, the harmonics are gone and the response amplitude at
the fundamental frequency matches the command amplitude.

il
ChA |Reference Jo.os 0.05
Select... | Ne:xt | Previous |
ChB | Feedback A B
Select... | Ne:xt | Previous | I
9 g9
Sweep Period | 2.003906 sec IT —
Nel T1 Y/ 0.0 Freq | Hz [57.0
A-B Delay I JH0 SEC | Autoscale [ Display mode Sweep Single | Auto |
Nel [ EY) Same scale V| (& Time * Freq @ XY
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How to Use Adaptive Inverse Control (AIC)

Adaptive Inverse Control (AIC) is a control compensation technique that
augments a fixed-gain controller to correct for closed-loop gain and phase
irregularities in order to improve control fidelity. In addition, in multichannel
control systems with cross-coupled dynamics, it greatly reduces cross-coupling
disturbances between control channels. It measures control system dynamics
directly and modifies the control compensation accordingly in realtime, making
it possible to adapt to changing system dynamics.

AIC is optimized to work with non-sinusoidal command waveforms and
predominantly linear systems. If the command waveform is a pure sine wave,
Amplitude/Phase Control (APC) works better and is easier to use. If the system
has significant nonlinearities, you can augment AIC with Online Iteration (OLI).

For illustration purposes we shall use an example of a six degree-of-freedom
seismic table control system with control channels named Long (X), Lat (Y), Vert
(2), Roll, Pitch, and Yaw. Only the Long and Lat channels will be used.

In addition to Multichannel AIC panel, you will be using other panels, namely:

* 469D Digital Seismic Controller Panel

*  Function Generator Panel

e Spectrum Analyzer Panel

*  Frequency Response Function (IRF) Plotter
*  Impulse Response Function (IRF) Plotter

«  Digital Oscilloscope
Pruning the Transfer Function Matrix

AIC has the capability to measure the transfer function between all combinations
of input and output. However, in real systems it is not the case that every channel
is coupled to every other channel. When cross-coupling is weak or nonexistent,
removing those elements from the transfer function matrix will speed
convergence and improve transfer function accuracy. The process of determining
which off-diagonal elements are negligible and then removing those terms is
called “pruning”.

To determine which elements can be pruned, excite a single channel and measure
the transfer functions between the command and off-diagonal feedbacks with the
Spectrum Analyzer. If the resultant off-diagonal transfer function is small,
prune out the corresponding transfer function matrix element by unchecking its
Active checkbox.
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In the example, Channel A (blue) shows the Long->Lat transfer function
magnitude; Channel B (red) shows the Long->Vert transfer function magnitude.
The cross-coupling between Long and Lat is obviously significant and should not
be pruned out. The cross-coupling between Long and Vert is small and can be
pruned out of the transfer function matrix.

e
FRF A I Spec Analyzer zfer func I 1.1 1.1
Select... | Next | Previous |

Magnitudel Flesetl Updatel A B

FRF B | Spec Analyzer xfer func

Select... | Next | Previousl

Vv

oooooo
-
=z

Magnitudel Resetl Updatel oeees

Scale [ Auto ¥ Same [ Log

Points | 100 Update huthl =]

o.o Freq | Hz |40.0

When pruning the forward transfer function matrix, you must maintain matrix
symmetry. If (for example) the Long->Lat element is active, then the transpose
element Lat->Long must also be active. Another rule is that if any element of a
matrix row is active, the diagonal element in that row must also be active. Note
that this is true only of the forward transfer function matrix; the inverse transfer
function matrix is somewhat less restrictive.

The inverse transfer function matrix is pruned identically to the forward transfer
function matrix, except that the rows corresponding to channels that you do not
intend to excite can be deactivated. In the above example, if only Long is to be
excited with a command waveform and Lat is to be kept at zero, only the Long
row of inverse elements needs to be active. This is convenient because only the
rows corresponding to nonzero command channels have to be trained.

Determining the Impulse Response Length and Anticipation Delay

Choosing the optimum amount of impulse response length and anticipation delay
is important: too little results in decreased control accuracy; too much results in
slower convergence. The basic rule for choosing the amount of anticipation delay
is that it must be at least as much as the input/output delay of the plant, but how
much more is optimum is not easy to determine. There is no simple rule for
determining the impulse response length. So finding optimum values for these
quantities is best done by trial and error, as follows.
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First, choose a long impulse response length, and set the anticipation delay to
half of this length. Then train the forward and inverse transfer functions using the
Training procedure described in later sections. Using the Impulse Response
Function (IRF) Plotter, verify that the inverse impulse responses are neither too
short nor too long. A perfectly captured impulse response begins at zero, grows
in amplitude, then decays back to zero, without having large intervals of zero
amplitude on either side of the main pulse, as shown here.

Impulse Response Function Plotter =10] %]

IRFA | f 0.3245895
Select.. | Next | Previous |
ﬂl Updatel A B
IRFB [2IC (inv) | [
Select... | Next | Previous | i v
Resetl Update |
[ [-0 us4el

Scale [V Auto [V Same

Update hoth | =

0.0 Time | SEC jz.0

This impulse response has too many zeros on the tail end, so the impulse
response length should be reduced.

Impulse Response Function Plotter o =1 3|
IRFA | f 0.33355
Select... | MNext | Previous |

Resetl Updatel A B

IRFB [2IC (inv) |
Select...l MNext | Previuusl Vi i

Resetl Updatel MVQM
f -0.07099

v v -
Scale [V Auto [V Same o Time I sec I D

Update hoth | =

This impulse response has too many zeros on the front end and truncated tail end,
so the anticipation delay should be reduced to move the impulse to the left.

Impulse Response Function Plotter B ]
IRFA | f 0.3947
Select... | MNext | Previous |
Resetl Update | A B

IRFB [2IC (inv) |
ViV ViV

Select... | Next | Previous |
Resetl Updatel Mw\‘w"‘wq WW
f -0.10118

v v -
Scale [V Auto [V Same o Time I sec I oo

Update hoth | =
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(The anticipation delay determines the approximate location of the main pulse
within the impulse response interval.) This impulse response has a truncated
front end, so the anticipation delay should be increased to move the impulse to

the right:
Impulse Response Function Plotter =10 x|
IRFA | f 0.405692
Select... | Next | Previous |
Flcsetl Update | A B
IRFB [2IC (inv) |
Select... | Next | Previous | i v
Resetl Update | W‘W\N\/\M/_\A
f -0.09913
Scale [V Auto [V Same T Time I sec I oo
Update huthl =

When searching for optimum values of impulse response length and anticipation
delay, keep in mind these helpful tips.

*  To save time, train only a single channel.

*  To save time, examine only the inverse impulse responses and ignore the
forward impulse responses. The inverses are typically much longer than the
forwards, so an impulse response length that satisfies the inverses
automatically satisfies the forwards.

e Itis better to have too impulse response length and anticipation delay rather
than too little. Too much only slows down convergence a bit; too little
causes control accuracy to quickly degrade.
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Training the Forward Transfer Functions

194 COperation

1. Prune the forward transfer function matrix. As discussed in a previous

section.

. Set up the random function generators.

For all active channels, set up each random function generator identically.
Each random function generator consists of a uniform distribution random
number generator followed by a bandpass filter. This filter has four
parameters that you must enter:

Maximum freq: This is the cutoff frequency of the bandpass filter. Set this
according to the highest frequency expected in your test waveform. Due to

internal technical considerations, this maximum frequency must not exceed
64 Hz. Enter this maximum frequency into the Maximum Freq text box in
the Multichannel AIC panel. This allows AIC to ignore higher frequencies,
resulting in more accurate control in the frequency band of interest.

Minimum freq: This is the cut-in frequency of the bandpass filter. Set this
according to the lowest frequency expected in your test waveform. A
minimum frequency of zero is allowed. In seismic controllers in
acceleration control mode, this frequency should match the cut-in frequency
of the Reference Generator. Enter the minimum frequency into the
Minimum Freq text box in the Multichannel AIC panel. This allows AIC
to ignore lower frequencies, resulting in more accurate control in the
frequency band of interest.

RMS amplitude: Adjust the RMS amplitude to the minimum value possible
to prevent damage to the test specimen. Keep in mind, however, that using
too low of an amplitude will result in inaccurate estimates of the transfer
function. If your system is significantly nonlinear, try to use an RMS
amplitude similar in amplitude to the test waveform if possible, because in
such systems the transfer function is a strong function of signal amplitude.
Also, keep in mind that you are setting RMS amplitude, not peak amplitude;
peak amplitude will be somewhat higher than RMS amplitude.

Shape: This is the shape of the bandpass filter’s magnitude response as a
function of frequency between minimum and maximum frequencies. Five
shapes are available: 1/F*2, 1/F, Flat, F, and F*2, where “F” denotes
frequency. The primary consideration in selecting the shape is to get the
most energy into the system across the frequency band of interest without
damaging the system by excessive velocity or acceleration. In acceleration
control systems, “Flat” works well, but in displacement control systems,
“Flat” will result in excessive velocity and acceleration at high frequencies;
“1/F” or “1/F”2” is much gentler on the system in that case. Shapes “F”” and
“F~2” accentuate acceleration at high frequencies and so should not be used.
Note that theoretically a shape of “1/F” or “1/F~2” results in a filter
magnitude response that tends toward infinity as the frequency tends toward
zero. This is neither desirable nor practical, so the filter response is rolled
off to zero as the frequency approaches the minimum frequency. In addition,
for technical reasons the minimum frequency is not allowed to be less than
1% of the maximum frequency when “1/F” and “1/F”*2” shapes are selected.

Seismic Test System User’s Manual



Using Adaptive Control

In the example, both Long and Lat random function generators are set up as

follows.
e P
| Long Program Handom I
Selecl...l Next | Previuusl

Shape  Flat |
Setpoint | 0.0 in RMS Amplitude | 0.1 q

Nel LI [+A[x] Nel 11 EY/
Desired span 0.0 % Minimum freq [0725 Hz
Ne] [ 1= Nel ] EY/
Current span 100.0 % Maximum freq [400  Hz

- | I—Hun Nel [T EY/

3. On the 469D Digital Seismic Controller panel, click on the button next to
the AIC label and select Training.

In Training mode, AIC is on but is not controlling. Instead, it passively
monitors command and feedback to the system and updates its transfer
function estimates accordingly.

4. Set the noise level.

After waiting at least two impulse response intervals after turning on AIC,
click the Noise Level Set button. This causes AIC to measure its feedback
noise level to determine the response threshold below which it will inhibit
adaptation. This prevents AIC from adapting to noise when the system is at
rest, which can quickly cause the coefficients to become large or infinite in
magnitude.

