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1. Introduction

The HFC-6000 distributed control system provides plant monitoring and control capabilities,
with monitoring and control responsibilities spread over multiple remote control units. The
HFC-SBCO06 System Controller is the primary board used for implementing plant control
functions. This HFC-SBC06-DPM06 Module Design Specification describes the HFC-SBC06
System Controller board and HFC-DPMO06 Dual Ported Memory board.

As shown in Figure 1, the HFC-SBCO06 System Controller board is positioned in the HFC-6000
system hierarchy between the Operator Station(s), which provides the direct Human Machine
Interface to the plant operators, and the I/O boards which provide the signal-level interface to the
equipment and devices in the plant.

Operator
Station
[
HIFR
C-Link

SBCO06
System

Controller

i
ICL

110
Boards

Plant

Figure 1. HFC-6000 System Hierarchy

Descriptions of the functional requirements of the HFC-SBC06 System Controller board and
HFC-DPMO06 board, from an external perspective, are provided in the HFC-6000 Product Line
Requirements Specification, RS901-000-01. The design of the HFC-SBC06 and HFC-DPMO06
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also complies with the detailed requirements spelled out in 700901-04, 700901-05, and RS901-
000-37.

The purpose of this document is to describe the operation and functions of the HFC-SBC06 and
HFC-DPMO06 boards. The discussion of the operation and function of the HFC-SBCO06 and
HFC-DPM06 will be presented using architectural, design, and implementation information.

Subsequent sections of this document provide architectural and design descriptions of the HFC-
SBCO06 board. Lower level descriptions of the HFC-SBC06 and HFC-DPMO06 are contained in
the HFC-SBC06-DPM06 System Controller Module Detailed Design Specification, DS901-000-
01. The major functions performed by the HFC-SBC06 and HFC-DPMJ06 are listed in the next
section which contains brief descriptions of the functions and how the HFC-SBC06 or HFC-
DPMO6 performs the functions.

2.  Functional Description

The functions described in this section are the major functions performed by the HFC-SBCO06
System Controller. The functional descriptions are presented so as to provide a context for
understanding the operation of the HFC-SBCO06 and a description of how the functions
performed by the HFC-SBCO06 System Controller work within the overall architecture of the
HFC-6000 distributed control system.

The major functions performed by the HFC-SBC06 System Controller are:

e Communication with other system controllers and workstation PCs connected to the
same redundant C-Link (Communication Link), an HFC proprietary network;
Broadcasting plant status information;

e Communication with modules connected to the same ICL (Intercommunication Link),
another HFC proprietary network; Collecting plant status information and sending
plant operation commands;

e Redundant controller operation, System Controller failure detection, failover of the

control function to the Secondary System Controller on failure of the Primary System
Controller, and maintenance failover.

e Execution of application control programs for the specific control logic;

The following sections supply descriptions of the HFC-SBCO06 functional requirements and
identify aspects of the HFC-SBCO06 that perform functions satisfying the requirements.
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2.1 External Communication

Two communication interfaces connect the HFC-SBC06 to other boards and devices in the
HFC-6000 system. Two identical 10BaseT interfaces connect the HFC-SBCO06 to the redundant
fiber optic Communication Link (C-Link) network, an HFC proprietary Ethernet-based network
that the HFC-SBCO06 uses to transfer data to and from the Operator Stations. Typical data
transfers between the Operator Station and a System Controller are operator commands from an
Operating Station to the System Controller and plant operation data to the Operator Station. The
HFC-SBCO06 also uses the C-Link to broadcast its status to other remotes attached to the C-Link.

The other HFC-SBC06 communication interface connects the HFC-SBC06 to the
Intercommunication Link (ICL), which is an RS-485 serial network connecting the HFC-SBC06
to its I/O boards. Each HFC-SBCO06 has two serial channels (ICLO and ICL1) with each
connecting to different I/O boards. Each serial channel can be linked to up to 32 I/O boards.
Input values from plant field devices and output values to plant actuators are transferred between
the HFC-SBCO06 and /O boards over the ICL serial network. The ICL network implements a
master/slave communication protocol. Only the master can initiate communication, and the
slave devices only respond to the master’s poll. HFC-SBCO06 serves as the master for all
communication transfers with its configured ICL stations. Each I/O board operates as a slave
node on the ICL network. The HFC-SBCO06 polls each configured slave device at regular
intervals, and the slave devices receive operation commands in the communication messages and
respond with plant status information. Although each HFC-SBCO06 board has two physical serial-
channels connected to different I/O boards, these two physical channels are on one logical link
under the ICL protocol, either ICL A or ICL B for the 1/O boards. Therefore, each ICL can be
linked to up to 64 I/O boards.

