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FATIGUE MASTER 7000 CHAPTER 1

CHAPTER 1

INTRODUCTION

Cyber Systems' Fatigue Master 7000 Digital Load Control System provides the latest in
structural test equipment available today. State-of-the-art hardware and sophisticated
software techniques are combined with three decades of Cyber's experience in the field of
structural test systems. The result of this combination is a structural test system capable of
meeting the unique requirements of the aerospace and aircraft testing industry.

The Fatigue Master 7000 is completely modular in design, allowing it to be easily configured
to accommodate a wide range of requirements, including hundreds of control channels,
independent and simultaneous control of multiple tests, and/or acquisition of up to 2000 or
more auxihiary data transducers.

All setup, control, and test monitoring is performed from a centralized area using a
combination of one or more video display terminals and/or X-Windows terminals.
Contemporary menu-driven software together with the UNIX System V Operating System
readily handle the multi-tasking, multi-user requirements of a structural test environment.

Overall monitoring and control of test parameters is enhanced by front panel controls &
displays available with each servo controller. Graphic software and the high-performance 32-
bit X-Windows terminal(s) provide the added capability to monitor on-line test data in
several graphic formats, including strip charts, X-Y plots, and bar graphs.

The use of specialized operational modes within the application software allow both static
and fatigue type testing applications to be performed with the same degree of ease.

Microprocessors, together with advanced software methods, allow the Fatigue Master 7000
to offer many features which were unavailable until now. Some of these features include
automatic bridge balancing, automatic feedback scaling, automatic valve balancing, and
automatic loop parameter tuning. These features eliminate the tedious task of manually
adjusting control knobs, ultimately reducing the number of man hours and cost associated
with setup.

This chapter describes each of the components of the Fatigue Master 7000 Digital Load
Control System, and identifies the key features of the test definition software used to set up,
monitor, and review tests.

Cyber Systems 1-1



FATIGUE MASTER 7000 - - CHAPTER 1

As Figute 1-1 illustrates, the basic architectute of Cyber's Fatigue Master 7000 includes six
major building blocks:

a Motorola UNIX-based host computer & VDT(s)
a real-time controller referred to as the TMTM
one or mote Test Control Panels

one or more digital servo controllers :
one or more "X-Windows" terminals (a.k.a. X-terminals)
® an optional Cyber Auxiliary Data Acquisition System (ADAS)

Though other components such as computer peripherals and discrete I/O hardware ate also
employed in the system, focusing on the major elements individually described below will
stmplify the understanding of the overall system operation.

Fatigue Master 7000 Sys

Measurement Contiol Unit
Mcy
- Acquisition
Processor

Figure 1-1 FMT7000 Architecture
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FATIGUE MASTER 7000 CHAPTER 1

The Host Computer

The host is 2 Motorola Delta Seties computer employing a 68040 or 68030 processor and
the VME bus architecture. The host, in conjunction with one or more standard video
display terminals (VDTs) or X-tetminals, is primarily used for all non-time-critical functions,
including test setup, tabular & graphic data display, data recording, hardcopy output, etc..
All system/test control is accomplished through simple "user-friendly” interface methods
such as pull-down menus, spreadsheets, dialogue boxes, etc..

The Motorola host computer is configured as a rack-mountable chassis, equipped with the
following items:

® 520 MB hatd disk unit (upgradeable to larger sizes, optionally)

e 150 MB streaming cartridge tape drive unit

e Optional network communication provisions (NSE which includes Ethernet-TCP/IP,
NFS, RFS, etc.) to X-Windows terminals and other compatibly equipped computers.

This capability is normally provided only when Cyber's real-time graphics package is
configured with the system or when an interface to external computers is required.

Cyber Systems 1-3
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The host computer contains the application software used to define channel parameters and
set up test procedures. The host application software, as well as all firmware used
throughout the system, is written in the high-level "C" language.

The computer can store both operator-defined tests and large spectrum load sequences
cteated on a different machine and downloaded via a data link (ethernet or RS-232) or
magnetic tape. When you run a test, the host computer transfers this information to the
TMTM, which actually executes each test procedure step. On-line data regarding the test
may be continuously supplied to the host computer for monitoring purposes.

The Test Monitor & Transition Module (TMTM)

The Test Monitor & Transition Module (TMTM) is the heart of the FM7000. The TMTM
is a real-time controller comprised of three VME processors (68020s) dedicated to
performing the real-time execution and synchronization of the test profile, as well as
preprogrammed conditional actions in response to "out-of-limit" servo conditions or digital
inputs. It continually monitors the servo controllers and overall test operation, while
stmultaneously reporting system conditions, malfunctions, and faults as they occur.

The TMTM also is the communication channel between the servo controllers and the host
computer. It uses a digital serial interface which allows remote placement of the servo
controllers up to 300 feet from the TMTM and host computer. The communication link
between the servo controllers and the TMTM is redundant, with two distinct and dedicated
channels. Upon detection of a failure in one channel, the TMTM automatically switches to
the alternate channel and issues a shutdown to the servo controllers.

The TMTM also monitors 16 discrete inputs and controls 16 discrete outputs per test.
Though several are reserved for specific functions, most are available to be used with
external control and monitoring devices in the test control environment. Typical uses
include:

e Hydraulic interlocks which allow the Fatigue Master 7000 and the hydraulic subsystem to
communicate. For example, in an emergency the Fatigue Master 7000 may send a dump
command to the hydraulic system via a discrete output. Ox it may receive 2 "hydraulics
on" discrete input that inhibits load cell calibration.

® General purpose fault indicators that use discrete input signals from auxiliary monitoring
devices, such as break wires or limit switches, to trigger immediate corrective action.

® Test article discrete controls that may activate or sense actuators or pumps integral to the
test article. If the test article, for example, is required to undergo a pressurization cycle
during the test procedure, a discrete output can be used to activate a compressor at the
correct time. The load sequence could be scheduled to hold until a discrete input
connected to a pressute sensing switch is set, and then resume automatically.

Cyber Systems ) 1-4
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Test Control Panel

For purposes of test article protection, certain test control processes are left under manual
control and executed only at the Test Control Panel. The complete test environment may
contain multiple Test Control Panels, each controlling only the channels dedicated to a
specific test. Each test can also employ redundant control through the use of two Test
Control Panels. Typically, one is placed in a control room, while the other is out on the lab
floor near the test article.

Once you have defined a test and calibrated the system, you may activate the hydraulic
system from the Test Control Panel. The hydraulic system is interlocked; you must first turn
the system on, then select low pressure, and then select high pressure. You must use the
Test Control Panel when you want to start the test or ramp to pre-defined load conditions
prior to starting. During test execution, you may use the Test Control Panel to temporarily
hold the test procedure at a specific point or to issue an emergency stop command to the
hydraulic actuators.

The Test Control Panel also allows you to scale the test parameters during test execution.
You may execute the test one step at a time, simultaneously scale all channels between 1%
and 100% of their respective programmed load, or execute the test at between 1% and 200%
of the programmed rate. The panel also includes four user-definable endpoint counters that
display the current test step. Figure 1-3 shows the front panel of the Test Control Panel.

The Model 7030 Digital Servo Controller

Each dual-channel servo controller in the test environment interprets load instructions from
the TMTM and drives up to two load actuators. The servo controller contains built-in
circuitry that enables it to execute complex load processes independently of the TMTM.
Feedback information from the servo loop is modulated by both digital and analog processes
to provide accurate, high-speed, and adaptive loop control.

The servo controller continually monitors loop error and feedback, and responds
automatically according to programmed instructions when the feedback and/or error signals
exceed specified levels.

The servo loop includes a software summing junction in addition to the hardware error
junction, thus allowing the use of programmed algorithms to enhance performance. The
Model 7030 Digital Servo Controller includes the following features, all of which are
operator-controlled via the Fatigue Master 7000 software:

e Automatic bndge balancing

Automatic feedback scaling

Automatic valve balancing

Oscillation suppression & auto-tuning
Dynamic null pacing (inner-error pacing)
e Endpoint tolerance checking

e Built-in hydraulic simulation

A-Windows Terminals (Optional)

Cyber Systems 1-5
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When the FM7000 is configured with Cyber's Real-Time Graphics Package, the system
includes one or more high-performance Network Computing Devices (NCD) X-Terminals.
These units operate in conjunction with the host computer via a thin-line or thick-line
Ethernet link. They provide enhanced control & display through the use of X-Windows
software. Display options include real-time graphical formats which consist of:

® scrolling strip chart display of servo loop parameters (real-time & replay)
® bar graph display of the load feedback signal in engineering units or %
e *X-Y plot of up to 4 ADAS channels vs. one load channel on the same plot

When any of the above graphics formats is requested from the setup software (which is
running as an independent "window" on the display), a new, additional window appears
which displays data in the requested format. Each graphic window may then be manipulated
in standard ways as allowed by X-Windows & Motif (minimize, maximize, move, resize, etc.)
and as desired by the operator.

ekstokstokksfokokokokokfoksfokokokokskkskskoksdolokskoRsRokskck | skokokskskskokskosk sk okokok ki skokskokokok ok sk ok sk skskok sk sk skokok

X-Y plots are available only when Cyber's Auxiliary Data Acquisition Subsystem is included
in the overall system configuration. In addition, x-y plots are restricted to graphs of stress vs.
strain (Le. load channel vs. auxiliary data acquisition channel).
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System
Peripherals As standard, the FM7000 is delivered with a dot matrix printer for hardcopy

output of tabular reports. If the system is configured with Cyber's optional real-
time graphics package, a high resolution laser printer is substituted in place of the dot matrix
unit. The laser printer provides hardcopy output of tabular & graphic data.

Transferring/Monitoring Data via Communication Networks

The Motorola Delta Series host computer may be optionally configured to have complete
networking capabilities through the use of Netwotk Services Extension (NSE) software.
This package provides the following, in part:

® Etheret - TCP/IP intetface capabilities

® Network File System (NFS) software for direct file access between X-Window terminals
(clients) and the host (server)

® Remote File Sharing (RFS) software to allow compatible computers to use each othets'
file systems "transparently”.

With this configuration, the Fatigue Master 7000 can be an integral part of a Local Area
Network (LAN) for such purposes as file transfer and remote monitoring. If this is the case,
a separate Ethernet controller module is normally provided with the host computer.

The system can also facilitate post-test file transfer via supplied RS-232 ports. Using
standard file-transfer software (e.g. KERMET) resident in the host computer, data files may
be transferred to and from external computers.

Cyber Systems 1-6
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The Fatigue Master 7000 Application Software

Much of the operation of the test control system is controlled by instructions that you define
and enter into the computer using the Fatigue Master 7000 software. The application
software resides on the host computer hard disk as delivered.

This manual provides you with all you need to know to use the software to set up, calibrate,
execute, and monitor a test. Some of the key operator features of the Fatigue Master 7000
software include:

Channel definition

Spectrum definition
Programmed conditional actions
Channel calibration

Test execution control

Test monitoring displays and hardcopy repotts
As you go through this manual, each function is described in detail.
CYBER'S AUMILIARY DATA ACQUISITION SYSTEM (OPTIONAL)

The Fatigue Master 7000 may also be configured with an optional Cyber Auxiliary Data
Acquisition Subsystem (ADAS), for applications requiring synchronized measurement and
automatic correlation of external test transducers. Cyber's ADAS operates as an integral part
of the Fatigue Master 7000, providing low-level multiplexing and signal conditioning of up
to 2048 external transducers.

Chapter 8 provides a detailed description of the ADAS, including instructions on how to
setup up and calibrate the ADAS, as well as how to monitor, print, and record ADAS data.
Referring back to Figure 1-1 to see how the ADAS is integrated with the FM7000.

When the FM7000 is configured with the ADAS, the following items are included:

® A Measurement Control Unit (MCU)

e A DR11-W interface board within the host computer

®  One or more multiplexed data acquisition channels with amplification.
® One or more excitation power supplies for bridge type input channels

® Analog-to-Digital conversion
Digital interface to the MCU

Cyber Systems 1-7
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Measurement Control Unit (MCU)

The MCU is the heart of the ADAS system. In addition to providing the interface between
the host computer and the measurement hardware, the MCU controls all aspects of data
acquisition, including the channel scan rate, post-amp gain settings, data transfer, and
channel setup. Presently, a bi-directional DMA interface is used for communication between
the host computer and MCU. Setup and control commands flow from the host to MCU,
while acquired data is transferred from the MCU to the host. With earlier systems, the host
used a serial RS-232 link to send commands to the MCU. Figure 1-2 shows the ADAS
architecture.

The scanning rate of the ADAS is 20,000 samples-per-second (i.e. one channel every 50
zseconds). Thus, the time to scan all channels depends on the number of channels provided
with the system. Acquired data is transferred to the host and recorded to disk according to
preprogrammed entries in the test procedure. This high rate per channel provides good
correlation of data within a complete scan. However, to utilize all the data taken at this rate,
continuously, is unnecessary. Therefore, the MCU is presently designed to take a scan of all
channels at a rate of approximately 20 times per second (every 50 milliseconds). The system
uses every 10th scan (~ every 500 milliseconds) to continually update the test data displays.

Recording ADAS data is described in Chapter 8.

Cyber Systems 1-8
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The DR11-W interface

The DR11-W is a bi-directional interface which controls the transfer of data from the MCU
to the host, and the transfer of control and scan list data from the host to the MCU. It
provides the means for the MCU to operate in a bidirectional DMA mode with the host.
Multiplexed Preamplifier

The mux preamp provides low level amplification of the multiplexed input signal (i.e. low
level transducer output). It has gain ranges of 1, 16, or 256.

Post Amp/ADC

The Post Amp/ADC card performs two major functions:

® ISVrovides powers of 2 amplifier gains (1, 2, 4, 8, 16, 32) which further amplify the preamp
output signal

® Performs analog-to-digital conversion of the high level signal

Calibration Supply

supplies the precision voltage calibration supply used in calibrating the data channels.

Fiber Optic Data /O

performs intetface and data conversion between the MCU and the other master chassis cards

Fiber Optic Adapter

accepts input from the MCU in the form of dual fiber optic cables (receive / transmit)
converts serial data to parallel and interfaces with Fiber Optic Data I/O card

Address Driver

performs address decoding for a particular chassis within an RMU

Cyber Systems 1-9
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The Multiplexed Input Channels (MUX channels)

The MUX cards configured in the front end measurement hardware provide the signal
conditioning and input multiplexing of low level transducer signals (i.e. strain gauges,
thermocouples, voltage, etc.). Each MUX card receives and conditions eight (8) inputs and
provides local multiplexing. Final levels of multiplexing are performed on the PGA card.

Each input channel accommodates differential signals in the range of i5mV to 10.24 Volts
full scale. Twelve programmable gain ranges between X1 and X2048 are provided. Twelve
(12) bit or 16-bit digitizing resolution is available.

Integral bridge completion and shunt calibration is mcorporated with each input channel to
minimize the number of connections in the signal path, increasing reliability. Terminal lugs
are provided for installing a single-point shunt calibration resistor and bridge completion
resistors for 1-arm, 2-arm or full bridge configurations. Appendix G provides information
on connecting your transducer.

Excitation Power

The ADAS is often configured with one or more excitation power supplies. These units are
used in conjunction with the MUX cards and provide common voltage excitation supply for
each group of 32 channels. The voltage output of each supply is manually adjustable from 0
to 15VDC.

The ADAS Software

The operation of the Auxiliary Data Acquisition System is controlled by instructions and
entries that you define using the Fatigue Master 7000 application software enabled with the
ADAS software option. Included in this option is a separate main menu selection labeled
ACQUIRE, as well as additional hardcopy reports and appendages to the LCS Test Data
display/report. This chapter provides you with all the necessary information needed to set
up, calibrate, monitor, and record data using the AuxDAS. Some of the main features of the
AuxDAS software include:

DAS channel definitdon

DAS channel calibration

DAS rosette setup (optional)

Defining Computed Channels (optional)
Test monitoring and hardcopy reports

Cyber Systems 1-10
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CHAPTER 2

USING THE FATIGUE MASTER 7000 TO CREATE A TEST

Assuming you've turned on the system, as described in Appendix B & C, you should be ready to
become familiar with the FM7000 application software and create a test. The first part of this chapter
describes the vatious types of interfaces used in the application software, while the second part
describes how to create a new test. Other tasks, including opening existing tests, saving tests, and
closing tests, are also described.

The Fatigue Master 7000 software is menu-dtiven. This means you access each of the software
functions by making successive selections from menus that list different options. When you select an
option from a menu, the system responds in one of the following ways, depending on the particular
option selected:

® The system displays a sub-menu from which you select another option.
® The system displays a work screen which you use to enter or view information regarding the test.

® The system executes the function identified by the option and returns to the same screen, or to a
higher-level menu.

The remainder of this manual describes the functions of the F atigue Master 7000, identifying the
entres you make to achieve specific results. This chapter focuses on the general rules for interacting
with the system, selecting functions, plus saving and retrieving test files.

Figure 2-1 shows the Fatigue Master 7000 Main menu. This menu is the starting point for all system
operations. It is the first menu displayed when you access the system, and it gives you access to these
functions:

® File lets you open and close tests, create new tests and save them, and exit from the Fatigue Master
7000. The File option is discussed in detail later in this chapter.

° Display is used to enter, view, or change test parameters. This option is described throughout this
manual.

® Static lets you create test profiles and perform branching functions using the FM7000's static
mode software. These options are described in detail in Chapter 4.

e Control lets you execute the test, with options to verify the test definition, start up and monitor the
test, and control the individual test channels. These functions are discussed in various chapters,
mcluding 6, 7, 9, 10, and 11.

e Reports offers a selection of several reports which includes setup data, load conditions, test

- procedures, and test data. Reports is described in Chapter 13.

® Acquire is used to set up the Auxiliary Data Acquisition Subsystem (ADAS) channels, verify input
parameters, and calibrate the ADAS. This menu selection is only functional for systems configured
with Cyber's auxiliary data acquisition subsystem. Acquite is described in Chapter 8.

® Cs gives the software version number and release date.
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Channel Parasmeters

iption

12000

The Main Menu Bar

Selecting Menu Options

Whenever the Main menu is displayed, one of the options in it is shown in a highlighted block. This
block is a pointer that is used to select different functions; you can move 1t from one item to the next
by pressing the left arrow key or the right arrow key. To select an item from the menu, follow these
steps:

ILE H@ISPLAY BraTiC BONTROL FEPORTS FOUIRE B
r LCS Calibrate —eeemc—,

Bridge Balance
R-Cal

Valve Balance
Error Balance

R-Cal Deviation
Tare Balance
Calibrate RLHS Amps

Figure 22  Example of a Pul Down Menu
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Step 1: Move the highlighted block to the desired Main menu bar option.

Step 2: Press either RETURN or the down arrow key. The screen displays the list of
functions that may be accessed through that menu choice, as shown in Figure 2-2.
The highlighted block is located at the first selection in the function list.

Step 3: Move the highlighted block to the desired function by pressing the up arrow or the
down arrow key.

Step 4: When the highlighted block is at the desired function, press RETURN to select it.

Alternatively, you can select an item in a menu list simply by typing the first letter of the function. In
some lists, however, two or more functions begin with the same letter: in this situation, typing the letter
selects the first of the functions beginning with that letter.

When a list of functions is displayed below a menu option, you can press the left arrow key or the right
arrow key to display the list of functions available through the adjacent menu options. To return to the
Main menu and erase all function lists, press the ESCAPE key (i.e. the F11 key).

USING THE FATIGUE MASTER 7000 SCREENS

After you select a function, the system typically displays a screen that you use to enter or view test
information. There are two main types of screens: dialog boxes and spreadsheets. How you enter ot
edit information depends on the type of screen displayed.

Using Dialog Boxes

Dralog boxes are easy to recognize: a line surrounds the input area of the screen. The line is broken at
the upper left where the screen name is inserted. Figure 2-3 shows a typical dialog box.

With dialog boxes, you enter information on the screen and then store the information by pressing
RETURN. Pressing ESCAPE does not store "just entered" information. The Master screen in Figure
2-3 shows three types of input that are possible with a dialog box-type screen: entry field, button, and
checklist.

e Field input areas are shown as highlighted blocks; you simply type information in these highlighted
frelds.

® Button inputs, sometimes called radio buttons, are pairs of parentheses () corresponding to
alternative choices. A dot is located in one of the pairs (J); you use the atrow keys to move the
dot up or down, leaving it within the parentheses that correspond to your selection.

© Checklist input areas are pairs of square brackets [] that correspond to non-exclusive choices; you
select listed items by pressing the space bar, which causes an "x" to appear within the brackets [x].
To de-select the item, press the space bar again: the "x" disappears. With checklist choices, you
may select any number of the available options.
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r Start-Up :
Pri, Test Panel Sec, Test Panel [
COUNTER 1  COUNTER 2 COUNTER 3 COUNTER 4
( [ |

(B> START Counters [ R
{ ) RESTART

Test Name: lmswdemo

Hist, Every "N° Waypoints [EEE

% Post Freeze Canture Gl

RCAL Deviation Limit (%)

Endpoint Pacing Tolerance

DAS Comparison Check Tolerance (%)

[ ] Clear Histogram
L ] Clear Event Log
[XJ Arm Hydraulics

] LCQNCEL ]

igure 23 Example of a Typical Dialog Box

There is a fourth type of input used with dialog boxes, "list selection”. With this type of input, you use
the arrow keys to move to a highlighted block, selecting one option from a list of available options.
List selection is often used when the selections are not always the same, as when you select a test name
from a list of available names. It is similar to the process used to select functions from Main menu
options.

When you access a dialog box, the cursor (a small flashing underscore symbol on a alphanumeric
console or a colored box on an X-Terminal) is located in the first input area. The cursor shows the
input area where your keyboard entries (typed characters, button selection, checklist entries, or list
selection) will affect the screen. You access the input areas sequentially, entering appropriate
mnformation in each, and then moving on to the next. To move the cursor to the next input area, press
TAB; to move it to the previous input area, press SHIFT-TAB. On X-Terminals, use
<CONTROL> B to go backwards.

Dialog boxes also contain "action boxes". These are small boxes, with labels such as OK, SELECT,
or CANCEL, that determine how the system responds when you finish with the screen. One of the
action boxes is highlighted; this is the default action box. You can accept the default action or select
another by moving the cursor to a different action box. Use of these boxes is optional. When you
press RETURN the system executes the action of the dialog box regardless of where the cursor is.
OK or SELECT accepts the information displayed in the input areas on the screen. CANCEL
cancels the screen, discarding any changes you made and retaining the original information displayed
on the screen.

To override the default action box, move the cursor to the alternate action bos, using TAB or
SHIFT-TAB, before pressing RETURN. Be careful using RETURN with a dialog box screen. If
you accidently press this key, the current action box is executed, and may result in incomplete or

incorrect information being stored for the test. To leave a dialog box without stoting new entries,
simply press ESCAPE.
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Using Spreadsheet Screens

The second type of input screen is the spreadsheet-type screen, Figure 2-4, where your entries are
alphabetic or numeric characters typed into spreadsheet cells.

With these screens, the up/down/left/right arrow keys are used to move the cursor to the desired cell,
which is indicated by a highlighted block. After typing a cell entry, press RETURN, an up or down
arrow key, TAB, or SHIFT-TAB, (KCONTROL B> on X-Terminals) to store that entry. When you
finish with the screen, press ESCAPE to store all entries. Each subsequent press of the RETURN key
will move the active cell in the direction of the last arrow key. Thus, if the last arrow key pressed was
the down arrow, each subsequent depression of the RETURN key will move the cell vertically down.

Ak kR ok Fekokok ok kol dkok skokskok sk skokakesk sk ok sk ok ook sk sk kR kok skok sk ok sk kokok skt skkskok ko kol ok ok skkok sk

The side arrow keys will move you to the next cell provided you ate not editing the present cell. In this

case, the side arrow keys will move the cursor within the cell.
Shekeskofek kst okokek sk ok otk dkokok sk ktokokook ket ok ko ek sk skok sk ol skok sk sk sk sk sk skl sk sk ks sk ok sk sk stk sk sk sk sk sk ok sk sk sk sk sk sk sk sk sk sk sk ksk sk k
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Figure 2-4 Typical Spreadsheet Screen

Using Test Files

Tests are created and stored under a single test name. To access the test definitions, or to execute a
test, you must first open the test; to leave the test, you must close it. When you open a test, the system
makes the test definition information available to you. You can view or modify the channel and test
definitions, and download the test parametets to the TMTM and servo controllers. When you close
the test, you remove the ability to view or modify the test information.

Closing a test has no effect on the test after it has been started. Actual test control is accomplished by
the TMTM, servo controllers, and test control panel(s). The information in the host computer isn't
necessary for operation after it has been downloaded.
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This section describes the steps you follow to:

® Create a new test.

® Open an existing test.

® Save a test.

e Close a test.

® Print a test. .

skokokskoR koK KRRk Rk sdedokskokok ko sokskFok sk ok sk ok - sekoksokokkkk ok skokskokskskatork sk sk skskok sk ok skokok ok

Depending on whether or not passwords and access levels have been assigned (see Appendix H), your
individual access level may not be able to access all of the screens. The ability to change test
information at your site may be restricted. '

Creating a New Test

When you create a new test, you simply follow these steps:

Step 1: Access the File menu, New option. The New Test screen is displayed, Figure 2-5.
Step 2: Enter the test name in the Test Name field.
Sokesfok koo skf kot sk ok sk ok ok stk sk kok sk sk skok skt sk ok sk ok ke sk - ***************************

Spaces are invalid and must be accomplished using underscores.
*******************************************************************

Step 3: Select the Test Type using the arrow key. If you select Static, the additional screens
needed to run a static test will be accessible. If you select "Fatigue”, only the standard
screens will be accessible. Differences between selecting Fatigue or Static are described in Chapter 4.

Step 4: Press RETURN. The system creates the new test, automatically opens it, and
returns to the Main menu.

Even though the new test has been created, it has no test definition information associated with it.
The File operation has only created the test directory under which individual files will be stored. You
must still enter the test parameters, as described in Chapter 3, before executing the test.
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BILE @E1spPLAY BraTIC floNTROL
r New - - - -

TestName

Test TYPE
{ ) Fatigue
{,) Static

i Cancel

Figure 2.5  New Test Screen
Opening an Existing Test
When yo{i open an existing test, you select the test from a list of available tests. Follow these steps:

Step 1: Access the File menu, Open option. The Open Test screen is displayed, Figure 2-6.

The dialog box on this screen has one mput field and two action boxes. The
SELECT action box is the default.

Step 2: Use the up arrow key or the down arrow key to highlight the desired test. Also, if

many tests are listed, use <NEXT SCREEN/PREV SCREEN> or <NEXT
PAGE/PREV PAGE> to go through the list more quickly.

Step 3: Press RETURN. After a short pause, the system opens the test and returns to the
Main menu. Each time a test is opened, a temporary directory is created, and all
setup files are copied from the original testname directory to the newly created temporary directory.

BILE @IsPLAY BTATIC |
- Open

- Test Name

000
dastest
fred
Junk01
Imswdemo
Imswfatl
Imswfatl0
Imswfat20
Imswfatbd

CANCEL

SELECT

NextScrn—

Figure 2.6 Open Screen
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Saving a Test

Whenever you make changes to test definitions, you must save the changes before closing the test: if
y 8 ns, y . g g

you don't, the changes are lost and are unavailable the next time you open the test. You can save a test

In two ways:

® You can save the test using the original test name. This method updates the existing test definition
with any changes you make prior to saving the test.

® You can save the test using a different test name. This method makes a copy of the test stored
under the original name, and updates the copy with any changes you make prior to saving the test.

A test must be open before you can save it. It remains open, after you save it, until you close it. To
save a test, follow these steps:

Step 1: Select the File menu option. The File menu is displayed. This menu differs from the
File menu displayed when you are opening a test: since a test is already open. The
New option and the Open option are omitted, and four options, Close, Save, Save As, and Quit are
added.

Step 2: To save the test under the original test name, select the Save option and press
RETURN. The system saves the test and returns to the Main menu. To save the
test under a new name, select the Save As option. The system displays the Save As screen . Each time
you save a test, the setup files are copied from the temporary directory to the testname directory.

Step 3:1f you are saving the test under a new name, enter the new name in the TestName box, then
press RETURN. The system saves the test under the new name and returns to the Main menu.
Closing a Test

When you finish working with a test, either defining the test parameters or running the test, you must
eventually close the test. You may only close a test that is currently open.

stk sk ok sk skekokskkok kokokokokskskskskskokokkokokokokskokokokokok | Ffokeok Rokokok okokosk sk kR kokok skokokokokokokokokskkokok ok

Closing a test is different in Password Protected Systems. Refer to Appendix H.
ook ofokseokok sk kol koksk etk sk sk leskok ok skokskskoskskokokok sk sk skoleok ok stk stk ok sk ok sk sk sk sk sk ks sk ok sk skokeskoks ok sk skokeok ok sk sk ok skeskok 3k

To close a test, simply select the File menu, Close option. If no changes were made to the setup since
the test was last saved, the system closes the test and returns to the Main menu. Each time a test is
closed, the temporary directory is deleted. If test items were altered, you will be asked if you wish to
save changes as shown in Figure 2-9.
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The system will also ask if you wish to save the Test Data file. If you wish to save the Test Data file,
select YES and press return. Another dialog box, appears and prompts you to enter a filename under
which this Test Data file will be recorded. All test data files for a given test are stored on the
computer's hard disk under " /usr/dlcs/status/<testname>".

LEAVING THE FATIGUE MASTER 7000 APPLICATION SOFTWARE

Notmally, the FM7000 runs continuously on the host computer; there is no need to exit from the
software and return to the UNIX operating system.

seoeoorokokskok sk skok skokokkksk okoskok sorokok sk koskok dokokeskkok ok | sk sk ok sk kokok okeok skt skok ek ek sk sk ok skok sk sk k

Though the system can continue executing the current test once you've left the application software,
exiting from the FM7000 may compromise the integrity of the test control environment, since visibility

to test data 1s reduced.
*****************************************************************************

Follow the steps below to exit the FM7000 application software:
Step 1: Select the File menu, Quit option.

Step 2: If the test was previously closed, the system leaves the application software and
returns to the UNIX operating system shell.

If the test was not previously closed, a dialog appears and asks you if you wish to save changes. Take
desired action by tabbing to YES or NO and pressing RETURN.

If you selected YES, the system will also ask you if you wish to save the Test Data file. If so, provide
the requested information and press RETURN. The system leaves the application software and
returns to the UNIX operating system shell.

Cyber Systems Inc. 2.9



FATIGUE MASTER 7000 : - . CHAPTER 3

CHAPTER 3

DEFINING THE CONTROL CHANNELS & TEST-

RELATED INFORMATION

The first task in running a test is to define the parameters that control it. This chapter takes you
through that process, explaining the initial procedures required to set up a test. Many of the same steps
described in this chapter may also be used to view or change the parameters of an existing test. If
necessary, refer back to Chapter 2 for any questions you may have about interacting with the FM7000
screens.

The following steps are performed to set up a typical test:

1. Set up report headings
Assign channel numbers to the physical channels, and enter the full scale load, 100% load,
feedback gain, and excitation voltage for each channel.

3. Setup loop parameters (proportional gain, integrator time constant, etc.)

4. Define the limits for feedback and loop-error for each channel.

ok sk sk KRR R ek ok ok skok kb sk sk sk sk skl sk ok ok ok ok “ skokoke sk ok sk sksk sk sk sk sk ok s sk sk sk skt sk sk sk sk sk ko kokokok

Only item 2 above is required to run a test, since default values can be used for all other entries. It is
also important to note that once you've entered the information described in this chapter and have
downloaded the test (Chapter 6), many of the entries can not be changed without aborting the test and
re-downloading. APPENDIX K provides a list of which parameters may be changed on-line.

Soksfeketesfokoksokfeokokoktokskok ok stk skotokk ko skok ok stk ok skkokok sk skok 3ok sk sk ok sk ok sk sk sk sk sk sk sk sk sk sk ok sk skskok sk sfeokokoksk

BEFORE PERFORMING ANY OF THE OPERATIONS DESCRIBED IN THIS CHAPTER,
REMEMBER TO CHECK APPENDIX A FOR SPECIAL FEATURES OR MODIFICATIONS
WHICH MAY BE ASSOCIATED WITH YOUR PARTICULAR SYSTEM.
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DEFINING THE REPORT HEADINGS AND ENDPOINT COUNTERS

The FM7000 lets you create the headings that print at the top of hardcopy reports generated from the
test. In addition, you may assign descriptive names to each of the endpoint counters. These names will
also appear on the Master screen and Test Data display above the individual counter numbers.

There are a total of four counters. Counter 4 is a dedicated counter which is incremented at each step
in the test procedure. Counters 1, 2, and 3 are user- definable and may be incremented by one or more
steps in the test procedure. Each time counter 1, 2, or 3 is incremented, all higher-numbered counters
are reset to zero.

Your test scenario should suggest appropriate names. For example, in an aircraft fatigue testing
environment one might name the counters Lifetimes, Flights, Blocks, and Segments.

HISPLAY BTATIC BONTROL [EEPORTS ECQUIRE s
- Report Headings

Counter 1 Description:

Counter 2 Description:

)

Counter 3 Description: IEDUNTEE 34] I CANCEL l

Counter 4 Description: COUMTER 4

Figure 3-1  Defining Report Headings and Counter Labels

Follow these steps to create the report heading and name the endpoint counters:

Step 1: Select the Display menu, Report Headings option. The Report Headings screen,
Figure 3-1, is displayed.

Step 2: Enter the report heading in the two boxes at the top of the screen. Use the upper
box for the first line of the heading and the lower box for the second.

Step 3: Enter the counter names in the four counter description boxes. Remember that
counter #4 is the lowest level counter, and is incremented the most frequently.