You may have to set the noise level other times as well if you change a
controller setting that affects the filtering experienced by system feedbacks.
Such settings are:

¢ AIC minimum and maximum frequency.
*  Feedback observer bandwidth.

*  Any controller gain setting.

*  Feedback conditioner filter bandwidth.

When setting the noise level, make sure that AIC is on with the convergence
rates set to zero and that the system is at rest for a period of time at least as
long as twice the impulse response length. If you make the common mistake
of setting the noise level when the system is in motion, set it to back to zero
by clicking the Noise Level Clear button and redo this step once the system
is at rest.
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5.

=] Frequency Response Function Plotter

Train the first active row of transfer function elements. First, unfreeze all
elements in this row and freeze all elements in other rows. In the example,
all elements in the Long row are unfrozen and all elements in the Lat row
are frozen, resulting in an Activation Status grid display that looks like this:

Active elements
(® Forward
& Inverse

oooood
ooooog
ooooog
ooooog
ooooog
[m[m |mm[m] =]

Next, make sure that the function generators of all other rows are in a
stopped state. Then start the function generator by pressing the Run button.
After motion has begun, move the Forward Convergence Rate slider bar
away from zero. The coefficients of elements in the training row will begin
to change. This can be observed textually in the coefficient display of the
AIC Panel, and graphically in the FRF and IRF Plotters. Another indication
of coefficient adaptation is the green color of the tracking indicator next to
the Forward Convergence Rate slider bar.

While training is in progress, it is a good idea to verify that it is proceeding
correctly by comparing the transfer functions estimated by AIC with those
estimated independently by the Spectrum Analyzer. In the example,
Channel A (blue) of the FRF Plotter shown below shows the Long->Long
forward transfer function identified by AIC; Channel B (red) shows the
same transfer function identified by the Spectrum Analyzer. Note that they
are similar, but not the same (especially the phase responses, not shown)
because embedded in the AIC transfer function are effects of filters internal
to AIC that the Spectrum Analyzer cannot see.

=101 ]

FRF A | Long-:Long 2

Select... | Next | Previuusl

1.3 /\ 1.3
fim,

Magnitudel Flesetl Updatel

FRF B I Spec dnalyzer zfer func

Select... | Next | Previousl

L/l vV

oooooo

Magnitudel Flesetl Updatel

Scale [ Auto ¥ Same [ Log

Points | 100 Update hothl

0.0 Freq | Hz 40.0

196 Operation

When the coefficients have stopped changing a lot, it is time to begin a
process known as “coefficient polishing”. Slowly reduce the convergence
rate in stages, waiting a while between stages to allow time for the
coefficients to approach their optimum values. Finally, after the
convergence rate has been reduced to zero, stop the function generator by
clicking the Stop button.
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6. Train subsequent active rows of transfer function elements. Repeat the
previous step for all other active rows. In the example, all elements in the
Long row are frozen and all elements in the Lat row are unfrozen, resulting
in an Activation Status grid display that looks like this:

; oooood
Active elements EEEEEE
? Forward EEEEEE
= Inverse ooooco

During the training sequence you may want to occasionally back up the

coefficients to a coefficient file using the n button. That way if you
accidentally reset or modify the coefficients of elements already trained, you

. . |
can easily recover them using the [= button.

When all active rows of the forward transfer function matrix have been
trained, it is time to train the inverse transfer function matrix.

Training the Inverse Transfer Functions

Training the inverse transfer functions can be done with hydraulics off because
AIC uses only internal forward model feedbacks rather than real system
feedbacks to train the inverse. This is convenient because your specimen will
receive less cumulative damage if the length of time that the specimen is actually
shaken is limited to the length of time it takes to train the forward transfer
functions. Of course you can still opt to train the inverse with hydraulics on, in
which case you will not have to cycle hydraulic power.

1. Complete the training of the forward transfer functions. The inverse transfer
functions will not converge unless all forward transfer functions are
reasonably accurate.

2. Prune the inverse transfer function matrix. As discussed in a previous
section.

3. Train all active transfer function elements. Unlike the forward transfer
function matrix, which can be trained row by row, all active elements of the
inverse transfer function matrix should be trained simultaneously. (Although
it is possible to train column by column, there is no advantage in doing so.)
First, unfreeze all elements in the inverse transfer function matrix. In the
example, the Activation Status grid display then looks like this:

Active elements
{C Forward
{® Inverse

ooooog

gogog
gogog
gogog
gogog
gogog
oooo

oooooo
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Next, make sure that all function generators corresponding to active rows of
the forward transfer function matrix are in a running state. You can use the
same random function generator setup that you used to train the forward
transfer functions. Then start the function generators by pressing the Run
button. After motion has begun, move the Inverse Convergence Rate slide
bar away from zero. The coefficients of active elements will begin to
change. This can be observed textually in the Coefficients display of the
Multichannel AIC panel, and graphically in the FRF and IRF Plotters.
Another indication of coefficient adaptation is the green color of the
tracking indicator next to the Inverse Convergence Rate slide bar.

If you find that you need a different anticipation delay, you can change it
without having to retrain the forward transfer functions. After making such
a change, resetting the inverse transfer functions to zero will reduce the
retraining time.

While training is in progress, it is a good idea to verify that it is proceeding
correctly by looking at the inverse transfer functions using the FRF Plotter.
In the example, Channel A (blue) of the FRF Plotter shown below shows the
Long->Long inverse and Channel B (red) shows Long->Lat inverse. These
are typical of on- and off-diagonal inverses.

o
FRF & [ Long—>Long o g 15 1.5
[m]
Select... | Next | Previous | E m
: B i
Magnltudel Resetl Updatel A

ms],

FRF B [Long—>Lat =l |
v ¥
Select... | Next | Previous | (i (
Magnitudel Resetl Updatel
I 0.0 0.0
(4
Scale [  Auto [V Same [ Log R Freq| Hz EomD

Points | 384 Update hoth | =]

An inverse that is large in magnitude or is noisy-looking may be an
indication of a problem. Typical on-diagonal inverses vary around unity
(shown as a black line in the FRF Plotter); anything greater than 5 or so is
considered “large”. However, it is difficult to determine what “large” is for
off-diagonal inverses because their magnitudes are affected by differences
in engineering units between input and output. For example, if Long has
relatively coarse G units and the Pitch has relatively fine degrees/sec/sec
units, the Long->Pitch inverse can have large magnitude and still be okay.
Keep units disparity in mind when interpreting off-diagonal inverses.

Usually bad inverse transfer functions are due to inadequately trained
forward transfer functions. You may need to go back and retrain or refine
the forward transfer functions. Then reset the inverses to zero and start over.

When the coefficients have stopped changing a lot, polish them as described
previously.

When all active elements of the inverse transfer function matrix have been
trained, you can either further refine the inverse transfer function matrix or
proceed to running your test.
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Refining the Inverse Transfer Functions

Inverse training as described above will provide a reasonably good inverse for
control purposes, but the inverse can often be improved by switching to
Tracking mode.

However, keep in mind that in Tracking mode AIC is actively controlling the
plant, and therefore the potential for instability exists. The motion that can result
from an inadequately or improperly trained inverse can instantly destroy your
specimen and damage your test machine. So before you switch from Training to
Tracking mode, take time to examine all active inverse transfer functions using
the FRF Plotter to verify that they make sense. Do not enable Tracking mode
otherwise.

To refine the coefficients, simply repeat the steps outlined in the previous section
in Tracking mode instead of Training mode. Use a small inverse convergence
rate to obtain a more accurate inverse. If you wish, you can also refine the
forward transfer functions at the same time using a small forward convergence
rate.

Before pressing the stop button, switch to Frozen mode or manually set both
convergence rates to zero. That way the transfer functions won't change as signal
amplitudes decrease to zero.

Training is now complete. At this point is a good idea to save AIC setup and
transfer function coefficient values to a settings file using the Save Settings...
option under the File menu on the 469D Digital Seismic Controller panel.

Running the Test

When you run a test, you will switch AIC to Frozen or Tracking mode. Before
doing so, remember to examine all active inverse transfer functions using the
FRF Plotter to verify that they look reasonable. A bad inverse can cause violent
motion that can damage or destroy your specimen and your test machine.

Keep in mind that AIC has a large input/output delay equal to twice the impulse
response length due to internal data framing. This means that when you press the
Run button on the 469D Digital Seismic Controller panel to run your test, you
won't see any motion for 8 seconds if your impulse response length is 4 seconds
(for example). Likewise, motion will continue for up to 8 seconds after you press
the Stop button. Be patient.

The decision of whether to run in Frozen or Tracking mode depends on the
duration of the test and whether or not you expect plant dynamics to change
significantly during the test. If you expect the dynamics to change significantly
and the test duration is long enough for AIC to adapt to those changes, then
Tracking is the mode to use. Due to internal delay, AIC won't respond to
changing dynamics for a period of time up to twice the impulse response length.
For an impulse response four seconds long, this means that the adaptation latency
is eight seconds long. If your test is less than eight seconds in duration, Tracking
mode will not be useful.
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Viewing the Results

If you decide to use Tracking mode, your command waveform must have a broad
enough bandwidth to excite all dynamic modes of the plant within the frequency
range that you specified in the Multichannel AIC panel. In other words, it is not a
good idea to use narrowband or periodic commands when AIC is in Tracking
mode. If the command contains only a limited number of frequencies, AIC will
adapt only at those frequencies while gradually forgetting what it has learned at
all other frequencies. Even so, you will get good matching response for that
particular command waveform, but if you then change the command's frequency
content, large control errors will suddenly arise while AIC tries to relearn what it
has forgotten.

You can use the Digital Oscilloscope to monitor command and response time
waveforms, or the Spectrum Analyzer and the FRF Plotter to observe transfer
functions and power spectral densities (PSD's).

Below is an example showing Long command and response without AIC.

JRISTEY
Ch A |l|:|ng Reference |U 3 0.3
J' i
Select... | Next | Previous | f
I
I
Ch B Ilang Feedback A | B
- |—EI.00066 { t -0.0006
Select... | Next | Previous | | |
9 Y ! i ! g9
't

Sweep Period |D.999023 Sec o | —
Nel T1 EY/ 0.0 Time | SEC |0.999023
A-B Delay IU'D SEC | Autoscale [ Display mode Sweep Singlel Autnl
Nel [ EY) Same scale V| (& Time & Freq @ XY

With AIC, Long command and response are almost perfectly overlaid.

