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ABSTRACT

Detail design of the control system for the West Valley Nuclear Services Vitrification Facility
transfer cart has been completed by Oak Ridge National Laboratory. This report documents the
requirements and describes the detail design of that equipment and control software. Copies of

significant design documents including analysis and testing reports and design drawings are
included in the Appendixes.
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1. INTRODUCTION

The West Valley Demonstration Project is sponsored by the United States Department of
Energy (DOE) and is located at the former Nuclear Fuel Services reprocessing plant site at West
Valley, New York. The primary objective of the project is to solidify high-level waste (HLW)
stored in underground tanks into a form suitable for transportation and disposal. DOE has selected
vitrification as the method of solidification and borosilicate glass as the waste form,

The existing HLW was produced from the chemical reprocessing of approximately 640 t of
spent nuclear fuels. The waste was discharged to underground storage tanks. These tanks currently
hold a total volume of about 2165 m® (572,000 gal) of liquid HLW.

After preliminary treatment steps, the liquid HLW will be transferred to the Vitrification
Facility. The waste slurry will be continuously fed to the vitrification melter, where the waste and
molten glass mixes and homogenizes. After some time, the glass will be poured into disposal
canisters. The canisters will cool and be temporarily sealed for external decontamination. The seal
will then be removed and replaced with a dust cover. The canister will then be ready for transfer
to the former Chemical Process Cell (CPC) for interim storage.

The main purpose of the transfer cart is to transfer the empty canisters into the Vitrification
Cell (VC) and filled canisters from the VC to interim storage in the CPC. Other future uses of the
transfer cart have also been identified.

The design of the transfer cart has been a joint effort by West Valley Nuclear Services
(WVNS) and Oak Ridge National Laboratory (ORNL). Generally, ORNL has been responsible
for the design of the transfer cart control system, and WVNS has been responsible for the balance
of the transfer cart design. The complete scope of the transfer cart control system design is defined
in later sections of this report, which covers the design requirements and design description. In
addition, this report documents design verification activitics performed by ORNL during
completion of the detail design.






2. DESIGN REQUIREMENTS

The design requirements for the transfer cart control system were provided by WVNS via
formal communication. These requirements are contained in two documents: (1) West Valley
Demonstration Project, Design Criteria, General CTS Component Design Criteria, Doc.
No. WVNS-DC-011, revision 4, revision date May 11, 1987, and (2) West Valley Demonstration
Project Design Basis, Vitrification Facility Transfer Cart, revision 2, revision date November 26,
1991. Additional requirements specific to the control system design were documented in a formal
communication from ORNL to WVNS at the beginning of the design. This section contains a
summary of significant design requirements for the transfer cart control system.

2.1 SCOPE

The scope of the transfer cart control system includes all electrical and controls equipment
needed for operation of the transfer cart. This includes on-cart controls, on-cart batteries, battery
charging system electrical components, control signal transmission equipment, remote antennas,
and operator controls. ‘

2.2 FUNCTIONAL REQUIREMENTS

The transfer cart shall be designed to move a load of four filled canisters (10.4 t) plus the
cart from the VC to the CPC with adequate reserve capacity. Additional capacity for loads up to
25 t shall be provided to handle vessels and load-test weights. The cart shall be designed to
operate on the existing rail design between the VC and the CPC. The size of the cart and all
components on the cart shall fit within all the existing design door openings. The cart shall be
designed for individual drives for each of the four drive wheels to increase redundancy while
decreasing maintenance difficultics. The cart shall be remotely operable from various ex-cell
positions using general area remote closed-circuit television (CCTV) and shielded viewing
windows. No CCTV cameras or monitors are required in the transfer cart design.

2.3 ELECTRICAL

The cart shall be powered with no trailing umbilicals. (This requirement ultimately means
battery power and wireless controls. The cart must operate on the existing rail design, which has
no provision for fixed power conductors. Also, because of door discontinuities and radiation levels
in existing cells, new construction to add power and signal transmission in the floor is not
feasible.)

The cart shall be capable of having the battery pack recharged without removing it from the
cart. The charging location will be a permanent instaliation in the Equipment Decontamination
Room (EDR). The connection and disconnection shall be automatic as the transfer cart passes



through the charging location. The batteries should also be capable of being charged off the cart
at a separate location.

The cart battery pack shall be designed and wired so that it can be removed and reinstalled
remotely. The container for the battery pack should be sealed and decontaminable. The battery
pack shall be designed so that it can be removed from its container and disposed of as
nonradioactive waste.

2.4 INSTRUMENTATION AND CONTROLS

The cart on-board electrical controls shall be designed in an enclosure so that they can be
removed and reinstalled remotely. All on-board controls shall be modularized as much as possible
and be capable of remote removal as a unit using only the overhead crane and impact wrench.
Two auxiliary remotely controlled power outlets shall be provided to allow use of dc powered
tools from the transfer cart.

Battery voltage shall be monitored over the remote control data transmission system. The
battery pack shall be instrumented to remotely indicate the state of battery charging and
discharging. Motor current shall also be monitored over the remote control data transmission
system for all four drive motors. The cart shall have capability to detect overfunder current draw
for the drive motors and be remotely reset if required.

Two control stations shall be provided to operate the cart. One station shall be located on the
north wall of the VC, and an additional station shall be provided at the north CPC viewing
window. Interlocks shall be provided to use one station at a time and not permit the cart to be
operated from both stations at the same time. However, one control function shall be operable
from either control station. Both control stations shall have an emergency kill control which shall
be operable from either station at all times during operation.

Basic controls shall provide for controlled cart movement in either direction. All cart control
switches shall be spring-retumed to off. When the spring-return control switch is released and
power is shut off to the drive wheels, the cart should stop within 6 in. at maximum speed with
a full canister load. The operation of the cart shall be interlocked so that the cart cannot be
energized while any of the following door control systems are energized; operation of the
following doors shall also be interlocked so that they cannot be energized while the transfer cart
is energized.

» Transfer tunnel to VC door
» Transfer tunnel to EDR doors
» EDR/CPC shicld door

A logic function shall be provided which will initiate an audible warning when the transfer
cart is being driven toward any door that does not have a fully open limit switch indication. The
cart control system shall be designed to accommodate the existing penetrations for antenna
placement.

2.5 OPERATIONAL REQUIREMENTS

The transfer cart operates in the VC, transfer tunnel, EDR, and CPC, as shown in Fig. 2.1.
A rack with the capacity to carry four canisters will normally be installed on the frame of the cart,
When it is necessary to move equipment other than the canisters, a new fixture(s) will be required
in lieu of the rack. The charging location shall be located in EDR, where viewing of the cart is
possible using the EDR crane-mounted CCTV. The cart will remain at the charging location until
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called upon for service. The empty canister loading station should be, if possible, at the same
location in the EDR.

Normal operation of the transfer cart system is to move empty canisters into the VC and
move full canisters from the VC to the CPC. The steps required to do this are summarized as
follows:

1. When the canisters are ready for transfer, the cart will be taken from the EDR through the
transfer tunnel to the VC. The operator will open the doors to the transfer tunnel, move the
cart into the transfer tunnel, and then close the doors. The operator will then open the door
to the VC and move the cart 1o the north end of the rails in the VC. The operator will then
close the VC door.

2. The operator will load four canisters into the rack from an interim storage rack in the VC pit
using the VC crane. This operation could take up to 2 h.

3. The operator will open the VC door to the transfer tunnel and move the cart 1o the transfer
tunnel and stop it. The operator will close the VC door and then open the transfer tunnel doors
to the EDR. The operator will then move the cart to the EDR, stop, and close the transfer
tunnel doors. The operator will then open the EDR/CPC shield door and move the transfer cart
into the CPC. Once the cart is in the CPC, the EDR/CPC shield door will be closed. During
these steps the operator(s) could move about to the various viewing positions, as necessary,
or the CCTV system could be utilized.

4. The operator will unload the canisters using the CPC crane. The operator will then move the
cart back to the charging location in EDR and close all shield doors.

When moving new empty canisters into the cell, the operator will load four empty canisters onto
the cart in the EDR. After loading, the cart will be moved through the transfer tunnel into the VC
as described previously. After being unloaded, the cart will be moved again to the charging
location in the EDR.

2.6 ENVIRONMENT

The design radiation field is 10,000 rad/h in the cell in close proximity of the canisters and
diminishes to approximately 0.010 rad/h at the charging location in the EDR. Temperature will
range from 20 to 120°F, and relative humidity will range from 10 to 90%. Nitric acid vapor
content in the air will be up to 100 ppm during off-normal conditions.

2.7 MATERIALS

The metals for all in-cell equipment shall adequately resist a decontamination process.
Stainless steels are preferred. No uncontained organic materials shall be used on the cart. Wires
and electrical components shall resist the radiation exposure or be shielded to provide a life of
5 years in the Vitrification Facility.

2.8 MAINTENANCE AND REMOTE MAINTENANCE

The system shall be designed to operate for a minimum of 5 years without maintenance. All
materials used on the cart shall be designed for 5 years of operation without maintenance in a
radiation environment resulting from the integrated dose. The total accumulated dose goal is
107 rad.



3. SIGNAL TRANSMISSION ASSESSMENT

The method of communicating control signals to the cart is the most critical aspect of the
overall design of the cart control system. Because of metal linings on the facility cell walls, radio
frequency (rf) signal nulling will result from multipath reflections of the transmitted rf signal.
Multipath reflections cause amplitude degradation of the signal. The Instrumentation and Controls
division of ORNL has worked with similar systems in the past. During system conceptual design,
an assessment of available options was undertaken and the best choice was selected for detail
design. This section summarizes the assessment.

3.1 OPTIONS

Various options for the transmission system were examined in order to choose the best
all-around system. The options included direct links, leaky coax systems, directive rf systems, and
omni-directional rf links. The omni-directional fransmission sysiem was selected as the best
system. The following sections discuss each of the systems that were examined and their
respective advantages and disadvantages.

3.1.1 Umbilical Cord

The umbilical cord (or tether line) consists of an attached cable between a controlling station
and the cart. The umbilical cord would avoid all radiated signal problems such as multipath and
interference from other sources. However, the umbilical cord was not chosen because, in this
application, there will be doors that are closed both behind and ahead of the cart. Umbilical cords
had been used on earlier versions of the transfer cart, and there were frequent problems with the
doors cutting the umbilical. Also, the requirements document for the project states that this option
should not be used.

3.1.2 Leaky Coaxial Cable

The leaky coaxial arrangement consists of a series of cables, placed parallel to the tracks, that
radiate energy through their shiclds. The receiving system on the cart obtains the desired
information from this radiated energy. The leaky coaxial arrangement would be less susceptible
to problems such as multipath and interference from other sources than would antenna-to-antenna
systems. But, according to previous surveys, remote maintainability is a problem since the coaxial
line must be segmented into removable lengths (of about 3 m), which greatly adds to the number
of electrical/mechanical connections that must be maintained. Also, since part of the Vitrification
Facility includes an existing radioactively contaminated cell, new construction is not feasible.
Remote installation of the cable would be required and would be extremely difficult.



3.1.3 Directive Antenna Link

A directive antenna link consists of both receiving and transmitting antennas that radiate
energy in a relatively narrow beamwidth. This arrangement requires that the antennas be aligned
in order to establish a transmission path. A directive antenna link with a beamwidth of only a few
degrecs can be used to greatly reduce the problem of multipath reflections. The transmission
systems that operate at frequencies above about 1 GHz allow a greater information bandwidth. At
these frequencies, parabolic dishes, which are inherently directive antennas, are normally used. A
directive antenna link requires equipment such as parabolic dishes and steering mechanisms. The
dishes would take up more space on the cart than would antennas such as monopoles, especially
at frequencies of about 10 GHz. The antenna systems would require steering because a fixed
directive link is not allowed because of the interfering doors. This steering would require much
more complex hardware, cost, and maintenance. If even higher frequencies such as 90 to 100 GHz
are selected to reduce size, the hardware would cost an estimated $60,000 more than a 10-GHz
system.

3.1.4 Omni-directional Antenna Link

The omni-directional antenna link, which has been selected for this project, consists of
receiving and transmitting antennas that radiate energy equally in all directions. The omni-
directional antennas are normally quarter-wave monopoles or half-wave dipoles which are very
simple both mechanically and electrically. Since they radiate equally in all directions there is no
need to steer the antennas. At a frequency of about 1 GHz (which would be sufficient for the
needed information bandwidth of this project), the antennas are about 6 in. long or less. The
antennas and associated hardware are standard equipment and are relatively inexpensive. The
omni-directional antennas combined with the metal-lined walls, however, produce many multipath
reflections, which degradate the received signal. These types of antennas are normally only used
at frequencies of a few gigahertz or less; thus, they limit the information bandwidth that can be
used.

3.2 LITERATURE SURVEY

The literature that discusses multipath reflections, especially in metal-lined cells, has been
researched in order to give a more thorough basis for omni-directional transmission. The report
written by Burgess et al.' discusses the allowable bandwidth for a given carrier frequency in a
metal-lined cell. The theory deals with a metal-lined tunnel similar to the transfer tunnel through
which the West Valley cart will iravel. The equations show the different modes that propagate in
this highly reflective environment. Although there is significant distortion because only relatively
narrow bandwidths are needed for the required data rates, the distortion is not a problem.
Transmission in the larger cells where the cart is farther from the reflecting surfaces will not be
as critical in nature, although there will still be attenuation due to multipath reflections.

3.3 TESTS
Tests were performed to show that a bandwidth of about 1 MHz on a carrier of 1 GHz would

be feasible inside a structure such as the transfer tunnel, since its metal floors and walls make it
the worst case area for multipath degradation.



3.3.1 Test Procedure

The tests performed transmitted a carrier frequency of about 1 GHz in a completely metal-
lined room that is 4.58 m long x 3.65 x m wide 2.46 m high (i.e., all dimensions are much greater
than a wavelength). Both directive and omni-directional transmitting antennas were used with a
monopole receiving antenna. Both frequency modulation (FM) and amplitude modulation (AM)
were used, and the output of a receiver was examined to note the distortion of the transmitted
information as well as the signal strength. The transmitting and receiving antennas were placed
in various combinations of locations both near the walls and in the middle of the room. The
antennas were also placed so that there was not a line-of-sight transmission path.

An impulse generator was used to generate the broad spectrum, and a spectrum analyzer was
used to show the frequency response of the antenna-to-antenna link in the metal-lined room. The
impuise generator produces energy of an equal amplitude across a large span of frequencies. The
received frequency spectrum from a radiated impulse shows the characteristic frequency response
of the transmission system.

3.3.2 Test Results

The tests indicate that FM transmission of about 1-MHz bandwidth is feasible for a metal-
lined room of dimensions much greater than one wavelength at about 1 GHz. Also, it was noted
that when the antennas were placed 30 cm or less from the wall, nulls would occur over various
portions of the frequency band but never over more than one-third of the desired spectrum. Thus,
using a combination of wideband FM as well as a diversity receiving system (explained later)
should be adequate for data transmission.

3.4 DESCRIPTION OF PROPOSED SYSTEM
3.4.1 Antenna System

As shown in Fig. 3.1, the basic system is based on omni-directional transmission. The
stationary antenna will be a dipole, and the mobile antenna system will consist of two dipole
antennas mounted on the cart. Although there will be many reflections from the stainless steel cell
walls, the system can be designed to overcome this problem. The reflections are called multipaths
and cause amplitude degradation of the signal. The multipath problem is overcome by employing
one or more of the following: (1) diversity receiving in which more than one antenna is used,
(2) filtering that minimizes the data transmission error rate, and (3) wideband FM that spreads the
information over a larger bandwidth.”

The carrier frequency will be 915 MHz, which will allow the use of standard hardware and
antennas that are practical in size. (Dipoles would be 16.4 cm long, and monopoles would be half
the length of the dipoles.) The carrier frequency will be in the industrial, scientific, and medical
assigned range of 902 to 928 MHz.

3.4.2 Communication System

The communication system will use a bandwidth of about 1 MHz with FM. This relatively
narrow bandwidth allows the use of omni-directional transmission in a reflective environment.
This bandwidth should be sufficient to accommodate a 1- to 2-kHz data rate, some encoding for
error correction, and some wideband spreading of the transmitted energy to better utilize the
transmission channel in a reflective environment. FM will be used instead of AM since the
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reflections will produce an effective AM distortion of the signal to which FM detection will be
less susceptible. Also, FM is less susceptible to other noise sources such as welding equipment.

As mentioned before, there will be two dipole antennas on the transfer cart. These antennas
will be placed at the extremities of the cart envelope so that line-of-sight transmission will be
maintained as much as possible. The redundancy is two-fold in that it allows the receivers to pick
either antenna based on which one is receiving the stronger signal and it provides a backup in case
one antenna becomes inoperative. The signals will be compared, and the stronger will be used for
obtaining the information.



4. SYSTEM OVERVIEW

The communications system introduced in the previous section, although a major component,
is part of a larger overall system. Figure 4.1 shows the major equipment in this design. Major
equipment items include the transfer cart control module enclosure, the battery charger, the north
and south operator’s pendants, the engineer’s console, and facility antennas. Facility systems are
discussed in Sect. 5; the communications system for both the facility and the cart, in Sect. 6; the
cart electronics system, in Sect. 7; mechanical features of the cart control module enclosure, in
Sect. 8; and software of both facility and cart systems, in Sect. 9.

The design is a combination of off-the-shelf components and specially designed equipment.
Early on in the design we recognized that a radiation-tolerant, battery-powered communications
system did not exist commercially and therefore must be specially designed. Special interfacing
cart electronics were also designed. However, a commercially available embedded controller was
identified and radiation tested for use on the cart. On the facility side, the other side of the
communications system to match the cart side was specially designed. A unique requirement (the
ability to switch charging polanty of the cart batteries) led to a specially designed battery polarity
interface circuit. The control pendants, although based on a commercially available hand-held
pendant, have a specially designed circuit board and faceplate decal. The programmable logic
controller (PLC), the engineer’s console computer, and the battery charger are all commercially
available.

Drawing Q-6340-001 provides an overview of system functionality, as expressed in
Instrument Society of America symbology.® The tag names on the drawing show how individual
points are referred to at the engineer’s console. All design drawings can be found in Appendix E.

11
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5. FACILITY SYSTEMS

Facility systems include the control pendants, the engineer’s console (which houses the
engineer’s console computer, the PLC, communications equipment, and ancillary equipment), the
battery charger and its interface, and cell door limit switch interfaces. The facility communications
system is described in Sect. 6. The descriptions of the remaining systems are included in this
section.

5.1 CONTROL PENDANTS

Operation of the cart will be controlled by one of two hand-held control pendants (see
Fig. 5.1). One pendant will be located near the north viewing window of the VC, and the other
will be located near the north viewing window of the CPC. The functionality of both are the same.
The control pendants consist of switches, light-emitting diodes (ILEDs), and an audible alarm. The
switches and LEDs are divided among functional blocks on the front face of the pendant. The
audible alarm is mounted on the top side of the pendant. The push-button switches are used for
operator command inputs, and the LEDs are for visual status indication. An oversized emergency
stop button is provided for stopping the cart and battery charger from either pendant. A three-
position, return-to-center rocker switch is provided for cart drive. ORNL will provide a metal- -
photo decal which will be placed on the face of the Rose Enclosures model 2950 hand-held
pendant. Drawings Q-6340-120 through Q-6340-123 document the pendant design.

The cart control system operates in two basic modes: (1) battery charging and (2) cart
operation. In the battery charging mode, the cart is disabled completely; sending commands to the
cart will have no effect, and the cart will not report status of any of its normally monitored
variables. In the cart operation mode, the battery cannot be charged unless it is located at the
charging shoes (described in Sect. 5.4). A description of the cart operation using the control
pendants is included in Appendix F.

A printed circuit board (see Dwg. Q-6340-123) provides a backup for mounting LEDs and
push-button switches. Other components mounted on the board include resistors in series with the
switches to provide debounce filtering of the switch contacts (see Dwg. Q-6340-122). Filtering
is provided through the resistor and capacitance of the multiconductor cable. After installation,
additional capacitors could be added, if necessary, at the engineer’s console side of the cable for
additional filtering. The board also houses two capacitors in parallel with the audible alarm to
reduce high-frequency noise from appearing on the multiconductor cable that connects the pendant
with the engineer’s console. The filtering is used to reduce the possibility of spurious noise
appearing as an input to the PLC. Finally, compression terminal blocks are mounted on the circuit
board to terminate the multiconductor cable.

Internal components not mounted on the printed circuit board include the audible alarm, the
emergency stop swiich, and the station select key switch. A metal-photo decal will be provided
by ORNL to insert in the front recess of the pendant. In addition to showing the functionality of
the pendant, the decal will be used as a guide for drilling the LEDs and switch holes.

13
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When not in use the pendant can be hung from its junction box, as shown in Dwg. Q-6340-
125. A 50-conductor cable will interconnect the control pendant to the PLC, which is mounted

in the engineer’s console, as described in the next section. Typical wiring of the pendants is
shown in Dwg. Q-6340-126.
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52 PLC

The PLC selected for this application is an Allen-Bradley PLC 5/15. Because of previous
experience with Allen-Bradley at the West Valley site, West Valley personnel requested that
Allen-Bradley be used as much as possible for control hardware. In the Allen-Bradley family, the
PLC 5/15 model provides the lowest price per functionality ratio for this application. Besides the
typical digital interfacing, this application is somewhat unique for a PLC in that it requires
interfacing to the battery charger through an RS-232 link. The Allen-Bradley 5/40 model features
direct interfacing to RS-232, but its much higher cost is prohibitive. Through the present
architecture, the 5/15 interfaces directly to the Prolog communications controller (which is
described in Sect. 6.8) using the Prolog 7514 interface card. The PLC uses the Prolog RS-232
interface to communicate to the battery charger. An early decision to base the rf boards on the
STD bus also precluded using the Allen-Bradley PLC for the communications controller.
Furthermore, high-speced communications tasks must be coordinated closely by the
communications controller and may not have been possible in the PLC ladder logic because of
the complicated functionality (see Sect. 6.8).

The PLC is the heart of the control system through which all control activities are
coordinated. It will interface to both control pendants through digital input/output (I/0) modules,
to the communications controller over the PLC’s remote I/O link and a Prolog 7514 Allen-Bradley
interface card in the communications controller, and to the engineer’s console computer over the
Data Highway Plus link and a Sutherland-Shuliz 5136 SD interface card in the engineer’s console
computer. The PLC also interfaces to the cart orientation key switch, to the facility doors, and to
the enable/disable input of the battery charger interface through the PLC’s digital I/O.

The PLC will physically reside in the engineer’s console in a 19-in. rack. Rack modules
include the PLC 5/15 (1785-LT) processor with a 1785-MJ EEPROM, four 1771-OBD digital
output modules, three 1771-IBD digital input modules, and a 1771-P4S power supply. The
EEPROM module provides retention of the operating program and current values of variables in
the event of a power loss. ,

Special ladder-logic software which will run on the PLC is described in Sect. 9. A listing of
the logic should be referred to for further details of the ladder logic. The engineer’s console
computer will be used to modify, download, and monitor ladder logic running on the PLC.

5.3 ENGINEER’S CONSOLE COMPUTER

The engineer’s console computer resides in the engineer’s console assembly, as shown in
Fig. 5.2. The engineer’s console computer will be the engineer’s window into the control system.
Through the computer, an engineer can monitor cart activity and data, whether current or
historical, and operational status of the control pendants, doors, and battery charger. A commercial
man/machine interface software package, Intouch, has been used to develop the engineer/control
system interface. In addition, the computer can modify and download ladder logic in the PLC. It
can also modify, compile, and download programs to the Prolog communications controller. A
switch in the back of the engineer’s console will allow the battery charger to interface directly to
the engineer’s console computer through one of its serial communications ports. In this mode,
configuration parameters of the battery charger can be interrogated and changed and it would be
possible to operate the battery charger in this mode even in situations when the control pendant,
the PLC, or the communications controller had failed. The engineer’s console computer will be
capable of trending any of its inputs and providing alarm outputs based on the input value. It will
also be capable of performing mathematical and logical operations on the cart data.
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Fig. 5.2. Engineer’s console.

The computer will be using the Windows operating environment. The Intouch man/machine
interface software operates exclusively on this platform. Furthermore, the terminal program
supplied with Windows can be used to communicate with the communications controller or the
battery charger while Intouch is logging data from the cart. Teledenken ladder logic software was
used to develop the prototype system at ORNL. Because the Teledenken software does not operate
under the Windows platform, a Windows-based ladder logic development software package should
be used to take advantage of the Windows operating environment. ICOM is a vendor of Windows-
based ladder logic development sofiware for the Allen-Bradley PLC; however, it is not clear
whether ICOM supports the Sutherland-Schultz 5136 SD interface card. Both the man-machine
interface software (Intouch) and the ladder logic software use this interface card. Furthermore, the
ladder logic software would have to be converted to use the ladder logic developed for the
prototype system, and both systems would have to be able to convert to or from the Allen-Bradley
6200 series standard. Because none of these conversions have been attempted, the conservative
choice would be 1o use Teledenken for the final system and run it as a nonWindows application
on the engineer’s console computer.

A Nematron model IWS-5386DX is specified for use as the engineer’s console computer;
however, we suggest that the latest technology processor at the time of procurement be bought,
as technology in this field changes rapidly. The Nematron is an industrially rugged computer with
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a shock-mounted disk drive, NEMA 12 sealing, and optically isolated communications ports. 1t
has a 19-in. VGA color monitor and an 80386DX 25-MHz processor. The unit should be bought
with the highest capacity hard disk drive at the time of procurement, at least 8 MB of random
access memory (RAM), an 80387 math coprocessor, and a 3.5-in. diskette drive. Because the unit
will be operating under the Windows environment, a trackball is recommended as a pointing
device. However, as presently configured, no trackball was specified for the system. All of the
Windows features should still be accessible through keystrokes; if, however, a trackball is desired,
options should be investigated for interfacing a trackball to the unit. A bus interface should be
used since two of the computer’s serial ports are being used already.

The computer is equipped with a front-panel function keyboard for routine operations. More
intense diagnostic or maintenance operations can be performed by folding down the panel, which
exposes a full-function QWERTY-style keyboard.

The computer interfaces to the PLC with a Sutherland-Schultz 5136 SD card located in one
of the computer’s expansion slots. Both Intouch and the ladder logic development software
(Teledenken for the prototype) use this card for hardware interfacing. If a different ladder logic
development software package is bought, it must be compatible with the Sutherland-Schultz card.

See Dwgs. Q-6340-102 through Q-6340-106 for details of the engineer’s console assembly.
See Sect. 9 for a description of the engineer’s console man/machine interface software.

5.4 BATTERY CHARGER

The battery charger specified and tested for this project is an Exide ERBC 24/30. It is a
unique battery charger in that it features a microprocessor for interfacing to the control system.
Start and stop commands are issued to the battery charger, and status variables for battery
charging current, voltage, and temperature are returned to the control system. The Prolog
communications controller is the primary interface between the control system and the battery
charger. However, a polarity interface circuit is also located between the battery charger and the
batteries. The primary purpose of this circuit is to reverse charging polarity when the cart has been
reversed on the tracks. Another key feature of the interface circuit is that it provides an emergency
stop function that is available both locally and through the control system. See Sect. 5.5 for a
description of this circuit. A second identical battery charger will be provided to maintain a spare
battery in a float charge condition.

Connection of the battery charger to the cart occurs through a set of spring-loaded shoes
designed by WVNS. The charge shoes will be located on the floor between the cart track rails and
are designed to interface with a set of charging plates mounted on the bottom of the cart control
module enclosure. A description of the circuitry connected to the cart-mounted charging plates is
given in Sect. 7.3. A limit switch, to be provided by WVNS, will indicate when the cart is in the
charge location. A typical charging sequence is described in Appendix F.

5.5 BATTERY CHARGER INTERFACE CIRCUIT

As described in the previous section, the battery charger interface circuit provides two major
functions. First, the interface allows the polarity of the cart charging shoes to be reversed, and
second, the interface provides an emergency stop function physically located near the battery
charger. The charger interface is constructed in a Hoffman continuous hinge clamp cover box
which will be mounted above the EDR near the baitery charger. The interface uses solid state
switches to control charge shoe polarity and. to interrupt the charge circuit in the event of an
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emergency stop. Two control inputs, polarity and on/off control, from the engineer’s console pass
through a terminal block mounted in the interface box to drive circuits located on the battery
charger polarity manager printed circuit board. The drive circuits control the state (on/off) of four
independent high-current solid state switches and four independent low-current switches, as shown
in Fig. 5.3. The drive circuits also provide for proper switch sequencing and an "all switches off"
emergency stop condition. The high-current switches control the actual charge output lines from
the battery charger, and the low-current switches control the charger voltage sense lines.

Assembly and wiring diagrams for the battery charger interface are given in Dwgs. Q-6340-
131 and Q-6340-132 respectively. A schematic of the battery charger polarity manager circuit
board is given in Dwg. Q-6340-135. The battery charger polarity manager printed circuit board
layout and parts list are given in Dwgs. Q-6340-136 and Q-6340-137 respectively.

5.6 DOOR INTERFACES

Each door will be monitored for three conditions: (1) door open, (2) door closed, and
(3) door energized. Dry switch contacts must be provided by WVNS to interface to the I/O system
which will power each circuit with a nominal 24-V power supply. In addition, the PLC is capable
of disabling all doors from operating when the cart is operating. Three outputs are provided from
the PLC, which must be interfaced to the door actuation circuit using interposing relays designed
by West Valley.

ORNL-DWG 92-12725
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6. COMMUNICATIONS SYSTEM DESIGN

The communications system will provide a wireless, bidirectional, digital data link between
the facility and the transfer cart. Because cell walls and floors contain a significant amount of
metal lining, signal multipath will occur. The communications system is designed to overcome
problems associated with multipath reflections such as signal nulling at node cancellation
locations. The system employs two cart antennas so that if one antenna is positioned in a null, the
other antenna will be selected in the receive mode. Additionally, wide-band frequency modulation
is used to avoid problems associated with narrow-band signal attenuation. This technique allows
a portion of the spectrum to be lost to multipath while retaining much of the signal energy.
Further multipath immunity is introduced through multiple facility antennas required for the cart
to travel among four cells, each of which may be isolated by doors. While the cart is being driven,
the door between the originating cell and the destination cell will be open and two facility
antennas will be available to communicate with the cart. The system will automatically select the
facility antenna with the stronger received signal. Additionally, a manual override allows an
engineer at the engineer’s console to inhibit any cell transmitter that generates multipath while the
connecting doorway is open. Rationale for the selection of the design is presented in Sect. 3.

A major concem in the hardware design of the cart communications system is that equipment
located on the cart must withstand a total integrated radiation dose of 10’ rad. The
communications system was designed around components of known radiation tolerances based on
previous radiation testing experiments and operating experience gained from other designs.

The following sections give general descriptions of the various circuits used in the facility and
cart transceiver systems. Refer to Dwgs. Q-6340-150 and Q-6340-250 for block diagrams of the
facility communications system and the cart communications system respectively. Block diagrams
of each circuit are included in this section, and the detailed schematic diagrams are provided in
Appendix E.

6.1 FACILITY TRANSMITTER CIRCUIT

The facility transmitter circuit is responsible for converting the digital data from the
communications controller computer to an FM rf carrier and distributing the rf 1o the transmit
amplifiers at each of the four cell locations. A block diagram of the facility transmiiter is shown
in Fig. 6.1. The circuit acquires a digital message packet from the communications biphase
encoder/decoder board. The biphase signal is processed through a modulation amplifier that aliows
adjustment of both the rf carrier frequency and the FM signal deviation. The modulation amplifier
drives a voltage-controlled oscillator (VCO) that has a carrier frequency of 915 MHz in the
industrial, scientific, and medical (ISM) band. Deviation of the carrier is adjusted to 10 MHz
around the carrier.

The VCO output is buffered and amplified before being split into four identical signal
channels. Each channel is amplified to a level of approximately +7 dBm (decibels referenced to
1 mW) to drive a coaxial cable to the facility transmit/receive board at each of the four cell
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locations. A transmit/receive control signal is supplied by the facility communications
microprocessor. This control signal activates the VCO and rf amplifiers during the transmit mode
and deactivates them during the receive mode. A schematic diagram for the facility transmitter
is given in Dwg. Q-6340-170. The circuit board is housed in a card cage in the engineer’s console.

6.2 FACILITY TRANSMIT/RECEIVE CIRCUIT

The facility transmit/receive circuit provides the power amplifier drive to the antenna during
the transmit mode and functions as the receiver preamplifier in the receive mode. Figure 6.2
shows a functional block diagram of the circuit. A control signal from the communications
controller through the Opto 22 digital I/O panel (described in Sect. 6.8) determines whether the
circuit functions in the transmit mode or in the receive mode. This control signal is brought to the
cell interface as a 24-V signal on a twisted-shielded pair line and is buffered through an optical
isolator for noise and transient immunity. The optical isolator drives a control circuit that powers
the transmit amplifier during the transmit mode and powers the receive amplifiers during the
receive mode. The fail-safe condition for loss of control places the system in the receive mode.
The system is also placed in the receive mode during an emergency stop condition to eliminate
the possibility of transmitting drive commands to the cart in the emergency stop mode.

In the transmit mode, the facility cell interface is supplied with a 915-MHz FM signal from
the facility transmitter board. The rf signal is amplified through a power amplifier and applied to
an rf circulator that routes the output to the cell antenna. The facility transmitter supplies
approximately 100 mW of rf power to the antenna but is capable of driving higher levels if
required.

During the receive mode, tf energy from the cart transmitter is received by the facility antenna
and is applied to the circulator. The circulator routes the signal through an rf switch to a low-noise
amplifier circuit. The signal is further boosted through a driver amplifier (a total amplification of
40 dB) that supplies the signal through a coaxial cable to the facility antenna switch in the
engineer’s console.

Electronics for the facility transmit/receive circuit consist of both a printed circuit board and
connectorized tf components. The optical isolator, local power supply regulators, and power
switching transistors are located on the circuit board. The rf transmit power amplifier, circulator,
rf switch, and receive amplifiers are connectorized modules interconnected by SMA coaxial cabies.
Power and control for each of these modules is provided from the printed circuit board.

Identical transmit/receive modules will be located on the opposite side of each cell wall from
their respective cell antennas. Antennas will be located in the VC, the tunnel, the EDR, and the
CPC. Each module connects to the communications controller microprocessor in the engineer’s
console through a 24-V power cable, a control cable, a transmit coaxial cable, and a reccive
coaxial cable. The four modules are nommally operated together in either the transmit or receive
modes. The communications microprocessor, on command from an engineer at the engineer’s
console computer, can inhibit the transmit command to any cell, allowing a transmitter to be taken
off line should communications problems occur due to multipath from two antennas when the cart
is in the doorway between two cells.

The schematic diagram for the facility transmit/receive circuit is shown in Dwg. Q-6340-175.
Drawing Q-6340-151 provides the assembly and parts placement for the printed circuit board and
connectorized components of the circuit.
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6.3 FACILITY ANTENNA SWITCH CIRCUIT

The facility antenna switch circuit determines the strongest of the four rf receive signals from
the cells. The board then passes this signal o the facility receiver board. A block diagram of the
facility antenna switch circuit is shown in Fig. 6.3.

The rf inputs to the board come from each of the facility transmit/receive circuits over a
length of coaxial cable. Radio frequency circuitry on the board is identical for each of the four
signal paths. Tracing the signal through one of the paths, the board first filters the rf input with
a bandpass of 902 to 928 MHz to remove out-of-band signals and interference. The signal is split
with one path routed to an rf switch and the other to an rf amplifier. The amplified signal is
processed through an rf amplitude detector that provides a voltage output proportional to the rf
power level.

The output of each detector is buffered and compared to the level of the other three channels
through a matrix of voltage comparators. The state of each comparator is processed through digital
control logic to activate the appropriate electronic rf switches to route the strongest signal to the
facility receiver. The control logic allows voting among all inputs, not just among adjacent cell
antennas. Therefore, proper receive antenna selection is possible when operating in a degraded
mode with one facility antenna or transmit/receive module inoperative.

The control logic performs an additional function that is not obvious from the block diagram.
The amplitudes from the rf detectors are constantly changing, and the comparators switch to
indicate the highest level signal. The control logic must inhibit the rf switches from changing
during the transmission of a data packet if digital errors are to be avoided. The inhibit function
is implemented by clocking a latch from the rising edge of the first carrier signal that occurs after
the local transmitter shuts off. In operation, a logic signal resets the latch when the local system
is switched into the receive mode. The level from each rf detector is compared against a threshold
that is set above normal background noise. When the cart transmitter turns on, the detector output
on the facility antenna switch exceeds the preset threshold and the status of the antenna-to-antenna
comparators is locked into the system. The rf switches activate the antenna that receives the
strongest signal at the beginning of the transmission. The switches stay in this position until the
cart transmission has ended, avoiding the switching of antennas during the middle of a data
packet. If the active antenna drops into a signal null, the system will switch to a stronger antenna
at the beginning of the next receive cycle.

A schematic diagram for the facility antenna switch circuit is given in Dwg. Q-6340-180. The
number of parts dictated that the circuit be implemented on two printed circuit boards. The rf
circuits, level detectors, buffers, and rf switches are found on board Dwg. Q-6340-181A, and the
comparators, voting logic, and inhibit circuits are on board Dwg. Q-6340-181B. Both circuit
boards are housed in a card cage in the engineer’s console.

6.4 FACILITY AND CART RECEIVER CIRCUITS

The rf receiver circuit converts the 915-MHz FM signal to a baseband representation of the
biphasc digital data signal. The same circuit design is used for both the facility and the cant
receivers. Figure 6.4 shows a block diagram of the receiver.

The receiver board follows the antenna control board in both the facility and cart systems. The
915-MHz rf signal feeds into an automatic gain control (AGC) block that maintains an optimum
signal level for the receiver even though the rf fluctuates due to both multipath and distance
between transmitting and receiving antennas. The AGC consists of an electronic attenuator
followed by an rf amplifier that provides 20 dB of dynamic range control. The attenuator and
amplifier stages are then repecated, bringing the total AGC range to 40 dB. The output of the
second rf amplifier is split and sampled by an rf amplitude detector that provides a voltage level
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proportional to the rf level. This voltage is amplified and applied through a feedback loop to
control the electronic attenuators.

The output from the AGC is further amplified before being applied to a bandpass filter that
removes any rf energy that is not within the 902- to 928-MHz band. The signal is then applied
to an rf limiter that removes fast amplitude fluctuations which would be detected as incidental AM
on the signal. The output of the limiter is further amplified before being applied to the
demodulator.

The delay line demodulator consists of a signal splitter, a coaxial delay line, and a balanced
mixer. The signal is essentially multiplied with a delayed version of itself to produce a voltage
that is proportional to the frequency shift of the rf signal. The output is low-pass filtered to
remove the residual carrier and squared terms of the mixing process before being amplified by a
baseband amplifier. The amplifier output is sent o the communications biphase encoder/decoder
board for conversion to a true digital signal.

A schematic diagram for the facility/catt receiver is given in Dwg. Q-6340-260. The circuit
board for the facility receiver is housed in a card cage in the engineer’s console computer, while
the circuit board for the cart receiver is housed in a card cage inside the lead shielded enclosure
on the cart.

6.5 CART ANTENNA CONTROL CIRCUIT

The cart signal comparison circuit, also called the cart antenna control, receives rf signals from
the two cart antennas, selects the stronger signal, and passes it to the receiver circuit. A block
diagram of the circuit is shown in Fig. 6.5. This circuit combines the functions of antenna
transmit/receive control and receive antenna selection. When the transmit/receive control line is
in the transmit position, the lower rf switch connects the transmitter output to Antenna 2. The rf
switches remove the input signals from both rf receiver amplifiers when in the transmit mode.
Because the two cart antennas are located in close proximity to one another, transmitting from
both would produce a directional pattern that could degrade the signal received by the facility
antennas. Additionally, there is no way of determining the best transmitting antenna as the cart
moves through signal nulls. Furthermore, the cart-to-facility data are not considered as critical as
the facility-to-cart data, and a single transmitting antenna is considered sufficient.

In the receive mode, the rf from each antenna is routed through the rf switches to the
respective low-noise rf amplifiers and the rf circuitry on the board becomes identical for the two
signal paths. Each signal is amplified by 40 dB and passed through a filter with a bandpass of 902
to 928 MHz to remove out-of-band signals and interference. The signal is split with one path
routed to an rf switch and the other to an rf amplifier. The amplified signal is processed through
an rf amplitude detector that provides a voltage output proportional to the rf power level.

The output of each detector is compared against the level of the other signal. The comparator
determines the position of the electronic rf switch that routes the stronger signal to the cart
receiver. The control block performs the additional function of locking the rf switch once the
transmission begins. Because the amplitudes from the rf detectors arc constantly changing, the
comparator will switch to the higher-level signal. The control logic must inhibit the rf switch from
changing during data packet transmission to avoid data errors. The inhibit function is implemented
by clocking a latch from the rising edge of the first carrier signal that occurs after the local
transmitter shuts off. In operation, a logic signal resets the latch when the local system is switched
into the receive mode. The level from each rf detector is compared against a threshold that is set
above the normal background noise level. When the facility transmitter tums on, the detector
output on the cart antenna switch exceeds the preset threshold and the status of the antenna
comparator is locked into the systcm. The rf switch activates the antenna that receives the
strongest signal at the beginning of the transmission. The switch stays in this position until the
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facility transmission has ended, avoiding the switching of cart antennas for the duration of the data
packet. If the active antenna drops into a signal null, the system will switch to the stronger
antenna at the beginning of the next receive cycle (a maximum of ~1-s duration).