Step 4: Select OK or press RETURN when finished.
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DEFINING TEST CONTROL CHANNELS

At this point you are ready to define the individual control channels to be used in the test. To
accomplish this, you will perform the following tasks:

Link a logical control channel number with a physical servo channel

Define individual channel names for each channel in the test

Define full scale values and 100% load values for each control channel

Define how the feedback gain is to be established for each control channel (i.e.
through an RCAL procedure or by setting the full scale feedback range directly).
Define the excitation voltage and engineering units label ,
Define the individual loop etror and feedback limits for each control channel
Define the individual control parameters for each control channel

Define the individual tuning parameters for each control channel

Follow these steps to name each channel and enter its full scale load value:

Step 1: Select the Display menu, Channel Parameters option. The dialog box shown in
Figure 3-2 is displayed. Select Channel Description. The Channel Description
_screen, Figure 3-3, is displayed.

@IsPLAY ETATIC BONTROL EBEPOR]
Channel Paramgters -—————

() Channel Description
( ) Channel Limits (%)
(¢ ) Channel Limits (EU)
{ ) Channel Control
{ ) Channel Tuning

EEEEEE| | cencel |

Figure 3-2  Channel Parameters Dialog Box

Step 3: Move the cursor to the line that cortesponds to the control channel you want to
enter. The control channel numbers are listed in the column at the left side of the
screen: a total of 17 may be displayed per page. If the channel number you want to
define is not shown on the screen, use the
down arrow key or <NEXT PAGE> key to scroll to additional channels. Use the up
arrow key or <PREV PAGE> key to return to the first group of channels.

Step 4: Enter the physical channel number in the column Servo Chan. This number
corresponds to the physical location of the channel in the equipment cabinet.
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Observe the following restrictions when entering Servo Chan:

® You must begin channel numbering with Cntl Chan #1.
® You must assign a logical channel (Cntl Chan) number to each servo channel used in the test.

® Servo Channels must be assigned to Control Channels (Cntl Chan) in a contiguous order; blank
fields in the Servo Chan column are not allowed

12000

xgure 3-3  Channel Description Screen

Step 5: Enter a descriptive channel name which will be used throughout various data
displays in the column labeled Channel Name.

Step 6: Enter the full scale for the channel in the column labeled Full Scale. This value may
represent load or displacement. To the servo, the number entered for full scale is
always equivalent to 10 Volts and 2000 counts.

Step 7: Enter the 100% Load value in the column labeled 100% Load. The 100% Load entry
1s made in engineering units according to structure design limit. This entry is used in
conjunction with the Full Scale value. The 100% Load entry may range from 1 to 0.5
times the full scale entry, depending on the range of desired test load required in the
test profile. For example, if 10,000 is entered as the 100% Load for a channel with
20,000 for full scale, this will allow for 1200% test load (Le. -20,000 to +20,000).
However, if the full scale was 15,000 in the above example, only 1150% test load
would be permitted.
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If your test has been defined as static, you may simplify the setup procedure by using this column to
specify which channels are to have positive load condition (command) values and which are to have
negative load condition (command) values. Further information on how the sign (fi) of this entry is
used by the system is explained in Chapter 4, section Using the Static Mode Software to Create/ Modify
the Load Spectrum.
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Step 8: Enter the method in which the load conditions are to be displayed; engineering units
or as a percent of 100% Load. If engineering units are desired, type E in the E/P
column. Type P if percent is desired. Though each channel can be individually
defined with E or P, it is best to have all channels in the test use the same format (i.e.
all P or all E).

Step 9: There are 3 methods available for establishing the feedback gain of each channel;
through an automatic RCAL procedure for low-level bridge type transducers, by
setting the full scale in millivolts, or by setting the full scale based on a "millivolt-per-
volt of excitation" factor. Choose which method you wish to use and enter the
approptiate information according to the following descriptions:

RCAL

O

If you are using a load cell or other low-level bridge-type transducer, you may use the RCAL method to
calibrate the control channel. This procedure requires you to have installed the an RCAL shunt resistor
on the rear of the setvo chassis. If so, enter the corresponding RCAL value, in engineering units, in the
column labeled RCAL. The RCAL value should equal the change in engineering units caused by the
application of the RCAL shunt tresistor across one arm of the load cell bridge.

FULL SCALE,
MILLIVOLTS
(FS, MmVv)

If you know the full scale output of your transducer and wish to set the full scale feedback input range
directly, enter the desired full scale value, in millivolts, in the column labeled FS, mv. If you enter the
feedback full scale in this manner, you must also define the feedback range in the column labeled RGE.
Enter H to select high level feedback (e.g. LVDTs) or L to select low level feedback (e.g. bridge type
load cells).

. |'An entry made in FS, mv or FS, mv/v automatically reloads the feed back gain DAC in the
servo upon download, overwriting any saved feedback gain setting in that channel.

FULL SCALE,
MRILLIVOLT-
PER-VOLT
(FS, Mmv/vVv)

If you wish to set the full scale based on the ratio of the change in load cell output to the change in
excitation voltage input, enter the desired value in the column labeled FS mv/v. The result of
multiplying this entry times the excitation voltage entry is what the feedback full scale

millivolts will be set to.
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The servo uses one of two available feedback paths; low level or high level. Selection of which path to
use is made by a physical slide switch or jumper on the side of each servo module. N ormally, the servo
controllers are delivered with this switch in the low level position. However, if you choose to use the
"FS, mv" with "H" selected, you must make sure that the High Level feedback path is selected.

Rules:If the full scale output of the transducer is between 1140 mV, set the feedback switch the low
level position and enter L in the RGE column.
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Step 10: Enter the excitation voltage applied to the transducer in the column labeled Excit.
Volt.

Step 11: Enter the engineering units, for example, "lbs" or "KIPs," in the column labeled
Units.

Step 12: When you finish defining all channels, return to the sub-menu by pressing ESCAPE
(ie. F11).
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SETTING CONTROL CHANNEL LIMITS

You can assign two types of limits to each control channel. These limits ensure that the performance
of the servo loop remains within the tolerances that you define. In this procedure, you set:

® Loop error limits that restrict how much the loop feedback signal may deviate from the command
signal.
® Maximum and minimum values of the feedback signal.

+ Outer Feedback Limit
+ Inner Feedback Limit

Inner Loop Error Band

Outer Loop Error Band

- Inner Feedback Limit
- Outer Feedback Limit

Figure 34 Servo Limit/Error Detection Levels

You set an inner and outer detection level, for both loop error and feedback limits, as shown in Figure 3-4.
The inner value is typically used as a warning indication while the outer value is normally used for hydraulic
shutdown. Outer error and outer limit detectors are latching conditions, while inner error and inner limit are
non-latching conditions. You reset latched conditions by using the Reset Error Conditions selection button
on the Master screen, discussed in Chapter 9 and Appendix I.

Exceeding any of the above limits causes the servo controller to issue a fault condition (Fault 1 or Fault
2) to the TMTM. Depending on how conditional actions are defined, the fault condition can trigger
one or more of the following actions:

Freeze History Data

Hold

Print

Ramp to Condition 1
Ramp to Condition 2
Lock

Dump
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Defining system responses to out-of-limit conditions is described in Defining Conditional Actions. in
Chapter 5.

Follow these steps to set individual limits for each control channel:

Step 1: Select the Display menu, Channel Parameters option. When the dialog box is
displayed, select Channel Limits (%). The Channel Limits (%) screen, Figure 3-5, is
displayed.

Aksfeokskok skl kR kokskkokskkskokskskskokokokskokok | sokokeskoreoksk ki kok ok kokeskofokokok skokokokok

In order to correctly define or interpret the limits for each channel, you must be aware that each
channel has a different min/max limit depending on the ratio (R) detived from [Full Scale & 100%
Load]. In all cases, the min/max limit is equal to fi (R x 102.3%). For example, if full scale equals
10,000 Ibs-and 100% load equals 5,000 Ibs, then R equals 2. Using the formula above, the min/max
limit entry is equal to fi(2 x 102.3%) = 71204.6% of the 100% load entry. The allowable range of R1s 1

6 R6 2. Default values are automatically used for limit/error entries unless otherwise changed.
Hofolololokeokokololokksok ok ok skaRoR ok ook sktofokokskekskok skak okl sk sk sokskokokokakskokskofok sk ok ok

Step 2: Move the cursor to the line that cortesponds to the controller channel you want to
enter.
Step 3: Enter, as a percentage of the 100% load entry, the inner loop error in the Inner

Error column, and the outer loop error in the Outer Error column.

Step 4: Enter, as a percentage of the 100% load entry, the positive inner feedback limit in
the + Inner Limit column and the negative inner feedback limit in the - Inner Limit
column. See note below.

 BiLe ®rIsepLay BTAaTIC EoNTROL EPORTS EICQUIRE [EBs
. Channel Parameters

Channel Limits

102,000 ~-102,000
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Step 5: Enter, as a percentage of the 100% load entry, the positive outer feedback limit in
the + Outer Limit column and the negative outer feedback limit in the - Outer
Limit column.

Step 6: When you finish defining all channels, return to the Display menu by

pressing the ESCAPE key (F11).
Displaying the Channel Limits (EU) Screen

Though the individual limits for each control channel are defined as a percent of each channels 100%
Load entry, you may display the limits in equivalent engineering units.

sckeskekotok koK sefokokkkkokokskkoksk sk ok sk sk ok sk ok - skokokskokak kKRR koo sk okkkdorok sk sk skokskokskskokkok sk ok

This screen will display zeros until you have downloaded the setup information and performed the
necessary calibration procedures.

odokoksokokokokkkorokokkokakkkokokokskokokskokkokoksk ok sk sk kokokskok sk skokskoksk sk ok ek kil sk skok stk sk sk skoksk sk sk kok sk ok skokok skok sk ok

Select the Display menu, Channel Parameters option. When the dialog box is displayed, select Channel
Limits (EU). The Channel Limits (EU) screen, is displayed.

If your test includes many channels, you may view any channel simply by using the PREV/NEXT
selection.

If you wish to obtain a hardcopy of the display, select [PRINT] and press RETURN.
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Setting Control Channel Parameters

The Fatigue Master 7000 includes a variety of ways to condition the performance of the channel. In
this section, you set

® Proportional gain of the control loop amplifier.

o Integrator time constant. The integrator provides additional gain as the servo loop reaches the
endpoint condition and the loop etror approaches zetro. You set the time for the integrator
function to become active.

® Rate compensation. This function provides additional gain as a function of the rate of change of
the command signal.

® Piston area tatio. This is the proportional difference between the piston area on both sides of the
actuator (tension/compression). The system uses this ratio to compensate for slightly different
petformance characteristics that depend on which direction the piston is moving.

® Input scaling. This entry allows you to individually scale the command of any channel between 0
and 100% of its full scale value.

e Input offset value. This entry allows for applying a load offset to the command of each channel
In engineering units.

® Tare offset. This entry allows you to establish a "test article zero" as part of the servo controller
calibration by offsetting the weight associated with the actuator, fixturing, chains, etc..

Folliow these steps to set the channel gain and input parameters.

Step 1:

Step 2:

Step 3:

Step 4:

Select the Display menu, Channel Control option. When the dialog box is displayed,
select Channel Control. The Channel Control screen, Figure 3-7, is displayed.

Move the cursor to the line that corresponds to the controller channel you want to
enter.

Enter the proportional gain of the control loop amplifier in the Prop Gain column.
The allowable range of proportional gain is 0.25 to 127.9.

Enter the integrator time constant in the Integrator T.C. (sec) column. This is the
time required for the integrator to become active in removing loop error. The
allowable range of the integrator time constant is 0.1 to 10 seconds. Please note that
the integrators are enabled on a per channel basis, as well as on a global basis.
Enabling/disabling the integrators is described in subsequent sections.
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Step 5: Enter the rate compensation frequency in the Rate (Hz) column. This provides
additional gain in the command signal when the command is changing rapidly, thus
increasing dynamic response. This type of compensation is typically used in fatigue
or cyclic testing applications. The allowable range of rate compensation is 0.1 to 99.9
Hz. For static tests, inhibit this feature by using the default value of 99.9 Hz.

Step 6: Enter the piston area ratio in the Area Ratio column. This is the ratio between the
piston areas on the tension and compression sides of the hydraulic cylinder,
respectively (i.e. A= Tension/compression). The allowable range of area ratio is 0.5
to 1. For example, if equal-area actuators are used, enter a 1 in this column. If the
tension side of the actuator is half
the area of the compression side, enter 0.5 in this column.

Step 7: If you want to scale the command signal between 0 and 100% of its full scale value,
use the Input Scale column to enter a number between 0 and 100. This entry can
come in very handy in the middle of the test, for example, if you want to exclude a
channel(s) from further load application. This is easily accomplished by setting the
input scale to 0%, thus causing all subsequent command signals for that channel(s)
to be 0.

Step 8: Enter the input offset value in the Input Offset column. This is a static offset which
gets summed with the command signal. The allowable range of input offset is - full
scale to + full scale.

Step 9: If you wish to establish a "test article zero load condition” by offsetting the weight
associated with the actuator, fixturing, chains, etc., enter this weight value in the Tare
Offset column. This entry works in conjunction with the Tare Balance calibration
routine described in Chapter 5.
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Step 10: When you finish defining control parameters for all channels, press ESCAPE (F11)

to retumn to the sub-menu.

Defining the Channel Tuning Parameters

The last step in defining the test channels is to set the tuning parameters. This
section describes how you set:

Bode phase margin. This is the difference between the phase-angle of the loop at unity gain and
the phase-angle at 180 degrees. The Bode phase margin is used in the Bode estimation calculation
of the pre-tune calibration function. The Bode estimator adjusts the proportional gain such that the
servo loop maintains the specified phase margin. See note on page 3-14.

Enable/disable auto-tuning on a per channel basis. When enabled, the system automatically
adjusts the proportional gain of the loop based on the criteria selected.

Define the oscillation criteria. This criteria includes the number and size of error signal peaks
6(oscillations) that may be encountered in a test step. If this criteria is met, the auto-tuning
function automatically lowers the gain of the proportional amplifier until oscillations cease or until
a minimum gain cap is met.

Enable/disable the integrator on a per-channel basis. This provides additional gain for the
valve driver as the loop reaches the endpoint condition.

Set the minimum and maximum gain caps for auto-tuning. If auto-tuning is active, these
entries limit the minimum and maximum gain range that the control channel can achieve during
the test.

Foliow these steps to set the channel tfuning parameters:

Step 1: Select the Display menu, Parameters option. When the dialog box is displayed, select

Channel Tuning. The Channel Tuning screen, Figure 3-8, is displayed.

Step 2: Move the cursor to the line that corresponds to the controller channel you want to

enter.

Step 3: Enter the Bode phase-shift in the Bode Phase column. Once again, this is the

difference between the phase-shift of the loop at unity gain and the phase-shift at
180 degrees. By setting the Bode Phase appropriately, you allow the Bode estimator
to optimize the loop performance.

skokktokkskok sk K tokk sk ok stk sk ok sk ok sk koK Kk oK ok - skokskokokokftokosk koK sk sksk sk sk kol sk sk sk ok ok ek

Please use the default Bode Phase entry with this software update.

etttk skl kok skok dkeokkokok sk kok sokkokosk skl kot ok skokoskotok sk sk sk ok sk kb sk sk skok sk sk okokskskeok sk skok sk ok ok

Step 4: Enable auto-tuning, if desired, by pressing the space bar while the cursor is in the

Auto Tune column. Leave the column blank to disable auto-tuning for that channel.
For additional information on how auto-tuning works, refer to Appendix J.
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Step 5:

Step 6:

Step 7:

Enter the maximum number of error signal peaks (or sign reversals) per cycle in the
Number of Peaks column. If the system exceeds this number of peaks (i.e.
oscillations), auto-tuning (if enabled) automatically reduces the gain of the
proportional amplifier. The range of allowable entries is 1 - 10.

Enter the cutoff level for defining an etror signal peak in the Noise Margin column.
The system ignores peaks that occur within this limit, counting only those peaks that
exceed it. The range of allowable entries is 0 to full scale.

Enable the loop integrator function for that channel, if desired, by pressing the space bar
while the cursor is in the Integrator ON/OFF column. Leavethe column blank to disable
the integrator for that channel. ‘

MHmawdeno

Step 8:

Step 9:
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Figure 3-8. Channel Tuning Screen

Using the columns labeled Min Gain Cap and Max Gain Cap, enter minimum and
maximum gain caps for that control channel, if desired. These caps are used in
conjunction with the auto-tuning function and allow you to restrict the range of gain
which the servo can establish for that channel. Oscillations will still cause the gain to
be reduced, but the gain will go no lower than the minimum cap, even if oscillations
persist. If gain is reduced due to an occasional oscillation, auto-tuning will "fight
back" to bring the gain up to the maximum cap. If no entries are made, auto-tuning
will adjust gain based on oscillation criteria only. The range of allowable entries is
0.25-127.9.

When you finish defining tuning parameters for all channels, return to the sub-menu.

When you conclude this step, you have completed the definition of the test channels. You're ready to
go on to defining the load spectrum.
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.........................................................................................................

REMEMBER TO CHECK APPENDIX A FOR SPECIAL FEATURES OR MODIFICATIONS
WHICH MAY BE ASSOCIATED WITH YOUR PARTICULAR SYSTEM.

.........................................................................................................
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CHAPTER 4

DEFINING THE LOAD SPECTRUM

This chapter provides a step-by-step description on how to:

® create the load spectrum by manually defining the individual load conditions and test procedure

® use the FM7000 Static software to automatically create the load conditions and test procedure for
static tests

® use the FM7000 Static software to modify the spectrum, on-line
© use the FM7000 Branching function to move around within a predefined test procedute, on-line

.........................................................................................................

BEFORE PERFORMING ANY OF THE OPERATIONS DESCRIBED IN THIS CHAPTER,
REMEMBER TO CHECK APPENDIX A FOR SPECIAL FEATURES OR MODIFICATIONS
WHICH MAY BE ASSOCIATED WITH YOUR PARTICULAR SYSTEM.

Understanding the FM7000 Spectrum

In order to aid your understanding, the following paragraphs provide a description of what information
is included in the spectrum, and how the system uses this information.

The actual waveform generation by each servo controller involves several processes throughout each
system element. The first step is accomplished through the operator's mnput of the setup data. This
includes defining each control channel, as well as all of the information associated with the loading
spectrum. Spectrum information consists of a Load Conditions file and a Test Procedure file. A load
condition is a predefined set of command values for each control channel in the test. Below is an
example of how load conditions are defined:

Ch#1 Ch#2 Ch#3 ' Ch#n
load condition #1 1000 2000 -1500 ! 1450
load condition #2 3000 -180 500 ! -600
[} 1] 1] ] 1 ]
[ 1 ] ¥ ] ]
load condition #n -100 » 4000 3000 ! -900

When running static tests, the system allows for defining up to 8000 unique load conditions per test.
For fatigue tests, virtually an unlimited number of load conditions may be used. Figure 4-2 provides an
example of the screen used to manually define each load condition. The load conditions are eventually
downloaded to the servo controllers, where they reside in memory.
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The Test Procedure file is used to define the sequence in which the load conditions are to be applied.
The Test Procedure screen, shown in Figure 4-3, allows for manually defining the individual test steps,
each of which includes as a2 minimum:

- ablock# and step #

- aload condition number

- aload transition time

- a command waveform type (i.e. ramp, havetsine, or modified ramp).

For static tests, the test procedure file can include up to 2000 steps. The test procedure information is
eventually downloaded to the LCS computer located in the TMTM chassis, where it tesides in memory.

For long-term fatigue testing applications requiring more than 2000 test steps, the FM7000 can also
operate in ' what is referred to as a "large spectrum” mode. This mode allows the test procedure and
load conditions to be downloaded in "chunks", with a "chunk" being equivalent to 64 steps of the test
procedure. When operating this way, the FM7000 can accommodate spectrum files with virtually an
infinite number of load conditions and/or test procedure steps. For more information on the Large
Spectrum mode, see Appendix G.

Initiating the test from the test control panel causes the TMTM to execute the test procedure one step
at a time. With each step, a load condition number is broadcasted to all of the servo controllers, along
with the preprogrammed transition time and waveshape. Each servo controller uses this information to
generate its individual command waveform.

Up to this point we've only discussed the individual screens used to define the load spectrum,
manually. However, the FM7000 includes software specifically tailored for setting up and running
static tests. Through several simple operator entties, including the target test load, the loading rate, and
a loading increment, the system automatically generates the desired loading profile, specifically the
individual load conditions and test procedure steps. This eliminates the need to enter this information
manually, thus expediting the overall setup procedure.

skoksfeokokok kot skok ok sk ko sk sokok ok sk ok Kok kKoK e kok - sokotefkok ok sk kRl kokoskok sk sk stk skok sk sk sk ook

To simplify the manual, this section describes how to manually define the load spectrum using the
Load Conditions and Test Procedure screens. Once you've become familiar with this approach, later
sections describe how to use the Static Mode to automatically create the load conditions and test

procedure.
Seskesfeofofeok ok skok stk sk stk sk kot ik k sk sk kg skokokofok kit akok ok sk okosk ok skok sk skksk sk ki skokokok stk skok skok skok skskosk sk sk sk sk okok sk ok
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Manually Defining the Load Conditions

Load Conditions may be defined manually by following these steps:

Step 1: Select the Display menu, Load Conditions option. The Load Condition Channel
Selection screen, is displayed. Allow sufficient time for the screen to appear as space
1s being allocated for 8000 load conditions.

Step 2: Enter the number of the range of channels for which you want to enter load
conditions and select OK. For example, if you want to enter or modify the load
condition for channel 20, enter 20. The Load Conditions screen, Figure 4-1, is
displayed. This screen displays a block of up to 8 channels, including the channel
you entered. So in our example above, channels 17 through 24 will be displayed.

Step 3: Move the cursor to the line corresponding to the condition number you want to
define. Condition numbers are listed in the Load Cond column at the left side of the
screen. ‘

If the condition number you want isn't listed on the screen, press the down arrow key to view
additional conditions. Using this screen, you can define 2 maximum of 8,000 load conditions for each
channel

4
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Step 4: Enter the load value for the condition in the column that corresponds to the selected
channel. Depending on whether you specified E or P in the Channel Description
screen, the load value may be entered in engineering units or as a percentage relative
to the 100% Load specified in the Channel Description screen. The range of this
entry is dependent on the ratio, R

R = [Full Scale/100% Load]
Specifically, this entry may be [-100% *R] to [+100% *R].

Step 5: Specify load conditions for other channels as desired. Each channel in a test must
have the same number of load conditions. For example, if channel 11 has 14 load
conditions, then all channels in the test must have 14 load conditions.

Step 6: When you finish, press the ESCAPE key (F11) to save your entries and return to the
Display menu.

Defining the Test Procedure Steps

After defining the test channels and the load conditions, you are ready to define the test procedure. In
this section, you:

® Define a load condition for each step in the test, and group the steps into multple test blocks, if
desired.

® Define the transition time for each step. All channels will undergo the transition from one load
condition to the next in the same amount of time.

® Select the command waveform for each step 1n the test. The type of waveform determines how
the command signal varies during the transition from one load condition to the next.

® Select specific actions for the system to take when it reaches each endpoint. You may make the
system pause, repeat a block of test steps, increment an endpoint counter, print a test data report,
record test data to disk, and/or set/reset discrete inputs & outputs.
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Follow these steps to define each step of the test procedure:

Step 1: Select the Display menu, Test Procedute option. The system will display the Test
Procedure screen shown in Figure 4-2.

F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F

x

soksfokoforokskokatotoksk ok skskskokskok Kok skk sk ok ok - skoRokRoFok KK RRR KRR R sk sk ok sk sk ok sk skok sk sk ok

If you are planning on running a large spectrum fatigue test (i.e. more than 2000 test procedure steps),
it is not recommended to look at and/ or change the test procedure file in the cyber program. Be
aware that the test procedure file will be truncated to 2000 lines if you examine the Test Procedure in
the cyber program and use the SAVE or SAVE AS options when exiting the test. To avoid the
possibility of truncating the test procedure file, use the CLOSE option when exiting the test.

To make changes to large spectrum files without truncating them, requires that the changes be to the
files at the UNIX operating system level. This requires a understanding of UNTX. If you do not
possess this understanding, please call Cyber Systems for further instruction.

For static tests, you can display and make changes to the test procedure, and save them without

truncatmg the test procedure.
e ok 3k ok ke sk e ke e sk ek ke ok skeok ek st sk ke sk sk 3k Sk sk sl ke ke sk skl sk sk sk sk ol sk e sk sk s sk sk sk sk ok Sk sk sk sk sk sk sk

Step 2: Enter the block number in the Block column. The test step number is automatically
incremented within each block as you make entries. Test steps are individual
transitions from one endpoint to the next. Sequences of test steps may be grouped
mto blocks. Up to 99 steps are permitted in each block.

Step 3: Enter the number of the load condition to be applied in this step in the Cond
column. You must make sure that you only specify load condition numbers which
have been previously defined in the L.oad Conditions screen.
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Step 4:

Enter the transition time, in seconds, in the Time coluimn. This is the time the
system will take to execute the transition from the previous load condition to the
load condition specified in this step. Allowable Time entries are from 0.25 seconds
to 999 seconds.

When you enter the time, the system automatically inserts a line for a new step,
writes the new step number in the Step column, and moves the cursor to the Cond
column for the new step. You are ready to enter the next step's load condition# and
time. Continue to define the test steps in this way, entering the load condition and
time only, until you want to define a new block or you want to overtide the default
values for a step.

® To define a new block, simply move the cursor back to the Block column, using
the arrow keys, and retumn to step 2.

® To override the default values for a particular test step, use the arrow keys to
move the cursor to the desired column and type a new value. Steps 5 through 13
describe the remaining columns on the screen.

skokokteokok ok sk ok skt sko ok skokokeokoskskok sk sk sk ok kok ok . skokek gk sk sk skokeokskoksk sk stttk skok skskokok sk sk kok

If modifying an existing block number, you must "TAB through" the step column for each step within
the newly defined block.

Step 5:

Fzgure 43, Command
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Enter the code for the command waveform in the Shape column. You may enter
"H" for haversine, "R" for ramp, or "F" for modified ramp. You may use upper-case
or lower-case letters. Figure 4-3 shows available waveforms.

Haversine

Waveforms

The following entries are optional and depend on individual spectrum requitements:

Step 6:

If you want the test to pause at the completion of this test step, press the spacebar to
enter X' in the Paus column. The test will stop when it completes this step, and must
be restarted by pressing the RUN button on the test control panel. The "Prog Pause"
LED will be illuminated on the test control panel.
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Step 7:

Step 8:

Step 10:

sofokkotokkokskoksekokokok ok ofokolokkkokskoksk ok T

If you choose, you can repeat a specific block or group of blocks a number of times
before continuing on to the next test step. This is accomplished by using the Rpt to
Blk # column. This column works exactly like a "GOTO" statement in a basic
program. Thus you can jump back to the first step of any previously defined block.
If you wish use this function, enter the block number you wish to " go to".

The Rpt to Blk # column works in conjunction with the adjacent column labeled #
of Times. This column is used to specify the number of times the system is to "go
to" the first step of the specified block. When the specified number of repetitions
have been completed, the test proceeds to execute the test steps which follow the
step which included the repeat statement.

If you want the test step to increment an endpoint counter, enter '1', '2', or '3' in the
Incr Cntr column. Remember that every test step increments counter 4, and that
incrementing any counter automatically resets higher-numbered counters to zero.
Step 9:If you want a tabular printout of test data for each channel at the conclusion
of this test step, press the space bar to enter "X' in the Prt column. This entry works
in conjunction with the Print Enable checkbox located on the Master screen. When
the endpoint is reached, the system automatically prints a Test Data report.

If you have defined a fatigue test and wish to record the endpoint data for the
control channels (and DAS data, if configured) to the host computer's hard disk,
enter an 'X' in the Rec column. This is a toggle-type function: the first step with an
X' enables the record function; the next test step which has an X' disables the
record function. For example, if steps #5 and #10 of a thirty step test procedure
both had an "X" in the Rec column, the system will record endpoint data for steps 5,
6,7, 8,and 9. The endpoint associated with Step 10 is not recorded. By using
multiple "X"s, you can selectively record groups of steps throughout the entire test
procedure. Using our example above, "X"s could also be entered on steps 20 and 25,
or any other steps. In all cases, when the record function is enabled, test data for all
control channels (and all DAS channels, if configured) is automatically recorded.

| skolokerotokelokaskok ok sk stekokok stotokskokokskoksk ok sk

This operation described above only applies to fatigue tests. For static tests, endpoint data is always

Step 11:

recorded regardless of entries in the Rec column.

******************************************************************

To change the state of an output discrete at this test step, enter the discrete number
in the Set Dsc column, and then set the desired state of the disctete in the Set Lvl
column. Each output discrete is 2 Form-C relay. To set the discrete to the normally
open state, press the space bar to enter "X' in the Set Lvl column. To set the discrete
to the normally closed state, leave the Set Lvl column blank.

Output discrete assignments are listed in Appendix F.
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Step 12:

Step 14:

Step 15:

To check the state of an input discrete at this step, enter the discrete number in the
Chk Dsc column. To use the results of this check as the basis of the Discrete Synch
conditional action, enter the desired state in the Chk Lvl column. The test will
continue/hold based on the result of the check of this input discrete. If a true state is
required for the test to continue (i.e not hold), press the space bar to enter 'X' in the
Chk Lvl column. If a false state is required, leave the Chk Lvl column blank.

Input discrete assignments ate listed in Appendix F.

See Chapter 5, Defining Safety & Operational Functions for further desctiption on
Discrete Synch.

If you wish to have a label for the test step, enter a label in the Sequence Label
column.

As you define new test steps, the screen scrolls down to provide space for them.
When you finish defining all of the test steps, press the ESCAPE key (F11) to
return to the Display menu.

MODIFYING THE TEST PROCEDURE FILE

Most items in the test procedure are modified by simply tabbing to the field and re-entering the data
(with the exception of block, as described eatlier).

In the event that new steps need to be added or existing steps need to be deleted, refer to the following

procedures:

Deleting a Line in the Test Procedure

Step 1:

Step 2:

Step 3:

Using the up/down arrow keys, move the cell cursor to the line you wish to delete.
The column in which the cell cursor is active has no effect on the delete function.

Press "F6" function key to delete this line. The step numbering will be updated
automatically.

Exit Test Procedure screen and save the test.
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inserting a Line in the Test Procedure

Step 1: Using the up/down arrow keys, move the cell cursor to the existing line which you
want to insert a new line after. The column in which the cell cursor is active has no
effect on the insert function.

Step 2: Press "F7" function key to insert a new line after the line where the cursor is. The
step numbers of all following steps will be automatically incremented (within their
respective blocks) and an empty line will be provided for manual entry of the desired

new step.

Step 3: Enter the new line by first entering the block number in the leftmost column. "Tab"
to the right and obsetve that the step # is automatically set to the correct step
number (i.e. one greater than the previous step number and one less than the
following step #). Enter the desired load condition #, time, shape, etc..

Step 4: Exit Test Procedure screen and save the test.

ekokokskokskokokskokskkokokokok skokok skokokokok skok sk kokskok ok Fekokstekok ok kokokokok eokokokokoksk ok skskskskok ek skskokoskok sk ok

The F6 and F7 keys only work for changes to the Test Procedure screen.
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USING THE STATIC MODE SOFTWARE TO CREATE/MODIFY THE LOAD

SPECTRUM

The FM7000 includes software specifically tailored for setting up and running static tests. Through
several simple user entries, including the target test load, the loading rate, and a loading increment, the
system automatically generates the desired load spectrum, specifically the load conditions file and test
procedure file.

ok sokok ekt skokskokokoskokokskok ok sk sk sk kokokokokokskokok |1 seskkokeskokodokskskok kit skok sk ok skok skokok sk ok sk ok ok s

The static mode is simply an alternate method to defining the load profile, the test procedure and load
conditions may be defined and/or modified manually, if preferred.

******************************************************************************

Since the Static Mode is only an extension of the standard FM7000 application software, the same
setup and start up operations normally used with the system must be performed ptor to using the
Static Mode. These mandatory operations include:

- defining channel parameters (full scale, 100% load, limits, etc.)

- defining conditional action tables, if applicable

- performing calibration routines, if applicable

- verifying setup by selecting "Verify"

- performing the normal start up procedure using the "Start Up" screen
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BUILDING A NEW TEST (Load Conditions & Test Procedure)
To build a new test using the Static Mode feature, follow these steps:

Step 1: Make a new test (under File) and select "Static" as the test type. You will now have
access to the applicable screens for static setup.

Step 2: Select the Static menu, Static Mode option. The Static Mode screen, Figure 4-4, is
displayed. Building a new test may be done either befote or after the test is brought
on-line (i.e. downloaded). However, a test profile must exist in order to pass Verify
and initiate a download. Typically, the [Build New] option is used to automatically
create the initial profile before downloading.

Step3: Enter the desired load in the column labeled Target Test Load %. This entry defines
the target load relative to the 100% Load entry made on the Channel Description
screen. The range of this entry is dependent on the ratio, R, which equals "Full
Scale/100% Load"

Specifically, this entry may be [-100% *R] to [+100% *R].