Refer to DS002-000-01, C-Link Protocol Component Design Specification, and DS002-000-02,
ICL Protocol Component Design Specification for details. ,

2.2 Redundant System Controllers

The HFC-SBCO06 System Controller board is designed to operate in a redundant controller
configuration. As shown in Figure 2, a redundant configuration consists of two System
Controller boards (HFC-SBC06 A and HFC-SBC06 B) and a HFC-DPMO06 dual ported memory
board with the DPMO06 board installed in between of the two SBC06 boards. Each HFC-SBC06
board in the redundant pair operates in one of two different modes: one board operates in a
Primary controller mode, and the other board operates in a Secondary controller mode.
Controller mode operation is determined at controller board start-up, with the first HFC-SBC06
to complete its initialization routine becoming the Primary, and the other HFC-SBC06 board
defaults to Secondary controller mode.

Each HFC-SBCO06 in a redundant pair is connected to redundant C-Link networks- for
communication with the Operating Station and one of two ICL serial networks that provides
communication between the HFC-SBC06 and to each of its I/O boards. Each I/O board connects
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with two system controllers via its dual serial ports as shown in Figure 2. The mode (Primary or
Secondary) in which the HFC-SBCO06 is operating determines how the HFC-SBCO06 will use C-
Link (Ethernet) and ICL (serial) networks.

—C-Link l
l C-Link=—
(72] n
W o @
sl12]]8
[} o (=2}
> @ W
e | CL A |
ICLB
/O
Boards |

Figure 2. Redundant HFC-SBC06 Boards with DPM06 Board

During redundant operation, the Primary controller periodically copies application and system
status data to dual ported memory (DPM) contained on the DPMO06 board. The Secondary
controller, on the other hand, periodically validates the status data in the DPM and updates its
own record of status data if the data is valid. This DPM Transferring Mechanism keeps the
secondary controller updated with a current copy of the primary running status and ensures a
smooth transition from one controller to the other in the case of failover. During a failover event
when control responsibility switches from the Primary to the Secondary, the Secondary uses the
most recent application and system status data as an initial state for starting its control of the
system. Starting with an initial state that is one second old or less minimizes disturbances to the
plant induced by the controller switch over, and prevents potentially hazardous bumping caused
by transfer of control. After switch over is complete, the Secondary, which is now the
controlling the plant, switches to operation in the Primary control mode. Additional discussion
of the failover mechanism is listed DS001-000-08, Failover Mechanism Component Design
Specification.

A Maintenance Failover function is supported to perform regular check on the working status of
the secondary controller to make sure it will be able to take over the control when the primary
controller fails. A pushbutton on the HFC-DPMO6 allows failover to be triggered manually.
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As shown in Figure 3, the ICL network for a redundant controller configuration includes four
physical serial channels for the redundant controllers: ICL A includes ICL A0 and ICL Al for
controller A; ICL B includes ICL BO and ICL B1 for controller B. A single controller can have
up to 64 I/0 boards under its control.

=C-Link T
- C-Link—
w wn
w o ve)
O p g
3 3 3
> @ w
ICL AO ' |
ICL BO
l{e}
—ICL A1 " | Boards
ICL B1
I{e}
Boards

Figure 3. ICL Network for Redundant Controller Configuration

The HFC-SBCO06 board may also be configured as a non-redundant System Controller. In a non-
redundant of configuration, a single HFC-SBCO06 is installed in slot 12 or 14 of a 19-inch HFC-
6000 controller rack, and a DPMO6 is installed in slot 13. (If the system uses 23-inch racks, the
controller may be in slot 16 or 18, and the DPM 06 be installed in slot 17.) Configuration
switches located on the front edge of the DPMO06 board are used to setup a number of system
configuration parameters. The HFC-SBCO06 must access a DPMO06 to read the configuration
settings as part of its initialization process.

Another difference between a redundant and non-redundant configuration is that a non-redundant.
HFC-SBCO06 configuration only supports a non-redundant ICL network, as shown in Figure 4
instead of the redundant ICL network shown in Figure 3.
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—C-LinkI
| C-Link=
(2]
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> »
ICL
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Boards.