A schematic diagram for the cart antenna control circuit is given in Dwg. Q-6340-265. The
circuit board is housed in a card cage inside the lead shielded enclosure on the cart.

6.6 CART TRANSMITTER CIRCUIT

The cart transmitter circuit converts the digital data from the cart microprocessor to an FM
tf carrier that is suitable for transmission to the facility cell antennas. A block diagram of the cart
transmitter is shown in Fig. 6.6. The circuit acquires a digital message packet from the
communications biphase encoder/decoder board. The biphase signal is processed through a
modulation amplifier that allows adjustment of both the rf carrier frequency and the deviation of
the FM signal. The modulation amplificr drives a VCO with a carrier frequency of 915 MHz in
the ISM band. Deviation of the carrier is adjusted to £10 MHz around the carrier.

The VCO output is buffered through an attenuator and rf amplifier to isolate the oscillator
from load variations that could pull the frequency. The rf signal is then amplified by a power
amplifier to generate a level of +17 dBm (50 mW) of 1f power. The rf output from the transmitter
board is routed through the can antenna control board to the cart antenna. A transmit/receive
control signal is supplied by the cart communications microprocessor to activate the VCO and rf
amplifiers during the transmit mode and deactivate them during the receive mode.

A schematic diagram for the cart transmitter is given in Dwg. Q-6340-270. The circuit board
is housed in a card cage inside the lead shielded enclosure on the cart.

6.7 BIPHASE ENCODER/DECODER

The biphase encoder/decoder for the communications link for the transfer cart is designed to
convert 8-bit parallel data into a biphase-encoded serial stream for transmission across an rf link
and then decode the serial biphase back into §8-bit parallel data at the other end of the link. Two
versions of the encoder/decoder board were designed: one for the facility end of the
communications link and one for the cart end of the link. The two boards are almost identical; the
differences are limited mainly to those circuits and functions that were required to accommodate
the different needs of the facility and cart computers. A schematic diagram for the facility-side
board is shown in Dwg. Q-6340-185, and the cart-side board is shown in Dwg. Q-6340-290.

The encoder/decoder uses the biphase-L encoding format for the serial data stream. Biphase
was selected because of its widespread use and because there are several devices on the market
that contain the encoding and decoding circuits on a single chip. Of these circuits, the
DP8342/8343 encoding/decoding pair, from National Semiconductor, was selected because it has
been used previously in radiation-tolerant designs and has repeatedly demonstrated gamma
tolerance in excess of 107 rad. Its baud rate can be set for any rate up to 3.5 Mbaud, but for this
instance a rate of 125 kbaud has been set as a good tradeoff between data raie and bandwidth.

The encoder/decoder transmission format is of the packet type, in which the data is sent in
coherent bursts rather than in a continuous fashion. The packet format lends itself to bidirectional
communications and to digital control systems since it facilitates hand-shaking routines. It also
is essential for transmitting data at a baud rate that is significantly higher than the I/O throughput
of the sending/receiving device, which for the transfer cart is an STD-based microprocessor. Since
the burst-type transmission requires that all of the data be immediately available for transmission,
the entire packet must be stored in the input stage of the encoder and likewise in the output stage
of the decoder. The size of the input/output storage circuits limits the packet size for this system
to 48 bytes. There is also a provision for a special two-byte packet that will cause the decoder to
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generate a reset pulse that can be used to remotely resct the equipment on the decoder end of the
link. The reset will also reinitialize the decoder circuitry. This remote reset function is
implemented only on the cart version of the encoder/decoder board, it is not a desirable feature
on the facility version of the board.

The encoder/decoder is designed to interface directly to a microprocessor circuit or computer
via three 8-bit ports such as in the 8255-type interface chip or an 8255-based I/O card. It is
divided into two major functional blocks: the biphase encoder and the biphase decoder.

6.7.1 Interface Protocol

The facility encoder/decoder requires five control signals from the facility communications
controller computer (BYTE1, SI, /TX, RST, and /RD) and eight bits of bidirectional data. It
generates five status signals (DATRDY, OR1, ERRFLG, FSTBT, and IR) for use by the facility
communications controller computer.

The cart encoder/decoder requires five control signals (BYTEL, SI, TX, RST, and RD) and
eight bits of bidirectional data. It generates five status signals (ERRFLG, OR1, IR, FSTBT, and
DATRDY). The T/R conirol line and the ANTSTAT status line feed directly to the link hardware
and do not affect the encoder/decoder.

For transmission of data, four control steps are required. The first step is to test the status
signal IR, which is derived from the input stage of the encoder. A logic high on this line indicates
that the input stage is ready to accept data.

The second step is to write the first byte of data into the encoder. This step is treated
separately from the rest of the data because a flag bit, called BYTE1, must be written with the
first byte. The data is asserted and BYTE] is driven high at the same time, and both are then
clocked into the input stage by a positive-going pulse on the facility board’s SI control line or a
negative-going pulse on the cart board’s SI control line. The data is then deasserted, and BYTE1
is driven low. BYTE] remains low for the rest of the packet, being used only for marking the
very first data byte.

The third step is to write the remaining bytes of data into the encoder, which is done in the
same manner as writing the first byte except that BYTE] stays low. Each time a new byte is to
be written, IR should be checked to make sure it is high. A low indicates that the input stage is
not ready to accept data, either because of a malfunction in the encoder or because the packet is
too large to fit in the input storage section of the encoder.

The fourth step is to assert TX low (high for the cart version) after the last data byte has been
entered into the encoder. This will initiate the encoder and transmit the data. TX must be returned
to the deasserted state before the next packet is sent.

The encoder encodes the data two bytes (16 bits) at a time, adding one byte of the cyclic
redundancy check (CRC) code to every two bytes of data. If an odd number of bytes is entered,
the encoder will append a null byte to the last byte to make a full pair. Thus if four bytes of data
are entercd, the encoder will divide the four data bytes into two pairs and add a CRC byte to each
pair, transmitting six bytes of information. Three bytes of data will be divided into two pairs, the
first being the first two data bytes and the second being the third byte plus a null byte. The total
number of bytes transmitted will also be six bytes. The CRC byte will be stripped off in the
decoder, but the null byte will be appended to the daia.

To generate the remote reset pulse, only two bytes of data need be sent. Both bytes must
match the reset code set in the decoder circuit. Since the reset generator searches for an 8-bit data
pattern in both byies in a data byte pair, it is possible for random data to trigger a reset pulse if
steps are not taken to prevent both bytes in any given data byte pair from matching the reset code.
Two identical bytes that match the reset code and are consecutive but are not paired by the
encoder will not trigger a reset.
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A high on DATRDY indicates that data have been received by the decoder and are waiting
to be read. OR1 should also be high and indicates that the output buffers [first-in, first-out
(FIFOs)] contain data. Driving /RD low (high for the cart version) will assert the data onto the
data bus (D0-D7), and its rising (falling) edge will cause the next available byte to be present in
the output stage of the decoder. DATRDY will also be reset to the low condition with the first
transition on /RD and will remain low until a new packet of data is decoded. The OR1 signal will
go low with the /RD signal, so OR1 must be checked for a high level before the byte is read. OR1
will continue to return to the high state until the last byte has been read.

A high on the ERRFLG signal indicates an error in the current or previous byte. This signal
will only be valid for even-numbered bytes, which are the second bytes in the encoded pairs. Thus
when reading the even-numbered bytes, this signal must be checked to make sure that the data
is valid. If it is high, the byte being read and the byte that came before it should be discarded
unless an error-correction routine is being implemented in the host microprocessor.

The RST signal should be asserted high to reset the encoder/decoder. A power-up reset is
advisable, as is a reset before writing each packet to the encoder.

6.7.2 Biphase Encoder

The following circuit descriptions are for the facility version of the encoder/decoder.
Component numbers for the cart version are in brackets (reference Dwgs. Q-6340-185 and
Q-6340-290).

The biphase encoder block appears in the top half of the encoder/decoder schematics. Its major
functional sections are (1) the input FIFQ, composed of U2, U4, U6A, and USB [U14, U15,
U23A, and U23B]; (2) the parallel-to-serial conversion stage, US [U16]; (3) the CRT generator,
U16 [U25]; (4) the control section, composed of U9, U10, and U17 [U21, U22, U32, and U34A};
(5) the output FIFO stage, composed of U18, U19, and U20 (U1, U2, and U9); (6) the biphase
encoding stage, composed of Ul and U8 [U3 and US8]; and (7) the timebase section, composed
of U14C, U27, and U31 [U28, U29C, and U33].

6.7.2.1 Input FIFO stage

The input FIFO stage of the biphase encoder block serves three functions. First, it provides
temporary storage of the 8-bit parallel data to minimize problems with converting an irregular
paraliel flow into a regular serial flow. Second, it serves as a synchronizing buffer between two
digital systems which are, potentially, at very different clock rates. Third, it allows the
transmission data rate to vary greatly from the rate at which the parallel data is written to the
encoder. The FIFO itself is composed of U2 and U4 [U14 and U15], which are C67402 64 x 5
asynchronous FIFOs. Like the DP8342/8343 encoder/decoder pair, the C67402 has been used
extensively in radiation-tolerant designs and has repeatedly operated normally beyond 107 rad.
U6A [U23A] performs a logical AND on the input ready (IR) status outputs from the two FIFOs,
and U6B [U23B] performs a logical AND on the output ready (OR) signals for use by U9 [U22].

6.7.2.2 Parallel-to-serial converter

The parallel-to-serial converter consists of U5 [U16], which is a 74L.S166 parallel-load shift
register. It is under the control of U9 [U21], which toggles the parallel-load enable input every
8 clock cycles for the two data bytes in the pair while the encoder is transmitting. When the CRC
byte is ready to be inserted into the serial stream, the parallel-load signal does not toggle, which
then causes the data 10 be all zeroes.
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6.7.2.3 CRC generator

The CRC generator is U16 [U25], a 9401/8X01 CRC generator/checker chip. Its output, the
CRC byte for each data byte pair, is generated from the serial output of US [U16] and is clocked
out when its CWE input is driven low. The output is fed to U9 [21] in the control section.
Detailed timing diagram appears in Fig. 6.7.

6.7.2.4 Control section

The control section consists of U9, U10, and U17 [U21, U22, U32, and U34A]. U9 [U21] is
the heart of the control section and generates most of the signals that cause the encoder to operate.
It monitors the input FIFO stage and the output of U17 [U32] and uses the signals from these
sections to pair the data bytes, generate and insert the CRC byte, and load the composite stream
into the output FIFO stage for transmission. U10 [U22] is used primarily as a modulo-24 counter.
Its count output is fed to U9 [U21], which uses it to monitor its location in the encoding process.
U9 [U21}, in tumn, enables and disables the counter in U10 {U22]. U17 {U32] is a latch that
guarantees that the /TX signal will last for a minimum of two clock transitions so that U9 [U21]
will always be able to sce it.

When a data packet is first written to the encoder by the computer, the OR outputs of the
input FIFOs will go high, as will the B1 signal, which is the BYTE1 flag marking the first byte
in the packet. If the B1 flag does not go high along with the OR signal, U9 [U21] will clock out
data bytes from the FIFO until B1 and OR are both high or until the FIFO is emptied. The STRT
signal from U17 [U32] is used as the trigger to initiate the encoding cycle. A negative [positive]
pulse on the /TX control line will set U17 [U32], causing STRT to rise for at least two clock
edges. The high on all three signals starts U9 [U21], which, in tum, starts U10 [U22]. As U10
[U22] counts from 0 to 24, U9 [U21] decodes the count and from it generates the encoder control
signals. The detailed timing can be found in Fig. 6.7. At the count of 24, U9 [U21] checks its
status lines from the input FIFO stage and will either continue encoding (if more data resides in
the FIFO) or quit (if the data is gone). U9 [U21] also inserts the CRC code into the data by
enabling the CRC generator and switching the CRC output into the serial stream.

6.7.2.5 Output FIFO stage

The serial data/CRC stream from U9 [U21] is fed to U20 [U1], the serial-to-parallel converter
in the output FIFO stage. U20 [U1] is an 8-bit, serial-in, parallel-out shift register whose parallel
output goes to the input pins of U18 and U19 [U2 and U9], which make up the FIFO. U9 [U21]
then generates a shift-in pulse at 8-bit intervals to clock the output of U20 [U1] into U18 and U19
{U2 and US}.

6.7.2.6 Biphase encoder stage

The output of U18 and U19 (U2 and U9] are then fed to U8 [U3], which is the DP8342
biphase encoder chip. Ul [U8] controls the transfer of data from the FIFO to the encoder. U8
[U3] adds a synchronization bit and a parity bit into the serial stream during encoding for a total
of 10 bits per 8-bit byte, so the data will be read out of the FIFOs at a lower rate than it is being
written in by U9 [U21].

Thus for this stage there is no reason to store the entire packet in the FIFO; Ul [U8] starts
transferring data from the FIFO into the encoder as soon as it reaches the outputs of the FIFO.
U8 [U3] disables the biphase decoder (U24 [U10]) during transmission by raising its transmitter-
active output.
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6.7.2.7 Timebase section

The timebase section, U27, U31, and U14C [U28, U33, and U29C], generates the two clock
waveforms that are needed to operate the encoder/decoder circuit. U27 [U28] is a dual in-line
package oscillator running at a frequency that is 16 times the serial transmission bit rate. In this
case U27 [U28] is 2.0 MHz. U31 [U33] divides the output of U27 [U28] by 2 and by 16. The
divide-by-2 output is used by U8 [U3] in the encoder and by U24 [U10] in the decoder. The
divide-by-16 output is buffered by U14C [U29C] and is used to drive all of the other clocked
circuits with the exception of U20 [U1] in the encoder and U13 [U24] in the decoder. These two
chips must be on the altemnate clock phase because the CRC generator chips U16 and U21 [U25
and U30] are falling-edge triggered and U20 [U1] and U13 [U24] must be in phase with them.

6.7.3 Biphase Decoder

The biphase decoder block appears in the lower half of the encoder/decoder schematic, and
its detailed timing diagram appears in Fig. 6.8. Its major functional sections are (1) the input
comparator, U32 [U6]; (2) the DP8343 biphase decoder chip, U24 [U10}; (3) the input storage
FIFO and associated circuits, composed of U15, U23, U25, and U30 [US5, Ull, U12, and U20};
(4) the parallel-to-serial converter, U22 {U19]; (5) the control section, composed of U28 and U29
[U26 and U27]; (6) the CRC checker, U21 [U30]; (7) the serial-to-parallel converter, made of U12
and U13 [U17 and U24}; (8) the output storage section, composed of U3, U7, Ull, U6C, U26A,
U14E, U14F, and U26B] {U4, U7, U13, U23C, U29E, U31A, U31B, U34A, and U34B]; and
(9) the remote reset comparator U18 (cart version only).

6.7.3.1 Input comparator

The input comparator stage converts the incoming biphase waveform from the rf receiver into
a TTL (transistor-transistor level) signal. The comparator is an LM161 high-speed TTL-output
comparator. The biphase signal is terminated with a 4.7-kQ resistor and applied to the
noninverting input of the comparator; the reference voltage, taken from the 10-kQ) trimmer R12
[R4], is applied to the inverting input. The reference voltage ranges from about +2 V to about
-2 V. Since the differential input limit of the LM161 is about 5 V, care should be taken to ensure
that the difference between the biphase signal from the receiver and the reference voltage does
not exceed +5 V. Limiting the input to *3 V will ensure that this condition is met. The output of
the comparator is a differential TTL signal taken off pins 9 and 11 of the comparator.

6.7.3.2 Biphase decoder

The biphase decoder chip, U24 [U10], converts the differential biphase signal from U32 [U6)
into its constituent 8-bit bytes.

6.7.3.3 Input storage FIFO

The input storage FIFO is very similar to the other FIFO stages in the encoder/decoder. It is
composed of two C67402 64x5 FIFOs arranged in parallel. U23 and U30 [U11 and US] transfer
the data from the biphase decoder chip to the FIFOs. U30 [US] is used primarily as a pulse
synchronizer/stretcher to ensure that the status flags from the decoder chip are of sufficient length
and are timed correctly. In the case of the data available (DA) signal from the 8343, the purpose
of U30 [US5] is more cormrectly described as ensuring that the period between active states of the
signal is longer than 1 clock cycle, rather than ensuring that the signal’s active states are long
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enough, since there is one situation in which the period between two successive active states can
be considerably less than 1 clock cycle of the system clock. U23 [U11] derives a register read
(RR) pulse and a FIFO shift in (SI) pulse from the DA signal. These two signals conspire to
transfer the incoming data bytes from the decoder to the FIFO. The RAE signal, which is used
by the control section to initiate its sequence, is derived from the receiver active (RA) signal from
the 8343. It rises for 1 clock cycle at the end of the data packet, triggered by the falling edge of
the RA signal.

6.7.3.4 Parallel-to-serial converter

The parallel-to-serial converter, U2322 [U19], is a 74L.5166 parallel-load shift register. The
control section causes it to load every 8 clock cycles while the decoder block is active, using a
single-cycle, low pulse on the load input. U14D [U29D] inverts the LD signal for use by the
FIFO, causing it to shift out the next available byte on the falling edge.

6.7.3.5 Control section

The control section is composed of two programmable array logics (PALSs), U29 [U27],
which is the same counter PAL used in the encoder block, and U28 [U26], which is the primary
control circuit in the decoder. The operation of the control section is similar to that of the encoder
block’s control section. The control sequence is initiated by the positive pulse on RAE from U23
[U11]. U28 [U26] then initiates U29 [U27] and decodes its count into a series of control pulses
that first cause U22 [U19] to load every 8 clock cycles, then load the data into the temporary
holding register U12 [U17] after it has been reconverted to parallel form by U13 [U24], then
check the status of the error flag from the CRC checker at the appropriate time, and then write
the data into the output FIFO until the end of the packet is reached.

An ancillary circuit to the control section is the first byte flag circuit, composed of U14F and
U26B {U34C and U31B]. This circuit uses the beginning-of-packet (/BOP) and the end-of-packet
(/EOP) signals from U29 [U27] to flag the first byte from each packet. The flag is written into
the output FIFOs along with the first byte, and appears at their output as the FSTBT output status
signal to the computer. These signals allow more than one packet to be stored in the output
section at one time by separating the packets.

/BOP will pulse low for 1 clock cycle when a transmission is first received by the decoder,
and /EOP will pulse low for 1 clock cycle at the end of the transmission. In the cart version /EOP
is also made available to the antenna control printed circuit board in the link hardware via J3.

6.7.3.6 CRC checker

The CRC checker, U21 [U30], is a 9401/8X01 CRC generator/checker chip. This is the same
IC that is used by the encoder to generate the CRC word, but in the decoder usage it is used to
monitor the received data stream rather than insert a CRC word into the data. After cach 16 bits
of data plus their 8-bit checkword has been entered, U21 [U30] will generate an error indicator
flag to signify whether or not an error was detected. U28 [U26] in the control section monitors
this flag and takes appropriate action if an error was detected. Timing details are in shown in
Figs. 6.8 and 6.9.
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6.7.3.7 Serial-to-parallel converter

U12 and U13 [U24 and U17] make up the serial-to-paraliel converter section, which converts
the serial data stream from the parallel-to-serial converter section back to its parallel form. In
terms of the flow of data through the decoder circuits, the conversion to serial and back to parallel
is not expressly needed; however, the CRC checker does need serial data, and the delay induced
by the parallel-to-serial and serial-to-parallel conversions actually simplifies the timing
requirements of the decoder. The delay is needed because the CRC check is completed only after
the entire 24-bit data/CRC combination has been run through U21 [U30], and in order to align
the error flag with the data before it is entered into the output storage section, the paraliel data
must be delayed by a minimum of 24-bit cells, which would require one extra register and its
associated control lines and timing. U13 {U24] is a serial-input, parallel-output, shift register
which is clocked by the inverted phase of the system clock. U12 [U17] is clocked by the control
section and delays the data from U21 [U30] by 8 bits so that by the time the second of the two
data bytes must be written to the output storage section, the error flag will have been received and
will be ready to be entered along with the data. The CRC byte is not clocked into U12 [U17],
although it is converted to parallel form by U13 [U24].

6.7.3.8 Output storage section

The output storage section stores the data bytes as they are clocked into U12 [U17]. U3 [U7]
isolates the output of the FIFOs from the tri-state bus. When data are first clocked into the FIFOs
their OR outputs go high, causing the output of U6C [U23C] to rise and signalling that a packet
has been received. A negative puise on /EOP will reset U26A [U31A], signifying that the packet
has been decoded and checked for errors. Once /EOP is received, the data can be read out of the
FIFO by pulling /RD low [high], which enables the outputs of U3 [U7], asserting the first data
byte onto the bus. /RD must remain low [high] during the read operation. After the read operation
is completed for each byte, /RD must be retumed high [low] because its rising [falling] edge after
being inverted by UI4E causes the next data byte in the FIFO to be clocked out. OR1 will fall
during the period in which /RD is asserted and will retum high only if another data byte is ready
to be read out of the FIFO. If OR1 does not return to the high state, the byte just read was the
last one in the packet. The ERRFLG output from the FIFO is valid only while the even-numbered
data bytes are at the FIFO output and should not be read with the odd-numbered bytes.

6.7.3.9 Remote reset (cart only)

The remote reset pulse is generated by the control section from the output of the remote reset
comparator U18, which is an 8-bit TTL comparator. The reset code is set via the 16-pin header
(arranged in an 8- by 2-pin grid) that feeds the Q-inputs of U18. For reliability purpeses the pins
of the header should be wire-wrapped in lieu of using jumpers. The output of the comparator is
used by U26, which looks at the signal at a specific point in the decoding process to determine
whether a reset pulse should be generated. If the first byte in a two-byte encoding pair matches
the reset code, the RFLG output of U26 latches high. If the second byte in the pair also matches
the code and the CRC checker does not detect an error in either byte, U26 will generate a single
active-low reset pulse (/INIT) that is 1 clock cycle (8 ps) in length. /INIT is then driven by U29F
to turn on Q1, which pulls down the PBRESET line on the computer’s bus. /INIT also feeds back
to reset the decoder circuitry via U23D. If the second data byte does not match the reset code or
if the CRC checker detects an eror, U26 will reset RFLG and write the two data bytes to the
output storage section.
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6.8 FACILITY COMMUNICATIONS SYSTEM CONTROLLER

A single-board computer is designed to (1) handle communications encoding and decoding
tasks, (2) coordinate high-speed data passage, (3) switch on and off the facility transmit/receive
units, (4) interface to the engineer’s console computer, and (5) provide data buffers for serial data
transmissions. The computer will use a STD bus and be mounted in a 19-in. card cage in the
engineer’s console, as shown in Dwgs. Q-6340-102 and Q-6340-103.

The control processing unit (CPU) is a Prolog Model 100, 12-MHz computer with 512 kB of
memory and a breakout board with two RS-232 ports. The CPU uses a disk operating system
(DOS) so that software development time is minimized. There is a battery-backed RAM disk card,
Prolog 7715A-03, that will hold 256 kB. A Prolog 7514 card interfaces the communications
controller computer to the Allen-Bradley’s remote I/O network. In this manner, PLC I/O points
are emulated in the Prolog computer. The facility encoder/decoder card, described in Sect. 6.7,
mounts in one slot of the communications controller STD rack. It interfaces to the Prolog
computer through a Prolog 7508 digital interface card. The same 7508 card also interfaces to
Opto-22 digital I/O modules that are used to switch the facility antennas on and off, and to receive
antenna usage status from the rf system. The Opto-22 modules are mounted on another 19-in.
panel in the back of the engineer’s console.

6.9 FACILITY ANTENNAS

The facility antennas, shown in Fig. 6.10, are dipole antennas which are designed to fit within
existing cell penetrations. The antennas fold to fit inside a 1 1/4-in.-ID straight-through
penetration. Four of the facility antennas will be used. The facility antenna assembly is shown in
Dwg. X3E020097A113. The main components of the antenna assembly are the base, antenna,
insulator, spring, shaft, pin, collar and corrugated hose.

The base is machined out of PEEK (polyetheretherketone) thermoplastic, which also has good
radiation tolerance. The base needs to be an insulator in order to not affect the transmissive
properties of the dipole antenna. The shaft, made of 304 stainless steel, is pressed into the end of
the base for mounting the antenna.

Each dipole antenna bas two 1/8-in.-diam by 4-in.-long antenna rods of 304 stainless steel.
Small copper tabs arc silver soldered onto the end of the antenna rods. The coaxial cable leads
are soldered to each of the copper tabs. These are then epoxied into the insulator. The insulator
is also made of PEEK. The insulator fits over the shaft on the base and pivots to fold and deploy
the antenna. A torsion spring is used to provide the force to deploy the antenna. A pin is also
pressed into the base to provide a positive stop for the correct position of the deployed antenna.

The corrugated hose is made of 316 stainless steel. It is used to push the antenna through the
cell penetration to deploy it in-cell and is also used as a conduit for the coaxial cable. The
stainless steel collar is used to attach the corrugated hose to the base. Once inserted into the cell,
the dipole antenna unfolds and deploys to the vertical orientation for signal transmission with the
cart.
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7. CART ELECTRONICS SYSTEM

This section describes all cart-mounted electronics systems except for the communications
hardware. Figure 7.1 shows the basic layout of printed circuit cards in the cart electronics system.
Note that only the WinSystems and interface module boards are discussed in this section. The
remaining boards (communications system boards) are covered in Sect. 6. A wiring diagram of
the cart electronics is given in Dwg. Q-6340-215.

7.1 SYSTEM CONTROLLER

The system controller is based on the STD bus using an embedded controller manufactured
by WinSystems Inc. The embedded controller card, a WinSystems single-board computer
(Model LPM-SBC40R-8-BAT), uses an Intel 8086 microprocessor with the WinSystems read-only
memory (ROM) disk operating system. In order to provide additional digital /O lines, the single-
board computer is fitted with a piggyback I/O expansion board (WinSystems model number SBX-
PIO). Section 9.4 provides a detailed description of the cart control software and communication
protocols.

The system controller is designed to withstand a 107 rad total integrated dose using a lead
shielding enclosure. See Appendix B for information on the radiation test of the system controller.
A diagram showing the system hardware configuration is given in Dwg. Q-6340-247.

7.1.1 Interface-to-Cart Communications System

The system controller decodes, processes, and responds to commands from the cart
communications system and passes data from the cart electronics system through the cart
communications system to the facility system. The system controller is tied to the communications
system via the cart biphase encoder/decoder. This connection is made through the SBX-PIO digital
1/0 card and provides the system controller with decoded data from the facility system and allows
the system controller to send encoded data to the facility system. Connections are also made from
the system controller through the SBX-PIO card to the communications system transmit/receive
switching circuitry. Timing of receive/transmit cycles are software controlled (see Sect. 9.4 for a
discussion of the controller software routines).

7.1.2 Interface to Motor Drives

The system controller provides control signals, direction control, and pulse-width modulation
signals to the motor drives via the cart controller interface board. The pulse width modulation
signal allows software control of cart speed. If the system controller receives a motor overcurrent
trip signal from the controller interface, an error message will be sent to the facility system (via
the communications system) to notify the carnt operator of the problem. The operator has the
option of sending a command that will re-enable the tripped motor drive. If the abnormal
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condition persists, the particular motor drive will again be disabled and the operator notified. Note
that while motors are controlled by the system controller, the motor overcurrent trip and motor
disabling circuits are located on the controller interface board (see Sect. 7.3) and are being directly
activated by an overcurrent condition.

7.1.3 Interface to Analog-to-Digital Converter

Data from the analog-to-digital (A/D) converter must be controlled, received, and stored for
transmission by the system controller. The A/D converter is located in the STD-bus section of the
cart electronics, and communication with the A/D is accomplished through the STD interface. Sce
Sect. 9.5 for a description of signals processed by the A/D converter.
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7.1.4 Interface to Cart Interface Module

Much of the signal processing and high-current switching for the cart is carried out by the cart
interface module, which is described in Sect. 7.3. The system controller is tied to the interface
module through 14 lines of digital output and 7 lines of digital input. The system controller also
has access to 17 analog signals via the A/D converter board from the controller interface.

Digital signals to the interface are the remote outlet controls, fan control, motor direction
control, motor resets, and pulse-width modulation signals for each motor. Digital signals from the
interface are the door limit switch detected, outlet trip signals, motor trip signals, and the interface
module ID.

Analog signals from the interface are the controller temperature, battery compariment
temperature, outlet voltage signals, outlet current signals, motor voltage signals, motor current
signals, battery voltage signal, and battery current signal.

7.2 MOTOR DRIVES

The motor drive circuit is a standard H-bridge type MOSFET drive. Drive signals for the solid
state switches are provided by Maxim driver integrated circuits located on the controller interface
board (see Sect. 7.3). Signals for the motor drives originate in the system controller board and are
buffered by the controller interface board. A separate motor drive circuit board is provided for
each motor.

The motor drive circuit schematic, parts placement and layout, is given in Dwg. Q-6340-235.
The parts list for the motor drive is given is Dwg. Q-6340-236.

7.3 CART INTERFACE MODULE

The cart interface module controls battery power distribution during charging and provides
buffering for all current shunts and voltage signals, buffering for the temperature sensors located
in the battery and controller compartments, motor and outlet overcurrent trips and resets, buffering
for the threshold detector switch, a controller identification: (ID) output, current shunt span
calibration signals, a drive signal to the fans, and motor drive signals. A functional block diagram
for the controller interface is shown in Fig. 7.2. Section 7.1.4 has a detailed list of signal lines
from the controller interface module to the system controller. A schematic drawing of the overall
wiring for the interface module is given in Dwg. Q-6340-215.

The cart interface module is composed of three separate circuit boards which are colocated
in the cart electronics rack assembly. Since the boards are configured in a stacked arrangement,
they are referred to as the top, middle, and bottom interface boards in documentation. The
schematic diagram, printed circuit board layout, and parts list for the interface module top board
are given in Dwgs. Q-6340-220 through Q-6340-224. The schematic diagram, printed circuit board
layout, and parts list for the interface module middle board are given in Dwgs. Q-6340-225
through Q-6340-229. The schematic diagram, printed circuit board layout and parts list for the
interface module bottom board are given in Dwgs. Q-6340-230 through Q-6340-233.

7.3.1 Battery Switching During Charging
The cart system controller and other cart electronic systems are de-energized by the interface

module during battery charging. Charging is initiated when a voltage greater than the battery
voltage is sensed on the charging shoes. Note that the voltage must be of the proper polarity for
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the controller interface to allow charging. Once charging is initiated, it is terminated only when
the current from the charger is less than a programmed level (~80 mA). This is accomplished by
a high-gain current monitor located in the battery and charger interface circuit (see
Dwg. Q-6340-222) which allows detection of the battery charging current. Switching is
accomplished as shown in Fig. 7.3.

7.3.2 Current Shunt and Voltage Buffers

All current shunt and voltage signals passed to the A/D converter card are buffered in the
interface module. The buffers are built using the Precision Monolithics AMP-03 unity gain
differential amplifier. Input protection is provided by a resistor/voltage clamp circuit at the input
of each buffer. Buffer schematics are given in Dwg. Q-6340-232.

7.3.3 Temperature Monitors

Two temperatures are monitored in the cart electronics enclosure. These are the battery
compartment temperature and the cart controller temperature. Figure 7.4 shows a block diagram
of the temperature measurement system. The battery compartment temperature is measured with
a Type E thermocouple washer ring which is mounted under the negative battery electrical
terminal contacts. The cold junction compensation for the thermocouple and controller temperature
are both measured by the same solid state temperature sensor located on the interface module
board. As indicated in the figure, the controller temperature is used to control fan operation. A
schematic for the temperature monitoring circuit is given in Dwg. Q-6340-227.

7.3.4 Overcurrent Trips

The output signal from each motor and outlet current shunt is sensed after buffering. A
threshold detection circuit is used to produce a digital signal that causes any motor or outlet to
be disabled if the current exceeds a resistor programmed level. The trip condition is latched,
causing the motor or outlet to remain disabled until reset by the system controller. Resets from
the system controller are received via the communication system from the engineer’s console. A
schematic for the fault detection circuit is given in Dwg. Q-6340-227.

7.3.5 Threshold Detector Switch

The threshold detection switch actuation is sensed via a pull-up resistor located on the
interface module board. The signal from the pull-up resistor is passively buffered prior to being
passed to the system controller from the interface board. The detector switch buffer schematic is
given in Dwg. Q-6340-227.

7.3.6 Controller ID
A 2-bit (0 to 3) controller ID number is user programmed by a two-section dip switch (S1)

located on the top interface module board. This allows each electronics enclosure to be identified
and addressed independently by the facility system.
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7.3.7 Current Shunt Span Calibration

Figure 7.5 shows a block diagram of the current shunt span calibration circuit. The 5-A
precision current source is successively applied to each motor and outlet current shunt. The system
controller uses the known 5-A signal to compute the span coefficient for each current channel
used in all subsequent current logging. An out-of-range reading will cause the system controller
to flag a current channel as bad. Calibration occurs at system bootup and after a sysiem reset is
issued by the engineer’s console via the communications system. A schematic for the shunt span
calibrator is given in Dwg. Q-6340-232.

7.3.8 Fan Control

The fan is controlled by the system controller through the interface module. A software
routine in the system controller monitors the controller enclosure temperature from the interface
module tuming the fan on at 120°F. The fan is cycled off at 100°F. A buffer on the interface
module provides drive to the fan. See Dwg. Q-6340-227 for a diagram of the fan interface circuit.

7.3.9 Motor Drives

For each motor drive there are independent control and overcurrent trip signals. Independent
signals are used for each motor drive to prevent one failed motor drive from affecting the other
motor drives. The motor drive is a standard H-bridge-type drive. Pulse-width modulation signals
from the system controller are used to drive the H-bridge through the controlier interface based
on the motor direction command signals. Motor drive schematics are given is Dwg. Q-6340-223,

7.4 A/D CONVERTER SYSTEM

The A/D converter is a WinSystems Model LPM-AIO-DC. All data transfers to and from the
converter occur over the STD bus. See Sect. 9.5 for a description of signals processed by the A/D
converter.

7.5 DOOR THRESHOLD LIMIT SWITCH

The door threshold limit switch is used to detect door threshold crossing during cart motion.
The threshold limit switch provides a contact closure when activated by a door threshold. The
contact closure is buffered by the cart interface module to protect the system controller. Details
for the threshold limit mounting are given in Dwg. X3E-020097-A102.

7.6 BATTERY

The final cart design will use two Powersonic Model PS-12400, 40 A-h 12-V batteries wired
in series. Based on data obtained during testing of these batteries (see Appendix C), they are
capable of providing roughly 2.92 MJ for a 1.75-A cart idle current at 20°F. From measurements
made during prototype testing, we estimate that the cart will consume roughly 2 A during idle.
Derating (lincarly) for 2-A operation and assuming that only 80% of battery energy will be
available at the end of battery life gives an available battery energy of 2.05 MJ. For a 2-A idle
current, cart energy consumption is summarized in Table 7.1. Therefore, the Powersonic batteries
should provide for more than 2 typical cart cycles (4.5-h duration per cycle) or an operating time
margin of 5 h.
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Table 7.1. Summary of cart energy requirements for 1 cycle
based on prototype testing

Drive Electrical Total
Time power power power Energy
Operation {min) (W) W) W) &n
Idle time 255 0 50 50 765
Moving, no load 6.96 92.9 50 142.9 59.7
Moving, full load 747 251 50 301 135
960

Totals 2694




8. CONTROL MODULE ENCLOSURE ASSEMBLY

The control module enclosure assembly contains all of the on-cart controls and electrical
equipment to perform all of the cart control functions within a single assembly. The control
module enclosure assembly is designed as a remotely replaceable module. The assembly is held
in place on the cart by two captive bolts which can be operated by a remote impact wrench. The
lifting bail is provided for remote handling by the crane for removal and installation. Alignment
guides will be provided on the cart design by WVNS for gross positioning of the assembly. These
should provide alignment of the assembly for coupling of the remote electrical connector. A dowel
pin in the remote electrical connector provides the final alignment of the assembly. All of the
electrical connections between the control module enclosure assembly and the transfer cart are
contained in this connector. In the event of failure of any of the cart controls, the entire module
can be removed and replaced remotely using only the crane and impact wrench.

Two views of the control module enclosure assembly are shown in Fig. 8.1 and in Martin
Marietta Energy Systems Engineering Dwg. X3EQ20097A102, "WVNS Vitrification Facility
Transfer Cart Control Module Enclosure Assembly.” The subassemblies included in the control
module enclosure assembly are listed as follows and are described in the following sections.

. Enclosure module

. Battery compartment assembly

. Front cover and threshold limit switch
. Bail assembly

. Antenna assemblies

. Shielded electronics enclosure

. Remote electrical connector assembly
. Battery charging plate and insulator

00 <] O\ Lh b W N =

The drawings referred to in the following descriptions are Martin Marietta Energy Systems
Engineering drawings and are contained in Appendix E.

8.1 ENCLOSURE MODULE

The enclosure module weldment is shown in Dwg. X3E020097A103. The enclosure is an
all-welded structure made up of 1/2- and 3/8-in.-thick 304 stainless steel plate. The enclosure
design provides two separately sealed compartments. The upper space is for the batteries, which
are in a sealed compartment attached to the top cover. The lower space is for electronics which
require shielding from the radiation. Both of these are described in more detail below.

The stainless steel enclosure is completely sealed to prevent moisture or nitric acid vapor from
entering the electronics or battery compartments. Covers over the top and front compartments are
sealed with O-rings. O-ring grooves are machined into the sealing surfaces of the covers. The top
cover serves a double purpose as (1) an enclosure for the top and (2) the top of the battery
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compartment. The front cover can be removed to provide access to the wiring hamess and the
motor driver circuit boards. Each cover is held in place by locating pins and four toggle action
clamps for easier maintenance. All components on this assembly and within the enclosure are
designed to be contact maintained.

On the bottom of the enclosure, two legs, fabricated from rectangular stainless steel tube,
extend down for mounting the battery charging plates. The mounting location for the remote
electrical connector is located between the legs on the botiom of the enclosure. Access holes are
provided in the bottom of the enclosure for cabling to each leg and to the electrical connector. The
electrical connector and charging plates are bolted to the enclosure and are sealed with O-rings.

A false bottom and partition are provided inside the enclosure to locate and support the
shielding enclosure. The false bottom provides space for routing the cable harness under the shield
enclosure to the remote electrical connector and to each of the charging plates.

On each side of the enclosure near the top are two electrical connectors and a stainless steel
boss for mounting the antenna. The electrical connectors are Lemo-type bulkhead connectors,
hermetically sealed to the enclosure, with all wiring inside the enclosure. The connector nearest
the antenna boss is for the antenna cable. The other connector is for the auxiliary electrical outlet.
The antenna mounting boss is welded to the side of the enclosure and has internal threads for the
antenna to screw into.

On each side near the bottom of the enclosure are the mounting locations for the captured
remote hold-down bolts.

8.2 BATTERY COMPARTMENT ASSEMBLY

The battery compartment assembly is a sealed stainless steel enclosure composed of the
Enclosure Module top cover and a battery box. The battery compartment assembly is shown in
Dwg. X3E020097A105. The battery box is fabricated of 7-gage 304 stainless steel sheet. The
battery box is fastened to the top cover using 24 1/4-in.-diam by 3/4-in.-long studs welded to the
underside of the top cover.

A small high-efficiency particulate air filter is provided in the top cover of the assembly to
vent hydrogen which may be generated during recharging of the baiteries. Two handles are also
provided on the top cover to facilitate handling for removal or replacement of the battery module.
As mentioned previously, the battery compartment assembly is fastened to the enclosure module
by four toggle action clamps on the cover. Two locating pins are used to position the top cover
on the enclosure.

Inside, the compartment will contain two 12-V, 40-A-h sealed lead-acid rechargeable batteries.
An Amphenol/Bendix bulkhead connector is provided in the end of the battery box for connection
to the controls wiring hamess while keeping the battery enclosure scaled. Also inside the
compartment at one end is a lead shield block encased within 7-gage stainless steel. This block
is located directly above the ventilation hole in the shield enclosure to help shield the electronics
within the shield enclosure.

8.3 FRONT COVER AND THRESHOLD LIMIT SWITCH

The front cover provides access to the wiring hamess and the motor driver circuit boards. The
front cover also supports the threshold limit switch. The front cover and threshold limit switch are
shown in Dwg. X3E020097A106. The front cover is 3/8-in.-thick stainless steel plate. The sealing
surface of the plate is machined with a groove for an O-ring seal. The cxtemnal surface of the
cover has two handles for removal or replacement. As mentioned previously, the front cover is
fastened to the enclosure module by four toggle action clamps. Two locating pins are used to
position the cover on the enclosure.
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The threshold limit switch is used to detect door threshold locations to correct errors in the
cart position algorithm. The threshold limit switch is mounted on a stainless steel angle bracket
welded to the front cover. This bracket positions the limit switch trip lever at the elevation of the
door thresholds. A 1/2-in.-diam stainless steel pipe coupling penetrates the front cover for the limit
switch cable. The pipe coupling is welded to the front cover, and the cable is sealed in conduit
from the coupling to the limit switch. A connector is provided in the limit switch cable inside the
front cover to ease removal of the cover.