I BILe misPLay BrAaTIC
I - Static Mode Setup

Target Test Load % Loading Rate (%/sec) Load Incr (%)

o 1

Build Append Send Profile Build New

L.C. # . Load Value Units (E/P)

[ [ (8]
| Print LC e Tﬂ

Figure 44 Static Mode screen

Step 4: Enter the desired loading rate in the column labeled Loading Rate (%/sec). This
entry defines the rate at which the system will transition from the present load
condition to the Target Test Load. The range is 0.5%/second to 200%/second.
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Step 5: Enter the desired load increment in the column labeled Load Incr (%). This entry
defines the size of the incremental loads used in the generation of the load profile.
These incremental loads, which are actually individual load conditions, are primarily
used for data recording and increased resolution for graphic displays (i.e. more data
points). This entry can be between 1% and 200%, but must be smallet than the
"Target Test Load %" entry.

sktefoRRskok oKk doRoRok sk kokskok kKR okskok sk koK “ skl kokokoroRoloRoksksk ok ok skk ok sk sk sk ok

The actual transition time is determined from the quotient of Load Inct/Loading Rate. If this number

is less than 0.25 seconds, the system will explicitly set the time transition value to 0.25 seconds.
eksksokoroffokokskokskokokokokstokskokok skokokok skokokok skok kgt sorokskokokokskkokskok stk ok skok skskokskokskk skoksk sk sk sk ok skoksk ok ok

=«

Step6: - Select the Build New option and press RETURN. The message screen appears,
indicating that the LC and TP files will be overwritten. Answer YES if you wish to
continue.

The system clears the present temporary load conditions and test procedure files and
creates new files according to the new target entries on the Static Mode Set UP
screen. The load conditions file which is always created with L.C.#1 equal to "zero
load", followed by the incremental load conditions per the target entries. The test
procedure always uses L.C.#1 (zero load) in the first step, followed by the
subsequent load conditions. A Programmed Pause is automatically inserted in the last
step of the "just created"” test procedure.

‘The new test profile (LC and TP) resides in the temp. directory for this test; but is
not yet active. You must perform a save function, if you wish to make these
temporary files be permanent files.

To make the newly created profile active, you must do one of two things:

1)download the test, if not already downloaded
or
2)proceed to step 7.
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Step 7:

Select the Send Profile option and press RETURN.

soforok ok skofoksokokskskoRskokkok ok koK koK - sorokskorokkorotekskskokskokakkokokokskokokokoksiokskskokskokokk

The system must be in a Ramped, Paused (button or programmed), or Hold
condition in order to initiate a [Send Profile]. If the system is Holding between two
endpoints, performing a Build New will cause the system to not complete its current
endpoint, but rather proceed to the first endpoint of new load spectrum from its

present load.
*********************************************************************

This option causes the load conditions and test procedure to be verified and
downloaded to the servos and TMTM, respectively. Messages indicating "Verifying
Test" and "Transferring to TMTM" are displayed during this operation. Once the
downloading of the LC and TP is completed, the test control panel's master displays
will be blinking, indicating that you can now RUN, RAMP or PAUSE the test as
desired. The test control panel displays blink and counters reset only for the on-line
[Build New], [Send Profile] sequence. All other uses of [Send Profile], described later.
do not cause the displays to blink and keep the counter values/test in its present
location.

>
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The following example illustrates how simple it is to automatically create 2 new test using the [Build
New] function and show explicitly the load condition values and test procedure steps which get
created.

Two control channels are defined as follows:

Full Scale 100% Load
Chi 20,000 10,000
Ch2 10,000 5,000
By L;sing the following target entries:
Target Load % Loading Rate (%/sec) Loading Inc (%)
40 10 10

and selecting [Build New], the system automatically creates the load conditions and test procedure
steps shown below:

Test Procedure Load Conditions
Bik Step LC# Time Shape - Paus LC# Ch1(E) Ch2(E)
1 1 1 1.00 F 1 0 0
1 2 2 1.00 F 2 1000 500
1 3 3 1.00 F 3 2000 1000
1 4 4 1.00 F 4 3000 1500
1 5 5 1.00 F X 5 4000 2000

The system created a "0" load condition plus 4 incremental load conditions between 10% and 40%.
Each of these load conditions is automatically used in the test procedure along with the time and
default waveshape (F). By having a "0" load condition, which is also always automatically used as the
first step in the test procedure, when you press RUN, the first step will be "0%". Notice the program
pause in the last step of the test procedure. You may go into either file (screen) directly and change
load values, change time values, change waveshapes, add/delete load conditions and/or test procedure
steps, insert actions in each test procedure step (record, print, increment counters, etc.), remove the
pause statement from the last line, and make any other desired modifications. Simply performing
another [Send Profile] will invoke these modifications.
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USING THE STATIC MODE SCREEN TO APPEND THE LOAD SPECTRUM

Once a load spectrum is created, it can be modified either by manually editing the Test Procedure
and/or Load Conditions screens, or by using the Static Mode screen to automatically append steps to
the existing spectrum. The following section describes how to use the Build Append function.

When the [Build Append] option is selected from the Static Mode screen, the load conditions and test
procedure steps created from new target entries are appended to their respective existing temporary
files. The "Verify" program is automatically initiated to validate the spectrum information and a
Programmed Pause is automatically inserted in the last step of the appended test procedure. Unlike
Build New which resets the counters, [Build Append] does not reset counters.

Once a spectrum has been modified or appended, you simply perform another [Send Profile] and the
modified load profile is verified and downloaded to the TMTM & setvo controllers where it is ready
for execution. Each time [Send Profile] is performed, it is logged in the Events Log.

The following examples illustrate the various uses of [Build Append] and show explicitly the Load
Condition values and Test Procedure steps which get created.
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Using the channel descriptions and existing profile created in Example#1 (page 16),
if we now wish to go to 50% in 1% increments at a loading rate of 1% pet second, do the following
steps:

Step 1: Enter the following target entries:
Target Load % Loading Rate (%/sec) Loading Inc (%)
50 1 1
Step 2: ‘Select (Build Append] and hit RETURN. The following Test Procedure and Load
Conditions files are created:
Test Procedure Load Conditions
Blk Step LC# Time | Shape | Pause LC# | Ch1(E) | Ch2(E)

1 1 1 1.00 F 1 0 0

1 2 2 1.00 F 2 1000 500
1 3 3 1.00 F 3 2000 1000
1 4 4 1.00 F 4 3000 1500
1 5 5 1.00 F X 5 4000 2000
1 6 6 1.00 F 6 4100 2050
1 7 7 1.00 F 7 4200 2100
1 8 8 1.00 F 8 4300 2150
1 9 9 1.00 F 9 4400 2200
1 10 10 1.00 F 10 4500 2250
1 11 11 1.00 F 11 4600 2300
1 12 12 1.00 F 12 4700 2350
1 13 113 1.00 F 13 4800 2400
1 14 14 1.00 F 14 4900 2450
1 15 15 1.00 F X 15 5000 2500

Notice that [Build Append] used LC#5 as its starting value to determine LC#6 to LC#15. In general,
it takes the target load (e.g. 5000 for Ch #1), subtracts the value of the last load condition in the file
(for each channel, e.g. 4,000 for Ch #1), and inserts the necessary number of incremental values to give
the desired load increments. The loading rate is tumed into incremental step times in the test
procedure. The time for each step (within 2 given build) is determined by:

Load Increment (%)/Loading Rate (%/sec)

Thus, producing 1.00 second step times in this example.
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Provided the system is in a ramp, hold or pause state, a [Send Profile] will be allowed. [Send Profile]
is the "on-line" way of making this profile executable and must be performed to do so. If the system
was paused at the end of step #5, and the above actions were performed (i.e. Build Append with Static
screen entries of 50, 1, 1, followed by a Send Profile), upon pressing the RUN button, the system
would proceed from step #5 to step #6 (i.e. from 4000 to 4100 for Ch 1, and 2000 to 2050 for Ch 2).
If no manual pauses are activated, the system will generate appropriate loads up to the load values of
step 15, where it will pause. The operator also has the option to single step up to step 15 in 1%
increments by running the system in the Pause mode, if desired. At the completion of step 15, the
operator has the following options:

® Branch to an existing step in the test procedure

Ramp to step by pressing the approptiate ramp button
Append more steps to the test procedure

Send Profile

run the spectrum in reverse

build an entirely new profile and start all over again
® orabort the test
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Manually modifying an existing or newly created spectrum

CHAPTER 4

Let's use example #1 and start with the case where the system runs to step #5 and pauses. We decide
to go to 50% in 1% increments and do [Build Append] as in Example #2. We now have the same test

procedure and load conditions files as in Example #2. Suppose we then decide the following:

© Ch 2 should not go above 45% (2250 lbs) while Ch 1 is allowed to go up to 49%

® The loading rate on both channels between 40% and 45% should be 10 times slower

e When Ch 1 reaches 4900 Ibs both channels should ramp to zero load in 60 seconds

We would then perform the following manual modifications to the load profile:

Test Procedure Load Conditions
Blk Step LC# Time | Shap Pause LC# | ChI(E) | Ch2(E)

1 1 1 1.00 F 1 0 0

1 2 2 1.00 F 2 1000 500
1 3 3 1.00 F 3 2000 1000
1 4 4 1.00 F 4 3000 1500
1 5 5 1.00 F X 5 4000 2000
1 6 6 10.00 F 6 4100 2050
1 7 7 10.00 F 7 4200 2100
1 8 8 10.00 F 8 4300 2150
1 9 9 10.00 F 9 4400 2200
1 10 10 1.00 F 10 4500 2250
1 11 11 1.00 F 11 4600 2300
1 12 12 1.00 F 12 4700 2350
1 13 13 1.00 F 13 4800 2400
1 14 14 1.00 F 14 4900 2450
1 15 1 60.00 R X 15 5000 2500

a)

b)

By going into the Load Conditions screen and making LC #11 through LC #14 for
Ch 2 be 2250 Ibs, Ch 2 will not go above 45% while Ch 1 will be allowed up to 49%.

By going into the Test Procedure screen and making the time for steps #6 through
#10 (40% to 45%) be 10.00 seconds, the rate was reduced by a factor of 10.

By going into the Test Procedure screen and changing the LC # for step#15 from
"15" to "1", the test will transition from LC #14 (49%, 45%) to LC#1 (0,0) in 60

seconds. Also, the waveshape will be a ramp.

Cyber Systems Inc.
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Again, this modified spectrum will become executable only when [Send Profile] is performed.

Manual modification of the test procedure also applies for all columns to the right of the programmed
"Paus" column. These include:

repeat to blk#

# of times

counter incrementing
programmed print
set discrete

check discrete

Additional steps may be manually added (i.e. typed in) to the test procedure and additional load
conditions may be added to the Load Conditions screen, if desired.
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USING THE STATIC MODE SCREEN TO MODIFY/CREATE LOAD

CONDITIONS GLOBALLY

As mentioned eatlier, the system allows the user to modify individual load conditions for all channels
wich a single entry. This feature is most useful for static tests with many channels, where the L.oad
Condition must set the same value for each channel in the test. This is accomplished with the lower
entries on the Static screen (Figure 4-6), each of which is described below:

BILE EISPLAY BTATIC BONTROL [BEPORTS ECQUIRE [Bs
r Static-Mode Setup . i

Target Test Load % Loading Rate (%/sec) 'Load Incr (%)

Emeesn ] [

Build Append I Send Profile I Build New

L.C, # Load Value “Units (E/P)

=] | ModiFy LC |
| Print LC & TP |

Figure 46 Using the Static Mode screen to Create/ Modify a Load Condition
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LC. # This entry identifies the Load Condition which is to be modified or created.
Load Value This entry defines the new load value for all channels in the selected Load Condition.
Units (E/P) This entry allows the user to select whether the "Load Value" entry described above

represents Engineering Units or a Percent value relative to the 100% Load entry.

Once the above entries have been made, selecting [Modify LC] initiates the modification and
verification of the selected Load Condition.

In the course of verification, the system checks for overscale loads and non-existent LC#s. If the
specified Load Value results in overscale values for one or more channels defined in the test, the
system automatically sets such channels to their individual full scale value.

If the selected LC# is non-existent, the system will automatically create a new load condition with the
specified load value and append it to the end of the existing load condition file. The next contiguous
LC# is used for this new load condition, e.g. if a total of 12 load conditions exist in the load condition
file and you enter 27 in the LC# box, the system will create a new load condition labeled 13, which is
appended to the load conditions file. You may use this modified or newly created load condition within
the test procedure, if desired. Once any modifications are made, you simply perform another [Send
Profile] and the modified load profile is verified and transferred to the TMTM and servos, where it is
ready for execution.

You may obtain a hardcopy of the test procedure and load conditions using the [Print TP & LC]
software selection available on the Static Mode screen.
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Using the Load Condition file in example #2, suppose we wished to make the final load (LC #15) be
60% imstead of 50%. We would make the following global entries in the Static screen:

LC# Load Value Units (E/P)
15 60% P

We would then move the cursor to [Modify LC] and press RETURN. The following changes to the
Load Conditions file would be made:

Load Conditions

LC# Ch 1(E) Ch 2(E)
1 0 0
2 1000 500
3 2000 1000
4 3000 1500
5 4000 2000
6 4100 2050
7 4200 2100
8 4300 2150
9 4400 2200
10 4500 2250
11 4600 2300
12 4700 2350
13 4800 2400
14 4900 2450
15 6000 3000
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Also, if we wished to make LC #15 be 5,000 lbs for both channels, we would make entries of . . .

LC# Load Value Units (E/P)
15 5000 E

position the cutsor on [Modify LC] and press RETURN to produce the following:

Load Conditions

LC# Ch 1(E) Ch 2(E)
1 0 0
2 1000 500
3 2000 1000
4 3000 1500
5 4000 2000
6 4100 2050
7 4200 2100
8 4300 2150
9 4400 2200
10 4500 2250
11 4600 2300
12 4700 2350
13 4800 2400
14 4900 2450
15 5000 5000
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USING THE BRANCHING FUNCTION WHILE RUNNING A STATIC TEST

When running a static test, the FM7000 allows you to branch (i.e. "GOTO") to a particular step within
the present profile held by the TMTM. The steps given below, describe how to use this feature.

Step 1: Select the STATIC menu, BRANCHING option. The BRANCHING screen
shown in Figure 4-7, is displayed.

Step 2: Enter the Block # and Step # you wish to have the system branch to (go to).

BILE @rispLAy BTATIC BONTROL PORTS ECQUIRE [Bs
T Branch To Step

Branch To Ramp 1 To
Step Step

Block Number

Step Number
Waveform EI

I Set Branch-| ‘ Set Rampq [ CANCEL l

Figure 47 Branching Sereen

Step 3: Enter the time and waveshape of the transition from where you are now to the
specified Block/ Step. The default waveshape is a Ferentz wave. However, you may

specify a ramp (R) or Haversine (H).
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Branching may only be done when the system is in a Paused, Hold, or Ramped condition.
******************************************************************

Step 4: Select "Set Branch" from the screen. The system automatically changes the pointer
location to the specified block/step.

Step 5: Press the RUN button on the test control panel. The system will transition from its
present location in the profile, to the location (i.e. block/step) specified in the
branching screen and resume running according to the profile from there.
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_ Using the Branching function to modify the progress of a predefined test spectrum

In order to understand how the branching function works, we've created a simple hypothetical test
situation which will illustrate how useful this feature can be. Let's say we have a one channel test which
we want to test to 100% in 10% increments. However, we're concerned about the test article once the
load reaches 50%. There is a chance that our stress analysts may want us to continue from 50% to
100% in 5% increments, instead of 10%. In fact, they might even want us to unload the test article in
5% decrements, based on the stress data. Figure 4-9 illustrates the three possible paths or "branches"
we may have to execute. Most importantly, however, is that we must be able to change the load
increment and direction "in mid-stream", without having to define new steps or load conditions. This
1s very simple to do with the Branching function.

Branch A
Once at 50% load, the operatot can
continue to 100% load with 10%
increments, simply by executing steps 7
through 11

Branch B
Once at 50% load, the operator can
continue to 100% load with 5%

increments, simply by executing steps 12
through 21

Branch C
Once at 50% load, the
operator can unload the
test article in 5%
decrements, simply by

executing steps 22
through 31

Figure 49 Branching Example
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This time we'll use the test procedure screen and load conditions screen to manually define the
spectrum information. However, we could have also used the static mode screen to create the same

profile.

As you can see, we've defined several load conditions with the same value (e.g. load conditions #11
and #21 both equal 100). In a real test, this is not necessary. However, in order to make the example
easy to understand, we've used an equal number of load conditions and test procedure steps.

Test Procedure Load Conditions
Blk Step LC# Time | Shape | Pause LC# | Ch1(P)

1 1 1 1.00 F 1 0
1 2 2 1.00 F 2 10
1 3 3 1.00 F 3 20
1 4 4 1.00 F 4 30
1 5 5 1.00 F 5 40
1 6 6 1.00 F X 6 50
1 7 7 1.00 F 7 60
1 8 8 1.00 F 8 70
1 9 9 1.00 F 9 80
1 10 10 1.00 F 10 90
1 11 11 1.00 F X 11 100
1 12 12 1.00 F 12 55
1 13 13 1.00 F 13 60
1 14 14 1.00 F 14 65
1 15 15 1.00 F 15 70
1 16 16 1.00 F 16 85
1 17 17 1.00 F 17 80
1 18 18 1.00 F 18 85
1 19 19 1.00 F 19 90
1 20 20 1.00 F 20 95
1 21 21 1.00 F X 21 100
1 22 22 1.00 F 22 45
1 23 23 1.00 F 23 40
1 24 24 1.00 F 24 35
1 25 25 1.00 F 25 30
1 26 26 1.00 F 26 25
1 27 27 1.00 F 27 20
1 28 28 1.00 F 28 15
1 29 29 1.00 F 29 10
1 30 30 1.00 F 30 5
1 31 31 1.00 F X 31 0
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As you can see, steps #1 through #6 will load the test article to 50% and pause. At that point, and
depending on want our stress analysts say, we can let the system continue executing steps # 7 through
#11. If necessary, we can also branch to step #12 or #21, depending on what the stress analysts
decide.

The instructions below explain how you would branch from step#6 (or any other step) in our example
test to any other step in the test procedure.
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In order to Branch, you must first make sure the system is in a Paused, Hold, or Ramped condition. In
our example, at step # 6 the system was paused automatically by the programmed pause in the test

procedure file.
******************************************************************************

Step 1: Select the STATIC menu, BRANCHING option.

Step 2: Enter the Block # and Step # you wish to have the system branch to (go to). For
this example, we'll branch to step #12.

Step 3: Enter the time and waveshape of the transition from where you are now to the
specified Block/Step. The default waveshape is a Ferentz wave. However, you may
specify a ramp (R) or Haversine (H). For this example, let's maintain the 1.00 second
transition time and Ramp waveshape.

Step 4: Select [Set Branch] from the Branching screen and press RETURN. The system
automatically changes the pointer location from Block#1/Step#7 to Block#1/Step

#12. Since we completed step#6 and were at 50%, the next step would have been
#7.

Step 5: Press the RUN button on the test control panel. The system will transition from
50% to 55% in 1 second and resume running according to the profile from there,
pausing at step#21 (100%).

Step 6: At this point, our stress analysts tell us to go back to 0% and start over. This is very
easy with the branching function. Simply specify Block#1/Step#1 and an
appropriate transition time/shape, then select "Set Branch". When you press the
RUN button, the system will go to step#1 in the procedure (0%) and resume
running from there.
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DEFINING FATIGUE TESTS USING CYBER'S BLOCK LOADING METHOD

OF SPECTRUM GENERATION

The system also allows for predefining a multi-tier spectrum (sometimes called Block Loading),
consisting of load conditions, flights, and blocks. In order for you to use this feature, the test must be
defined as a "fatigue" test (refer to Chapter 2). Below is a step by step description for defining 2 multi-
tier spectrum.

Step 1: Define the load conditions. This is done using the Load Conditions screen.

Step2: . Group one or more load conditions to create individual flights. This is done by
selecting "Flight Definition" from the DISPLAY pull down menu.

The Flight Definition screen shown in Figure 4-11 appears. As you will notice, this
screen looks very similar to the test procedure screen. The main difference is that Flt
# has been substituted in place of the Block # column.

As the example scteen shows, you can define multiple Flights, each of which can
consist of one ot more steps/load conditions. Each step can include any of the
selective features such as incrementing counters, printing, setting/reading discretes,

etc..

.

H
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Step 3: Select Block Setup from the DISPLAY pull down menu. A dialog box shown in

Figure 4-12 appears. This dialog box gives you two options. Select "Block
Definition" and press RETURN.

B Block Definition
<) Block Sequence

Figure 4-12 - Block Definition/Selection Dialog Box

The screen in Figure 4-13 appears. This screen allows you to use the previously defined Flight Cycles
to create "Blocks". As the example screen shows, each block can be defined with one or more Flight
Cycles. Additionally, each Flight Cycle entry can be repeated a user-specified number of times.

FILE @ISPLAY FreTic BONTROL BEPORTS SCQUIRE Bs
Block Setup
atigueTect

1 Block Sety
Rlock

Figure 4-13 - Block Setup Screen )
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Step 4: When you have finished defining all of the individual Blocks, select Block Setup
from the DISPLAY pull down menu. The dialog box shown eatlier in Figure 4-12
appears again. This time select "Block Sequence" and press RETURN.

The screen in Figure 4-14 appears. This screen allows you to specify the sequence
in which the previously defined Blocks are to be executed. As the example screen
shows, with each line on this screen you enter the desired Block # along with the
number of times it is to be sequentally repeated.

Figure 4-14 - Block Sequence Screen

Step 5: When you are finished defining the Block Sequence and attempt to leave this screen

by pressing F11, a dialog box will appear and ask whether or not you want to re-
generate the spectrum.

If you answer YES the system will re-generate the spectrum according to your
entries. This re-generation will ultimately produce a test procedure file in the format
you're familiar with.

You may look at the newly created test procedure file by selecting "Test Procedure”
from the DISPLAY menu, or obtain hardcopies of the test procedure (all or
sections) under the REPORTS menu. An example of the reports follows at the end
of this chapter.

If you answer NO, any previously defined test procedure will remain unchanged.

........................................................................................................

REMEMBER TO CHECK APPENDIX A FOR SPECIAL FEATURES OR MODIFICATIONS
WHICH MAY BE ASSOCIATED WITH YOUR PARTICULAR SYSTEM.
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CHAPTER 5

DEFINING SAFETY & OPERATIONAL FUNCTIONS

This chapter describes how to make use of the individual safety and operational features offered with the
Fatigue Master 7000, including:

how to define the actions which are to be taken when specific conditions arise in the system, such as out-of-
limit servo conditions, discrete input states, pacing function timeouts, etc.

® how to define time-sensitive parametets, such as the dump time, ramp time, pacing times, etc.

® for fatigue tests, how to define the load condition the system ramps to when either of the Ramp
buttons on the test control panel are pressed, or when the Dump or Ramps in the System
Conditional Action Table are invoked.

e for static tests, how to define the step the system ramps to when either of the Ramp buttons on the
test control panel are pressed, or when either of the Ramps in the System Conditional Action Table
are invoked.

BEFORE PERFORMING ANY OF THE OPERATIONS DESCRIBED IN THIS CHAPTER,
REMEMBER TO CHECK APPENDIX A FOR SPECIAL FEATURES OR MODIFICATIONS
WHICH MAY BE ASSOCIATED WITH YOUR PARTICULAR SYSTEM.

........................................................................................................

DEFINING CONDITIONAL ACTIONS

There ate three types of conditional actions; channel actions, system actions, and discrete actions.
They are similar in concept, but the three types differ in what conditions are tested and what range of
reactions are possible. When faults or out-of-limit conditions occur, the system looks to the
conditional action tables and executes the action that has been linked to the particular event or out-of-
limit condition. This section explains how you define each type of conditional action.
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Defining Channel Conditional Actions

Channel conditional actions define responses to faults detected by the servo controller on individual
control channels. Fault responses include setting Fault 1 or Fault 2 conditions, which can trigger
system conditional actions.

All channel errors are subject to a debounce time (also referred to as a persistence time) before the
servo controller notifies the system of any fault conditions. Conditional actions may be defined for any
of the following channel conditions:

Inner error faults; when the error signal on a channel exceeds the inner error level defined for that
channel.

Outer error faults; when the etror signal on a channel exceeds the outer error level defined for that
channel. This is a latching condition.

Inner limit faults; when the feedback signal on any channel exceeds the inner limit level defined
for that channel.

Outer limit faults; when the feedback signal on any channel exceeds the outer limit level defined
for that channel. This is a latching condition.

Discrete input faults; when the servo controller tests the state of an input discrete and finds that
the discrete input state is different from the expected state. There are two fault conditions
corresponding to discrete inputs 1 and 2 on the servo controller back panel.

Excitation Change faults; when the servo controller detects a change in the excitation voltage of
100mV or greater. If the change is less than 100mV, this condition is not activated. The change is
detected via the bridge input connector on the servo controller back panel.

Follow these steps to define channel conditional actions:

Step 1: Select the Display menu, Channel Conditional Actions option. The Channel

Conditional Action Table screen, Figure 5-1, is displayed.

Step 2: Use the TAB key and space bar to link each channel condition to a Fault 1 or a Fault

1)

2)

3)

2.
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Fault 1 is a latching fault condition and should be linked to latching channel
conditions such as outer error and outer feedback limits.

Fault 2 is a non-latching fault and should be linked to non-latching channel
conditions such as inner etror & inner feedback limits.

You are not required to link every channel condition to a fault. For example, if you
are not concerned with performing an action based on an excitation change, no "X"

1s required for that condition.
sokkRokskokokiokiclorkokokakokR KRk IRk sk ok Rk ok ok Kk sk sk ok sk skokskskskseskook kR ok
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BILE ®ISPLAY BTATIC BONTROL BEPORTS ECQUIRE Bs

| Channel Conditional RAction Table

Test Name: lmswdemo

. Set . Set
Condition Fault 1 Fault 2
Inner Error )] k|
Quter Error
Inner Limit
Quter Limit
Discrete in #1
Discrete in #2
Excitation Change

Fault Debounce Time

-
o

"mrﬂhgr-u—wr-‘
NOYTE AT NI EY. 4
=

| CANCEL I

jz

Screen

F 5-1. Channel Conditional Action Table

Step 3: Enter the desired time delay in the Fault Debounce Time field at the bottom of the
screen. The system uses 0.1 seconds as the default time. This entry corresponds to
the minimum time the error condition must exist before the servo controller informs
the system of the fault condition.

sokokok ok ok sk skokokokskokoskskoksksk ok Kok kKoK oK - stk sk fokkokskokofkokokskok ok skokak sk kKooK

Fault#1 and #2 (not the specific out-of-limit conditions) are used in the First Fault Ch# detection
scheme (see Identifying the First Fault Channel in Chapter 14). The only time an out-of-condition will
be active in flagging a particular channel as the 1st fault is when the error condition is linked to Set
Fault 1 or Set Fault 2 as described above.

Sesespefokofosekskoksk ok kot otk sk sk kok koot ek sk sk skokok ok ok sk sk sk sk sk ok sk sk ok sk sk skl ok sk skokok ok sk sk sk sk skskeok sk ok

Step 4: When all channel conditional actions are defined, select OK to return to the Display
menu.
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Defining System Conditional Actions

Once the Channel Conditional Action Table is defined, you may go on to link the fault 1 and fault 2
conditions, as well as other system conditions, to various actions. The System Conditional Action
Table defines system-wide responses to faults which may occur on individual channels or in anci
systems such as the hydraulic system. Conditional actions may be defined for any of the following fault
conditions:

© Fault 1 and Fault 2 are two predefined servo faults that are set in the Channel Conditional Action
Table, discussed in the previous section. When these fault conditions occur, they may serve as the
basis for a system-wide response.

© Discrete synch faults occur when the system tests the state of an input discrete and finds that the
discrete state is different from the expected state, for greater than a user-defined duration of time.

© Hydraulic pressure faults occur when the hydraulic pressure is excessively low (i.e. from a "low-
pressure” switch), as indicated by a "high" input at Discrete Input # 3.

° Hydraulic temperature faults occur when the hydraulic temperature is excessively high (ie. froma
"high-temperature" switch), as indicated by a low input at the Hydraulic Temp High discrete input.

® Inner pacing timeout faults occur when the load control system pauses more than a user-specified
amount of time during a test step while waiting for slower channels to catch up. Inner pacing
ensures that all channels operate synchronously, not only at endpoints but also in the transitions
between endpoints.

® Endpoint tolerance timeout faults occur when a channel fails to reach the desired load condition
value within a user-specified period of time.

stesfeskeskokkokskk ok kKR sk ok ok sk ok ko KKK sk sk kKoK - skokstekokkskokoR sk skodokkskk sk kR kokok sk sk kKooK

Communication faults between the TMTM and the servo controllers are unconditional faults. Refer to

R4 AR A kA ek e et e e e ok ok stk e ek e ekttt st sk sk sk sk e sk sk e sk e e sk sk s sk ok sk st e sk sk ok i ke skeske sk ke sk sk sk sk
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Follow these steps to define System Conditional Action Table:

Step 1:

=

g1spLay

Condition

Discrete Synch
Dump Button
| {Hyd Temp High

- Sustem Conditional Action Tabl

S = O

Test Neme: B

Channel Fault #1 T £
Channel Fault #2 : L

Inner Pace Time Out
Endpoint Tol, Time Out
Comparison Check

Select the Display menu, System Conditional Actions option. The System
Conditional Action Table screen, Figure 5-2, is displayed. The screen lists the
possible system conditions at the left; the columns to the right define the available

actions.
Use the tab key to move the cell cursor to, and around, the desired condition line.

The steps below explain how to select the actions.

BrATIC HONTROL BEPORTS MCQUIRE Bs

Disc, Dut- Fresze . Ramp: Ramp . Lock Dump
32109876, History Hold Print Condl Cond2.All ALl

iAot e,
(RN R R IrN]

Enpt Pace

Inner Pace

Operator Time ‘Selections
Dump fli88 Disc. Sync.

i

Step 3:

Step 4:

To set the state(s) of up to eight discrete outputs in the event of a specific system
fault or condition, make the appropriate entries in the "Disc. Out, 32109876"
column. The discrete outputs available are numbers 13 through 6. In the column
description, the number "3" cotresponds to discrete output #13, "2" to discrete
output # 12, etc.. To set a discrete output to the normally open state, enter "H" in
the corresponding column; to set a discrete to the normally closed state, enter "L".
To leave a discrete in its existing state, enter "X" ot leave the column blank. See
Appendix B for further information on the discrete outputs.

To "freeze" the history memory (i.e. Rotating Data Buffer (RDB)) in the servo
controller at the time of a specific condition, press the space bar to enter "X’ in the
Freeze History column in the row corresponding to the condition. When a Freeze
History is activated, the system prevents further updates to the RDB (pending post-
freeze % setting). The servo controller resumes updating the RDB when it receives a
"Reset Error Conditions" command from the Master screen. After the data has been
transferred to the host computer's hard disk, the RDB data is available for
examination in tabular and/or graphic format.
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Freeze History Data is intended to be used in conjunction with one of the conditional actions

Step 5:

Step 6:

Step 7:

Step 8:

Step 9:

described in steps 5 through 9.
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To instantaneously hold all channels at their present load at the time of a specific
condition, press the space bar to enter 'X' in the Hold column in the row
corresponding to the condition.

To get a printout of the load channel data at the time of the fault condition, enter X'
in the Print column in the row corresponding to the condition.

To ramp all channels to special load condition #1 whenever a specific condition
occurs, press the space bar to enter X' in the Ramp Cond1 column in the row
corresponding to the condition. The actual load condition that the servos ramp to
depends on how the test has been defined (i.e. static or fatigue).

For fatigue tests, to specify the Ramp#1 load condition refer to the section labeled
Defining Special Load Conditions for Fatigue Tests on page 11. Defining the time
for this ramp is described in the next section labeled Defining Time-Sensitive
Parameters.

For static tests, the Ramp#1 is defined as a specific test procedure step, along with a
transition time. See Defining Ramps for Static Tests on page 13.

To ramp all channels to special load condition #2 whenever a specific condition
occurs, press the space bar to enter X' in the Ramp Cond2 column in the row
corresponding to the condition. The actual load condition that the system ramps to
when this action is invoked is defined

For fatigue tests, to specify the Ramp#2 load condition refer to the section labeled
Defining Special Load Conditions for Fatigue Tests on page 11. Defining the time
for this ramp is described in the next section labeled Defining Time-Sensitive
Parameters.

For static tests, the Ramp#2 is defined as a specific test procedure step, along with a
transition time. See Defining Ramps for Static Tests on page 13.

To lock all channels at the current state at the time of a specific condition, press the
space bar to enter X' in the Lock All column in the row corresponding to the
condition. Activation of this function causes a servo "hold" and a corresponding
"Lock All" relay on the discrete I/O panel to activate. Typically this function is used
when the hydraulics actuators are designed to be physically locked in placed. Once a
Lock All function has occurred, the function must be manually reset, as desctibed in
Resetting System Faults in Appendix D.
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Step 10:

To dump hydraulic pressure on all channels at the time of a specific condition, press
the space bar to enter X' in the Dump All column in the row corresponding to the
condition. When this function is activated, the servo controllers ramp to a
predefined condition and a corresponding "Dump All" relay on the discrete I/O
panel is activated. The actual load condition that the servos ramp to when this action
is invoked is defined by the operator, as desctibed in the section labeled Defining
Special Load Conditions for Fatigue Tests on page 11. Defining the time for this
ramp is described in the next section labeled Defining Time-Sensitive Parameters.

Once a dump has occurred, the function must be manually reset, as described in
Appendix I.
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DEFINING TIME-SENSITIVE PARAMETERS

The steps below describe each of the time-sensitive entries located at the bottom of the System
Conditional Action Screen. All entries are in units of seconds.

Step 1: Enter the maximum time the system is to hold for endpoint errors to come into
tolerance in the Enpt Pace field. If endpoint errots do not come into tolerance in
this time, the system performs the specified action(s).

