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Mseract

Toe diagneatic systems for Tawdem Mivror
Experimeat-Upgrade (TWX-U} have growm from eleven
imitial systems to more tham Iwenty systews. During
operstion, disgnostic system modifications are
sometines requited to complete superiment
objectives. Aleo, during operations new disgnostic
systeas are being developed and isplemented. To
ensure and maintain the quality and integrity of the
data signals, s set of plans and systematic actions
ave being developed. This paper reviews the
procedures set in place to maintain the integrity of
existing data systems and ensure the performance
objectives of new diagnostics being added.

Introduction

The diagnostic instruments on Tandem Mirror
Experiment-Upgrade (TMX-U) have grown from eleven
initial systems to more than twenty systems [1].
These systems encompass more than 268 sensors, 70
vacuum-penetration flanges, 700 control aud monitor
signals, and 45 crates containing over 380 computer
automated measurement and control (CAMAC) modules.
Three 21MXE computers acquire the data contained in
the CAMAC modules using 29 computer input/output
slots and numerous CAMAC interface hardware. In
addition to the above computers, five desk-top
computers provide the control and acquisition
functions for five instruments not connected to the
21MAE computers.

A dedicated support staff of ten people is
available to service and modify the existing
instruments and install new hardware. When
necessary, numerous part-time support personnel
supplement the work of the dedicated support staff.
The charter of the diagnostic support staff is: 1) to
maintgin diagnodtic instruments that reliably produce
meaningful, relevant, definable plasma parameters;

2) to modify diagnostic instruments to improve the
utility and quality of existing hardware; 3) to
develop and install new reliable instruments that
expand the plasma-parameter data bsse and provide a
better characterization of machine performance.

Because of the many different systeme, the staff

structure, and the large number of components,
achieving the above charter in a credible time frame
requires some formal organization of the hardware and
implementation procedures. Hardware organization
starts with the indentification of diagnostic
hardware by standard instrument names and the
partition of hardware into support subsystems.
Within subsystems, major components are identified.
This matrix subdivision of the diagnostic hardware
allows an organized breakdown of the work and helps
reduce confusion.

To further reduce confusion, we have attempted
to organize the implementatinn procedures for the
diagnostic work. To accomplish this, we subdivided
the work effort into maintenance procedures and
modification and development procedures. Maintenance

*Work performed under the auspices of the U.5.
Department of Energy by the Lawrence Livermore
National Laboratory under contract number
W-T405-ENG~48.

procedures are concerned with ensuring the qualicy
and integrity of existing inetruments. Modificatiocn
and development procedures are meant to attain
improved instrusent performance.

The organization of hardware and procedures has
facilitated the development of disgnostic standards
which should i« it attainment of the desired
instrument qual ‘y. The following text outlines the
standarde and 1 _-edures in place or under
consideration foi the THX~-U diasgnostic subsystem.
Procedures dealing with development and modification
will be presented firat followed by maintenance
discussions. The: procedures and standards are
meant to improve a.d ensure the performance quality
of each diagnostic instrument.

Definition of Syatem Developmeat
and Modification Chaages

Qunlity assuranc. is defined as all those
planned and systematic actions necessary to provide
adequate confidence tt.-t a system or component will
perform satisfactorily in service [2]. Application
of quality assurance t.. hniques to diagnostic systems
and components requirec :=hat we define satisfactory
performance for that particular system or component.
Defining satisfactory performance is not enough. The
development of the necessary planned and systematic
actions to assure this performance is also required.
The degree to which any quality assurance procedures
are successful depends heavily on the degree to which
the above definirion and development are taken
seriously.

To establish a good technical definition of
gatisfactory performance, some project planning is
necessary. Planning is the most important phase of a
research project {3]. Often, it is the most
difficult discipline to establish given the nature of
research. Realizing the importance of project
planning, the TMX-U management staff has instituted a
system that emphasizes the development and review of
a technical plan before a project or change is
initiated.

Shortly after the completion of the TMX-U major
device fabrication, a configuration control system
was instituted that required a review of all major
proposed facility changes. The goal for this control
system is to formally review and assess the cost and
technical impact of proposed hardware changes
involving significant effort. Using the Change
Request system as the first step in improving the
definition quality for diagnostic changes has been
fairly succeasful. The system provides the baais for
requiring a more detailed definition of what the
satisfactory performance parameters are for
diagnostic changes.