Figure 4. Non-Redundant HFC-SBC06 Board and DPM06 Board

2.3 Execution of Application Programs

" The primary function of the HFC-SBC06 System Controller board is to provide control of the
plant system actuators based upon the values of system inputs collected from plant field sensors.
Control logics, such as arithmetic calculations and logical operations, operate upon field input
values to provide control output values that drive plant actuators, operator status displays, and
alarm indicators. These control logics are defined in an Application Program, which is installed
in the PROM or flash memory in the HFC-SBCO06 System Controller. It is transferred to the
RAM during power up initialization, and the program is executed during operation of the
controller. '

Refer to DS001-000-002, Equation Interpreter Component Design Specification, and DS001-
000-003, CQ4 Blocks Component Design Specification, for detailed descriptions of control logic
algorithms. Refer to UG004-000-01, EWS User’s Guide for detailed information about the
structure of application program code.

3. Module Architecture

The architecture and design of the HFC-SBCO6 board is based upon a partitioning of the module
functions between three separate microprocessor sections: the SYS microprocessor section, the
ICL microprocessor section, and the CPC microprocessor section. Each microprocessor section
is dedicated to a specific set of functional responsibilities, with the SYS processor being the main
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processor or system processor for the whole controller and the other two processors being
subordinate ptrocessors.

The three independent microprocessors uses Public Memory to communicate and coordinate
their individual operations. Public Memory is a shared onboard memory (RAM) section that
may be accessed by the three microprocessors over a Shared Bus. As shown in Figure 5, the
three microprocessors connect to the Public Memory address and data bus (Shared Bus) on the
board, with each microprocessor’s access to Public Memory controlled by a bus arbitration
circuit. Public Memory contains data that is shared by the microprocessors and data that must be
transferred between the microprocessors.

In addition to available use of Public Memory, each microprocessor is configured with Private
Memory with separate PROM, Flash, and RAM sections. System firmware codes are installed in
the PROM or flash memory. Private Memory is accessible only to the microprocessor in that
circuit section.

The CPC Section has two RJ45 10BASET ports for the redundant C-Link interface. The ICL
Section includes two RS-485 communication links for the ICL.

There is an onboard Sanity circuit for detection of controller failure. The SANE status and PRI
(Primary) status signals from the Sanity circuit are routed to the Failover circuit on the
HFC-DPMO06 board. The Failover circuit supports failover on failure of Primary controller and
maintenance failover.

There is a dual-ported memory on the HFC-DPMO06 board which is accessible to both the
primary and secondary controllers. The three processors connect to the DPM address and data
bus, with each processor’s access to the DPM controlled by a bus arbitration circuit. Software
arrangements coordinate Read and Write to the DPM by the primary and secondary controllers to
avoid conflicts or corrupted data.

The System Controller provides Sequence of Events (SOE) master clock with 1 ms resolution
over 24 consecutive hours of operation. :

Both the HFC-SBC06 and HFC-DPMO06 board have DIP switches for controller configuration.
These switch settings are accessible to the SYS processor on board.
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Figure 5. HFC-SBC06 / DPM06 Module Architectures

MS901-000-01 11 of 55 RevE



HFC-6000 , HFC Non-proprietary
HFC-SBC06-DPMO06 Board Module Design Specification

3.1 Memory Mapping Structure

The individual memory address spaces for the three microprocessors on the HFC-SBC06 board
have the same basic structure, with each address space including both Public and Private
" Memory areas. As shown in Figure 6, the top range of the address space (PROM / Flash)
contains executable code. The microprocessor data area (RAM) is mapped to the bottom range
of the address space. Public Memory is mapped to the center range of the microprocessor
address space.

......... --- FFFFF
Code
PROM/Flash -

Private .
Microprocessor

l Specific
Public
RAM
___________ 4

Public ! DPM
' (on DPMO06)
Public
l RAM
Private RAM

_T ------- -=- 00000

Figure 6. Microprocessor Address Space

The DPM memory area located in Public Memory address space shown in Figure 6 is dual
ported memory residing on the DPMO6 board installed in the slot next to the HFC-SBC06 board.
DPM memory is used by two HFC-SBCO06 boards operating as a redundant pair for transferring
‘data between Primary and Secondary.