Step 2: In the Inner Pace field, enter the maximum time the system 1s to hold for an inner
error. If the inner error persists beyond this time, the system performs the specified
action(s).

Step 3: In the Dump field, enter the time for the servos to ramp to the dump condition

(typically 0) when the Dump All command is issued. The time entered must not be
shorter than 0.01 seconds

Step 4: In the Dscrt Synch field, enter the maximum time the system is to hold at endpoint
for a discrete input to switch to an expected state. If the selected discrete input does
not achieve the expected state within the time specified, a dscrt sync timeout occurs
and the system performs the preprogrammed action(s) or holds where it is, if no
action is programmed. '

BILE HIspLAY BTATIC HONTROL BEPORTS [ECQUIRE
r System Conditional Action Table

Test Neme: BIENGEL:
: Disc., Out Freeze Ramp Ramp Lock Dump

Condition 32109876 History Hold Print Condl Cond2 All A1l

Channel Fault #1 [X1

Channel Fault #2

Discrete Synch

Dump Button

Hyd Temp High

|| Inner Pace Time Out

Endpoint Tol. Time Out

Comparison Check

e e T T P SR B Bear

M e eI e

Operator Time Selections
Ramp #1 BB Romp 82 Bl Erpt Pace
e Disc. Sunc. Inner Pace

Dump

A kA A B A R S A AT

Figure 5-3 System Conditional Action Screen used with Fatigue Tests

All of the parameters described above pertain to both static and fatigue type tests. However, when
running a test which has been created as a fatigue test, this System Conditional Action screen will also
include two additional time entries; Ramp #1 and Ramp #2. See Figure 5-3. These entries work in
conjunction with the RAMP buttons on the test control panel, as well as the "Ramp Cond1" and
"Ramp Cond2" in the System Conditional Action Table.
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When running a fatigue test, the ramp buttons can be used to ramp the system to a predefined load
condition (also known as a special load condition). Defining special load conditions is described on
page 11.

Step 5: Enter the ramp time for special load condition #1 in the Ramp #1 field. The time
entered must not be shorter than 0.25 seconds.

Step 6: Enter the ramp time for special load condition #2 in the Ramp #2 field. The time
entered must be no shorter than 0.25 seconds.

Step 7: When all system conditional actions are defined, select OK to return to the Display
menu.

DEFINING DISCRETE CONDITIONAL ACTIONS

Discrete Conditional Actions allow the user to specify system responses to discrete input states. The
same system-wide responses as in the System Conditional Action Table are found in the Discrete
Conditional Action Table; the only difference is that the "conditions" are discrete inputs. As a
minimum, discrete conditional actions may be defined for discrete inputs 6 through 13. Depending on
your particular system configuration, you may have additional discrete inputs.

Foliow these steps to define discrete conditional actions:

Step 1: Select the Display menu, Discrete conditional Actions option. The Discrete
Conditional Action I screen, Figure 5-4, is displayed. The screen lists the discrete
mputs (6-13) at the left; the screen's columns define the same conditional actions as
the system conditional action screen.

Step 2 Refer to Defining System Conditional Actions, Steps 2 through 9 for a description of
the various entries. Entries are made in an identical fashion, with the only difference
being that an action is taken based on a disctete input state rather than a system
condition. When an entry is made in any column for any discrete input, that input
becomes active. If a "high" or open state is on that input, the conditional action is
taken.

skokiorokakokkokk kKRR kRt sk okl ko sk sk sk ok sk sk _ skokakesfokotokskaokokorok ok kKoK Rk ok kK R Rk oK

Input discretes are "debounced”. This means that the discrete action will be taken once for a transition
to the active state of the input discrete. A discrete mput must transition back to the non-active state
before the system will "consider” it again to trip a discrete conditional action. Some systems have

"short input” active low discretes. Verify that your particular configuration is as desired.
sfekeokeokefek sk ke skok ek ok ek kR kR sk ok ok e eskok sk stk skokokosekokolestok stk sktok skoskok skoksk sk ok skosk sk sk kol sk sk siokok sk ok ok skok sk sk ok ok ok
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' BILc @IsPLay BTATIC BONTROL HEPORTS

Discrete
Discrete
Discrete
| |Discrete
Discrete

Discrete

| Discrete Conditional Action Table

Test_ Name: risibatl

Condition

Discrete

Discrete In

Disc, Out Freeze Ramp
32109876 History Hold Print Condi Cond2

L

=

Step 3:

Step 4:

igure 5-4. Discrete Conditional Action I Screen

Some system configurations may have additional screens label Discrete Conditional
Actions II and III. These screens provide additional discrete inputs which are set up
the same way as those descrbed above.

When all discrete conditional actions have been defined, select OK.
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DEFINING SPECIAL LOAD CONDITIONS FOR FATIGUE TESTS

For tests which have been defined as "fatigue", this section desctibes how to define:

© the load condition the servos ramp to when either of the Ramp buttons on the test control panel

are pressed.

© the load condition the servos ramp to when either of the Ramps in the System Conditional Action
Table are invoked.

© the load condition the servos ramp to when a Dump is activated.

All of the above items are defined by using the Special Load Conditions screen.

Follow these steps to define the special load conditions:

Step 1:

skstekofokokoksk sk sk okskokokokokkokoskokskok sk sk sk skk ok kkk |

Select the Display menu, Special Load Conditions option. The system prompts you
to enter the desired channel number.

Sesfookofogok ok sk sk skokokskfok skkokokokskok skosk sk skskoksk

Entry into this screen is only allowed in "fatigue" tests, as these values will be tied to the ramp buttons

for fatigue tests.
********************************************************************

Step 2:

Step 3:

Hesfeseskakokskskokskkokokokokokokskoskskokokoskokskokokok dkokokok |

Enter the number of the channel for which you want to enter a special load
condition and select OK. The Special Load Conditions scteen, Figure 5-5, is
displayed.

Move the cursor to the line corresponding to the condition you want to define.
Enter the load value that the system is to ramp to when the "Ramp to 0," "Ramp to
1," or "Ramp to 2" command is issued. If you don't enter a value, the system
defaults to zero load.

| wleioiokeksioksorokskoRskoRsktokskololekoroskosksk skok sk

The "Ramp to 0" condition is the load condition that the system ramps to when a dump is initated.
p R . Y p . P

Step 4:

Step 5:

Step 6:
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Repeat steps 2 and 3 for each channel.
The times associated with these ramp and dump conditions are setup on the System
Conditional Action Screen, as described in labeled Defining Time Sensitive

Parameters on page 11.

When you finish, press ESCAPE to return to the Display menu.
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Figure 5-5. Special Load Conditions Screen

DEFINING RAMPS FOR STATIC TESTS

For tests which have been defined as "Static”, this section describes how to define:

® the step the servos ramp to when either of the Ramp buttons on the test control panel are pressed.
e the step the servos ramp to when either of the Ramp actions in the System Conditional Action
Table are invoked.

Both of the above items are defined by using the [Set Ramps] function.

skeokakokoko kR ok kR ek ekoksk skokokokokok ok skok skok ok ok ok Heskeodskokokokok Ak Rk ok kokokodeokokokokoskok skokokok sk skokok skokoskok

The [Set Ramps] function may be performed before o after a test has been downloaded.
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Follow the steps given below to perform the Set Ramps function:

Step 1: Select the STATIC menu, Branch To Step option. The Branching screen shown in
Figure 5-6 is displayed.
Step 2: Under the column labeled Ramp 1 To Step, enter the block and step number you

want the system to ramp to when a conditional acion RAMP#1 action is invoked.
The system uses Block 1 and Step 1 as the default location which is zero load for a
load profile generated with the static software.

Step 3: Enter the time, in seconds, for this transition in the box labeled Time (Sec). The
system uses 10 seconds as the default time.
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Step 4:

Step 5:

Step 6:

Step 7:

Enter the type of waveform to be used for this transition in the box labeled
Waveform. The system uses a modified waveform (F) as the default. However,
Ramp (R) or Haversine (H) may also be used.

To define the Ramp 2 location, repeat steps 2 through 4 for the entries associated
with the Ramp 2 To Step column.

Select [Set Ramps] and press RETURN. At this point, pressing the either of the
RAMP buttons on the test control panel will command the system to ramp to the
preprogrammed block/step in the test procedure. The test will resume from the
specified Block#/Step# when the RUN button is subsequently pressed.

When you finish, press ESCAPE to return to the Display menu.

| HrLe mispLay ErATIC [EONTROL [EPORTS [ECQUIRE [Bs

| Branch To Step

Branch To Ramp 1 To Ramp 2 To
Step Step " Step

Block Number

Step Number

Time {Sec)
Waveform IEI

[ set Ramps] | cance |

BEFORE PROCEEDING TO THE NEXT CHAPTER, REMEMBER TO CHECK APPENDIX A
FOR SPECIAL FEATURES OR MODIFICATIONS WHICH MAY BE ASSOCIATED WITH
YOUR PARTICULAR SYSTEM.

.......

.................................................................................................
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CHAPTER 6

PREPARING TO DOWNLOAD THE SETUP INFORMATION

When the test environment is ready and the load spectrum has been defined, you're ready to download
the test definition files and run the test. This chapter explains the steps you follow to verify that the
setup information is consistent and define the start up parameters.

You should be familiar with the information described in Chapter's 2 through 5 before beginning this
chapter. If you have any questions about how to interface the servo valve and feedback transducer to
the servo controller, refer to Appendix D.

.......................................................................................................

BEFORE PERFORMING ANY OF THE OPERATIONS DESCRIBED IN THIS CHAPTER,
REMEMBER TO CHECK APPENDIX A FOR SPECIAL FEATURES OR MODIFICATIONS
WHICH MAY BE ASSOCIATED WITH YOUR PARTICULAR SYSTEM.

.........................................................................................................

Verifying the Setup Information

Defining test parameters can be a complex process with a high potential for error. Because of this, the
Fatigue Master 7000 includes a verify program that performs an extensive crosscheck on each of the
test parameters, ensuring that all required parameters are defined. Before executing a test, you must
run the verify program; if the system locates any inconsistencies, specific on-screen messages identify
the problem. The Fatigue Master 7000 will not allow you to start the test unless a successful
verification is performed.

Verify the test parameters by selecting the Control menu, Verify option. This starts the verification
process. As verification proceeds, the screen may display specific messages identifying inconsistencies
in the test definitions. If inconsistencies exist, you must edit the test parameters to resolve each
problem, and then re-run the verification function.

If the verification function completes its internal check without identifying any further inconsistencies,
the program returns to the Control menu. When this occurs, verification is complete.
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Defining Start Up Parameters

Before performing calibration functions and beginning a test, you must define certain parameters that
relate to the test, including:

which Test Control Panels are to be used with the test.

® choosing between starting a test from the beginning or restarting the test from a specific location in.
the test spectrum.

® how often data is to be recorded in each servo's rotating history data buffer.

e how much data before and after a "freeze event” should be recorded in the servo's rotating history
data buffer and the DAS rotating history data buffer

® the tolerance for endpoint pacing; the process that ensures all channels reach the desired endpoint
for each step before proceeding to the next step.

the Valve Bias Limit which is used in conjunction with the automatic valve balance routine.
the RCAL Deviation Limit which is used in conjunction with the RCAL Deviation routine.
the Inner & Outer Redundant Check Limits for systems configured with this capability.
whether to clear the tabular histogram data from an earlier execution of the test.

whether to clear the Events Log from an eatlier execution of the test.

enabling hydraulic buttons on the Test Control Panel to activate hydraulic functions.
enabling the "Engineering Units per Second" method of running a fatigue test.

Follow these steps to define the start up parameters:

Step 1: Select the Control menu, option Start Up. The Start Up screen, Figure 6-1, is
displayed.
Step 2: Enter the number(s) of the Test Control Panel(s) used for the test in the fields

labeled Pri. Test Panel and Sec. Test Panel. The number is determined by the
physical jumper selection on the front of the Test Control Panel. If you use only one
Test Control Panel, enter its number in the Pri. Test Panel field. If your system is
only configured with one test, always enter 1.

For applications where redundant test control and monitoring is necessatry, a
secondary Test Control Panel can be used in conjunction with the primary panel to
allow identical control and monitoring at a remote location. In such redundant
configurations, each Test Control Panel is a mirror image of the other. For instance,
if the RUN button is pressed at the primary panel, the secondary panel will indicate
the same status by illuminating its RUN light.

Cyber Systems Inc. 6-2



FATIGUE MASTER 7000 CHAPTER 6

BILE WISPLAY BTATIC BONTROL BEPORTS BCQUIRE s
r Start-Up - - —
: Pri, Test Panel Sec, Test Panel B
COUNTER 1 COUNTER 2  COUNTER 3 COUNTER 4
o L] e

() START Counters
( ) RESTART

Test Name: lmswdemo

Hist, Every “N” Waypoints
% Post Freeze Eapture =

RCAL Deviation Limit (%)

Endpoint Pacing Tolerance MBI

DAS Comparison Check Tolerance ()

[ 1 Clear Histogram
[ 1 Clear Event Log
[X] Arm Hydraulics

|| [ CANCEL |

Figure 6-1. Stat Up Screen. T

Step 3: Choose either START or RESTART, depending on whether you are starting the
test at the beginning of the test procedure or are restarting a test which has been
interrupted. If you are starting a test from the beginning go to step 5. If you are
testarting a test at a point within the test procedure, follow step 4.

Step 4: If you are restarting the test, you must enter the counter values that correspond to
point in the test from which you wish to resume. If appropriate, enter the numbers
displayed on the Test Control Panel.

Enter the restart counter values in the fields labeled COUNTER 4 (SEGMENTS),
COUNTER 3, COUNTER 2, and COUNTER 1. When a download is initiated, the
system "fast-forwards" through the test to the point specified by the counter values.
When the RUN button is pressed, all servo controllers used in the test will ramp to

the load condition specified in the corresponding step of the test procedure and
testing resumes.
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Your system may display different labels for the counters, depending on how you named them.
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Step 5: If you plan to use the automatic Valve Balance feature during calibration, and wish
to set 2 limit on how much valve bias can be applied in this routine, enter the desired
limit in the Valve Bias Limit (%) field. The range of this entry is from 0 to 100% of
full scale valve current. The default value for this entry is 20.0%.
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Step 6: You may specify a limit in the RCAL Deviation Limit (%) field which is be used in
conjunction with the RCAL Deviation check described in Chapter 7. The default
value for this entry is 10.0%.

Step 7: Each servo controller channel includes a built-in Rotating Data Buffer (RDB) which

is used to store critical loop parameters. The circulating buffer stores the following
data at each sample point:

e Command: the spectrum command plus the analog command input (in engineering
units). The analog command is typically zero.

e Feedback: the feedback signal (in engineering units)

e Loop Error: the loop error signal (in percent %)

e Valve Current: the actuator valve current in percent (%) of full scale valve current

The amount of history memory available with each servo channel is 16,384 samples (i.e. 4,096 samples
for each of the 4 parameters). The Rotating Data Buffer is a circulating memory, where the memory
locations are continually updated with the most recent data. The rate at which the Buffer is updated is
determined by your entry in field labeled Hist. Every 'N' Waypoints.

Each servo controller has an internal update rate of 1,200 samples-per-second. Translating this to time
(1/1,200) results in an 833 microsecond data sample period . . . one waypoint. Using the default value
of 1 n the Hist. Every 'N' Waypoints field, causes the servo to store data at every waypoint (sample). If
25 is entered, the system will store every twenty-fifth data sample (or 25 x 833zs = every 21
milliseconds).

The number enteted must be a positive integer. The larger the number, the less frequently data is
stored and hence, the longer the time will be before the buffer begins to write over existing data. The
list below gives some useful examples of how the sample rate can be defined:

Sample Total Buffer
Hist. Every 'N' Waypoints entry Interval Time Available
1 833 us 3.4 Secs
25 21 ms 86 Secs
60 50 ms 3.4 Mins
200 167 ms 11.4 Mins
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Step 8:

When a system conditional action initiates a Freeze Histotry, each servo controller
assigned to the test is commanded to discontinue updating its tespective history
memory. You can control when the system stops adding data by enteting a number
from 0 to 100 in the field labeled % Post Freeze Capture. The number you enter
represents the percentage of circulating memory (i.e. 4,096 data samples for each
parameter) that is filled after the freeze occurs. If you enter "0", the History memory
does not receive any new data after the freeze occurs; if you enter "100", the entire
History memory receives new data after the occurrence of the freeze. Using the
default value of 50, the system will maintain 50% of the existing data up until the
freeze occurred, while continuing to fill the remaining 50% of the memory with
post-freeze data.

Using the % Post Freeze Capture entry in conjunction with the Hist. Every 'N'
Waypoints entry (update index), you can set the amount of time to acquire new data
after the freeze occurs. For instance, using the formula and the example below, you
can see how to determine this time:

[Update Index x waypoint time] x [% Post Freeze x Memory Size] = Recording
Time
after freeze event

Hist. Every 'N' Waypoints entry = 25

% Post Freeze Capture entry = 10% or 0.10
Waypoint time = 833 ®seconds

Memory Size per Parameter = 4,096

[25 x 833s] x [0.10 x 4,096] =8.54 seconds of data recorded after the freeze event
occurs

If your system is configured with Cyber Auxiliary Data Acquisition System, the %
Post Freeze Capture entry also wotks in conjunction with a 3 minute DAS Rotating
Data Buffer (i.e. disk file) stored on the host computer's hard disk. This buffer is
continuously updated with the 900 most recent scans of DAS data taken at 200
millisecond intervals. This updating continues until the buffer receives a "Freeze
History" command. This is the same "Freeze History" which gets sent to the servo
controllers based on entries in the System or Discrete Conditional Action Tables.

When this happens, the buffer continues to update with new scans such that the "%
Post Freeze Capture” entry on the Start Up screen is satisfied. Thus, if the "% Post
Freeze Capture" entry is set to 50%, the DAS rotating buffer will take 450 more
scans (i.e 50% of the 900 total scans, approximately 1.5 minutes of data) before it
stops updating. When the DAS rotating buffer is finished updating, you may request
a hardcopy report for any DAS channel. The sample at which the freeze occurred is
marked by an asterisk. This report is described in more detail in Chpaters 13 & 14.
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Step 9:

Step 10:

Step 11:

Step 12:

Enter the allowable deviation, as a percent of full scale, from the expected load at
endpoint in the field labeled Endpoint Pacing Tolerance. When the Endpoint
Pacing function is enabled from the Master screen, the servo controller compates the
command value with the feedback data at each endpoint. The range for this entry is
from 0 to 100% of full scale. The default value for this entry is 10. If the difference
between the two values exceeds the amount specified in this field, test execution
pauses. While waiting, the system continually tests the difference between the load
cell feedback signal and the commanded load. If these subsequent comparisons fail
for the length of time defined in the Enpt Pace field on the System Conditional
Action Table screen, the conditional action defined in that table is executed.

If you are running a fatigue test and wish to have the system determine the time for
each step in the test procedure based on an "engineering units- per-second" factor,
enter the desired loading rate in the field labeled Engineering Units/Second. The
system takes this entry and divides it into the maximum delta load for each load
transition to determine the transition time. Calculation of the maximum delta load
for each load transition is performed duning download of the test. As the test
progresses, the maximum delta load for each step is read, divided by the Engineering
Units/Second, and the transition time is determined. This entry works in
conjunction with the EU per Sec box described in step 16 below.

If your system is configured with Cyber's Auxiliary Data Acquisition and has been
specifically set up to perform a redundant comparison between vatious DAS
channels, enter the allowable tolerance for this check in the field labeled DAS Inner
Redundant Limit (%o). The range of this entry is from 0 to 100% of the DAS channel
full scale. The default value for this entry is 5.0%. In the event that any comparison
of DAS channels exceeds this tolerance, the MCU automatically generates a DAS
Inner Redundant Limit fault condition and sets a dedicated discrete output on the
MCU. This discrete output is typically tied to a discrete input on the FM7000
Discrete I/O panel. The Discrete Conditional Action Table may be used to linked to
one or more actions to a DAS Inner Redundant Limit condition.

Typically this fault condition is linked to a cautionaty action such as Hold. The
second level of checking described in the next step 1s typically used for invoking
more critical actions, such as Dump.

Enter the allowable tolerance for a second comparison between various DAS
channels in the field labeled DAS Outer Redundant Limit (%). The range of this
entry 1s from 0 to 100% of the DAS channel full scale. The default value for this
entry is 10.0%. In the event that any comparison of DAS channels exceeds this
tolerance, the system automatically generates a DAS Outer Redundant Limit fault
condition (second discrete output on the MCU) which may be linked to one or more
actions in the Discrete Conditional Action Table.
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Step 13: To clear archived tabular histogtam data for the new execution of the test, use the
space bar to enter an 'X' in the box labeled Clear Histogram. The default state (i.e.
empty box) causes new data to be appended to the archived tabular histogram data.

Step 14 To clear the Events Log, use the space bar to enter an 'X' in the box labeled Clear
Events Log. The default state (i.e. empty box) causes new information to be
appended to the archived events log data.

Step 15: If the hydraulic buttons (On/Off, Low, High) on the Test Control Panel have been
wited to your hydraulic subsystem, in order to enable them you must enter an 'X' in
the box labeled Arm Hydraulics.

Step 16: If you plan to use the Engineering Units per Second feature described in step 10,

use the space bar to enter an 'X' in the box labeled EU per Sec.

Step 17: When the start up parameters are defined and you are ready to download data, select
OK or press RETURN. A message will appear on the screen stating "Transferring
data to TMTM", indicating that the previously defined test data is now being
downloaded to the TMTM and servo controllers. When this data transfer is
completed, the message will disappear and the master AMPlitude & FREQuency
displays on the selected Test Control Panel will blink on and off. If EU per Sec is
selected, an additional message, "Generating Delta Loads for EU per Sec" will be
displayed first.

You're now ready to perform the calibration of the control channels and/or start the
test.
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If you have previously calibrated the control channels and are starting/restarting a test, and do not
wish to re-calibrate the control channels, skip Chapter 7 and go to Chapter 9.

If you are preparing to run a test using the hydraulic simulators (i.e. hydraulics off), you do not have to,
nor does the system allow you to, calibrate the control channels. Therefore, skip Chapter 7 and
proceed to Chapter 9. That chapter also describes how to enable the hydraulic simulators.
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............................................................................................................

BEFORE PROCEEDING TO THE NEXT CHAPTER, REMEMBER TO CHECK APPENDIX A
FOR SPECIAL FEATURES OR MODIFICATIONS WHICH MAY BE ASSOCIATED WITH
YOUR PARTICULAR SYSTEM.

...........................................................................................................
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CHAPTER 7

CALIBRATING THE CONTROL CHANNELS

Calibration is the process that adjusts the components of the setvo loop to achieve the following
conditions in the control channel:

® The voltage across the unshunted load cell bridge is adjusted to zero volts (i.e. the bridge is
balanced).

® The feedback amplifier gain is adjusted when the R-CAL shunt method of calibration is chosen
during setup of the Channel Description screen.

® The system determines the valve current required to provide zero error (i.e., balance the actuator
valve) with zero "0" command.

® The feedback signal caused by initial tare loads is offset in order to provide a test article zero
condition.

® The command signal is adjusted until the loop ertor equals "0", thus allowing the hydraulic
subsystem to be activated without causing abrupt changes to the actuator position. This is often
referred to as a soft start.

e Optionally, you can have the system execute a built-in "pre-tune" spectrum and evaluate the
petformance of the control channel while hydraulics are active and the loop is closed. Using this
information, the system determines the Bode gain and phase curves and sets the proportional
amplifier and rate compensation gains appropriately. Please note, however, it is not necessary to
perform the pre-tune calibration routine.

Appendix D offer additional information on the available calibration methods, as well as how to wire
the servo controller to your valve and feedback transducer.

.........................................................................................................

BEFORE PERFORMING ANY OF THE OPERATIONS DESCRIBED IN THIS CHAPTER,
REMEMBER TO CHECK APPENDIX A FOR SPECIAL FEATURES OR MODIFICATIONS
WHICH MAY BE ASSOCIATED WITH YOUR PARTICULAR SYSTEM.

.........................................................................................................

Cyber Systems Inc. 7-1



FATIGUE MASTER 7000 CHAPTER 7

PERFORMING BRIDGE BALANCE CALIBRATION

If one or more of the control channels you have defined in your test is connected to a load cell bridge,
follow these steps to petform the Bridge Balance procedute:

Step 1: Select the Control menu, Calibration option. The Calibration dialog box shown in
Figure 7-1is displayed.
Step 2: Using the radio buttons, select the Bridge Balance function.

BILE ®EisPLav ETATIC [@ONTROL BEPORTS ECQUIRE Hs
- ( LCS Calibrate — e

) Bridge Balance
)} R-Cal

} Valve Balance

) Error Balance

} R-Cal Deviation
)" Tare Balance

() ALl
{.) Channel to

|] | anCEL—l

Figure 7-1 Calibrarion Dialog Box

Step 3: Select the channels to be calibrated:

e If all are to be done, enable the button in the All field.

® Ifa range of channels is to be done, enable the button in the Channel field. Then

enter the first and last control channel numbers in the range in the two boxes to
the right of Channel.

Step 4: Select OK or press RETURN to start the calibration process. While calibrating, the
system displays a calibraton message and the time remaining for completion of the
calibration procedure.
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EILE ®EISPLAY

r LCS Calibrate
"Servo
Channel

BrATIC [EONTROL [BEPORTS Bs

Bridge Ofs Fdk Gain Excit. Valve
{my/y) {mvFS) Volt{-V) Bal {XFS)

> Bridge Baiance

| CANCEL

Step 6:

Step 7:

Step 8:

Figure 7-2  LCS Calibration Report Screen

After the system has completed this function, the LCS Calibration report shown in
Figure 7-2 is displayed. The column labeled Brdge Ofs (mv/v) indicates how much
bridge offset was necessary to balance each of the control channels which were
calibrated.

Select CONTINUE to view additional channels not shown on the first page of the
report.

Press the ESCAPE key (F11) to exit the LSC Calibration screen.
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PERFORMING THE R-CAL PROCEDURE

The R-CAL procedure invokes an algorithm within the servo controller which automatically adjusts
the feedback amplifier to the proper gain setting.

If one or more of the control channels you have defined in your test is connected to 2 load cell bridge
(ot other bridge type transducer) and you wish to use the R-CAL procedure, follow these steps:
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In order to perform the R-CAL calibration procedure, you must have previously entered an R-CAL
factor on the Channel Description screen (Chapter 3) prior to activating the R-CAL procedure. You
must also install a corresponding R-CAL shunt resistor on the rear of the servo controller.
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Follow these steps to perform the R-CAL procedure:

Step 1:
Step 2:

Step 3:

Step 4:

Step 5:

‘ Step 6:

Step 7:

Select the Control menu, Calibration option. The Calibration dialog box is displayed.
Using the radio buttons, select the R-CAL function.

Select the channels to be calibrated:

e Ifall are to be done, enable the button in the All field.

e Ifa range of channels is to be done, enable the button in the Channel field. Then

enter the first and last control channel numbers in the range in the two boxes to
the right of Channel.

Select OK or press RETURN to start the calibration process. While calibrating, the
system displays a calibration message and the time remaining for completion of the
calibration procedure.

When the R-CAL procedure has been completed, the LCS Calibration report is
displayed on the screen. The column labeled Fdk Gain (mvFS) indicates what full
scale feedback range was set for each channel calibrated.

Select CONTINUE to view additional channels not shown on the page.

Press the ESCAPE key (F11) to exit the LSC Calibration screen.
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PERFORMING AN R-CAL DEVIATION CHECK

The R-CAL Deviation procedure performs the same function as the R-CAL procedure, without
actually setting the feedback gain to the "just determined" value. Instead, the "just determined” value is
compared to the original R-CAL results, and the difference between the two values is reported to the
host. This information is displayed to the operator and allows him to verify the integrity of the load cell
and feedback amplifier at various times throughout the duration of the test.
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In order to perform the R-CAL Deviation procedure you must have previously performed the R-
CAL procedure.
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Folliow these steps to perform the R-CAL Deviation procedure:

Step 1: Select the Control menu, Calibration option.
Step 2: Using the radio buttons, select the R-CAL Deviation function.
Step 3: Select the channels to be calibrated:

e Ifall are to be done, enable the button in the All field.

e If a range of channels is to be done, enable the button in the Channel field. Then

enter the first and last control channel numbers in the range in the two boxes to
the right of Channel.

Step 4: Select OK or press RETURN to start the calibration process. While calibrating, the
system displays a calibration message and the time remaining for completion of the
calibration procedure.

Step 5: Once the check is completed, the R-CAL Deviation Report screen shown in Figure
7-3 15 displayed. The column labeled Feedback Gain (mvFS) indicates what the new
full scale feedback range would be if you were to perform the R-CAL procedure
again.

The column labeled Deviation Gain (mvFS) indicates the amount of change in the
feedback gain, in millivolts. The deviation in percent is given in the column label
Deviation. If the amount of deviation for any channel exceeds the RCAL Deviation
limit specified on the Start Up screen, a failed message is displayed under the Status
column.
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The system does not prohibit you from running with channels which exceed this limit.
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HILE FIspLay BTATIC [EONTROL [BEPORTS BECQUIRE s
r .CS Calibrate - - - -
Servo Feedback Deviation Deviation Status
Channel Gain (mvFS) BGain (mvFS) (%)

> RCAL Deviation

1 22.69 22.69 0.00 DASSED

Figure 7-3  R-CAL Deviation Report Screen
Step 6 Select CONTINUE to view additional channels not shown on the page.

Step 7: Press the ESCAPE key to exit the LCS Calibration screen.

PERFORMING AUTOMATIC VALVE BALANCE
If you wish to have the system perform an automatic Valve Balance procedure, follow the steps
outlined in this section. If you wish to adjust the valve bias manually, skip this section and refer to the
next section labeled Adjusting the Valve Bias Manually.

Step 1: Select the Control menu, Calibration option. The Calibration dialog box is displayed.

Step 2 Using the radio buttons, select the Valve Balance function.
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Step 3: Select the channels to be calibrated:

e If all are to be done, enable the button in the All field.

e If a range of channels is to be done, enable the button in the Channel field. Then
enter the first and last control channel numbers in the range in the two boxes to
the right of Channel.
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Step 4: Select OK or press RETURN to start the Valve Balance routine. While calibrating,
the system displays a calibration message and the time remaining for completion of
the calibration procedure.

Step 5: Upon completion of this routine, the LCS Calibration report will display the results
under the columns labeled Valve Bal (%FS) and Valve Bias.

The Valve Bal (%FS) column lists the amount of valve current (telative to full scale
valve current) required to balance the valve. The Valve Bias column is used to flag

any channel which required more valve bias than specified on the Start Up screen.
The default limit is 20.0% of full scale valve current.
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The system prohibits you from running the test with excessive valve bias.
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Select CONTINUE to view additional channels not shown on the first page of the
Step 6: report.

Step 7: Press ESCAPE to exit the LSC Calibration screen.
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ADJUSTING THE VALVE BIAS MANUALLY

Toadjstﬂnva!veb’asnmxdlyﬁomﬂwmﬁmtm,hlbwﬂmmps:

Step 1: Use the rocker switches on the selected servo front panel to select VLVO from the
SETUPCAL category. VLVO stands for valve offset.

Step 2: While observing the control channel's feedback value, use the lower rocker switch to
adjust the amount of valve offset injected into the valve driver circuit. You will know
when the feedback reads approximately zero for this channel.

Step 3: Return the setvo front panel display to the desired parameter.

Step4: Repeat steps 1 through 3 for each channel you wish to adjust.

PERFORMING A TARE BALANCE

The Tare Balance procedure works in conjunction with the engineering unit value entered in the Tare
Offset column of the Channel Control screen, and is intended to be used to offset any initial loads
caused by actuators, fixturing, etc.. It adjusts the channel's bridge balance DAC until it reads the user-
entered Tare Offset value on the feedback. The Tare Balance procedure also includes a second
procedure, known as Error Balance, which automatically adjusts the command signal until "0" loop
error is achieved. Performing Tare Balance allows the test to be initiated without any abrupt changes
out at the actuators; effectively providing a soft start.
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In order to perform the Tare Balance calibration procedure, you must ensure that hydraulics are NOT
active, that you have entered a Tare Offset factor, in engineering units, for each channel defined on the
Channel Control screen (Chapter 3), and that the bridge has been zeroed and the feedback gain has

been set to the desired value.
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Foliow these steps to perform the Tare Balance procedure:

Step 1: Select the Control menu, Calibration option.
Step 2: Using the radio buttons, select the Tare Balance function.
Step 3: Select the channels to be calibrated:.

e Ifall are to be done, enable the button in the All field.

® If a range of channels is to be done, enable the button in the Channel field. Then
enter the first and last control channel numbers in the range in the two boxes to
the right of Channel.
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Step 5:

Step 6:

Step 7:

Step 8:

Select OK or press RETURN to start the calibration process. While calibrating, the
system displays a calibration message and the time remaining for completion of the
calibration procedure.

Once Tare Balance is completed, the Tare Balance report shown in Figure 7-4 is
displayed. The column labeled Tare Offset (mv/v) indicates how much tare offset
was used for each control channel. The column labeled Initial Error (EUs) indicates
what the initial loop error was for each control channel prior to when the system
performed the Error Balance portion of the calibration procedure.

Select CONTINUE to view additional channels not shown on the first page of the
report.

Press the ESCAPE key to exit the LSC Calibration screen.