RIaTE

ChaA | Long REeference | 0.3 0.3

Select... | Next | Previous |
ChB Ilang Fesdbacl A B

Select... | Next | Previous | I

g g

Sweep Period |D.999023 SEC — —
Nel L] LY 0.0 Time | sec [0.999023
AB Delay I 0.0 S€C | Autoscale [ Display mode Sweep Singlel Autnl
Nef [ EY/| Same scale [V (& Time @ Freq © XY
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Long->Long frequency response with AIC (Channel B (red)) shows a substantial
improvement over that without AIC (Channel A (blue)) and is almost perfectly
unity at most frequencies.

[] Frequency Response Function Plotter - | Dlﬂ
FRF A [Long—>Long = RN 1.3
[m]s [m]
Select... | Next | Previous | DI o B A
: BSEoED A
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v v
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ooooon
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I 0.0 0.0
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Points | 384 Update hoth | =
Below shows the cross-coupling on Lat due to Long without AIC.
[=] Digital Oscilloscope o ] |
Cha | | 0.3
Select... | Mext | Previous |
Ch B I Lat Feedback A B
I 0.001492
Select... | Mext | Previous |
g
Sweep Period I 0.993023 SEC
T mg || —
Nel 0.0 Time Sec |0.999023
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With AIC, the cross-coupling on Lat due to Long is greatly reduced.
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The PSD of cross-coupling on Lat due to Long (Channel B (red)) shows a 40 to
80 dB reduction over that without AIC (Channel A (blue)).
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How to Use Online Iteration

OLI Operation

202 Operation

Online Iteration (OLI) is a control technique that repeatedly modifies the
command input to a control system on an individual sample-by-sample basis
until the control system response is almost a perfect replica of the original
desired command.

OLI is optimized to work with non-sinusoidal command waveforms and
significantly nonlinear systems. If the command waveform is a pure sine wave,
Adaptive Harmonic Cancellation (AHC) works better and is easier to use. If the
system does not have significant nonlinearities, use Adaptive Inverse Control
(AIC) instead.

The focus of OLI is two time history files, the Desired File and the Drive file.
The desired file is an unchanging file that contains the time history that you want
to reproduce on the test system. The drive file is a time history file that is
modified every time it is played out in such a way as to cause the system
response to eventually match the desired time history. The process of repeatedly
playing out the desired and drive files while updating the drive file is called
“iteration”.

OLI requires knowledge of the inverse transfer function of the plant in order to
compute a drive correction. This inverse transfer function is provided by the
Adaptive Inverse Controller (AIC), appropriately rewired to serve in this role,
and is determined by a training process prior to running OLI; refer to, “How to
Use Adaptive Inverse Control (AIC),” on page 190 for details.

1. Train the Adaptive Inverse Controller (AIC).

OLI uses AIC's inverse transfer functions, which must be identified during a
training process. Consult the section on training transfer functions in t,
“How to Use Adaptive Inverse Control (AIC),” on page 190.

2. Prepare the desired time history file.
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MTS's time history files have a proprietary binary format for which MTS
provides two file translators. One translator translates a text file that you
create using a text editor or a spreadsheet program. The text file must have
the sample period on the first line, followed by a column for each data
channel. For example:

0.00390625

0.0 0.0 0.0
-0.00021 0.00012 0.000867
-0.00033 0.000209  0.000957
-0.00036 0.000359  0.000987
-0.00042 0.000389  0.000389
-0.00036 0.000359  0.00012

(etc.)

After creating this text file, use the Text to Binary translator option under
the Translate selection in the File menu of the 469D Digital Seismic
Controller panel. You will be prompted for the name of the text file and a
name for the binary file. Use the same name as the text file for the binary
file but with a different extension. You can use any file extension you wish
for desired time history files, but we recommend that you use ".des" for
convention.

Another translator is provided for use within MathWorks' Matlab
computation environment and translates Matlab arrays directly into binary
time history files. The translator is a Matlab script “savebin.m” that you can
run from Matlab's command window; type “help savebin” after the
command prompt to see how to use it.

When preparing a desired file, there are several restrictions that apply:
*  The data in the file must have a sample period of 1/256 second.

e The number of channels in the file must be equal to the number of
control channels.

*  The time histories must begin and end at zero. For best results, you
should also append an additional 1-2 seconds of zero samples at both
ends.

*  The signal content in the time histories must not exceed 64 Hz.

3. Click on button next to the QLI under Adaptive Control on the 469D
Digital Seismic Controller panel and select Tracking.

AIC will be automatically turned on in Frozen mode if you have not already
done so.

4. Enter the Desired span and click the Run button on the 469D Digital
Seismic Controller panel.
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You can iterate at 100% amplitude, or you can iterate at a reduced level such
as 10-20% to minimize damage to your specimen, then after completing the
iteration process, run the test at 100% span. Mathematically, linear scaling is
not a valid operation in nonlinear systems, but nonetheless this technique
often works quite well.

5. Select the desired time history file.
Click the Desired file Open... button and select the desired time history file.
6. Create the first drive time history file.

Click the Drive File New... button, and begin a new series of drive files by
entering the root name of the drive file series and press OK. We recommend
that you use the default root name, which is the same as the root name of the
desired file. For example, if the Desired file name is “myfile.des”, the
default Drive file root name is “myfile”, and the sequence of drive files
created during iteration will be “myfile.d00”, “myfile.d01”, “myfile.d02”,
etc. The first drive file in the series “myfile.d00” will be filled with zeros.

Alternatively, you can create your own initial drive file that contains a
scaled down version of the desired rather than just zeros. This may reduce
the number of iterations. In this case, use the Drive File Open... button
instead of the Drive File New... button.

7. Enter an iteration gain.

The iteration gain determines how many iterations it takes to converge to the
final solution. The ideal case is an iteration gain of 1.0, in which case
convergence occurs in a single iteration. However, an iteration gain this high
only works with a perfectly linear system; in a nonlinear system iterations
would diverge. In general, the more nonlinear a system is, the lower the
iteration gain must be for convergence, and therefore the greater the number
of iterations that must be performed.

Only by experience will you know what iteration gain is appropriate for
your testing situation. If you don't know what iteration gain to use, start with
0.5. Watch the trend of the response errors as iterations progress. If response
errors monotonically decrease, it is probably okay to increase the iteration
gain. If response errors oscillate up and down from iteration to iteration, you
should decrease the iteration gain.

If you find that you are using an iteration gain of nearly one, your system is
probably linear enough that you don't have to use OLI. If this is the case,
just use AIC.

If you use too high of an iteration gain and cause your iterations to diverge,
decrease the iteration gain and go back to a previous drive file using the
Drive File Open... button.
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Lower iteration gain and tighter response error tolerance both increase the
number of iterations that you need to perform. A formula for the number of
iterations as a function of iteration gain to achieve a given percentage error
is:

In(percent _error/100)

#iterations = - - -
In(1 —iteration _ gain)

Although this formula is valid only for perfectly linear systems, it is a useful
approximation for nonlinear systems as well.

Start the iteration.

Click the Start button on the Online Iteration panel. If this is Iteration 0
and you had OLI create the initial drive file for you, there will be no motion
because the drive file is zero; otherwise motion will begin. We recommend
that you watch the desired and response in the Digital Oscilloscope during
the iteration to verify that motion is at acceptable levels. If you don't like
what is happening, click the Abort button on the Online Iteration panel to
immediately terminate the iteration.

Examine the results of the iteration.

After each iteration, take time to look at the results of the iteration displayed
in the Iteration Log. Verify that errors are decreasing. Iteration is complete
when the errors have not significantly decreased for several iterations. Look
carefully at max and RMS drive level figures; these tell you how large the
motion will be on the next iteration. If these numbers seem unreasonably
large, do not proceed to the next iteration or you may destroy your specimen
and damage your machine.

If the errors are increasing from iteration to iteration, the iteration process is
diverging. Divergence problems are almost always due to one of two
reasons:

»  The iteration gain is too high for the level of nonlinearity in the system.
Lower the iteration gain, and go back a few iterations in the drive file
sequence, especially if the amplitude of the response has built up to a
level that exceeds the desired, because OLI has a much easier time
scaling up to the desired level rather than scaling down to it. Use the
Drive File Open... button to call in a previous drive file.

*  The inverse transfer function has been inadequately or improperly
trained. Go back to AIC and retrain or refine its inverse transfer
function.

If the errors are large but neither increasing nor decreasing on average, you
may be at a physical velocity or force limit of your test system. There is
nothing you can do in this case except accept the errors as they are, or
decrease the amplitude of your desired waveform and start over.

Turn off OLI (when finished with the final iteration). On the 469D Digital
Seismic Controller panel, first click the Stop button to zero the Desired
span. Then disable OLI. AIC will be automatically disabled as well.
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Viewing the Results

The end product of the iteration process is the final drive file; all other drive
files can be discarded. You don't have to use the Online Iteration panel to
play this file; you can use the Data Player instead. However, if you want to
monitor peak and RMS errors while playing the file, you can use the Online
Iteration panel for file playout. In this case, click on the button next to QLI
under Adaptive Control on the 469D Digital Seismic Controller panel and
select Frozen mode so that OLI does not advance to the next drive file in the
iteration sequence but rather continues to play the selected drive file.

You can use the Digital Oscilloscope to monitor desired and response during the
iteration process. You can also capture the response to file using the Data
Recorder for post-test error analysis.

Below is an example showing desired and response time histories without OLI.

BT
ChA |Reference |o.s 0.6
Select... | Next | Previous |
ChB I Feedbacl A B
. I—D.DDD22 0.0009649
Select... | Next | Previous |
g g
Sweep Period |10.D Sec — —
Nel [ 1% o0 Time | sec [10.01953
A8 Delay I Ul SEC | Autoscale | Display mode Sweep Singlel Auml
Nel [ [=H Same scale ¥ (& Time © Freq (T XY
After several iterations of OLI, desired and response are almost perfectly
overlaid.
{5
Ch A IReference ID.S 0.6
Select... | Next | Previous |
ChB I Feedback A B
. I—D.DDDS‘3 —-0.00089
Select... | Next | Previous |
g g
Sweep Period |1D.D SEC — —
Nel [ 1% 7.0 Time | sec [10.01953
4B Delay I JH0 SEC | Autescale [T Display mode Sweep Singlel Auml
Nel [ [=H Same scale ¥ (& Time © Freq (T XY
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3-Stage Valve Inner Loop Tuning

3-Stage Valve Inner Loop Tuning

[F=] 3-Stage Yalve Drivers

|1-02/4 X1 Valve driver

=101 ]

Inner Loop Tuning

Select... | Next | Previous | Proportional gain | 1.0 Vv
Nefl EY/
[¥ | Enabled Rate gain IT MSEC
Balance [070 ¥ NelT | EY/
Nl [ Y/ Rate input Spool pusitiunl

Dither amplitude I 0.0 L}
el [ EY)

[ Invert polarity

Readout
ISpDDl position E

Interlocks

[¥ Disabled Flesetl

) Watchdog timer
i) Excitation fail

Spool Conditioner Calibration

Excitation ampl IT Vpp
Nel | EY/
Demod. phase IT deg
Nel | EY/

Spool zero IT v
Ne] [ EY/
Conditioner gain IT ViV
Nefl | EY/

[™ Invert polarity

Yalve driver input I n.o v

ID.D v

Spool position

208 Tuning

A digital controller controls the position of the third stage pilot valve spool,
which in turn controls the flow of hydraulic fluid to the actuator. Valve spool
position is measured using a LVDT (linear variable differential transformer).
Inner loop tuning consists of setting the LVDT conditioner settings, and tuning

the analog controller servo loop gains.