The Private Memory area shown in Figure 6 labeled Microprocessor Specific has different
uses within the three processor sections. In the SYS processor section, this area of Private
Memory contains-the Application Program instructions. In the CPC processor section, this area
1s mapped to a dual ported memory part that is used to interface the CPC microprocessor to the
Ethernet controllers managing low-level communication functions on the C-Link network. In
the ICL processor section, this area of Private Memory is not used and contains no RAM,
- PROM, or Flash memory. ’
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3.2 Public Memory Data

The design of the HFC-SBCO06 board uses a Public Memory Data area to allow the three
microprocessors to share and transfer data during operation. Public Memory contains a number
of data stores used by the microprocessors with the main data stores holding I/O and UCP
message data.

The I/O data stores hold data that is accessed and shared by all three microprocessors. As an
example of shared data, Public Memory contains three main shared data areas: IO Point Image,
Internal Point Image, and DDB Image. These data image areas are used by all three processors
on the System Controller board. The data stores shown in Figure 7 are three of the main data
items in Public Memory, and these data stores will be encountered a number times during
discussion concerning aspects of the software architectures of the three microprocessor sections
on the HFC-SBC06 System Controller board.

10
. Point Image

7_

10 Point Image
contains Input and
Output data points
that are an image of
the data values
transferred between
the System
Controller and /O
Cards.

Internal
Point Image

=

Internat Point Image
contains data values
for application
program internal
state values that are
used in application
functions such as
PID blocks, logical
registers, and flip-
flops.

DDB Image

==

DDB Iimage
contains data values
of different remotes
received via DDB
broadcast and
stored locally for
use by the
application program.

Figure 7. Public Memory Data Stores

The 10 Point Image data area holds Input and Qutput data values that are accessed by:
o the SYS processor during execution of the application program. The SYS processor uses
the input data values as the inputs to the application programs and results of execution

will be used to update the output data values.

e the ICL processor for storing Input values read from the I/O boards and retrieving Output
values that need to be sent to the I/0 boards over the ICL serial link;

e the CPC processor for DDB data broadcasts on the C-Link network.
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The UCP message data stores hold UCP messages that need to be transferred between the
microprocessors. UCP messages are point-to-point communication messages used in HFC
control systems. The next section, Section 3.3 provides more descriptions of UCP messages.
The UCP messages stored in the Public Memory are mainly operator commands or inquiries
from operator workstations and responses from the SBC06 System Controller to the operator
workstations. A UCP message is normally processed in the following sequences:

e The CPC processor receives a UCP message from the C-Link and stores it in the Public
Memory if the message is not addressed to itself

e The SYS processor retrieves any UCP message addressed to itself from the Public
Memory, executes the command and stores the UCP response messages in the Public
Memory.

e The ICL processor retrieves any UCP message addressed to itself or ICL I/O boards in
the Public Memory, and stores the UCP response message in the Public Memory

e The CPC processor retrieves any UCP response message from the Public Memory and
transmits it to the C-Link

AN

3.3 Remote Communication Architecture

Remote communication is used when an HFC-SBCO06 System Controller exchanges data with
another System Controller, Operator Station, or Engineering Workstation. The HFC-SBC06
supports remote communication over the Communication Link (C-Link) network and provides
dual network ports for connection to a redundant C-Link network. Two protocols are used to
carry data over the C-Link network. These two protocols are:

e Dynamic Database (DDB) protocol. Refer to DS002-000-001, C-Link Protocol
Component Design Specification for detailed descriptions of DDB protocol.

e Universal Communication Packet (UCP) protocol. Refer to DS002-000-003, UCP
Protocol Component Design Specification for detailed descriptions of UCP protocol.

The use of one protoco! versus the other depends upon whether the data being carried is
information that is transferred on a regularly scheduled basis or whether the information is being
transferred due to a system event. The DDB protocol is designed to carry data traffic occurring
on a regularly scheduled basis, and the UCP protocol is designed to carry a periodic traffic such
as operator commands and controller status inquiries.
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Operator
Station

HIFR

C-Link
SBCO06 SBC06 SBC06
System System System
Controller Controller Controller
DDB
Broadcast
Data

Figure 8. DDB Broadcast Data Paths

The Dynamic Database protocol is a broadcast protocol in which a transmitting node on the C-
Link network broadcasts data packets to all nodes on the network. As shown in Figure 8, one
network node, the HFC-SBCO06 System Controller in center, is broadcasting DDB data while all
other nodes are receiving DDB data. The DDB protocol is the method used for transferring
system operating data, such as field input values, actuator output values, and control state values,
among System Controllers and Operator Workstations. In the HFC-6000 system, DDB data is
broadcast from each System Controller in a round-robin sequence.