Since the Error Balance portion of the routine adjusted the command in order to
achieve "0" loop error, you may initiate the test according to the steps given in
Chapter 10.
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PERFORMING AN ERROR BALANCE

Although the Error Balance routine is an integral part of the Tare Balance procedure, there are times
when you may want to perform the Error Balance procedure separately, such as after a hydraulic dump
has occurred. In such instances, one or more channels may experience a non-zero loop error condition
which, if not corrected, could cause abrupt loading upon re-activation of the hydraulic system. For this
puzpose, enabling the Error Balance routine automatically adjusts the command signal for each control
channel until "0" loop error is achieved.

Follow these steps to perform the Ervor Balance procedure:

Step 1:

Step 2:

Step 3:

Step 4:

BILE ®ISPLAY
r LCS Calibrate
Servo
Channel

Select the Control menu, Calibration option.
Using the radio buttons, select the Error Balance function.

Select the channels to be calibrated:
e Ifall are to be done, enable the button in the All field.

e If a range of channels is to be done, enable the button in the Channel field. Then
enter the first and last control channel numbers in the range in the two boxes to
the right of Channel.

Select OK or press RETURN to start the calibration process. While calibrating, the

system displays a calibration message and the time remaining for completion of the
calibration procedure.
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Step 5: Once Error Balance is completed, the Etror Balance report shown in Figure 7-5 is
displayed. The column labeled Initial Error (EUs) indicates what the initial loop error
was for each control channel, in engineeting units, prior to calibration.

Step 6: Select CONTINUE to view channels not shown on the first page.

Step 7: " Press the ESCAPE key (F11) to exit the LSC Calibration screen.

PERFORMING THE PRETUNE PROCEDURE

The system includes a Pretune function which applies 2 built-in spectrum to the control loop,
determines its Bode gain and phase, and automatically sets the proportional gain and rate
compensation of the channel.

If this calibration function is performed, a proportional gain cap for each selected channel is
determined using Bode estimation. When auto-tuning is enabled, channels which have been pretuned
will operate with 2 maximum proportional gain equal to the Bode gain cap. Channels which have been
pretuned will retain their respective gain cap until 2 SETD (set defaults) is performed from the servo
controller front panel.
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If auto-tuning is enabled without a pretune having been performed, the proportional gain which is

used is based on oscillation criteria and min/max gain caps, not Bode estimation. This function must
be performed with the hydraulic system on.
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Follow these steps to perform the PRETUNE procedure:

Step 1: Select the Control menu, Calibration option.
Step 2: Using the radio buttons, select the PRETUNE function.
Step 3: Select the channels to be calibrated:

e If all are to be done, enable the button in the All field.

e If a range of channels is to be done, enable the button in the Channel field. Then
enter the first and last control channel numbers in the range in the two boxes to
the right of Channel.

Step 4: Select OK or press RETURN to start the calibration process. While calibrating, the
system displays a calibration message and the time remaining for completion of the
calibration procedure.
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Step 5: Once the selected channels are calibrated, the system displays the Calibration Report
screen, Figure 7-2, which shows the results of the most recent execution of the
calibration function.

Step 6: Select CONTINUE to view channels not shown on the first page.

Step 7: Press the ESCAPE key (F11) to exit the LSC Calibration screen.

SUMMARY OF THE LCS CALIBRATION REPORT SCREEN

The following calibration information, which resides in non-volatile memory associated with each
servo channel, is provided on LCS Calibration Report screen:

Servo Channel The physical channel number.
Bridge Ofs (mviv) The equivalent mv/v value of the load cell bridge offset.

Max Prop Gain The maximum gain cap determined by the Bode estimator used in the pretune
calibration procedure.

Fdk Gain (mvFS) The load cell full scale in millivolts as determined by the R-CAL procedure
Excit Volt (-V) The excitation voltage in volts.

Valve Bal (FS) The amount of valve current required to balance the valve, in percent(%o) of full scale
valve current.

stciroksokslokickok ok Rk okokkoRokoRiok ok ook BRI ot sk stototokoteksorskksk ok s skokksk sk ok sk ok ks otk

If a particular calibration function is not performed, e appropriate default values will be displayed.
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.............................................................................................................

BEFORE PROCEEDING TO THE NEXT CHAPTER, REMEMBER TO CHECK APPENDIX A
FOR SPECIAL FEATURES OR MODIFICATIONS WHICH MAY BE ASSOCIATED WITH
YOUR PARTICULAR SYSTEM.

.............................................................................................................
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CHAPTER 8

SETTING UP & CALIBRATING THE

AUXILIARY DATA ACQUISITION SYSTEM

If your system is not configured with Cyber's Auxiliary Data Acquisition System, continue reading
from Chapter 9. If your system is configured with Cyber's AuxDAS and you wish to use it, make sure
you've read Chapter 1 of this manual to obtain a basic understanding of the individual elements
associated with AuxDAS. Refer to page 14 of Appendix D for instructions on how to interface your
transducers to the DAS hardware, as well as how to install the RCAL & bridge completion resistors for
bridge type inputs. You should not continue with Chapter 8 until you have completed the interface as
described in Appendix D.

Throughout this manual Cyber uses the abbreviations AuxDAS, ADAS, and DAS interchangeably to
refer to the Auxiliary Data Acquisition System.

.........................................................................................................

BEFORE PERFORMING ANY OF THE OPERATIONS DESCRIBED IN THIS CHAPTER,
REMEMBER TO CHECK APPENDIX A FOR SPECIAL FEATURES OR MODIFICATIONS
WHICH MAY BE ASSOCIATED WITH YOUR PARTICULAR SYSTEM.

SETTING UP THE AUXILIARY DATA ACQUISITION SYSTEM

Cyber's Auxiliary Data Acquisition System operates in the same way as the rest of the F atigue Master
7000 software. It's menu driven and uses a combination of spreadsheet screens and dialogue bozxes to
make entries and/or initiate specific functions. Figure 8-1 shows the Fatigue Master 7000 ACQUIRE
menu. This menu is the starting point for all DAS operations.

The first task in using the AuxDAS is to set up the data acquisition channels to be used in the test.
When all desired values are entered, you must perform a Verify of the AuxDAS setup. This works in a
similar fashion to the LCS Verify, providing a cross-check of the DAS setup data.

When AuxDAS Verify passes, you must then perform calibration of the data acquisition channels.
Additionally, if the Rosettes, Computed Channels, and/or other available options are present and the

use of one or more is desired, you must enter the necessary set up data.

This chapter provides a detailed step-by-step procedure for performing each of the above tasks.
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|
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C-- sette Setup

Figure 8-1 Acquire Menu
]

O

DEFINING THE DAS CHANNELS

0

O

The first task in using the DAS in conjunction with the LCS is to define the data acquisition channels
to be used in the test. Channels may be defined in any order up to the maximum number in the
system. In this process you:

Enter the DAS channel number corresponding to its physical location in the chassis
Assign a name to each input channel

SpeCLfy the input type for each channel, such that the proper type of calibration is performed later
on in the calibration procedure

Enter the engineering units you wish to use for the data

Enter the full scale and calibration factor in engineeting units

Define minimum and maximum limits on the data for each channel

Specify the sequence of the DAS channels on the DAS Subset Test Data display/report
Enable/disable redundant limit checking in the MCU on a per channel basis (if configured)

Foliow these steps to set up the DAS channels:

Step 1: Select the ACQUIRE menu, Setup option. The AuxDAS Setup screen shown in

Figure 8-2 is displayed.
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Step 2: Enter the channel # in the column labeled Chan No. This number can range from 8
to the maximum number of DAS channels configured with the system
O
O
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Step 3:
Step 4:
O

Chan

Type
0
6

7

O
Figure 8-2  AuxDAS Setup Screen
0

Step 5:

Step 6:

Step 7:

Enter the name of the channel (if desired) in the column labeled Chan Name.

In the column labeled Chan Type, enter the channel type according to the following
table:

Calibration
Description Functions Performed
Voltage Channel ~ The feedback gain is set according to the calibration factor
Voltage Channel with  Initial Offset is removed, then the feedback gain is set according to
voltage suppression  the calibration factor
Bridge Channel Initial Offset is removed, then the RCAL shunt is invoked in order
: to establish the proper feedback gain for that channel

0
Gage 1 7

Gage 2 7 Lbs
Gage 3 0 volts

Enter the engineering units of each channel in the column labeled Engr Units.
]

Enter the full scale for each AuxDAS channel in engineering units in the column
labeled Full Scale.

Enter the calibration equivalent value in engineering units in the column labeled Cal
Fact. For bridge type channels (type 7), which ate to be calibrated by using an RCAL
shunt applied across one arm of the bridge, enter the engineering unit equivalent of
the RCAL shunt resistor. For voltage channels (types 0 and 6), enter the engineering
unit-per-millivolt relationship (e.g. 10 Ibs/mV) for the transducer.

Cyber Systems inc. 84



FATIGUE MASTER 7000 CHAPTER 8

Step 8:

Step 9:

Step 10:

Step 11:

If you wish to flag a given channel for being out of range when it is read at endpoint,
enter the approprate numbers in the columns labeled Min Limit and Max Limit. If
the channel's value is greater than the Max Limit, an "H" will be placed in the Limit
column of the Test Status Report. If the value is less than Min Limit, an "L" appears
in the Limit column of the Test Status Report. If the value is between Min Limit
and Max Limit, the column is left blank.

If you wish to reorganize the sequence of DAS channels, or select a subset of DAS
channels to be used with the DAS Test Data display/ report, enter the desired
numerical position of the channel in the column labeled Subset No. For example, if
your test has 20 DAS channels (8 through 27), but you're primatily concerned with
channels 10 and 16, entering a "1" in the Subset No. column for channel 10, and a
"2" in the Subset No. column for channel 16 will allow you to obtain an special
version of the DAS Test Data display/report which only includes these two
channels. The sequence of the channels will be in numerical order of the subset
numbers. In our example above, channel 10 would be the first channel on the subset
display/report, followed by channel 16. More information on the Subset DAS Test
Data display/report is given in Chapter 11.

Some system configurations include an additional field labeled Check Active or Das
Chk. This field is used to enable/disable, on a per channel basis, redundant limit
checking which is performed by the MCU. If your system includes this field and you
wish to enable redundant limit checking in the MCU, use the space bar to enter an
"X" in this field for the selected DAS channel(s). Leave the field blank in order to
disable the redundant limit check. You may change which channels are in the limit
check, but you must recalibrate the DAS in order for the change to take effect.

When all channels have been defined, select [ESCAPE] to return to the ACQUIRE

menu.
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DEFINING ROSETTES
O

O

A rosette is a particular physical orientation of strain gauges which allows the calculation of 2 series of
stress, strain, and associated directional data for loads applied to a test article. The FM7000 ADAS
accommodates the use of two widely used rosettes: rectangular and bi-directional (Le. two gauge).
Figure 8-3 illustrates each configuration.

Bidirectional (Two Caga)

Figure 8-3 Rosette pictures

For each rosette, the FM7000 software computes a series of parameters based on reading each strain
gauge, and directs the results to the Test Data display/report. The parameters computed are:

- Maximum and minimum strain

The angle from gauge 1 axis to the maximum normal stress axis
- Maximum and minimum stress

Shear stress

Follow these steps to set up rosettes:

Step 1: Select the ACQUIRE menu, Rosette option. The Rosette set up screen, Figure 8-
4 is displayed. You should notice the Chan No column which automatically
numbers each rosette starting with 1000.

Step 2: Enter the name (if desired) of each rosette in the column labeled Chan Name.
Step 3:Enter the type of rosette in the column Ros Type. For a rectangular rosette,

enter "r", and for a bi-directional rosette, enter "b". Capital letters are also
acceptable.
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I HILE @isPLay BTATIC BONTROL BEPORTS [ECQUIRE [s

Figure 84 Rosette Setup
a

0 .

Step 4: In the following three columns: Chanl, Chan2 and Chan3, enter the DAS channels
assigned to that rosette. If the rosette is bi-directional, you must use only the Chanl
and Chan2 columns. The strain values read from these channels are used in the
rosette computation.

sk ok ki sk okokokskkokskskosk ok koK sk kKR sk Feok - seokesfokokokoforokskokokk sk skokok sk ok sk kk sk sk o koK ok ok

All channels entered in the Rosette setup must be independent (i.e. a channel may

only be assigned to one rosette).
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Step 5: Enter the elasticity constant for each rosette in the column labeled Young Mod x
10e6. The number entered is scaled by 106 before being used in computations.

a

Step 6: Enter the Poisson ratio of the test article material in the column labeled Pois Ratio.
This factor accounts for strains produced normal to the direction of primary strain
(i.e. secondary strains) in the rosette calculation.

Step 7: When all entries have been propetly made, select [ESCAPE] to return to the
Acquire menu.
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DEFINING COMPUTED CHANNELS
0

a

When the FM7000 is configured with Cyber's DAS, the software allows mathematical manipulation of
DAS channel data according to "computed channel” equations which you define. Up to 256 computed
channels may be defined per test. These channels may be viewed under Test Data Display or replayed
from disk.

To define one or more computed channels, follow the steps given below:

Step 1: Select the ACQUIRE menu, COMPUTED CHANNELS option. The Computed
Channel setup screen shown in Figure 8-5 is displayed. You should notice the Chan
No column which automatically numbers each computed channel starting with the
number #2000.

ILE BISPLAY ETATIC [EONTROL [EEPORTS MECQUIRE [Bs

msudemo
. Computed Channel Set-lip

Chaﬁ Computed Channel linear equation

$504+2%$505 # Computed Chan 1
$51072-5509+2%$507 # Computed Chan 2
LOG{(s16) # Computed Chan 3
‘3504/3505)*0.0146 #Computed Chan 4

Figure85 Defnng Computed Channcls
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Step 2: Define the computed channel equation in accordance with the information described
below and in Step 3. Each equation can include the following arithmetic operators:

Unary operators:  +  Positive sign
- Negative sign

O

0
Binary operators:
O

a
+ Addition
O
- Subtraction

* Multiplication

/ Division
A Raise to the power

O Parenthesis

You may also use transcendental functions within each equation. A list of the
available functions and their syntax is shown below. The parentheses must always be
used.

ABS( ) Takes the absolute value of the function.
ACOS( ) Finds the angle in radians whose cosine is the function.
ASIN( ) Finds the angle in radians whose sine is the function.
ATAN( )  Finds the angle in radians whose tangent is the function.
COSH( )  Finds the hyperbolic cosine of the function in radians.
COS( ) Finds the cosine of the function in radians.
EXP( ) Finds the value of e raised to the power of the function.
LOG10( ) Finds the log base 10 of the function.
LOG( ) Finds the natural log of the function.
POW10( ) Finds the value of ten raised to the power of the function.
ROUND( ) Rounds off the function to the nearest integer value.

SINH( ) Finds the hyperbolic sine of the function in radians.

SIN( ) Finds the sine of the function in radians.

SQRT( )  Finds the square root of the function.

SQR( ) Finds the square of the function.

TANH( ) Finds the hyperbolic tangent of the functon in radians.

TAN( ) Finds the tangent of the function in radians.

TRUNC( ) Removes the fractional part of the function.
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a
Step 3: When defining computed channels, the following rules must be adhered to:
0
a
Rule #1 A "$" is used to indicate a DAS channel number. For example, $8 indicates DAS
channel # 8.
O
0
Rule #2 DAS channels used within computed channel equations must first be defined in the
ACQUIRE Set Up screen.
Rule #3 The equation must be continuous; no spaces between factors and operators. Below
ate examples of acceptable and unacceptable equations:
O
O
$8+500/$9*1000 acceptable
$8 + 500 / $9 * 1000 unacceptable
Rule #4 Operations within the equation are not prioritized; the equation is strictly computed
from left to right. For example, in the equation below, the system will add 500 to the
data from Channel #8, divide the sum by Channel #9, and multiply the quotient by
1000.
$8+500/$9*1000
Rule #5 Use parenthesis to prioritize operations within the equation.
W]
g
Rule #6 Multiplication is not implied by parenthesis. Therefore, a multiplication sign "*" must
be used between factors and parenthesis.
Rule #7 Computed channels must be defined in a contiguous manner. For example, 2000,
2001, 2002, etc..
O
O
Rule #8 A previously defined computed channel may be used in a subsequent one. For

example, computed channel #2004 may include computed channel #2001 in its
equation. However, computed channel #2004 can not be used within other
computed channels. This restriction is often referred to as single level nesting.
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Rule #9 Computed channels used within an equation are identified by a preceding "#". For
example:
Comp. Chan Equation
2001 2000*$4
2005 $7+15/8+#2001
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Rule #10 No recursive nesting is allowed. For example:
O
O
Comp. Chan Equation
O
2001 $8+#2001
0
O
Step 4: Enter 2 name for each computed channel in the column labeled Chan Name. Capital

letters or lower case lettets are acceptable.

Step5: - If you wish to edit a computed channel equation, you must move the cell cutsor to
the desired line and re-type the entire equation again.

Step 6: When all entries have been properly made, select [ESCAPE] to return to the
ACQUIRE menu. Remember, up to now, all of the computed channel information
you entered is being held in temporary files, use the SAVE function to permanently
save this information to disk.
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Defining Displacement Transducer inputs
]

O

Your system may include this displacement transducer option which is designed to acquite BCD data
from up to 64 displacement transducers, in synchronization with the FM7000 load profile. This is
accomplished through the use of an MVME340 discrete I/O board in the Motorola host computer
and external multiplexing hardware provided by the customer. Six discrete outputs are used to address
the appropriate displacement transducer channel, while 25 discrete inputs read the BCD data (24 +
sign). These discretes are accessed at the back of the host through a dedicated connector panel (see
Appendix A for the pin assignments).

The operator assigns the desired displacement transducer channels to a particular test through the use
of a spreadsheet entry screen. At each load profile endpoint, all 64 channels are "scanned"; however,
only the data from the displacement channels defined in the test setup is merged with the standard
system endpoint data of that test (i.e. LCS & ADAS). This data is available for display, hardcopy,
and/or recording. If you are running multiple independent tests, each of which has one or more
displacement transducers defined in its setup, the system will automatically merge the data from the
displacement transducer channels defined in each test with the corresponding TS file.

To set up displacement channels, perform the following steps:

Step 1: Select the ACQUIRE menu, Disp. Setup option. The Displacement Transducer
Spreadsheet screen, Figure 8-6 is displayed.

Step 2: Enter the desired displacement transducer channel number in the column labeled
Chan. No.. Enter the channel's name (if desired) in the column labeled Chan
Name. Up to 64 channels may be entered for a given test with channel numbers
ranging from 1 to 64.

BILE @ISPLAY HETATIC {HONTROL [EPORTS [ECQUIRE [Es

i

S L L s e G R S s
S e =

Figure 8-6 Displacement Transducer Setup
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Step 3: When all channels have been entered, press the ESCAPE key (F11) to return to the
ACQUIRE menu.
O
O

Recording and monitoring of the displacement transducer data is covered in subsequent chapters.

a

VERIFYING THE ADAS SETUP

O

O

When all ADAS setup has been completed, you are ready to initiate a cross-check of the entries made
using the ADAS Verify program. Any setup errors encountered (e.g. missing entries, duplicate entries,
out of range entries, etc.) are flagged and displayed. You must correct any errors and re-initiate ADAS

Verify before proceeding. When no more setup etrors are present, the display returns to the
ACQUIRE menu.

To activate the ADAS Verify cross-check procedure, simply select the ACQUIRE menu, VERIFY
option. The program runs as described above.

CALIBRATING THE DAS FOR THE FIRST TIME

When a successful Verify has been petformed, you are ready to calibrate the ADAS. The primary
functions of the calibration procedure are:

1. Determine the optimum gain for each channel to allow for maximum resolution.
2. Determine cotrection and conversion coefficients to provide maximum accuracy.

Two modes of calibration are available: balance and drift. The more common of the two, balance
calibration, is used for selecting optimum gains and correcting for any inherent offset. The drift
calibration procedure, on the other hand, is normally performed after the original balance calibration
(e.g- typically months) and determines how much each channel has drifted from its original (balance)
calibration readings, providing an additional correction factor. With the precision, low-drift analog
hardware of the ADAS, drift calibration is seldom necessary.

Follow these steps to calibrate the ADAS of the FRI7000;
Step 1: Select the ACQUIRE menu, Calibrate option. The calibration dialog box, Figure

8-7 1s displayed.
O
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Step 2: Select the mode of calibration to be performed, Balance Cal or Drift Cal. Do not
select Drift Cal unless a balance calibration has previously been performed.
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Step 3:

Select the channels to be calibrated.
]

® Ifall are to be done, keep the button in the All field.
O

® Ifarange of channels is to be done, place the button on the Channel field and enter the first and-

last ADAS channel numbers in the range in the two boxes to the right of Channel.
Figure 8-7 DAS Calibration Dialog Box

IoNTROL [EEPORTS [ECQUIRE [Bs

DAS Calibrate

B> Balance Cal
- ) Drift Cal

L) A1l

") Channel B to

CANCEL

Step 4:

Step 5:

Select OK or press [RETURN] to start the calibration process. While calibrating,
the system displays which calibration sub-task is being performed.

Once the selected DAS channels are calibrated, the system displays the ADAS
Calibration Report screen, Figure 8-8, which shows the results of the most recent
execution of the ADAS Calibration function.

Cyber Systems inc. 8-17



FATIGUE MASTER 7000 . . . CHAPTER 8

Test Description: Test Name: LMSW Demo
DAS Balance Display
irwvncyz Se t 0 199 ‘17}:44:591 ]

504 20 51 -12 6 938.7  108.125 -0.015 1.782

505 20 512 -15 -5 1249.8 144.012 0.012 -2.989

506 20 512 15 -2 1561.5 179.865 0.004 -2.415

Figure 88 DAS Calibration Report Screen

0

O

The following information is provided on the ADAS calibration Report Screen:

Channel No The ADAS channel number

Full Scale (mV) The Full Scale in millivolts as chosen by the R-CAL procedure

Gain The gain setting for that channel as determined by the R-CAL
procedure; inversely proportional to FS (mV)

Offset (counts) ‘The value, in counts, of the DAC setting for this channel.

Res (counts) The value in counts of any offset remaining after the offset DAC is set.

R-CAL (EU) The calibration factor as entered on the Setup screen.

Scale Fac A (EU/mV) The scale factor used in converting a voltage reading into engineering
units for each channel

Balance Offset (mV) A corrective offset value added to the readings on that channel
Zero Read Z (EU) a corrective zeroing factor applied to the engineering unit values on each
channel
O
Step 6: Select [CONTINUE] on the calibration results display by pressing [RETURN].

This allows you to view all of the DAS channels which have been calibrated. If you
do not wish to see the results, select [CANCEL].

When the last page of the report has been displayed and you have pressed [RETURN] or by selecting
CANCEL, the system exits the calibration display to return to the ACQUIRE menu. What happens
next depends on the type of MCU configured with your system, Z-80 based or 68000-based. Both
configurations are described below:

Z-80 Based MCU (prior to 1992)

If your system is configured with Cyber's Z-80 based MCU, the host computer transfers the scan list to
the MCU via the serial RS-232 link. This can be observed by watching the "Host Transmitting" LED
on the front of the MCU, which is brightly illuminated during this phase.

Once the scan list transfer is completed, the MCU immediately begins scanning the DAS channels.
This is indicated by a series of flickering LEDs on the MCU. If you have previously downloaded the
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LCS test setup information from the Start Up screen (Chapter 6), the DAS Test Data display should
update approximately every half second.

The actual scanning occurs at a UNIX-dependant interval (about 50 ms), i.e. the host repeated issues
scan/halt commands to the MCU. This tells the MCU to take a scan all the DAS channels in the
system, then wait for the next scan command. The rate at which the channels are scanned is 20,000
channels-per- second. When DAS recording is enabled (in the test procedure and Master screen), the
host records the endpoint data of the scan closest to the endpoint.

68000-Based MCU

If your system is a later configuration of the FM7000 which uses the 68000-based MCU, the host
computer transfers the scan list to the MCU via DMA. Depending on the length of your scanlist (Le.
number of DAS channels in the system), this will take anywhere from 3 to 5 seconds.

Once the scan list transfer is completed, the MCU immediately begins scanning the DAS channels.
This is indicated by a series of rapidly flickering LEDs on the MCU. If you havepreviously downloaded
the LCS test setup information from the Start Up screen (Chapter 6), the DAS Test Data display
should update approximately every half second for small and medium systems and every two seconds
for large systems.

The actual scanning is independent of the host/UNIX. Instead, the MCU operates in an
mntervalometer mode, taking a scan of all channels every 50-200 milliseconds depending on the number
of DAS channels in the system. The rate at which the channels are scanned is always 20,000 channels-
per second. The DAS data which gets recorded is the scan which resides in shared memoty at the ime
the load control endpoint occurs (i.e. within one interval time (50-200 ms) of endpoint occurrence).

Step 7: If further calibration is necessary, select the approprate function.
O

O
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Verfication and calibration of the DAS may take place before or after LCS setup data has been
downloaded to the TMTM. Furthermore, the DAS may be re-calibrated while the test is active

provided that the system is in either a paused, ramped, or hold condition.
******************************************************************************

>
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RE-CALIBRATING ONE OR MORE DAS CHANNELS

O
0
Torowhawoneormnnsdla:mels,fonowﬂ\eshpsgivenbelm
o
0
Step 1: Select the ACQUIRE menu, Calibrate option. The calibration dialogue is
displayed.
0
Step 2: Select the mode of calibration to be petformed, Balance Cal or Drift Cal. Do not
select Drift Cal unless a balance calibration has previously been performed.
a
0
Step 3: Select the channels to be calibrated.
e Ifall are to be done, keep the button in the All field.
® If a range of channels is to be done, place the button on the Channel field and
enter the first and last ADAS channel numbers in the range in the two boxes to
the right of Channel.
Step 4: Select OK or press Retum to start the calibration process. While calibrating, the
system displays which calibration sub-task is being performed.
g
a
Step 5: Once the selected channels are calibrated, the system displays the DAS Calibration

Report screen with the results of the most recent DAS calibration. The report
includes all of the DAS channels in the test. Channels which were not re-calibrated
maintain their original results, while re-calibrated channels display new results.

HALTING THE DAS SCANNING/ACQUISITION

If you wish to stop the DAS scanning, select the ACQUIRE menu, HALT ACQUISITION option.
A dialog box is displayed which states "Acquisition Halted". Press [RETURN] to halt the acquisition
process or press the ESCAPE key (F11) if you choose not to. If you pressed [RETURN], you will
notice that the LEDs on the MCU have stopped flickering. If you wish to resume scanning, without re-
calibrating the DAS, follow the procedure given in the proceeding section. If you wish to re-calibrate
one or more of the DAS channels, follow the instructions given earlier in this chapter.
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DOWNLOADING THE SCAN LIST MANUALLY
0

g
There may be times when you wish to download the scan list without necessarily re-calibrating the
DAS. Some examples of when this might be required, include:

® after the DAS scanning/acquisition has been halted and you do not wish to re-calibrate the DAS
® when recovering from a powered-down state and you do not wish to re-calibrate the DAS

o if the "smm" process was killed, but you've restarted it and wish to resume scanning again, without
re-calibrating the DAS.

In order to deal with these situations, the FM7000 includes a means of manually downloading the scan
list, without re-calibrating the DAS. To do this, select the ACQUIRE menu, Download and Start
option. The scan list is downloaded and the MCU begins scanning immediately.

Feksikokokofokokokokokookskoksokokokskokosksokkkoksokokskokskok |
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The DAS must have been calibrated at some point eatlier in the test, in order for the necessary

calibration files to be on the host disk.
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ACTIVATING THE AUXILIARY DATA ACQUISITION SYSTEM

To activate the DAS for data to be recorded along with L.CS data, you need only to either calibrate the
DAS or manually download the scan list prior to pressing the RUN button for that test. Calibration or
manual downloading may be done before or after the test setup is downloaded to the TMTM. Once
the RUN button is pressed, the test "locks in" pertinent data (i.e. the total number of DAS channels
defined for this test) needed to write to the test data file on the hard disk.

If DAS is activated after the system has been set to RUN, the DAS data will be viewable but will not
be recorded to the test data file. Only the LCS data will be recorded to the file in this case.

If the total number of DAS channels is increased in mid-test and the DAS is recalibrated, the
additional channels will not be recorded. Only the total number of channels as "locked in" after the
initia] pressing of the RUN button will be recorded.
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RETRIEVING RECORDED ADAS DATA

Data from the AuxDAS is attached to the LCS Test Status data (i.e., Test Data display/repott).
Therefore, it may be stored to disc, viewed, and printed in the same manner as the standard (LCS) Test
Data display/report. Rosette data, Computed Channel data, Pressure data, and/or Displacement data
are additional appendages to the Test Data display/report which your particular system may or may
not include. Chapter 11 provides additional detail on retrieving AuxDAS data.

............................................................................................................

BEFORE PROCEEDING TO THE NEXT CHAPTER, REMEMBER TO CHECK APPENDIX A
FOR SPECIAL FEATURES OR MODIFICATIONS WHICH MAY BE ASSOCIATED WITH
YOUR PARTICULAR SYSTEM.

.............................................................................................................
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CHAPTER 9

ESTABLISHING PRE-RUN & RUN-TIME CONDITIONS

There are several test conditions which you may want to establish prior to initiating the loading
process. These include: :

® resetting any error conditions which may have occurred priot to or after the test was downloaded
® enabling/disabling the Conditional Action Tables for systems configured with this feature

® simulating channel faults for the purpose of verifying programmed conditional actions

@

enabling or disabling certain run-time functions, such as auto-tuning, endpoint pacing, inner error
pacing; etc.

® resetting individual discrete outputs

® scaling the preprogrammed transition time (rate) and/or load for all control channels

This chapter describes each of these conditions separately.

BEFORE PERFORMING ANY OF THE OPERATIONS DESCRIBED IN THIS CHAPTER,
REMEMBER TO CHECK APPENDIX A FOR SPECIAL FEATURES OR MODIFICATIONS
WHICH MAY BE ASSOCIATED WITH YOUR PARTICULAR SYSTEM.
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RESETTING ERROR CONDITIONS

Before a test can be initiated or resumed, you must reset any error conditions which may have
occurred. Error conditions can occur several ways, including:

® when the test setup information is downloaded to the TMTM/setvos
® when the hydraulic simulators within the servo controllers are enabled/disabled

® when out-of-limit conditions are exceeded duting normal operation of the system (i.e. outer error,

nouter limits)

® when simulated fault conditions are activated (see next section in this chapter)

Foliow these steps to reset emor conditions:

Step 1:

Step 2:

Step 3:

Select MASTER from the CONTROL menu. The Master screen shown in
Figure 9-1 s displayed.

Move the cursor to the Reset Error Conditions position and press RETURN. The
TMTM sends a message to all servos in the test to reset the latched error status,
which results in the following:

- The associated lights on the servo front panel(s) are extinguished.

- The error status in the TMTM is reset.

-The number(s) in the First Fault Ch# boxes on the Master screen are
removed (i.e. if the error condition was linked to a Channel Conditional Action).
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The etror condition must be removed before the error can be reset. For example, if
an "outer limit" or "outer loop error" is still present at the time a Reset Error
Conditions 1s initiated, the servo(s) will immediately detect another error condition
(e-g. outer limit, outer error). The same applies to discrete input states which have

been linked to preprogrammed actions.
dekestorosokfootoRokokokkokskokskkook ok skook skokstokokokokoskok stk s skokok sksk sk skokok sk ok skok sk sk sk skok ok ok sokok

In addition, Reset Error Conditions works in conjunction with the following:

® Freeze History Data. Selecting Reset Error Conditions unfreezes the history
data buffer and allows new data to be stored.

®  Simulated Faults. This option resets the simulated faults set by Set Fault #1 and
Set Fault #2.

® Rearms the RUN button for test resumption after latching faults (e.g. Dump)

Press the [ESCAPE] key (F11) to exit the Master screen.
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ENABLING/DISABLING THE CONDITIONAL ACTION TABLES

Some systems are equipped with a special feature which allows you to enable/disable the Conditional
Action Tables prior to, or during, a test ran. With such system configurations, the Conditional Action
Tables are disabled until the test has been downloaded and the appropriate AUX button on the test
control panel has been activated.

This feature avoids unnecessarily triggering programmed actions which may occur due to pre-existing
servo error conditions which are present upon downloading the test information to the TMTM &
servos. It also allows you to disable the Conditional Action Tables:

® when you wish to allow the system to exceed previously set limits without performing any
programmed conditional actions
® when you run the test in simulation and don't want the system to perform conditional actions

Refer to Appendix A to determine if your system includes this feature. Appendix A will also indicate
which AUX button (AUX#1 or AUX#2) on the test control panel is dedicated as the Limit Enable
button.
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If you do not enable the Conditional Action Tables from the appropriate AUX button, no
programmed actions will be taken for any conditions listed in the Conditional Action Tables.
However, if a fault condition occurs and you manually pause or hold the test some time after, the next

press of the RUN button is disarmed until you Reset Error Conditions.
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SETTING FAULT CONDITIONS

In order to verify the system response to each of the servo's fault conditions (i.e. Fault #1 and Fault
#2), the system includes a means of simulating these faults, even though no servo error conditions

actually exist.

Follow the steps given below to st fault conditions:

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Select MASTER from the CONTROL menu. The Master screen shown in
Figure 9-11is displayed. '

If your system configuration allows you to enable/disable the Conditional Action
Table, as described in the previous section, press the AUX#1 button to enable this
function.

If you wish to simulate a Fault#1 condition, move the cursor to the Set Fault 1
position and press [RETURN]. The system issues a command to all servos in the
test which causes each servo to set Fault #1. This fault condition is identified by the
TMTM, causing the system to perform any programmed actions that have been
linked to a Fault#1 condition.

If you wish to simulate 2 Fault#2 condition, move the cursor to the Set Fault 2
position and press [RETURN]. The system issues a command to all servos in the
test which causes each servo to set Fault #2. This fault condition 1s identified by the
TMTM, causing the system to perform any programmed actions that have been
linked to a Fault#2 condition.