To initiate a significant change or addition in
any TMX-U subsystem, a ''Change Request" form must be
filled out and submitted to a configuration control
board. The board evaluates Change Requests on
technical merit and program need. A typical Request
Form will contain a title and a descriptive statement
of the goal of the change. For major diagnostic
changes, an extensive physics proposal is usually
generated. Physics proposals usually contain: 1) a
technical justification for the recommended change;
2) an analyrical evaluation of the instrument
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Forther Jefiaition of che handware
specifications in achieved if the Change Request is
pproved and seat to enginescing for the davelopment
of & Technical Impact and Cost Eatiwate {TICE). A
credible Cost vatinate ysually requires the
developarnt of an implomentation plan that is
consistent with the physice proposal. To develop
this plam, the Change Request originator and assigned
sngingers wesl tO reviev aystewm requiresents and
identify major hardvare and software components.
From performance specifications, the component
specifications are developed and an implementation
plan outlined. The implementation plan generslly
includes a system block diagram showing major

p ts and comp interfaces., Using the
developed information, a cost estiwmate is generated
and returned to the configuration control board for
evaluation.

All the above apecification information forms a
good basis to define satisfactory performance for
most components that are required to achieve a
diagnostic change. If implementation is approved,
other necessary specification information can be
developed during the design phase.

Implementation of Development
and Modification Changes

Design

After reviewing the implementation plan and cost
estimate contained in the TICE, the configuration
control board can approve, modify, or veto the Change
Request. Detail design work is started by the
issuance of & configuration control board directive
(CcBD) approving implementation. .

Using the system apecifications and block
diagram, we develop a detailed system design and
identify commercial hardware. System designs include
hardware layouts and cable diagrams, Hardware
layouts show the relationship between all major
components and existing installed hardware. These
include, but are not limited to, equipment support
structures, access platforms, rack locations, and
rack layouts. The cable diagrams detail internal
machine sensor wiring, trunk cable use, and all
equipment cables necessary for system installation
and operation. The development of these drawings is
a very interactive process with many informal
discussions.

Once the system drawings are complete and
component details sufficiently delineated to permit a
detail design, a design review may be scheduled. The
purpose of the review is to present all design
information and look for incompatibilities between
components or inconsistencies with system goals. For
lesser changes, the design review may be informal or
dropped altogether.

Component designs are initiated when component
specifications are considered firm and unlikely to
change. For electrical components, circuit designs
are worked out by an engineer or senior technician.
Computer simulations or beach prototypes may be made
to check design validity. Prototyping is usually
reserved for larger, more complex components. After
the deaign and deaired prototype tests are complete,
the circuit designs and pertinent packaging
information is given to a designer., The designer
generates detailed fabrication drawings. Prior to
actual fabrication, drawings are checked by the
design engineer and necessary corrections are made.

Mechanical conponents ate desigwd by wechanical
desipners working clesely with eagineers,
techaicisne, and physiciste. Desigas are checked by
an sssigeed mecharical engineer, ar mechanical
coardinatur awd ivequantly by the THX-U mechanical
project engineer.

Component Acquisition

Component acquisition is accomplished using a
mixture of outeide procurements and in-house
fabrication. When commercial hardware consistent
with developed specifications can be identified, it
is acquired using standard purchasing techniques.
For all procurements, a purchase ovder is written,
reviewed, signed, and delivered to the purchasing
departwent., Standard, vendor-product, purchase
orders generally contain vendor supplied
identification information along with originator
desired options. Generally no formal hardwvare
specifications are provided,

For procuresents that require the supplier to
develop equipment, detailed specifications are
generated, These specifications include all the
descriptive details necescary to ensure that the
component will meet perfurmance requirements. In
addition, acceptance tests that d trate p
performance are usuvally requested. Specifications
are developed as a joint effort between the user and
engineering. Extensive specifications are generated
with the aid of an engineering specification support
group. Before a specification is released to
purchasing, it is reviewed at both the
project-engineering level and division-leader level.

In-house fabrication of electrical equipment can
be done by support fabrication technicians or
dedicated system technicians. For components
requiring significant work, fabrication technicians
are generally used. To initiate fabrication work, an
electrical coordinator first orders all nonstock
parts. Next, he writes a work order and forwards it
to the fabrication shop supervisor., The work order
contains all the fabrication documents generated for
the specific hardware. 1f during fabrication
apecific parts are not available, substitutions are
only made with the design originator's consent. No
individual tests are made on parts unless the
assigned engineer requests and details a test.

Generation of mechanical componznts requires the
fabrication and assembly of parts. To fabricate
mechanical parts, system technicians, in~house
fabrication technicians, or outside vendors can be
used. Use of fabrication technicians or outside
vendors requires a formal written work order. For
outside vendors, the work order is similar in form to
a purchase order. These work orders contain all
design drawings and specifications developed during
the design, We do not usually use system technicians
as psrt fabricators. Since system technicians are
quite familiar with system requirements, they perform
the major role in assembly and debugging of parts.

In addition, the more senior technicians may function
as the designer for some components. Ia this
capacity the technician interacts heavily with other
designers and engineers.