8.4 BAIL ASSEMBLY

The lifting bail assembly is provided at the top of the enclosure to allow the facility crane to
lift the entire assembly for remote removal or replacement. The bail assembly is shown in
Dwg. X3E020097A106. The bail assembly consists of the bail, bail mounting bracket, and hinge
pin.

All of the bail assembly parts are fabricated from 304 stainless steel. The bail is a weldment
of 1 1/2-in. pipe, 1-in. pipe, and a rod end. The bail mounting bracket has a hole for the hinge
pin and stops to hold the bail somewhat vertically for pickup by a crane hook. The hinge pin is
inserted through a hole in the mounting bracket and is welded into the bail. The mounting bracket
will be located at the center of gravity of the Control Module Enclosure Assembly and welded.

8.5 ANTENNA ASSEMBLIES

Two dipole antenna assemblies are provided, one on either side of the enclosure. The cart
antenna assembly is shown in Dwg. X3E020097A111. The antennas extend past the edge of the
transfer cart for line-of-sight communications with the facility antennas. The antennas have a
vertical orientation. Sce Sect. 3 for details on the cart communication system. The antenna
assembly consists of the spring arm weldment, lock nut, antenna, insulator, antenna bracket and
coaxial cable.

The spring arm weldment consists of a 3/16-in.-diam spring arm welded into a threaded
fitting. The antenna bracket is 16-gage stainless steel and is welded on the other end of the spring
arm. The lock nut assembles onto the threaded fitting, which screws into the boss on the enclosure
module. All of these components are 304 stainless steel.

Each dipole antenna has two 1/8-in.-diam by 4-in.-long antenna rods of 304 stainless stecl.
Small copper tabs are silver soldered onto the end of the antenna rods. The coaxial cable leads
are soldered to each of the copper tabs. These are then epoxied into the insulator. The insulator
is made of PEEK thermoplastic, which also has good radiation tolerance. The insulator is pinned
to the antenna bracket with a stainless steel spring pin.

8.6 SHIELDED ELECTRONICS ENCLOSURE

Electrical components not capable of withstanding 107 rad are protected in a shielded
enclosure with the equivalent shielding of 3 orders of magnitude of rcduction. The shielded
enclosure is made up of lead encased in a stainless steel liner. The shielded enclosure weldment
is shown in Dwg. X3E020097A112. The shielded enclosure weldment consists of three parts: the
side shield, the top shield, and the base shield.

All three parts of the shielded enclosure weldment are of similar design. They provide a shield
wall thickness of 2.62 in. of lead, lined with 11-gage 304 stainless steel sheet. The base shield,
the main shicld enclosure, provides a volume of approximately 18 in. long x 11 in. wide x
10.5-in. deep for installing the cart control electronics. The top of the base shield enclosure is
open to insert the electronics rack. Another opening is provided on the side of the base shield for
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routing of the wiring harness. The side shield fits adjacent to the base shield and provides
shielding over the side opening and space for the wiring hamess. The top shield fits in the top of
the base shield and rests on a ledge inside the side walls of the base shield. It has two handles 1o
remove the lid for access to the electronics rack. The top shield also has a small opening for
ventilation only. This opening is located above a cooling fan in the electronics rack to circulate
air through the electronics and within the enclosure module. The top of the electronics rack is
designed to rest on the ledge of the side walls and is held in place by the weight of the top shield.

8.7 REMOTE ELECTRICAL CONNECTOR ASSEMBLY

The control module enclosure assembly interfaces with the transfer cart via the remote
electrical connector assembly on the bottom surface. The remote electrical connector is a Hanford
Purex-type connector and is shown in Dwg. X3E020097A107. The remote electrical connector
assembly consists of the flange, insulator, plug pins, and pin connectors.

The flange is machined from 304 stainless steel. The insulator is a Lexan plate which bolts
to the flange. It provides an array of nine plug pins; two pins for each of the four drive motors
on the cart plus one for cart ground. The pin connectors are threaded onto the back side of the
plug pins. The wiring is soldered into the pin connectors. The pin connectors are sized to handle
approximately 90 A, which exceeds the motor stall current. The pins and the insulator are both
sealed within the flange using room temperature vulcanization seal compound. The flange bolts
to the enclosure and seals with an O-ring.

8.8 BATTERY CHARGING PLATE AND INSULATOR

The battery charging plate and insulator are mounted on the bottom legs of the enclosure.
They are positioned to contact the floor mounted charging shoes located between the rails. The
battery charging plate and insulator are shown in Dwg. X3E020097A109.

The battery charging plate is a weldment of two 3/8-in.-thick 304 stainless steel plates forming
a "T" shape. A 1/4-in.-diam stud is welded to the top plate for the electrical terminal. The
insulator plate is 3/4-in.-thick ABS plastic. The charging plate bolts to the insulator plate, with
the temminal extending through the insulator. The insulator bolts to the bottom of the enclosure
legs and seals with an O-ring seal. The wiring and electrical connections are sealed inside the
enclosure legs.






9. SOFTWARE DESCRIPTION

This section describes the system software design for the transfer cart control system. Software
will be part of the design of four components of the control sysiem: (1) the engineer’s console
computer, (2) the PLC, (3) the facility communications controller, and (4) the cart controller.
Sections 9.1-9.4 describe software in each of these systems. Drawings that should be referenced
in these sections include Dwgs. Q-6340-110, 111, 112, 160, and 210. Section 9.5 describes the
communications protocol and command definitions used to communicate between the facility and
cart systems. '

The software described in this section is low-risk type. The control and data acquisition
software is used to physically operate the cart and to generate operating and maintenance
diagnostic data. Failure of the cart software can result in only one of two cart failure modes:
(1) failure of the cart 10 operate or (2) unexpected cart operation. For the first mode, cart failure
would only impact facility operations associated with waste canister transfer and result in delayed
operations. For the second mode, failure of any software described here will not harm personnel,
the environment, or equipment. The cells in which the cart travels are not usually occupied by
personnel, with the exception of the EDR, where maintenance personnel may enter for
maintenance of the cart. Slow speed of the cart and sweeps around the lower portion of the cart
lower the probability that maintenance personnel would be injured by unexpected motion of the
cart. Impacts on the environment are not foreseen in any mode of failure because the canisters
which contain vitrified waste are held in place on the cart with guides and would not be disrupted
in the case of a collision. Equipment that could possibly be impacted by the cart in the case of
a runaway cart are cell doors and stops located at the ends of the tracks. Both the doors and the
stops can withstand the full impact of the cart at its maximum design speed.

9.1 ENGINEER’S CONSOLE COMPUTER INTERFACE SOFTWARE

Refer to flow chart Dwg. Q-6340-110. Software will be running at the engineer’s console, an
industrially rugged IBM-compatible computer, to provide a man-machine interface between the
engineer and the transfer cart control system. The interface software will be Intouch, a
commercially available program that has been configured specifically for this application. The
engineer will be able to request data trending, alarm and event summaries, and cart status displays
from the computer. The computer will log historic data to disk at specific intervals including
motor current and voliage; battery current, voltage, and temperature; auxiliary outlet voltage and
current; and percent usage of system antennas. Furthermore, the engineer will be able to enter
certain cart system commands into the computer that will be processed by the PLC. These
commands consist of changing the ID of the cart electronics system with which to communicate,
disabling individual facility antennas, requesting a reboot of the cart computer, and increasing or
decreasing cart speed. The engineer’s computer is not essential to the operation of the cart.
Although it is important to log data for diagnostic and operational reference reasons, the cart can
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operate through use of the operator’s pendants without the engineer’s computer. Refer to
Appendix F for typical operations that can be performed at the engineer’s console.

9.2 FACILITY PLC SOFTWARE

The Allen-Bradley PLC is the master of the cart control system. It directs the operation of all
other system components cither directly through its own hardwired inputs and outputs or through
use of the facility communications controller. Software running on the PLC has been defined in
a fundamental fashion in Dwgs. Q-6340-111 and Q-6340-112. Algorithms that require more
explanation than provided in the drawings are described here. A ladder logic listing should be
referenced for more detail.

9.2.1 Cart Position Calculation

The cart position calculation is based on which direction the cart is driving and the duration
of the drive request from the operator’s pendant. The position will be reported in feet from facility
charging shoes to the cart’s threshold limit switch. Positive position refers to distance north of the
charging shoes, while negative position refers to distance south of the charging shoes, as shown
in Fig. 9.1. In the figure, A is the distance to door 63M-001, B is the distance to door 63M-008,
H is home position, and C is the distance to door 3M-3 (a negative distance). A timer will be used
to produce a pulse every 4 s when a valid drive command is in effect. To provide greater
resolution, this may be changed to ten pulses every 4 s. At a nominal cart speed of 15 ft/min, the
cart travels 1 ft every 4 s. Therefore, the timer pulse can be used by a counter to count the
number of fect the cart has moved. By combining a count-up block with a count-down block, the
calculated distance can be made to increase and decrease based on cart direction and cart drive
commands.

9.2.1.1 Corrections

The cart position algorithm is based on the duration of the cart drive request and the nominal
speed of the cart. It is necessary to have correction capability in the cart distance calculation for
three reasons: (1) the cart speed will change based on cart load, (2) an acceleration period will
occur before reaching nominal cart speed, and (3) the cart will coast after the drive command
ceases.

Two correction modes will be used in the cart position algorithm. The first mode is based on
resetting the position when the cart is at the charging shoes. The second mode is based on
resetting the cart position to the distance of door thresholds from home position by noting when
the cart’s limit switch is actuated by the door thresholds.

« Homc position. The home position will be confirmed by input from the charging shoes limit
switch. When the cart-at-shoes input is received by the PLC, all timers and counters associated
with the cart position algorithm will be reset. The position reference point on the cart is the
door threshold limit switch. This switch is ~1 ft from the charging plates; therefore, the home
position reported will be either +1 ft, depending on which direction the cart is oriented.

»  Door thresholds. Whenever the cart passes a door threshold, the threshold switch attached to
the cart will actuate. Since the PLC should know the approximate vicinity of the cart, it can
use the door threshold signal to correct its cart position variable to the actual distance of the
door it is passing. The reported distance will be from the home position to the cart’s limit
switch. If the cart is reversed while the limit switch is on a threshold, the correction will still
occur but it will be off by the length of the threshold.
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9.2.1.2 Driving toward unopen door alarm

The cart control system is required to notify the operator when the cart is approaching an
unopen door. The cart position algorithm is used to perform this task, but it reports the distance
of the limit switch from the charging shoes. Therefore, it is necessary to compensate the cart
position for the distance between the limit switch and either the front or back of the car,
depending on which direction the cart is headed. The compensation must also be based on the
orientation of the cart. Except for when the cart is driving southward to doorway 63M-008, all
alarm distances will be the same (~4 ft from the door). However, when driving southward to
doorway 63M-008, the alarm distance must be increased to ~10 ft from the door since these doors
will swing toward the cari. Therefore, it is necessary for the PLC to determine to which door and
in which direction the cart is approaching.

9.2.2 Battery State of Charge

Three cart battery parameters are used to determine the battery state of charge: (1) voltage,
(2) current, and (3) temperature. Energy removed from the battery in a given time period can be
determined by multiplying battery voltage by batiery current. Testing of the batteries specified for
the cart system has shown that at 20°F the batteries can provide ~2.18 MJ of energy before
reaching the low-voltage cut-off level. Using this number as the starting value, all subsequent
energy usage values are subtracted from this initial value. The energy provided by the batteries
as a function of temperature follows the Arrhenius equation but in our range of temperatures is
very linear. Using the energy produced by the tested batteries at room temperature and the energy
produced at 20°F, a factor of 7 kJ/°F is found. Therefore, the temperature correction factor is
added to the instantaneous battery state of charge to obtain the temperature-compensated state of
charge.

When the battery is charging, similar calculations can be performed except that energy is
added instead of subtracted. However, since the battery has internal losses, more energy will be
used charging the battery than what actually appears as the battery’s charge level. Because of this,
an uncompensated energy level of 2.18 M1J is the maximum that the state-of-charge indication is
allowed to read. This level can be reached in two ways. The first method is that the batterics are
on charge full time, and the calculation of energy added gradually sums up to this maximum. The
second method is that the battery charge current reaches a trickle flow of ~60 mA, indicating full
charge. The second method is useful if a new set of batteries are placed in the cart. Because the
history of the new batteries is not known to the control system, charging to the point that the
charger goes to trickle charge will indicate that the batteries are fully charged.

9.3 FACILITY COMMUNICATIONS CONTROLLER SOFTWARE

Refer to flow chart Dwg. Q-6340-160. Tasks performed by the facility communications
controller can be split into two categories: (1) battery charger communications and (2) rf
transceiver communications. Since these two modes are mutually exclusive, the controller can
dedicate itself to onc mode at a time. The PLC will switch the facility communications controller
between battery charge mode and transceiver mode. The facility communications controller is a
Prolog embedded microprocessor system with an Allen-Bradley interface card, Model 7514, which
provides an interface to the PLC’s remote input/output. Discrete bits as well as 8-bit bytes
containing raw, unscaled analog data will be passed between the Prolog controller and the PLC.
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9.3.1 Battery Charger Communications

After every cycle of the cart, the cart will return to the charging shoes to recharge the cart
batteries. The cart will remain on float charge until it is needed again. When in the charge mode,
cart systems are disabled. The purpose of the facility communications controller in the battery
charging mode will be to interface the battery charger to the PLC. The battery charger, Exide
Model ERBC 24/30, is equipped with an RS-232 communications line which enables it to pass
charging data to the facility communications controller. The communications link is bidirectional
in that commands can also be passed to the charger for starting and stopping the charging
sequence. To initiate charging, it is necessary to enter the charger’s monitor mode. A START
command is issued, but it is not acted upon until exiting from the monitor mode. In the way the
charger is designed, the charger would normally start and provide status reports at either 15-min
or 1-h intervals. However, in this application, we would like to know whether charger current is
flowing immediately to provide feedback to the PLC that charging is active. Therefore, we must
re-enter the monitor mode, where we can request charging data immediately. If the reported
charging current is above a minimum threshold, we stay in monitor mode and periodically request
charging data from the charger and pass it to the PLC. When a valid stop charge command is
received from one of the operator’s pendants, the communications controller turns off the battery
charger and switches to the transceiver mode.

9.3.2 Transceiver (Tx/Rx) Communications

In the transceiver mode, the communications controller interfaces to the facility rf transceiver
system. At ~0.1-s intervals, the facility rf system will transmit to the cart rf system. The
commands will originate in the PLC. The protocol and commands are defined in Sect. 9.5. At
~1-s intervals, the facility communications controller will pass a command for the cart to return
cart data to the facility. The facility rf system will then be switched to receive this data. When the
facility communications controller receives the data, it will place it in shared memory with the
PLC and return to the transmit mode.

9.4 CART CONTROLLER SOFTWARE

Refer to flow chart Dwg. Q-6340-210. The cart controller software will run on the
WinSystems embedded controller. Note that the cart electronics are disconnected when the
batteries are charging; therefore, the cart controller will not be powered, and this software will not
be running. When the cart is powered up (or after a HARD BOOT command is issued from the
facility) the system will be initialized and calibration checks will be performed on the system A/D
converters. Afier initialization, the cart controller will run an endless loop.

The first step in the loop is for the cart controller to read and store system data points. It will
then act on the data it receives. For instance, if the cart electronics temperature is high, it will
switch on the cart fan.

9.4.1 Data Packet Status

The next step is to check for a communications packet from the facility. Three modes are
envisioned for cart drive and auxiliary outlet switching based on the status of the data packet.
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9.4.1.1 Valid data packet received

When a valid data packet is received that contains either a cart drive command or an auxiliary
outlet enable command, the commands will be acted upon. When a valid data packet is received
that does not include a drive command nor outlet enable command, the cart motors and auxiliary
outlets will immediately be disabled.

9.4.1.2 Bad data packet received

If a bad data packet is received and the previous data packet did not contain a drive command
nor outlet enable command, no drive or outlet will be enabled. However, if a bad packet is
received and the previous valid packet included a drive command or outlet enable command, the
cart drive or outlet enable will be continued for a short interval. If after this interval bad data
packets are still being received, the auxiliary outlets will be disabled. However, if in the cart drive
mode, the cart will go into a null location avoidance routine. In this routine, the cart motors will
stay enabled for a short period, as discussed later, to continue to drive the cart in an attempt (o
move out of an rf signal null location. However, the cart will not be allowed to move farther than
the maximum stopping distance (6 in.) stated in the project design basis. It is estimated that with
the dynamic braking provided by the cart motor controllers, the maximum distance the cart will
roll after the motor drive is disabled is 1 in. That distance allows a maximum roll distance of 5 in.
before issuing a stop command. Then, at the nominal cart speed of 15 ft/min (3 in./s), the
maximum time delay before disabling motor drivers is 1.67 s. To ensure that the cart will roll
through a signal null location, the cart should be allowed to roll at least the quarter wavelength
of the communications system. At the communications carrier frequency of 915 MHz, the quarter
wavelength is 3.23 in. Therefore, if the cart is allowed to go at least 3.23 in., the minimum delay
that should be used in this routine (at the nominal cart speed) is 1.08 s. In summary, the delay
provided by the null location avoidance routine should be between 1.08 and 1.67 s. The additional
distance moved by using the routine should be enough to drive the cart out of the rf signal null.

9.4.1.3 No data packet received

If no data packet is received and the previous valid data packet did not include a drive
command or outlet enable command, no drive command or outlet enable command will be passed
to the cart. However, if the previous valid data packet included a cart drive request or outlet
enable command, the cart drive or outlet enable will be continued for a short interval. After this
interval, if no data packet is received, the cart will stop and the outlets will be disabled. The
duration of the interval is expected to be ~0.3 s, which should stop the cart well within the
maximum stopping distance requirement.

Finally, the cart controller will check for a report status command from the facility. If this
command is received, the cart controller will switch the rf system to transmit, transmit the status
packet, and return to the receive mode.

9.5 COMMUNICATIONS PROTOCOL AND COMMAND DEFINITIONS

The transmission of data and commands between the transfer cart and the facility control
system requires additional processing over that provided by the control system biphase
encoder/decoder hardware. This additional processing is performed in software by the transmitting
and receiving microprocessor systems and made possible by a communications protocol. A
communications protocol is a technique for organizing bytes of binary data into a structured data
packet for transmission and reception. Using a protocol provides the software mechanism for
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detecting communication errors in addition to the hardware error detection for tagging data packets
as intended for a particular receiver and transmitting raw data (e.g., such as might be read from
A/D converters). This results in significantly reducing the risk of the raw data causing decoding
errors at the receiving end.

9.5.1 Reasons for Using a Communications Protocol

Since there can be two cart communication systems in operation simultaneously (one operating
and one on standby) it is necessary to provide a means for each individual cart electronic system
to determine if a received command is intended for it. The communications protocol has an ID
byte reserved for this purpose. When a cart electronic sysiem receives a command that requires
transmission of data back to the facility computer, the system’s hardware-jumpered ID number
is read and compared to the ID contained in the received data packet. If the two IDs compare,
then the command will be performed; otherwise, the command is ignored. Since it is conceivable
that the electronic hardware that provides the local cart system ID could fail, only commands that
request transmission of status data are subject to this test. This precaution was taken to reduce the
number of items that, when failed, would result in a stranded cart. This scenario works because
it does not matter if a cart'system on standby performs any of the other commands since it has
no motors connected. On the other hand, more than one cart system transmitting simultaneously
will cause garbled transmission to the facility.

If the various A/D readings taken by the active cart’s intemal controller are transmitted back
to the facility without the using a protocol, there is a high probability that the cart system on
standby will interpret the data as a valid ID followed by a valid command. This could cause the
standby system to start transmitting data while the on-line cart system is transmitting. The
communications protocol places the ID byte in a predetermined position in the transmitted packet
and frames the data bytes with predetermined values. This makes it possible for the receiving end
to perform tests on packets to greatly reduce the probability of false decoding.

A third justification for using a communications protocol is that the number of bytes in each
transmitted packet can be included as information in the packet. The CRC circuit used in the
hardware to test for communication errors requires 16-bit data for correct operation. If an odd
number of bytes are transmitted, the CRC circuit at the transmit end will append a null data byte
to the end of the packet to produce a 16-bit value. The number of bytes sent as information in the
transmitted packet enables the receiving end to detect these null bytes and strip them off.

9.5.2 Description of the Communications Protocol

The communications protocol for the transfer cart is described below. Under this protocol, all
data and command bytes will be transmitted in a packet format using the following structure.

9.5.2.1 Transmitted data

A graphical representation of a transmitted packet is shown below with the first byte starting
at the left. The definition of each byte is explained in the following paragraphs.

NCHAR | STX | STX | ID | DATA,--DATApciar.5, .| ETX | ETX | CKSUM
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Number of characters. The first byte transmitted will be the number of bytes in the packet
represented as an 8-bit binary number. This byte field will be referred to as the mnemonic
NCHAR. The byte count is the actual number of bytes transmitted including NCHAR and
CKSUM.

Head of data frame. The second and third bytes will always be the ASCII code for the start
of the text and will be referred to as the mnemonic STX.

ID byte. The fourth byte is designated as the identification byte and will reflect the intended

receiver of the packet. This byte is referred to as the mnemonic ID. Five ID bytes are defined in
the following table.

Table 9.1. Cart ID byte definitions

ASCII Hex Binary Description

* 0x2A 00101010 Cart 1 ID character
U 0x55 01010101 Can 2 ID character
% 0x25 00101001 Cart 3 ID character
p 0x70 01110000 Cart 4 ID character
f 0x66 01100110 Facility ID character

Data fields. The next field of the packet is the data field where the transmitted data or
commands are stored. This is a variable length ficld and can range from 1 to 41 bytes long. The
maximum number of bytes contained in a transmitted packet must not exceed 48 because the
hardware FIFO buffers used in both the transmit and receive circuits are 48 bytes deep. The
packet protocol has an overhead of 7 bytes, leaving a maximum of 41 bytes available for data or
commands. In the case of transmitting multiple commands to the cart, the ordering of the
commands in the data field determines the priority of execution (i.c., the commands are executed
in the order they are received, starting with the first data byte.)

Tail of data frame. Byte position NCHAR - 2 and NCHAR - 1 will always be the ASCII
code for end of text referred to as the mnemonic ETX.

Check sum. Byte position NCHAR will always be the check sum of all the previous bytes
and will be referred to as the mnemonic CKSUM. The check sum is calculated by simply adding
each byte to an initial 8-bit value of 0 and ignoring overflows. The receiving end performs the
identical operation on the received packet and compares the answer to the transmitted check sum.

9.5.2.2 Received data

The following steps can be applied to test a received data packet for errors. Steps 1 and 2 are
mandatory. Step 3 can be used for an even higher level of confidence that a good packet has been
received without data corruption.
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Number of characters. First, test to determine the number of characters sent NCHAR) is an
odd or even number. Because the biphase hardware uses 16-bit technology to perform the CRC
on transmitted and received data, the board will add a null byte to the end of the packet if an odd
number of bytes is transmitted by the biphase board. This null byte will cause the receiving
process to receive one more byte than was in the original packet. If NCHAR is odd and the actual
number of characters received is NCHAR + 1, then subtract 1 from the number of characters
received and assume the correct number was received. If the number of characters received
(NCHAR) is an even number, then NCHAR should equal the number received.

Check sum. Calculate the check sum of the received data packet by doing a modulo 256 sum
of all the bytes in the packet except the last byte (CKSUM). This sum must equal the CKSUM
value in the last byte if the data packet is to be considered a good packet.

Data frame. To help ensure against the unlikely occurrence of a compounded data corruption
which results in a correct CKSUM calculation even though an error has occurred, test that the data
frame is correct. The second and third bytes in the packet must be equal to STX, and the bytes
at NCHAR ~ 1 and NCHAR - 2 must be equal to ETX.

9.5.3 Exception to Communications Protocol

An exception to the packet protocol occurs when a HARD BOOT command must be sent to
the cart from the facility. If the cart’s microprocessor control system becomes locked in a
nonresponsive state, it will not execute commands sent from the facility. To recover from this
condition, the receiver portion of the digital communications circuit is equipped with a hardware
reset function. This function will reset the microprocessor system by forcing the reset line low on
the computer bus. This feature is implemented in the receiver hardware by comparing for two
consecutive occurrences of a predefined 8-bit patiern in the incoming byte stream. This pattern
must occur on an odd/even byte boundary, and the comparison is made only on the incoming data
to the cart and not on outgoing data nor does the facility receiver have this feature. Because of
this, raw data being transmitied from the cart will not trigger false hardware resets. The HARD
BOOT command is executed by sending a minimum of six pairs of the reset code, starting with
the first byte. The reset will probably occur on the first or second pair, but six pairs are sent to
ensure that the reset code is detected. The extra pairs are of no consequence since the receiver
hardware is also reset, which results in the additional pairs being cleared out. The reset code has
been defined as the hexadecimal value FO. The 8-bit binary pattern for this value is 11110000,
The following diagram depicts the HARD BOOT data packet. The dip switch on the cart biphase
encoder/decoder, which determines this reset code, should be set to this value (See Sect. 6.7.3.9).

FO | FO | FO | FO | FO | FO | FO | FO | FO | FO | FO | FO

9.5.4 Facility Commands to Cart

Table 9.2 defines the commands the facility can send to the cart.
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Table 9.2. Facility commands to the cart

CMD Hex

char value Description of command
> 3E Drive forward
< 3C Drive backward
X 58 Report status
A 41 Reset Motor 1
B 42 Reset Motor 2
C 43 Reset Motor 3
D 44 Reset Motor 4
0 30 Enable Qutlet 1
1 31 Enable Qutlet 2
N 4E  Null packet
+ 2B Increase speed

- 2D  Decrease speed
T 54 Acknowledge door threshold

The Drive forward, Drive backward, Enable Outlet 1, and Enable Outlet 2 commands must
be sent repeatedly to remain active. If one of these commands is in effect and three consecutive
valid transmissions are received without the command present or if communications to the cart
stops for more than 0.3 s, the command will be canceled. The other commands are executed only
once when received and must be retransmitted before they will be executed again. The Increase
speed and the Decrease speed commands increase or decrease the cart speed by a small amount
each time they are executed. This speed change will remain in effect until changed by another
speed change command or until the cart is reset or powered off.

The Increase speed and Decrease speed commands are not system requirements for this project
but have been added for convenience. We anticipate that the pulse-width-modulated signal used
for motor speed control will require modifications to obtain the desired nominal cart speed of
15 fy/min. Without the capability to change this speed from the engineer’s console, the
programmable read-only memory (PROM) of the cart control system would have to be
reprogrammed each time a new speed set point is tried—an exercise that may take several
iterations during cold testing. By having this capability, the speed set point can be adjusted io the
appropriate level remotely during cold testing and the final value then programmed into the cart
PROM only once. At that time, if the ability to increase or decrease speed is no longer needed,
it can be removed from the software (no hardware modification is required in either case).
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Below is a graphical representation of a communication packet sent to Cart 1 commanding
continued forward motion, reset Motor 2, and requesting a cart status report. The first row is the
packet in mnemonic form, and the second row contains the actual hexadecimal values sent in the
correct byte order.

H NCHAR | STX | STX * > B | X | ETX | ETX | CKSUM
u OA 02 02 2A | 3E [ 42|58 O3 03 16

9.5.5 Cart System Status Report

Table 9.3 defines the retumed data packet from the cart after the facility has requested a status
report. Byte No. 22, status bit flags, contains information based on the state of the individual bits.
These bits flags are defined in Table 9.4, where LSBit and MSBit refer to least significant and
most significant bits respectively.
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Table 9.3. Cart system status report

Byte
No. Contents Description
1 NCHAR  Number of bytes in packet
2 STX ASCII start of text (0x02)
3 STX ASCII start of text (0x02)
4 ID Facility ID (ASCII character f)
5 DATAL1 Motor 1 voltage
6 DATA2 Motor 2 voltage
7 DATA3 Motor 3 voltage
8 DATA4 Motor 4 voltage
9 DATAS Motor 1 current
10 DATAG Motor 2 current
11 DATA7 Motor 3 current
12 DATAS Motor 4 current
13 DATA9 Battery voltage
14 DATA10  Battery current
15 DATA11  Battery temperature
16 DATA12  OQuilet 1 voltage
17 DATA13  Outlet 2 voltage
18 DATA14  Outlet 1 current
19 DATA15  Outlet 2 current
20 DATA16  Electronics enclosure temperature
21 DATA17  Percent usage of Antenna 1
22 DATAI18  Status bit flags
23 DATA19 ID of sender (*, U, %, or p)
24 ETX ASCII end of text (0x03)
25 ETX ASCII end of text (0x03)
26 CKSUM  Modulo 256 sum of byies 1 to 25
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Table 9.4. Cart status bit flags

Bit
position

Definition

LSBit
1

2
3
4
5

6
MSBit

Door threshold detect

Motor 1 overcurrent trip
Motor 2 overcurrent trip
Motor 3 overcurrent trip
Motor 4 overcurrent trip
Qutlet 1 overcurrent trip
QOutlet 2 overcurrent trip

Calibration shunt error







10. SUMMARY AND CONSIDERATIONS

This report documents the design of a control system for the West Valley transfer cart at the
time detailed hardware design and prototype testing are complete. Software has been developed
to the stage that it was used for integrated hardware testing, but more development will be
required to bring it to the level of being ready for the entire control system and to work out some
problems that surfaced during integrated hardware testing. The results of the hardware testing
indicate that the system should operate as designed. However, minor modifications will almost
surely be necessary when the control system is tested and installed at the West Valley site.

All design and operating personnel should be aware of subtleties in the control system design
that may or may not present a problem at some phase of operation. Some of these points were
discussed in design review meetings and are included herein only for formal documentation. Other
points also developed during integrated testing. The considerations are listed somewhat in order
of priority.

1. Absence of cart stop switch. The transfer cart was designed with only two cart modes: run and
battery charge. If the cart is abandoned for a long period of time, its battery will discharge
and it will be unable to drive itself back to the battery charger.

2. Facility antenna design. There are tradeoffs to be made between the rf characteristics, the
flexibility, and the rad hardness of the push-through rods for the facility antennas. Some rf
measurements have been performed in a laboratory that show that the first choice for materials
and cables did not have sufficient rf characteristics (there were many reflections from a design
with an aluminum base). Other materials and cables have been specified in the final design,
but time did not allow for the fabrication and testing of the system. More time may be needed
either in the lab or at the facility to verify the optimum antenna system.

3. Engineer’s console data retention. If the control system does not receive new incoming data
from the cart, the memory will retain old values of variables. This could be confusing in that
it may make it appear that the cart is still operating normally when it fails to transmit new
data. It may be necessary to zero the values when no new data is received to avoid this
confusion. This condition also occurs when the cart ID is changed and no other cart system
is active.

4, Cart diversity antenna minimum switching rate. Because switching logic of the cart antennas
is triggered on the rising edge of the first facility carrier that occurs after the cart transmitter
has shut off, the cart reception signal cannot be switched between cart antennas any faster than
the carrier pulse rate of the facility rf system. At present, the facility carrier stays active for
almost 1 s, and then switches off to allow reception of the cart status signal. Therefore,
although command messages are sent to the cart every 0.1 s, the cart is unable to swiich
between its receiving antennas any faster than once every 1 s. Given the many design features
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to prevent a signal null from stopping the cart, this does not present a major problem at this
time.

Emergency stop functionality. Because the emergency stop function eliminates
communications with the cart, requests for cart data cannot be sent. Therefore, during an
emergency stop condition, cart status is no longer known. Only two operating modes are
provided for the cart: batiery charging and cant operation. It is not desirable to kill the cart
since, then, there would be no way to restart it remotely. When emergency stopped, the cart
will be in an idle mode, not completely dead.

Door interfacing fail safety. When a door is energized, it prevents all cart operation. Fail-safe
circuitry of the door-energized inputs should be addressed to ensure that a failed door
energized status will prevent cart operation. Limit switch circuits which indicate an open door
should be addressed in a similar manner, as they are used to warn when the cart is
approaching an unopen door.

Engineer’s console heat load. No formal heat loading analysis was performed on the
engineer’s console. The cabinet contains much heat-producing equipment. A fan was specified
for cooling, but its effect at keeping the cabinet below reasonable temperatures for the
electronic equipment is not known.

Cart reboot command. The cart reboot command will reboot any electronics rack that is on-
line. For example, if communication to a spare electronics rack is desired and a cart reboot
command is given, the cart reboot command will also reboot the operating cart electronics
rack.

Facility antenna disable function. If a facility antenna is disabled, the engineer must remember
to reenable it later—there is no alarm or flag to remind him to do so. If it is always necessary
to disable an antenna when the cart is at a certain position, the PLC could be programmed to
disable and then reenable the antenna.

Engineer’s console trackball. Because the engineer’s console software is Windows based, it
would be more operator efficient to have a trackball as a pointing device. However, as
configured, no trackball was specified for the system. All of the Windows features should still
be accessible through keystrokes, but if after the unit is installed it becomes obvious that a
trackball is needed, options should be investigated for interfacing a trackball to the unit. Since
two serial ports are already being used on the computer, a bus trackball should be specified.

Cart speed control. Although the cart speed can be changed at the engineer’s console, the
speed is not retained by the cart microprocessor after a cart reboot. After cold testing, the
nominal cart speed should be programmed into the cart microprocessor PROM so that it is
the default after booting up.
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APPENDIX A
ANALYSIS OF THE SHIELDING DESIGN FOR THE WEST
VALLEY FACILITY VITRIFICATION CART

C. O. Slater
ORNL Engineering Physics and Mathematics Division

May 31, 1991

INTRODUCTION

In an April 1991 meeting, a proposed shielding design for the West Valley Vitrification Facility cart was
discussed. The shielding thickness was determined using a handbook estimate of the attenuation of the
dominant gamma-ray source. Following a modification to the initial shielding design, detailed calculations
were performed to verify the adequacy of the shielding design. Results of the analysis are presented.

SHIELDING DESIGN

The modified shielding design is shown in Fig. A.1. Important dimensions are noted on the figure. The
main areas of concem are the shield openings where radiation may stream into the cavity housing
electronics and batteries. Section B-B shows the top opening and Section C-C shows a lower side
opening. Dimensions for each opening are given in Sections C-C and B-B, respectively. The cavity
dimensions are shown in Section A-A. The shielding material is steel-encased lead.

RADIATION SOURCE

The background radiation source is about 10° rad/hr and is due to waste in the canisters. The radionuclide
inventory in an average canister in 1990 is shown in Table 1. The source for the shielding calculations
was obtained first by inputting the Curie inventories of the major isotopes (those with greater than 200
Curies) into the ORIGEN/S computer code to calculate the gamma-ray spectrum in the 18-group energy
structure used in the shielding calculations. Next, the ORIGEN gamma-ray source was used as input for
a 1-D cylindrical ANISN calculation for one of the canisters, which is described in Fig. A.2. The 1-D
ANISN cylindrical surface flux was then adjusted using dose conversion factors to give 10° rad/hr on the
surface of the cart. An isotropic angular flux was assumed. Table 2 shows the energy group structure,
ORIGEN spectrum, the ANISN surface flux, the dose conversion factors, and the surface flux (with the
ANISN spectrum) that gives a 10° rad-Si/hr dose rate.
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Fig. A.1. Proposed shielding design for the West Valley Vitrification Facility cart.
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Table 1. Radionuclide inventory for an average West Valley
Nuclear Services canister for the year 1990

Isotope Activity (Curies)
3-H 0.00
14C 0.00
55-Fe 2.76
59-Ni 0.42
63-Ni 30.18
60-Co 303
79-Se 0.01
90-Sr 26330.25
90-Y 26,337.24
93-Zr 1.07
93m-Nb 0.72
99-Te 0.43
106-Ru 0.06
106-Rh 0.06
107-Pd 0.04
125-Sb 28.55
125m-Te 7.00
126-Sn 0.41
126en-Sb 0.41
126-Sb 0.06
129-1 0.00
134Cs 2033
135-Cs ' 0.63
137-Cs 28341.24
137m-Ba 26,811.19
144-Ce 0.00
144-Pr 0.00
147-Pm 3452
151-8m 331.40
152.Eu 1.43
154-Eu 375.11
155-Eu 93.68
232-Th 0.01
233-U 0.04
234-U 0.02
235-U 0.00
236-U 0.00
237-Np 0.09
238-U 0.00
238-Pu 3258
239-Np 1.36
239-Pu 6.39
240-Pu 4,68
241-Pu 316.95
241-Am 209.91
242-Pu ) 0.01
242-Am 1.16
242m-Am 1.17
242-Cm 0.96
243-Am 136
243-Cm 0.53
244-Cm 30.04
245-Cm 0.00

246-Cm 0.00



Canister Radiation Source Information

for WVNS Canisters

Source Geometry on Transfer Cart
Four canisters located on 26" centers
23.7" diameter by 94.8" tall right cylinder source region

Surrounded with 3/16" 304L Stainless Steel

Source Density

2.7 gm/cc

Fig. A.2. Characteristics of the West Valley Nuclear Services canisters.
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Table 2. Energy Dependent Data Used in the
Analysis of the West Valley Vitrification Facility

Cart’s Shielding Design

Surface
Upper ANISN Flux* for
Energy ORIGEN Dose Surface 10° rad/hr

Group {MeV) gammas/s Response® Flux* Dose Rate
1 11.0 1.718 1.2767-5¢ - 0.0
2 8.0 2.683+01 8.3884-6 - 0.0
3 6.0 4,111+02 6.1319-6 - 0.0
4 4.0 1.376+03 4.4006-6 - 0.0
5 3.0 1.869+03 3.5289-6 - 0.0
6 2.5 3.285+09 2.9820-6 5.0951+0 3.2970+3
7 2.0 4.345+11 2.4185-6 6.1009+2 3.9478+5
8 1.5 8.892+12 1.8266-6 1.1274+4 7.2955+6
9 1.0 1.324+13 1.3252-6 1.6489+4 1.0670+7
10 0.7 1.042+15 9.5663-7 9.1293+5 5.9075+8
11 0.45 3.199+13 6.6280-7 4.5835+5 2.9659+8
12 0.3 7.526+13 4.0334-7 6.9855+5 4,5202+8
13 0.15 7.403+13 2.6835-7 1.3823+5 8.9448+7
14 0.1 8.502+13 3.0092-7 1.6932+4 1.0956+7
15 0.07 1.287+14 5.208t-7 7.1817+2 4.6472+5
16 0.045 1.849+14 1.1560-6 3.6567+0 2.3662+3
17 0.03 1.504+14 2.6596-6 - 0.0
18¢ 0.02 6.199+14 8.1349-6 - 0.0

* Units are gammas/cm?.s.
® Units are rad-Si/hr.
¢ Read as 1.2767 x 107,

¢ Lower energy boundary is 0.004 MeV.
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CALCULATIONS AND RESULTS

Two DORT 2-D X-Y discrete ordinates calculations were performed to confirm the adequacy of the shield
design. A calculation using an elevation view of the cart (Section B-B of Fig. A.1) was performed ©
assess gamma-ray streaming through the top opening of the shield to the cavity. Similarly, a calculation
based on a plan view of the cart (Section C-C of Fig. A.1) assessed gamma-ray streaming through the
lower side opening of the shield to the cavity. The calculations are conservative in that the openings
through the shield are infinite in the third dimension. Such openings should permit more gamma rays to
stream into the cavity than would enter if the third dimension of the opening were finite.

Resulis of the calculations are shown in Figs. A.3 and A.4. The figures show isodose rate contours in the
shield and within the cavity. As mentioned carlier, the calculations used an isotropic angular flux as a
surface source. The flux had been adjusted to give a 10° rad/hr dose rate at the surface. However, since
only half of the flux was directed into the cart, the figures show about 500 rad/hr dose rate at the surface
of the cart. The important result is the reduction of the dose rate by the shield. For the 10p opening,
Fig. A.3 shows about a factor of 500 reduction, while Fig. A.4 shows slightly greater than a factor of 1000
reduction for the side opening. Although the calculation for the top opening does not give the desired
factor of 1000 reduction within all of the cavity, such a reduction can be achieved by locating sensitive
equipment at least 6 cm from the top of the cavity. In both cases the dose reduction is at least a factor
of 1000 relative to the background dose rate of 1000 rad-Si/hr. Thus, the shielding design appears to be
adequate.