The following procedures assume that the HPS is on and the hydraulic fluid is at

normal operating temperature.
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3-Stage Valve Inner Loop Tuning

Spool conditioner gain  An LVDT is used to measure the position of the third stage pilot spool in a 3-
stage servovalve. The 3-stage valve driver provides excitation and conditioning
for this transducer. The first step in inner-loop tuning is setting the spool
conditioner adjustments.

1. On the 469D Digital Seismic Controller panel, select the Valve Drivers
option in the Calibration menu.

2. Click the Pilot On button to apply pilot pressure to the 3-stage servovalves
while preventing the actuator from moving.

3. On the 3-Stage Valve Drivers panel, select the servovalve to be tuned.

4. Set the Spool Conditioner Calibration adjustments to the following initial

values:

Excitation ampl 10 Vpp

Demod phase 22.5 deg

Spool Zero ov

Conditioner gain 1.0V/V

Invert Polarity Inverted (check box is checked)

5. Click on the Rate input button and select Spool Position.
6. Under Inner Loop Tuning set the Proportional gain to zero.
This will allow the third stage pilot spool to float into one of the end caps.

7. Adjust the Demod phase to maximize the Spool position value (shown on
the bottom of the 3-Stage Valve Drivers panel).

If the Conditioner gain, adjusted in Step 4, is too high, you will not be able
to read the real demodulator phase value. The conditioner will be saturated.

8. Adjust the Conditioner gain so that the Spool position value is 10 volts.

The Spool position value may be +10 volts depending on the mechanical
bias of the servovalve.

9. Adjust the Balance to drive the servo valve into the other end cap (changing
the sign of the Spool position value).

If the Spool position value exceeds 10 volts, lower the Conditioner gain
setting until the Spool position value reads 10 volts.

Servo gain tuning 1. On the 469D Digital Seismic Controller panel, select the following.
A. Select the Valve Drivers option from the Calibration menu.
B. Select the Oscilloscope option from the Display menu.
C. Select the Uniaxial Controller option from the Service menu.
2. On the 469D Digital Seismic Controller panel, click the Pilot On button.

This provides pilot pressure to the 3-stage servovalves while preventing
main pressure from reaching the machine.
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Spool Zero Adjustment

210 Tuning

On the 3-Stage Valve Drivers panel, select the valve driver to be tuned.
Click the Rate input button and select Spool position.

Under Inner Loop Tuning adjust the Proportional gain to 0.0 and the
Rate gain to 0.0.

On the Uniaxial Controller panel.

Click the Square radio button the select the shape.

Adjust the Frequency to 1 Hz.

To start with adjust the Peak amplitude to an amplitude of 5 to 10%.
Adjust the Setpoint to zero.

Adjust the Desired span to 100%.

m WU 0w p

Click the Run button.

Use the Digital Oscilloscope panel to view the Valve fbk signal for the
selected servovalve. On the 3-Stage Valve Driver panel, adjust the
Proportional gain until the Valve fbk signal on the Digital Oscilloscope
panel begins to overshoot.

On the 3-Stage Valve Driver panel, adjust the Balance until the overshoot is
the same in the positive and negative directions.

Adjust the Rate gain to dampen out the overshoot.
Adjust the Proportional gain to achieve overshoot.
Use Rate gain again to dampen out the overshoot.

Continue this iterative cycle until the feedback begins showing some
sawtooth waveform or instability occurs.

Back off the Proportional gain and Rate gain until the Valve fbk signal
shows a clean rise and the corners move to horizontal.

Ideally, adjusting the 3-stage valve drive signal to zero should result in no motion
in the system and minimum oil flow. Realistically, all 3-stage valves have a little
mechanical/electrical bias that must be adjusted out. This is done using the spool
zero adjustment and adjusting the spool LVDT position.

1.

On the 469D Digital Seismic Controller panel, select the Digital Meter A or
B option from the Display menu.

On the selected Digital Meter panel, select the Valve fbk for the selected
servovalve.

On the 469D Digital Seismic Controller panel, apply high hydraulic
pressure to the machine.

A. Click the Pilot On button.
B. After the Pilot On indicator turns green, click the Main Lo button.

C. After the Main Lo indicator turns yellow, click the Main High button.
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4. On the 3-Stage Valve Driver panel, adjust Spool zero until the Spool
position indicates zero.

5. At the selected servovalve, loosen the locknut on the spool LVDT and
slowly move the LVDT in or out until the Valve driver signal on the digital
meter is zero.

While holding the LVDT to prevent it from moving, tighten the locknut on
the LVDT. Verify that the Valve driver signal remained as close to zero as
possible.

6. Repeat Step 5, as necessary, until you achieve the desired result.

Repeat the inner loop tuning procedure for all servovalves that require tuning.
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Three-Variable Control (TVC) Tuning

Three-¥ariable Controllers - ||:||5|
| Long Control (Z Displacement S ave ref |
Active <> Flefl

Variable .
Select... | Next | Previuusl © Velocity

{® Acceleration MI

Active Reference Active Reference
Displacement gain | 1.5 L/ Dynamic force gain [ -0 .25 ViV [-0.25
Nel I EY Nel I EY
Velocity gain 0.0 L/ T Dynamic force freq | 0.5 Hz |0.5
Nel T EY/| NelT I EY/)
Acceleration gain [ 0.0 R Notch frequency [100.0 Hz [1i00.0
Rl ] =Y N [1+7
Displacement lead | 0.0 L/ T Notch bandwidth [ 100.0 Hz [1i00.0
Nel | EY/ Nel [ 17
Velocity lead 0.5 ViV |0 Notch depth 0.0 ¥ |00
Nel [ ] [=H Nel [ [+#
Acceleration lead [0 5 YV 065 ) Reset [0.1 1sec [0.1
Nel [ EY) el T 8
Jerk lead ONTF N Reset authority | 10.0 %6FS [10.0
Nel 11 [+ el 11 8
Input-output delay | 0.003906 sec | 0.003906
Nel [ EY/

Three-Variable Control (TVC) is what is known in control theory literature as
state variable control, with additional special features. The three state variables
that TVC can control are displacement, velocity, and acceleration. It is a common
misconception that all three state variables are controlled simultaneously. The
truth is that only one state variable is the primary control variable, with the others
serving only as compensation signals to improve damping and stability.

During the tuning procedure, you will be making extensive use of the following
user interface panels:

*  Function Generator panel

e Observers panel

e Resonance Compensators panel
e Three-Variable Controllers panel

A description of these panels will be presented first, followed by basic step-by-
step TVC tuning procedures for displacement, velocity, and acceleration control
modes. Lastly, some advanced topics will be discussed: such as, the tuning of
notch filters to combat resonances and antiresonances.
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Three-Variable Control (TVC) Tuning

It should be emphasized that control tuning is an art. Each control system is
different, having its own unique blend of dynamics and peculiarities. Your
system may tune differently than the system used to generate the examples
presented here. With enough practice you will learn how to modify the
procedures presented here to fit your particular case.

One word of caution: When tuning, do not move a gain slide bar until you first
determine its minimum and maximum limits. Otherwise you may inadvertently
scroll the gain to a large value, causing instability that could destroy your
specimen and damage your test machine. Do not assume that the limits are
reasonable values; check them yourself. You can do this by clicking on the
striped regions to the left and right of the scrolling arrows as show in the next
figures.

Displacement gain [T biid

X

EY/

Displacement gain I L

]

B

The minimum or maximum limit is then displayed in the slide bar's value edit
display box where you can change it if necessary.

Displacement gain [EHY Vv

]

SE,

The minimum or maximum limit is then displayed in the slide bar's value edit
display box where you can change it if necessary.

Function Generator Adjustments

Function Generators

I Long

Select... | Next | Previous |
Setpoint |T mm
Nel [ [»H (]
Desired span 100.0 %
Nl [ [=F

Current span

ID.IJ %

I Stop &l

o ] 4 |
Random |

Shape  Flat |

RMS Amplitude

Program

IU.EIS g

Nel T [+7
Minimum freq 0.512 Hz
Nel | [+
Maximum freq IW Hz
Nel 11 EY/

Because TVC tuning is done almost exclusively in the frequency domain, the
Function Generators panel with the Random program mode selected is used to
excite the system so that good transfer function estimates can be obtained.
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The Function Generator consists of a uniform distribution random number
generator followed by a bandpass filter. This filter has four parameters adjustable
from the Function Generator Panel: shape, RMS amplitude, minimum frequency,
and maximum frequency.

Observer Panel Adjustments

R eTE

Reference generator

Cut-in freq I 0.1 Hz
Nl EY)

Cutoff freq I 50.0 Hz
Nel [ EY)

Feedback generator

Crossover freq | 1.0 Hz
Nel | [+7

The Observers Panel is where adjustments for the Reference Generator and
Feedback Generator are made. (The term “observer” is control theory
terminology for a special-purpose filter that computes a feedback signal.)

Resonance Compensators Panel Adjustments

214 Tuning

{5

|ang Feszonance Comp A
Select... | Mext | Previous |

Notch A: Motch B:
Frequency 1000.0 |Hz | Frequency 1000.0 | Hz
Nel EY/| e [ [+#
Bandwidth i000.0 |Hz | Bandwidth 10o00.0 | Hz
Nel LY/ el EY//
Depth IT VY | Depth IT Vi
Nel [ EY// Nel || EY/

Each degree of freedom has two Resonance Compensators (for example, Long
Resonance Comp A and Long Resonance Comp B) each with four identical
notch filters, grouped into two pairs (Notch A and Notch B) for user interface
purposes because resonances usually come in resonance/antiresonance pairs.
Like the TVC notch filter, the frequency response of the Resonance Compensator
notch filters can be viewed on the Frequency Response Function Plotter panel.
For the tuning shown in the panel above, the frequency response looks like the
one shown in the next figure.
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[ Frequency Response Function Plotter
Long REesonance Comp A
I Hesel

i
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Determining the Oil Column Natural Frequency

Determining the Oil Column Natural Frequency

Before starting the tuning process, it is useful to know the value of the oil column
natural frequency. Certain gains have affect below this frequency while others
have affect above this frequency, knowing on which side a deficiently-tuned
region of frequency response lies suggests which gain adjustment will yield the
most improvement. Furthermore, if the oil column natural frequency lies
significantly above the maximum frequency of operation, tuning is simplified
because some of the tuning steps described in later sections can be omitted.