The Universal Communication Packet protocol is designed as a point-to-point protocol for
transferring data that is not sent on a regular basis during system operation.

MS901-000-01

Operator
Station
C-Link
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SBCO06 SBC06 SBC06
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Controller Controller Controller
ICL
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Message
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Figure 9. UCP Point-to-Point Message Path
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An example of a typical UCP message is an operator query for the status of a device in the plant.
As shown in Figure 9, the UCP message originates at the Operator Station and travels to the /O
board connected to the plant device for which the status is being queried.

The complete transaction for this UCP example message actually would consist of two UCP
messages. The first message in the transaction would be a UCP request message sent from the
Operator Station to the I/O board responsible for the operation of the device. The point-to-point
message would be a request for the value control state. The second UCP message in the
transaction would also be a UCP response message providing the device control state and going
point-to-point from the I/O board to the Operator Station.

Network transmission control for the C-Link network uses a token passing mechanism. In a
token passing transmission control scheme, a single node within the network holds the token, and
the node with the token is the only one that is allowed to transmit data on the C-Link network at
a given point in time. While the transmitting node has the token, all other nodes on the network
can only receive data. Error detecting functions and mechanisms use network error timers
running at each node that are designed to detect token passing errors such as “Lost Token”, “Fail
to Pass Token”, “Fail to Claim Token”, and “Token Claim Collision”.

Remote communication for the HFC-SBCO06 is handled by the CPC processor. However, data
for remote communication may be produced or consumed by any of the three microprocessors on
the HFC-SBCO06 board. The next two sections describe the CPC processors handling of the data
sent and received via remote communication.

3.3.1 HFC-SBCO06 Handling of DDB Data

As explained previously, the DDB protocol uses a broadcast of data for transferring information
from one node to all other nodes on the network. Each HFC-SBCO06 System Controller on the
network must be able to both broadcast DDB data and receive DDB data. The specific
information that the HFC-SBCO06 broadcasts when it has possession of the token is specified in
the DDB Broadcast Table. The actual data that is broadcast by the HFC-SBCO06 is contained in
the IO Point Image and Internal Point Image data stores, as shown in Figure 10. During a DDB
broadcast, the CPC processor uses the Broadcast table to determine which data in the two Point
Image data stores to select and broadcast on the C-Link.

Not all DDB data broadcast on the C-Link will typically be needed by an HFC-SBC06 for
performing its required operations. When the HFC-SBCO06 is receiving DDB data from the C-
Link, a filter is applied to the data, and only the DDB data specified by the filter is processed
CPC processor. As shown in Figure 10, the DDB Filter Table, which lists the DDB data that is
needed by the particular HFC-SBCO06, is used by the CPC processor to determine which
incoming DDB data is to be processed and stored by the CPC processor in the DDB Image data
store. DDB data from the C-Link that is not listed in the Filter is skipped by the CPC processor.

The I/O Scan Table lists all the configured I/O boards on the ICL for the SBC06 and board
information, such as type of I/O points on board, number of points, and assigned point numbers.
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The ICL processor uses the I/0 Scan Table to determine which I/0 board to scan, how to scan it,
and where the 1/0 point values should be stored in the Public Memory.

Engr Work
Station
SBC06
HIFR
— C-Link
Public Mem
DDB Tables
DDB Image
Filter
Broadcast
1' CPC sYs
DDB Internal
Point Image 10
Messages Public Mem Point Image
Public Mem
/0 Scan
Table ICL
ICL 0,1 =—
110
Card

Figure 10. Broadcasting and Filtering of DDB Data

3.3.2 HFC-SBC06 Handling of UCP Messages

UCP messages are designed to be transferred on a point-to-point basis, and as such, any UCP

message received by the HFC-SBC06 will either end up being processed by a task running on

one of the three HFC-SBC06 processors, or will end up being passed to an I/O board attached to

the HFC-SBCO06 via the ICL serial network. UCP messages are received from the C-Link

network by the CPC processor, which processes the message header to determine where to post

the message. If the UCP message is destined for a task running on the CPC processor, the
- message 1s stored in a CPC data store for processing by the specific CPC task.
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If the UCP message is not addressed to a CPC task, the message will be stored in message data
store in Public Memory. As shown in Figure 11, a UCP message addressed to a task running on
the SYS processor is stored in the SYS message data store in Public Memory. A UCP message
that is addressed to a task running on the ICL processor, or a UCP message addressed to an I/O
board, is stored in the ICL message data store in Public Memory.