SUMMARY

Conservative DORT 2-D X-Y discrete ordinates calculations were performed for the West Valley
Vitrification Facility cart. A goal of a factor of 1000 reduction in the dose rate in the cavity relative to
background appears to have been achieved by the proposed shielding design. More detailed confirmatory
calculations should not be necessary.,
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Fig. A.3. Gamma-ray isodose rate contours (rad-Si/hr) for an elevation view model of the West Valley

-3.770 7.935 18.640 31.345 43.050

—-15.475

-27.180

87

- 9 |o =4.64+02

H g lo =2.15+02

D g {a =1.00+02

g g |+ =4.64+01

P g |x =2.15+0]1

3] g |© =1.00+01

H g4 | =4.64+00

3 d [®B =2.15+00

s 4 |8 =1.00+00
8 =4,64-0!

P Qle =2.15-01

» 29 & =1,00-01

D ol

(EICJ >0

nag (o0

is]e! ol

na o8

_g:dgoﬁ " b

D B e

e );aﬁm ole

288

foJo ol
bd ﬁs’ ® b
®
elo ® oln
ife wls
g ile o B bd
hd d
Ly & -
b oS S8 3 c
o o) g
D 0. 0.80.0.0.00.0.0-00.0.0 |
O 00000 000000000000 00..0 In]
Lt L R
-21.84 -10.92 0.00 10.92 21.84
Width (cm)

Vitrification Facility cart (Sect. B-B of Fig. A.1).




19.88

AR, i@??%?‘?@?ﬁ%@?@?@?@% SR o e
s s ] |1 27
" e

_ ;’::;:, ® o =1.00+0]
= ® %&@ x =4.64+00
\98 :g' ) ® O 2:) QQ % 8 =2.15+DO
5 S15renS : ose] = 248400
g o % |o =2.15-01

::' 8 ® 8 =1.00-01
RS mE e A EoE
} ﬁg": ::" ; s @s’;%ﬁzz

Pt 3@ v o g
R Wffﬁﬁ#ﬁff?ﬁ CCLLLD:

' -36.51 -21;.34 -12 17 WIdt(;lO(zcm) 12 17 24 34 36.51

Fig. A4. Gamma-ray isodose rate contours (rad-Si/hr) for a plan view model of the West Valley

Vitrification Facility cart (Sect. C-C of Fig. A.1).

88



APPENDIX B
RADIATION TEST REPORT

1. INTRODUCTION

The purpose of the radiation testing that was performed at Argonne National Laboratory (ANL) during
the week of September 9, 1991, was to test certain electronic components that will be used in the West
Valley transfer cart project. During the five-year design life-time of the cant, the electronics in their
shielded enclosure are expected to see a total integrated dose (TID) of about 10 krad. Certain components
(mainly metal-oxide semiconductor transistor-based electronic devices) that will be used in the cart
electronics have radiation withstand capabilities in this same order of magnitude, and thus further
evaluation of their radiation tolerance was warranted. Results of the testing indicate a high probability
that the cart electronics will survive their five-year design life.

2. EQUIPMENT JRRADIATED

Equipment involved in the test can be divided into three categories. The first category was designated
test equipment and includes equipment not irradiated, but used to monitor the function of other equipment
that was irradiated. The second category is equipment designated as operational irradiated equipment.
This equipment was energized and monitored during irradiation. The third category, non-operational
irradiated equipment, identifies the equipment to be irradiated in a de-energized state; i.e., equipment to
be neither functioning nor monitored during irradiation.

Operational irradiated equipment was exposed to a steady gamma field of approximately 10 krad per hour.
Test plans called for this equipment to be exposed to 100 krad total integrated dose (TID) or until failure
of the equipment, whichever occurred first. Proper equipment locations and shielding for the desired
exposure rates were determined by ANL personnel who made dosimeter measurements prior to the
equipment being irradiated.

Table B.1 contains a list of the operational irradiated equipment. Both electronic assemblies from
WinSystems failed before the 100 krad TID was obtained. During the exposure period, the functionality
of the assembly was automatically monitored and logged by test equipment extemal to the radiation field.
From the time stamp on the logging record, the TID which failure occurred was determined.
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Table B.1 Operational Irradiated Equipment

C-Thru-ROM System

Description Manufacturer Serial No.

Single Board Computer Winsystems LPM-SBC40R-8 with 1032046
ROM-DOS System

Analog-to Digital Converter (ADC) || Winsystems LPM-AIO 71572

Board

Power Rack Winsystemns CC8-WM-PS100 1012821

SBIO 48 Digital 1/O Winsystems SBX-PIO 0102864
SBC Piggy-Back Board

Single Board Computer Winsystems LPM-SBC40R-8 with 1032046

The non-operational irradiated equipment was exposed to a steady gamma field of approximately 1 krad
per hour, for an intended TID of 10 krad. Actual exposure for this equipment was 12 krad TID with
about a +20% measurcment uncertainty. These components consisted of several ORNL-designed
electronic cards sized to fit on the STD-bus that will be used for the cart electronics and several loose
integrated circuits (ICs) and electronic devices. Table B.2 contains a description of the non-operational
irradiated equipment components. These components were not tested or powered during the exposure
period. They were functionally tested at ORNL prior to and after the exposure.

Table B.2 Non-operational Irradiated Equipment.

Description Manufacturer/Part Number
IC, Bipolar Comparators LM393
IC, Bipotar Op-Amp OP-215
IC, Bipolar Op-Amp AD708

1C, CMOS Power MOS Driver

Maxim, MAX626

imtowm Cart Biphase Encoder/Decoder

Rectifier HexFETS IRFD9120
Rectifier HexFETS IRFD120
ORNL
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3. TEST SET-UP

The irradiation was performed at the ANL gamma facility using their Cobalt-60 gamma source. Test
equipment .used to monitor the electronics was a signal generator, a personal computer used as a data
acquisition system (DAS) and data storage, Metrabyte analog and digital input hardware, and associated
cabling. Prior to exposing the electronics to radiation, ANL personnel used cobalt glass dosimetry and
shielding as required to determine where to position the two Winsystems STD-bus electronics systems
in order to receive the desired dose rate of approximately 10 krad per hour. Likewise, cobalt glass
dosimetry and shielding were used to determine a suitable location for the non-operational equipment
so that it was exposed to a dose rate of approximately 1 krad.

Cables were then routed from the control room to the radiation source cell in order to make the necessary
electrical connections to the DAS PC, signal generator and the two rack assemblies. This cabling was
necessary in order to monitor and log the operation of these assemblies. A CRT monitor, located in the
control room with the DAS PC, was used to display real time data to verify that the DAS and rack
assembly were operating properly before and during the irradiation testing. All operational irradiated
equipment was verified to be operational prior to being exposed to the gamma source.

Figure B.1 is a block diagram depicting the relative location of the test equipment and irradiated
equipment in the test cell and in the control room. This diagram also shows the interconnections between
the personal computer data acquisition system and the equipment being irradiated.

4. FUNCTIONAL TESTING AND SETUP OF OPERATIONAL EQUIPMENT

The test equipment signal generator was set up to operate in a free-running mode. The frequency of the
generator output was adjusted to be ~ 0.001 Hz. The generator output wave form was selected to be
sinusoidal with an approximate 4 V peak-to-peak amplitude and an approximate 2.5 V dc offset such that
the signal ranged from ~ 0.5 - 4.5 V with respect to ground. This signal was sent to the WinSystems
ROM-DOS analog input/output board and also to an analog input on the Metrabyte DAS PC analog input
board.

During irradiation testing, the ROM-DOS single board computer was loaded with a C program to control
the analog-to-digital converter (ADC) on the WinSystems analog input/output (AIO) card and record the
12-bit equivalent of the signal generator output voltage. It performed this conversion at a rate much
greater than the signal generator frequency, making the change from one reading to the next very small.
Following each reading from the ADC, the ROM-DOS microprocessor was programmed to drive 12 of
its digital outputs on the piggy-back board with the binary coded value of the signal generators analog
voltage read by the ADC. These 12 digital outputs were then monitored by a Metrabyte digital input card
in the control room and were read by the DAS PC. In this way the binary code on the digital outputs
represented the signal generator output voltage in real time except for a slight delay.

The DAS PC would periodically monitor the signal generator output voltage (via the Metrabyte analog
input card) and the binary value of the signal generator output sent from the ROM-DOS single board
computer (via the Metrabyte digital input card) and log this information to disk at one-minute intervals.
Later analysis of the data would be used to determine within a one-minute interval when something failed
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on the ROM-DOS assembly. Failure of the ROM-DOS assembly occurs whenever the logged value of
the analog level from the ROM-DOS rack assembly does not match the value read by the DAS within
a reasonable tolerance. Failure can be due to rack assembly power supply malfunction, analog board
malfunction or microprocessor malfunction.

The second STD rack assembly contained the C-thru ROM single board computer system. This computer
system was loaded with a C program to drive 12 of its digital outputs with alternating values of
101010101010 (Decimal: 2730) and 010101010101 (Decimal: 1365). The digital outputs were
programmed to change values once every 1.5 minutes. These 12 digital outputs were also sent to the
Metrabyte digital input card in the control room via ribbon cable from the source cell to the control room
and were monitored by the DAS PC. The DAS PC monitored these digital inputs and logged them to
disk at one minute intervals. A discrepancy in the digital outputs or failure to alternate in values would
indicate a failure on the C-thru ROM single board computer system.

A CRT monitor was used to display the signal generator output, and the digital outputs from both single
board computer systems. This allowed real time monitoring of the single board computer outputs. Upon
failure of either single board computer system, irradiation testing was halted to prevent further irradiation
of the damaged system. Upon removal of the failed equipment, irradiation testing was then continued.

5. SETUP AND TESTING OF NON-OPERATIONAL EQUIPMENT

Prior to irradiation testing, identification, and functional verification testing of individual items to be
irradiated as non-operational irradiated equipment was performed and documented at ORNL. For
example, reégular functional testing results tabulated for each prototype card and chip; curve tracer results
for each solid state electronic device; and resistance, capacitance, and various pertinent measurements
for each passive device were collected for comparison with these same type of measurements made after
the irradiation.

At ANL, the non-operational irradiated equipment cards and electronic devices where positioned and
shielded in the exposure area to receive a dose rate of approximately 1 krad per hour. Glass cobalt
dosimeters were used to verify the TID.

6. SUMMARY

The radiation test on key components of the cart controller system was performed at Argonne National
Laboratory. The test went as planned per the Cart Controller Radiation Test Plan, dated September 5,
1991.

The non-operational irradiated equipment which was irradiated in a static mode, i.e. unpowered, survived
a total dose of about 12 krad, indicated by cobalt glass dosimetry with about a +20% measurement
uncertainty. Measurements made at ORNL after this testing showed all static equipment survived without
measurable affects.
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The two CMOS single board computer assemblies were irradiated while their operation was monitored
by the external DAS. These systems were irradiated to failure, presumably caused by radiation
degradation. The C-THRU ROM single board computer system, running directly from a compiled C
program, failed about 50 minutes into the radiation test, or after a dose of about 9.2 krad with about a
+20% measurement uncertainty. The other single board computer system (ROM-DOS), similar in
hardware design, but with an imbedded IBM DOS firmware operating system, failed after a dose of about
46 krad (+20% measurement uncertainty) accumulated in about 4 hours and 50 minutes. In either case,
however, the very high dose rate of the test compared to that of the cart service conditions makes the test
extremely conservative. Survivability to 9.2 krad in 50 minutes indicates a very high probability of
survivability to 10 krad in § years.

Both single board computer systems were sent back to WinSystems to allow them to diagnose, identify,
and repair the failed systems. Their diagnostics indicated a CMOS RAM chip (Hyundai HY62C256LP-
10) failed on the C-THRU ROM single board computer. This board failed at 9.2 krad total integrated
dose (TID). The Hyundai IC is used only on the C-THRU ROM single board computer.

An Altera EP320PI PAL IC failed on the ROM-DOS single board computer, and all Maxim DG508A
CMOS analog multiplexer 1C’s failed on the WinSystems AlO board. The ROM-DOS single board
computer and the analog I/0 board failed at 46 krad TID—it is not clear which failed first.

It has been decided to use the ROM-DOS processor board in the cart electronic design. Since this
processor survived 46 krad TID during testing at Argonne, it should easily meet the 10 krad TID over
S-year project design specification. This processor is also easier to program, and changes can be made
to it easier than the C-THRU ROM processor.



APPENDIX C
BATTERY EVALUATION AND TEST RESULTS

1. INTRODUCTION

Reliability of the WVNS transfer cart is of major importance. A cart failure during operation would
prevent the transfer of waste canisters from the VC to the CPC storage area. Since storage area in the
VC is limited to four canisters, operation of the vitrification process would be halted by the cart failure.

A major factor in cart reliability will be the battery system. The battery system must provide sufficient
power to the cart to allow it to communicate with the facility computer and to power the cart drive motors
for the duration of cart usage. Loss of power to the motors or to the cart control system would
completely disable the cart. In order to insure that the battery will not be responsible for a cart failure
due to lack of capacity, a battery assembly has been tested under loading conditions approximating those
of the cart. Testing of the battery has provided data regarding the battery discharge profile and capacity.

2. TEST OVERVIEW

2.1 BATTERY REQUIREMENTS

Due to the voltage requirements of the cart telemetry system and drive motors, a 24 V battery will be
used. The 24 V battery will consist of two 12 V, 25-40 A-h batteries wired in series. Batteries wired
in series operate at equal current. If the load is drawing 10 A from the 24 V battery assembly, each of
the 12 V batteries "sees” a 10 A load current. This load current sharing allows for the testing of a single
12 V battery. Testing a single battery has the advantage of requiring a much smaller dynamic load and
charging system. One consequence of using a single 12 V battery is that all test data reflects half the
energy that would be delivered by a 24 V battery.

Four separate batteries have been used in testing. Two Gates Energy Products, 12 V, 25 A-h batteries
(referred to as Gates A and B) and two Powersonic, 12 V, 40 A-h batteries (referred to as Powersonic
A and B). The Gates cells were tested since these batteries were used in cart preliminary design!”,
Recent ORNL test data® has shown that Powersonic batteries perform better than the Gates cells in a
radiation environment. For this reason, the Powersonic batteries have been tested as our primary
candidate for use in the final cart design.

2.2 DISCHARGE PROFILE
The batteries were tested using a simulated cart discharge profile. This consisted of a controlled current

discharge profile being applied to the battery over a period of several hours. The discharge profile was
designed to approximate the battery loading during a cart operation cycle. Since the exact current
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requirements of the cart are not known at this time, tests at more than one idle current level were
conducted. The initial tests used a cart idle current of 1.75 A. A second abbreviated set of tests were
conducted with an idle current of 3.0 A. The discharge current profile was produced using a Hewlett-
Packard model 6060A electronic load. The load was controlled by an IBM-PC through a general purpose
interface bus (GPIB) interface. Battery current and voltage were be monitored during the discharge.
Energy delivered by the battery has been computed from this data. Following the discharge, the battery
was fully charged using a standard cyclic charge (battery charged at 2.45 volts per cell until charge
current approaches zero amps). Battery charging voltage and current were monitored to establish the
charging characteristics of the battery, total energy returned to the cell, and the time required to recharge
the battery.

Figure C.1 shows the battery discharge current profile used in testing for a 1.75 A idle current.
Figure C.2 shows the battery discharge current profile used in testing for a 3.0 A idle current.

2.3 TEST HARDWARE
Figure C.3 shows the hardware set up to be used in discharge testing. Table C.1 contains a listing of
the test hardware and pertinent data for each item in Figure C.3. Figure C.4 shows the hardware set up

used for battery charge monitoring. Table C.2 contains a listing of the test hardware and pertinent data
for each item in Figure C.4. Calibration of all test equipment is documented in Table C.3.

Table C.1 Instrument Data for Fig. C.3.

Item Description ' Purpose/Other Information
IBM PC IBM PC-AT computer Performs data logging,
display, and storage.
GPIB interface National Instruments AT- Instrument control and data
GPIB.2 acquisition through IEEE-488
bus. Serial No. 18694,
HP-6060A Hewlett-Packard Electronic Provides computer controlled
Load current discharge profile.

Also digitizes voltage and
current for use by computer.
Serial number 3032A-01043.
Instrument is new and under
factory calibration.

Battery under test Sealed lead-acid battery Gates Energy Products 25 Ah
or Powersonic 40 Ah battery
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Table C.2 Instrument Data for Fig. C. 4.

Item

Description

Purpose/Other Information

IBM PC

IBM PC-AT computer

Performs data logging, display, and
storage.

GPIB interface

National Instruments AT-
GPIB.2

Instrument control and data
acquisition through IEEE-488 bus.
Serial number 18694.

Fluke 45, A

Fluke model 45 multimeter

Provides digitized output of voltage
from current shunt. Serial number
5115012, Unit is new and under
factory calibration.

Fluke 45, B

Fluke model 45 multimeter

Provides digitized output of voltage
from current shunt. Serial number
5115032. Unit is new and under
factory calibration.

Current shunt

Sensitive Research

Current shunt. 50 mV at 30 A.
Serial number 934108. Resistance
to be verified by ORNL calibration
lab.

14.7 V, 10 A supply

Kepco model BOP 20-10M

Current shunt. S0 mV at 30 A.
Serial number 934108. Resistance
to be verified by ORNL calibration
lab.

Battery under test

Sealed lead-acid battery

Gates Energy Products 25 A-h or
Powersonic 40 A-h battery.
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Table C.3 Instrument Calibration Data

Instrument Calibration

FLUKE model 45 multimeter. Serial number Unit is new and under factory calibration.

5115012.

FLUKE model 45 multimeter, Serial number Unit is new and under factory calibration.

5115032.

CURRENT SHUNT Sensitive Research Calibrated by ORNL metrology group.

Current shunt. Serial number 934108. Certification Report ID IC2084. Resistance
=0.00170 Q.

Kepco model BOP 20-10M Power supply. No calibration required (voltage and current

Serial number E122801. are externally monitored).

Hewlett-Packard Model 6060A. Serial number | Instrument is new and under factory

3032A-01043. calibration.

2.4 TEST ENVIRONMENT

Tests were conducted at room temperature and at 20°F. An environment chamber was used to chill the
batteries to 20°F prior to, and during, the low temperature tests. The low temperature tests represent
worst case conditions for battery performance during a discharge (high temperatures will impact battery
life, but do not limit, and may enhance, the single cycle discharge performance of the battery). A limited
number of test cycles were carried out at room temperature (nominally 70°F) as a reference for "normal”
battery performance.

2.5 DATA LOGGING AND DOCUMENTATION

All test data and pertinent notes about tests were logged on an IBM-PC, with data files being stored on
the PC’s hard drive. Data was transferred to floppy disks on a daily basis. Initial data plots were be
generated using Lotus 123 software in order to monitor progress of tests. Control of data logging was
be done with a general purpose data logging program developed by 1&C personnel. The code is written
in Microsoft Quickbasic. Summary plots shown in section 3.5 of this document were generated with
Microsoft Excel 3.0.

3. TEST RESULTS

3.1 REVISED CART ENERGY REQUIREMENTS

A revised energy requirement for the cart has been computed. Using data computed in the cart initial
design!’! combined with an updated cart current requirements data allows the new cart energy requirement
to be computed. Tables C.4, C.5 and C.6 show a summary of these calculations. From these tables it
can be seen that the cart battery must be capable of providing 0.830 MJ of energy under all anticipated
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cart operation scenarios for an idle current of 1.75 A. This number will be used as a figure of merit in
analyzing the 1.75 A battery test results. For the 3.0 A idle current, 1.31 MJ of energy is required.
This number will be used as a figure of merit in analyzing the 3.0 A battery test results. Note that these
energy values are for a 24 V battery. All test data must be multiplied by a factor of 2 to correct for use
of a single 12 V battery when comparing data with figures given in Tables C.4, C.5, and C.6.

Table C.4 Cart Idle Current Requirements

System Element Current (mA) Voltage (V) Power (W)
System Controller 100 5 ' 0.5
Communications system 12090 15 | 31.3
Analog to Digital 100 15 1.5
Converter
Multiplexer 100 15 ‘ 1.5
Motor Drive 1 50 24 1.2
Motor Drive 2 50 | 24 . 1.2
Motor Drive 3 50 ; 24 1.2
Motor Drive 4 50 24 1.2
Battery/Charger 100 ‘ 24 | 24
Interface

Total = 42.0

Table C.5 Summary of Cart Energy Requirements (for 1.75 A idle current).

Operation Time Drive Electrical power. | Total Energy
; power W) power
(min) W) w) (J)
1dle time 255 0 42.0 42.0 643
Moving, no load | 6.96 92.9 42.0 {1349 56.3
Moving, full 7.47 251 42.0 293 131
load
Totals 269 4 830
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Table C.6 Summary of Cart Energy Requirements (for 3.0 A idle current).

Operation Time Drive Electrical power | Total Energy
power W) power
(min) W) W) kJ)

Idle time 255 0 72.0 72.0 1100
Moving, no load | 6.96 92.9 72.0 165 68.9
Moving, full 7.47 251 72.0 323 145
load

Totals 269.4 1314

3.2 ROOM TEMPERATURE TESTS

Typical room temperature data for the Gates Energy Products batteries are shown in Figures C.5 and
C.6. Typical room temperature data for the Powersonic batteries are shown in Figures C.7 and C.8. For
room temperature tests at low idle current (1.75 A), the Gates batteries provided an average energy of
0.776 MJ (equivalent to 1.55 MJ at 24 V) during a discharge. The Powersonic batteries provided an
average energy of 1.84 MJ (equivalent to 3.68 MJ at 24 V) during a discharge for low idle current. For
the Gates cell, that gives an energy delivered to energy required ratio of 1.87 for low idle current. For
the Powersonic batteries the ratio is 4.43 for low idle current. For room temperature operation of the
cart, the Gates and Powersonic batteries are acceptable for 1.75 idle current.

3.3 LOW TEMPERATURE (20°F) TESTS

Typical 20°F temperature data for the Gates Energy Products batteries are shown in Figures C.9, C.10,
C.11, and C.12. Typical 20°F temperature data for the Powersonic batteries are shown in Figures C.13
and C.14. For low temperature tests the Gates batteries provided an average energy of 0.798 M}
(equivalent to 1.60 MJ at 24 V) during a discharge at low idle current (1.75 A) and 0.708 MJ (equivalent
to 1.42 MJ at 24 V) for high idle current (3.0 A). The Powersonic batteries provided an average energy
of 1.46 MJ (equivalent to 2.92 MJ at 24 V) during a discharge for low idle current and 1.09 MJ
(equivalent to 2.18 MJ at 24 V) for high idle current (3.0 A). For the Gates cell, that gives an energy
delivered to energy required ratio of 1.93 for low idle current and 1.08 for high idle current. For the
Powersonic batteries the ratio is 3.52 for low idle current and 1.66 for high idle current. For low
temperature operation of the cart, Gates batteries are marginally acceptable for 1.75 and 3.0 A idle
currents and the Powersonic batteries are acceptable at both 1.75 and 3.0 A idle currents.

3.4 BATTERY CHARGING
Typical battery recharging data for the Powersonic batteries are shown in Figures C.15 and C.16. The

amount of energy returned to the cell is 2.75 MJ, which is consistent with the battery test discharges
(additional energy is required to overcome battery losses during recharge). It takes approximately 7 h



ORNL-DWG 92-12707

s
@® o
T I

CURRENT (A)
o
|

I ! 1 ! ! L L |
0 0 2 4 6 8

ELAPSED TIME (h)

Fig. C.5. Gates Battery A current profile room temperature test,

10

SO1



VOLTAGE (V)

14

13

-
N

—
—h

10

ORNL-DWG 92-12708

] 1 | 1 | | |

2 4 6
ELAPSED TIME (h)

Fig. C.6. Gates Battery A voltage profile room temperature test.

901



ORNL-DWG 92-12709

12 +
10}
<B8r
= |
oL
g ,
e 6
-
O ho
4}
2| | |
| 1 § 1 | 1 1 i i
0 4

6 8 10 12 14 16 18 20
ELAPSED TIME (h)

Flg. C.7. Powersonic Battery A cutrrent profile room temperature test.

LO1



VOLTAGE (V)

14

—
w

-
o

11

10

ORNL-DWG 92-12710

| | i 1 L } | 1 ] ]

2 4 6 8 10 12 14 16 18 20
ELAPSED TIME (h)

Fig. C.8. Powersonic Battery A voltage profile room temperature test.

801



ORNL-DWG 92-12711

12

wna
@ =
T T

CURRENT (A)
o
T

]
0 2 4
ELAPSED TIME (h)
Fig. C.9. Gates Battery A current profile 20°F test.

601



VOLTAGE (V)

14

13

-t
N

b
—

10

ORNL-DWG 92-12712

1 ] | I |

2 4
ELAPSED TIME (h)

Fig. C.10. Gates Battery A voltage profile 20°F test.

1181



ORNL-DWG 92-12713

14

13

VOLTAGE (V)
o

H

10

] l |

ELAPSED TIME (h)
Fig. C.11. Gates Battery B current profile 20°F test.

111



14

pre
N

k.
o

w©

CURRENT (A)
(o) ]

ORNL-DWG 92-12714

1 i | 1

2 4
ELAPSED TIME (h)

Fig. C.12. Gates Battery B voltage profile 20°F test.

(A8



14

ORNL-DWG 92-12715

[ w—n,
x o N
I ] T

CURRENT (A)
N
I 1

0 | ] 1 i | 1 |

0 2 4 6

ELAPSED TIME (h)

Fig. C.13. Powersonic Battery A current profile 20°F test.

eIl



VOLTAGE (V)

14

13

-
N

—r
-k

10

ORNL-DWG 92-12716

1 { | | |

2 4
ELAPSED TIME (h)

Fig. C.14. Powersonic Battery A voltage profile 20°F test.

1441



ORNL-DWG 92-12717

12 |

-
Q
I

o
i

»
i

CURRENT (A)

0 | I | 1 — e

0 2 4 6 8 10 12 14
ELAPSED TIME (h)

Fig, C.15. Powersonic Battery A current trend, charging cycle.

16

18

20

S1t



15

14

—h
w

VOLTAGE (V)
~

11

10

ORNL-DWG 92-12718

| 1 | 1 | | ]

1

2 4 6 8 10 12 14

ELAPSED TIME (h)
Fig. C.16. Powersonic Battery A voltage trend, charging cycle.

16

18

20

911



117

to provide a full charge after the Powersonic battery has delivered roughly 1.6 MJ to a test load
(equivalent to 3.2 MJ at 24 V). The trickle current which flows at the end of charge is approximately
60 mA. '

3.5 SUMMARY

The tests conducted for this report have shown that the Gates batteries tested are marginally acceptable
for use in the cart design for a cart idle current of less than 3.0 A. The Powersonic batteries tested to
be acceptable for use in the cart design at up to 3.0 A idle current. The Gates batteries would probably
provide for 1.5 cart cycles at end of life and 20°F for a 1.75 A idle current (assuming that the battery
has 20% less capacity at end of life) and slightly less than 1 cycle at 3.0 A idle current. In comparing
data sets there appears to be some inconsistency with the data for the Gates batteries. The computed total
energies for the various discharges varied much more than the values found for the Powersonic batteries.
Reviewing the voltage traces during discharge revealed a problem with our method of terminating a
discharge. The high current voltage drop for the Gates battery was much larger near the end of battery
life which caused the discharge to terminate (voltage less than 10.5 V) earlier than necessary. For the
Gates batteries a more accurate comparison of battery performance can be had by comparing data over
the same time interval or by allowing termination of the discharge only during the idle current periods.

The Powersonic batteries should have sufficient capacity, even at 20°F and end of life to operate the cart
for 2.5 cycles for a 1.75 A idle current (again, assuming that the battery has 20% less capacity at end
of life) and slightly more than 1 cycle at 3.0 A idle current and end of life.

Figure C.17 shows a typical discharge profile energy and current versus elapsed time for a Powersonic
battery at 1.75 A idle current. Periods of high current operation only account for roughly 13% of the
total time the cart can operate. Battery life for the cart remaining idle during the full operation time
would be about 18 h (this value is computed by extending the idle current line slope from the origin of
the plot in Figure C.17 out to the energy level where battery operation terminated in the test) for the
Powersonic battery at a 1.75 A idle current.

Figure C.18 shows the energy returned to the battery and current during charging for a Powersonic
battery. From this graph it can be seen that 94% of the energy accepted by the battery is transferred in
the first 5 h of charging (for a charger limited to roughly 10 A). Only 6% of the 2.75 MJ accepted by
the battery is transferred between 5 and 13 h of elapsed time. For a cart operated over a single cycle,
it would be possible to recharge the battery in much less than 5 h since the amount of energy removed
from the battery would be a factor of two or more smaller than for the data shown.
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APPENDIX D
PROTOTYPE HARDWARE TESTING

1. INTRODUCTION

The purpose of this appendix is to document testing of the prototype system hardware and software for
the subject control system which occurred in early 1992, The intent of the testing was to perform a
system-wide test of the prototype hardware. Testing of each component had already been done before
the system test began. The overall functionality of the system was under test. For example, in the motor
test, a button was pushed on the control pendant and motor operation was witnessed. Many parts of the
system had to be operating for these functions to occur.

2. COMPONENTS

Prototype hardware that was tested is listed in the following table. It was arranged as shown
Figure D.1. The whole system including rf system was tested, but at first the communications protocol
was tested by a hard-wired link between the facility side and cart side equipment as shown by the dotted
line in the figure. Software, which is part of the design and which was also tested in this procedure, was
running in the programmable logic controller, the engineer’s console computer, the facility-side STD-
based controller, and the cart-side STD-based controller.

Table D.1. Prototype Hardware for Functional Test

Component Make and Model or
Reference Drawing
Operator’s Control Pendant Q-6340-120

Programmabl i T
Processor

Digital Inputs Board
Digital Output Boards (2)

Simulation Modules (2)

Allen-Bradley PLC 5/15
Allen-Bradley 1771-IBD
Allen-Bradley 1771-OBD
Allen-Bradley 1771-SIM

Engineer’s Console Computer
Interface Card

Gateway 486/33C
Sutherland-Shultz 5136 SD

Facility-si - |
Processor

Memory

Digital Interface

Allen-Bradley Interface
Encoder/Decoder

Prolog 7870-01
Prolog 7715A-03
Prolog 7508
Prolog 7514
Q-6340-187
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Component Make and Model or
Reference Drawing

Maintenance/Programming Computer IBM AT

Facility-side rf cage

Facility Antenna Switch Q-6340-181A

Facility Antenna Switch Q-6340-181B

Facility Transmitter Q-6340-171

Facility/Cart Receiver Q-6340-261

Digital Interface Board

Opto-22 PBI6H

Digital Output Module Opto-22 ODCS
Digital Input Module Opto-22 IDC5B
Facility Transmit/Receive Circuit Q-6340-175
Battery Charger Exide ERBC 24/30
Battery Charger Polarity Manager Q-6340-135

Monopole Antennas (3)

N/A (steel rods cut to length with
groundplanes)

Cart-side rf Cage
Facility/Cart Receiver
Cart Transmitter

Cart Antenna Controller

Q-6340-261
Q-6340-271
Q-6340-266

Cart-side STD-
Processor
Digital I/O
Analog 1/0
Interface

Cart Encoder/Decoder

ed controller

Winsystems SBC40A
Winsystems SBX-PIO
Winsystems LPM-AIO-DC
Q-6340-220,225,230
Q-6340-291

Maintenance/Programming Terminal

C. Itoh CIT 101

Batteries (2)

Powersonic PS-12400

Motor

Pacific Scientific BA3618-7009-9-48C

Motor Controller

Q-6340-235

Limit Switch

Microswitch 1LS1

Thermocouple

Type E thermocouple wire
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Note: Dotted line indicates temporary hard-wired communications link before RF system was brought on line.

Fig. D.1. Equipment arrangement for integrated system testing.
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3. FUNCTIONAL TESTS

Functional test results reported here have been arranged into three categories: functions initiated from
the control pendant, functions initiated from the engineer’s console, and functions initiated from the cart
system. The following information is given for each functional test: functional test title, test description,
expected result, witnessed result, considerations, test performer, and date of test. Considerations are
given to point out subtleties of each function that may not be apparent on the surface or to point out
efforts that should be undertaken later.

Functional Test:
Emergency Stop

Test Description:
An emergency stop switch is provided on the control pendant. Unlike all other functions on the
pendant (except for the LED test), the emergency stop function does not require the station to be
enabled before it is active.

Expected Result:
The emergency stop should prevent cart drive, motor resets, auxiliary outlet operation, and stop
all communications with the cart system. It should also stop battery charging if it is in effect.

Witnessed Result:
While the battery charger was active (and cart electronics inactive), the emergency stop button
was pushed. Battery charging ceased and the cart electronics reactivated. The emergency stop
LED of the control pendant lit, and further requests for other operations resulted in the LED
flashing.

While the cart motor drive was active, the emergency stop button was pushed. The cart motor
stopped rotating and further communications with the cart ceased (telemetry data was no longer
active).

Consideration:
Because the emergency stop function eliminates communications with the cart, requests for cart
data cannot be sent. Therefore, during an emergency stop condition, cart status is no longer
known.

Because there are only two operating modes of the cart—battery charging and cart
operation—there is no way to "kill" the cart. When emergency stopped, the cart will be in an
idle mode, not completely dead.

Tested by: F. R. Ruppel

Date: 2-3-92
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Functional Test:
Control Station Select

Test Description:
Only one control station will be enabled at one time. The selection is on a first-come, first-
served basis by the use of a keyswitch on the control pendant. »

Expected Result:
With no other station enabled, the operator should be able to enable his station by inserting a key
and rotating it to the on position. The LED for this station should light. If another user is
already enabled, it should not be possible to enable another station.

Witnessed Result:
With no other station was selected, the station select keyswitch was turned to the on position.
The LED for this station lit and functions were enabled from the operator’s pendant. The station
select keyswitch was turned off, and the input which indicates when the other control pendant is
selected was enabled. Attempts to select this control station were ineffective. The LED for the
other station flashed, indicating that it was selected.

Consideration:
Since the station select is key operated, distribution of keys should be administered only to
operators qualified to operate the cart and battery charger. It should not be allowed for an
operator to walk away from the control pendant without taking the key with him.

Tested by: F. R. Ruppel

Date: 1-9-92
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Functional Test:
LED Test

Test Description:
Each control pendant will have a feature of testing its own LEDs and audible alarms to confirm
their operation.

Expected Result:
Each LED of the control pendant should begin flashing, regardless of previous state, when the
keyswitch is rotated to the LED test position. The audible alarm should sound also.

Witnessed Result:
The keyswitch was turned to the LED test position. All LEDs flashed and the audible alarm
sounded. When the key was returned to the off position, the LEDs ceased flashing, returned to
their previous state, and the audible alarm was silent.

Consideration:
To perform the LED test, the keyswitch must be rotated to the LED test position. If the station
is currently enabled, it will be disabled when going to the LED test mode. If a second operator
at the other station is waiting to enable his station, he may enable it while the first operator goes
to LED test mode, thus locking out the first operator.

Tested by: F. R. Ruppel

Date: 1-9-92
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Functional Test:
Door LEDs

Test Description:
LED:s are provided for door open, door closed, and door energized for all three doors in the cart
path. ,

Expected Result:
The LED should reflect the input for all door states.

Witnessed Result: ‘
Inputs were simulated for door open, door closed, and door energized for doors 63M-001, 63M-
008, and 3M-3. Each LED reflected its appropriate status.

Consideration: ;
When a doeor is energized, it prevents any cart operation. Fail safe circuitry of the door
energized inputs should be addressed to assure that a failed door energized status will also prevent
cart operation. Likewise, when the cart is driving within a certain distance of an unopen door,
the operator will be notified. Fail safe circuitry of the door open limit switches should be
addressed also.

Tested by: F. R. Ruppel

Date: 1-10-92
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Functional Test:
Motor Drive

Test Description:
Using the control pendant, it should be possible to drive the motor clockwise and
counterclockwise by using the drive north/drive south button. The appropriate motor voltage and
current should appear on engineer’s console display.

Expected Result:
Motor should rotate when north drive button pushed on control pendant and rotate in opposite
direction when south drive button pushed. Engineer’s console should read motor voltage and
current.

Witness Result:
All motors indicated 0.0 A and -1.0 V at the engineer’s console display when the motor was not
running. (The -1.0 V is an offset error that was later corrected.)

Motor #1 indicated +13.1 V and 0.4 A when the south drive button was pushed and -15.0 V and
0.4 A when the north drive button was pushed.

Motor #2 indicated +14.0 V and 0.5 A when the south drive button was pushed and -16.1 V and
0.5 A when the north drive button was pushed.

Motor #3 indicated +14.0 V and 0.6 A when the south drive button was pushed and -15.9 V and
0.6 A when the north drive button was pushed.

Motor #4 indicated +13.6 V and 0.6 A when the south drive button was pushed and -15.3 V and
0.6 A when the north drive button was pushed.

Consideration:
As set up in hardware and software, motor voltages are reported either positive or negative
depending on rotation direction. For historical logging, this will indicate which direction the
motor was rotating at any given time. However, if historical values of average absolute voltage
are desired, or any other absolute measurement, the data will have to be modified.

Tested by: F. R. Ruppel and A. V. Blalock

Date: 1-7-92
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Functional Test:
Battery charging

Test Description:
Battery charging is one of the more complex operations performed by the operator.

Expected Result:
From the control pendant, the operator should be able to start and stop charging after the cart-at-
shoes input is enabled and if the cart is not driving. The emergency stop switch should stop
charging. Charging variables should be displayed on the engineer’s console. Cart electronics
should disable when charging commences. Polarity to the cart batteries should be switchable by
the cart orientation switch. '

Witnessed Result:

Charging was initiated by pressing the charge start button on the control pendant. The battery
charger started and data was read at the engineer’s console as follows: external voltage - 24.4
V, internal voltage - 24.7 V, current - 1.9 A, external temperature - 87.1°F, internal
temperature - 86.7°F. The battery charging sequence was stopped by pressing the control
pendant emergency stop button. The charger stopped and the cart system started. Charging was
reinitiated and the charger was stopped again, this time by pressing the stop charging button on
the control pendant. The next day, a full charge was given to the batteries. When charge current
dropped below 0.08 A, the charging complete light on the control pendant lit up

When the cart orientation switch was changed, polarity to the cart batteries reversed.
Consideration:

The cart orientation switch should be under strict administrative control since it also controls

charging polarity. Attempting to charge the batteries with polarity reversed could harm

equipment.

Tested by: F. R. Ruppel

Date: 2-3 and 2-4-92
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Functional Test:
Control Pendant Undercurrent Alarms

Test Description:
This procedure tests the motor undercurrent alarm at the control pendant. This alarm is designed
to indicate to the operator when a wheel is free-wheeling. Use the control pendant to drive the
motor; ensure that the motor current is monitored by the cart electronics and transmitted to the
facility-side control system.

Expected Result:
During a low motor current condition, motor LEDs should flash after a 2 s time delay.

Witnessed Result:
Motor #1 was started with no load (current = 0.4 A). After 2 s, motor #1 LED flashed at the
control pendant. When the motor was loaded, (current = 1.2 A) the LED stopped flashing.

Motor #2 was started with no load (current = 0.5 A). After 2 s, motor #1 LED flashed at the
control pendant. When the motor was loaded, (current = 1.3 A) the LED stopped flashing.

Motor #3 was started with no load (current = 0.7 A). After 2 s, motor #1 LED flashed at the
control pendant. When the motor was loaded, (current = 1.3 A) the LED stopped flashing.

Motor #4 was started with no load (current = 0.6 A). After 2 s, motor #1 LED flashed at the
control pendant. When the motor was loaded, (current = 1.2 A) the LED stopped flashing.

Consideration:
The low current threshold is set at 1 A. During actual cart testing, this value may need to be
adjusted in the PLC ladder logic to correctly reflect a free-wheeling current threshold.

Tested by: F. R. Ruppel and A. V. Blalock

Date: 1-7-92
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Functional Test:

Motor trips

Test Description:

Each motor circuit has a hardware trip to protect cart electronics and the cart battery from
excessive currents. A Hewlett-Packard 6060A programmable load was connected to simulate
high currents.

Expected Result:

Each motor circuit should trip when current exceeds 25 A. The overcurrent LED on the control
pendant should light for that motor. The hardware trip should stay in effect until the motor
restart button for that motor is depressed on the control pendant.

Witnessed Result:

By using the programmable load, 25 A was applied to the motor #1 circuit. The circuit tripped
and the motor #1 LED on the control pendant lit. The 25 A load was deenergized and the restart
switch on the control pendant was depressed. After about a 1 s pause, the motor #1 LED went
off. When the cart drive button was depressed, the motor circuit energized.

Note: This functional test was not completed for motors #2-4 because the trip function did not
operate correctly. During later redesign efforts of the cart interface board, design problems were
uncovered and corrected that prevented these motors from tripping.

Consideration:

When a motor restart is attempted from the control pendant, there is a short pause (1-2 s) before
the motor-tripped LED goes off because of the round-trip time associated with processing the
request on the facility side, transmitting the command to the cart, resetting the motor circuit on
the cart, returning the new cart status to the facility, and reading the new cart status signal on the
facility side,

Tested by: A. V. Blalock and F. R. Ruppel

Date:

1-31-92
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Functional Test:
Auxiliary outlet operation/telemetry

Test Description:
Operation of the cart auxiliary outlets is controlled by the control pendant. Voltage and current
readings of the auxiliary outlets are available at the engineer’s console display.