To measure this frequency, measure the transfer function between the controller
output and the force feedback using the Spectrum Analyzer. The oil column
natural frequency lies close to the peak of the magnitude response, in the
example shown in the next figure, this frequency is approximately 17 Hz.

i
FRFAlSpec Analyzer z=fer func |59.ED?2?
Select... | Next | Prcviuusl
Magnitudel Flesctl Updatcl A B
FRFB | |58 48167
¥, v,
Select... | Mext | Previuusl (A N
Magnitudel Flesetl Updatel
0.003081
Scale [V Auto [V Same [ Log I ﬁ‘ T Freq|1? TYE TG

Points | 384 Updatehuthl =
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Displacement Control Tuning

While tuning, keep in mind the following points, which apply not only to
displacement control mode but to all control modes:

As gains are increased, the valve command may become large to the point of
saturation at =10 volts. When this happens, the frequency response measured by
the Spectrum Analyzer can be misleading. Always look at the controller output
on the Digital Oscilloscope panel to verify that the valve command is not
saturating. If it is, you may have to either reduce the gain or reduce the reference
amplitude.

While tuning you will mostly be looking at the frequency response on the
Frequency Response Function Plotter panel. As you approach a satisfactory
tuning (that is, one that yields a frequency response near unity), you should look
at the reference and feedback on the Digital Oscilloscope panel to verify that they
are reasonably similar. This is because it is possible to have a frequency response
near unity yet have dissimilar reference and feedback. This can happen if there
are nonlinearities at play or if the system has been tuned such that the phase
response is nonlinear.

1. On the Three Variable Controllers panel.
A. Select the DOF you want to tune.

B. For the Control Variable, click the Displacement radio button to
select it.

2. On the Observers panel, adjust the Cutoff freq to the maximum allowable
value.

Note that the Cut-in freq cannot be adjusted because it has no effect in
displacement control mode.

3. On the Function Generators panel.
Select the same DOF as in Step 1.
Click the Program button and select Random.

Click on the Shape button and select either 1/F*2 or 1/F

o0 w »

Adjust Minimum freq to zero.
E. Adjust the Maximum freq according to the desired control bandwidth.

4. On the Three-Variable Controllers panel enter the following parameters.

Three-Variable Controllers Adjustments (part 1 of 2)

PARAMETERS VALUES
Displacement gain 1.0
Velocity gain 0.0
Acceleration gain 0.0
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Displacement Control Tuning

Three-Variable Controllers Adjustments (part 2 of 2)

Displacement lead all zero
Velocity lead

Acceleration lead

Jerk lead

Input-output delay 0.0
Dynamic force gain 0.0
Dynamic force freq 0.5 Hz
Notch frequency any value
Notch bandwidth any value
Notch depth 0.0
Reset 0.0
Reset authority 5%

5. On the Resonance Compensators panel enter the following parameters for
Resonance Comp A and B for the DOF you are tuning.

Resonance Compensators A and B Adjustments

RESONANCE COMPENSATORS A &
B PARAMETERS

RESONANCE COMPENSATORS A & B VALUES

Notch A and B

Frequency any value
Notch bandwidth any value
Depth 0.0

6. On the Function Generator panel, click the Run button.

7. On the Three-Variable Controllers panel, increase the Displacement gain
until the frequency response is adequate at low frequencies, but without
causing the oil column resonance to peak above unity magnitude, as shown

in the next figure.

5
FRBF A I Spec Analyzer zfer func I 1.5
Select... | Ne:xt | Previous |
Magnitudel Flesctl Updatcl A B
FRF B | |
¥ v
Select... | Next | Previous | L v
Magnitudel Resetl Updatel
0.0
Scale | Auto [V Same [ Log I RD Freq I Az TG
Points | 200 Update huthl =
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Displacement Control Tuning

On the Three-Variable Controllers panel, increase the Dynamic force gain
until the oil column resonant peak is barely visible, as shown in the next
figure.

[=] Frequency Response Function Plotter o ] 1
FRBF A | Spec Analyzer zfer func | 1.5
Select... | Next | Previous |
Magnitudel Flesctl Updatcl A B
FRFB | |
¥, v,
Select... | Mext | Previous | (A N
Magnitudel Flesetl Updatel
0.0
Scale | Auto [V Same [ Log I WD Freq| Hz TG
Points | 200 Update huthl =

Note that if the force feedback is phased properly, the Dynamic force gain
will be negative, and increases in the negative direction result in more oil
column resonance suppression (up to a point). It is easy to drive the system
into instability by using too much of this gain, so be careful.

In systems without force feedback this gain parameter has no effect.
Instead you can use the TVC notch filter to suppress the oil column
resonance. This is discussed in a later section.

On the Three-Variable Controllers panel, increase the Velocity lead to boost
the frequency response below the oil column natural frequency. This will
also boost the response at the oil column natural frequency, causing it to
peak above unity magnitude.

Increase the Dynamic force gain (or deepen the TVC notch) to bring the
response back down. The frequency response then should look like that as
shown in the next figure.

i
FRF A |Spec inalyzer =fer func | | [1.5
Select... | Next | Prcviuusl
Magnitudel ml Update | A B
FRF B | |
Select... | Next | Previous | i i
Magnitudel Resetl Update |
Scale | Auto [V Same [ Log lo.0 — Freq | z =
Points W Update huthl = : :

10.
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On the Three-Variable Controllers panel, adjust the Input-output delay.
Although the controller is now optimally tuned, there is a delay between
reference and feedback, as shown in the time response in the next figure.
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=

Ch A | Reference 4.0
Select... | Next | Previous |
ChB I Feedback B
—0.02242
Select... | Next | Previous |
cm
Sweep Period |2.DD3906 SEeC ™ -
Nel T1 [+f 0.0 Time | sec |2.00390%
A-B Delay I Ul S€C | Autoscale [ Display mode Sweep Single | Auto |
Nel [ [+ Same scale [V (& Time @& Freq © XY

This delay is inherent in all closed-loop control systems. Although the
feedback is almost a perfect copy of the reference, the difference between
the two waveforms is large solely because of the delay. This difference can
be minimized by delaying the reference by an amount of time determined by
the Input-output delay adjustment so that it is aligned with the feedback
for display and error calculation purposes. It has no effect whatsoever on
stability or the quality of control.

To adjust the Input-output delay, observe the DOF reference and feedback
waveforms in the Digital Oscilloscope panel and increase the Input-output
delay until they are aligned visually, as shown in the next figure.

=

ChA [Reference J4.0 4.0
Select... | Next | Previous |
Ch B I Feedbaclk A B
. ID.DE?529 0.052862
Select... | Next | Previous |
cm cm
Sweep Period |2.003906 SEC ™ -
Nel 11 [»f 0.0 Time | sec |2.00390%
A8 Delay I Uall SEC | Autoscale | Display mode Sweep Single | Auto |
N [ Y Same scale ¥ (& Time © Freq & XY

11. On the Function Generators panel, click the Stop button to bring the system
to rest.

12. On the Three-Variable Controllers panel, adjust Reset, if necessary.

Ideally the controller output signal is zero when the system is at rest. This
may not be the case if there is a static offset somewhere in the system. To
remove a static offset, increase the Reset and observe the rate at which the
controller output signal is driven to zero. More Reset will result in faster
offset removal. Values in the range of 0.1 to 1.0 are typical.
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Displacement Control Tuning

If the Reset indicator is red, the correction that the reset integrator needs to
apply to remove the offset is beyond the Reset authority limit. Increase the
Reset authority in small increments until the indicator turns green. If the
indicator is still red after increasing the Reset authority a reasonable
amount, it could be that there is a problem with the electrical or mechanical
system that you should diagnose and correct before continuing.
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Velocity Control Tuning

1. On the Observers panel, adjust the Cut-in freq to the lowest anticipated
velocity reference frequency, keeping in mind the physical displacement
limits.

Adjust the Cutoff freq to the maximum allowable value.

2. On the Function Generators panel, click on the Shape button and select 1/F.
Adjust the Minimum freq to match the Cut-in freq on the Observers panel
Adjust the Maximum freq according to the desired control bandwidth.

3. On the Three-Variable Controllers panel enter the following parameters.

Three-Variable Controllers Adjustments

PARAMETERS VALUES
Displacement gain 1.0
Velocity gain 0.0
Acceleration gain 0.0
Displacement lead all zero
Velocity lead

Acceleration lead

Jerk lead

Input-output delay 0.0
Dynamic force gain 0.0
Dynamic force freq 0.5 Hz
Notch frequency any value
Notch bandwidth any value
Notch depth 0.0
Reset 0.0
Reset authority 5%

4. On the Resonance Compensators panel enter the following parameters for
Resonance Comp A and B for the DOF you are tuning.

Resonance Compensators A and B Adjustments

RESONANCE COMPENSATORS A & | RESONANCE COMPENSATORS A & B VALUES
B PARAMETERS

Notch A and B

Frequency any value
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Resonance Compensators A and B Adjustments

Notch bandwidth any value

Depth 0.0

5. On the Function Generators panel, click the Run button.

6. On the Three-Variable Controllers panel, increase the Displacement gain
until the frequency response is adequate at low frequencies, but without
causing the oil column resonance to peak above unity magnitude, as shown
in the next figure.

=I5
FRFAISpeC Analyzer zfer func |1.5
Select... | Next | Previuusl
Magnitudel Flesetl Updatel A B
FRF B | |
¥, v,
Select... | Next | Previous | v N
Magnitudel Flesetl Updatel
[}
Scale [ Auto [¥ Same [ Log I

0.n Freg | Hz A0.0
Points [ 200 Update hnthl =

7. On the Three-Variable Controllers panel, increase the Dynamic force gain
until the oil column resonant peak is barely visible, as shown in the next

figure.
=] Frequency Response Function Plotter - |EI|5|
FEF A | Spec Analyzer zfer func I 1.5
Select... | Next | Previous |
Magnitudel Flesetl Updatel A B
FRFB | |
¥, v,
Select... | Next | Previous | v N
Magnitudel Flcsetl Updatel
0.0
Scale [ Auto [¥ Same [ Log I RO Freq I Hz O
Points I 200 Update hnthl =

Note that if the force feedback is phased properly, the Dynamic force gain
will be negative, and increases in the negative direction result in more oil
column resonance suppression (up to a point). It is easy to drive the system
into instability by using too much of this gain, so be careful.