UCP messages sent from a task running on either the SYS processor or the ICL processor, or a
UCP response message received from an I/O board attached to the HFC-SBCO06, is stored in
respective message data store (SYS messages or ICL messages) in Public Memory.

Engr Work
Station
I HIFR
—_— C-Link
Public Mem
DDB Image
CPC SYS

SYS
) msgs
Public Mem Public Mem
oL Internal Public Mem

Point Image 10

msgs " Public Mem Point Image
—i. - J
UcCP
Messages
ICL 0,1=
I{e]
Card

Figure 11. UCP Message Processing

A message event mechanism, with events passed between processors using Public Memory, is
used by a processor in the HFC-SBCO06 to notify another processor in the HFC-SBCO06 that a
UCP message has been placed in its respective message data store. Refer to DS001-000-001,
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Operating System Component Design Specification for details of the. UCP message event
mechanism.

3.4 SYS Processor Section

The SYS processor section is based on an Intel Pentium processor. Figure 12 shows the
architecture of the SY'S Processor section. The major functions of the SYS Processor section are
as follows:

» Execution of application programs on I/O point images

o Coordination of the other two processofs on board

e Monitoring overall controller status

Config
System - Switch
Anplication
PROM/
Flash l RAM l Flash I
SYS
Fentium
Shared Buz
SYS
WD
Ancess Crirl |
Sanity
" Public
hemary L]
(RAM)
SANE
Resst WD
[
DPM not SANE

Figure 12. System Processor Architecture

The SYS processor has access to the flash memory that has application programs installed. The
application program consists of a sequential set of instructions that are executed by the Equation
Interpreter software task. The Equation Interpreter processes the instructions from the
application program to generate digital and analog output values using input values currently in
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memory. The descriptions of architecture, interface and design of Equation Interpreter
component are provided in DS001-000-002, Equation Interpreter Component Design
Specification. :

The application program in the SYS processor’s flash memory also contains DDB Filter Table,
DDB Broadcast Table, and 1/0O Scan Table. During controller initialization, the SYS processor
copies these tables from its flash memory to the Public Memory for the use by the CPC
Processor and the ICL Processor.

On the HFC-SBCO06 board and HFC-DPMO06 board, there are DIP switches for controller
configuration. The SYS processor reads the switch settings and stores the configuration data in
the Public Memory.

As the system processor, the SYS Processor performs initialization for the Public Memory
during controller initialization. It configures the Public Memory according to the predefined
structure. After the Public Memory Initialization is done, the SYS processor sets a READY flag
in the Public Memory to inform the other two subordinate processors that the Public Memory is
ready for use.

The other two subordinate processors report to the SYS Processor after they finish initialization
successfully and wait for the SYS processor’s indication as when to start operating. The SYS
Processor, after verifying that all the processors on board have finished initialization, sets a
System_Go flag in the public memory, enabling normal operation to begin. The subordinate
processors start normal operation after the System Go flag is set. Thus, the whole controller
enters normal operation mode.

Each of the subordinate processor has a “Mailbox” in the Public Memory to report the status of
the processor. During normal operation, the subordinate processor periodically updates its
mailbox by loading a preset value into it. As a parallel process, the SYS processor monitors
subordinate processor running status by decrementing the mailbox at preprogrammed intervals.
The setting of mailbox preset value and mailbox decrementing amount and intervals determine
how soon a failure of the subordinate processor can be detected. -

The SYS processor also maintains the system watchdog timer (a MicroMonitor chip) by strobing
the timer periodically. If the SYS processor fails to strobe the watchdog timer, the timer will
time out and trigger a failover if the controller is in Primary mode. Refer to details of controller
failure detection and failover mechanism in Section 3.7.