Testing and Debugging

After fabrication, electrical hardware
performance is tested and evaluated to see if design
requirements have been achieved. Hardware
characteristics checked during the testing may vary
depending on specific component functions. Detail
testing criteria are generated by the designer or the
engineer during design. At a minimum, all major
component functions arz checked. If Ty,
performance deficiencies are corrected jointly by the
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Systems Iategration aad Testing

SaLisfactory syatems implementation tequires
that all hardvare is installed per equipment
layouts. For electrical subsystems, this means that
tacks, equipment, and cables must be installed as
planned, Unavoidsble deviations from designs are
evaluated to make sure that system performance is not
compromised and that important documentation is
updated. Updltlng documentation is xlportant because
i te ation handicaps our maintenance
effort and jeopardizes the integrity of future
designs.

Systems integration is not considered complete
until the Functions of all systems are checked and
are found co be performing to required
specifications. To achieve complete systems
integration, the control, analog processsing, and
digital recording subsystems are checked separately.
To test control subsystems, all control functions are
exercised and observed under simulated operating
conditions if possible. Analog processing and
transport subsystems are usually checked with
simulated signals. When possible, the test signals
are injected at the diagnostic sensors and monitored
at the recorder inputs.

Maintenance Procedures

Identification of Failure

To ensure the quality of the data obtained by
the installed instruments, it is necessary to
continually monitor the recorded data, During
machine plasma cycle operation, physics staff is
assigned to monitor the operation of most diagnostic
instruments. Monitoring techniques for each
instrument vary, but the design of most instruments
permit an operator to review most of the diagnostic
signals prior to computer acquisition. To achieve
this, a significant number of the data channels that
are being acquired is input to transient recorders
that have analog playback of recorded data. A
dedicated set of scopes and analog switching units
provide a convenient method of viewing the data
stored in most instrument data recorders., These
monitor scopes are all located in the racks
associated with each instrument.

Further monitoring of key data channels is done
at the shot leader console. Here a set of seven to
eight scopes display a few playback signals from some
key instrument recorders. In addition, data from any
data-recorder channel caa be plotted on a display
monitor that is connected to one of the data-base
computers,

The above monitor procedures rely on plasma
gererated signals to assess instrument performance.
Comparison of present data signals with past data
signals can reveal possible hardware problems, but
this data comparison is not totally conclusive.

Purther evaluation of instrusent performsace in
achioved valag bachgraund ehotes and tear sigenal
dats. Backgeound shet datas are sbtained vhenm all
maching systems are oparated in & monner that does
not gensrate & plasms. Thie adde in achinved viea
the machine is cycled vithout a seed plasma. Data
scquired wader background conditions ia smalyzed to
assesn the level of noise gensvated by wachine
systoms. Daviations from previous dacigrovad data
are veaful in identifying instrument havdware
failurce, This technique ia halpful in locsting »
change in instrument grounding comditions.

A wore involved evaluation of syatem integrity

e signale. Some of

propriate points
Injcct:on of test li.nlll usually requires the setup
of some test hardware. Tests of this nature are

tarely done during plasma cycle operation unless

there is suspicion of a critical instrument failure.
Data gathered during this evaluation is valuable in
troubleshooting when & hardware failure is detected.

Correction of Failures

When instrument Eailure is suspected, a service
request form is filled out to document the failure
details. The form serves as s communication aid in
describing the failure symptoms and probable
location. This is important since the servicing
technician might not have witnessed the actual
failure symptoms. If support staff is available,
critical instrument failures are worked omn
immediately. Otherwise maintenance requests are
entered in a log and serviced as tiwe, priority, and
manpower dictate. Procedures required to fix an
instrument failure are documented on the service form
and returned to engineering for review and archival.
A comprehensive log is kept which includes all active
and completed service requests. Periodic studies of
the log are made to uncover recurrent problems that
require significant resources to correct. Steps
required to eliminate recurrent failures are
implemented as Change Requests or maintenance items
depending on the magnitude of the effort.

Maintenance Aids

Becruse of the large number of diverse
instruments and limited support staff, the need to
expedite troubleshooting and repair of defective
hardware is of paramount importance. Accurate
documentation, backup hardware, and dedicated test
equipment are some of the major maintenance aids
which help reduce instrument repair time.