In systems without force feedback this gain parameter has no effect.
Instead you can use the TVC notch filter to suppress the oil column
resonance. This is discussed in a later section.

The frequency response should appear as in the next figure.
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=] Frequency Response Function Plotter

=0l

FRFAlSpeC Analyzer zfer func |1.5
Select... | Next | Previuusl
Magnitudel Flesetl Updatel A
FRFB | |
¥,
Select... | Next | Previous | v
Magnitudel Flcsetl Updatel
0.0
Scale [ Auto [¥ Same [ Log I
Points I 200 Update hnthl =

ViY

.0

Freq |

Hz 40.0

8. Adjust the Velocity lead to boost the frequency response below the oil
column natural frequency. This will also boost the response at the oil
column natural frequency, but don't be concerned about it at this point. The
frequency response then should appear as in the next figure.

=] Frequency Response Function Plotter

=10l

FRFAlSpec Analyzer zfer func |1.5
Select... | Next | Previousl
Magnitudel Flesetl Updatel A
FRFB | |
¥,
Select... | Next | Previous | (d
Magnitudel Flcsetl Updatel
0.0
Scale [ Auto [¥ Same [ Log I
Points I 200 Update hnthl =

b1

Freq |

Hz 40.0

9. Adjust the Jerk lead to boost the frequency response above the oil column
natural frequency. This may cause the peaking response at the oil column
natural frequency observed in the previous step to be reduced due phase

[=] Frequency Response Function Plotter

cancellation.

Add only enough jerk lead so that the frequency response is flat overall, as

shown in the next figure.

=10i=|

FRF A |Sp=c Analyzer =fer func | | [1.5
Select... | Next | Prcviuusl
Magnitudel ml Update | A

FRF B | |
Select... | Next | Previous | i
Magnitudel Resetl Update |

Scale | Auto [V Same [ Log lo.0

Points W Update huthl =

viv

Freq |

Hz 40.0
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10. Repeat Steps 8 and 9, increasing the Velocity lead and Jerk lead in small
increments.

Do not use large increments or else the effect of one lead will wash over into
the other lead's frequency region, causing peaks or valleys in the frequency
response that make it hard to determine which lead to adjust. In other
words, make sure the overall response is reasonably flat at a given level
(except near the oil column natural frequency) before boosting it to the next
level.

When you have finished boosting the frequency response either side of the
oil column natural frequency to unity, the result should look like the next

figure.
EY
FRFAlSpec Analyzer zfer func |1.5
Select... | Next | Previousl
Magnitudel Flesetl Updatel A f B
FRFB | |
¥, Vi
Select... | Next | Previous | (d N
Magnitudel Flcsetl Updatel
0.0
Scale [ Auto [¥ Same [ Log I RO Freq| Hz R
Points | 200 Update both | =

11. Adjust the Acceleration lead to boost the response near the oil column
natural frequency to unity. You may have to make slight adjustments to
Velocity lead and the Jerk lead to keep the response below and above the
oil column natural frequency at unity. The frequency response should then
look like the next figure.

When completed, the frequency response looks like that shown in the next
figure.

[=] Frequency Response Function Plotter o ] 1

FRBF A I Spec Analyzer zfer func I 1.5 1.5

Select... | Next | Prcviuusl

Magnitud8| Flesctl Updatcl A B

FRF B I Spec Analyzer =fer func I

¥, v,
Select... | Next | Previuusl L v
Magnitudel Resetl Updatel
0.0 n.o
Scale | Auto [V Same [ Log I RD Freq| Az IO

Points | 200 Updatehuthl =

12. On the Three-Variable Controllers panel, adjust the Input-output delay.
Although the controller is now optimally tuned, there is a delay between
reference and feedback, as shown in the time response in the next figure.
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This delay is inherent in all closed-loop control systems. Although the
feedback is almost a perfect copy of the reference, the difference between
the two waveforms is large solely because of the delay. This difference can
be minimized by delaying the reference by an amount of time determined by
the Input-output delay adjustment so that it is aligned with the feedback
for display and error calculation purposes. It has no effect whatsoever on
stability or the quality of control.

To adjust the Input-output delay, observe the DOF reference and feedback
waveforms in the Digital Oscilloscope panel and increase the Input-output
delay until they are aligned visually, as shown in the next figure.
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13. On the Function Generators panel, click the Stop button to bring the system
to rest.

14. On the Three-Variable Controllers panel, adjust Reset, if necessary.

Ideally the controller output signal is zero when the system is at rest. This
may not be the case if there is a static offset somewhere in the system. To
remove a static offset, increase the Reset and observe the rate at which the
controller output signal is driven to zero. More Reset will result in faster
offset removal. Values in the range of 0.1 to 1.0 are typical.
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If the Reset indicator is red, the correction that the reset integrator needs to
apply to remove the offset is beyond the Reset authority limit. Increase the
Reset authority in small increments until the indicator turns green. If the
indicator is still red after increasing the Reset authority a reasonable
amount, it could be that there is a problem with the electrical or mechanical
system that you should diagnose and correct before continuing.
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Acceleration Control Tuning

1. On the Observers panel, adjust the Cut-in freq to the lowest anticipated
acceleration reference frequency, keeping in mind the physical displacement
limits. Note that the Cutoff freq cannot be adjusted because it has no effect
in acceleration control mode.

2. On the Function Generators panel, click on the Shape button and select
Flat,

Adjust the Minimum freq to match the Cut-in frequency on the Observers
panel.

Adjust the Maximum freq according to the desired control bandwidth.

3. On the Three-Variable Controllers panel enter the following parameters.

Three-Variable Controllers Adjustments

PARAMETERS VALUES
Displacement gain 1.0
Velocity gain 0.0
Acceleration gain 0.0
Displacement lead all zero
Velocity lead

Acceleration lead

Jerk lead

Input-output delay 0.0
Dynamic force gain 0.0
Dynamic force freq 0.5 Hz
Notch frequency any value
Notch bandwidth any value
Notch depth 0.0
Reset 0.0
Reset authority 5%

4. On the Resonance Compensators panel enter the following parameters for
Resonance Comp A and B for the DOF you are tuning.

Resonance Compensators A and B Adjustments

RESONANCE COMPENSATORS A & | RESONANCE COMPENSATORS A & B VALUES
B PARAMETERS

Notch A and B
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Resonance Compensators A and B Adjustments

Frequency any value
Notch bandwidth any value
Depth 0.0

5. On the Function Generators panel, click the Run button.

6. On the Three-Variable Controllers panel, increase the Displacement gain
until the frequency response is adequate at low frequencies, but without
causing the oil column resonance to peak above unity magnitude, as shown
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in the next figure.
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7. On the Three-Variable Controllers panel, increase the Dynamic force gain
until the oil column resonant peak is barely visible, as shown in the next

figure.
=] Frequency Response Function Plotter - |E||5|
FBF A | Spec Analyzer zfer func | 1.5
Select... | Next | Previous |
Magnitudel Flesctl Updatcl A B
FRFB | |
¥, v,
Select... | Next | Previous | (M N
Magnitudel Flesetl Updatel
o.o
Scale | Auto [V Same | Log I WD Freq I Az TG
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Note that if the force feedback is phased properly, the Dynamic force gain
will be negative, and increases in the negative direction result in more oil
column resonance suppression (up to a point). It is easy to drive the system
into instability by using too much of this gain, so be careful.

In systems without force feedback this gain parameter has no effect.
Instead you can use the TVC notch filter to suppress the oil column

resonance. This is discussed in a later section.

The frequency response should appear as in the next figure.
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=] Frequency Response Function Plotter
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8. Adjust the Velocity lead to boost the frequency response below the oil
column natural frequency. This will also boost the response at the oil
column natural frequency, but don't be concerned about it at this point. The
frequency response then should look as in the next figure.
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9. Adjust the Jerk lead to boost the frequency response above the oil column
natural frequency. This may cause the peaking response at the oil column
natural frequency observed in the previous step to be reduced due phase

[=] Frequency Response Function Plotter

cancellation.

Add only enough jerk lead so that the frequency response is flat overall, as

shown in the next figure.
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10. Repeat Steps 8 and 9, increasing the Velocity lead and Jerk lead in small
increments.

Do not use large increments or else the effect of one lead will wash over into
the other lead's frequency region, causing peaks or valleys in the frequency
response that make it hard to determine which lead to adjust. In other
words, make sure the overall response is reasonably flat at a given level
(except near the oil column natural frequency) before boosting it to the next
level.

When you have finished boosting the frequency response either side of the
oil column natural frequency to unity, the result should look like the next

figure.
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11. Adjust the Acceleration lead to boost the response near the oil column
natural frequency to unity. You may have to make slight adjustments to
Velocity lead and the Jerk lead to keep the response below and above the
oil column natural frequency at unity. The frequency response should then
look like the next figure.
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12. On the Three-Variable Controllers panel, adjust the Input-output delay.
Although the controller is now optimally tuned, there is a delay between
reference and feedback, as shown in the time response in the next figure.
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This delay is inherent in all closed-loop control systems. Although the
feedback is almost a perfect copy of the reference, the difference between
the two waveforms is large solely because of the delay. This difference can
be minimized by delaying the reference by an amount of time determined by
the Input-output delay adjustment so that it is aligned with the feedback
for display and error calculation purposes. It has no effect whatsoever on
stability or the quality of control.

To adjust the Input-output delay, observe the DOF reference and feedback
waveforms in the Digital Oscilloscope panel and increase the Input-output
delay until they are aligned visually, as shown in the next figure.
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13. On the Function Generators panel, click the Stop button to bring the system
to rest.

14. On the Three-Variable Controllers panel, adjust Reset, if necessary.

Ideally the controller output signal is zero when the system is at rest. This
may not be the case if there is a static offset somewhere in the system. To
remove a static offset, increase the Reset and observe the rate at which the
controller output signal is driven to zero. More Reset will result in faster
offset removal. Values in the range of 0.1 to 1.0 are typical.
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If the Reset indicator is red, the correction that the reset integrator needs to
apply to remove the offset is beyond the Reset authority limit. Increase the
Reset authority in small increments until the indicator turns green. If the
indicator is still red after increasing the Reset authority a reasonable
amount, it could be that there is a problem with the electrical or mechanical
system that you should diagnose and correct before continuing.
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Suppressing Oil Column Resonance Using a Notch

Filter

Force feedback is the preferred method of suppressing the oil column resonance
because it tracks changes in oil column natural frequency with temperature and
actuator displacement. However, if a force sensor is not available, a notch filter

can be used instead with similar results.