The SYS processor maintains a controller status flag in the Public Memory. 1In case of a status
change, the SYS processor updates the controller status flag, so that the two subordinate
processors will change their running mode from primary to secondary, or vice versa. This
mechanism ensures that the whole controller operates in the same mode: either primary or
secondary. '
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The SYS Processor is also responsible for transferring system status data between the Public
Memory and the DPM periodically. If the SYS Processor is in primary mode, it transfers data
from the Public Memory to the DPM. If the SYS Processor is in secondary mode, it transfers
data from the DPM to the Public Memory. This mechanism keeps the secondary controller
updated with system status data and ensures a smooth transition of control in case of a failover
from primary controller to secondary controller.

3.4.1 SYS Processor Software Architecture

The SYS Processor software consists of the following routines:

e Initialization
o  Power up/Reset Initialization
o  Controller Configuration
o Processor Specific Initialization
ol Memory Initialization for Public Memory
A . Task Initialization
e Operating System Component
e Processor Specific Tasks
o  System Tasks
ol DBM Tasks and System Database Manager
. Equalization Task for DPM
bl Processor Status Monitor Task
o  Equation Applications
= Equation Interpreter Task
" Logic Algorithms .
] Analog Processing Algorithms - CQ4 Block Algorithms
o  Timer Interrupt Service Routines
e UCP Utility Component
o  UCP Memory Manager
o  Network Manager for Path-Element
o  Network Message Routine
o  UCP Message Handling Tasks

The SYS Processor software is designed based on an operating system common to all processors
on the HFC-SBCO06 board and a set of configurable tasks that will be run by the operating
system. Figure 13 provides an overview of the SYS Processor Software Architecture. The
Operating System is mainly a task scheduler, which executes the configured tasks one after
another according to a task control block (TCB) list.
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Figure 13. System Software Architecture
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The tasks running on the SYS processor are:

e Equation Interpreter Task -for running the application program on I/O point images.
 This is implemented by individual logic subroutmes and analog processing algorithms.
o IOSS_TSK

e UCP Message Handling Tasks which will process the UCP message and call the
appropriate routines to provide service to the UCP requests. The services requested
include:

o CQ4INT - CQ4 block update

PIDTSK - PID block task,

DBMTSK - DBM Task for I/O point images in the Public Memory

XEQUAL - Equalization Task for DPM

EQMSGTSK - Equation Interpreter service

PKTXHG — Packet exchange service

UNDEFTSK - handling undefined UCP messages

OFFLINETSK - handling UCP messages from EWS workstation intended for

offline controllers for updating various controller configuration information.

The Equation Interpreter will be stopped so that the apphcatlon programs will

not be executed.

O 0 00 0O 0o

e Operating System tasks:
o UTILTSK — Performs configured initialization and utility functions
o UCPTSK - UCP message activity monitoring task

e System processor tasks, such as
o STATSK - Processor Status Monitor Task
o IOSTSK - I/0O Simulation Task for simulation of the operation of control
system like I/O image changes without the presence of real field devices.
o BLRQ - Build DDB Filter Task, etc.

During initialization, the SYS processor configures several Mailbox utility functions for the OS
Utility Task. These mailbox functions are essential to determine the System Controller’s Sanity.
During every Operating System task scan cycle, these fiinctions will be executed by the Utility
Task according to the operation mode of the controller: Primary or Secondary. Refer to Section
3.7.2 for detailed descriptions. :

Existing software components will be used to build the SYS Processor software. All of the
above tasks, the Operating System and UCP Network Ultilities are covered by Component
Design Specifications. Refer to Section 5 for the reference document numbers.

The descriptions of Initialization Process are prov1ded in the DS901-000- 001, HFC-SBCO06
Module Detailed Des1gn Specification.
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3.5 ICL Processor Section

The ICL Processor section is based on an Intel 386 processor. Figure 14 shows the architecture
of the ICL Processor section. The major function of the ICL Processor section is to handle
communication on the ICL to obtain current plant status mformatlon from the I/O boards and to
send operation commands to the I/O boards.

Shared Bus
PROM/ Aocess Crtd
Flash | R&M I
I ! ICL .
: Puklic
38EEX Memory
RAM)
Xew Xewr
DPM
RS-485
(CL 1 RS-485
Extension
ICLO
Backplane

Figure 14. ICL Processor Architecture

The control system interface to field devices in the plant, such as process input sensors and
~ output actuators, is handled by I/O boards mounted in the HFC-6000 board rack. The /O boards
measure signals from field device inputs, convert the measurements to digital images, and
control output drive-level signals to plant actuators. The output drive-level signals are the
converted values of output images sent to the 1/O board from the HFC-SBCO06.