Press [ESCAPE] to exit the master screen.

ENABLING/DISABLING RUN-TIME FUNCTIONS

Prior to initiating a test, or while a test is running, you may enable/disable various run-time functions
which control how the test will be conducted.

Foliow the steps given below to enable/disable nn-time functions:

Step 1:

Step 2:

Select MASTER from the CONTROL menu. The Master screen shown is
displayed.

Enabling/disabling of each run-time function requires you to select or de-select the
appropriate check-box. A run-time function is enabled when an "X" appeatrs in the
square brackets next to the function. To disable a function, move the cursor to the
corresponding brackets and press the space bar to erase the "X". To re-enable the
function, press the space bar again: the "X" reappears.
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Some of the available functions are intended to be used "as required" during the test and should not be
enabled priot to pressing RUN. Some functions activate modes of operation or global features which
may be enabled prior to or after pressing RUN. Lastly, some functions, namely one -Send Freeze Data,

1s intended to be enabled only after other events have occurred.
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Step 3:

Select one or mote of the following functions, if desired:

Print Test Data sends a Test Data Repott of the next endpoint to the printer.
This is a "one-shot" function,; it is automatically disabled after the report is
printed for the next endpoint, i.e. the "X" goes away when you press
[RETURN]. You must re-enable the function whenever you want a Test Data
Report for an upcoming endpoint. This function is typically enabled during the
test, not prior to pressing RUN. You may also select this function while Puased
at an endpoint to obtain that endpoint's data.

Print Histogram sends tabular histogram data at the next endpoint to the
punter. This is a "one-shot" function; it is automatically disabled after the report
is prnted for the next endpoint, i.e. the "X" goes away when you press
[RETURN]. You must re-enable the function whenever you want a histogram
report at the next endpoint. This function is typically enabled during the test, not
prior to pressing RUN.

Send Freeze Data prompts selected servo channels to transfer their circulating
memory contents to the host's hard disk, one at a time. You can activate this
function if the system is in the RUN mode. Refer to Chapter 14 for more
information on retrieving/ examining the history data.

Record Data stores the endpoint Test Data on the system hard disk at the
completion of the current endpoint. This is a "one-shot" function; it is
automatically disabled after the endpoint data is record, i.e. the "X" goes away
when you press [RETURN]. You must re-enable the function whenever you
want to store the endpoint Test Data for upcoming endpoints. This function is
typically used for endpoints which have not been set up to be recorded in a
fatigue test's test procedure file. This function is typically enabled during the test,
not prior to pressing RUN.

Print Enable allows the automatic printing of the Test Data Report at steps
within the test procedure which call for a printout. This is a latching function;
you may enable or disable it only from the Master screen. This function can be
enabled before or after pressing RUN.

Endpoint Pacing forces the system to wait for all channels to reach the correct
endpoint load (within the tolerance specified on the Start Up screen) before
continuing to the next step. The length of time the system waits is specified in
the System Conditional Actions screen, discussed in Chapter 5. Endpoint pacing
is a latching function; you may enable or disable it only from the Master screen.
This function can be enabled before or after pressing RUN.

Inner Error Pacing prevents one or mote control channels from lagging
behind the others. The system accomplishes this by monitoring the inner error
signal of each control channel in the test. When an inner error limit has been

exceeded by one or more channels, the system halts the command function
generation for all channels. When the channel(s) are within their allowable inner
error limit, the system resumes command function generation. The length of time
that the system allows the inner error limit to be exceeded is specified in the System
Conditional Actions screen, discussed in Chapter 5. Inner error pacing is a latching
function; you may enable or disable it only from the Master screen. This function can
be enabled before or after pressing RUN.
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Step 3 (Cont):

Step 4:

Step 5:

Auto Tune enables the automatic tuning algorithm in the servo controllers.
Enabling this function means that it is operational only on those channels for
which the auto-tuning function is programmed on the Channel Tuning screen, as
discussed in Chapter 3. Auto-tuning is a latching function; you may enable or
disable it only from the Master screen. This function can be enabled before or
after pressing RUN.

e Hyd. Simulation Enable turns on the hydraulic simulator in each servo
controller. This function can be enabled only when the actual system hydraulics
are off (i.e. the Ext Hyd Press LED on the Test Control Panel is NOT
illuminated). It is a latching function, and may disabled from the Master screen.

° Enable Front Panels enables the controls on the servo front panels and the
Master Rate/ Freq controls on the test control panel. If disabled, the system
allows the test operator to monitor servo parameters from the front panel of the
servo controller(s), without the ability to change the values of the servo
parameters from the front panel. The same applies to the Master Rate/Freq
controls on the test control panel. This is a latching function; you may
enable/disable it only from the Master screen. This function can be enabled
before or after pressing RUN.

e Integrator (ON/OFF) controls the integrator within each servo controller.
Enabling this function means that it is operational only on those channels for
which the integrator was selected on the Channel Tuning screen, discussed in
Chapter 3. This is a latching function; you may enable or disable it only from the
Master screen. This function can be enabled before or after pressing RUN.
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Integrators will turn on only if hydraulics (i.e. the Ext Hyd Press LED is illuminated)
are on. If hydraulics are turned off with integrators enabled, all integrators will be
disabled, and must be re-enabled as described above. The X' in the checkbox
indicates the last commanded state of the integrators. If integrators are shut off due
to deactivation of hydraulics (this occurs within each servo channel), the state of this
checkbox does not change. Actual integrator status is viewable on the Channel
Status display which provides a real-time update of the settings and data for that
channel. The operator must re-command integrators on (by pressing RETURN on
the Master Screen) upon reactivation of hydraulics for the integrators to come back
on. Once the Ext Hyd Press LED is illuminated, the integrators will take on the
state of the integrator checkbox (subject to Channel Tuning entries) whenever
RETURN is pressed on the Master Screen ( [X] = ON, [ ] = OFF).
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When you finish setting run-time parameters, press [RETURN] to execute your
enable/disable selections.

Press [ESCAPE] to return to the CONTROL menu.
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RESETTING INDIVIDUAL DISCRETE OUTPUTS

Individual discrete outputs on the rear of the discrete 1/O panel may be reset from the Master screen.
Using the input box label RESET DISC. # at the lower left of the Master screen, enter the number of
the discrete output you wish to reset. When you press return, the system resets the Form-C relay
associated with the selected discrete output.

ADJUSTING THE MASTER AMPLITUDE & RATE CONTROLS

It is sometimes helpful to have the master amplitude and/or frequency of the test be at lower levels
prior to pressing RUN. This allows the hydraulics actuators to come up to load and speed gradually. In
order to do this, the FM7000 includes Master controls on the test control panel which to allow you
adjust the rate and amplitude of the test prior to pressing RUN and/or while the test is running.

Changing the Amplitude of the Test

Using the "Master AMP" control on the test control panel, you can simultaneously vary the
command for all channels from 1% to 100% of their individual preprogrammed values. The Master
screen display the selected setting in the block labeled AMP(%). See note below.

Changing the Frequency of the Test

Using the master "FREQ" control on the Test Control Panel, you can vary the speed of the test from
1% to 200% of the preprogrammed transition times. The Master screen displays the selected setting in
the block labeled RATE(%). See note below.
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If the master Amplitude or Frequency settings are changed while the test is transitioning from one load
condition endpoint to the next, the new settings will not be applied until the present transition is
completed. If "Enable Front Panels” on the Master Screen is not selected, the displays will show
"LOCKED" when either rocker switch is pressed.

******************************************************************************

............................................................................................................

BEFORE PROCEEDING TO THE NEXT CHAPTER, REMEMBER TO CHECK APPENDIX A
FOR SPECIAL FEATURES OR MODIFICATIONS WHICH MAY BE ASSOCIATED WITH
YOUR PARTICULAR SYSTEM.

............................................................................................................
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CHAPTER 10

INIETIATING THE LOADING PROCESS

If you have performed the necessary steps given in the preceding chapters, you are ready to initiate the
loading process. The following sections provide instruction on how to activate the hydraulic subsystem
and control the principle test functions using the Test Control Panel.

If you have enabled the "Hyd. Simulation Enable" selection on the Master screen and wish to run
your test under hydraulic simulation, skip the next two sections below on activating hydraulics and
begin teading from the section labeled Running the Test.

.........................................................................................................

BEFORE PERFORMING ANY OF THE OPERATIONS DESCRIBED IN THIS CHAPTER,
REMEMBER TO CHECK APPENDIX A FOR SPECIAL FEATURES OR MODIFICATIONS
WHICH MAY BE ASSOCIATED WITH YOUR PARTICULAR SYSTEM.

.........................................................................................................

ACTIVATING HYDRAULICS

The hydraulic subsystem may be activated in one of two ways. The first method involves the hydraulic
system controls on the Test Control Panel. These controls are used to activate relays on the discrete
I/O panel, which, if hydraulic control is wired through the Test Control Panel, will turn on the
hydraulic subsystem. For these buttons to be active, the box labeled "Arm Hydraulics" on the
Startup Screen must contain an X' prior to downloading the test.

The second method is used when hydraulic control is not wired to the Test Control Panel hydraulic
buttons. In this case, you must turn on the hydraulics using the appropriate external procedure.

In either case, to inform the system that hydraulic pressure is on, 2 pressure switch, or equivalent, must
be wired into discrete input #1. When a low (i.e. shorted) input is at discrete input #1 (some systems
use opposite state), the system knows that hydraulics are on and indicates so by illuminating the "Ext
Hyd Press" LED on the appropriate Test Control Panel.
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In the "Hydraulics On" state, the following conditions and interlocks exist:

The 'Ext Hyd Press' LED on the Test Control Panel is illuminated.

Bridge Balance and R-CAL procedures for the control channels can not be performed.
Integrators are enabled to be turned on.

Valve Balance and Pre-Tune procedures may be performed.

Built-in hydraulic simulators are disabled; if they wete on, they will be turned off when the system
is told that hydraulics are on and will be disallowed from coming on as long as hydraulics are on.

USING THE TEST CONTROL PANEL BUTTONS
& hydraulic control is wired to the Test Control Panel, follow these steps to activate the hydraulic subsystem:

Step 1: Press the ON button on the Test Control Panel. This would typically be wired to
hydraulic manifold and used to enable or apply pressure to that manifold.

Step 2 Select low hydraulic pressure (e.g. 600 psi) by pressing the LOW button. This
assumes that your manifold has a "low pressure" input with appropriate pressure
regulation to apply low pressure to the test fixture hydraulics.

Step 3: Select high hydraulic pressure (e.g. 3,000 psi) by pressing the HIGH button. This
enables full hydraulic pressure to be applied to the test fixture.

Once hydraulics are on, you can proceed with the execution of your test. The following sections
describe each of the test control buttons located on the Test Control Panel and how to use them to
accommodate your specific test requirements.
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RUNNING THE TEST (RUN BUTTON)

Depending on how you want to execute your test procedure, your next step may be to activate the
RUN button. However, when the RUN button is pressed, the system will proceed to execute the test
procedure, as previously defined. For instance, if your test procedure includes 11 steps, each specifying
increasing increments of load (e-g- 0% 10%, 20%, 30% . . . 100%), pressing the RUN button will
initiate a continuous loading procedure without any further intervention on your part. This is
commonly referred to as normal operation ot the "run" mode.

Since the RUN button is an alternate-action switch, pressing the RUN button while a test is running
will hold the test instantaneously, without completing the current endpoint transition. This is known as
the "HOLD" mode. Pressing RUN again will cause the system to resume the test from the point at
which it was held. The Hold function is described in subsequent sections.

PAUSING THE TEST (PAUSE BUTTON)

Once you have pressed the RUN button and the test is running, should you want to pause the test at
completion of the current endpoint transition, press the PAUSE button. This function latches; the
system completes the present load transition and holds at that endpoint. If you press the RUN button
while the PAUSE function is still active, the test executes the next step and holds at the following
endpoint. Repetitive depression of the RUN button allows you to incrementally step through the
predefined test procedure. This procedure is commonly referred to as operating in "PAUSE", or
"Single Step" mode and is typically used in static loading applications.

In addition to push-button activation of the pause mode, the system can be placed in the pause mode
through a programmed pause command defined within the test procedure (refer to Chapter 4)

To resume normal test operation from a manually-activated pause mode, press PAUSE again (to
unlatch the pause function), then press RUN. The test is placed in the run mode and resumes normal
operation. To resume from a programmed pause mode, simply press RUN.

HALTING THE TEST (HOLD BUTTON)

To halt the execution of a test which is underway, press the RUN button on the Test Control Panel.
The test execution instantaneously stops at the current waypoint within the transition, and the HOLD
light is illuminated. The system will not complete the transition until it has been taken out of the
"HOLD" mode. To resume testing, press the RUN button again.

The test may also halt as a result of a programmed conditional action HOLD. To restart the test after
a programmed conditional action HOLD, press the RUN button.
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RAMPING THE TEST (RAMP-TO BUTTONS)

Cyber's Test Control Panel provides two user-definable ramp-to buttons; RAMP-TO COND 1 and
RAMP-TO-COND 2. These buttons perform different functions depending on whether or not the
test 1s defined as a static test ot as a fatigue test.

For tests defined as static, the RAMP buttons are used to branch to (i.e. go to) predefined steps in
your test procedure. The section labeled Defining Ramps for Static Tests in Chapter 5 describes
how to program each RAMP button for use in static tests.

For tests defined as fatigue, each RAMP button operates in conjunction with a preprogrammed load
condition. The section labeled Defining Special Load Conditions for Fatigue Tests in Chapter 5
describes how to program each RAMP button for use in fatigue tests.

In both cases, pressing either RAMP button will command all control channels in the test to their
respective preprogrammed step/load condition.
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ENABLING AUXILIARY FUNCTIONS (AUX 1 & AUX 2 BUTTONS)

‘The AUX buttons on the test control panel are reserved for special functions. Some of these functions
include Limit Enable and Reverse. Each function is described separately below.

Limit Enable Button

If your system is configured with this feature, the system allows you to enable/disable the Conditional
Action Tables prior to, or during, a test run. With such system configurations, the Conditional Action
Tables are disabled until the test has been downloaded and the appropriate AUX button on the test
control panel has been activated. This feature avoids unnecessarily triggering programmed actions
which may occur due to error conditions created upon downloading the test information to the TMTM
& servos..-

If hydraulics are on (i.e. Ext Hyd Press LED illuminated) and Limit Enable is active, it may not be
turned off. Only when hydraulics go off will you be allowed to turn off Limit Enable.

To determine if your system includes this feature and which AUX button to use, refer to Appendix A.

Reverse Button

If your system is configured the Reverse feature, the system allows you to reverse the direction that
the system proceeds through the test profile. One of the AUX buttons on the test control panel i1s used
for this purpose. Refer to Appendix A to see which one. This button is only functional with tests
defined as Static.

Though this feature may be used as required, the main reason this capability was added to the system
was to allow unload a static test article using the same increments which were used to load it.

If you are presently running a test and wish to reverse the loading direction, the system must first be
paused at an endpoint or held between endpoints. Once held or paused, press the REVERSE button.
Pressing RUN causes the system to execute the test procedure in reverse order, starting from the

cutrent step in the profile. If you wish to reverse through the profile, pausing at each endpoint, press
the PAUSE button. If not (i.e. the system is in RUN mode), the REVERSE button press is ignored.

You may take the system out of reverse mode at any time, as long as the system is held or paused.

Press the PAUSE button (or RUN[HOLD)J), then press the REVERSE button. The system is now
back in the normal mode (i.e. forward loading). Pressing the RUN button will cause the system to
execute the test procedure from the current step in the profile.

B The "Rpt to Blk #" and "Inc Counter” columns of the Test Procedure are ignored when
operating in reverse.
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ACTIVATING A HYDRAULIC SHUTDOWN (EMERGENCY STOP BUTTON)

The Test Control Panel has an EMERGENCY STOP button which is typically wired to the lab's
emergency shutdown circuitry. When this button is pressed, the FM7000 performs a Dump. When
this occurs, all servo controllers ramp to zero, the dump relay triggers, and a dedicated hardwired
contact (tied to the button) is activated. The DUMP contact is intended to be the emergency shutoff
mechantsm for the hydraulic system.

TEST CONTROL PANEL INDICATORS

The list below describes what each light on the test control pane! indicates when Hluminated:

HOLD - indicates system has been placed in Hold state due to pressing of the
RUN/HOLD button or via a programmed action
ENDPT indicates system is at an endpoint

ERROR PACING  indicates that the system is presently performing the inner error pacing and/or
endpoint pacing functions

DSCRT SYNC indicates that the system waiting for one or more discrete inputs to achieve
their expected state within the discrete sync time specified on the System
Conditional Action Table.

PROG PAUSE indicates that the system has been placed in a paused state via a programmed

pause in the test procedure

VALVE CABLE indicates that the valve cable to one or more control channels in the test has
been disconnected with hydraulics on. Checking the Events Log (Chapter 14)
will reveal which channel(s) have valve cable problems.

COMM ERROR indicates that the system has experienced one or more communication
problems with one or more servo channels on the SDLC link

FAULT indicates that the system has experienced a Fault #1 or Fault #2 condition.
Checking the Events Log (Chapter 14) will reveal which fault occurred and any
actions which may have been taken.

HYD TEMP if wired appropriately, this light indicates that an external customer-supplied,
temperature sensor has detected that the hydraulic oil temperature is high

EXT HYD PRESS  if wired appropriately, this light indicates that hydraulic pressure is active

DUMP indicates that the system has performed a dump procedure, either due to a
programmed conditional action, embedded conditional action such as a
communication error, or manual activation via the Emergency Stop button.

............................................................................................................

BEFORE PROCEEDING TO THE NEXT CHAPTER, REMEMBER TO CHECK APPENDIX A
FOR SPECIAL FEATURES OR MODIFICATIONS WHICH MAY BE ASSOCIATED WITH

YOUR PARTICULAR SYSTEM. :
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............................................................................................................
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CHAPTER 11

ON-LINE MONITORING OF ALPHANUMERIC DATA

While the test is underway, the Fatigue Master 7000 allows you to monitor its progress in three
different ways:

® You can follow the progress of the test by viewing the real-time display on the Master screen. In
addition, you can use the Master screen to enable or disable certain run-time test functions "on the
fly" while the test is underway.

® You can view a variety of tabular displays that show the present state of the control channels, DAS
channels and other types of test data.

® If your system is configured with Cyber's Real-Time Graphics Subsystem, you also have the option
to monitor the test using various graphic displays. Refer to Chapter 12 to learn how to setup and
use the graphic displays with your test.

BEFORE PERFORMING ANY OF THE OPERATIONS DESCRIBED IN THIS CHAPTER,
REMEMBER TO CHECK APPENDIX A FOR SPECIAL FEATURES OR MODIFICATIONS
WHICH MAY BE ASSOCIATED WITH YOUR PARTICULAR SYSTEM.

.........................................................................................................

VIEWING THE MASTER SCREEN

Access the Master screen by selecting the Master from the CONTROL menu.

The Master screen shown in Figure 11-1 has three primary functions:

® You monitor this screen during test execution to follow the progtess of the test and to retrieve data
from the test. It's helpful to leave this screen displayed while the test is running as it gives the
operator an overview of which part of the test procedure is being executed.

e You use this screen to view the state of, and/or enable/disable certain run-time functions.

® You use this screen to identify which control channel(s) were first to be polled with fault
conditions.
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LE HISPLAY BTATIC [BONTROL QHEPORTS BCQUIRE [s
COUNTER 1 COUNTER 2  COUNTER 3 COUNTER 4
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(g ‘None Amp, (%) Freq, (%)
) Reset Error Conditions
) Set Fault 1 R l l
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Print Enable: [ 1 Endpoint Pacing |
Inner Error: Pacing [ 1 Auto Tune !
Enable Front Panels EX1 Integrator (ON/OFF)

J Hud. Simulation Enable
B CANCEL
Reset Disc. # [

Figure 11-1.  Master Screen

The Master screen allows you to view various test related data including:

® The current values of Counters #1 through #4
e The current block and step number

® The current load condition being executed

@

The physical channel number of the first detected servo controller to initiate a fault#1 condition or
fault#2 condition

® The total number of executed segments
® The master rate and amplitude scaling factors

® The present state of various run-time functions such as auto-tuning, endpoint pacing, etc.. You
may also enable/disable the state of these run-time functions while the test is underway. See
Chapter 9 for more details.
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VIEWING TABULAR TEST DISPLAYS

CHAPTER 11

The Fatigue Master 7000 provides extensive data monitoting through various on-line displays, each of
which may be accessed from the DISPLAY menu. Each display is described separately below:

SPLAY BTATIC MONTROL [GEPORTS

BcQuire BEs

Servo Chan---> Time:

DETECTORS

Inner Error——=——-=-==<)
Outer Error-—--=-—-———=)
+ Inner Fbk Limit-———>
- Inner Fbk Limit-~-->

Rate Compensation (Hz) +->
Integrator Time Constant-)

+ Outer Fbk Limit=——-) MODE

- Outer Fbk Limit=-==> ————

Excitation Drift-———- > Integrator———=——r——c——i— >
SIGNAL RERDINGS Hyd, Simulation Enable~~-->
——————————————— Arm Hydraulics==----~==m=--)

Command {EU)
Feedback (EU) ~=w=w=——=)
Error (%) -
Cerrer (%)
Valve Current. (%) =—==> 0.0
External Imput (EU) => 0.0
Excitation (volts) —--> 0.0

0.0000
(@) NEXT CHANNEL
{ ) PREVIOUS CHANNEL

e
| - Channel Status Display -
| Test Name: w

Cntl Chan--->

Date: Sep 30 1998
11:49:18-

Channel Status Display

This screen provides real-time display (i.e. updated twice per second) of the loop parameters, tuning
parameters, error/limit detector status, and operating modes (e.g. hydraulics, integrators, simulators,

etc.) for a selected control channel.

Followthesﬁepsgivenbelowtoviawthe(thannelStah:sdisplay:

Step 1: Select Channel Status from the DISPLAY menu. Figure 11-2 provides an example
of a typical Channel Status display.

Step 2: You may view Channel Status information for any channel in the test by selecting
"Next Channel" or "Previous Channel" and pressing [RETURN].

Step 3:

Press the ESCAPE key (F11) or select QUIT to exit the Channel Status screen.
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TEST DATA DISPLAYS

Depending on your particular system configuration, there are several Test Data displays which allows
you to view various types of test data available with the FM7000, including LCS data, DAS data,
Rosette data, Computed Channel data, Displacement Xducer data and Pressure data. Some of these
displays may not be available with your particular system software.

Unlike the Channel Status display, which only provides information for one control channel at a time,
Test Data displays provide test information for multiple channels, simultaneously. Each type of data is
displayed on a separate Test Data display screen, all of which clearly display the test name, current date
and time. The following sections describe each Test Data display separately.

LCS Test Data Display

The LCS Test Data Display provides a listing of tabular data for all control channels in the test. The
rate at which this display is updated is dependent upon how the test was defined when it was created.
If the test is defined as "static", the LCS Test Data display is updated on a continuous basis (2 times
per second). If the test is defined as a "fatigue" test, this display is updated at each endpoint in the test
procedure. With static tests or fatigue tests, the LCS Test Data display contains the following
information:

® The current values of the Counter #1 through #4

e The total number of segments executed during the test

® The servo channel number and engineering units are also displayed for each conttol channel.
e Command, feedback, and % etror data for up to 9 channels is displayed per page.

e Follow the steps given below to view the LCS Test Data Display:

Step 1: Select Test Data from the DISPLAY menu.

Step 2: Select the LCS radio button (which is the default selection), and press [RETURN].
The screen shown in Figure 11-3 is displayed:

Step 3: You may view information for any control channel in the test by selecting "Next
Channel" ot "Previous Channel" and pressing [RETURN].

Step 4: To obtain a hardcopy, select PRINT and press [RETURN].

Step 5: Press [ESCAPE] or select QUIT to exit the LCS Test Data screen.
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CHAPTER 11
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11-3, LCS Test Data Disply

DAS Test Data Display

If your system is configured with DAS, you may also obtain a Test Data display for DAS data. Unlike

the update rate of the LCS Test Data display, which is dependent on the test type (fatigue or static), the
DAS Test Data display is always updated twice a second, regardless of the test type. However, when
recording is enabled (via test procedure), recording of the DAS data is only done at endpoints.

§| BILE EiseLav BrATIC
[ 722t o i
COUNTER 1 COUNTER 2
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DAS Test Data display includes the following information for each DAS channel currently displayed:

® The channel name, as defined on the ACQUIRE Set Up screen
® The channel data and engineering units

® The limit status. An 'H'in this column indicates that data for that channel exceeds the upper limit
previously defined in the ACQUIRE Set Up screen. Similatly, if an 'L is displayed, data is less than
the lower limit previously defined. If the data is within range, this column is blank.

Follow the steps given below to view the DAS Test Data display:

skpokoksfolokkokskolkkokkskokokskokoksk ok sk kKR sk Kok sk ok _ seopocstolokokokokdoksk sk skoksk sk skokkskksk kKR ok oKk

The following steps require you to have previously calibrated the DAS channels and downloaded the

setup information from the Start Up screen.
sk skofokskokofokskolok skofolskok skt ot sk sk ok sk ko stk skl sk sk sk s skoteskol sk kol sk ki sk sk sl skl sie sk sk ks sk ok ksl sk sk sk sk skl sk ok sk skokokok

Step 1: Select Test Data from the DISPLAY menu.

Step 2: Select the DAS radio button and press [RETURN]. The screen shown in Figure
11-4 1s displayed:

Step 3: You may view Test Status information for any DAS channel in the test by selecting
"Next Channel" or "Previous Channel" and pressing [RETURN].

Step 4: If you wish to obtain a hardcopy of the data presently displayed, using the TAB key,
select PRINT and press [RETURN)].

Step 5: Press [ESCAPE] or select QUIT to exit the DAS Test Data screen.
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Rosette Test Data Display

If your system is configured with Cyber's Auxiliary Data Acquisition Subsystem and you have defined
one or more ROSETTE CHANNELS (tefet to Chapter 8), you may view the results of these rosette
channels in the form of a Rosette Test Data display.

For each rosette defined during setup, the FM7000 software computes a seties of parameters based on
reading each strain gauge at endpoint, and directs the results to the Test Data display/report.

The parameters computed are:

- ..Maximum and minimum strain

The angle from gauge 1 axis to the maximum normal stress axis
- Maximum and minitmum stress

Shear stress

The data in the Rosette Test Data display is updated on a continuous basis, two times per second,
regardless of the test type (static or fatigue).

BILE ®EISPLAY BTATIC [@ONTROL [EBEPORTS

{|| - Test Data Displa

i' Test MName: m Date: Sep 30 1998
] Time: 13:32:23
COUNTER 1 COUNTER 2 COUNTER 3 CDOUNTER 4 Total Seg, ) )

Ros Chan Min Max Angle Min Max Shear
Chan Name Strain Strain Deg Stress Stress Stress
(Ustr) {Ustr) (PSI) (PSI) (PSI)

e

=45 B

LCS DATA ( ) COMPUTED

(@ NEXT PAGE ¢ )
') PREV PAGE () D5 DATA ]H QUIT ” PRINT |

<) ROSETTE ( ) SUBSET

%
}r

Figure 11-5. Rosctte Test Data Display
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FollowﬁtestepsgmnbelowtoviewtinkosethestDaiadisplay:

skokefoksk KR KR kokskok sk Rokok kR kK sk kok - skskokookokskoRk ok sfokokokokok ok skoksk kR ARk K

The following steps require you to have previously calibrated the DAS channels and downloaded the

3 sfe ek ek o 3 sk e e ke stk st e sk s sk sk sk sk skt sk s e i sk i sk sk e ke sk ke sk

Step 1: " Select Test Data from the DISPLAY menu.

Step 2: Select the ROSETTE radio button and press [RETURN]. The screen shown in
Figure 11-5 is displayed.

Step 3: You may view Test Status information for any rosette channel in the test by selecting

"Next Channel" or "Previous Channel" and pressing [RETURN].

Step 4: If you wish to obtain a hardcopy of the data presently displayed, using the TAB key,
select PRINT and press [RETURN].

Step 5: Press [ESCAPE] or select QUIT to exit the Rosette Test Data screen.
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Computed Channel Test Data Display

If your system is configured with Cyber's Auxiliary Data Acquisition Subsystem and you have defined
one or more COMPUTED CHANNELS (tefer to Chapter 8), you may view the results of these
computed channels from the Computed Channels Test Data display. This display is updated on a
regular basis, twice per second, for both static and fatigue type tests.

Follow the steps given below to view the Computed Channel display:

skokkoRoksRoRsk kKoK kR Rk okok koK sk ok koK sk sk sk ok l ssteskokoksdedokok s skokoksk kol kR ok kokskskskskok sk sk okskok

The following steps require you to have previously calibrated the DAS channels and downloaded the

setup information from the Start Up screen.
sopklkksokskkkoRRoksfoRokoRok kR sk skok Rtk ko lokok ARk kR sk stk ok sk otk kst sk sk sk sk sk kb ok sk ok

Step 1: Select Test Data from the DISPLAY menu.

Step 2: Select the COMPUTED radio button and press [RETURN]. The screen shown in
Figure 11-6 is displayed.

Step 3: You may view Test Status information for any computed channel in the test by
selecting "Next Channel” or "Previous Channel" and pressing [RETURN].

Step 4: If you wish to obtain a hardcopy of the data presently displayed, select PRINT and
press [RETURN].

Step 5: Press [ESCAPE] or select QUIT to exit the COMPUTED Test Data screen.

Test Data Displa -
Test Name: m Date: Sep 30 1998
) Time: 13:36:26
COUNTER 1 COUNTER 2 COUNTER 3 COUNTER 4  Total Seg.
o | i |

Channel Name
Computed Chan
Computed Chan 2
C uted Chan
Computed Chan

(@ NEXT PAGE ¢ ) LCS DATA (.) COMPUTED
() PREV PAGE { ) DAS DATA ||| QuUIT H PRINTW
{ > ROSETTE  ( ) SUBSET

Figure 11-6. Computed Channel Test Data Display
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SUBSET Test Data Display

If your system is configured with Cyber's Auxiliary Data Acquisition Subsystem and you have
previously defined a subset group of DAS channels on the ACQUIRE Set Up screen (tefer to Chapter
8), you may view a special version of Test Data display. This display is known as the SUBSET Test
Data display. DAS channels in this display are in the order of subset numbering in the "Subset"
column of DAS Setup. The data in this display is always updated on a regular basis, twice per second,
for both static and fatigue type tests.

Follow the steps given below to view the Subset Test Data Display:

et e sk ok ok skl sk ke skk e skokeok e sk ks sk sk ok sk sksk sk ok skok sk ok | ekocksokkokokokokoksotoskokokofokskokokokokkok skokok ok

The following steps require you to have previouslbrated the DAS channels and downloaded the

setup information from the Start Up screen. :
Sokskoksokofoksokskoktoktokokokkskokokok ok kkokok ok skokofskokokskskokokokskokok skokskkokoksk sk koo skokskoksRskokokskokok ok sk sk sk skok ok

Step 1: Select Test Data from the DISPLAY menu.
Step 2: Select the SUBSET radio button and press [RETURN].
Step 3: You may view data for any DAS channel in the subset group by selecting "Next

Channel" or "Previous Channel" and pressing [RETURN)].

Step 4: If you wish to obtain a hardcopy of the data presently displayed, using the TAB key,
select PRINT and press [RETURN].

Step 5: Press [ESCAPE] or select QUIT to exit the SUBSET Test Data screen.
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PRESSURE Test Data Display

If your system is configured with Cyber's Auxiliary Data Acquisition Subsystem and Cyber's
Redundant Load/Pressure Check, you may view the results of this redundant check on the
PRESSURE Test Data display.

In short, the redundant pressure/load check computes the actuator's load (i.e. force) from data
acquired by pressure sensors on either side of the actuator. This pressure data is used in a PcAc -PtAt
calculation, where Pc and Ac are the pressure and area of the compression side, respectively, and Pt
and At are the pressure and area of the tension side, respectively. The result of this calculation is load
(r.e. force).

The redundant pressure/load check compares this "computed load" against the measured load (via the
servo's buffered output). If the difference between the computed load and measured load exceeds 2
user-specified tolerance, as a percent of 100% load, a "redundant check fail" condition is created which
may be linked to one or more conditional actions.

Follow the steps given below to view the Pressure Test Data dispiay:

***********************************

| Skskokskokokskokekokofokskokokok skkofokskksksk sk okokskok sk kg sk ok

The following steps require you to have previously calibrated the DAS channels and downloaded the
setup information from the Start Up screen. Since the measured load (via the setvo's buffered output)
1s used in the redundant load calculation, the control channels in the test must also be calibrated in

order for the results to be correct.
******************************************************************************
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Step 1:

Step 2:

Step 3:

Step 4:

Select Test Data from the DISPLAY menu.

Select the PRESSURE radio button and press [RETURN]. The Pressure Test Data
screen is displayed.

For each channel used in the redundant load check, the Pressures Test Data display
indicates the following items: 4

e the servo channel number and control channel number

® the measured load, as measured by the ADAS via the servo controller's buffered
feedback output.

® the computed load, as computed from the PcAc -PtAt relationship described
above.

e the pressure on the tension side of the actuator, as measured by the ADAS.