In the next figure, the frequency response (FRF A (blue)) shows a large peak at
the oil column natural frequency. FRF B (red) shows the frequency response of
the notch filter that will be applied to eliminate the resonant peak.
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With the notch filter applied, the oil column resonance has been completely

suppressed as shown in the next figure.
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Compensating Payload Resonances Using Notch

Filters

The tuning procedures presented so far assume that the payload is a rigid mass. If
instead the payload has resonant modes, the task of tuning becomes more
complex. Resonances and anti-resonances cause sharp peaks in the frequency
response. Use the notch filters on the Resonance Compensator to deal with these.

In the following example, a bare seismic table is tuned using the tuning
procedures previously discussed. Then a heavy, lightly damped 5 Hz resonant
specimen is placed on the table, but the tuning is left unchanged. The resulting
frequency response then looks that shown in the next figure.
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There is a resonance at 4 Hz followed by a sharp transition to an anti-resonance
at 5.4 Hz. Using the Resonance Compensators panel, a notch is placed on top of
the resonance and an anti-notch on top of the anti-resonance, as shown in the next
figure as FRF B (red).
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The Resonance Compensator notch filter parameters that achieve this composite
notch frequency response are shown in the next figure.
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Note that the center frequencies of the notch and anti-notch are slightly offset
from the measured resonance and antiresonance frequencies, this is almost
always the case, so remember to always offset the notch frequencies a little bit
for best results.

With the notch and anti-notch filters setup as in the previous figure, the system
frequency response appears in the next figure as FRF B (red) superimposed on
the original frequency response: FRF A (blue).
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The frequency response is far from perfect, but it is still considerably improved.

While tuning the notches using the Resonance Compensator panel, you may have
to adjust the TVC gains a little. In the above example, the jerk lead was reduced
by 13% to reduce peaking caused by the large gain of the anti-notch.
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The test system demands periodic, routine maintenance to continue to provide
optimum system performance. This section contains lists of recommended
preventive maintenance procedures for the test system and a system maintenance
log. For corrective maintenance information, refer to the appropriate product
manual in the system Reference Manual or contact MTS Systems Corporation.

A seismic test system is a highly complex electromechanical system requiring
maintenance by skilled personnel. A thorough understanding of the system's
nature should be achieved by reading the system manuals and studying the
machine before any maintenance procedure is begun.

Due to the size and weight of a seismic test system, many repair or maintenance
procedures require the use of heavy machine rigging techniques. This manual is
not intended to be a primer in this area and assumes a knowledge of such
techniques and the use of personnel skilled in rigging.

General Inspection Criteria

Before performing any maintenance routine, read the safety practices in
Operator's Safety Practices beginning on page 19 of this manual and the
maintenance procedures in the applicable product manuals (contained in the
system Reference Manual). Any system component not specifically discussed in
this section or in the system Reference Manual should not be adjusted or
tampered with. Consult MTS Systems Corporation about any problems
concerning adjustment of such components.

The Safety Practices section of this manual contains information that can
help maintenance personnel minimize hazards which can be encountered
during system maintenance.

Failure to observe the Safety Practices described in this manual prior to
attempting the following maintenance procedures can result in injury to
personnel and/or damage to equipment.

Ensure that all persons involved in the maintenance of the equipment read the
Safety Practices section of this manual.
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Because each seismic system is a unique installation, the experience basis is very
limited on many of the design decisions made during construction. For this
reason, and in order to maintain a safe system, it is very important to contact the
MTS Service Department immediately if any of the following conditions are
noted:

Excessive nitrogen leakage.

Any bolt or nut fastener failure or any sign of loss of bolt preload, even if
the bolt appears to be defective or if the system has been operated with
insufficient torquing through oversight.

Signs of cracking or slipping of any structural members.

Any operation or maintenance procedure that may have accidentally
overloaded any structural component.

Any loss of system control or unexplained tripping of the limit detector
interlocks.

Any unexplained loss of hydraulic fluid from the system reservoir.

System Operating Inspections

Check for normal system operation whenever the system is run. In addition to the
operation safety checks listed in Operator's Safety Practices beginning on page
19 of this manual, routine operation inspections should consist of checks for the
following:

238 Maintenance Procedures

Fluid level in the hydraulic power supply reservoir is normal (as indicated
on the reservoir fluid level gage).

Nitrogen precharge in the accumulators is within +20% of posted pressure.

No noises (i.e., creaking or clunking) are coming from the actuator swivels.
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Preventive Maintenance Procedures

Before Starting a Test

Most test system maintenance is limited to routine inspections for signs of
obvious component failures, replacement of oil filters, and maintenance of the
correct nitrogen precharge for the accumulators. The following subsections
briefly describe specific maintenance tasks. Refer to the appropriate product
manual (in the system Reference Manual) for detailed maintenance procedures.

The time between maintenance intervals may require re-evaluation and may
change from the specified interval due to experience gained after the system has
been in operation.

General inspection before starting a test. Inspect the area under the table for
damage or obstruction. (e.g., forgotten tools, etc.).

After Completing a Test

General inspection
after completing a test

Check overtravel
bumper assemblies

Check actuator and
attachment hardware

Inspect hydraulic
components

Inspect all bolts

Check hydraulic fluid
level, color and odor

Check HPS high
pressure filter

Seismic Test System User’s Manual

Inspect the system for obvious signs of cracking, buckling, loose bolts, leaks, or
other conditions requiring maintenance or repair. If any of these conditions are
found, contact MTS Systems Corporation.

If, during a test operation, any major impact of the bumper assemblies occurs,
check the condition of the bumper assemblies. Replace if necessary.

Check the actuator and attachment hardware for any sign of damage. Correct any
problem that exists.

Inspect the hard line, pressure sensors, gages, and hose connections for signs of
leakage. Correct any problem that exists.

Inspect bolts for obvious signs of looseness or structural failure. Correct any
problem that exists.

Check the fluid level in the HPS sight gage to ensure that it is within the correct
operating range. A below normal level would indicate a loss of hydraulic fluid. If
below normal, inspect the system for leakage, correct the problem, and refill it to
the proper level. Check the fluid color and compare it to the first test sample
taken after initial system installation. Check the smell of the hydraulic fluid. If
necessary, replace the hydraulic fluid.

[Hydraulic Power Supply Product Manual]

Replace the HPS high pressure filter elements whenever the DIRT ALARM
indicator mounted on the base of each high-pressure filter housing points to
CHANGE (red or yellow zone). In addition, if the hydraulic oil is changed,

replace the HPS high pressure filter.

[Hydraulic Power Supply Product Manual]
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Check HPS low
pressure filter

Check pilot pressure
filter

As Required
Check backlash on

split-jaw swivel
assemblies

Clean actuator piston
rod

Replace actuator seals
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Replace the HPS high pressure filter element whenever the FILTER DIRTY
indicator on the HPS front control panel lights. In addition, if the FILTER
indicator on the software 469D Digital Seismic Table Controller panel lights or
the hydraulic oil is changed, replace the HPS low pressure filter.

[Hydraulic Power Supply Product Manual]

Change the pilot pressure filter whenever the controller senses a dirty pilot
pressure filter condition. In addition, if the hydraulic fluid is changed, replace the
pilot filter.

Check the backlash on the actuator swivel assemblies after the first four to five
hours of use and as often as necessary thereafter.

[Swivel Product Manual]
Clean the exposed area of the hydraulic actuator piston rod.
[Actuator Product Manual]

Replace the piston rod seals whenever leakage occurs or whenever the actuator
has been disassembled.

[Actuator Product Manual]

Seismic Test System User’s Manual



Monthly

Monthly

Check accumulator  Check precharge of all accumulators. If the accumulator pressures are outside of
precharge levels  the accepted levels, charge or discharge the accumulators.

[Accumulator 111 Product Manual]

[Hydraulic Service Manifold Product Manual]

Check hoses  Check hoses for wear or damage.
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Every 1500 Operating Hours

Every 1500 Operating Hours

Analyze hydraulic fluid  Take a sample of the hydraulic fluid and have it analyzed. Replace the fluid if
sample  necessary.

[Hydraulic Fluid Care Guide]
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Every 6 Months

Every 6 Months

Run the system

Check regulated
pressure valve

Check actuator friction

Clean or replace the
pilot pressure filter

Start the system and allow it to reach operating temperature on a monthly basis.
This action drives moisture out of the system and lubricates components that may
have drained while inactive.

Check the setting of the regulated pressure valve on the HPS.

[Hydraulic Power Supply Product Manual]

Measure the friction in the system by monitoring the delta P signal with a £125
mm program at 0.1 Hz.

Clean or replace the pilot pressure filter element on the parking frame.
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Every Year

Every Year

Check calibration of ~ Check the calibration of accelerometer and LVDT. Refer to Tuning beginning on
accelerometer and  page 207.
LVDT
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System Maintenance Log

System Maintenance Log

The system maintenance log is a tool to use in recording and tracking
maintenance. The maintenance interval/date of maintenance entries should be

made when the maintenance is actually performed. An example maintenance log
is illustrated below.

SYSTEM MAINTENANCE LOG
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Example System Maintenance Log

It may be helpful to maintain separate logs for maintenance procedures that are
required weekly, monthly, yearly, etcetera.
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DC Conditioner Calibration 250
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Acceleration Feedback Calibration 252
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AC Conditioner Calibration

AC Conditioner Calibration

AC/DC Conditioners =1E]x]
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Important  AC Conditioner calibration for the actuator LVDTs should only be
performed by MTS Service personnel. The AC Conditioner
calibration procedure shown below is for reference only. The actual
procedure for the actuators on the seismic tables will differ.

Calibration (for a displacement channel) means adjusting a known voltage to
correspond to a known displacement.

The AC Conditioner uses a reactive type transducer such as a linear variable
differential transformer (LVDT). This transducer measures bidirectional
displacement from a zero reference position.

To calibrate an AC Conditioner Displacement channel, perform the following
procedure.

Note  Turn on the console and allow the modules to warm up properly
(approximately 5 minutes) before you make any electrical adjustments.

1. On the 469D Digital Seismic Controller panel, select the AC/DC
Conditioners option from the Calibration menu.

2. Select the displacement channel.
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N o

10.

11.

12.
13.

14.

15.

16.

AC Conditioner Calibration

Adjust the Gain, Excitation, and Delta K controls to the respective values
listed on the original calibration sheets, or set Gain to approximately 3 V/V,
Excitation ampl to 10.000 Vpp, and Delta K (+) to 1.000 V/V (these are
the approximate midpoint values for each control).