During the installation of the initial
diagnostic instruments, extensive documentation was
provided for all diagnostic subsystems. The system
documentation packages contain detailed cable
diagrams, equipment layouts, and component wiring
diagrams. These documents, along with vendor
hardware manuals, serve as a complete reference guide
to service personnel. In addition, the documents
also serve as a good communication tool when hardware
changes are considered,

The formal documentation policies have continued
through the operational phase of TMX-U. However,
with a reduced drawing staff, keeping up with drawing
modifications and providing support for new system
implementation drawings has reduced the quality of
documents available to diagnostic perasonnel. To
overcome this deficiency, a computer aided graphic
station has been procured and made operational., With
this system, documentation updates can be made in
much less time by a larger pool of people.
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To support the substitution prucess, a large
smount of certified backup hardvers iz avasilable to
wajatensnce technicians., ALl of the vendor supplied
backup equipment has been processed by the Lavrence
Livermore Mational Laboratory instrument thop where
it is tested and calibraced to make sure it meets
performaace specifications. In addition to repairing
and testing harduare returned co che instrument
services, shop personnel periodically test scopes and
other #quipment installed in the diagnostic facility.

When the harduare is not standard CAMAC
components, the specific unit may have to be removed
and repsired by a system technician or sent to the
inscrument service facility. System technicians only
tepair defective commercial hardware when there is no
backup unit available. If the unit is designed by
THX~U staff, repairs are done by system personnel.
Repairs are not cosplete until the component has
completed the acceptance tests defined by the
assigned diagnostic engineer.

To further aid and expedite the msintenance
effort, dedicated test equipment is used. Hardware
standardization permits dedicated test equipment
developed for a specific component to be used
throughout the diagnostic subsystem.

To save time in checking cable installation, two
dedicated instruments are used. A semiautowatic
cable checker allows rapid verification of the point
to point cable continuity and readily locates shorts
between elements of a multi-conductor cable, A time
domain reflectometer is used to determine the
location of cable system anomalies. The use of the
reflectoneter to pinpoint cable faults has saved
valuable technician time.

Because of the heavy use of transresistance
amplifiers, portable and programmable current sources
are in frequent use. Portable, battery-powered
sources are used to test installed transresistance
amplifiers. Portable sources only provide a first
order evaluation of performance. Generally, this is
only & check of dc gain and offset. The programmable
sources are used for extensive testa of gain vs
bandwidth and linearity.

The heavy use of CAMAC hardware and
implementation of diagnostic instruments using
distributed computers has prompted the need for a
dedicated off~line test and development station.
This system is being assembled using a desk-top
computer, three CAMAC crates, and various CAMAC
interfaces. When complete, the systew will be used
to develop, test, and debug both CAMAC hardware and
software.

Air Cycle Procedures

Because of the limited titanium getter lifetime,
periodic air cycles are required of the TMX-U
vessel. During the air cycles the vacuum vessel is
returned to atwospheric pressure so all the worn-out
getter wires can be replaced. To accomplish the
re-gettering objective, all getter wires must be
replaced. Obtaining access to all of the wires

requires the remsval of some disgaestic sessers aed
sSeNe vacuwm penetration [langes. The teveval of the
sensers and flonges destreys tha iategrity of
disgnostic inacrumeate e which the elements are
asn0cisted. Yo emgure that the integrity of Ihere
instyveente in racovered some srecial prucedures have
bean instituted.

To Weep track of disturbed hardware, lists are
made of esch flange and sensor that is rewoved during
an air cycle. This list is used by diagnostic
engineers and technicians to plan the reinstallation
end testing procsdures. The reinstellation of all
diagnostic hardware is done according to inirial
design or design documantetion that has been
modified. During instmllation of seasors and prodes,
orientation and alignwent is closely checked, Just
prior to closing the machine, electricl continuity of
the pignale is checked. Checks are made using ecither
test signals or continuity testers. When possible
coatinuity checks are made from the sensor or prabe
rip to the apecified data recorder input channel. In
addirion to continuity checks, the grounding
integrity for each sensor is verified, Flaws found
during the tests are repaired and checked a finsl
cime, After all the test< are completed, a document
summarizing the results is circulated to the physics
and support sctaff.

To further verify the integrity of as much
diagnostic and machine hardware as possible,
full-power dry runs are started as soon as the vessel
pressure is low enough to operate the machine neutral
beams. During these runs, all the diagnostic systems
are powered up and the data base computer activated.
By viewing the data recorder plots of injected and
background signals, the integrity of most instruments
is verified.

Conclusions

The size of the diagnostic systems presently
installed on TMX~D is very large and will continue to
grow and change. Because of the system size and
complexity, steps have been taken to ensure the
quality and integrity of instruments installed or
being installed. With the formalization of some
implementation procedures, the ability of rhe
diagnostic staff to achieve the subsystems charter
has been improved, Using only some of the procedures
outlined above, the support staff has been able to
maintain a credible support effort. When the
procedures outlined are ignored, confusion increases
and the quality of the diagnostic data is
jeopardized. The present staff, as a matter of
pride, is continually looking for methods to improve
our support capability and quality. The utility of
installing a more detailed and rigid procedural
system is being considered.
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