Expected Result:
Each auxiliary outlet should be controlled individually from the control pendant. Appropriate
voltage and current readings should be read at the engineer’s console display.

Witnessed Result:
Auxiliary outlet #1 was enabled from the operator’s pendant. The engineer’s console indicated
22.6 V and 0 A (there was no load on the outlet, hence no current)

Auxiliary outlet #2 was enabled from the operator’s pendant. The engineer’s console indicated
0 V and 30 A. A software error was found that interchanged the voltage and current readings.
This was corrected later.

Consideration:
The auxiliary outlet button must remain depressed the entire time it is desired to enable the
auxiliary outlet.

Tested by: A. V. Blalock and F. R. Ruppel

Date: 1-30-92
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Functional Test:
Cart ID selection

Test Description:
The cart control system has the capability of communicating to one of up to four different cart
electronics racks. A two-position DIP switch on the interface board of the cart electronics rack
assigns the cart ID.

Expected Result: :
The cart should respond to all commands received at all times regardless of cart ID with the
exception of the return status command. (See Section 9 of the main report for an explanation.)
The cart status should be transmitted back to the facility only when the cart ID of the electronics
rack matches the cart ID byte contained in the received packet.

Witnessed Result:
From the engineer's console, the cart ID of the cart electronics being tested was enabled.
Communication with the cart were maintained and telemetry of cart variables was continuously
updated. When the cart ID was changed at the engineer’s console, the cart variables no longer
updated. However, when requested by the control pendant, the cart motor would operate in this
mode. ’

Consideration:
If the control system does not receive new incoming data, the memory will retain old values of
variables. This could be confusing; it may be necessary to zero the values when no new data is
received.

Tested by: F. R. Ruppel

Date: 1-3-92
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Functional Test:
Motor Speed Control

Test Description:
At the engineer’s console, a means exists of increasing or decreasing the speed of the cart motors.

Expected Result:
The speed of the motor should change when the increase or decrease button is depressed at the
engineer’s console.

Witnessed Result:
Using the engineer’s console display, the cart speed window was selected. The decrease speed
button was depressed several times in succession. The speed of the cart motor was noted to
decrease by noting the decrease in pitch and visually noting a decrease in shaft velocity. The cart
speed increase button was depressed and the motor speed was noted to increase by noting an
increase in motor pitch and visually noting an increase in shaft speed.

Consideration:
The motor controller duty cycle will default to the default value after the cart computer is
rebooted. Therefore, any adjustments made will be lost. The speed adjustment feature was
installed mainly for testing purposes and may need to be taken out when the cart goes into
operation. (The default value can be reset in software if necessary for the desired nominal cart
speed.)

Tested by: F. R. Ruppel

Date: 1-23-92
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Functional Test:
Cart reboot -

Test Description:
At the engineer’s console there is means to reboot the cart controller in the event that proper
communications with the cart fails or cart operation is deemed erratic.

Expected Result;
When the reboot button of the engineer’s display is actuated the cart controller should reboot.

Witnessed Result:
The cart reboot button on the engineer’s console was selected and activated. A maintenance
terminal was attached to the cart computer. When the reboot button was activated, a reboot was
verified by the maintenance terminal display showing the boot-up message and reactivating the
count. (The cart program has a counter that counts the seconds since last booted.)

Consideration:
The cart reboot command will reboot any electronics rack that is on-line. For example, if it is
desired to communicate to a spare electronics rack (on the battery charger), remember that if a
cart reboot command is given, it will also reboot the operating cart electronics rack.

Tested by: M. R. Moore, R. 1. Vandermolen, and F. R. Ruppel

Date: 1-20-92
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Functional Test:
Facility Antenna Control

Test Description:
Through the engineer’s console, the engineer should have the capability to disable each facility
antenna individually. This functionality is provided in the event that transmitting from more than
one facility antenna causes rf signal nulls. In that case one main antenna would be chosen for
cart communications and the interfering antenna would be disabled.

Expected Result:
By using the engineer’s console computer, all four facility antennas should be able to be disabled

and enabled.

Witnessed Result:
The rf system was hardwired from the facility side to the cart side with coax, simulating the CPC
antenna. When the CPC antenna was enabled at the engineer’s console, the cart motor operated.
When the CPC antenna was disabled, the cart motor did not operate. The procedure was
repeated for the VC, tunnel, and EDR antennas.

Consideration:
If an antenna is disabled, the engineer will have to remember to reenable it later—there is no

alarm of flag to remind him to do so. If it is found that it is always necessary to disable an
antenna when the cart is at a certain position, the programmable logic controller could be
programmed to disable and then reenable the antenna.

Tested by: M. R. Moore and F. R. Ruppel

Date: 1-13-92
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Functional Test:
Calibration current

Test Description:
When the cart controller first boots up, it goes through a calibration cycle. First it checks zero
values of variables that should be at zero (motor and auxiliary outlet voltages and currents). Next
a 5 A calibration current is applied through the motor and auxiliary outlet current measuring
circuits to allow a span calibration.

Expected Result:
Since the 5 A calibration current will be based on hand selected components, it is not likely that
exactly 5 A will be produced from the prototype circuit with random parts selection. The most
important item to be checked is whether the calibration current flows in each circuit after the cart
controller is booted up.

Witnessed Result:
Calibration shunt currents for the motors were 4.68 A each. Calibration shunt currents for the
auxiliary outlets were 4.71 A each. The motor currents were measured directly and the auxiliary
outlet currents were measured by measuring the voltage across a 0.010Q shunt.

Consideration:
The shunt currents were not exactly 5 A because hand selection of components will be necessary
to achieve exactly 5 A.

Tested by: A. V. Blalock and F. R. Ruppel

Date: 2-1-92
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Functional Test:
Cart fan operation

Test Description:
A fan will be used to cool cart electronics when temperatures exceed a given threshold. Since
the temperature of cart electronics is monitored by the cart controller, the same temperature input
can be used to actuate the fan on and off.

Expected Result:
The cart fan should be enabled at 120°F rising and disabled at 100°F falling.

Witnessed Result:
The electronics enclosure temperature sensor was heated with a heat gun. At 141°F the fan was
enabled. When the sensor was allowed to cool, the fan was disabled when the temperature
reached 119.6°F. (Note: a software offset error was later corrected to allow the fan to come on
at 120°F and turn off at 100°F.)

Consideration:
There is no status signal that positively confirms the status of the fan. An indirect method to
determine this is to note the electronics temperature. If it is within the fan-operation window,
it is probably on.

To conserve battery charge, the fan should run as little as possible. During cart testing, it may
be found that the current fan operation window can be changed some to help conserve energy,
but still keep the electronics rack cool enough.

Tested by: A. V. Blalock and F. R. Ruppel

Date: 2-1-92
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Functional Test:
Cart position correction.

Test Description:
Software in the facility programmable logic controller calculates cart position relative to the
battery charging station. (See Section 9 of the main report for a description of this algorithm.)
The position indication is based on cart direction, duration of drive request, and nominal cart
speed. Problems are foreseen with using this method, therefore correction points were built into
the algorithm to indicate when the cart is passing a facility door threshold. When the cart limit
switch actuates, it will be at a door.

Expected Result:
When the position mdlcates a distance within a certain tolerance of a facility door and the limit
switch actuates, the position indication should correct to the distance to that door once (further
actuations of the limit switch are ignored).

Witnessed Result:
North to 3M-3 The position indication was allowed to reach -24; when the limit switch was
actuated, the indication corrected to -20.

Ndrth to 6IM-008 The position indication was allowed to reach 17; when the limit switch was
actuated, the indication corrected to 20,

North to 63M-001 The position indication was allowed to reach 55; when the limit switch was
actuated, the indication corrected to 53.

South to 63IM-001 The position indication was allowed to reach 62; when the limit switch
actuated, the indication corrected to 54.

South to 63M-008 The position indication was allowed to reach 36; when the limit switch
actuated, the indication corrected to 20.

South to 3M-3 The position indication was allowed to reach -22; when the limit switch was
actuated, the position corrected to -20.

Note: When the limit switch was actuated away from the doors, no correction occurred.
Consideration:

Values used in this algorithm should be modified as necessary during cart testing to match the

physical dimensions of the facility as close as possible.

Tested by: F. R. Ruppel

Date: 1-20-92



140

Functional Test:
Cart antenna diversity

Test Description:
One of the features of the cart communications system to help prevent rf signa! nulling from
interfering with communications is the cart antenna diversity selection scheme. In this scheme
two cart antennas are monitored for signal strength. The antenna with the greater signal strength
is chosen to be used for signal reception.

Expected Result:
By changing the field around one antenna, it should be possible to cause the antenna controller
to switch that antenna on and off. The cart antenna usage reading on the engineer’s console
should reflect the switching.

Witnessed Result:

The antenna usage was read out at the engineer's console. By walking in front of the cart
antennas, antenna usage values ranged from 0 to 100%.

Consideration: _
The cart can switch receiving antennas only once per second. If the cart drives into a null, it will
take a full second before antennas switch.

Tested by: R. 1. Crutcher and F. R. Ruppel

Date: 1-23-92
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Functional Test:
Cart temperature telemetry

Test Description:
The cart electronics monitor the temperature of the cart battery to aid in determining the state of
charge of the battery. The cart electronics also monitor the temperature of the electronics rack
to provide a cold junction compensation for the battery thermocouple and to actuate the rack fan
on and off with temperature.

Expected Result:
Monitor the temperature as reported on the engineer’s console of the two points. Since the final
version of hardware will be based on special hand-selected components, the prototype version is
not expected to be very accurate.

Witnessed Result:
The cart battery temperature, as read on the engineer’s console, was 73.3°F. The electronics
enclosure temperature read 76.5°F. The temperature from an independent, calibrated type T
thermocouple readout instrument read: 72°F.

Consideration:
High accuracy temperature readings were not obtained because in the final hardware version, it
will be necessary to hand select components for a good tolerance. Furthermore, the circuit was
not designed for high accuracy, but for a rough indication of temperature to be used by the
battery state-of-charge indication. ‘

Tested by: A. V. Blalock and F. R. Ruppel

Date: 1-30-92
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Functional Test:
Auxiliary outlet trips

Test Description:
A Hewlett-Packard 6060A programmable load was placed in the auxiliary outlet circuit to allow

large amounts of current to flow.

Expected Result:
When current through the auxiliary outlet circuit exceeds 25 A, a hardware trip should become
effective. The LED associated with the auxiliary outlet should flash. To reset the outlet, the
operator would have to let up on the control pendant button and then depress again. If the high
current condition is no longer in effect, the trip will ¢lear,

Witnessed Result:
Each auxiliary outlet was turned on from the control pendant. Current to the circuit was raised.
When a current of 25 A was applied to each circuit, each circuit tripped and the LED flashed on
the pendant. After the trip, the reset button was pushed and the outlets reset.

Consideration:
The auxiliary outlets, when tripped, will automatically try to reset when the operator depresses
the outlet button again. This logic is different than the motor reset logic, where a motor remains
tripped until is requested to restart.

Tested by: A. V. Blalock and F. R. Ruppel

Date: 1-31-92
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Q-6340 000 0 Control System Drawing Index

Q-6340 001 0 Control System Functional Diagram

Q-6340 002 0 Transfer Cart Cell Plan

Q-6340 020 1 0 PAL Documentation, ENC1 Reduced Equations
Q-6340020 2 0 PAL Documentation, ENC1 Chip Diagram

Q6340021 1 0 PAL Documentation, ENC2 Reduced Equations
Q6340021 2 0 PAL Documentation, ENC2 Chip Diagram

Q6340022 1 0 PAL Documentation, ENC3 Reduced Equations
Q-6340022 2 0 PAL Documentation, ENC3 Chip Diagram

Q-6340023 1 0 PAL Documentation, DEC1 Reduced Equations
Q6340023 2 0 PAL Documentation, DEC1 Chip Diagram

Q6340024 1 0 PAL Documentation, DEC2 Reduced Equations
Q6340024 2 0 PAL Documentation, DEC2 Chip Diagram

Q-6340 100 0 Facility Systems Block Diagram

Q-6340 101 0 Facility Conduit & Cabling Requirements

Q-6340 102 0 Engineer’s Console Assembly

Q-6340 103 0 Engineer’s Console Subassemblies

Q-6340 105 0 Engineer’s Console Wiring #1

Q-6340 106 0 Engineer’s Console Wiring #2

Q-6340 110 0 Engineer’s Console Computer Flow Chart

Q-6340 111 0 Operator Station Logic Diagram #1

Q6340 112 0 Operator Station Logic Diagram #2

Q-6340 120 0 Contro! Pendant Enclosure Diagram

Q-6340 121 1 Control Pendant Metalphoto Decal

Q-6340 122 0 Control Pendant LED Etched Wiring Board Schematic
Q-6340 123 1} 1 Control Pendant Board Layout and Rear Parts Placement
Q-6340 123 2 1 Control Pendant Drill Master and Front Parts Placement
Q-6340 125 0 Control Pendant Junction Box Assembly

Q-6340 126 0 Typical Control Pendant Wiring

Q-6340 131 0 Battery Charger Interface Box Assembly

Q-6340 132 0 Battery Charger Interface Box Interconnection Wiring Diagram
Q-6340 135 0 Battery Charger Polarity Manager Board Schematic
Q-6340 136 0 Battery Charger Polarity Manager Printed Circuit Board
Q-6340 137 0 Battery Charger Polarity Manager Parts List

Q-6340 150 0 Facility Communications System Block Diagram
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Typical Antenna Box Assembly

Antenna Box Wiring Diagram

Facility Communications Controller Flow Chart

Facility Transmitter Schematic

Facility Transmitter Printed Circuit Board

Facility Transmitter Parts List

Facility Transmit/Receive Cell Interface Schematic
Facility Transmit/Receive Cell Interface Printed Circuit Board
Facility Transmit/Receive Board Parts List

Facility Antenna Switch Schematic

Facility Antenna Switch Printed Circuit Board #1
Facility Antenna Switch Printed Circuit Board #2
Facility Antenna Switch Parts List

Facility Biphase Encoder/Decoder Schematic

Facility Biphase Encoder/Decoder Printed Circuit Board
Facility Biphase Encoder/Decoder Parts List

Block Diagram

Enclosure Assembly

Cart Controller Flow Chart

Electronics Enclosure Wiring

Interface Module, Top Board, Parts Placement

Interface Module, Top Board, Layout

Interface Module, Top Board, Functional & Battery Interface
Schematic

Interface Module, Top Board, Motor Control Schematic
Interface Module, Top Board Parts List

Interface Module, Middle Board, Parts Placement
Interface Module, Middle Board, Layout

Interface Module, Middle Board Schematic

Interface Module, Middle Board Parts List

Interface Module, Bottom Board Parts Placement
Interface Module, Bottom Board Layout, Component Side
Interface Module, Bottom Board Layout, Solder Side
Interface Module, Bottom Board Schematic

Interface Module, Bottom Board Parts List

Motor Driver Parts Placement, Layout and Schematic
Motor Driver Parts List

Cart Wiring Schedule

Hexfet Mounting Printed Circuit Board

Cart Electronics Rack Mechanical Details

Cart Electronics Rack Mechanical Details

Cart Electronics Rack Assembly

Cart Communications System Block Diagram
Facility/Cart Receiver Schematic

Facility/Cart Receiver Printed Circuit Board
Facility/Cart Receiver Parts List

Cart Antenna Control Schematic

Cart Antenna Control Printed Circuit Board

Cart Antenna Control Board Parts List
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Cart Transmitter Schematic

Cart Transmitter Printed Circuit Board

Cart Transmitter Parts List

Cart Biphase Encoder/Decoder Schematic

Cart Biphase Encoder/Decoder Printed Circuit Board
Cart Biphase Encoder/Decoder Parts List
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Transfer Cart Control Module Interface Control Drawing
Transfer Cart Control Module Interface Control Drawing
Transfer Cart Control Module Enclosure Assembly
Transfer Cart Control Module Enclosure Assembly
Transfer Cart Control Module Enclosure Weldment
Transfer Cart Control Module Enclosure Weldment
Transfer Cart Control Module Enclosure Details

Transfer Cart Control Module Battery Compartment Ass’y
Transfer Cart Control Module Detail Sheet 1

Transfer Cart Control Module Detail Sheet 2

Transfer Cart Control Module Remote Connector Assembly
Transfer Cart Control Module Remote Connector Detail
Transfer Cart Control Module Remote Connector Detail
Transfer Cart Control Module Detail Sheet 2

Transfer Cart Control Module Detail Sheet 3

Transfer Cart Control Module Antenna Assembly
Transfer Cart Control Module Antenna Assembly
Transfer Cart Control Module Shielding Enclosure Weldment
Facility Antenna Assembly

Facility Antenna Details

Facility Antenna Details
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1 EA. N/A ETCHED &IRING FRERICATE PER QRNL
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1 Ea. PYINS3 LARBE EMERGENCY STOP MICRESWITCH INC.
SUITCH. GPST
NN PW3CE WC CONTAST BLOCK MiCRGSWITCH
5 EA. B121SY4VIBEL SWITCH, MOMENTARY PUSH 213
RUTTON. SPET
B EA. 8e1e CAP3, SNAP L OCK, BLACK cex
FOR PUSHBUTTON SWITCH
8 Ea. 7760 DRESS NUT CEK
4 EA. HETBY 1.5/9-G PLB OPEN END HEADER PHOENIX
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« EA, MVSTBR 1.5/9-S7 PLUGEABLE TERMINAL PHOEN:X
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TEA. HMSTBY 1.5/14-G PCB OPEN END HEADER PHOENTX
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9 FA. 148-1385 SPLIT LUG, BRASS CAMBRIDGE
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1 EA. Y120-92-4~C-3~03- KEYLDCK SWITCH 213
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MACHINE
UNIT

CONTROL
2950

FRONT VIEW
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NOTES:
1. MATERIAL TO BE .#625 IN THICKX EPOXY FIBERGLASS TYPE HOLE SIZE QuUAN.

FRA. PER MIL-P-13949/4. SPECIFIC DESIGNATION SHALL BE

FL~GFP-8625-C1/1-8-2-C, OFF-WHITE COLOR PREFERAED. s #78 .920 IN DIAMETER| 12

B #6S @35 IN DIRMETER 48
#6R .P48 IN DIAMETER 28
*55 .@52 IN DIAMETER S#
#3531  .@67 IN DIRMETER 35

2. ALL HOLES WITH LANDS OM BOTH SIDES OF THE BOARD SHALL BE 188X
PLATED THRU. COPPER PLATING INSIDE THE HWOLES SHALL BE .881°
MINIMUM IN ACCORDANCE WITH NIL-C-1455@. FRONT 70 REAR
REGISTRATION TO BE ¥ITHIN .8853'.

3. CLEAN RND SOLDER PLATE RLL CCOPPER IN ACCCROANCE YITH
MIL-P-@372@.THE FUSED TIN-LEAD SHALL BE .B883 INCH

THICK MINIMUM. ®49 .B73 IN DIAMETER 56
REFERENCE DRRWINGS NUMBER

4. AFTER PROCESSING, ETCHED BOURADS TO RE FREE OF VDIDS 178  .125 IN DIRKETER L

AND SCRATCHES.
5. DO NOT USE THIS DRAWING AS A WORK SHEET. MASTER NEGATIVE(S) MARTIN MARIETTA ENERGY SYSTEMS INC.

OF WIRING WILL BE SUPPLIED BY ORNL.
6. LIMIT ON ARLL DIMENSIONS .#15 IN UNLESS OTHERWISE NOTED. orerated for the DEPARTHENT OF EKERET under U.5. vanirest o
Gak Rldes, Tunnseses Posuseh. kentuoke

[l o |ojaje
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D15x45 DEG.,2 PLACES
T—EMS DEG.,.3 PLACES

COMPONENT

2. AL HOLES WITH LANDS ON BOTH SIDES OF THE BOARD SHALL BE 100%
PLATED THRU. COPPER PLATING INSIDE THE HOLES SHALL BE .0Gt"
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NOTES: DRILL MASTER
1. MATERIAL TO BE .062"
M@%‘;‘l‘,}%’.‘&@.{"m DESIGNATION SHALL BE 8, UMT ON ALL DIMENSIONS 015 INCH UNLESS OTHERWISE NOTED.

7. HONE AL EDGES SMOOTH.

8. MATERIAL REQUIRED: 30 SQ. IN.

9. HOLE LOCATION TOLERANCE .005 INCH.
10. NOTCHES: 7

11. OIMENSIONS OF ALL HOLES NOTED BELOW ARE FINISHED HOLE
DIAMETERS AFTER PLATING THRU.
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DRILL MASTER

NOTES

1. PATERIAL TO BE .B62 IN THICK EPOXY FINERGLASS TYPE
FR&, PER MIL-P-13%4%/4. SPECIFIC DESIONATION SHALL BE
FL=SFP-062-C~1/1-B-2-B.

2. ALL HOLES ¥ITH LANDS ON BOTH SIDES OF THE BOARD SHALL RE 88X
PLATED THRU. COPPER PLATING INSIDE THE HOLES SHALL BE .#¥!°
HINIMUN IN ACCORDANCE WITH BIL-C-14558. FRONT TO REAR
REGISTRATION YO BE VITHIN .S83°.

3. CLEAN AND SULDER PLATE ALL COPPER IN ACCORDANCE VITN
HIL-P-81728.THE FUSED TIN-LEAD SHALL BE 9883 INCH
TRICK MININUNK.

4. AFTER PROCESSING.
AND SCRATCHES .

S. DO NOT USE THIS DRAVING A5 A VORR SHEET, MASTER MEGATIVE(S)
OF WIRINS VILL BE SUPPLIED Y OANL.

ETCHED BOARDA TO BE FAEE OF YOIDS
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SILK SCREEN FOR FRONT

6. LIMIT ON ALL DINENSIONS 015 IN UNLESS OTHERVISE NOTED.

7. HONE ALL EDGES SNOOTH.
§. MATERIAL AEGUIREDs16 88, IN..

9. HOLE LOCATION TOLERANCE 883 IN.

18.0IMENSIONS OF ALL HOLES NOTED HELDW ARE FINIBHED HOLE DIANETERS

AFTER PLATING THRU.
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MATERIAL TO BE .842 IN THICK EPOXY FIBERSLASS TYPE
PR4, PER AIL-P-13949/74. SPECIFIC DESIGNATION SHALL BE
FL-BFP-862-C-1/)-B-2-8.

ALL HOLE® VITH LANDS ON BOTH BIDES OF THE BORRD SHALL BE 188X
PLATED THAU. COPPER PLATING IMBIDE THE HOLES SHALL BE .S#1°
HININUM IN ACCORDANCE ¥ITH MIL-C-14358. FRONT TO REAR
AEGISTRATION TO BE WITHIN .993°'.

CLERN AND SOLDER PLATE ALL COPPER. EXCEPT CONNECYOR CONTRCTS.
18 RCCORDANCE ¥ITH MIL-P-81720.THE FUSED TIN-LEAG SHALL BE
+HE83 INCH THICK MINIMUM.CORNECTOR CONTACTS SHALL BE

PLATED TO A MININUN THICKNESS DF +PS8Z INCH WITH A LOV
STRESS MICKEL WHICH COMFORMS TO SG-N-298. CLASS 8, THEM

OVER PLATED VITH GOLD PRR H!L-C—Qﬂm TO A THICKMESS NO

LESS THAN .BBSSS3 INCH NOR NORE THAN .S#81 INCH.

AFTER PROCEQSINC. ETCHED BOARDS TO BE FREE OF Y0108
AND SCRATCHES

D0 MOT USE YHI’ ORAVING AS A VORK SHEET. MASTER(S)
OF WIAING ¥ILL BE SUPPLIED BY ORML.

DRILL MASTER

6. LINIT ON ALL DIMEMBIONS .913 IN UNLESS OTHIRVISE NOTED.

7. HONE ALL EDGES SMOOTH.
8. MATERIAL REQUIRED:3S B348. IN..

9. HOLE LOCATION TOLERANCE .083 IN.
1B.NOTCHES: 7

t1.DIMENSIONS OF ALL HOLE® NOTED RELOW RRE FINISHED HOLE DIAMETERS
AFTER PLATING THRU.
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COMPONENT SIDE ({(FRONT)
.015x45 DEG.,2 PLACES
<15x45 DEG.,J PLACES
J/V: 8.500" N
K 77
N 7S
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NOTES:

FRA,

DRILL MASTER

1. MATERIAL TO BE .#62 IN TKICK EPOXY FIBERBLASS TYPE

PER MIL-P-13949/4, SPECIFIC DEBIONATION BHALL BE
FL-BFP-962-C~1/1-B~2-8.

ALL HOLES YITH LANDS ON BOTH SIDES OF THE BOARD SHALL BE 188X

PLATED THRU. COPPER PLATING INSIDE THE MOLES SHALL BE .891°
MININUM IN ACCORUANCE ¥1TH MIL-C-14538. FRONT TO REAR

REBIBYRATION 7D BE WITMIN
CLEAN AND SOLDER PLATE ALL COPPER,

u
.

EXCEPT COMNECTOR CONTACTS.

IN ACCORDAMCE WITH M1L-P-81720.THME FUSED TIN-LEAD SHALL BE
=S083 INCH THICK MINIMUM.CONNECTOR CONTACTS SHALL BE
PLATED YO A MINIMUN THICKMESS OF .0992 INCH WITH A LOV

STRESS NICKEL WHICH CONFORMS TO QU-N-298, CLASS 2,

THEN

OVER PLATED VITH GOLD PER MIL-B-43204 TO A THICKNESE NO
LESS THAN .SB8S3 INCH NOR MORE THAN .08#1 INCH.

4. AFTER PROCESSING. EYCHED BOARDS TO BE FREE OF Y0108

AND SCRATCHES.

3. D0 NOT USE THIS ORAVING AS A YORK SHEET. MASTER(S)
OF WIRING ¥ILL SE SUPPLIED BY OARNL.

6. LINIT ON ALL DIMENSIONS .91% IN UNLESS OTHERWISE KOTED.

7. HONE ALL EDBES SMOOTH.
9. MATERIAL REQUIRED:3S 30. IN..

9. HOLE LOCATION TOLERANCE .093 IN.
19.MOTCHES 7

11.DIMENSIONS OF ALL MOLES NOTED SELOV ARE FINISHED HOLE OIANETERS
AFTER PLATING THRU,
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e, DRILL MQSTER

1. MATERIAL TO BE 862 IN THICK EPOXY FIBEARSLASS TYPE
FRA, PER NIL-P-13949/4. SPECIFIC DEGIGNATION SHALL BE
FL-GFP-B62-C-1/71-8-2-D.

2. ALL HOLES VITH LANDS UM BOTH SI10ES OF THE BOARD SHALL BE 198X
PLATED THRU. COPPER PLATING INSIDE THE HOLES GHALL BE .#81°
MININUM IN ACCORDANCE WITH MIL-C-14338. FRONT TO REAR
RESISTRATION TO BE WITHIN .903'.

3. CLEAN AND SOLUER PLATE ALL COPPER., EXCEPT CONNECTOM CONTACTS.,
IN ACCORDANCE YITH MIL-P-81729.THE FUSED TIN-LEAD SHALL BE

+HB83 INCH THICK MINIMUM.CONMECTOR CONTACTS SHALL BE
PLATED YO & MINIMUN THICKMESS OF 8892 INCH WITH A LOV
STRESS WICKEL YHICH CONFORMS TO Q3-M-299, CLASS 2, THEN

a LINIT ON ALL DIMENSIONS 815 IN UNLESS OTHERVISE NOYED.
+ HOME ALL EDBES 8SMOOTH.
« MATERIAL REQUIRED:38 80. INM..

« HOLE LOUCATION TOLERANCE 883 IN.

* ® N *»

11.DINENSIONS OF ALL HOLES NOTED DELOY ARE FINISHED MOLE ODIAMETERS
AFTER PLATING THAU,

NOTCHES: 7

REFERENCE DRAVINGS NUNSER

Dub Aides, Tennsesss Posusuh, Eaniumins

MARTIN MARIETTA ENERGY SYSTEMS INC.

wereiod fur the NEPMITRENT B¢ KNERSY wader U 8.

BIPHASE ENCODER/DECODER
PRINTED CIRCUIT BOARD

THED CLRDES LTS SR8 TN AT TSR Ty L ST FACILITY MODEL
. UNLESS OTHERVISE SPECIFIED legmrs Sacd

4. BFTER PROCEISING, ETCHED BOARDS TO BE FAEE OF YOIDS DU OFF RL VANDERMOLEN | 4-92
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CART ELECTRONICS WIRING SCHEDULE
CONMECTOR | BIN §1 WAME TO_LOCATION CONNECTOR | PIN §| TYPL WIRE/CABLE IAWEG
| COMMEL
MOTOR DRIVE §4
UD4-HORS
1 24V SFUCE. SWI4Y 2 XLPL N3, i
H 24+ SPLICE, W24V XLPE_INS. 4
3 24VRTN SPLCE, 246VRIN 4 ¥LPE INS. s
+ 24RTN SPUICE, 24VRTN. XLPE NS, s
5.6 ik WOTR CONN'R 1 XLPE INS. 4
7.8 M- MOTR CONN'R 8 ¥LPE NS, 4
MD4-RDEZ |
1 HIL INTERFACE MODULE  IM-HDR 11 44 XLPE NS, 2%
2 TR |INTERFACE MODULE] M-HOR 1} o XLPE NS 28
3 HBL __ [INTERFACE MODULE] TM-HOR {1 18 XLPE_INS. 20
ry HBR INTERFACE MODULE] JM-HDR 11 13 XLPE INS. 28
56 TC% INTERFAGE WODILE] M-HDR 18 | ¢ XLPE_INS. i
7 1S+4 |INTERFACE MODREL M-NDR 3 | 25 XLPE_INS. 28
) 1S-4___[INTERFACE MOCY M-HDR 1 | 25 XLPE_INS. 70
CART COMMUNICATIONS 8OAROS
CART _RECEIVER Q-B340-260
a1 TR RFN CART aNT CTRUR J5 R SMA_COAX
SHD REIN & SHLD
32 R Ut TART EMC/BEC & CTR lsua 10 2 SOCKET GiP:
SHID ouT # SHLD ]
CART ANTENNA CONTROL 0~8340-26S
5 CTR ! ANTY RX ANTENMA | ME COAX LEMOI OTR SMh_COAX
SHID | RN ANTENNA | WE OOAX LEMO| SHLD SMA_COAX
45 CTR | ANT2 RX ANTENNA 2 UE COAX LEMOL © SMA_COAX
SHWD | RN AMTENNA 2 WE COAX (FMO! SHLD SMA_COAX
4 CTR | RF OUT CART X 43 TR SMA_COAX
SHLA RN CART TX 35 SHLD SiA COAX
35 ¢ RFIN CART RX K [ SMA_COAX
SR | RM CART RY 5 SHLD SWA COAX
8 1 T/R IN CART ENC/DRC 7Y 1 XLPE NS 20
45 2 R CART ENG/DRC 43 2 WPE INS 20
45 3__JEOP RESET | GART ENG/DVC J5 1 HPE NS 29
35 4 [ANTSTAT OUT] ~ CART ENC/DNC 43 3 NLPE INS. 28
3% 5 TR OUT CART TX &2 3 *LPE INS. 28
38 & R CART T¥ £2 4 XLPE INS. 22
CART TRANSWITTER _Q=6340-270
32 T BI PHASE IN! CART ENC/DEC K] 1 AUPE INS. 2
32 2 RV CART ENC/DEC El 3 XPE_INS. 2%
FH 3 T/R JN__ | CART ANT CIRL & 5 XLPE NS, 2%
32 4 RIN CART ANT CTRL 5 & XLPE_INS. 22
33 TR ANTZ CART ANT CTRL * CTR SMA_COAX
3 SHLD RTN CART ANT CTRL 5 SHLD SMA_COAX
CART_ENCODER/DECODER 0-6340-290
it T BIPHASE DUT, CART TX__ - 72 [ XLPE_INS. 28
31 3 RN CART TX iz 2 XLPE_INS. 20
32 RIBBON] DIG 1/0 SBC4B u» BRD 7z 28
33 g T/R W CART ANT CTRL % T XLPE INS. 28
3 H RN CART ANT CIRL 3 2 XLPE_INS. 20
a3 I B CART ANT CTRL & 3 XLPE INS. 20
33 4 [ANTSTAT IN | GART ANT CTRL 3 4 XLPE_INS. 0
34 T |BIPRASE N CART RX 34 v XLPE_INS. 20
34 2 BIPHASE IN CART RX & 7 XLPE INS. 28
J5 7 [EOP RESET | CART ANT CTRL 3% 3 XLPE_INS. 20
35 2 RN CART ANT CIRL 6 Z XLPE_INS. 26
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CART ELECTRONICS WIRING SCHEDULE CART ELECTRONICS WIRING SCHEDULE
D ccwntcvm; PIN §1  NAME YL Yo LOCATION | CONNECTOR | PIN_#| TYPE WIRE/CABLE [AWS CONNECTOR : PIN #]  NAME YO LOCATION PIN_§i TYPE WRE/CABLE [AWQ
; i 1 { I
INTERFACE WMODLLE Q-§740-320 IN-HOR &
{_4-HDR 3 3 DRUMTNO [DOOR DET, SWITCH| DTS-F1 ’ XLPE INS. 14
1 HTRY MOTOR DRIVE 1 | WOV-HDRZ | 2 XLPE INS. 20 2 ORLMTC - |DOOR QET. SWITCH| DIS-FT 2 XLPE NS, 4
3 X MOTOR DRIVE 1| MDI-HDRZ | 1 XLPE INS. 2% 3 TCE+ BATTERY COMS. BC-PL A CHROMEL
B HERY WMOTOR DRIVE + | MBI-HDRZ | 4 XLPE_INS. @ 4 ICE- BATTERY COMP. BC-Pt g CONSTANTAN
H WELT MOTOR DRIVE 3| WDI-HDR2 | 3 XLPE INS. % M=HDR 10
5 [EX WMOTOR SRIE ' | MDL-HORZ | 7 XLPE INS. 2% i iouh WOTOR ORIVE 1 | MDI-HDRZ | 58 KLPE NS, i4
21 161 WOTOR DRIVE 1| MD1-HORZ | 8 XLPE_ING. 28 2 1M WOTOR DRIVE 2 | MDI-ADRZ | 58 XLPE NS ®
2 HTR2 MOTOR ORIVE 2 | WMD2-HDR2 2 XLPE INS. ke 3 1CM3 MOTOR DRIVE 3| WDI-HOR2 | 58 XLPL IS, 14
4 AT VGTOR DRIE 2 | MDZ-HDR2 | 1 XLPE_INS. 28 4 1004 MOTOR DRIVE 4 | WMDI-HOR2 | 5.6 XLPT WS, 1
6 HBRZ UOTOR ORIVE 2 | WO2-HDR2 | 4 XLPE TNS, E 5 NC
B HELZ WOTCR ORIVE ¢ | MDZ-HORZ | 3 YLPE NS, F 5 NC
28 15+2 WCTOR DRIVE @ | MOZ-HORZ | 7 XLPE_INS. 3
22 152 WOTOR DRIVE 2 | MOZ-HORZ | ® XLPE_{NS. 2% M~HDR 7 | RIBEON] CABLE,Z6CKT _ ANALDG OUT Ao-31 26
12 HTR3 MOTOR ORIVE 3 | MO3-HOR2 2 XLPE INS, 28 M-KDR 8 | RIBBON| CABLE26CKT|  DIGITAL OUT $8X-Jt 26
i HILS MOTOR DRIVE 3 | MOS-HDR2 | 1 XLPE_INS. %% IM-HDR § | RIBBON| CABLE,26CKT  DIGITAL IR SBX- 2 26
4 HER3 MOTOR DRIVE 5 | NMDI-HDRZ | < ¥LPE INS. 20
1 HELI MOTOR DRIVE 3 | MD3-HDR2 3 YLPE INS. 28
Z4 i5+3 MOTOR DRIVE 5> | MDI-HDR2 | 7 XLPE_INS. 28 WOTOR DRIVER BOARDS Q-6340-23%
2% 15-3 MOTOR ORIVE 3 | MO3-HDRY ] XLPE INS, 2% UOTOR DRMVE gt
9 HIRE WOTOR DRIVE & | MD&HORZ | 2 XLPE INS 28 MD1-HDR!
5 L MOTOR DRIVC A | WDA-HORZ | 1 XLPE_INS. % ¥ 24~ SPLICE, SW2AV 1 XLPE INS. 4
13 HER4 WOTOR ORIVE 4 | MOAHDRZ | 4 XLPE_INS. 28 2 24v+ SPLICE, W24V i XLPE INS. i
C 18 HBLA MOTCR DRIVE 4 MD4-HDR2 3 %1 AF INS. ] E ZAVRTN SPLICE, 24VRTH E XLRE INS. 14
23 Se MOTOR DRIVE 4 | MD4-HDR2 | 7 XLPE INS. 28 4 24N SPLICE, 24VATN 3 XLBE INS. 1%
25 IS 4 WCTGR ORIVE 4 | MDA-HDRZ | 8 XLPE_INS. 2% 58 W~ MGTR CONN'R TRI-F B XLPE INS. 14
17 NC 7.8 M- MET'R_CONN'R CON1-F 2 XLPE NS, 14
+ NE W1 -HORZ
W-HOR 2 i P |INTERFACE WODULE] TM-RDR 1] 3 XLPE_INS. 2
" V5 WOTR _CONNR CNi-F T YLPL_INS. 28 2 WTR  |INTERTACE WMOODULE] IM-RHOR 11 1 XLPE INS. 28
7 1= WOTR CONNR [ ] XLPE NS, | 29 ] B TRl |INTERFACE WMODULE] IM-HDR 11 7 XLPE ING, 24
3 =T MOTR CONN'R CNI-F 4 XLPE INS. {20 ] 4 TBR  |INTERFACE MODLLE[ [WM-HDR 1] & XLPE NS, 22
3 V52 WOTR_CCNRR CNi-F 5 XLPE INS. 28 5.8 TN INTERFACE MODULE! IM-HDR 18 | § XLPE NS, i
. 5 VS+3 MOTR CORNTR CNI-F B XLPE INS. 26| 7 1S+1 WWTERFACE MDDULE]  1W-HDR 1] 18 WLPE INS. ]
& VST WOTR_CONNR CNi-F 5 XLPE INS. 20 8 15-1 INTERF ACE MODULE]  -HDR 1 23 YFE NS, 28
] 7 VS+4 WOTR CONNR CHI-F 7 XLPE INS. 2 MOTER DRIVE §2
5 V54 MOTR CORNR TNI-F B YLPE_INS, 3 WDZ-HDRT
W=HDR & 3 24T SPLICE, SW247 F] XLPE INS. 14
1 24V4+FERD BATTERY COMP. BC-PS J FLPE INS. 14 2 24N+ SPLICE, SW24V XLPL INS, 14
2 24VHFERD | BATTERY COMP. BC-P1 K XPE INS. 4] 3 Z4VRTN SPLICE, 24VRTN & XLPE INS. 4
3 [ 24V+SENSE | BATTERY COMP. BO-P1 < XLPE NS, K 4 RN SPLICE, ZaVRTN XLPE NS, 14
4 24V-SENSE | BATTERY COMP, BGC-P1 [ XILPE ING. 14 5,6 M+ MOT'R CONN'R CNI-F 4 XLBE NS, 14
5 24VRTN BATILRY COMP. BC-P1 T ¥LPE NS T+ 7E W- WOTR CORNR Ctr-f 3 XLPL NS 14
6 ZAVRTN BATTERY COMP. BC-P1 [ HLFE NS, 14 WD2-HDR2
7 F4+VIN THRG FOOT POS. | 1 /4'STUR YLPE INS. e 1 WT.  |INTERTACE MODULE, IM-HOR § ) & XLPE_INS. 20
& 244 VIN CHRG FODT POS. 1 /4"STUD XLPE INS. 14 F HTR INTERFACE MODURLE]  iM-HDR 1 2 ALPE INS. 20
5 RININ CARG_FOOT HEG. | 1 /4"STUD XLFE_INS. 4 3 HBL _ |INTERFACE MODULE] MHUR 1| & XLPE_INS, 2
i@ RTNIN TRRG FOOT NEG. | +/4"STUD XLPE INS. 5 % |- HBR |INTEPFACE MODULE[ W-HOR 11 6 ¥LPE INS. 28
B W—HOR 4 56 =] INTERFACE MOOOLE] IM-RORTE | 2 XLPE_INS. 14
1 SW24Y | SPLICE, GW2AY XLPE INS. [ 7 J6+2 {INTERFACE MODULE] we-npR 1 | 20 XPE INS. 28
2 W23V SPUCE, SW2av ¥LPE_IHS. i3 s 152 {INTERFACE MODULE] M-HDR 1 22 X_FE_INS. 28
3 Bz POWER SUPPLY 24VIN{ ~ XLPE INS. 14
) 28VRIN FOWERSUPPLY RTN XLPE_INS. 4 MOTOR_DRIVE ¢35
3 24VRTH T SPUICE, 24VRTN MLPE INS. 4 WD3—HOR1
5 Z4VRTN | SPLICE, ZAVRIN XLPE_INS. 14 1 28v+ SPLICE, SW24Y Z XLPE INS, 0
2 24V SPLICE, SW24V i XPE NS 14
W—RDR_§ 3 TAVRTN | SPLICE, 24VRTN & XLPE INS. 14
1 GUT +1 | 24V QUTLET ND3 | OLT-St + XLPE NS, 14 4 Z4VRTH SPLICE, 24YRTH 3 XLPE INS. i
2 OLT +1 24V QUTLET N1 CLT-S! 1 XLPE iNS. 14 58 "t MOTR CONNR CN3-F 3 ¥LPE INS. 14
2 OUT -t | 24¢ DUTLET MO | OLT-S 2 WLPE INS. V4 7.8 - WOTR CONNR CRi-F 5 XLPE_INS. i
4 SUT -t | 24V OUTLET WO | OLT-61 Fl XLPE_INS. 4 WMD3-HOR2Z
1 & OUT +2 | 24V CUTLET NG.2|  OLT-82 i XLPE INS. 14 1 HTL INTERFACE MOOULE} IM-HOR 1 12 XLPE S, 28
€ QUT +7 | 24V OUTLET NO.Z|  OLT-82 1 XLPE_INS. 14 2 HiR ~ |NIERFACE WODULE] W-rOR (| 18 YLPE_INS. ¢
i GUT -2 | 24V OURET NO2|  OLT-52 H YLPE INS. 14 B WEL  |INTERFACE MODULE] IM-HOR 1 | 16 ¥LPE_INS. ]
[ OUT -2 |24V QURET NC2| OLT-$2 2 YLPE INS. 14 4 HBR  |INERFACE MODULE] IM-RDR 1 1 14 YLPE INS. 28
9 FN_ORV+ {2) FANS 1 XLPE_INS. 14 58 TOM _ |INTERFACE MODULE| IM-HOR 18 | 3 XLPE INS. i
8 FN_DRY- [2) Fans 2 XLPE_INS. 14 i 15+ |INTERFACE MODULE| IM-HDR 1 | 24 XLPE IN3. 28
B 55 INTERFACE MODULE] IM-HOR ! | 26 XLPE_IN3. 22
\. I
T & e 1 |FEY | W | DESCRIPTION FILE DATE | BY |CHD | ENGR| APVD!
S IEDUE (I ENSION ACROWNS

4

|

3

WEST VALLEY TRANSFER CART {™

FRE DATE FILE POINT [T L oF w

8/3/92 HC-1 EC-1 =

2 e | s | Q—6340-240 %
2 1 — MICROFILMED
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. e ® °
L [ [
L] Q-6340-244 R0 @ L} Py ® ® Q-8340-244 RO ™ ®
COMPONENT SIDE (FRONT) CIRCUIT SIDE
71.500"
. ¢ o
! ‘ 9”\ 7TS 77 77% 77V T~ 77%v 77%v 777 71° T 773
OomiB O OmT OO O Oml OB OmD O o
m ofl ®n 8 nd Bo o o m® On® Opf Bo ] o ®© o o ® [ W o s ] e
2 4 ©
N A 2 A___
L N M N K
I ] MM M M
LTI ® M ]
’ 0-8340-244 RO 4 ¢, © © 9o
DRILL MASTER SILK SCREEN FOR FRONT
SRE | QTY|STM
i w0
n| v N
25 9| A
noTES: IMIT ON ALL DIMENSIONS .813 IN UMLESB OTHERWIBE NOTED
6. L L . - KEFEMENCE ORAVINGS NUNBER
- T 18 UE 0,10 U, SO TS IO, o o . zoscs woor.
FL-GFP-862-C-1/1-B-2-8. $. WATERIAL REQUIRED: 17 8. IN.. LRI REZ) MARTIN MARTETTA ENERGY SYSTEMS, INC.
2 3t’57’:‘8:$§:3£:§gk$2§:2327‘?22"x33‘;’5255{3&%3:35332“:2 R 9. HOLE LOCATION TOLERANCE .883 IN. e e e ST B s .8 ST o -
MINI WITl IL-C-1 - N ERR . Tonneeses Poduwesh,
RERIBTRATION TO OF VITHIN B85+ 18.DINENSIONS OF ALL HOLES WOTED BELOV ARE FINISHED HOLE DIAMETERS
3. :I;EQ: :ugz:m;oan Pl;g;! ALL COPPER IN :gca:g::ciuz:lm
-P-91 - Fu = HALL -
THICK MINNON.- TIN-LERD ® S— HEXFET MOUNTING
- N R.A. NAPLES -
4. ARTER PROCESSING, ETCHED S0ARDS TO BE FAEE OF VOID8 nLess Jﬂéﬁﬁ?;‘i‘:nmmn o 3-92 PRINTED CIRCUIT BOARD
LR gg :g;ngsvzt{s'gtzgzwslas A vg::LsuEET. MASTER NEGATIVE(S) AV, BALOCK 3-92
L1ED BY - FRACTIONS &  1/44° T AV, BLALDCK 5-92 Y
XX DECINALS & .O10f WEST VALLEY TRANSFER CART PC
XXX DECIMALS £ .003* AV. STAPLETON 3-92 e - - i
ANGLES + o 30 R i P FILE DatTE PILE POIRY -
BREAK WHARP EDGES RUPPEL HARDY HC-1 EC-1 3500 i 1
REV.| wF DESCTRIPTION FILE DATE | Y | Enor | APYD EC JRAILEY, GA-VA. CAP 592 ] T v
LB i REVISION OR ISSUE PURPUSE APPROVALS l Llilily I DRAVING APPROVALS DATE 141 I8C Q-6340- 244 o
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taac —w7
247 1 f | J
-~ e ; [ ] ! t
! — o
1 =
"E I SAPDIA THRY & b . MW ue __1 } :—%
B B,
l 4 PLACES l
| ’ |
| : b
% ’5 "

BRACKET-! scapamn

C

MATERIAL: JB5¢ THICK 3003-Hi4 ALLMINUN SHEET.
FINISH: CLEAR

SULFURIC ACGID ARODIZE.