® the pressure on the compression side of the actuator, as measured by the ADAS.

 the difference (% error) between the measured load and the computed load.
Please note that this number is determined by the host computer and is for
monitoring purposes only. The actual difference (% error) between the measured
load and computed load, which gets used in the redundant check, is determined
by the MCU. The MCU makes this compatison multiple times per second. In the
event that the actual % error determined by the MCU exceeds the "Redundant
Limits" specified on the Start Up screen, the MCU sets a discrete output. These
MCU discrete outputs are tied directly to separate discrete inputs on the FM7000
discrete I/O panel. Activation of either of these discrete mnputs is interpreted by
the system as a "Inner or Outer Redundant Check Fail" condition. These
conditions are included in the System Conditional Action table and may be used
to trigger one or more preprogrammed actions.

e the status of the redundant check. Below is a list of the various status messages
which may appear in this column, and their meaning:

1. Failed The % error between the measured load and computed load
exceeded the "Inner Redundant Limit" specified on the Start Up screen.

NA The channel is not presently (or Not Actively) being used in the redundant
pressure/load check, as specified in the AREA screen under the ACQUIRE menu

BlankIf nothing is displayed, this means that the channel is included in the redundant
pressure/load check, and has not yet exceeded the "Inner Redundant Limit"
specified on the Start Up screen.

You may view data for any channel used in the redundant load check by selecting
"Next Channel” or "Previous Channel" and pressing [RETURN].

If you wish to obtain a hardcopy of the data presently displayed, using the TAB key,
select PRINT and press RETURN].
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Step 5: Press the ESCAPE key (F11) or select QUIT to exit the PRESSURE Test Data

screen.
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DISPLACEMENT XDUCER Test Data Display

Appendix A indicates whether or not your system includes this screen. If so, follow the steps given
below to view the Displacement Xducer Test Data display:

sepokRkok KRk ok ok kokokskokokok sk sk kR oK - stk skl ok ksl skokokskskokskkoksk ok skokok ok skofok Kok koK

The following steps require you to have previously:

1)calibrated the DAS channels
2)enabled the Transducer Enable checkbox on the Master screen
3)downloaded the setup information from the Start Up screen.

FefstetokskokkskotorkokokaRoRokkok ok skakakokokokokokok skokkokokokkokok ook skskok sk ok sk sk ok sk skok skstok skok sk ok sk skok ok skokskskokesk sk skok kosk

Step 1: Select Test Data from the DISPLAY menu.

Step 2: Select the Displacement Xducer radio button and press [RETURN]. The Data
screen 1s then displayed.

Step 3: You may view data for any channel in the displacement xducer group by selecting

"Next Channel" or "Previous Channel" and pressing [RETURN].

Step 4: If you wish to obtain a hardcopy of the data presently displayed, using the TAB key,
select PRINT and press [RETURN].

Step 5: Press the ESCAPE key (F11) or select QUIT to exit the Displacement
Transducer Test Data screen.
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HISTOGRAM DISPLAY

This tabular display shows the distribution of endpoint load values achieved from the beginning of the
test, up to the current endpoint.

Toviswﬂmalabdaﬂisﬁogmtﬁsphy,followﬂmswpsgivenbelom

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Figure 11-9. Tabular Histogram Display

Select Histogram from the Display menu. Since only eight control channels can be
displayed on the screen at one time, you must enter a control channel number within
the group of channels you are interested in. For example; if you wish to view a
tabular Histogram display for control channels 13 and 14 (which happen to be in the
second group of channels from 9 to 16), you may enter any number between 9 and
16 to obtain the corresponding display.

Once you have entered a control channel number, press [RETURN]. The screen
displays a tabular Histogram such as that shown in Figure 11-9.

You may view the entire range of load values, from -100% to +100%, simply by
using the keyboard's up/down arrow keys or the next screen/previous screen keys.

f you wish to view other channels not included on the initial display, press the
ESCAPE key (F11) and select Histogram from the Display menu. At this point,
enter the desired control channels.

Interpreting the data included on the Histogram display is easy. The left-most
column represents the 1% buckets of the histogram. There are a total of 202 buckets
200 of which are used to represent the range from -100% to +100% of full scale,
while the remaining two buckets are used for counting the number of times the loads
were greater than full scale.

b

Histosram
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................................................................................................

BEFORE PROCEEDING TO THE NEXT CHAPTER, REMEMBER TO CHECK APPENDIX A
FOR SPECIAL FEATURES OR MODIFICATIONS WHICH MAY BE ASSOCIATED WITH
YOUR PARTICULAR SYSTEM.

........................................................................
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CHAPTER 12

USING REAL-TIME GRAPHIC DISPLAYS

Available Graphic Formats

If your system is configured with Cyber's Real-Time Graphics Subsystem, three different types of
graphic displays are available:

Strip Charts. These plots display a continuous graph of various selectable parameters associated
with a control channel, including the command, feedback, etror, and valve current
signals. You may also display the contents of the servo history data buffer in the
form of a strip chart. This is described in detail in Chapter 14.

Bar Graphs. This displays shows the feedback, in engineering units or as a percentage of full scale
for up to 24 control channels, simultaneously.

>

X-Y Plots. If your system is configured with Cyber's Auxiliary Data Acquisition System, then
you also have the ability to display DAS data and control data in the form of an X-Y
plot.

Each type of graphic display is described separately in this chapter.

BEFORE PERFORMING ANY OF THE OPERATIONS DESCRIBED IN THIS CHAPTER,
REMEMBER TO CHECK APPENDIX A FOR SPECIAL FEATURES OR MODIFICATIONS
WHICH MAY BE ASSOCIATED WITH YOUR PARTICULAR SYSTEM.

.............................................................................

Since graphic screens can not be displayed on an alphanumeric terminal (e.g- WYSE-185), you must
use an X-Terminal to perform the following operations.
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To access the X-Window Graphs menu, select the Display menu, Graphs option. The X-Window
Graphs menu, Figure 12-1, is displayed.

THISPLAY BTATIC WONTROL BEPORTS B
F;X—window Graphs =

Strip Chartsi..

Replay History Data,..

Bar Graph...

Online X-Y Plots...
Online X-Y with History..,
Replay X-Y Plots...

N N N S
Wt o

SELECT CANCEL

Figure 12-1. X-Window Graphs Dialog Box

DISPLAYING STRIP CHART
The FM7000 graphics software allows you to display an on-line strip chart of selected control channels.

This feature may be used in place of, or in conjunction with, the analog strip chart recorders often used
in test laboratories. For each chart, you may:

® Select the control channel to display.
® Select the signal to display; (feedback, error, command, or valve current).
® Select how the vertical scale of the plotted data is displayed.

Foliow these steps to define the strip chart parameters:

Step 1) Select Graphs, Strip Charts option. The dialog box in Figute 12-2 appears.
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HISPLAY -ETQTIC BoNTROL BEPORT:
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Figure 122 Strip Chart Dialog Box

Step 2)

Using the "Vertical Scale” radio button, select how the vertical scale of each strip
chart is to be displayed. If "manual” is selected, another dialog box appears later on
which will prompt you to enter the desired minimum and maximum vertical scales
for each strip chart. Additional information on "Manual” scaling is provided in step

5.

If "+- Full Scale" is selected, the vertical scale for the selected channels will range
from i full scale. Please note that full scale for each selected channel refers to the
cotresponding engineering unit full scale value entered in the Channel Description

screen (see Chapter 3).

scale va

- CHAPTER 12

2. The +/- full scales for Valve Current range from +102.3 to -102.4 % of full
lve current.

Cyber Systems Inc.
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- StripChart Manual Setup

Chart Cntl Ch, Name Type

1 1 Load 1 fh

2 1 Load 1 cm

3 1 Load 1 er

9 1 Load 1 ve

Scroll Rate {(mm/sec) 4
DISFLAY CANCEL
Figure 12-3  Manual Scaling Dialog Box

Step 3) Enter the strip chart scroll rate in millimeters-per-second in the box labeled "Scroll
Rate, min/sec". This entry ranges from 1 mm/sec (which is slow) to 100 mm/sec

(which i1s fast).
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CHAPTER 12
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Scroll Rate = 4.0 mm/s

Figure 124  Example of a Typical Stip Chart Display

Using the "Log Chan" column, enter the logical channel number for up to four
charts. For each chart, specify the control parameter to be plotted by entering one of
the following labels in the "Parameter” box:

fb (feedback)

e cm (command)

e er (loop etror)

® vc (valve current)

Ifless than four channels ate to be plotted, simply leave the remaining "Log Chan"
entries empty.
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Step 5) Once all entries have been made, select OK and press RETURN. If "Manual” was
the selected scaling method in step 2, the dialog box in Figure 12-3 will appear.
Enter the individual "Max" and "Min" vertical scale values in engineering units for
each desired chart. Once all manual scaling entries have been made, select
DISPLAY and press RETURN.

The graph will appear as a message is sent to the selected servo channel(s) to start
sending loop data at a rate of 10 times per second. As this data is received by the
host, the strip chart begins to scroll from left to right.

If "+- Full Scale" was the selected scaling method, a strip chart window similar to
the one shown in Figure 12-4 will appear on the X-terminal. Using the mouse, you
may move and/or resize the window, as desired.

skofotokskstokskoRokskokkoRoksk ok skok sk sk sk kkokok sk ok sk - sotokoktokstokokkkokskokoksoloksokskdokokkokok

The number of strip chart setups displayed in this dialog box is equal to the number of "Log Chan"

entries made in the prior dialog box.
seteokokokookRokok sk okok skolokojok ok ok sk dkokokok ek sk ok skok kR okoksk sk skokokskok skok sk seokskok sk skokoskokock sk koo skok

Step 6) You may move and/or resize the window (using the mouse), as desired.

Printing Strip Charts

To obtain a hardcopy of the strip chart display, move the mouse pointer to the "PRINT" box in the
lower right-hand corner of the window and press the left-most button on the mouse. You should hear
a "beep" from the X-terminal. This indicates that the X-terminal is processing the window, converting
it into the proper print format, and transferring the data to the host. Once in the host, the converted
data 1s shipped to the postscript laser printer. The ready LED on the laser printer should begin to
blink. Due to the large quantity of data contained in the window, it will take several minutes for the
printer to generate the hardcopy.

Killing Strip Charts

To kill a particular strip chart window, move the mouse arrow to the "Kill" button in the lower left-
hand corner of the window and press the right-most button on the mouse. That graphic window will
disappear, but all other windows on the X-Terminal will remain. Also, killing the graph stops the flow
of data from the servos.
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DISPLAYING BAR GRAPHS

Cyber's Real-Time Graphics software allows you to display the servo controller's feedback signal as a
bar graph display. Each control channel is represented by a bar. Up to 24 channels can be displayed
stmultaneously. The bar graph can be set up to display the feedback data in engineering units or as a
percent of 100% load. A horizontal blue line above/below each bar indicates the target command for
each endpoint, while horizontal red lines above/below each bar represent the fi outer feedback limit
settings.

Follow these steps to select the channels to include in the bar graph:

Step 1) Select Graphs, Bar Graphs option. The dialog box illustrated in
Figure 12-5 is displayed.

| BILE HISPLAY BTATIC [EONT
_ Bar Graph

i
i Bar # Chan # Bar # Chan # Bar # Chan # Barﬂ Chan #
1" : .
| - = = - = g
. ! & % Load
S [ — P ==
S T — e
| 17 E 18 IE] 19 E 20 [mmE| | concer |
:! .
| - = = = - = = -
!

Figure 125 Dialog Bos used to Setup the Bar Graph Display

Step 2) Enter the logical channel number for each channel in the test you wish to include in
the bar graph display. Up to 24 control channels may be entered; if you wish to
display fewer than 24 channels, leave the unused channel entries blank.

Step 3) Using the "Eng. Units/% Load" radio button, select how you want
the bar graph data displayed.
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Step 4) Select OK or press RETURN and a window will appear on the X-terminal with the
selected channels displayed as a bar graph. This window will also display the name
and channel number associated with each bar. The channel's name and number will
also be displayed. The width of the individual bars varies depending on the number
of channels entered. Each bar is updated with 4 loop data messages per second.

Figure 12-6 and 12-7 are examples of the bar graph display. Figure 12-6 has been set up to display the
data in engineering units, while Figure 12-7 displays the data as a percent of the 100% Load entry (also
referred to as Test Load) on the Channel Parameters screen (Chapter 3).

With both types of bar graph displays, the corresponding target command value (endpoint value for
the endpoint the channel is trying to reach) is represented as a blue line above each bar (or below,
depending on the direction of the signal). Each bar also includes a set of red line which represents the
fiouter feedback limits defined in the Channel Limits screen (Chapter 3).

Printing Bar Graphs

To print a Bar Graph, move the mouse arrow to the "PRINT" box in the lower right- hand corner of
the window and press the left-most button on the mouse.

iilling Bar Graphs

To kill an Bar Graph, move the mouse arrow to the "Kill" box in the lower right-hand corner of the

window and press the left-most button on the mouse. The window will disappear, also stopping the
flow of loop data messages any other displayed windows will remain.
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DISPLAYING X-Y PLOTS

For systems configured with Cybet's ADAS, the graphics subsystem provides X-Y plots of up to four
y-axis channels versus one versus x-axis channel. These plots are intended to be used primarily for
static testing applications. )

With all systems, the y-axis channels represent separate DAS channels. However, depending on the
way the system software was configured at the factory, the x-axis channel may represent a control
channel or a DAS channel. See Appendix A to find out if your system allows the x-axis channel to
represent a control channel or DAS channel.

The FM7000 offers several different types of X-Y plots, including On-Line X-Y plots, On-Line X-Y
with History, and Replay X-Y Plots. Below is a brief description of how each plot works:

On-Line X-Y plots: this type of plot displays data which begins at the time the plot was
requested and ends when the plot is killed

On-Line X-Y with History: this type of plot appends on-line data with previously data recorded

Replay X-Y Plots: this is a plot of previously recorded data

All three display types are plotted on an endpoint basis. Each type is described separately in the
following sections.

On-Line X-Y Plots

On-Line X-Y plots are typically used when you want to display test data as it is being obtained. These
displays plot data beginning at the time of the request, up until the time the display is killed. One
example of when you would use this feature would be during a static test, as the system is approaching
a critical load. Displaying the On-Line X-Y plot at this time would allow the test operators to focus on
the present load transition.

Follow these steps to display an Online X-Y piot

Step 1) Select Graphs, On-Line X-Y Plots option. The dialog box in Figure 12-8 is
displayed.
Step 2) To help distinguish each of the Y-axis channels in the plot, different symbol (e.g

circles, squares, triangles, etc.) are used for each of the Y-axis channels. This helps to
easily identify each Y-axis channel on a hardcopy, which is typically black & white, as
well as on monochrome X-terminals. Since each graph is plotted on an endpoint
basis, you may define how often a symbol is to be plotted (i.e. every 1 endpoint,
every 2 endpoints, etc.).

Enter the symbol update rate in the entry labeled Y-axis symbol update rate: At every
_ endpoint(s). This is a global parameter used on all on-line XY plots.

Cyber Systems inc. 1210
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[BTSPLAY BITATIC BONTROL BEPORTS BCQUIRE s,

= ¥-Window Graphs

r Online X-Y Plots -

Y—axis symbol update rate: At every 1 endpoint(s)

£ 1 Straight Line prediction
X1 Yi

X2 Y2,

I

|

Figure 12-8  Setning Up Global Parameters for On-Line X-Y Plots

Step 3)

Step 4)

This dialog box also allows you to define a straight line prediction which will be
plotted along with the test data. This straight line prediction is defined as a pair of X
and Y coordinates. Once again, this is a global parameter used on all on-line XY
plots.

If desired, enter X' in the checkbox and then enter the first XY coordinate of the
straight line in the entry boxes labeled X1 and Y1. Enter the second XY coordinate
of the straight line in the entry boxes labeled X2 and Y2.

Press RETURN. The dialog box shown in Figure 12-9 appears. This dialog box is
used to specify which channels are to be plotted, how the vertical axis is to be scaled,
and what labels are to be given to the x and y axes. Depending on your
configuration, the labels may be automatically filled in as you tab the label fields.

The labels used would be the X and first Y channel's units entry from the DAS Setup
screen.

[BISPLAY BTATIC BONTROL [BEPORTS ECQUIRE s
- Online X-Y Plots

Vertical Scale:
{.) Manual
() +/- Full Scale

8 9 10 16

X-axis label PSI Y-axis label STRAINE

DAS Ch, (X) DAS Ch, (Y1) DAS Ch. (¥2) DAS Ch. (Y3) DAS Ch.

17

Y4

Figure 12:9  Dualog Box used to Set Up an On-Line X-Y Plot

Step 5)

Using the "Vettical Scale" radio button, select the desired method of scaling for the
X-Y plots. The "Manual" selection is described further in step 10. If "+- Full
Scale" is selected, the system uses the full scale value of the selected channel as the
x-axis scale. As for the y-axis scale, the system uses the largest full scale of the DAS
channels to be plotted.

Cyber Systems inc. 12-11
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Step 6) Enter the x-axis channel.

sk Rk KRRk Kok sk ki kR sk KR KKK - ssokstokskokok koo soksk ok sk ksksoksk ko ok

If your system requires the x-axis to be a control channel, this dialog box will have an entry labeled
LCS Ch. (X). Enter the desired control channel.

If your system uses the ADAS to measure the buffered feedback output at the rear of each setvo
controller, each ADAS data scan includes all of the test transducers, as well as the control channel
feedback signals (i.e. the loads). This provides mote flexibility and allows the x-axis channel to be any
ADAS channel (i.e. one that represents a control channel OR one that represents a external test
transducer such as a strain gage.) If your system has been configured in this way, the dialog box will
have an entry labeled DAS Ch. (X). Enter the desired DAS channel for the x-axis.

AefofeiesfolokoRotok sk kokoskakokokok skokskok okt kkok skokok skok kol kok sk sk sk sk ok sk okosk sk ok ok sk sk ok skskokok skokskk

Step 7) Enter up to four (4) y-axis channels to be plotted in the entries labeled:
DAS Ch. (Y1) DAS Ch. (Y¥2) DAS Ch. (Y3) DAS Ch. (Y4)

Step 8) Enter a label for the x-axis and y-axis, if desired. These labels are used on displays
and hardcopies of the X-Y plot.

Step 9) If +-Full Scale was the selected scaling method back in step 5, continue on from
step 11.

Step 10) Select OK or press RETURN. Since "Manual” was the selected scaling method,

the dtalog box illustrated in Figure 12-10 is displayed.

The dialog box provides information on how the selected channels were defined
during setup (i.e. their full scale value and names) and entries for defining the x- and
y-axis. Using the displayed full scales as a reference, enter the desited Max and Min
values for the x-axis in the column labeled DAS X.

Using the displayed full scales for each DAS channel as a reference, enter the desired
Max and Min values for the common y-axis in the column labeled Common Y axis.

All entries are in the engineering units of the specified channels. If multiple DAS
channels are entered, the engineering units of the Y-axis will correspond to the
entries made in Common Y-Axis column.

soksoksokokokskok Rk Rk ok ok Rk ok sk ok sk ko ok - sorokskok ok dokokksk ok kK ok ok dokkok ok

There is only one set of scaling entries (i.e. + extreme and - extreme) for plots containing multiple y-
axis channels. The Full Scale value, Channel Number, and Channel Name are displayed on the plot for

reference.
*********************************************************************
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Step 11) Select OK or press RETURN. A window similar to the one shown in Figure 12-11
will appear.

BILE BIsPLAy BTATIC BONTROL EEPORTS ECQUIRE [Es
’ r X-Window Graphs - - I

DAS X DRS Y1 DAS Y2 DAS Y3
Common ¥ axis
Max 1800

Min -1800 . —1750

+FS 2000 2000 2000 2000
-FS -2000 -2000 -2000 ~2000
Ch, No. 8 9 10 16
Name GAGE GAGE GAGE ‘GAGE

BISPLAY CANCEL

r X-Y P.].ots Manual Setup
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The X-Y PLot is updated under the following conditions:

1) only at endpoints
2)the ADAS must have been previously calibrated
3)the ADAS must be scanning

Sestefookofoktokofokok eokok kokokok sk sk ok skkok skktokkofokof kst sk skok stk sksk kit sk sk okosk stk stk kol skok skt skokok sk ko soksk sk sk sk sk skok

Cyber Systems Inc. 12-13



CHAPTER 12

FPATIGUE MASTER 7000

that appears at the top of printouts

le of a Report Head

is is a samp

Th

webelosenbasiihasiolomdadacasibaoiedod

[l
)
1
)
b

amasdaas

"
'
1

PR

L

L U DUV . SR SR A K L AN

[
1
+

1 ]
1 H
B T LT T T o RpUpRpIY SR

n
]

)
'

'
»

ey

b v

Duwomobrceadisastosardonradendanbhsonna

v
H

AT A TSR SR
0
'

%
@

'
'

3

v " t ¥ " v ¥
. ] : v »
» ' 1 + ' ‘ v

B Ty TrArORys Sphyspuauy IR PRI RISy

TP TR

T

k. S
ot
)

[ DR PR S

JOPP U G—

'
»

¥
'
'

R e e R it T
]

1200.0

800,.0

400.0

—2000,0-1600,0-1200.0 —800.0 —400.0

400.0 800.0 1200.0 1600.0 2000.0

0.0

iction

Staight Line Predi

Figure 12-11 Example of an On-Line XY Plot

illing X-Y Plots

box in the lower right hand corner of the

saprt

1L

To kill an X-Y Plot, move the mouse arrow to the

any other displayed

b

window and press the left-most button on the mouse. The window will disappear;

windows will remain.

Printing X-Y Plots

hand comer of

"PRINT" box in the lower right-

To pnnt an X-Y Plot, move the mouse arrow to the
the window and press the left-most button on the mouse.
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ON-LINE X-Y PLOTS WITH HISTORY

This feature allows you to plot previously recorded test data combined with on-line test data. One
example of when this feature would be useful is during a static test, if you wish to see a plot of the test
data from the beginning of the test, up to the present load condition, and then continue to plot data
for subsequent endpoints as the test proceeds. Follow these steps to obtain an On-Line X-Y Plot with
History.

Foliow these steps to use the Replay X-Y Plot feature:

Step 1) From the DISPLAY menu, select the Graphs option..

Step 2) Select Graphs, On-Line with History option. A dialog box is displayed.

Step 3) Enter the symbol update rate. The default rate is every 10 endpoints.

Step 4) If you wish to have a straight line prediction on the plot, enter an "X" in the check
box labeled [ ] Straight Line prediction. Also enter the pair of XY coordinates for
the prediction line.

Step 5) Select OK or press RETURN. The dialog box appears.

Step 6) Using the Vertical Scale radio button, select the desired method of scaling for the X-

Y plots. The "Manual" selection is described further in step 12. If " Full Scale" is
selected, the system uses the full scale value of the selected channel as the x-axis
scale. As for the y-axis scale, the system uses the largest full scale of the DAS
channels to be plotted.

Step 7) Enter the x-axis channel.

Shesk ook Sk ook ok ok sk ok sk ket ok kol kil sk sk ok ok kok | Seorekekokokskskokok ki sk sk skokokokok ok ok skokokok ok ok

If your system requires the x-axis to be a control channel, this dialog box will have an entry labeled
LCS Ch. (X). Enter the desired control channel.

If your system uses the ADAS to measure the buffered feedback output at the rear of each servo
controller, each ADAS data scan includes all of the test transducers, as well as the control channel
feedback signals (i.e. the loads). This provides mote flexibility and allows the x-axis channel to be any
ADAS channel (i.e. one that represents a control channel OR one that represents a external test
transducer such as a strain gage.) If your system has been configured in this way, the dialog box will
have an entry labeled DAS Ch. (X). Enter the desired DAS channel for the x-axis.

et e sk ok ok ok sk okt ok skt skok sk sk ok sk sk ok skokok stk stk sfkotot sk sk sk stk sk ol sk sk sk ok sk sk skoke sk sk sk skt sk sk sk sk ok ok sk ke sk
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Step 8)

Step 9)

DAS Ch. (Y1)

Step 10)

Step 11)

Step 12)

In the column labeled DAS Ch. (X), enter the channel number to be used for the x-
axis. This channel must be included in your test.

Enter up to four (4) ADAS channel number(s) in the columns labeled:

DASCh.  (Y2) DAS Ch.(Y3) DAS Ch. (Y4)

Enter a label for the x-axis and y-axis, if desired. These labels are used on displays
and hardcopies of the X-Y plot.

If "+-Full Scale" was the selected scaling method back in step 6, continue on from
step 13.

Select OK or press RETURN. Since "Manual" was the selected scaling method,
the dialog box illustrated in Figure 12-15 is displayed.

The dialog box provides information on how the selected channels were defined
during setup (i.e. their full scale value and names) and entries for defining the x- and
y-axis. Using the displayed full scales as a reference, enter the desired Max and Min
values for the x-axis in the column labeled DAS X.

Using the displayed full scales for each DAS channel as a reference, enter the desired
Max and Min values for the common y-axis in the column labeled Common Y axis.

All entries are in the engineering units of the specified channels. If multiple DAS
channels are entered, the engineering units of the Y-axis will correspond to the
entries made in Common Y-Axis column.

skkokskofokkkokok ok sk ok stokskk ok sk ok sk kK sk ok ok - sofotokok koK sk sk sk ok sk sk sk Kok sk sk sk ek ok ok

There is only one set of scaling entries (i.e. + extreme and - extreme) for plots containing multiple y-
axis channels. The Full Scale value, Channel Number, and Channel Name are displayed on the plot for

reference.

Fesfeseskoforkokskofokotok ok kokokkokokok skokskofoskokokoskokok sk skokskokskok sk sk skok skokok sk sk stk sk ko sk sk sk sk ok sk sk sk ok skok skok

Step 13)

Select OK or press RETURN. A window similar to the one shown in Figure 12-16
will appear. This display includes all of the previously recorded test data for the
channels defined in the setup screen.

Cyber Systems Inc. 12-16
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Figure 12-16  Example of an X-Y Plot with History

As your test continues and the system reaches the next endpoint, new data is

Step 14)

-17. The plot

16. However, if you look closely at

appended to the historical data (i.e. the DAS endpoint data which was previously

recorded to the disk data file). An example of this is shown in Figure 12

in this figure is the same as the one in Figure 12

the left side of the plot, you will notice that 2 new endpoint has been plotted from -

1000.0 to +1000.0.

1217
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only at subsequent endpoints
2)the ADAS must have been previously calibrated

3)the ADAS must be scanning
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1)

The X-Y Plot with History will continue to update under the following conditions:
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Figure 12-17 Same Plot as in Previous Figure, Except On-Line Data has been Added
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REPLAY X-Y PLOTS

Replay XY plots are of previously recorded test data only. They are most useful after a test has been
completed and you wish to see a plot of the recorded test data for the entire test.

The first step in using the Replay XY plot feature is to set up which X channel and Y channel(s) are to
be included in each plot. In fact, the system allows you to define up to 200 different plots. With each
plot you select the scaling method for each axis. You may also define a straight line prediction for each
plot, if desired. Once setup is completed, you have the option to submit the kst of predefined plots as a
batch job to the printer OR select a predefined plot for display.

THISPLAY ‘BTATIC HONTROL [BEPORTS BCQUIRE s
- Replay X-Y Plots

(B Setup Batch Jobs...
{ ) Submit Batch Jobs
() Display Plot B

[ 1 Select Cntr Range

| SELECT | ' CANCEL |

Figure 12-18 Dialog Box used to Select the Replay XY Plot Function of Interest

Follow these steps to use the Replay X-Y Plot feature:

Step 1) Select Graphs, Replay X-Y Plots option. The dialog box shown in Figure 12-18 is
displayed.
Step 2) " Use the radio button to select "Setup Batch Job" and press RETURN.The spread

sheet screen shown in Figure 12-19 appears.
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ILE EISPLAY BTATIC MONTROL BEPORTS ECQUIRE [Es
‘ ¢ Replay X-Y Plots - ~ S

¥

B bR b b R 1 s R e R O
;

e 12-19 Spread Sheet used to Set Up one or leay lts

Step 3) To set up a replay X-Y plots you must identify which Test Data file the data is to
come from. The spread sheet is born with TS as the default test data file name. It is
this file which contains the recorded data for the present test run. Each time the test
1s downloaded, this file is reinitiailzed.

If your wish to plot data from a previously recorded test data file and not the on-line
file TS, enter the appropriate file name in the Replay Test Name column.

Step 4) In the column labeled X Ch., enter the channel number to be used for the x-axis.
This channel must have been used in the test for which the Test Data file in the
Replay Test Name column was created.

Step 5) Enter up to four (4) ADAS channel number(s) in the columns labeled:

Y1 Ch. Y2 Ch. Y3 Ch. Y4 Ch.
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Step 6) Enter the desired symbol update rate in the column labeled Symbol Update. The
default rate is 1; a symbol is plotted at every endpoint.

Step 7) If you wish to define a straight line prediction, tab over to the column labeled
Straight Line pred and enter an "X" by pressing the space bar. Press RETURN.
The dialog box will appear, prompting you to enter the pair of XY coordinates for
the prediction line. Enter the coordinates and press RETURN.

Step 8) If the desired scaling for the plot is to use "+- Full Scale" for both axes, leave the
Manual Scaling column blank and go to step 10.

Step 9) If manual scaling is desired for the plot, tab over to the column labeled Manual
Scaling and enter an "X" by pressing the space bar. Press RETURN.
The dialog box will appear. Enter the min and max scale factors for each X and Y
axes in the columns labeled X Min, X Max, Y Min, and Y Max. These entries must
be in engineering units.

Step 10) Repeat steps 4 through 9 for each of replay plot you wish to set up.
Step 11) Press ESCAPE to exit the screen. This will temporarily save the data. Use the
system's save functions to save the setup permanently.
Submitting Batch Jobs to the Laser Printer
Once the replay XY plots have been setup as described in the previous section, you may initiate the
automatic X-Y Plot printing feature, otherwise referred to as Submit Batch Jobs. To do this, perform

the following steps:

Step 1) Select Graphs, Replay X-Y Plots option. The dialog box shown in Figure 12-22 is
displayed.

TEISPLAY BTATIC WONTROL BEPORTS HCQUIRE Bs
r Replay X-Y Plots

{ ) Setup Batch Jobs..,.
@ Submit Batch Jobs
( > Display Plot B

L1 Select Cntr Range

SELECT CANCEL

Figure 12-22 Dialog Box used to Select the Submit Batch Jobs Option
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Step 2)

Step 3)

Use the radio button to select "Submit Batch Job" and press RETURN. Another
small dialog box will appear, prompting you to enter a range of plots to be submitted
to the laser printer. Use the Plot# from the Setup Batch Jobs spread-sheet screen to
specify the range. If only one plot is desired (e.g. plot 7), specify the range as [7] to
M.

Press RETURN to start the process. Each plot submitted will be temporarily
displayed on the X-terminal while printing is in progress. When the first plot is
finished printing, the next replay-plot will be submitted. This process continues until
all plots in the specified range are completed.

Cyber Systems inc. 12-22



FATIGUE MASTER 7000 CHAPTER 12
DISPLAYING REPLAY X-Y PLOTS

The system also allows you to display a previously defined Replay XY plot, without printing it. To do
this, perform the following:

Step 1) Select Graphs, Replay X-Y Plots option. The dialog box shown in Figure 12-24 is
displayed.

TWISPLAY BTATIC MONTROL BEPORTS ECQUIRE B
- ‘Replay X-Y Plots - ;

) iSetup Batch Jobs...

) Submit Batch Jobs

(B Display Plot EEER
'['3 Select Cntr Range

| SELECT CANCEL

Figure 12-24 Dialog Box used to Select a Replay XY Plot for Display

Step 2) Move the radio button to Display Plot.

Step 3) Tab to the entry box and enter the plot number from the Setup Batch Job screen to

be displayed. Please note that the plot must first be defined on the Setup Batch Job
screen before it can be displayed.
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This is a sample of a Report Heading that appears at the top of printouts

[
]

Semaidemamabai el

SUMIE DRINY NN ERLE RPN SRS SO

ST PR p——

h
v
b

¥
¥
PR TR

3 .
T, )
bemradadaieb cdemduew ol

1
.

B L LT T SRR AR S,

LTS PETTI PP SApRRpaps NI S,

[l
P
1

PR EIPU! SN SR SO, 4

t
¥
v

t
€
)
v
i
Q3
2%
K3

PEEHANPRANRS .

e LR Y BT

e it D T Y S TEpRpR S PU It Iy

dwemede e

»
1
P g S—

[
'
1
oo
i
]

N S

$

T Tt e P . QU NN AU

»
»
¥

1
N

T
v Y

B L Y RN A I PPy S
h h =

g

- S R RNEE LTSy VY
b | -+ H

i

[ S R S
"

5
é‘!-..,--

v
1]

[}
v
B L L LT T T )

p——

'
'
g a iy g

ERERNE PO NSRS YR s
H
¥
'

)
.
.

mmmmdllldl
3
'
3

Heesdaii e b,

R Rttt R it LT T SN

Umamebona s

P T

400.0 '800.0 1200,0 1600.0 2000,.0

0.0

v
v
2
s
]
v

v
v
i

i
¥
‘

B T

0

1600,0

1260.0

0
_€'<>(> . ()

,<>‘()

=400.0

-=800.0

-1200.0

0

=1600.

=2000,0

~2000,0=1600,0-1200,0 —800.0 -400,0

Stralght Line Predicti

12-25 Example of a Replay XY Plot Display

Figure 1

DatetTime recorded: Fri Ras 3 16:15:11 1998

Select OK and press RETURN. The selected plot will be displayed on the X-
terminal. Figure 12-

Step 4)

25 provides an example of a Replay XY Plot display.

use the [NEXT)]

plots,
hand side of the window to page
ob. Simply place the mouse pointer on

most button on the mouse.