Select HSM Lo on the 469D Digital Seismic Controller panel. Adjust the
Setpoint control (on the 469D Digital Seismic Table Controller panel) to
fully retract the actuator without positioning it in the end cap.

Remove the Hydraulics.

Adjust the Demod phase to maximize the output of the conditioner.
Apply the Hydraulics.

Adjust Setpoint to obtain a reading of zero from the conditioner.
Connect a displacement measurement device to the actuator rod.

Move the Setpoint to move the actuator to obtain —10.000 Volt from the
conditioner.

Adjust conditioner Gain until the displacement measurement device reads
the correct full-scale displacement.

Repeat steps 8-11 until zero and full-scale are within desired tolerance.

Adjust Setpoint (on the 469D Digital Seismic Table Controller panel) to
+100% until the conditioner output is 10.000 volts.

Adjust Delta K (+) (on the AC Conditioners panel) until the displacement
measurement device reads the correct positive full-scale displacement.

Plot the actuator linearity by recording the conditioner output values from
the transducer conditioner for £20%, +40%, +60%, £80%, and +100% of
full-scale.

For example, adjust Setpoint (on the 469D Digital Seismic Table
Controller panel) for a dial indicator readout of 15 mm (+20%). Record the
conditioner output values on your transducer calibration sheet. Repeat this
step for £20%, £40%, £60%, +80%, and £100% of full-scale displacement.

Note  The accuracy tolerance (linearity) should be £1% of full-scale. Therefore,

17.
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in the example above, 15 mm should indicate a range between 1.90 to
2.10 Vdc on the conditioner output. If not, return to step 1.

When the AC Calibration procedures are completed, select Save Calibration
from the Calibration menu on the 469D Digital Seismic Table Controller
panel to save the new calibration settings.
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DC Conditioner Calibration

DC Conditioner Calibration

The DC Conditioners are used for different types of feedback: force and
acceleration. Force is measured using a differential pressure cell and acceleration
is measured using an accelerometer. Each has its own calibration procedure

Force Transducer Calibration

To calibrate a DC Conditioner for use with a differential pressure cell:

Note Turn on the console and allow the modules to warm up properly
(approximately 5 minutes) before you make any electrical adjustments.

[=] AC/DC Conditioners

|1-02-1| %1 Forcs fhk

Select... | Next | Previous |

=101 %]
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NelT EY/)

ZEro | 0.0 v
el [ ] EY)
Gain |D.999561 Wiy
Nel ] EY/
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el [ ] [=H

Filter cutoff |Ncme [#]
[ Invert polarity  Shunt cal |

Interlocks

[¥ Disabled Flesetl

i Watchdog timer
() Excitation fail
) Limit

Upper limit

9.999664

Nl

I EY/

Lower limit

-10.0

Hel 1

[+F

¥

v

Conditioner output |IZI .0 ¥

250 Calibration

1. Select the Conditioners option from the Calibration menu on the 469D
Digital Seismic Table Controller panel.

2. Select the DC Conditioner channel for the force feedback.

3. Disconnect the differential pressure cell from the actuator, being careful to

note its orientation.

4. Attach an appropriate, calibrated pressure source to the differential pressure
cell input labeled P1. The pressure source must meet the capacity of the
differential pressure cell and have a higher accuracy than the differential
pressure cell. (MTS recommends using a dead weight pressure tester).
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11.
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13.

14.
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DC Conditioner Calibration

If necessary, adjust the Excitation and Gain controls to the respective
values listed on the original calibration sheet.

Apply a pressure as close to 100% capacity of the system as possible.

Then apply zero pressure and adjust Zero on the DC Conditioner panel until
the Conditioner output value equals OV.

Repeat this step (Step 6) two more times.
Apply a known exact pressure at 80% capacity of the system.

Calculate the ideal DC conditioner output value for this pressure and
compare it with the actual Conditioner output value. The actual value
should be within the permissible variation of the ideal calculated value.
(Refer to the original calibration sheet for the permissible variation).

If the actual value is not within the permissible variation, adjust the Gain
setting on the DC Conditioner panel until it is.

Apply pressures equal to 20%, 40%, 60%, and 100% capacity of the system.
Monitor the conditioner output values to make sure these values are within
specification. (Refer to the original calibration sheet for the permissible
variations).

. Repeat Step 7 if any values are out of specification.

Disconnect the pressure source from the differential pressure cell input
labeled P1 and connect it to the differential pressure cell input labeled P2.

Apply a known exact pressure at -80% capacity of the system.

Calculate the ideal DC conditioner output value for this pressure and
compare it with the actual DC Conditioner output value. The actual value
should be within the permissible variation of the ideal calculated value.
(Refer to the original calibration sheet for the permissible variation).

If the actual value is not within the permissible variation, balance the error
between the two sides of the differential pressure cell (P1 and P2) by
readjusting the Gain appropriately.

If desired, repeat the measurements for +20%, £40%, £60%, +80%, and
+100% of fullscale. Record the Conditioner output values on your
transducer calibration sheet.

When the DC Conditioner calibration procedures are completed, select Save
Calibration from the Calibration menu on the 469D Digital Seismic
Controller panel to save the new calibration settings.

When the calibration is complete, disconnect the pressure source from the
differential pressure cell, and reconnect the differential pressure cell to the
actuator according to its original orientation.
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Acceleration Feedback Calibration

Acceleration Feedback Calibration

To

Note

calibrate the DC Conditioner for use with an accelerometer:

Turn on the console and allow the modules to warm up properly
(approximately 5 minutes) before you make any electrical adjustments.

=
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. Select the AC/DC Conditioners option from the Calibration menu on the
469D Digital Seismic Controller panel.

Select the DC Conditioner channel for the acceleration feedback.

Mount a calibration standard or a recently calibrated accelerometer to the
table in close proximity to the accelerometer which is being calibrated and
connect its output to channel 1 of a two channel dynamic signal analyzer or
other device that provides narrow band AC voltage measurement capability
or, if available, mount the accelerometer to be calibrated onto a portable
accelerometer calibration stand with a built-in exciter.

Adjust the Zero value on the AC/DC Conditioner panel until the
Conditioner output equals 0V.

. Apply a known acceleration to the accelerometers.

Adjust the Gain on the AC/DC Conditioners panel until the Conditioner
output on the AC/DC Conditioner panel equals that of the calibration
standard accelerometer.
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Acceleration Feedback Calibration

7. When the DC Conditioner calibration procedures are completed, select Save
Calibration from the Calibration menu on the 469D Digital Seismic Table
Controller panel to save the new calibration settings.

Remove the calibration equipment and restore system to its normal
configuration.
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Scramnet

Scramnet Signals

The following is a list of signals, their Scramnet memory source, and each
corresponding source.

Note The first 1024 words of scramnet memory are reserved for MTS use.

All signals are single precision floating point (32 bits) unless otherwise
noted.

Signals designated as integer are 32 bits.
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Base Address: 512

Scramnet Memory (part 1 of 3)

LOCATION SOURCE DESCRIPTION

0 XPC Master span

1 XPC Long Reference
2 XPC Lat Reference
3 XPC Vert Reference
4 XPC Roll Reference
5 XPC Pitch Reference
6 XPC Yaw Reference
7 XPC X1 Displ fbk

8 XPC X2 Displ fbk

9 XPC X3 Displ fbk
10 XPC X4 Displ fbk
11 XPC Z1 Displ fbk
12 XPC 72 Displ fbk
13 XPC Z3 Displ tbk
14 XPC Z4 Displ fbk
15 XPC AX1 Accel fbk
16 XPC AX2 Accel fbk
17 XPC AX3 Accel fbk
18 XPC AY1 Accel fbk
19 XPC AY2 Accel fbk
20 XPC AY3 Accel fbk
21 XPC AZ1 Accel fbk
22 XPC AZ2 Accel fbk
23 XPC AZ3 Accel fbk
24 XPC AZ4 Accel fbk
25 XPC AZS5 Accel fbk
26 XPC X1 Force fbk
27 XPC X2 Force fbk
28 XPC X3 Force fbk

256 Scramnet

Seismic Test System User’s Manual



Scramnet Memory (part 2 of 3)

LOCATION SOURCE DESCRIPTION

29 XPC X4 Force fbk

30 XPC Z1 Force fbk

31 XPC 72 Force fbk

32 XPC Z3 Force fbk

33 XPC Z4 Force fbk

34 XPC User A/D #1

35 XPC User A/D #2

36 XPC User A/D #3

37 XPC User A/D #4

38 XPC User A/D #5

39 XPC User A/D #6

64 469D Master span

65 469D Long Reference

66 469D Lat Reference

67 469D Vert Reference

68 469D Roll Reference

69 469D Pitch Reference

70 469D Yaw Reference

7 469D Long Displacement fbk
71 469D Long Displacement fbk
72 469D Lat Displacement fbk
73 469D Vert Displacement fbk
74 469D Roll Displacement fbk
75 469D Pitch Displacement fbk
76 469D Yaw Displacement fbk
77 469D Long Velocity fbk

78 469D Lat Velocity fbk

79 469D Vert Velocity fbk

80 469D Roll Velocity fbk
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Scramnet Memory (part 3 of 3)

LOCATION SOURCE DESCRIPTION

81 469D Pitch Velocity fbk

82 469D Yaw Velocity fbk

83 469D Long Acceleration fbk
84 469D Lat Acceleration fbk
85 469D Vert Acceleration fbk
86 469D Roll Acceleration fbk
87 469D Pitch Acceleration fbk
88 469D Yaw Acceleration fbk
89 469D Long Force fbk

90 469D Lat Force fbk

91 469D Vert Force fbk

92 469D Roll Force fbk

93 469D Pitch Force fbk

94 469D Yaw Force fbk

95 469D X1 Valve cmd

96 469D X2 Valve cmd

97 469D X3 Valve cmd

98 469D X4 Valve cmd

99 469D Z1 Valve cmd

100 469D Z2 Valve cmd

101 469D Z3 Valve cmd

102 469D Z4 Valve cmd

103 469D User A/D #1

104 469D User A/D #2

105 469D User A/D #3

106 469D User A/D #4

107 469D User A/D #5

108 469D User A/D #6
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Scramnet Parameters

Scramnet node
numbers

Maximum number of nodes: 10

Control register values

Seismic Test System User’s Manual

XPC 0
STS 1
BTS 2
469D 3
CSR VALUE
0 0x8103
1 0x8000
2 0xC040
3 0x0100
4 0x5554
5 0x0055
6 0x8103
7 0x0000
8 0xB881
9 0x0029
10 0x0001
1" 0x0000
12 0x0000
13 0x0131
14 0x3F80
15 0x0000
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