1 REQUIRED

18.2002"

Ezso

SPACER

LSCAEL~D

MATERIAL: 350 JIA. $081-T6 ALLMINUM ROD.
FINISH: CLEAR SULFURIC ACID ANODIZE.
£ RESLARET.

.S5ea”

95
S — &= *
ND B
J o
| ol —%
.
$42 IRILL THRU & -
ol I =
’ %33 DRLL THRU & 1E MACES \4___._._
TAP_TYRU 6-3, § o5
18 PLACES
’ A
-— T — § —— ap
e 11— &+
l 1428 “ ) hy o
T asys — ha
- f.ﬁ
i o= — |t
[ g
wl 1 =

.32 % 78" LOWG FHMS.
STAINLESS # BLACE
HOLDS RGOS IN

FORMED VIEW WITH RODS IN PLACE

-, Twes - Fue, Beeey

ERATIEET RGN % ARTIN MARTETTA ENERGY SYSTEMS, INC.
WA

SUERS by S SIPATRANT I GUNDY wiy (5. SIRNINT santed

1

I !
FUE DATE | BY |orin]ENGR] APv0]

ABPROVALS

] Lol

MECHANICAL DETAILS

4

3

|
5] WEST VALLEY TRANSFER CART %]
f.n.wn.a.r_xmv_:lga;__ e ﬁ’;—f‘1l:,m1,1 ¥
fri s ¥ & cwriops | mr T Q-6348-245 |
| 2 1




202

!
8 7 ] 6 5 4 ; 3 1 2 I 1
3,009 | 7.000 {
-r
400
370 2y L]
3.980
2.0 ’ 7 .
45" DlA 45 8 149* DIA DRILL THRU
in X B PLACES
+ + - Nkt Sa— ity K8
8.550 L—E 100 | 5,000 S
20 . :
BRACKET -3 cscaceurm
MATERIAL 062* THICK 3003-Hi4 ALUNINUM SHEET.
FINISH: CLEAR SULFURIC ACID ANODIZE.
o — 1 REQLARED.
375 ;-—2.075—-—-—2.075 }‘_2'075_"‘—2'075—j
. N 9.275
2,800 | / | | |
—2.250 y ﬂl , — 1137 | 7,000 .
149° DIA, DRILL THRU
615 8 PLACES
159, DRILL D TAP 6-22 TRy 2.160
2o A e __
/ BEND UP 90°
— ® +
] | | 2
i R :
] 3.060 I 2.108 I 3,066 i <
BRACKET-2 scapu=in 500
& 262 BEND UP 28
NATERIAL {R8* THICK 3003-Hi4 ALLMINUN SHEET. e
FINISH; LEAR SULFURIC ACID ANGDIZE. K o X Py
o T § 149° O1A DRILL THRU~
—~ =—.265 4 PLACES 4,150
4,150 [—446
‘ 3.000 2190 — 3,000 Wit ol BRACKET—4 acaeums
| 255 [ \ Ry e e l
[_ 685 MATERIALS 063 THICX 3003-Hi4 ALUNINMM SHEET.
Y & @ @r éy- ; ‘ T'::%:Jz%én‘." SULFURIC ACID ANOOIZE.
925
¥
| 8700 {T
KEEPER BAR tscars=1n REFEAENE DRANGS N
LI I ARTIN MARIETTA ENERGY SYSTENS, INC.
s, 2 Y S TS g e Tt~
1 REQUIRED.
MECHANICAL DETAILS
yoz
: sAz| WEST VALLEY TRANSFER CART W
- APPROMD oL W. STAPLETON [8/02 oL GATE AR FONT [ ) Im 3 w
Pespy——— s T ] T T [ ISREA¢ wiame ED0ES Y. R, RUPPEL, & E. HARDY|2/92 uet 1 | 3ee 19
BETAENTAT CONTRALS 3 ESCRIP T 14 &E! !. ‘E - -
TR Vo o s PR P L e | il e ] e | i Q-6342-246 |9
7 6 5 4 | 3 i 2 1
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H
7 | 6 5 | 4 3 2 !
ITEM | QUAN RART MANUFACTURER /PART NO.
1 CARD CAGE UNITRAK_NO. STD87-12
2 HEAT SINK_CARD_GUIDE UNITRAK_NO. KGBC375-5-5,5-L-S
3 5V POMER SUPPLY VICOR NO. Vi-L-12-1Y
4 2 5V POWER SUPPLY VACOR _NO_ VI-L-12-1Y
5 2| 24V FAN FPAPST NO. 4414
6 BRACKET-! DWG. G-6348-245
0@ 0 7 2 | BRACKET=2 _ DWG. Q 46
] BRACKET-3 DWG. Q-6348-24¢
] T | BRACKET-4 DWG. 0-5348- 241
m 2 2 | ROD (SPACER) DWG, 0-6348-24
KEEPER BAR DWG. Q-6340-24¢
{ \ i 2. 8 _SLOT STD BUS BACKPLANE| WIN EYSTEWS MBE MOTHERBOARD
T . CART RECEIVER BOARD DWG._Q-5348-261
T | CART TRANSMITIER BOARD | OWG. Q-B348-271
3 T | CART ANTENNA CONTROLLER| DWG. O-8348-288
£ 7| SINGLE BOARD COMPUTER | WIN SYSIEMS LPM-SBC4OR-B-BAT
3 7 | BIPHASE ENCODER/CECODER] DWG. G-6348-281
8 ANALOG 1/C_BOARD WIN SYSTEMS LPM-AIO-0C
HMB-HORY INTERFACE MODULE ASSY | DWGS Q-6340-228,-225,-238
e Kol 20 DI0. /0 PIGGY-BACK BRD | WIN SYSIENS SBX-PIO
D T2t HEXFET MOUNTING BRD DWG. 0-834B-244
2 7| INSUL, SHOULDER WASHER | THERMALLOY 7721-7PPS
3 2| 10-22¢ INSULATOR TRERMALLOY 53-77-9AC
r 3 | SOCKET HOUSING, 8 FOS. AMP_1-488Z70-8
T 6 18 ] cAINE soc«zrs MNP 50618-5
i 8 | T LOT | #i4 AWG STRANDED ALFHA 7848
Ab i i RRADIATED POLYEOLEFIN
T CABLE ASSY, MMB-CAZ 27_|AS REQ| g6-32 BND.HM.S. USER_GHOICE
18 ) 28 _TAS REQ | §6_PLAIN WASHER USER_CHOICE
3 = 29 [AS REQ| #6 1OCK WASHER USER CHOICE
@ ® @ ! e MB-HOR2 30 |AS REQ 632 HEX NUT USER_CROICE
™ i 7 31__|AG REQ ] g6 STUD R. TNGUE TERM USER_CHOICE
- ! : } 53 32 u»u F.HMS. USER CHOICE
B i 3 f+ LOCKWASHER USER_CHDICE
3 l 34 #C 48 HEX NUT USER CHOICE
o ) RE 35 #6-32¢.75° LONG B.H.M.S USER CHDICE
1 3 ,25°C x .25'L §6 SPACER | USER CHOICE
P52 . . ] NoTE 4 3 37 §6-325,437°_LONG BHM.S | USER CHOICE
aa HMB-HDR3 NOTES:
CABLE ASSY. 1. RACK SLOT POS'S. 7, 8, & § WIRED INDIVIDUALLY TO POWER SUPPLIES
} = m: 0o 2 HMB-CA3 PSY, PS2, & PS3. SEE WIRING DIAGRAM 0-8343-21%.
9 2. SIX SLOT ST0. BUS BACKPLANE BEHIND 'SLOT POS'S. 1 THRU 6. FOS'S.
= s 2 & 3 NOT CONNECTEED & ASSOCIATED CARD GUIDES REMOVED.
= PR / réss Lol 3. TOP BOARD PLUGS INTD MIDDLE, MIDDLE PLUGS INTO BOTTOM,
{HOTE 1) / 1 BOARD PLUGS INTO POSITION 1 OF STD. BUS BACKPLANE (xm 12)
4
n J iy 4, THIS END OF HMB-CA1 SOLDERED TO TOP BOARD, SEE Q-8349-220.
Ps3
é (b é Cl) u \ 5. THIS END OF HNB-CA2 SOLDERED TO MIDDLE BOARD, SEE Q-8348-225,
14 15 18 {1 :
9 o @ @ SRR o 8. THIS END OF HME-CA3 SOLDERED TO BOTTOM BOARD, SEE Q-834-234.
BRO. R,
§ T gt ez 7. CUT 1/2" FROM ONE END OF THERMAL GUIDES,
6 TYP. TERMINATION 1O PSt THRU 18
" PS3 ALL CONNECTIONS, SEE NOF D
VIRING DIAG. Q-6342-215,
3
3) @S
NECHANICAL DETAILS 0-8348-248
MECHANICAL DETAILS Q-6348- 245
PRINTED CIRCUIT BOARD Q-6349-244
NEPERDCE DRANGE HABER
.u,m LR LE R LG MARTIN MARIETTA ENERGY BYSTENS, INC.
e S e MPATMINT O BV yuisr A SREAREY sovienst T-A-0N-RARED A
i, YOeemn  Fatpy,  Novsy
CART ELECTRONICS RACK ASSEMBLY
L
s | WEST VALLEY TRANSFER CART -
Y S W, STAPLETON {8/82 AL GaTY RErmT | RDR | #% O [
2 I RO B O 1 1 L1 [ 1 AK BHAAP. DGR [F R RUPPEL L E HARDYIS/62 | i I B N
s & o "y pev. | W | DESCRIBTION TRE DATE | BY {oreplenchiapw] £ C. BRADLEY, W, A CAWP{S/B2 AL B £]
Mome wewm REVISION 08 SSUE_PURPOSE ARROVALS ldadaii] g piEl | e Q-6348-247 2
7 | 6 l 5 4 3 2 1
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N

TRANSMIT/RECEIVE w| TRANSMIT/RECEIVE
= | <
TRANSMITTER CART ANTENNA CONTROL REF. Q-8340-288
i COMPARATOR
—— 1 SWiTcH —@
CART TRANSMITTER REF. Q-6340-271
- AMP
ENCODER
FILTER
( SYSTEM
CONTROLLER
AMP
DECODER RECEIVER
CART BiPHASE ENCODER/DECODER REF. Q-6340-291 CART RECEIVER

REF. Q-6340-261

REFERENCE DRAWINGS

NUMBER

MARTIN MARIETTA ENERGY SYSTEMS, INC.

aparaies for the APARTMN OF DNERGY wndw U§ COMRMMENT amnivmat DE-AC-05-S40R21400

Cak Rdga Twnemes  Pomh, Kentucky

CART COMMUNICATIONS SYSTEM

BLOCK DIAGRAM

TOLERANCES KF.QUTHHAY | 4/92
UNLESS OTHERWISE SPECIFIEL ™Y

7] TPE
G BiChas s S wown wooe wassd  WEST VALLEY TRANSFER CART 5D
:XX OECIMALS o JLW.STAPLETON | 5/82 FIE DATE FILE POINT BLDG SHT.  OF W

THIS DRAWNG PRODUCED 8 ORNL T 1 T T 1 | i ! BREAK SHARP EDGES ] 5/92 6/3/92 HC- 1 EC-1

INSTRUMENTATION & CONTROLS DIVISION : i
REV. | WF | DESCRIPTION SiLE OATE | BY | ENGRIAPVD ; A ta/m T T RV
AutoCAD 11 A KA - -
Pk gttt REVISION OR {SSUE PURPOSE APFROVALS ’ st DRAWING APEROVALS DATE N/A ] i&C Q-6340-250 9
3 2 | 1 —mcRoFLMED -

5

4
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L
° ]
.
()
2
o
O O
®
Orones DEC.2 PLAGES COMPONENT SIDE (FRONT)
-15x45 DEG.,3 PLACES
AN 6.500" bl
el
T40-20 M ¢ ® * * . N
..: wecamer . o ¢
¥
° mom
* LK ) o ® *® *
. BB o B x x
° e 1 I ° °
o m o XX L
* o p) eXX oo
° Mo on J .z !. xx
o o ° s ° ° Jolee °
coosves 7O *
’lﬁl ,§§.000 » r 3z %
° *
b o« °* mn”  © m ¢ %6 o0 So 0000000 MO 93 5
© 00000 ¢ * & a8
" * X ¢ o * & . 0
. e o o * <
o X Z X oo sz | arvisn
o0 > z LIS * 4
® el ¢ o ¢ * ¢ o 2| ] O
XX ¢ o0 o xx
4 4 »|{mio
xXXxeo
. . ° %
Ju] X 4 0 > o 0, ¢ ] 40 33
moxx E E o o g g oo e w! sl M
o ® *
3 x ¢ o o® O 4 3| 1]
s L X oo ° e o ° , w | 2]s
® 9 ° ® e\ 2 | s8¢
Sl SILK SCREEN FOR FRONT
DRILL MASTER
NOTES:
R, T T R IR o
. ~P-13949/4. SPECIFI H
FL-8FP-962-C-1/1-B-2-8. 6. LINIT ON ALL DINENSIONS .B1S IN UNLESS OTHERVISE NOTED. REFERENCE DRAVINGS NUMBER
7. HONE ALL EDBES SMOOTH.
2. ALL HOLES YITH LANDS ON BOTH SIDES OF THE BOARD SHALL BE 188X y
PLATED THRU. COPPER PLATING INGIDE THE HOLES SHALL BE .091° 9. MATERIAL REGUIRED (38 $0. IN.. MARTIN MARIETTA ENERGY SYSTEMS INC.
WININUM IN ACCORDANCE WITH MIL-C-14558. FRONT TO REAR
RESIBTRATION TO BE YITHIN .963°. ?. HOLE LOCATION TOLERANCE .885 IN. ervrated for ine DEFARTIENT OF ENEASY wnder U.8. senirest &
3. CLEAN AND SOLDER PLATE ALL COPPER, EXCEPT CONNECTOR CONTACTS. 19 NGTCHES: 7 Bk Rides: Towmwser Puduoen. antue
g Y R R e pat R '
PLATED TO R MININUN THICKNESS OF .W882 INCH YITH A LOY VI-DINENSIONS GF ALL HOLES NOTED BELOV ARE FINISHED HOLE DIANETERS
STRESS NICKEL YHICH CONFORNG TO Q3-N-298. CLASE 2. THEN . FACILITY/CART RECEIVER
OVER PLATED ¥ITH 8OLD PER NIL-0-43284 TO A THICKNESS NO TOLERANCES o 5 R.A. WAPLES Py
LESE THAN .@BOB3 INCH NOR HORE THAN .8881 INCH. UNLESS OTHERWISE SPECIFIED |vio-gam PRINTED CIRCUIT BOARRD
A. AFTER PROCESSING, ETCHED BOARDS 7O BE FREE OF YOI1D$ R1 CRUTCHER | 4-92
AND SCRATCHES. FRACTIONS £ 1768 ENOINCER 4-92 e
S. 00 NOT USE THIB DRAVING AS A WORK SHEET. MASTER(S) * R1 CRUTCHMER -
OF VIRING WILL BE SUPPLIED BY ORNL. XX DECINGLS % .010° e WEST VALLEY TRANSFER CART PC
Xxx OECIRALS & .DO3" Y. STARLETH >3 FILE OATE FILE POINT [T] 3 4 w
ANBLES + 0°30° VARDY .
PREAK BHARP EDSES FR RUPPEL, JE 592 HC-1 ec-1f 3500 1 1
nEv.| WF DESCRIPTION FILE DATE | BY | ensr | aPvD EC. RADLEY, GA-VA CAP | 5-92 ] = =
DRaT i REVISION OR ISSUE PURPOSE APPROVALS l N ] DRAYING APPROVALS DATE 141 I18C Q-6340-261 )]
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COMPONENT SIDE

( FRONT)

015x45 DEG..24PLACESS PLACES
B DEC.
K 8.500" N
\l&" +7
:: + Q=53:0-205 N0 CART MY CONT + 4 \;-1":
‘: ) xe 4 g X
o x x T x 8y X MM
g = = X X i:} ﬁ gx wwt,?
o N + x z x +
D MMz om rx 5 x oo I
] TXX__ 4 + MW
S o BB B B s
B xﬂ'ﬂ i k& x xobx %
x Izxzxx X
8 X + xxxxi i*
a x x zx x
. L R **4x 3 z3 3x
2| OB g ey st aE ¥ g
" o b 4 X o Ix x ()
B "xx .8 + Xz 9z ; g mx,§ z ¥ Ox x ¥
O xX X !x X X xi1 zx X T n n
B gmumn g ox 7 xX Ippm ox, SZE | Y [sni
g x Ll Tz
g LR x x + xx,,,.-r_'-! » o2
g mn X x + g X MM P »|m|X
o x Mnx + i g QhQ% LI w | oM
o u x X I:pr EFF‘ ww P -
o % x* s, X +t¥ o2 2| -
4l xx X XXX PRI P
N 67 41F
Sl [ DRILL MASTER w 5],

NOTES
1. MATERIAL TO BE .862 IN THICKR EPOXY FIBERGLASS TYPE
FR4, PER MIL-P-13949/4. SFECIFIC DESIGNATION SHALL SE

FL-SFP-062-C~1/1-B-2-B. 6.
2. ALL HOLES VITH LANDS ON BUTH SIDES OF THE BOARD SHALL BE 198X 7.

PLATED THRU. COPPER PLATIMG INSIDE THE HOLES SHALL BE .881° 'R

MINIMUM IN ACCORDANCE VITK MIL-C~14598. FRONT 70 REAR

REGISTRATION YD BE WITHIN 903, .
3. CLEAN AND SOLDER PLATE ALL COPPER, EXCEPT COMNECTOR COMTACTS,

IR ACCORDANCE YITH MIL-P-$172¢.THE FUSED TIN-LEAD SHALL BE
#9083 INCH THICK MINIMUM.CONNECTOR CONTRCTS SHALL SE 1"
PLATED TO A MININUN THICKHESS OF .B#S2 INCH VITH 4 LOW

LINIT ON ALL DIMENSIONS .813 IN UNLESS OTHERVISE NOTED.
HONE ALL EDGES SMOOTM.
MATERIAL REQUIRED:3§ 80. INM..

HOLE LOCATION TOLERANCE 983 IN.

TN NOTCHES, 7

JDIRENSIONS OF ALL HOLES MOTED BELOV ARE FINISHEQ HOLE DIRMETENS
A

FTER PLATING THRAU.

SILK SCREEN FOR FRONT

REFERENRCE DRAVINGS NUMBER

PINFETIN NTAFTIETT N

oreruted tor Hw NPRITNENT OF RIERSY uader V.8.
Guk Rldun. Tomwwewee Podussh. Lontusie

MARTIN MARIETTA ENEREY SYSTEMS INC.

CART ANTENNA CONTROL

GVER PLATED NITH S0LD PER NIL-8-43284 10’5 THICKNESS NO ToLenawces T pa. WAPLES arez
LESY THAN #8845 INCH NOR MORE THAN 9881 INCH. UNLESS OTHERVISE SPECIFIED hnmrgtmcn PRINTED CIRCUIT BOARD
4, :;E:J:ggsg:lns, ETCHED 80ANDS TO BE FREE OF Y0IDS S
1 FRACTIONS & 1/64° RI_CRUTCHER 4-92 b
3. DO NOT USE TMIS DRAVING A% . MASTER(S) .
OF WIRING ¥WILL BE SUPPLIED Sv'm..f"m ::‘Dggé?:;f' ; :g;g, WEMYE | W. STAPLETON 5-92 w E S T V Q L L' E Y T R n N S F E R C Q R T P C
ANGLES + o 30° - FILE DATE FILE POINTY " "r. [ 4 w
BREAK BHARP EDBES FiR RUPPEL, JE. HARDY 592 He-1 ec-1| 3500 1 1
REV.| WF DESCRIPTION FILE DATE BY | ENOR | APVD E.C. BRADLEY, GA-W.A CAw {5-92 v} M —
Coabs-258 REVISION DR ISSUE PURPOSE APPROVALS J (il l DRAYING APPROVALS DATE 141 I1.C Q-6340-266 1
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NOTE

COMPONENT SIDE

(FRONT)

015x45 DEC.2 PLACES
rxﬁ 45 DEC.3 PLACES

K 8.500° o
o\ , (e & & o o ¢ e o o & o o,<7<
<
-4345-171 M
o) CART TRARSMTTER .
me
u .
8 s .3
[TiRg o rx Py :’ A
o
.
2 seee %, MHexzx i
me L S * > ® *
o * 2x XX °
8 20 460 < * ox” _ x
ne 4 o e * @ '
b 2 - - 000,. * @ : * . g
b 2 * xo X xXx P4 & x ]
o e ¢ % oxx, Ty
o . PO Y
* * * . X
B e . . TR .
& . ﬁ "0
o x z
[u] s* b 4 *
8 ® . x' x
.
o
¢
.
J k
e & 6 4 4 4 e & & e e o
= n

—1400

BATERIAL TO BE 842 IM THICR EPOXY FIBERGLASS TYPE
FRa. PER AIL-P-13949/4, BPECIFIC DESINNATION SHALL BE
FL-GFP-862-C-1/1-8-2-8,

ALL HOLES VITH LAHDS ON BOTH SIDES UF THE BOARD SHALL DE 198X
PLATED THRU. COPPER PLATING INSIDE THE HOLES SHALL BE .#1°
MININUM IN ACCORDANCE YITH WIL-C-14338. FRONT TO REAR
RESISTRATION TO BE WITHIN .883°,

DRILL MASTER

6. LINIY ON ALL DINENSIONS
7. HONE ALL EDOES SMOOTH.

re | arvlsw
w5l
35| wi -
w| | X -
2| 2| M ) k
w| 1]s
w | s|c
w2 | 1]¢

SILK SCREEN FOR FRONT

«813 IN UNLESS OTHERVISE NOTED.

S. MATERIAL REQUINED:3S 30. INM..

9. HOLE LOCATION TOLERANCE

REFERENCE DRAVINGS

FYRITTIN RTVEL(ETT Y

oweruted for He NEPANTNENT OF BNRNSY wnder ¥.8.
Sk Niges. Tonnseess Pudusel. Ronteshe

MARTIN MARIETTA ENERGY SYSTEMS INC.

owntrest

3. CLEAN ANO SOLDER PLATE ALL COPPER, EXCEPT COWNECTOR CONTACTS, 18.NDTCHES » 7
P iy e
Ft4 €Y " 11.0INENSIONS OF ALL HOLES NOTED BELOV ARE FINISHED WOLE DIAMETERS
iR Holsl Wi et o) eb st St bl B O ety ™™ ror- wrics = CART TRANSMITTER
LESS THAN 08983 INCH NOR WORE THAN .BB1 INCH. UNLESS OTHERVISE SPECIFIED [omwim s PRINTED CIRCUIT BOARRD
4. AFTER PROCESSING, ETCHED BOMDS TO BE FAEE OF Y0108 -
: FRACTIONS £  1/64° RI._CRUTCHER 4-92 ]
5. v . . :
OF VIRING VILL '9€ BUPPLIED By D TET MASTER(S) X DECIMLE 2 010 e O PN | 502 WEST VALLEY TRANSFER CART  |pC
ANGLES t o°30° . PILE TR Lt PoINT nes -7 - -
BAEAK SHARP EDGES FR RPPEL _JE WARTY 5-92 Hec-1 ec-1| 3500 1 1
REV.| »F DESCRIPTION FILE DATE sy | enan | aevo EC. BRADLEY, QA-WA CAWP| 5-92 ] = —
i REVISION DR ISSUE PURPOSE APPROVALS [ NEEREE I DRAVING APPROVALS DATE 1141 I8&C Q-8340-271 ?
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DRILL MASTER
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1. BATERIAL TD BE 842 IN THICK EPOXY FISERGLASS TYPE
FR&, PER NIL-P-13949/4. SPECIFIC DESIQNATION SHALL BE
FL-GFP-R62-C-1/1-8-2-8,

2. ALL WGLES YITH LANDE ON BOTH SINES OF THE BOARD SHALL BE 189X
PLATED THRU. COFPER PLATING INGIDE THE HOLES SHALL BE .#81°
NININUM 1IN ACCORDANCE VITH MIL-C-143358. FRONT TO REAR
RESISTRATION TO BE VITHIN .863°.

- CLEAN AND SOLDER PLATE ALL COPPER, EXCEFT CONNECTOR CONTARCTS.
IN ACCORDAMCE WITH MIL-P-01720.THE FUSED TIN-LEAD SHALL BE
LAB83 INCH THICK MINIMUN.CONNECTOR CONTACTS SHALL BE
PLATED TO A MININUN THICRNESS OF .S#BE INCH VITH A LOW
STRESS NICKEL N¥HICH CONFORNS TO GA-N-298. CLARS B, THEN

- LINIT ON ALL DINENSIONS 913 IN UNLESS OYMERVISE NOTED.
7. HONE ALL EDGES SMOOTH.
+ WATERIAL REGUIRED:38 $8. IN..

9. HGLE LOCATION TOLERANCE .58S IN.
18 . MOTCHES 7

11.DINENSIONS OF ALL HOLES NOTED BELOV ARE FINISNED HOLE DIAMETERS
AFTER PLATING THRU.

»

SILK SCREEN FOR FRONT

REFERENCE DRAVINGS

everated tor Hw PEPMRTRENT OF SUENEY wndor ¥ebs

R AR man) MARTIN MARIETTA ENERBY SYSTEMS, INC.

Ouis Ridas. Tonnasuns POlosh. Eantusin

BIPHASE ENCODER/DECODER
PRINTED CIRCUIT BOARD

OVER PLATED VITH QOLD PER RIL-B~A8284 TO & THICKNESS WO TOLERANCES NN MAPLES 3-92
LESS THAN .SBESS INCH NOR NORE THAN .08#1 INCH. UNLESS OTHER¥ISE SPECIFIED fomwow SWen CART MODEL
4 mz:cmgggtm. ETCHED BOARDS TO BE FREE OF YOIDS
. FRACTIONS &  1/64° TR o7 VANDERMOLEN | 4-92 ™
R T . .
" B S vl e s B T e I e I T R WEST VALLEY TRANSFER CART _ IPC
ANGLES t o 30 TR J.:, 5_92 7ILE IATR FHE PRINT ne. . - -
SREAK SHARF EDOES - RUPPEL HARDY ue-1 gc-1| 3500 1 1
L 4] w OESCRIPTION FILE DATE ay | Enen | APYD EC. PRATLEY, GA-WA CAWP | 5-92 SRR ™ .|
m—_yit REYISION OR I8SUE PURPORE APPAOYVALS l il l DRANING APPROVALS DATE 141 I1&C G-6348-291 7]
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WWVNS eacoder conteolier
Equations for Module wvnsenct

Device enct

- Reduced Equations.

Iid = (b1 & lcnten & or & rst
#0r&g08q18q2&193&q4 & rst
#or& g0 & q1 &32 8 193 & lg4 & rst
#1d & or & rdy & rst);

= (Q0 & g1 & g2 & 193 & q4 # Imr & rdy # Irst);
si=(q08918q28 g3 8 rst#q0 & q1 & g2 & Ig4 & rst);

fowe = (Iq0 & 193 & q4 & rst
#1971 & 103 & g4 & rst
#1928 193 & q4 & st
#9038 q1&q254938 14 8 rsy);

dat = (cwd & lowe # cwe & sdat);

Irdy = {frst
#0d & mr & rdy
# cnten & lrdy
# Irdy & istrt
# tor & ledy
# b1 & trdy);

lcnten ;= (enten & rst
#enten& lor& qU & g1 & a2 & 163 & g4
# tenten & try
# lcnten & Irdy
# lenten & 1d);

Reference Drawings:

Facility Biphase Encoder/Decoder Schematic Q-6340-185
Facility Biphase Encoder/Decoder Printed Circuit Board Q-6340-186
Facitity Biphase Encoder/Decoder Parts List Q-6340-187
Cart Biphase Encoder/Decoder Schematic Q-6340-200
Cart Biphase Encoder/Decoder Printed Circuit Board Q-6340-291
Cart Biphase Encoder/Oecoder Parts List Q-6340-292
DRAW BY
P D222 MARTIN MARIETTA ENERGY SYSTEMS, ING.
© ORNL INSTRUMENTATION AND CONTROLS DIVISION
ENGINEER R | VANDERMOLEN 492 QOak Ridge, Tennessee
APPROVED J W STAPLETON 582
F R RUPPEL 592
J E HARDY 592 PAL DOCUMENTATION
E C BRADLEY 592 WVNS ENC1
QA WA CAMP 5/92
WEST VALLEY TRANSFER CART PL
FILE DATE FIE POINT ] Lo sHT 1 0F 2 wF
DRAWING APPROVALS DATE 1o 18C Q-6340-020
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WVNS encoder controller

Chip diagram for Moduie wvnsenci

Device encl
P20RS8
L]
clk 11 24
rst ]2 23 det
b1 |3 pz
or | 4 21
stt ] 5 20 rdy
qd | 6 19 k]
|7 18 | ove
q2 | 8 17 mr
gt ]9 16 cnten
q0 | 10 15 id
sdat | 11 14 owd
2 13| dE
DR AN BY
e, 2T 2Y MARTIN MARIETTA ENERGY SYSTEMS, INC.
ORNL INSTRUMENTATION AND CONTROLS DiVISION
ENGINEER R 1 VANDERMOLEN 4192 Oak Ridge, Tennessee
APPROVED J W STAPLETON 592
F R RUPPEL 5192
J E HARDY 5/92 PAL DOCUMENTATION
£ C BRADLEY 5192 WVNS ENC1
QA WA CAMP 5192
WEST VALLEY TRANSFER CART PL
FILE DATE FILE POINT Iamc sH12 0 2 WE
DRAWING APPROVALS DATE o 18C Q-6340-020
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WVNS encoder counter
Equations for Module wvnsenc?