If you wish to display other previously defined Replay XY

and [PREVIOUS] buttons at the lower right-
through the plots as defined in Setup Batch |

either selection and click the left-

Step 5)

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
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-Y plots.

line X

This plot may be killed or printed in the same manner as on
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CHAPTER 13

PRINTING TEST REPORTS

You can print a variety of reports that describe setup data, load conditions, test procedures, calibration
results and test data. If fact, some reports are hardcopy outputs of the test data displays described in
the preceding sections. To view the available reports, select REPORTS from the main menu bar. The
report options are displayed as shown in Figure 13-1.

JEEFORTS

Bcauire [Bs

Bo=d Conditiconz
Eoecial Load Conditions
Beplay Test Data

Beplay Histogram

Heplay History Data
Meplay DAS Data

LICS Setup

LCS Calibration

BMCAL Deviation

iiill Report

est Procedure

IS Setup

IS Calibration

BOMP Channels

BAS Rosette

Figure 13-1. Reports Meru

Below is a list of available test reports, simply select the desired report from the REPORTS menu and
supply any requested information. If your printer is on-line, the report will print automatically.

® Load Conditions prompts you to enter the desired control channel, and then prints all of the load
conditions values for eight contiguous channels including the selected channel.

* Replay Test Data prints previously recorded endpoint data (command, feedback, and % error)
for each channel in the test from a variety of sources depending on how your system is configured.
When this selection is made, the screen shown if Figure 13-2 will appear. Enter the appropriate
Test Data File name and the range of counter values which correspond to the endpoints you wish
to print. If you do not enter a different Test Data File name, the system uses the TS file as the
default Test Data file.

If your system is not configured with DAS, selecting OK or hitting RETURN will cause an endpoint
data report of LCS data (command, feedback, % error) to be printed for the selected counter range.

If your system does have DAS, hitting will produce a selection screen (Figure 13-3) on which you may
select any or all of the reports listed.

» You will only get meaningful data from the reports for which an appropriate setup was
performed.
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Replay Histogram prompts you to enter the desired control channel number, and then prints a
report listing the number of times each possible endpoint value (as a percentage of full scale) has
been achieved up to the current endpoint being executed. If the test is completed, the system will
print the entire Replay Histogram Repott for the selected control channel(s) (i.e. group of eight
contiguous channels).

Replay History Data prompts you to enter the physical channel, and the range of waypoints to
display, and then prints the selected channel's history data. In order to obtain this report, the
system requires you to have previously petformed a Freeze History/Send Freeze Data procedure.
Refer to Chapter 14 for more information regarding this report.

skkfokoksR ok ok skokoR ok skokok sk ok sk ok sk kKoK ok - skoksrokokokokstokokskkodoRskokskokskok ok ko sk kR KRk

Be sure to enter the physical channel number when requesting this report.
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Replay DAS DataThis report provides a printout of a 3 minute DAS Rotating Data Buffer (i.e.
disk file) stored on the host computer's hard disk. The file consists of the 900 most recent scans of
DAS data taken at 200 millisecond intervals. A report is allowed only if the DAS rotating data
buffer receives a "Freeze History" command. This is the same "Freeze History" which gets sent to
the servo controllers based on entties in the System or Discrete Conditional Action Tables.

The buffer is updated with new scans according to the "% Post Freeze Capture” entry on the Start Up
screen. When the DAS rotating buffer is finished updating and you request a report, the system
prompts you to enter the Data Sample Range (from 1 to 900), as well as the DAS channel number. A
tabular report will be printed of the requested DAS channel, plus the five subsequent DAS channels in
the setup list. Also, the sample at which the freeze occurred will be marked by an asterisk. For more
information on this buffer, refer to Chapter 14, Examining the DAS History Data.

LCS Setup prints the same information entered in the Channel Parameter screens. When you
select this option, a second screen is displayed that lets you select up to four different reports,
mcluding:

- Channel Desctiptions
- Channel Limits

- Channel Control

- Channel Tuning

LCS Calibration Report prints the Load Control System calibration values that are presently
storedin each servo channel's non-volatile memoty.

LCS Deviation Report prints the results of the last RCAL Deviation check.

Kill Report is used to cancel printing of the current report. This feature is useful with lengthy
printer jobs.

Test Procedure lists the sequence of test steps that make up the test.

DAS Setup identifies the channels from which the data acquisition system will receive test data.
This report is available only with systems configured with Cyber's Auxiliary Data Acquusition
System. This report is only available on systems configured with Cyber's Auxiliary Data Acquisition
System.
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e DAS Calibration Report prints the Data Acquisition System calibration results. This report is
available only with systems configured with Cyber's Auxiliary Data Acquisition System.

e COMP Channels prints out the information entered in the Computed Channels setup screen.
This report is only available on systems configured with Cyber's Auxiliary Data Acquisition System.

© DAS Batch Report provides a hardcopy output and/or ASCII file output of the DAS data in a
more tailored format. Please note that this report may not be included in your system
configuration. To see if this feature is included with your system, see Appendix A.

® DAS Rosettes provides a report of various rosette-related data, including:

- rosette number

- rosette name

- rosette type

- calculated minimum and maximum strain
- gage angle (in degrees)

- minimum and maximum sttess

- shear stress

This report is only available on systems configured with Cyber's Auxiliary Data Acquisition System.

To print any of the above listed test reports, simply select the desired report from the REPORTS
menu and supply any requested information. If your printer is on-line, the report will print
automatically.

.........................................................................................................

BEFORE PROCEEDING TO THE NEXT CHAPTER, REMEMBER TO CHECK APPENDIX A
FOR SPECIAL FEATURES OR MODIFICATIONS WHICH MAY BE ASSOCIATED WITH
YOUR PARTICULAR SYSTEM.
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¢ BraTiC [HONTROL [BEPORTS HECQUIRE [Bs
- Replay Test Data,Report

Test Data File |

From ‘"To ’

COUNTER 1 | (SR B

'COUNTER 2 - B | ” |

COUNTER 3 -,

COUNTER 4 10 el
| CANCEL

Figure 13-2  Speafying the Counter Range for Replay Reports
1gure y Repo

ITIC [EONTROL [EPORTS [ECQUIRE [Bs
- Replay Test Data Report

Please choose 1 or more report(s)

[X] Replay LCS Test data

[X] Replay DAS Test data

[ 1 Replay COMPUTED CHAN Test data
[ 1 Replay SUBSET Test data

[ ] Replay ROSETTE Test data

[#] Excel Format

0K CANCEL

Figure 13-3 Replay Test Data Report Selection
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CHAPTER 14

DETERMINING THE CAUSE OF SYSTEM REACTIONS AND

EVALUATING TEST EVENTS

In the course of running your test, you will undoubtedly be faced with the task of
determining and/or evaluating the cause of various system reactions or test events. Such
tasks may include:

® determining which control channel was first to be polled with an Fault#1/Fault#2
condition

® determining the cause (e.g. out-of-limit condition, discrete input response,
communication failure, etc.) of such test events as dumps, holds, ramps, etc..

® evaluating the sequence of operational steps taken by the operator prior to the system
performing an action (e.g. dump, hold, etc.)

® examining the data captured (i.e. frozen) in the history rotating data buffer for one or
morte control channels.

® examining the DAS data captured in the systems rotating DAS buffer following a system
"freeze" event

The steps necessary to perform these tasks are explained in this chapter.

BEFORE PERFORMING ANY OF THE OPERATIONS DESCRIBED IN THIS
CHAPTER, REMEMBER TO CHECK APPENDIX A FOR SPECIAL FEATURES OR
MODIFICATIONS WHICH MAY BE ASSOCIATED WITH YOUR PARTICULAR
SYSTEM.
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IDENTIFYING THE FIRST FAULT CHANNEL

The FM7000 provides two first-fault indicators; First Fault #1 and Fisst Fault 2.. In the
event of an out-of-limit servo condition, the First Fault #1 indicator will identify the
control channel which was first to be polled with a Fault#1 type error (e.g. outer etror or +-
outer limits). Similarly, the First Fault #2 indicator will identify the control channel which
was first to be polled with a Fault #2 type error (e.g inner error or 1 inner limits). Both
indicators are displayed on the Master screen.

EXAMINING THE TEST EVENTS LOG

Since there are numerous events which can occur when using the system, the FM7000
includes an on-going log of vatious system conditions and test-related events, including:

® activation of any pushbutton on the test control panel

® all system conditional actions, giving the cause and the action taken

e all discrete conditional actions, giving the number of the discrete that tripped and the
action taken

® miscellaneous system events such as valve cable failures and abort/start test information,
sending profiles, setting branches/ramps

For each event recorded in the Events Log, the system automatically tags the event with the
time of day and test counter values that it occurred. This allows the user to easily retrace the
sequence of test conditions occutred, what actions the system took, and what actions, if any,
the operator took.

Follow the steps below to examine the Events Log display:

Step 1) Select Events Log from the DISPLAY menu. A display similar to the example
in Figure 14-1 will appeat on the screen.

Step 2) The top of the events log is displayed. You may use the Prev/Next selections
to page to the end of the log (i.e. most recent events). Upon exit and re-entry
of the events log, the display will be positioned where it was when you last
exited.
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If you did not select Clear Events Log on the Start Up screen prior to downloading the
current test, be aware that the Events Log may contain events which occurred in previous

executions of the same test file.
sokokoookkkskkoRRoR R Rokok ok skotokskskok Rk sk sk kKR sRok kAR AR ARk kA ARk ARk Kk

Step 3) If you wish to have a message logged in the Events Log, move the cursor the
message field and type the desired message. Two lines are available for this
purpose. Use Tab to move to the next line. Once you have typed in your
message, move the cursor to the ENTER field and press [RETURN]. Your
message is automatically log with the time & date, and present counter values.

If you wish to obtain a printout of the Events Log, move the cursor to the PRINT selection

and-press [RETURN].

BILE @IspLay ETATIC HEONTROL
r Test Event Log -

7rPE IH vOUR OWN MESSHGE HERE TO BE |LOGGED WITH DATH

Test #1 Downloaded
Counters ¢ 0 0 0 0O
Jun 29 1998 11:20:48
Ramp 1 Set
Counters ¢ 0 0 0 O
Jun 29 1998 11:20:49
Ramp 2. Set
Counters. ¢ 0 0 0 O
Jun 29 1998 11:25:41
PAUSE button pushed : Off -> On
Counters : 0 0 0 0O
Jun 29 1998 11:26:50
RUN button pushed : Off -> On

{ ) Previous Page -
(.) Next Page | prInt | | cancer |

Figure 141 Events Log Display
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EXAMINING THE SERVO HISTORY DATA

As you will recall from step 7 in Chapter 6 of this manual, each servo controller includes a
built-in history rotating data buffer to maintain a record of the data leading up to a test
article failure or other system/test event. This rotating data buffer stores 4,096 data points
for each of 4 parameters per channel (16,384 total). The four parameters recorded in the
history rotating data buffer include command, feedback, loop error, and valve current. Data
in this buffer is continuously over written until "frozen" as part of a conditional action.
Thus, at any time, this buffer always contains the most recent data.

The rate at which the data was recorded in the buffer, as well as the post-freeze percentage,
depends on how you specified the history data recording parameters on the Start Up screen
during set up. Refer to Chapter 6 for more information on how these parameter settings are
used by the system.

If you have linked one or more system conditions to the"freeze" action given in the System
Conditional Action Table, and a freeze history has been triggered, you may view the
captured data by following the sequence of tasks given below:
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TASK #1

TRANSFERRING THE SERVO HISTORY DATA TO THE
HOST COMPUTER

Even though the system may have commanded the servo controllers to freeze their history
rotating data buffers, you can not examine the history data until it is transferred to the host
computer. To accomplish this data transfer, follow the steps given below:

Step 1)

Step 2)

Step 3)

ok sk okokk ok kokokokoskokokokok ok ok ok ok skt sk ok skok sk ok

Select MASTER from the CONTROL menu.

Using the TAB key, move the cursor to the Send Freeze Data checkbox and
press the space bar.

Press [RETURN]. If the systemisin a non-running mode (e.g. Pause, Hold,
etc.), it will display the dialog box shown in Figure 14-2, prompting you to
enter the range of servo channels you wish to transfer data from. The system

transfers the history data in each servo controller (one channel at a time) to the
host for recording to the hard disk.

| RoRskskokookskokokokskokoskokskokokskokoksk ok kok sk ok skokskokok ok

Be sure to specify physical channel numbers. You must also make sure the channels you are

requesting are included in the test.
**********************************************************************

@ISPLAY BTATIC BONTROL WEPORTS WCQUIRE

r

Send Freeze Data:

B Al Channels

SELECT CANCEL

From (R To @

Figure 14-2 Dialog Box used to Initiate the Transfer of the Servo History Data

Step 4)

Step 5)

The system will display a message which indicates that the transfer is taking
place, along with the amount of time remaining before the history data for all of
the selected channels has been transferred.

Once the entire transfer is completed, you may examine the history data
graphically in the form of a strip chart and/or as a tabular hardcopy report.
Each format is described in the proceeding sections.
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CHAPTER 14

TASK #2

DISPLAYING THE SERVO HISTORY DATA GRAPHICALLY

If you have previously transferred the captured hJstory data up to the host, you may now
display this data in the form of a strip chart. The main steps you must complete are:

Follow these steps to define the history strip chart parameters:

Step 1)

define the vertical scale of the plotted data for each chart to be dispiayed.

define the time range which represents the data of interest
select up to four control channels to be displayed on the chart.

select the signal for each chart; (feedback, error, command, or valve current).

Select Graphs, Replay History Data. The dialog box in Figure 14-4 appears.

Vertical Scale:

‘1 Replay History Data

{.) Manual

{ > Plus/Minus Full Scale

BIsPLAY BTATIC [EONTROL. IEPURT‘

Replay Time Line (seconds):

From 0 To 853
Chart Cntl Chan, Tupe
1 1 fb
2 1 cm
3 1 er
; q 1 vc
K CANCEL

Figure 14-4 Dialog Box used to setup a Replay History Data Strip Cm

Step 2)

Using the "Vertical Scale" radio button, select how the vertical scale of each

strip chart is to be displayed.

If "manual" is selected, another dialog box will appear later on which will
prompt you to enter the desired minimum and maximum vertical scales of each
selected strip chart channel. If "+- Full Scale” is selected, the vertical scale for
the selected channels will range from positive full scale to negative full scale.
Please note that full scale for each selected channel refers to the corresponding
engineering unit full scale value entered in the Channel Description screen.

Cyber Systems Inc.
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Step 3)

Step 4)

Step 5)

You must now indicate the range of data (in terms of time) that you are
interested in displaying. This is accomplished by entering a beginning time and
ending time in the entry labeled Replay Time line (seconds):.

The default range is from 0 to the total time to fill the rotating data buffer. The
total time to fill the rotating data buffer will vary according to the Record
Every "N" Waypoints entry on the Start Up screen prior to download. Using
the default range will provide a strip chart display which represents the entire
contents of the history data buffer. '

Using the "Log Chan" column, enter the logical channel number for up to four
simultaneous scrolling strip charts in a single window. For each chart, specify
the control parameter to be plotted by entering one of the following labels in
the "Parameter" box:

-fb  (feedback)
-cm (command)
-er  (loop error)
-vc  (valve cutrent)

If less than four channels are to be plotted, simply leave the remaining "Log
Chan" entries empty.

Select DISPLAY and press RETURN. If "Manual"” scaling was the selected
scaling method, another dialog box will appeat, prompting you to define the
vertical axis for each chart. Fill in the required information and press
RETURN. A strip chart similar to the one shown in Figure 14-5 will appear
on the X-terminal.

The x-axis shows the selected time range. Additionally, a vertical line indicates
the point in time at which the fault occurred (i.e. Fault#1 or Fault#2). For the

example display shown in Figure 14-5, the entire buffer (all 4,096 samples) is displayed.

Cyber Systems inc. 14-7



FATIGUE MASTER 7000 : CHAPTER 14

10000.0 Feedback
17250.0 :
45000 -
:4750.0

-~1000,0 -

10000, 0
7250,0
-4500,0
:1750,0 ne : S AT S W :
-100000 = i rmTr T T T T ryrr o e T rTrrTT LIETE DR T T YU O S O T U O SR il l\l-‘T.‘,l\T'

1000 ___Error
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20.0 Valve Current (%)
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0.0 Cntl. Ch. 1
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Replay Time Line (ffom/AD seconds) =====
Fault 1 occurred!
Figure 14-5 Strip Chart Display with Full Time Range

Step 6) If you wish to examine a2 moment in time more closely (e.g. around the fault),
simply kill the graph and select Graphs, Replay History Data again. This time,
enter a beginning and ending time which more closely suit the moment in time
you are interested in.

Step 7) To view other channels, repeat steps 1 through 6 using the desired servo
channel numbers.

ke keskok sk ok ok sk ok sk k sk ekokesfesk sk ok sk skok sk ok k kR | RRskokskskokskasiokokskokskokokskokkokokskok skok sk skkok sk ok ok

If you repeat steps 1 through 6 for different servo channels, you must make sure that the
history data for the newly selected channels was previously transferred to the host computer.
If not, you must first transfer the history data for the selected channels as described in the

previous section.
********************************************************************
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Obtaining a Hardcopy of the Servo History Data Strip Chart

In order to obtain 2 hardcopy of the history data strip chart, use the left-most mouse button
and click on the [PRINT] selection at the lower right-hand side of the screen. For more
information on how hardcopies of graphic screens refer to Chapter 12.

Killing the Strip Chart
To kill 2 particular strip chart window, move the mouse arrow to the "Kill" button in the

lower left-hand corner of the window and press the right-most button on the mouse. That
graphic window will disappeat, but all other windows on the X-Terminal will remain.
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TASK #3 OBTAINING A TABULAR REPORT OF THE SERVO MHISTORY
DATA

If the servo history data has been transferred to the host and you wish to get a tabular
hardcopy report of this data, follow the steps described below:

Step 1) Select Replay History Data from the REPORTS menu. The dialog box
shown in Figure 14-7 appears.

Step 2) Enter the physical channel# for the selected channel.

desokootokokskokokokskkskkokokkokokskokdokokkosksk | | RskokofokokoRojokskokokkkokok sklekok sk stk ko sk skok skokok sk

Be sure to enter the physical channel number when requesting this report.
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Step 3) Enter the range of way-points to be included in the report. Remember, the
servo controller's rotating history data buffer has a total of 4096 sample points,
each of which includes the command, feedback, error, and valve current
readings. If you want all the samples, enter a range from 1 to 4096.

If you have set up the post-freeze parameter on the Start Up screen, and you
don't wish to see all the data, you may ask for a range of samples around the
freeze point. For example, if the post-freeze parameter 1s defined as 50%, the
first 2048 samples represent data prior to the freeze event, while samples 2049
to 4096 represent data following the freeze event. Therefore, if you were only
interested in data closest to the freeze event, you might ask for a waypoint
range from 2000 to 2100.

Step 4) Press [RETURN]. The report should begin printing shortly
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Data Sample From

- Replay History Data Report -

Dispiay Servo channel | -l

|

CANCEL

Figure 147 Requesting a Tabular Report of the Servo History data

CHAPTER 14
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EXAMINING THE DAS HISTORY DATA

If your test includes one or more ADAS channels and you have programmed the conditional
action table(s) to "freeze history" based on one or more conditions, you may obtain a
hardcopy report of the DAS data before and after the freeze event. This report provides a
printout of a 3 minute DAS Rotating Data Buffer (i.e. disk file) stored on the host
computer's hard disk under " /ust/dlcs/dasfrz/<testname>". The file consists of the 900
most recent scans of DAS data taken at 200 millisecond intervals. A report is allowed only if
the DAS rotating data buffer receives a "Freeze History" command. This is the same
"Freeze History" which gets sent to the servo controllers based on entries in the System or
Discrete Conditional Action Tables.

Once the DAS rotating data buffer receives a freeze command, it continues to update with
new scans such that the "% Post Freeze Capture" entry on the Start Up screen is
satisfied. Thus, if the "% Post Freeze Captute" entry is set to 50%, the DAS rotating
buffer will take 450 more scans (i.e 50% of the 900 total scans, approximately 1.5 minutes
of data) before it stops updating.

When the DAS rotating buffer is finished updating you may request a report as described below:

Step 1) Select the REPORT menu, Replay DAS Data option. The dialog box shown
in Figure 14-9 appears.

Step 2) Enter the Data Sample Range (from 1 to 900).

Step 3) Enter the number for the desired DAS channel.

Step 4) Press RETURN. A tabular report will be printed of the requested DAS

channel, plus the five subsequent DAS channels in the setup list. Also, the
sample at which the freeze occurred will be marked by an asterisk.
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If you request a report before the DAS rotating buffer receives a freeze command, the
message "DAS data has not been frozen" will be displayed. Also, if a report request is made
while the DAS rotating buffer is updating with the "% Post Freeze Capture" samples, the
message "DAS data freeze currently in progress - try again in X seconds" is displayed,

where X is the amount of time remaining for the DAS rotating buffer to stop updating.
sotofokolokoksokskoRokoRIkRRoR Rk sk sk sk sk ok ek sk skt sk sk sk sk sk skok sk stk okl skok sk sk sk sk ok
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- Replay DAS Data

DAS Channel |

Data Sample From ]ml To I[

CANCEL

Figure 149 Requesting a DAS History Data Report

BEFORE PROCEEDING TO THE NEXT CHAPTER, REMEMBER TO CHECK APPENDIX A
FOR SPECIAL FEATURES OR MODIFICATIONS WHICH MAY BE ASSOCIATED WITH
YOUR PARTICULAR SYSTEM.
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CHAPTER 15

ABORTING THE TEST

This chapter explains how to abort an active test.

skokskokskksoktokdokokkokokskok sk ok sk sk kok sk sk sk Rk ok - seokorokofokotokkkkokskskok kokokok sk sk kk sk sk ok sk sk sk sk sk sk koK

If you have downloaded a test and no longer wish to run that particular test, or if a test runs to
completion, you must perform the "Abort Test" procedure. Simply closing a test file does not cause

the system to remove it from the TMTM's memorty. In fact, such a test is still active.
prolokokiokolokkookoRoR KRk R Rk RokRoR R RloRoRookakok okl ooksk Rk ok kR skok o

- Abort Test

Are you sure you want to cancel this test?

YES

Figure 15-1.  Abort Test Screen
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Yo end the execution of the test and remove it from the TMTM memory, follow the steps given below:

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Make sure the test is not running (i.e. paused, held, or ramped) and is in a hydraulic
safe condition, i.e. ramped to zeto load.

Select the Abort Test option in the CONTROL menu. The Abort Test screen,
Figure 15-1, is displayed. A dialog box on the screen prompts "Are you sure you
want to cancel this test?".

If you wish to follow through with aborting the test, tab to [YES] and press
[RETURN]. The system returns to the main menu bar.

If you wish to make changes to the setup files or spectrum, you may do so.
However, you must re-download the test again as described in Chpater 6.

If you wish to close the test at this point, select CLOSE from the FILE menu. The
test file is now closed.

If you wish to leave the CYBER application software in order to enter the UNIX
Operating System or to powerdown the host computer, select QUIT from the
FILE menu. You are now in the UNIX Operating System. Refer to Appendix M if
you wish to powerdown the host computer.

Cyber Systems Inc. 15-2



Cyber Systems, Inc.

Fatigue Master 7000

Digital L.oad Control
System

OPERATOR'S MANUAL APPENDIX A

For Northrop Grumman



Console
. Tave Drive
| HunDi

| X Teuminas

Fatigue Master 7000 Sys

Measuremert Conbol Untt
(MCO)
Acquisition
Processar

Fatigue Master 7000 Block Diagram



INTRODUCTION

Purpose

The purpose of this addendum is to supplement the FM7000 Operator's Manual with
features unique to the application used by Northrop Aircraft

It will cover the following aspects of system operation:

Section I Manual Goto Percent Load.
Section II Excel Data Reports.
Section III  About WS_FTP Client
SectionIV  Lag Lead Compensation
Section V Tare Balance

Northrop 40 Channel Digital Load Control System

User Login:  fmlcs
Password: cybsys1
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MANUAL GOTO PERCENT LOAD

Similar to the Branch to Step feature, also located under the Control Menu, this selection

allows the operator to specify a Percent Load value to which the Servo will ramp to after the
RUN button is pressed.

Reguirements:

® Mustbea Static Test

entering "P ""under the LC column.)
® Percent Load value entered must be defined in the Load Condition Table.
® Step to Load Condition must be defined in Test Procedure

EILE HIsrLay [ETATIC EONTROL EPORTS BCcquire Bs
Goto Load

Enter: [Ref Chanl, [ loadl & [Secs-to-Ramp]

ACCEPT CANCEL

Goto Dialog Box

1. Ref Chn: Is the logical servo channel to be used for the Load Condition Table Lookup.
In a multiple servo channel test this would be the servo channel that you wish to
reference.

2. %-Load: Percent load value to look-up.

3. Time: Ramptime in seconds. Must be greater or equal to .25 seconds.

4. Accept: Execute GOTO function. You will be prompted with entered information and
asked whether you wish to proceed. If the operator continues the lookup will take place
and any errors conditions from the lookup will be displayed. If there are no errors the
lookup is successful and the operator can then press RUN on the Test Control Panel
which will cause the system to ramp to the specified Percent Load Condition.

5. Cancel: Cancel current request and close window
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Operation:

Define Static Test:

1. Create a New Test and select Static Test from the New Test dialog.
. Define Servo Channels and select Percent Load for the Load Condition Table.
3. Define the Load Condition Table and Test Procedure Tabl either manually or using the Static
Mode Software to automatically create the test.

Define Load Conditions and Test Procedure steps to cover all loads. LE. -100 to 100
in 1-percent increments. This allows the operator to select any Percent Load value on the fly.

Run the Test

After the Setup is complete download the test to the Servo Controllers using the Start-up
dialog. When the Tesz Contro/ Panel appeats, press the PAUSE button to place the system
into a Single Stp mode. Perform any Calibration and balancing that may be required and
optionally ramp up to the 1% load condition.

Select iControl=>Goto Load, to activate the Goto Dialog box.

Enter the desired information in the dialog box and select ACCEPT. Answer Yes to the

User Prompt. The system will verify the user input. The goto will fail and the user notified if.
1. The system is not in a Pause or a Hold state

The Reference Channelwas not found

The Percent Load value was not found in the Load Condition Table.

The Load Condition was not found in the Test Procedure.

The Time value entered was less than .25 seconds.

ARl

No response from the system will occur if the lookup was successful and the user is free to
press the RUN button on the Test Control Panel to cause the system to ramp to the specified
load. The Goro Dialog box will remain on the screen to allow the user to quickly enter the
next load condition and will remember the last ramptime entered. The user can close this
window by either selecting the CANCEL button or hitting the ESC key on the keyboard.
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X

TEST DATA IN TABULAR FORMAT EXPORTABLE TO EXCEL

Test data generated by the FM7000 Load Control System at Endpoint may be formatted for
easy importation to Microsoft's Excel Spreadsheet program.

- Replay Test Data

BILE BISPLAY BTATIC [BONTROL [BEPORTS [ECQUIRE fs
‘r Replay. Test Data Report

Please choose:1 ‘or more report(s}

tl) Replay LCS Test data

[ ] Replay DAS Test data

L ] Replay COMPUTED CHAN Test data
‘£.) Replay SUBSET Test data

£ ) Replay ROSETTE Test data

L 1 Excel Format ’

]“] ] 'CnNCEL—l

Replay Test Data Report Screen

An Excel formatted file may be generated by selecting Replay Test Data from the Reports
Menu. Select the data that you wish to include in the report and select Excel Format. If
Excel Format is not selected the report will output to the Printer.

After the operator selects OK, the system will ask for a range of counter values to include in
the report.
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EXPORTING THE EXCEL FILE TO A PC

Transferring the excel formatted file to the PC is accomplished by the use of an FTP Client
program. WS_FTP is such a client that is available on your Load Control PC system and the
operator should familiarize himself with its operation.

Follow these steps using WS_FTP as a example.

1.
2.
3.

Log on to LMSW using the FTP client

Navigate to /tmp directory on the Unix box

In this directory there may be a number of files. Files with the prefix of excelare the
ones of interest. Look at the creation date of each excel prefixed file and determine
which one has the data that you requested. Using WS_FTP you may rename this file
either at this pomt ot after you have transferred it to the PC. IMPORTANT: When you
tename this file, give the file a .txt extension. LE. JastRun1.txt. This is an extension that
Excel knows how to handle.

Using WS_FTP transfer the file to the PC using the ASCII mode transfer, to a directory
that you have prepared.




SECTION 1 EXCEL DATA FORMAT 8

OPENING THE FILE IN EXCEL.

Text Import Wizard Stp 103

'C:\EXCEL DATA\JastRun1.TXT

The test operator will be presented with Exce/'s Text Import Wizard. Select Delimited as the
Original Data Type and then press the Next> command button.
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OPENING THE FILE IN EXCEL: (CONT.)

iexl mpo‘lt‘w’iz:d -Step 20f 3

‘est Data Acqulsltlon Report
Demonstration of the Versaplex 2000nt Data Acqulsltlon S
BEECH DEMO 01 ‘

Step 2:

Select Semicolon from the list of Delimiters and press the Finish command button.

Excel will now open the file and the data will be formatted as Row and Column data.
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WS _FTP - FTP CLIENT PROGRAM

WS_FTP is a FTP client program that is located on the PC used as the X-Windows terminal
to your Unix box.

Make sure you select Ascit Use these to xfer files from one
xfer mode computer to other
Description

This application is a File Transfer Protocol (FTP) client application for Windows Sockets
and was designed to take full advantage of the point and click capabilities of the Windows
environment
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Lag - Lead Compensation

Each servo controller contains a feature called Lag Lead Compensation. This compensation
occurs in the forward path of the control loop, which is between the loop etror junction and the
valve drive output. This path is usually just proportional gain, which is gain that the operator can
set to control loop tesponse and accuracy. This gain is normally set as high as possible to get best
DC accuracy and quick response, but is limited because excessive gain causes loop oscdillations.

The response of the Lag Lead Compensation is controlled by the Lag Frequency and the Lag Ratio
which are entered on the Channel Control screen. A pole is at the Lag Frequency and creates a 6db
per octave slope extending to the recovery (lead) frequency. Due to the 6db per octave slope, the
ratio of the lag and recovery frequencies is the same as the ratio of the gain above the recovery
frequency to the gain below the lag frequency. The Lag Ratio can be visualized either way.

The advantage of Lag Lead compensation is that the loop gain at DC and low frequencies can be
made higher than the proportional gain can be set. Suppose there is an offset in the hydraulic servo
valve of 10%. This means that a valve current of 10% of the rated current is required to set the valve
to zero flow, which is what happens in a static condition. If, due to stability limitations, the
proportional gain could not be set higher than five, the loop would have a static etror of 2%. This
2% error times the loop gain of five creates the required 10% valve current.

If Lag Lead Compensation was used, a lower static error could be achieved. Suppose a Lag
Frequency of 0.2HZ and a Lag Ratio of 4 was set. This means the DC gain will be four times higher
than the proportional gain setting. In the example above, the DC forward gain will become 20 and
the recovery frequency will be at 0.8HZ. This means the static loop error will go down to 0.5%.

Increasing the Lag Ratio alone has the effect of increasing the phase shift associated with the Lag
Lead response. The further apart the lag and recovery frequencies are (higher lag ratio) the greater
will be the phase shift associated with the lag lead response. Increasing the lag ratio also has the
effect of moving the recovery frequency up closer to the loop bandwidth. The effect of this is to
lower the loop phase matgin, and therefore the stability of the control loop.

To maintain good loop stability, the lag frequency can be lowered when lag ratio is raised. In the
above example where the lag frequency is 0.2Hz and the lag ratio is four, the recovery frequency is
0.8HZ. Lowering the lag frequency to 0.1HZ and raising the lag ratio to 8 keeps the recovery
frequency at 0.8HZ.

"The control accuracy during fatigue test cycling at or below the Lag Frequency can also be improved
by the use of Lag Lead Compensation due to the increased loop gain at the cycling frequency.
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The response of the Lag-Lead network in the open loop gain path of the servo controller is as
shown in Figure A. The benefit of this is that the maximum loop gain that the loop can tolerate
and still have good loop frequency stability does not have to be the maximum dc loop gain.
Additional gain, and therefore static and dynamic accuracy, can be created by the Lag-Lead
compensation without spoiling the loop frequency stability.

The transfer function of the Lag-lead network is as follows.
Wz (S +Wz)

Openloop gain= LG * — *

Wp (S+Wp)

Where
LG s the Loop Gain set by the operator.
Wp is the Lag frequency in radians per second
Wz is the Lead frequency in radians per second

S is the signal frequency in radians per second

is the Lag Ratio

Wp

Open Loop Gain Curve

wp

Lag Ratio
Gain

Fregquency of Operation V 16
LagRatio .

0DB

Frequency

Figure A
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Tare balance

The Tare Load is the load applied to the test article due to the weight of the fixture between the
load cell and the test article.

The Tare Balance routine adjusts the offset of the load cell output so that it corresponds to the
load applied to the test article instead of the load seen by the load cell.

POLARITY DEFINITION OF TARE

If a positive command to the servo control loop causes a force on the test article in the same
direction as the tare weight, then the tare load is positive and is entered as a positive value.

CALCULATION OF THE TARGET ADC VALUE

1. It is assumed that a Zero Balance and an RCAL have already been done on the load cell
with it unpinned from the fixture. The value set into the balance DAC in the Zero Balance
routine is to be saved forever until a new Zero Balance routine is run.

2. At the start of the Tare Balance routine, set the Balance DAC to the Zero Balance valae.
Read the Feedback ADC value. This is Initial FBK.

3. The equation for the Target Tare ADC value in the Tare Balance routine is as follows.

Target Tare ADC value = Initial FBK - (2000 * (tare load in EU)/(Setvo Full Scale in EU))
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