Device enc2

- Reduced Eguations
lentd -= (lcnten),
Ibop 1= (lentd & cnten & rst),
teop = {cnid & fonten & rst),

4 = (90& 18928 93 & g4
#1190 & lg1 & g2 & g3
# st
#1g0 & g4
#1q1 & Ind
#192 & Ig4
#1193 & lqd),

193 = {Irst
#190& g1 & 192 & q4
#1g0 & 193
#1191 & 193
#a08q1&qg28&g3
#1g2 & ig3);

192 = (st # g0 & Iqg2 # q0 & q1 & g2 # 191 & 192},
tq1 = {irst # q0 & g1 # 190 & Iq1);
190 = (irst

#1918 1928 g3 &q4

#q0
# icnten & lg1 & {q2 & g3 & 194);

Reference Drawings:

Facility Biphase Encoder/Decoder Schematic Q-6340-185
Facility 8iphase Encoder/Decoder Printad Circuit Board Q-5340-186
Facility Biphase Encoder/Decoder Parts List Q-8340-187
Cart Biphase Encoder/Decoder Schematic Q-8340-290
Cart Biphase Encoder/Decoder Printed Circuit Board Q-6340-291
Cant Biphase EncoderfDecoder Parts List Q-6340-292°
DRavWN BY
CRAVING CHECK w . 34K 4 MARTIN MARIETTA ENERGY SYSTEMS, INC.
ORNL INSTRUMENTATION AND CONTROLS DIVISION
ENGINEER R | VANDERMOLEN 4192 Oak Ridge, Tennessae
APPROVED JWSTAPLETON 5192
F R RUPPEL 5192
J E HARDY 5/92 PAL DOCUMENTATION
E C BRADLEY 52, WVNS ENC2
QA WA CAMP 592
WEST VALLEY TRANSFER CART PL
FILE DATE FILE PONT j BLG ] st 1 0F 2 M
DRAWING APPROVALS DATE 1in 18C Q-6340-021
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WVNS encoder counter
Chip diagram for Module wwnsenc2

Device enc2
P16R8
oi | 1 20
st § 2 19 eop
cnten | 3 18 bop
4 17 | cnd
5 16 | q4
6 15 | g3
7 14 | 2
8 13| q
9 12 |
10 11 _q0_E
DRAWN BY
T o 2L ZITZY MARTIN MARIETTA ENERGY SYSTEMS, INC.
ORNL INSTRUMENTATION AND CONTROLS DIVISION
enomeer R ) VANDERMOLEN 492 Oak Ridge, Tennessee
serovED  J W STAPLETON 5092
F R RUPPEL 5/92
J E HARDY 5/92 PAL DOCUMENTATION
E C BRADLEY 52 WVNS ENC2
QA WA CAMP 5/92
WEST VALLEY TRANSFER CART PL
FILE DATE FILE POINT I BLOG SHT2 OF 2 mF
DRAWING APPROVALS DATE {in 18C Q-6340-021
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WVNS biphase encoder controlter
Equations for Modute wwnsenc3

Device enc3

- Reduced Equations:

160 = (rf # lor2 # lor);

'q1 := ('q0);

192 = (iq1);

It = (91 & la2);
iso == (f);

Reference Drawings:

Facility Biphase Encoder/Decoder Schematic Q-6340-185
Facility Biphase Encoder/Decoder Printed Circuit Board Q-6340-188
Facility Biphase Encoder/Decoder Parts List Q-6340-187
Cart Biphase Encoder/Decoder Schematic Q-6340-290
Cart Biphase Encoder/Decoder Printed Circuit Board Q-6340-291

Cant Biphase Encoder/Decoder Parts List

Q-6340-202

DRAWN BY
S— MARTIN MARIETTA ENERGY SYSTEMS, INC.
ORNL INSTRUMENTATION AND CONTROLS DIVISION

ENGINEER R | VANDERMOLEN 4/92 Oak Ridge, Tennessee
APPROVED JW STAPLETON 5192

F R RUPPEL 502

J E HARDY 592 PAL DOCUMENTATION

E C BRADLEY 5/92 WVNS ENC3
QA W A CAMP 5192

WEST VALLEY TRANSFER CART ; PL
FILE DATE FILE POINT ] BLOG ] ST 1 0F 2 MF
DRAWING APPROVALS DATE lo 186C Q-6340-022
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WVNS biphase encoder controller
Chip ciagram for Moduie wvnsenc3

Device enc3
P16R8
L]
ck |1 20
fl2 19 SO
o1 ]3 18 T
o2 | 4 17 q0
S 16 q1
6 15 G2
7 14
8 13
9 12 q0
10 1 | _soE

DRAWN BY
FepeE— XTI Y MARTIN MARIETTA ENERGY SYSTEMS, INC.
ORNL INSTRUMENTATION AND CONTROLS DIVISION

ENGINEER R | VANDERMOLEN 4/92 Oak Ridge, Tennessee
wrmoves 4 W STAPLETON 5192

F R RUPPEL 502

J E HARDY 5/92 PAL DOCUMENTATION

E C BRADLEY 5/92 WVNS ENC3
Y W A CAMP 5192

WEST VALLEY TRANSFER CART PL
FILE DATE FILE POINT I BOG 12 OF 2 W
DRAWING APPROVALS DATE [0 1&C Q-6340-022
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VWVNS decoder fifo controlier
Equations for Module wwnsdec1

Device dect

- Reduced Equations:
im .= (da0 & idat & lefr & rst);
Isi == (Irst # err # dat # ida),
Irae = (ral # a0},
idal = {irst # err # Ida);
1dal = (Irst # err # 1dal),
tra0 = {lra);

trat ;= (ra0);

Reference Drawings:

Facility Biphase Encoder/Decoder Schematic Q-8340-185
Facility Biphase Encoder/Decoder Printed Circuit Board Q-6340-186
Facility Biphase Encoder/Decoder Parts List Q-6340-187
Cart Biphase Encoder/Decoder: Schematic Q-6340-290
Cart Biphase Encoder/Decoder Printed Circuit Board Q-8340-291
ORavw BY
DRAVING CHECK aR Ladniickibnd MARTIN MARIETTA ENERGY SYSTEMS, INC.
ORNL INSTRUMENTATION AND CONTROLS DIVISION
ENGINEER R | VANDERMOLEN 4192 Qak Riage, Tennessse
APPROVED JW STAPLETON 592
F R RUPPEL 592
JE HARDY 502 PAL DOCUMENTATION
€ C BRADLEY 502 WVNS DEC1
QA W A CAMP 562 .
WEST VALLEY TRANSFER CART PL
FILE DATE FILE POINT IB.DG —[smhxz ~E
DRAWING APPROVALS DATE lio 18C . Q-6340-023
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WWWNS decoder fifo controlier
Chip dragram for Module wvnsdect

Device dect
P16R8
L]
clk | 1 20
st ]2 19
da ] 3 18 rae
er {4 17 ral
a]s 16 a0
6 15 dat
7 14 da0
8 13 s
k] 12 w
10 1" mE
e
eyt | avanr MARTIN MARIETTA ENERGY SYSTEMS, INC.
ORNL INSTRUMENTATION AND CONTROLS DIVISION
ENGINEER R | VANDERMOLEN 4/92 Qak Ridge, Tennessee
APPROVED J W STAPLETON 592
F R RUPPEL 592
JE HARDY 592 PAL DOCUMENTATION
E C BRADLEY 592 WVNS DEC1
QA WA CAMP S92
WEST VALLEY TRANSFER CART PL
e oaE Fee o = PPN S v
DRAWING APPROVALS DATE lio 1&C Q-6340-023
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WVNS decoder / crc checker controller
Equations for Moduie wwnsdec?
Device dec2

- Reduced Equations:
lregid = (IgD # lq1 # 192 # q4 # Irst);

Hd = (0r1 & 028 g0 & q1 & q2 & 13 & g4 & rst
#or180281q08& q1 &g2& g4 & rst
#orl & o2& 1g0 & Iq1 & 162 & 193 & iq4 & rae & rst);

tmr = (190 & g4 & rst
#1g1 & g4 & rst
#1q2 & q4 & rst
#g3 & st
#q0 & g4 & rst
#q18 94 & rst
#9254 1g4 & st
# g4 & lrae & rst);

Isi:=(rst#qO#q1&qa# 28 qd#!q3#ig1 & iqd # 1q2 & ig4);
linit := (loomp & ferr & q0 & q1 & 42 & 143 & g4 & rig);
tcnten (= (Irst

#centen 8 10128 08 q18& 928193 & g4
#cnten 8 lor1 & q0& q1 & g28ig3 & g4

# tenten & id);
lerfig := (Irst
# erfig & si
# lerflg & lerr
# lerfig & 1q0
# lerfig & 1t
# lorftlg & 1g2
# terflg & g3
# lerfig & Ig4d);
ifig := {trst
#190& iq1 & 152 & g3 & g4
# comp & Hfig
# 190 & g
# 191 & itfig
#192 & g
#1q3 & ifig
# q4 & idlg);
Reference Drawings:
Facility Biphase Encoder/Oecoder Schematic Q-6340-185
Facility Biphase Encoder/Decoder Printed Circuit Board Q-6340-186
Facility Biphase Encoder/Decoder Parts List Q-6340-187
Carn Biphase Encoder/Decoder Schematic Q-6340-290
Cant Biphase Encoder/Decoder Printed Circuit Board Q-6340-291
Cart Biphase Encoder/Decoder Parts List Q-8340.202
DRAWN BY
" iaebitdloianiiiibad MARTIN MARIETTA ENERGY SYSTEMS, INC.
 ORNL INSTRUMENTATION AND CONTROLS DIVISION
ENGINEER R 1 VANDERMOLEN 82 QOak Rigge, Tennessee
APPROVED JW STAPLETCON 5092
F R RUPPEL 582
J E HARDY 5/92 PAL DOCUMENTATION
E C BRADLEY 592 WVNS DEC2
QA WA CAMP 5/92
WEST VALLEY TRANSFER CART PL
FILE DATE FILE POINT ]awe Ism 1062 e
DRAWNG APPROVALS DATE S 18C Q-6340-024
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WWVNS decoder / crc checker controller
Chip diagram for Module wvnsdec2

Device dec?
P20R8

el |1 24

st | 2 23
ol {3 22 init
o2 | 4 21 rftg
rae | 5 20 Ll

err 1 6 19 eifig
g4 } 7 18 mr
Q3| & 17 cnten
g218 16 Id

q1 | 10 15 regld
qo {11 14 comp

12 13 _regld_E

ORAVN BY
v e L2 MARTIN MARIETTA ENERGY SYSTEMS, INC.
ORNL INSTRUMENTATION AND CONTROLS DIVISION
ENGINEER R{ VANDERMOLEN 4/92 Oak Ridge, Tennessee
APPROVED J W STAPLETON 592
F R RUPPEL 592
JE HARDY 5192 PAL DOCUMENTATION
E C BRADLEY 592 WVNS DEC2
oA W A CAMP 5002
WEST VALLEY TRANSFER CART PL
FILE DATE FILE PONT [ 806 SHT2 OF 2 wr
DRAWING APPROVALS DATE To Xe Q-6340-024
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tem Quantity Reference Part Vendor
1 2 c1.c2 1uF Sprague 2C37Z51105M050B
2 S CU1,CU2C3,CcudC AuF Sprague 1C2525(1104M0508
3 1 Cc4 47uF Panasonic ECE-ATHU470
4 2 C6,C7 .01uF Sprague 1C252511103M0508
5 12 D1,02,03,D04,05,06,07,08, 1NS5245BPH Zener, 15V Philips
D9,D10,D11,D012
8 1 D13 1N4744A Zener
7 2 1801,1802 TIL113 Optoisoiator Tl
8 2 HDR1,HDR2 2x3 Header AMP 2.380999-0
10 4 Q1.03.Q4,Q9 IRFE141 International Rectifier
11 2 Q.05 IRF044 Internatonal Rectifier
12 2 Q6,Q13 2N3804
13 2 Q7,08 IRF9120 Internationa! Rectifier
14 2 Qio.Q11 IRF120 intemational Rectitier
15 20 R1,R2,R3,R4,R5,RE8,R7 R8, 100k, 1/8W, 1% tol, Metal Fiim
R9,R10.R11 R12,R13 R14,
R15,R16,R18,R19,R20,R21
16 1 HDR2 PLC Wieland 25.350.3453
17 1 U1 74HCOON National
18 1 u2 CD4538BE Harris
19 1 u3 LM7805CT National
20 1 v4 TAHCT14N Nationat
DRAWN Y
DRAWNG CHECK T i ilol MARTIN MARIETTA ENERGY SYSTEMS, INC.
ORNL INSTRUMENTATION AND CONTROLS DIVISION
ENGINEER AV BLALOCK 492 Oak Ridge, Teanessee
APPROVED JW STAPLETON 5/92
F R RUPPEL 592
J E HARDY 592 BATTERY CHARGER POLARITY MANAGER
E C BRADLEY 5192 PARTS LIST
QA WA CAMP 592
WEST VALLEY TRANSFER CART PL
FULE DATE FILE POINT l&m Is.m oF 1 e
DRAWING APPROVALS DATE lio 18C Q-6340-137
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Item Quantity Reference Part Vendor
1 10 C1,C2,C6,C7.C11.C12 22 pF 50 V surface
C16,C17,C21,C32 mount cerarmic monolithic
2 4 C3,C8.C13,C18 100 pF 50 V surface
mount ceramic manolithic
3 ] C4,C9,C14,C19,C23,C34 0.01 uF 50 V ceramic monolithic
4 10 C5,C10,C15,C20,C26, 10 uF 35 V tant ECS-FiVE108K Panasonic
€30,£35,C37,C38,C39
5 1 c22 2.8-12 pF variable 24AA021 Mouser
6 2 €24,C28 1 uF 35 V tant ECS-FIVE105K Panasonic
7 4 €25,C28,C31,C36 0.1 uF 50 V ceramic monolithic
8 1 ca3 100 pF 50 V surface
maount ceramic monolithic
9 2 D1.D2 1N4448 diode
10 3 D3.D4,05 1NB27A diode
b3 4 J2,J3,44,45 SMA rt angte 142-0299-001 EF Johnson
12 1 JP1 4-pin rt angle header
13 5 L1,L2L3L4L5 20-T #30 AWG magnet wire on
1 megohm 1/2 W carbon resistor
14 1 Q1 2N3904 transistor
15 -] Q2,03,Q4,Q5,06,Q7 2N3908 transistor
16 8 R1,R12,R14,R16 R18,R23, 3.01 k-ohm, 1%, 174 W
R24,R28
17 1 R2 4.99 k-ohm, 1%, 1/4 W
18 2 R3,RO 100 ohm pot 76PR100 Beckman
19 1 R4 1.00 k-ohm, 1%, 1/4 W
20 6 RS,R6,R7,R20,R22,R25 100 ohm, 1%, 1/4 W
21 1 R8 10.0 kchm, 1%, 174 W
22 2 R10,R27 301 ohm, 1%, 1/4 W
23 5 R11,R13 R15,R17,R26 200 ohm, 1%, 1 W
24 1 R19 1.00 k-ohm, 1%, 1/4 W
25 1 R21 80.4 ohm, 1%, 12 W
26 1 ut HA2540 op amp Harris
27 1 u2 MAT-10 attenuator Mini-Circuits
28 5 u3.ue.us.u10,u12 MAR-4 ampilifier Mini-Circuits
29 1 U4 PSC-4A-4 spiitter Mini-Circuits
30 4 us.uz7,.ug.un MAT-3 attenuator Mini-Circuits
31 1 U13 CS80T oscillator Z-Comm
ORAWN 87
DRAWING CHECK . AR 2 MARTIN MARIETTA ENERGY SYSTEMS, INC.
ORNL INSTRUMENTATION AND CONTROLS DIVISION
ENGINEER R I CRUTCHER 4192 Qak Ridge, Tennessoe
APPROVED J W STAPLETON 5/92
F R RUPPEL 592
J E HARDY 5/92 FACILITY TRANSMITTER
E C BRADLEY 592 PARTS LIST
QA WA CAMP 5192
WEST VALLEY TRANSFER CART PL
FILE DATE FRE POINT ] aLG ] sl oF 1 ME
DRAWING APPROVALS DATE o 1&C Q-6340-172
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item Quantity Reference Part Vendor
1 11 C1,C2,C3,C4,C5.C6,C12, 01uF50V
C13,C16,C17,C18 ceramic monalithic
2 [ C7,C8,C8,C10,C11,C14 10uF 35 V tantalum ECS-FIVE10BK  Panasaonic
3 1 c15 10pF §% silver mica
4 1 D1 1N4T42A diode
5 1 Ji 10-pin straight header
6 1 J2 3-pin straight header
7 1 J3 20-pin dual-row straight header
8 3 L1,L2L3 territe bead EXC-ELSR3558 Panasonic
°] 1 an MPSUSES transistor
10 2 Qz,Q3 2N3906 transistor
11 1 R 1.0 k-ohm, 1%, 1/4 W
12 3 R2,R6R7 3.01 k-ohm, 1%, 1/4 W
13 2 R3R4 301 ohm, 1%, 114 W
14 1 RS 4.99 k-ohm, 1%, 1/4 W
15 2 R8,R9 302 ohm, 1%, 4 W
16 1 R10 562 chm, 1%, /4 W
17 1 U1 HCPL-2602 optical isolator HP
18 1 u2 7406 integrated circuit
19 1 us 7805 voltage regutator
20 2 U4,Us 7815 voltage regulator
21 2 N/A THM 6106 heat sink Thermalioy
2 1 N/A THM 6107-14 heat sink Thermatioy
DRAWN BY )
TG TrER LZLaI Y 2d MARTIN MARIETTA ENERGY SYSTEMS, INC.
ORNL INSTRUMENTATION AND CONTROLS DIVISION
ENGINEER R { CRUTCHER 4192 Oak Ridge, Tennessee
APPROVED J W STAPLETON 92
F R RUPPEL 5192
JE HARDY 592 FACILITY TRANSMIT/RECEIVE CELL INTERFACE
E C BRADLEY S92 PARTS LIST
QA WA CAMP 5192
WEST VALLEY TRANSFER CART PL
FILE DATE FILE POWT ] BOG l sl or 1 MF
DRAWING APPROVALS DATE L@ 1&C Q-6340-177
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Item Quantity Reference Part Vendar
1 8 €1,C2,C5,C6,C8,C10,C13, 5 pF 5% silver mica
C14
2 48 €3,C4,C7,C8,C11,C12,C15, O1uF S0V
C16,C17,C20,C23.C26,C29, ceramic monolithic
C30,C31,C32,C33,C34,C35,
C36,C37,£38,C39,C40,C41,
C42,C43,C44,C45,C46,C47,
C48,C49,C50,C51,C52,C53,
C54,C55,C56,C57,C58,C59,
C60,C61,C62,C686,C67
3 4 C18,C21,824,C27 0.1 uF 50 V surface
mount ceramic monolithic
4 10 C19,C22,C25,C28,C83, 10 uF 35 V tant ECS-FIVE106K Panasonic
C64,C65,£68,C69,C70
5 8 D1,02,03,04,05,06,07,.08 HPS5082-2800 diode Hewlett-Packard
6 5 J2,J3,44,45,U6 SMA 1t angle 142-0299-001 EF Johnson
7 2 J7,48 12-pin 1t angle header
8 1 J9 2-pin 1t angle header
g 1 J10 4-pin 1t angle header
10 4 L1,L2L3L4 territe bead EXC-ELSR35S Panasonic
1 1 Q1 2N3804 transistor
12 5 R1,R3,R5,R7 R17 10.0 k-ohm, 1%, 1/4 W
13 4 R2,R4,R6,R8 100 k-ohm, 1%, 1/4 W
14 6 RY,R10,R11,R12,R13,R14 301 ohm, 1%, 1/4 W
15 1 R16 3.01 kohm, 1%, 1/4 W
16 1 R18 1.00 k-ohm, 1%, 1/4 W
17 1 R15 10 k-ohm pot 76PR10K Beckman
18 5 TP1,TP2TP3.TP4,TPS 1-pin straight header
19 4 ut,usugu13 SMC10-915-U26-P/P K & L Fiter
20 4 u2,us,Ut0,U14 PSC-2-5 splitter Mini-Circuits
21 4 U3 u7,uUM1u1s MAT-3 attenuator Mini-Circuits
22 4 U4,uU8 U12,U18 OP27 op amp PMI
23 3 u17,u18,U18 PSW1211 switch Mini-Circuits
24 4 U20,U21,U22,U23 AMP.2000 amplifier Mini-Circuits
25 1 u24 7407 integrated circuit
26 10 U25,U26,U27,U28,U29,U30, LM361 integrated citcuit
U31,U32,U33,U34
27 1 u3s 74L820 integrated circuit
28 2 U36,U37 74LS74 integrated circuit
29 1 U3s 74LS00 integrated circuit
30 4 N/A 22408 heat sink Thermalloy
DRAVWN BY
peem——" D2 I n 2y MARTIN MARIETTA ENERGY SYSTEMS, INC.
ORNL INSTRUMENTATION AND CONTROLS DIVISION
ENGINEER R 1 CRUTCHER 4/92 Qak Ridge, Tennessee
APPROVED J W STAPLETON 92
F R RUPPEL 592
J E HARDY 52 FACILITY ANTENNA SWITCH
E C BRADLEY 592 PARTS LIST
QA W A CAMP S92
WEST VALLEY TRANSFER CART PL
FILE DATE FILE PONT | 806 sl oF 1 wF
DRAWING APPROVALS DATE In 1&C Q-6340-182
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item Quantity Reference Part Vendor
1 38 C1.C2,C3,C4.C506,C7,C8, AuF
C9,C10,C11,C12.813,C14,
C16,C17,C18,C18,C20,C21,
C22,C23,C24,C25,C26,C27,
€28,C29,C30,C31,C32,C33,
C34,C35,C39,C40,C41,C42
2 1 c15 A
3 3 C36,C37,C38 10uf
4 2 D1.02 IND14
5 1 J1 EDGE CON
] 1 J2 26X2 R AHEADER
7 2 J3,04 HEADER
8 1 5 IHEADER
9 8 R1,RN2,R3,R5 R6,R7,R12, R14 10K
10 7 R2,R4,RB,RO,R10,R11,R18 47K
11 2 R13R1S 33K
12 1 RNt 1K XS .
13 1 w PAL16R8 WVNSENC3 ORNL Q-6340-022
14 4 u2,u4,u18,L18 C67402
15 1 u3 5418373
16 2 us,u22 5415166
17 1 ué 541508
18 4 U7,U11, u15,U25 67402
19 1 us DPB34L2
20 1 ug PAL20RS8 WYNSENC1 ORNL Q-6340-020
21 2 tJ10,u29 PAL1EREB WUNSENC2 ORNL Q-634D-021
22 1 u12 5415273
23 2 uU13.uz2o 5415164
24 1 U14 54L.5240
25 2 U16,u21 8401/8X01
26 1 u17 74LS74
27 1 u23 PAL16R8 WVYNSDEC1 ORNL Q-6340-023
28 1 U24 OPB8343
20 2 U26,U30 540574
30 1 uz7 2MHZ OSC
3 1 uz2s PAL20R8 WVNSDEC2 ORNL -6340-024
32 1 U3 54LS161
33 1 u32 LM161
DRAWN BY
DRAWING CHECK - MARTIN MARIETTA ENERGY SYSTEMS, INC.
. ORNL INSTRUMENTATION AND CONTROLS DIVISION
ENGINEER R | VANDERMOLEN Llord Oak Ridge, Tennessee
APPROVED J W STAPLETON 5,92
F R RUPPEL 5/92
J E HARDY 5/92 FACILITY BIPHASE ENCODER/DECODER
E C BRADLEY 592 PARTS LIST
QA WA CAMP 5/92
WEST VALLEY TRANSFER CART PL
FILE DATE £iLk PONT ] aos ] satl oF 1 ™3
DRAWING APPROVALS DATE 1ip 185 Q-6340-187
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ltern Quantity Reference Part Vendor
1 8 C1,C4,05,C8,88,C12,C14.C17 10 uF 35 V tant ECS-FIVE106K Panasonic
2 24 CU1A,CU1B,C2,CUZA,CU2B, 0.1 uF 1C25Z25V104M050B Sprague
C3,CU3A,CU3B,CuU4,C8,C7,
CU7,C10,CU10,C11,CU13,
CU14,C15.C16,C47,C48,
CUS2,C53,C58
3 3 C13,C48.C50 2.2 uF 3C37Z5U225M0508 Sprague
4 2 D2,03 1N52458
5 33 D4,05.06,07,08,08,D10, 1N9148
D14,023,024,025,026.027,
D28,029,033,042,D43,D44,
D45,052,059,060,061.064,
DeS5,066,067,068,069,070,
D71,075
6 37 D11,012,013,D015,016,D17, 1N52318
018,021,022,030,031,D32,
D34,035,036,040,D41,D47,
D48,049,050,051,063,055,
£56,057,058,062,063,D072,
D73,074,076,077,078,D82,
D83
7 1 DS54 1N52428
8 Al 0a3 MAD1103, diode aray Motoroia
9 1 HDR1 87586-9 AMP
10 1 HOR2 102202-5 AMP
11 1 HDOR3,HORS 2-380991-0 AMP
12 1 HDR4,HDR10 2-380099-0 AMP
13 1 HOR6 S$-1211-4 Digikey
14 1 HDR7,HDRB,HDR9 1-87227-3 AMP
15 4 HDOR11,HDR12,HDR15 HDR16 1-103183-1 AMP
16 2 HDR13 HDR14 103176-5 AMP
17 6 Q1,Q2,03,Q4,Q5.Q06 IRF9540
18 7 Q8,09,Q13,Q018,019,Q21, 2N3906
Q23
19 12 Q10,Q11,Q12,Q14,Q15,Q16, 2N3904
Q17,Q20,022,Q24,Q25,Q26
20 24 R1,R2,R35R39,R43 R44, 10 kohm 1/8 W 1% metal film
RS59,R60,R64,R68,R76,R77,
R79,R80,R81,R82,R84,R86,
R87,R91,R110,R111,R115,
R119
21 3 R5,R6,R7 0.0t ohm LVF10 10 W 1% RCD
DRAWN BY
DRAWING CHECK R - 4 MARTIN MARIETTA ENERGY SYSTEMS, INC.
ORNL INSTRUMENTATION AND CONTROLS DIVISION
ENGINEER AV BLALOCK 5/92 QOak Ridge, Tennessee
AFPROVED JW STAPLETON 5/92
F R RUPPEL 592
J E HARDY 592 INTERFACE MODULE, TOP BOARD
E C BRADLEY 592 PARTS LIST
QA W A CAMP 5/62
WEST VALLEY TRANSFER CART PL
FILE DATE FILE POINT I 8.06 Tl of 2 wF
DRAWING APPROVALS DATE ],D 18C Q-6340-224
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item Quantity Reference Part Vendor
2 3 R8,R16,R19 100 ohm, 1/8 W, 1%, metal film
23 h] R9 2.87 kohm, 1/8 W, 1%, metal film
24 4 R10,R11,R17 R85 100 kobm, 1/8 W, 1%, metal fitm
25 8 R12R13,R14 R15,R18,R38, 1 Mohm, 1/8 W, 1%, metal film
R37,R38
26 1 R20 82.5 kohm, 1/8 W, 1%, metal film
7 24 R21,R22,R24 R25,R26,R27, 4.64 kohm, 1/8 W, 1%, metal film
R45 R46,R48 R49,R50 R51,
RB69,R70,R71,R72,R73 RES,
R96,RO7,ROS,R100,R101,R102
28 16 R23,R28,R33,R34, R47 R52, 1 kohm, 1/8 W, 1% metal film
R57,R58,R88 R89,RI0, RS2,
R83,R103,R108,R109
29 8 R2G,R30,R53,R54 R75,R94, 3.83 kohm, 1/8 W, 1%, metat film
R104 R105
30 8 R31,R32,R55R56,R74,R93, 7.5 kohm, 1/8 W, 1%, metal film
R106,R107
31 1 S1 2-435640-9 AMP
32 2 u1u2 AMPO3FP PMI
33 1 u3 OP21SEZ PMi
34 4 L4,U7 U13,U14 74HCOON
35 8 US,U6,U8, U8, U111, U12,U15, MAXG26MJA Maxim
V16
36 1 u10 OPt5EZ PMI
37 us2 LF356AN Nationa!
ORAWN BY
CRAWNIG CHECK . MARTIN MARIETTA ENERGY SYSTEMS, INC.
ORNL INSTRUMENTATION AND CONTROLS DIVISION
ENGINEER A V BLALOCK 592 Qak Ridge, Tennessee
APPROVED J W STAPLETON 5192
F R RUPPEL 5192
JE HARDY 52 INTERFACE MODULE, TOP BOARD
E C BRADLEY 5792 PARTS LIST
QA WA CAMP 592
WEST VALLEY TRANSFER CART PL
FILE DATE FILE PONT I BLDG ]Smg oF 2 e
DRAWING APPROVALS DATE I D {&C (3-6340-224
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ftem Quantity Reterence Part Vendor
1 4 C33,C34,C36,C37 2.2uF Sprague 3C37Z5U225M050B
2 36 CU34,C35,CU35,CU36,CU37, 0.1uF Sprague 1C25Z5U104M0508
C38,CU38A,CU38B,C39,CU38,
C40,CU40,C41,CU41,C42,
CU42A,CU42B,CU43A,CU43B,
CU44A CU44B,CU45A,CU4SE,
CUA4BA CU46B,CU47A,CU47B,
CUA4BA,CU48B,CU49A,CU488,
CUS0A,CUS0B,C51,C52,CU88
3 12 D1,087,D88,089,090,001, 1NS231BPH Zener, 5.1V Philips
D92,093,094,095,086,099
4 3 D97,098,D100 1NS245BPH Zener, 15V Philips
S 2 DA4 DAS MAD1103 Motorola
6 4 HDR11P,HDR12P HDR15P, HDR16P 26 Pin Header AMP 1.87227-3
7 2 HOR13P HDR14P 8 Pin Header AMP 87224-8
*8 4 HDR15S HDR16S 26 Sacket Header AMP 1.103183-1
9 2 HDR13S5 HDR145 8 Socket Header AMP 103176-5
10 5 Q42,044,Q45,Q46,049 IRF9540 International Rectifier
1 3 Q43,Q47,048 2N3904 National
12 14 R3,R40,R215R226,R227, 100k, 1/8W, 1% tol, Metal Film
R228,R235,R236,R237 R255,
R261,R263,R275R276
13 30 R177,R178,R179,R180,R181, 10k, 1/8W, 1% tol, Metal Film
R182,R183,R184 R185R186,
R195,R196,R201,R202,R203,
R204 R209,R210,R212,R213,
R221,R240,R241,R242 R259,
R260,R262,R264 R265 R274
14 8 R4,R187 R189,R190,R191,R216,R239 1.0k, 1/8W, 1% tol, Metal Fitm
15 6 R188,R192,R183 R194,R232, R238 1.62k, 1/8W, 1% tol, Meta! Film
16 5 R197,R198,R199,R200,R211 1.0M, 1/BW, 1% tol, Meatal Film
17 14 R205,R206,R207 R208,R220, 100, 1/8W, 1% tol, Metal Film
R225,R229 R234 R252,R254,
R256,R270,R271,R277
18 6 R214,R219,R222 R224 R251, R253 1M, 1/8W, 1% tal, Metal Fitm
1€ 2 R217,R233 45 .4k, 1/8W, 1% to!, Metal Film
20 2 R218,R223 2.87k, 1/BW, 1% tol, Metal Film
2 2 R230,R231 0.01, 1%, 10W, RCD LVF
2 4 R243,R245 R247 R250 3.83k, 1/8W, 1% tol, Metal Fitm
23 4 R244 R246 R248,R249 90.9k. 1/8W, 1% tol, Metal Film
24 3 R257 R268 R272 121k, 1/8W, 1% tol, Metal Fitm
25 2 R258,R273 13.3k, 1/8W, 1% to!, Metal Fitm
26 1 R266 68.1, 1/8W, 1% tol, Metal Fitm
27 1 R267 825, 1/8W, 1% tol, Metal Film
28 1 R269 6.19k, 1/8W, 1% tol, Meta! Film
29 3 U34,U35,U40 74HCTAN National
30 2 u3e,u37 LM33gA) National
K3 3 U38,045,U50 OP215EZ PMI
32 2 U39,u41 74HCOON National
33 5 U42,U43 U44,U46,U48 AMPO3FP PMI
34 2 U47,u49 AD708BQ Analog Devices
35 1 us1 ADS92CN Anaiog Devices
* NOTE: tems 8 & © are mounted to solder side of PCB
DRAWN BY
py—— LI 2y MARTIN MARIETTA ENERGY SYSTEMS, INC.
ORNL INSTRUMENTATION AND CONTROLS DiVISION
ENGINEER AV BLALOCK 5/92 Qak Ridge, Tennessee
APPROVED JWSTAPLETON 5182
F R RUPPEL 582
J E HARDY 5/92 INTERFACE MODULE, MIDDLE BOARD
E C BRADLEY 5/92 PA RTS LlST
QA WA CAMP 5/92
WEST VALLEY TRANSFER CART PL
FILE DATE FILE PONT ] BLOG sl oF 1 e
DRAWING APPROVALS DATE V1o 1&C Q-6340-229
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ftem Quantity Reference Part Vendor
1 9 C18,£19,C20,C21,C23,C28, 2.2uF Sprague 3C372Z5U225M050B
C20,C30,C32
2 2 C22.C31 0.01uF Sprague 1C25Z5U103M0508
3 41 CU17A CU17B,CU18A,CU1BB, O.tuF Sprague 1C2525U104M0508
CU19A,CU188,CL20A,CU20B,
CU21A,CU21B,CU22A,CU22B,
CU23A,CU23B,C24,CU24,C25,
CU25A,CU25B,C26,CU2BA,
CU26B,C27,CU27A,CLU278,
CU28A,CU28B,CU20,CU30A,
CU30B,CU31A,CU31B,CU32A,
CU32B,CU33A,CU33B,CA3,
C44,045,C48,C54
4 3 C55,C56,C57 47uF Panasonic ECE-A1HU4T0
5 3 D384,085,086 1NS2318PH Philips
6 2 DA1,DA2 MAD1103 Motorola
7 4 HDR15P HDR16P 26 Pin Header AMP 1.87227.3
8 4 HDR13P HDR14P 8 Pin Header AMP 87224-8
8 8 Q27,Q29,Q31,Q33,Q35,Q38, IRFZ40 International Rectifier
Q40,041
10 6 Q28,030,Q32,Q34,Q36,Q39 2N3904
11 1 Q37 2N3906
12 4 R120,R121,R122,R149 46.4k, 1/8W., 1% tol, Metal Fiim
13 4 R123.R124 R125R126 2.87k. 1/BW. 1% tol, Metal Fitm
14 9 R127,R128 R148,R158,R160, 1M, 1/8W, 1% tol, Metal Fitm
R161.R162,R163,R172
15 8 R129,R130,R131, R132,R164, 100, 1/8W, 1% tol, Metai Film
R165R166,R173
16 2 R133,R159 1.0k, 1/8W, 1% tol, Metai Film
17 13 R134 R135R136 R137,R138, 100k, 1/8W, 1% tol, Metal Film
R139,R140,R141,R142,R143,
R144 R148,R147
18 7 R145R150,R151,R152,R153, 10k, 1/8W, 1% tol, Metal Fiim
R154,R155
10 1 R156 47 .5k, 1/8W, 1% tol, Metal Fitm
20 1 R157 0.01, 1%, 10W, RCD LVF
21 8 R187,R168,R169,R170,R171, 215k, 1/BW, 1% tot, Metal Fitm
R174,R175R176
2 9 U17,018,U19,U22,U23,U26, AMPO3FP PMI
u27,uU32,U33
23 4 U20,u21,uU28,U31 OP215EZ PMI
24 1 u24 74HC138N National
25 1 u2s LF358AN Nationat
26 1 u29 AD584KH Analog Devices
27 1 uso AD707BQ Analog Devices
TORAWN BY
DRAWNG CHECK R MARTIN MARIETTA ENERGY SYSTEMS, INC.
; ORNL INSTRUMENTATION AND CONTROLS DIVISION
ENGINEER AV BLALOCK S/m2 Qak Ridge, Tennessse
PPROVED JW STAPLETON 52
F R RUPPEL 5192
J € HARDY 592 INTERFACE MODULE, BOTTOM BOARD
E C BRADLEY 5192 PARTS LIST
QA WA CAMP 5192
WEST VALLEY TRANSFER CART PL
FILE DATE i FILE POINT lmx I st oF 1 we
DRAWING APPROVALS DATE 1o 18C Q-6340-233
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Item Quantity Reference Part Vendor
1 1 C1 1000ufF Panasonic ECA-1HFQ102
2 1 Cc2 O.1uF Panasonic ECF-F1H1042F5
3 1 F1 20AMP, 3AG
4 2 HDR1,HDR2 4X2 Header AMP 350212-2
5 2 Q1.Q2 MJHE285 PNP Motorola
6 2 Q3,04 MJHB282 NPN Motorala
7 1 R1 .01 ohm, 1%, 10W, RCD LVF
DRAWN BY
DRAWING CHECK Lol K LUl MARTIN MARIETTA ENERGY SYSTEMS, INC.
ORNL INSTRUMENTATION AND CONTROLS DIVISION
ENGINEER AV BLALOCK 5/92 Oak Ridge, Tennessee
APPROVED J W STAPLETON 5/92
F R RUPPEL 592
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Item Quantity Reference Part Vendor
1 10 C1,02,C3,C04,C5,C14.C24, 10 uF 35 V tant T1M106K035P0Y Maliory
C27.C28.C29
2 8 C8,L7,C8,C9.C10,C11,C12, 01 uF 50V
C22.C28 caramic monolithic

1 c13 10 pF 5% silver mica

4 8 C15,C16,C17,C18.C23,C26 0.1 uF 50 V surface
mount ceramic monolithic

5 2 c19,C20 S5pF 5% silver mica
[ 1 o 2.8-12 pf variable 24AA021 Mouser
7 1 C30 1200 pF 5% silver mica
8 2 01,02 HP5082-2800 diode Hewlett-Packard
8 2 03.D4 1NB827A diode
10 1 J1 i SMA 1t angle 142-0299-001 EF Johnson
11 1 J2 2-pin right angle header
12 4 L1,L2,L3,L4 fetrite bead EXC-ELSR35S Panasonic
13 2 Q1,02 2N3906 transistor
14 1 R1 392 ohm, 1%, 114 W
15 2 R2,R3 10 kohm, 1%, 114 W
16 1 R4 10 k-ohm pot, 66W-R10K Beckman
17 2 R5R12 100 k-ohm, 1%, 14 W
18 2 R6,R7 33.2 k-ohm, 1%, 174 W
19 2 R8.R9 221 ohm, 1%, 114 W
20 2 R10,R11 51.1 ohm, 1%, 14 W
21 3 R13,R20,R29 150 ohm, 1%, 1/4 W
2 2 R14R1S 10 ohm, 1%, 1/4 W
23 1 R16 20 kohm, 1%, 174 W
24 2 R17,R19 1.00 kohm, 1%, 1/4 W
25 1 R18 10 k-ohm pot, 7T6PR10K Beckman
28 1 R22 7500 ohm, 1%, 174 W
27 2 ut.u2 TEM-15 mixer Mini-Circuits
28 4 U3,u4,uU5,.U6 AMP-2000 amplifier Mini-Circuits
29 2 u7,.us PSC-2-5 spittter Mini-Cizcuits
30 1 us OP27 op amp PMI
k3] 1 u10 SMC10-915-U26-P/P K & L Filter
32 1 U1t W.U-1.42 limiter Watkins-Johnson
33 2 U12,U14 MAT-3 attenuator Mini-Circuits
34 1 u13 TFM-150 mixer Mini-Circuits
35 1 uU1s HA2540 op amp Harris
36 1 w1 RG-58, 31 inches, coiled
37 4 NIA 2240B heat sink Thermalloy

TRAWN BY
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ltern Quantity Reference Pan Vendor
1 4 C1,C2.C15C18 5 pF 5% sitver mica
2 9 C3.C5C7.Cc17.C19C21, 10 uF 35 V tant TIM106K035P0Y Maltory

C33,C34,C35
3 24 4,C6,C8,C9,C10,C11,C12, 01 uF 50V

C13,C14,C18,C20,C22,C23, ceramic monolithic

C24,C25,C26,C27,C28,C29,

C30,C31,C32,C42,C43
4 6 C36,C37,C38,C39,C40,C41 0.1 uF 50 V surface

mount ceramic maonolithic

5 4 01,02,03,04 HPS062-2800 diode Hewlett-Packard
6 4 J2,J3,04,U5 SMA 1t angle 142-0299-001 EF Johnson
7 1 J6 6-pin right angie header
8 2 JP1,UP2 jumper
e} 6 L1,12L3L415L6 ferrite bead EXC-EL SR35S5 Panasonic
10 2 R1,R6 100 k-ohm, 1%, 1/4 W
1 6 R2,R3R7R8R10R11 301 ohm, 1%, 1714 W
12 1 R4 5C.1 chm, 1%, /4 W
13 2 RS5.R9 10.0 k-ohm, 1%, 1/4 W
14 1 R12 10 k-ohm pot, 7T6PR10K Beckman
15 3 TP1IP2TP3 1-pin straight header
16 2 U13,u3s MAT-3 attenuator Mini-Circuits
17 1 U114 74L.$132 integrated circurt
18 1 u1s 7406 integrated circuit
19 2 U16,U25 TO-0812LN amplifier Mini-Cireuits
20 4 U17,U20,U26,U28 AMP-2000 amplifier Mini-Circuits.
21 2 u18,u27 SMC10-915-L26-P/P K & L Filter
22 2 u19,U28 PSC-2-5 splitter Mini-Cireuits
23 3 U21,U30,U32 PSW1211 switch Mini-Circuits
24 1 uz22 741574 integrated aircuit
2% 2 U23,U34 OP27 op amp PMt
26 3 U24,U31,U33 LM361 integrated circuit
27 6 N/A 22408 heat sink Thermalioy

DRAWN BY
Do e LTI 2] MARTIN MARIETTA ENERGY SYSTEMS, INC.
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Item Quantity Reference Part Vendor
1 8 C1.C3,C11,C13,C15C19 10 uF 35 V tantalum ECS-FIVE106K  Panasonic
2 1 c2 0.01 uF 50 V ceramic monolithic
3 5 C4,C8,C12,C16,C21 0.1 uF 50 V ceramic monolithic
4 2 Cc5,C¢ 1 uF 35 V tantalum ECS-FIVE105K  Panasonic
5 2 CB8,C7,C14,C22 0.1 uF S0 V surface
mount ceramic monolithic
8 1 c10 2.8-12 pF variable 24AA021 Mouser
7 C17,C20 22 pF 50 V surtace
mount ceramic monotithic
8 1 c18 100 pF 50 V surface
mount ceramic monolithic
] 3 01,0205 1N827A diode
10 2 D3.D4 1N4446 dicde
1" 1 J2 4-pin rt angle header
12 1 J3 SMA 1t angle 142-0295-001 EF Johnson
13 1 (6] 20-T #30 AWG magnet wire on
1 megohm 1/2 W carbon resistor
14 1 L2 territe bead EXC-ELSR35S Panasonic
15 1 an 2N3804 transistor
16 3 Q2,Q3,Q4 2N3906 transistor
17 2 R1.R10 1.00 k-ohm, 1%, 1/4 W
18 2 R2.R6 100 ohm pot B6W-100 Beckman
19 4 R3,R4 R5R11 100 ohm, 1%, 1/4 W
20 2 R7,R20 301 ohm, 1%, 1/4 W
21 2 R8,RE 10 ohm, 1%, 174 W
7] 3 R12R15R18 3.01 k-ohm, 1%, 1/4 W
23 1 R13 10.0 k-ohm, 1%, 1/4 W
24 1 R14 4.09 k-ohm, 1%, 1/4 W
25 1 R17 1.50 k-ohm, 1%, 1/4 W
26 1 R18 200 ohm, 1%, 1 W
27 1 R19 60.4 ochm, 1%, 12W
28 1 U4 HA2540 op amp Harris
29 1 u2 MSA-0404 amplifier Avantek
30 1 u3 AMP-2000 amplifier Mini-Circuits.
31 1 21 C5B0T osciitator Z-Cornm
32 1 22 MAT15 attenuator Mini-Circuits
33 1 N/A 22408 heat sink Thermalicy
DRAVN BY
ey MARTIN MARIETTA ENERGY SYSTEMS, INC.
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Item Quantity Reference Part Vendor
1 39 C1,2,C3,C4,C5,C6,C7.C8, RIT
C9,C10,C11,C12,C13,C14,
C15,C16,C17,C18,C19,C20,
C21,C22,C23,C24,C25,C26,
C27,C28,C28.C31,C32.C33,
C34,C36,C40,C41,C42,C43,
C53
2 1 €30 1
3 3 C37,C38,C39 10uF
4 2 D1,02 1ND14
5 6 J1,J0P1,J2,J3,44,05 HEADER
-] 1 J& EDGE CON
7 1 1 2N3904
8 2 R1,R5 33K
8 7 R2,R3,R7,R8R13R14R15 47K
10 7 R4, R6,R9,R10,R11,R12R16 10K
1 1 RN1 10K X5
12 1 RN2 10K X8
13 2 utuz4 54L.5164
14 4 u2,utou11,u12 CB87402
15 1 u3 DPB342
16 1 U4 5415373
17 4 U5,U13,U15,U25 67402
18 2 us,u32 541574
19 1 u7 LM161
20 1 us PALTERS WVYNSENC3 ORNL Q-6340-022
21 2 U9, u24 54185166
22 1 ut4 PAL16R8 WVNSDEC1 ORNL Q-6340-023
p<] 1 u1e DPa343
24 1 u17 PAL20RS8 WVNSENC1 ORNML Q-6340-020
p} 2 U18,U34 PAL16R8 WWNSENC2 ORNL Q-6340-021
26 2 u18,U31 9401/8X01
27 1 U220 541508
28 1 u22 5418273
29 1 u23 7415882
30 1 uz26 74L574
31 1 uz27 2MHZ OSC
32 1 uze 541.5240
33 1 u29 5415161
34 1 u3o 74L.514
35 1 U33 PAL20R8 WVNSDEC2 ORNL Q-6340-024
DRAWN BY
DRAWING CHECK 9 MARTIN MARIETTA ENERGY SYSTEMS, INC.
ORNL INSTRUMENTATION AND CONTROLS DIVISION
ENGINEER R | VANDERMOLEN 4132 Oak Ridge, Tennessee
APFROVED J W STAPLETON 5/92
F R RUPPEL 5092
J E HARDY 592 CART BIPHASE ENCODER/DECODER
E C BRADLEY 592 PARTS LIST
QA W A CAMP 592
WEST VALLEY TRANSFER CART PL
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NOTES:

1 INTERPRET DIMENSIONS AND TDLERANCES PER ANSI YI4.5M H
2 DIMENSIONS ARE IN INCHES

UNLESS OTHERWISE SPECIFIED
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8 ] 7 6 5 4 3 2 1
NOTES: UNLESS OTHERWISE SPECIFIED
H = TYP. S WOTE &
1 INTERPRET DINENSIONS AND TOLERANCES PER ANSI YI45M M
2 DIMENSIDNS 4RE IN INCHES
I 3 INTERPRET WELDING AND NONDESTRUCTIVE EXAMINATION
! . SYMEOLS PER ANSI/AWS a2.4.
—5 B 4 USE PROCEDURES, WELLERS, WELDING DPERATORS AND TACKERS
] 3 QUALIFIED PER AwS 321,
— . i N S VISUALLY INSPECT ALL WELDS PER AVS Dl4.4, PART E
- Hl iy CLASS IIL
v A I L/ ‘ B 6 WELD INSPECTORS QUALIFIED PER AWS GC-1-86.
! 7 LOCATE BAIL ASIEMBLY (FIND # 5> NCAREST T0 CENTER
4 ! § — OF GRAVITY PRIOR TQ WELDING AT ASSEMELY.
! ey 8 LOCATE DESTACD CLAMPS (FIND ® 13) PRIGR TO VELDING
> + 3 AT ASSEMBLY.
o e e e e e e 9 AFPLY TYPE 44 KEAT SINK COMPOUNI, NEVSRK STOCK 8002763,
s i t : TO ITEK 26 BEFDRE ASSEMBLY WITH ITEM 2 G
: ! e
L | Lo 10 LOCATE ITEM 28 M JTEM 2 FROM [TEN 3 AND ITEM 4,
! ITEM 28 TO BE PRESS FIT IN ITEM 2.
& . L. :
. Eg nea, VIEW A-A 1 RTV SEAL VITH DOV-CIRMING #732 CLEAR
p : : i ? 12 LOCATE ITEM 21 FROM ITEM 10 FOR PRESS FIT IN ITEM 2.
— I == = . i |
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€37.00
PIN 1 DRIVE MOTOR 81
PIN 2 DRIVE MOTOR #1
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8 ] 7 ! 6 1 5 i 4 i 3 2 1

8X 73-10 UNC X 150 . .
€3. SP. ON & 9.500 B. C. NOTES: UNLESS OTHERVISE SPECIFIED

1 INTERPRET DIMENSIONS AND TILERAMCES PER ANSI Y14.5M
2 DIMENSIDNS ARE IN INCHES
3 INTERPRET WELDING AND NONDESTRUCTIVE EXAMINATION
SYMBOLS PER ANSI/ZAWS A2.4.
$#6.000 THRU FIND #10 4 USE PROCEDURES. WELDERS, WELDING OPERATORS AND TACKERS
OCUALIFIED PER ASW B2.1.
3 VISUALLY INSPECT ALL WELDS PER AWS Dla4, PART E,
CLASS NI
6 WELD INSPECTDRS QUALIFIED PER AVS DC-1-88.
7 NORMALIZE FIND #1 PRIDR TO FINAL MACHINING.
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NOTES: UNLESS OTHERWISE SPECIFIED

L INTERPRET DIMENSIONS AND TOLERANCES PER ANSI Y14.5M
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! NOTES: UNLESS OTHERWISE SPECIFIED
|
25-2UUNC TAP THRU ! H
4 PLACLS ‘ 1 INTERPRET DIMENSIONS AND TDLERANCES PER ANS! Y1434
2 DIMENSIONS ARE IN INCHES
3 INTERPRET WELDING AND NONDESTRUCTIVE EXAHINATION
SYMBOLS PER ANSI‘AWS A2.4
i 4 USE PROCEDURES. WELDERS. WELDING DPERATDRS AND TACKERS
; QUALIFIED PER AWS B2l —
i S VISUALLY INSPECT ALL VELDS PER AWS Di4.4, PART L,
CLASS 111
1 6 WELD INSPECTORS QUALIFIED PER AwWS QC-1-B8.
&nc
i
! G
i
0 1
A2
— s r—— 390wy ‘
I ! r o —
i [ = ‘
i i i -2 —_
I | I L
IR | . o PN e DETALL A
L i 2= } < TYP. AL AROUND !
T j :
il —— 37 i
27 X 43 * Cwan TYP 12 X 45" Cram TYR __jm]_ ] F
! 4
5= N 75— ) :
. \—SEE DETAIL A
| :
L-—Im—-i i P
(1) BATTERY CraRCING PLaTE -5 CHARGINC SHOT INS.LATCR ‘
! i
| E
| !
! :
|
|
€00
i i
| -~ I ‘D
, v —LOC-B UNC TAP Tl i , .
i \ ! J ! e 15 RCD ]
! | 1 -7 'm: i 17
oz \ - — | = jass ISTL uns 30s00 | ‘
: k i ! 1 i T N i
\ i ! ! DRl -6 13/8° PLATE | 1300 AL ALY e
7378 ; ‘ \ , i i ! : : H
i i i k = —1
| :  are ey ‘ N\, ‘ : i i CHARGING SHIE ;¢ 1 aps ASTH L1738 | o
£2 —=f =348 H € PLACES ! Cotal 1 i I INSULATOR | GRADE 3-5-5
! : &R SN ~4 VELL STUD .25-20UNC X 15 LG. 304 5ST s
. . ; R R UL ' S S, —_ : -
| i I/ : N ; ; 375 THK STN i
! 1 ! ' % Nt i ; -3 PLATE (ASTH A240 | 3
‘ } : f - — | STL UNS 30400
g — ¢ ; ; T 375 THK STH
i ! i ; i i RS : -2 PLATE 2 - ASTH A28 § 2 |
1 — —+ 2p00 TYP ‘ . i | i | H . STL UNS 30400 :
150 Treds ’ : ' ‘r | i ! AR -1 BATTERY CRARGING PLATE HE
: ="l — - — T K i TSV T CAGE  FART OR | NOMENCLATURE | TIND|
! P ; i T T CASE L P
o5 ety ][] ; ; T i S & ' CCDEIDINTIFYING N iR pescRipiioy | MATERIAL - SPECIFICATION g
: uzn-—1 H i l | , i i 237s : - NexT
| ; i | ! | < PARTS LIST
| L . L : [ ASSEMBLY !
e e e b e | , L
T {

03]

1
; \ <,
; \ o
e 4-4C NC THRU H
[— st S0 TP 16 PLACES -7 BOSS §
AL =3
SCALE: 1/ 5
: B
T i T T T T T T DI W STAPLITIM 2792 ¢
— T — : skl s I e e e oG
T t Ow AN o T ——
T a5 ET0 M prets WVNS VITRIFICATION FACILITY
. e om o HPLL AT
j} ; 12 - P R i) TRANSFER CaART CONTRIL MCDULE
2T @ e (e o s x| T + : : JEINE P SR YT DETAIL SHEEY NO. 2 A
B T R R . : ; - ICa” T
A oA e e o ; : : ; - - : Eorarav ) NZA 3
SRR ISR m T =T : : ; : N — =a ! < Hi RS
e e e s S —— D1 = L3t [CERVIFICD FOR CONSTRUCTION KLF AW A AD rmml AN 2 7 < T L T > T YT XPXxXXX § XXXX | X | 117 M u |
Sl X O S e DO NOT REVISE WANUALLY S N T a— B — s ielx >t l= Sy = e odx EE3E020097]‘A109ﬂ
8 | 7 s | 6 : 5 3 4 B ] 2 i 1
T -




251

T
8 7 6 5 ! 4 ? 3 2 1
600
H t | NOTES: UNLESS OTHERWISE SPECIFIED
;
| ‘ g ‘ ‘ ['h = ) T INTERPRET BIMENSIDNS AND TOLERANCES PER ANSI Y345
- + ? = = L : 4; : —_ 1 2 DIMENSIONS ARE IN INCHES
1 1
i 1 H h H I 3 OPTIDNAL CONSTRUCTION FOR PARY NO. -2 TO BE
l ¢ ! u; FORMED L WELDED OR PIECE WELDET THEN LEAD FLLLED
— | 4 INTERPRET WELDING aND NONDESTRUCTIVE LXAMINATIIN
N ' 5 SYMATLI PER ANSI/AWS AZ.4
1eo0 &/ B 3 USC PROCEDURES, WELDERS, WCLDING DPERATORS AND TACKERS
; QUALIFIED PER ASw B2l
’ € VISUALLY INSPECT alL WELDS PER AVI Jl44, PART E
CLASE 5l
7 WELD INSPECTORS GUALIFIED PER AVS 0C-1-88
‘G
! S e2t3 - 7% 2 WALES i
P 28 ‘ i
N 0 X 45 DerrER— , i i
: ; i
i W i
| |
; | i
; | :
!
F
16,81 9.L20 — :
"3 EQ SPAILS #® 340 l
|
— i
_
i
941
v 447
¢ i
t [T - H
t i
. : | ‘ \ ! ‘
e Tl
3 = = 50— } ]
7 EO SFACES @ 300 ]
™~ -
<=
i
. |
167 J
D —— 5 v :
530 as TP :
. . . . : -
T T e e e T T T e T ax -8 'LEAD | ASTM BT4C €
i i : I : 7 Gh STV, STL 7
: . i Coae b -7 | sHEET i 3;icc ST fastw e 7
g — { LU
— ” 1 ” e i '
ser ; Ly : -6 pLaTE ‘j:::;oim STU asteoazsz e
— g : — o i
; ! . D -3 VELD 5TUDS 23-POUNC X5 LG, 300 SERIES 35T 3
1 i Hi%4-1  RANDLE : ; LA
i ] : 3747 WPT H ; 1
i L ! -3 FuLL ZPLG 304 SSY (3
c : -2 BATTERY BIX : :
-1 COVER ]
; . NTHENCLATURE T 5 - T
: DB pamriin | MATERIAL SPECIFICATION
- ; PARTS LiST
i
{
IBi ‘ !
i : i
I :
— =125 TYP H
L ! —
!
T 1 T I M ; TTH MARIETTA MY STSTDC.RE.
T3 1 T T T e e N TR Y U e €5, T atarert M-t
i T i ! R : H M EUL e 8 beth Sety
T N 1 . PR WVNS WVITRIFICATION FACILITY
S ——— . N — TRANSTER CART CONTRCL MJDULE
t +—t - i DETAIL SHEET NO. 3
: : ' N/ i
) R ‘ L i . IRE I AR n o o R
ot B e 5 - ROIFIEL FoR CONSTRUSTION _ _eri LAY das A oA sl ! TR
DO NCT REVISE MAMUALLY Jl D e e S e S — i [ode X3E020097A110 %
I
7 [ 6 1 5 3 4 ! } P

0037 A1 ]

=

39,

X

w |




252

EPOXT ANTEWA ™3 INSULATIR —~

NOTES:

—

UNLESS OTHERWISE SPECIFIED

1 INTERPREY DIMENSIONS AND TOLERANCES PER ANSI Y14.5M
2 DIMENSIDNS ARE IN INCHES.

o
L., ER SOLDER ITEM B TC ITEM 7
PRIIR TO ASSEMBLY WITH ITEM &
H
!
Fi
i
Jhumpnp—p——) — !
SXDEK COAXIAL LEADS TO PAD OF / P ;
ITEX 7 MEFORT ASSEMBLY TTW TTEW 6 — N [
’ l
i
. £}
DETAIL A |
-~
.. KE/ .
~
— T P T j
¥ Ak ~I3VELD FILLIR METAL favs £R 306 13 |
UG MZ USA INC :
A 1 NP . Lk . 12|D
Y, FFA-4E-257-SLACYS SANA RCSA CA 92406 :
| : CCAXIAL CRBLE !
. , i R ] -1 d : 1
i . ! 8375 | :
" B - 1 i ~10 17 LOCK NUT, 30C SERIES SST 10
. : T P i ~9 :1/8" SPRING FIN, 400 SERIES SST. 9
D T2 T X3L020097A1IS-2 ANTENNA ; 6 —
i t
'. 1 X3L020057A115-1  TAB i 7
'1 ‘\“@ N X3C023037Al4-2 INSULATCR i 6
] i1 | ~5 VIRE. ® 3/16 304 SST 'ASTM AJI13-B7 S
L i1l : ~4 _FITTING 4 4
1 ~3 ‘BRACKET 16 GA. 3c4 38T 3
T ~2 SPRING ARM WELDMENT : z |C
RS ~1 "ANTLNNA ASSEMBLY 1
ANTENN A ASSEMEL Y - o= FART TR NTHENCLATURE - N g, FIND)
@ 3 YT SUTIFVING MO, R MATERTAL IPECFIZATIN gy
S
iz | NEXT
T - By PARTS LIST
P S
—
3
L)
|
13
B
: ‘T L 4 T T 1 [ 1 | T I J W STABLETON 2/52 T — wAETIn nARTTTTa ENERGT SYSTORNC.
T 1 1 | i )i e T RPN 3 DO e B BT vat - o
| ! T - ; ; o st e
I : i ; T Y WVNS VITRIFICATION FACILITY
: ; N — ; i ‘\ ; L J[ e, TRANSFER CART CONTROL MODULE
— : . : i T ——t— ANTENNA ASSEMBLY A
m——— 1 ! i T I T N N/A ™
== T [ S i o [ 1 ! 17T mar L MK | fL St O QA
C (CERTIFIED FOR CONSTRUCTION | PR N ZAT 755 o A D r g dlom Lo o o i B e T T ] T XXX PR IXXXX PXXNX P X | 3 2 ix
o S|P oW D ek A @ .m ea (W iM e (@ 0w T s (A& { T sl ) T i
e . e = S Sm—r =i~ oo X3E020097 A171%
i # ; 5 1 4 ! 3 L 2 3




253

-

|

4
et ]

-3 BRACKET

-
T
—ti
|
I i
—~—- -;.__._—‘K
b R
- '
I
32

)

(2, SPRING ARM WELOMENT
stas 1 ~ ‘
SIRE 11
|
|
]
/ :
[Fas2—= i
I
e
oo, C |
LI — == ] —- t—-—

\—am THRY

TUIK 9% X 12 pP
KITH ENDS

-4 FITTING
SCALL: 111

w {x3E%20097 Janil ] |

MAXE FROM 100 - @ X LS SOUARE HEAD SET SCREV, T T T T v T T ] %5 V. STAPLETON 2758
FLAT PTINT, 300 SERIES SI3 : > T t T OV VWD U VARLEY | 5/92 Tt TAde] T T DR TR
o i <o
H > T T : - T [N I P R T g oy ol
’ ! : : : T R L = WVNS VITRIFICATION FACILITY
t i ’ : I : 7 = Ty A, gwn|  TRANSFER CART CONTROL MODULE
T T e T + + + + . + + i e, il 4 ANTENNA ASSEMBLY
Ay ey b Yo Ko ; ; L - P o i v g -
A e A BN 2T s [Ep— T ; R TR PR N/A Y
T MR AT BT O CTWOES B0 L M TV S —t— ™ T T ‘ = T
e R A A A ) —— - T N, : - - N o T e Ak TR N T
o . EMVEEL BRI vl VAR - R agtyst T HE: FOR O JETION i FAS A 2t 2R U DA s - = H H | | X X LS. N <
DT A s S R o E g EEn PR LT o AR Al o o A e - P Ao o e
S DD NOT REVISE MANUALLY == . : —wared oo X3ED20097'AT1 1%
o e o s X ;
3

7

3

L)

4 il

2




254

8 a 7 i 1 5 i 4 3 2 7
[_——)17'—————(.
i l /® NOTES: UNLESS OTHERWISE SPECIFIED
; H
‘y H 7 1 INTERPRET DIMENSIONS AND TOLERANCES PER ANST Yi4SM
4: ] \ 2 DIMENSIONS ARE IN INCHES
s ! 3 OPTIONAL CONSTRUCTION FOR PART NOS. -, -2 & =3 TO BE
i FORMED & WELDED DR PIECE WELDED THEN LEAD FILLED.
H 4 INTERPRET WELDING AND NONDESTRUCTIVE EXAMINATION i
! SYMBOLS PER ANSI/AWS AZ.4.
J S USE PROCEDURES, wELDERS, WELDING OPERATORS AND TACKERS
262 QUALIFIED PER ASW B2l
& VISUALLY INSPECT ALL WELDS PER AWS Dl4.4, PARY E,
CLASS IIL
7 WELD INSPECTORS QUALIFIED PER AWS OC-1-88.
' !
' L
' i
F
\® SECTION B-3 -
(D sipe sHIELD
(& 1CP SHIELD :
|
E:
f '
| l
! D
T T l
. j 2X2X3/16 f g ]
! e N T2 ancee 304 s8T e
ey o
DoTAlL F ; | 11 GA 3TN STL
e e ' 4, -3 |TAB ASTHM AZ40 7
SEALE: 1/2eet I Lo i STL. UNS 30400 .
s i ‘ i@ 250 BAR STN. —
T - [ | _ jo 2 .
i SECTICN D-D | 2 8 'HANDLE LSTL UNS 30400 ASTH A276 | &
=7 : AR AR AR -5 LEAD ASTM B749 3
| i o 1 GA STR STL.
p—— i AR{ARIAR! | -4 |SHEET ASTM A240 4
| 122 | zn18 ] @ } : ; | UNS 30400
! ! < TSER TTAL ! - ARTT -3 [BASE 3HIELD 3
: ‘ AR -2 [10P SHIELD [z C.
‘AR v j -1 [SIDE ZHIELD g '
~ oo = oAGt,  DART TR NCMLNCLATURE | oy FIND
4 "7 ZSDESRIUTIFYING MDD R peocRiption,  MATERIAL  SPECIFICATICH np
9 | : SEXT ;
\ﬁ) P! s serpLY PARTS LIST ;
,—’l
)
=
F
~]
; "‘"
&
1 =8
5 &
1 i wh
afz ! 2,'1
|
| B
£ SECTICN £-E I :
(3) BASE STHIELD
I T ‘I’ T T T ' . T T 2792 i
T i K L T [ I ] 292 H
' : + i - o
] i i £ WVNS VITRIFICATION FACILITY Pt
; - i “+*t|  TRANSFER CART CONMTROL MODULE !, :
SEpm e se e st o | : ‘ ; SHIELDED ENCLOSURE WELDMENT Al
L S I Ry e ] 7 ; » ol
T R YR S n SR N T - : N/A hiad
R RS TeAs T T — T *
R T T Shars . — i i T T T T — % T TTaTo = ned | K& R TS &GS
T R ST e (o[- T5 1 TERTJFIED FOR CONSTRUCTION [P KeF o JAJ/AS Dol N[ £ v o T AN H (X5 N H P11 ju]
TR T — e ; =% - : - s : . =
SIS ERER TR IS D0 Mot REVISE wamALLY | B T =.= e e e i» ey e - = l:‘fﬁ“ [xx?xx :X3E020097|A112|a | |
T e |
8 7 ! [ S L) 3 | 2 > 1

T



255

NOTES: UNLESS OTHERWISE SPECIFIED

SILVER SILDER ITEM 5 10 ITEM 3 L INTERPRET DIMENSIONS AND TOLERANCES PER ANSI Y14.5M
PRIOR TO ASSEMBLY VITH ITER 2 2. DIMENSIONS ARE IN INCHES

SDLDER COAXIAML LEADS TO PAD OF
ITEM 5 SEFURE ASSEMBLY WITH iTEM 2 :
POXY ANTENNA TD INSULATOR

\J

<=
by
34
* o]
—— o -
[ ———
SETRIL B LOCATIN
T Ve
SECTION A-A ey
3 i
cre |
' 1 08660, TYPE BW6l6~0 SO IN CIRRUGATED MOSE, Ji6L 3ST 12
| 1 25 Ob | 'WASHER, 30C SERJES SIT 12
: 1 XICICITAYS-4 | SPACER e
i i 1 Sia4-12-M-5T-p | RETAINING QING, WALDES TRUARC, ALDES KCHINDTRING 5
H T
i[ 1 | COAXIAL TARLE bl
| it 1 nﬁamAxvsLGIPm:mmsssr B
i : L ¥3ET2OPTALS-3  » SHAFY 7
1 X3T020097A118-3 | SPRING 0
2 L X3E020097a115-2 | T4D s
! 20097A5-5 | LAR I
c 2 XIECZWITAUS-2 | ANTEHNA B
1 XIEL2OFTAUA-2 -« INSULATCR 2
! YIEL2309TAIA-L - BASE T
DAl TR MY RE T
B TML £ CATERL -
TIFYING N3; 3R JEICRIPTIY | ATERIAL - SPECIFIZATION
. I NEXT N
- [—sstmey PARTS LIST
- N i
: =
kS
~
EN
2
3
N
B 12
~ W
. w
N E
|
t— -
] ] T T T T ” 7 Yo RN CR TN FR T
+ et - t 1 T - 4 | e e sovn T aerEy . as9e ) ey T e D SO
T — $—t H T 4 * 1 o o Y hatd e pbdogionioly
H H H : i 1
i ; ; : : ey Sl - : WVNS VITRIFICATISN FACILITY
.Y grym————— . } . ; 1 N - ) T FACILITY ANTENNA
T e o S o ¥ S e & ; + ; t ; — LIISE? ASSEMBLY
N WA 08 R FILINUNT SHTANGE B DET v : H H : S . i s Sal g |
T e B UL et : : . o {d 2 v
BASL S RS EER S S s e T j o : LI ot N/A :
S ST N & T AL S —_—ae i i : - T : —— TaTHT T ;
B T R e R ——— : — ; + SR e d e . > . BEE ."I'u-“ HILHENE S v
| LT o e h CERTIFIED FOR CONSTRUCTION oo «UFV IS A 7 JChwmm b BN P S o o o o o T ; (X0 | o H i1l g
R T £ R s wa T W gty 1 e Lo | R e wn e e | in | W Mk mG AR M U RX M & G 6BV e A & L = . EZT ) " £33
| " Torvamne: S DO NOT REVISE MANUALLY | : o T = + ey [ro— o 171 | XXXXX X3ED20097 A11 3%
T T ; :
8 ! 7 " 6 ! S t 4 * 3 i 2 i 1




256

NOTES: UNLESS OTHERWISE SPECIFIED

L INTERPRET DIMENSIONS AND TOLERANCES PER ANSI Y14.5M
z DIMENSIONS ARE IN INCHES H

.70 FREE MEAN DINETER

SCALE 271

Ea
)-/' 4 | i
i &2 —_——— |
! + MOKRCR OF CCILT = 4 2/ !
— ik 2127230 IR DL TER 20260 =
RIGHT WAND WINDING \
|
!
-2 INSULATECR -3 SPRING F
semE 211
i

EF R

o T
i '
IR ——— . P
e ———— ]
-
i
D
)
L
- -
i 8 ; -3 T srrovc 204 337 Tastn-adia c
\ 3 23 x a3 1] : -2 [ insuiatcR PEEK PLASTIC
H H 1000 —_—
\ H 2 mAEs S ! 1| ' -1 T st PEEK PLASTIC '
~ : PART TR CMINCLATURE & pectFIcaTIc D
™ .y 3 £ ISENTIFYING 0L R DEacRinigy,  TRTERIAL  SPECIFICATIEN jig
HEXT
L 00 PARTS LIST
i L
pA
‘ I
Fes
BN
(=1
o
&
bl
[yl
s
-1 B4t 'B
SCALE 271
-
- " - - il S AP (A
: i T T : s Dom e e T L ranny | 2vse Msmdedlaed SO0 IO U TOE
~+ T T T il ig] ox A 2 e 9L . P iy Sbogrrmsty
? i —=n = W /NS VITRIFICATION FACILITY
I T . T i 1 —_—— FACILITY ANTENNA 'a
e e ey @ s i 1 — ] i DETAILS
£ Ty o et ; —d - — — P hiad
P At i S T I ; N/A X
T e > ex i RLTEY A TR e —_—— + + + t — 1 ¥ S TwlosT T T =
LRFRIIEIT TS AN = 4 + - — ; ! e h A N ERE L) v !r\ I v
IR e g 9 -3 CERTIFIER FL° CONSTRUCTION G F NS LA QAT Faer([D - 5 VA oo o T SR T ST T ; NS I ; Y
T T e T e T e it 3 e CRL I BT S e V= tm i main | miee wo i w e w (3 L5 & m ot leiala - - I s | 2 Th e L3
T s St & ST o e ¥ DO NOT REVISE MANUALLY L S = T i o * o pomry——y o NCTED xioox X3IEQ20097'A11410
8 (| 7 ! 6 j 5 t - 4 3 : 2 : 1




257

1 7 1 6 5 ! 4 I 3 I 2 1 1
R NOTES: UNLESS OTHERWISE SPECIFIED
1 INTERPRET DIMENSIONS AND TOLERANCES PER ANSI Y14.5M
— —azo* 32 2  DIMENSIONS ARE IN INCHES
— -
1
s —— e I - o2
! o
oes
o
LT -l A
-4 IFACER
SCAE: 41
{ DETARL &
7 r — o) ‘
A258/078] e e e
1 !“/
M H
1
! ‘ _“
_—— 1 P
-l ThE
SINE 40t '
1
a” T -3 T Tel0 X 095 VALL TUBE 304 SST
i Ve ) 4 H ™ i ) SPACER T eeex PLasTiE
T v \ -3 SHAFY ' 300 SERIES $ST
I g 1 -2 o 4 557 ROD
» P d N 1 -t ThB | ClQ COPPER SHEET
e : . GEr PART © T NGHE RE o yyy §IND)
— ‘ CIIE IDELTIFYING 0308 moacrelioe | MATERIAL 1 SPECIFICATION { 13
i : . ! NEXT
; C SERP | -0, PARTS LIST
¥ A
* S o]
‘-_-'T" 22 i STy »2-
; Sr R
N O —— g
~ s
-2 ANTENUA &
-/, . SCALE: 441 L‘;‘j
L Tw] '
—Nf T 45" CHAM B
- T T T i i T ChaaES % AV STAPLETON | 273¢
1 : — ; T et SR T o e et e s
e e =t ——— e : oy Ay e e pySebpimind
— ' : SETLI EEAd g za) WVNS VITRIFICATION FACILITY
} : 1 i : H i - [V a7 W FACILITY ANTENNA
i — t : IV PAYD TAILS
fee X 1 : - - : - - : : N 3T T DETAIL -
- St ———n - i > 1 T i — AT N/A 3
&w"-'“g e 1 : N ! B — i Tos Tt | wa L TRer o by
ek s i - - ; CERTIFIED FOR_CONGTRUCTION [ e - <Ay 2 TGN - ! i ] I ‘1 1Ly
i ri n -—ct H f | -
" oy =i A AR AL LY BN = i IV,
FREEEE | o oons ey | - I SN : — = e X3ED2008714115(%

I 7 I 6 I 5 ] 3 : 2 — 7 o 1







APPENDIX F
OPERATIONS -MANUAL INPUT

1. INTRODUCTION

The purpose of this appendix is to provide preliminary input to the operations manual for the West Valley
transfer cart control system. This information is preliminary and should be updated at the completion
of the fabrication and testing of the equipment.  The final operation manual will be prepared by West
Valley Nuclear Services, Inc., manager of the West Valley Demonstration Project.

2. CONTROL PENDANTS

The control pendant is depicted in drawing Q-6340-120. It is a hand-held unit through which all basic
operations of the cart will be controlied. Two control pendants are used, one at the north operator’s
station and one at the south operator’s station. The functionality of both are the same.

2.1 OPERATION

The cart control system operates in two basic modes: (1) battery charging and (2) cart operation. During
battery charging mode, the cart is disabled completely; sending commands to the cart will have no effect,
and the cart will not report status of any of its normally monitored variables. During cart operation
mode, the battery cannot be charged uniess it is located at the charging shoes.

The control pendant consists of switches, light-emitting diodes (LEDs), and an audible alarm. The
switches and LEDs are divided among functional blocks on the front face of the pendant. The audible
alarm is mounted on the top side of the pendant. The following sections describe operation of the control
pendants, organized by functional blocks. ‘

2.1.1 Emergency Stop

The emergency stop switch is a maintained-contact type. Depressing the switch will cause the cart to
stop, disable the battery charger, and prevent any further operation of both. To undo the emergency stop
condition, the red knob must be rotated clockwise. Two LEDs indicate status of emergency stops. If
an emergency stop exists at this station, the top LED is lit. If an emergency stop exists at the other
station, the bottom LED is lit. It is not necessary for the control pendant station to be enabled before
activating an emergency stop. If the operator attempts to request an action that is inhibited by an
emergency stop, the LED(s) correspondfng to the emergency stop in effect will flash.
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2.1.2 Station Select

The control pendant station is selected by a keyswitch. The key can be inserted and removed in the
12 o’clock position only. Inserting and rotating the key clockwise attempts to select the station for use.
If the other station is not enabled, the station will be selected. Otherwise, it will not be enabled. The
LED:s in this block indicate the status of station selection. The top LED is lit if this station is enabled
and the bottom LED is lit if the other station is enabled. If the operator attempts a control pendant
function other than emergency stop without first enabling the station, the station select LED will flash.
If the operator attempts to select this station and the other station is already selected, the other station
LED will flash. If the key is inserted and turned counterclockwise, an LED test occurs. This test
consists of flashing each LED on and off regardless of its previous state. The audible alarm will be
sounded continuously during this test.

2.1.3 Doors

Door status is given by a matrix of nine LEDs. For each of the three cell doors, status of door
energized, door closed, and door open is given. If the operator attempts to drive the cart when a door
is energized, the door-energized LED for that door will flash to indicate that cart drive is interlocked
while a door is energized. If the operator attempts to drive the cart in close vicinity to an unopen door,
the door-open LED for that door will flash, indicating that the door is not fully open.

2.1.4 Cart Drive

Cart drive is controlled by a three-way, return-to-center, momentary contact, rocker switch. Pressing
the top of the switch requests the cart to drive north. Pressing the bottom of the switch requests the cart
to drive south. If the operator is driving the cart in close vicinity to an unopen door, the LED in this
block will flash, the corresponding door-open LED will flash, and the audible alarm will sound.

2.1.5 Battery Charger

Two momentary contact, pushbutton switches and three LEDs are provided for control and status of the
battery charger. The start switch will attempt to start the battery charger. Before this operation is
permitted, the cart must be located at the charging shoes. This permissive is indicated by the cart-at-
shoes LED. If the operator attempts to charge the batteries and the cart is not at the charging shoes, this
LED will flash. When an appropriate start command has been issued the charging LED will begin to
flash at a slow rate. This indicates that a valid charge command has been accepted, but that charging has
not actually begun. It will take a few seconds to issue the start command to the battery charger and check
to see if current is flowing. When current has begun to flow in the charging circuit, the charging LED
will light steadily. If an error occurs with the charger, the charging LED will flash at a more rapid
frequency than when charging is first initiated. Also, if another cart operation is attempted—but not
allowed—during charging, the charging LED will flash rapidly. When the battery has been charged fully,
the charging-complete LED will light. It is anticipated that the battery will remain on a float charge for
long periods of time. Therefore, it is not necessary to stop charging when the charging-complete LED
light first lights. When it is desired to operate the cart or disable charging for some other reason, the
stop pushbutton is depressed.
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A typical charge sequence will proceed as follows:

e Operator drives cart to charge location. Cart charging plates actuate cart-at-shoes limit switch.
Corresponding LED lights on control pendant,

s Operator requests battery charging by pressing the charge button on the control pendant.

e Programmable logic controller sets output to communications controller that a charge is requested and
begins flashing charge light on control pendant at slow rate to indicate that a valid charge request has
been made, but that charging has not commenced yet. Communications controller initiates
conversation with battery charger, issues start command, and polls charger for charging data.
Charger begins charging and monitors battery for current, voltage, and temperature status. Cart
electronics deactivate when voltage at charging plates exceeds battery voltage. Communications
controller reads status variables from battery charger and passes them to the programmable logic
controller. When programmable logic controller verifies that charging current is flowing, it lights
the charging light on the control pendant steadily.

e The programmable logic controller monitors charging current, voltage, and temperature. When it
has determined that a full charge has been given to the batteries, it lights the charging-complete LED
on the control pendant.

¢  When the cart is required for another transfer, the operator presses the stop charging button on the
control pendant. The programmable logic controller sets an output to the communications controller
to disable charging and flashes the charging light on the control pendant at a slow rate to indicate that
a valid operator command has been issued, but that charging has not stopped yet. Communications
controller issues command to battery charger to stop charging. Battery charger stops charging. Cart
electronics are reactivated when no charging current exists. Programmable logic controller confirms
no charge current is flowing and turns off charging LED and charging complete LED on control
pendant.

e Operator presses drive button on control pendant; cart drives away from charging shoes. Cart-at-
shoes LED on control pendant goes off.

2.1.6 Motors

For each cart motor, an LED and a pushbutton are provided for status and restart control. During a
motor undercurrent event, such as when a cart wheel is free wheeling, the LED will flash. For 2 motor
overcurrent trip, the LED will light steadily. To attempt to restart the motor after an overcurrent trip,
depress the restart pushbutton.

2.1.7 Auxiliary Outlets

For each auxiliary outlet, an LED and pushbutton are provided for status and control. To enable the
auxiliary outlet, the momentary contact pushbutton is depressed and held for the duration that it is desired
for the outlet to be active. When the outlet is active, the corresponding LED will light. If an overcurrent
trip occurs, the LED will flash. To attempt to reset the outlet; the operator would let off of the
pushbutton and then depress it again. If the operator attempts to charge the battery while an auxiliary
outlet is enabled, the LED in this block will flash indicating that the battery cannot be charged until the
auxiliary outlet is disabled.
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2.2 LED LIGHTING SUMMARY

Because only limited information is available to the operator, the control pendant has been designed to
feedback as much information as possible through the LEDs. The feedback includes information to tell
the operator why a denied operation is being denied by the control system, such as if the operator attempts
to begin battery charging but the cart is not at the charging shoes, the cart-at-shoes LED will flash.

Table F.1 summarizes the meaning of the pendant LED operation.

Table F.1 Summary of Pendant LED Operation

LED

LIGHT STEADILY

FLASH

Emergency Stop
This Station

during emergency stop at this station

when operation attempted during
emergency stop at this station

Emergency Stop
Other Station

during emergency stop at other
station

when operation atiempted during
emergency Stop at other station

Station Select
This Station

when this station enabled

when operation attempted but this
station not enabled

Station Select
Other Station

when other station enabled

when operation attempted but other
station enabled

when door energized

Door Energized when cart drive attempted but door
energized

Door Open when door fully open when approaching unopen door

Door Closed when door fully closed

Driving Towards
Unopen Door

when approaching unopen door

Battery Charger
Cart at Shoes

when cart is at charging shoes

when battery charge attempted but cart

not at shoes

Battery Charger
Charging

when batteries are charging

slow: when valid start or stop

comand given but action not taken yet
fast: when cart operation requested but

batteries are charging

Battery Charger
Complete

when batieries fully charged

Motor
Overcurrent/
Undercurrent

during motor overcurrent trip

when motor free-wheeling

Auxiliary Outlet

when outlet enabled

when outlet tripped
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3. ENGINEER’S CONSOLE

The engineer’s console is depicted in drawing Q-6340-102. It houses the workstation through which the
engineer communicates to the cart control system. It also houses major facility-side control system
components such as the Allen-Bradley programmable logic controller (PLC), the Prolog communications
controller, and ancillary equipment.

3.1 OPERATION

Intouch, a man-machine interface will be running on the engineer’s console computer. Through Intouch,
the engineer can monitor and record cart variables and pendant activity and can modify limited system
options. The workstation is the primary engineer’s interface. However, a keyswitch on the front of the
console is also provided for cart orientation. Following are descriptions of the operation of the cart
orientation keyswitch and the Intouch man-machine interface.

3.1.1 Cart Orientation Keyswitch

A keyswitch is mounted on the front of the engineer’s console to serve the purpose of changing the cart
orientation status to the PLC.  The same switch indicates that battery charging polarity must be reversed.
This switch should be changed when the cart has been reversed on the tracks. It is very important that
the engineer use this switch, as it is the control system’s only way of determining which direction to drive
the cart and what polarity to apply to the battery charging shoes.

3.1.2 Alarm and Event Summary

A window on the engineer's interface is dedicated to a summary of active alarms and events. This
window can be used to indicate key items to the engineer such as cart ID selected, whether any facility
antennas are disabled, what control pendant is selected, whether the battery charger or cart is active,
which way the cart is oriented, etc. Alarms will also show such as motor over- and undercurrents, low
battery voltage, approaching unopen door, etc. The alarms and events shown in this window are
temporary—when the condition is no longer in effect, the line will disappear. However, a log of the
alarm or event is saved to disk so that there is always a record of it.

3.1.3 Cart and Door Position

A pictorial representation of cart and door position is given in this window. The cart is shown on tracks,
where north is left. The correct cart orientation should appear, and switching the cart orientation
keyswitch should switch orientation of the cart on the screen. The position of the cart, as determined by
the cart position algorithm in the PLC, is also given. Position of each door is shown. For doors 63M-
001 and 3M-3, the door is shown by a solid rectangle covering the tracks when the door-closed limit
switch is active. When the door-open limit switch is active, the rectangle slides off the tracks. When
neither limit switch is active, the door is shown in a middle position. The same type logic applies to
door 63M-008 except that two swinging doors are shown instead. When the PLC’s door alarm is in
effect, the door that the cart is approaching will flash in red.
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3.1.4 Cart Status

Status of cart variables in numeric form is presented in this window. Values of motor and battery
voltages and currents are listed as well as battery and electronics enclosure temperature.

3.1.5 Facility Antenna Control

To enable or disable facility antennas, the engineer calls up the facility antenna control window. This
window has four buttons, one for each facility antenna. The text on each button shows the option
available for each antenna, either DISABLE or ENABLE. To command an antenna on or off, the engineer
would select the button with the tab key and depress the return key. The text on the button will toggle,
always showing what the new option is. For example, if working with the VC antenna initially enabled,
if the button is hit, the text will toggle from DISABLE VC to ENABLE VC.

3.1.6 Cart ID Selection

A total of four cart IDs are available to tag the main cart system, spare cart system, and spare electronics
racks. By calling up the Cart ID Selection window, the engineer can select to which cart ID the facility
communications system should direct its messages. Four buttons are presented with text corresponding
to available options. If a given ID is currently active, selecting that button will have no effect. But
selecting a new cart ID will change the message of the new cart ID button as well as the old cart ID
button. For example, if cart ID #1 is currently active, the first button will read #1 ACTIVE, the second
through fourth buttons will read ACTIVATE #2, ACTIVATE #3, and ACTIVATE #4. If the second button
is selected with the tab key, and the return key is depressed, the text on buttons one through four will
change to ACTIVATE #1, #2 ACTIVE, ACTIVATE #3, and ACTIVATE #4.

3.1.7 Real-Time Trends
Real-time trends of all cart variables are available. In many cases the trends are grouped into like

variables, but the maximum number of plots per trend is four. For example all motor currents are shown
on the same trend and all motor voltages are shown on another trend.

3.1.8 Historical Trends
It is possible to call up historical data that has been saved to disk by using the historical trend function.
3.2 MAINTENANCE

It is possible to enter maintenance modes on other system components by using the engineer’s console
workstation. The maintenance modes are described in the following sections.

3.2.1 Battery Charger

By using a terminal emulation program, the engineer can communicate directly with the battery charger,
but first a switch box located in the rear of the engineer’s console must be switched to connect the battery
charger to the workstation computer rather than the Prolog communications controller. The battery
charger can be reprogrammed, charger status can be displayed, and a past history of charging variables
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can be requested. If necessary the charger can be started and stopped from here also, although this task
is normally done by the Allen-Bradley PLC through the Prolog communications controller by request
from the control pendant.

3.2.2 Prolog Communications Controller

The terminal emulation program can also be used to communicate to the secial port of the Prolog
communications controller. The controller has a maintenance mode that can be activated by doing this.
Status of the controller is provided. It is also possible to download new programs to the controller in this
mode.

3.2.3 Allen-Bradley PLC

The engineer’s workstation can also be used to tie directly into the Allen-Bradley PLC. In this mode,
the ladder logic of the PLC can be displayed online and modified if necessary. Inputs and outputs can
be forced on and off. In addition to online modifications, a new program can be downloaded to the PLC.

4. CART CONTROLLER

The cart controller is 3 Winsystems single board computer. During normal operations the controller will
communicate with the facility and its operation will be directed by either the operator at the control
pendants or the engineer at the engineer’s console. However, the controller does have a maintenance
mode that enables interrogating operation of the cart controller locally.

4.1 MAINTENANCE MODE

To use the maintenance mode of the cart controller, a terminal must be connected to the cart controller’s
serial port. When connected in this manner, the cart controller enters an interactive test mode. In this
mode local cart functions can be checked such as motor control, fan control, and auxiliary outlet control.
Status information of all cart variables can be shown as well as shunt calibration information. A
verification of communications packets can be done also.
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