The digital images the HFC-SBCO06 receives from and sends to the I/O boards are carried by the
ICL network that connects the HFC-SBC06 System Controller to its I/O boards. The ICL is
structured as an RS-485 network implementing a master/slave communication control protocol.
The HFC-SBCO06 System Controller board provides the network master function and controls
communication on the connected ICL network connected to it. Each I/O board operates as a
slave node on the ICL network to which it is attached. The System Controller polls each I/O
board, requesting data values for field inputs connected to the I/O board and sending data values
for field outputs connected to the I/O board. Only the HFC-SBCO06 board will initiate a
communication on the ICL with a request message.

The HFC-SBCO06 System Controller board has two serial channels: ICLO and ICL1. ICLO is on
the controller backplane, but it has a connector on the backplane so that it can access boards in
expander chassis. ICL1 only goes to expander chassis. Both channels can communicate with
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boards in up to two chassis. ICLO and ICL1 will be connected to different I/O boards but they
are logically one ICL. In a redundant configuration, each of the dual serial ports of an /O board
is connected to one of the redundant controllers via an ICL.

The ICL Processor has access to the DPM. This capability is used in a redundant configuration
for the secondary ICL Processor to takes over the scan task of an I/O board if the primary ICL
does not function well with a particular I/O board. If an I/O board does not respond to a regular
poll message from the primary ICL Processor, the primary ICL Processor transfers the request
message to a dedicated area in the DPM for the secondary ICL Processor to poll that particular
/0O board. If the secondary ICL is functional, the secondary ICL processor takes over the scan
task for that I/O board and uses the DPM to pass the response data to the primary ICL Processor.
Periodically, the secondary ICL Processor performs a loopback test for that I/O board to
determine if the primary link is functioning. If the loop test results show that the primary ICL is
functioning properly with that I/O board, the primary ICL resumes polling this I/O in its normal
sequence.

3.5.1 ICL Software Architecture

The ICL Processor software consists of the following routines:

¢ Initialization “
o  Power up/Reset Initialization
o  Controller Configuration
o  Processor Specific Initialization
" ICL Communication Initialization
e Operating System Component
e Processor Specific Tasks
o  ICL Scan Task
= ICL Download Table Routine
] ICL Scan Routine
" »  Primary Mode Routine
"0  Build ICL Command
a  Perform Transaction Routine
o  Process Response Routines
»  Secondary Mode Routine
o  Communication Utility Routines
" Send Message Routine
= Receive Message Routine
o  ICL Utilities
o  Timer Interrupt Service Routines
e UCP Utilities
o  UCP Memory Manager
o  Network Manager for Path Element
o  Network Message Routine
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Figure 15. ICL Software Architecture
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The ICL Processor software is also designed based on the operating system component common
to all processors on the HFC-SBCO06 board and a set of configurable tasks that will be run by the
operating system. Figure 15 provides an overview of the ICL Processor Software Architecture.

The tasks running on the ICL Processor are:

e ICL I/O Scan Task:
o IOFSCN

e UCP Message Handling Tasks which will process the UCP message and call the
appropriate routines to provide service to the UCP requests. The services requested
include:

o UNDEFTSK - handling undefined UCP messages
o OFFLINETSK - handling UCP messages intended for offline controllers for
updating various controller configuration information

e Operating System tasks:
o UTILTSK — No utility routines configured
o UCPTSK - UCP message activity monitoring task

The ICL Processor software does not have any special utility functions configured for the OS
Utility Task. So after finishing the initialization part of functions, the OS Utility Task will
remove its self from the OS task control block list and will not be executed again.

The existing software components will be used to build the ICL Processor software. All of the
above tasks, the Operating System and UCP Network Utilities will be described in Component
Design Specifications. Refer to Section 5 for the reference document numbers.

The descriptions of Initialization Process are provided in the DS901-000-001, HFC-SBC06
Module Detailed Design Specification. '

3.6 CPC Processor Section

The CPC Processor section is based on an Intel 386 processor. Figure 16 shows the architecture
of the CPC Processor section. The CPC Processor section includes hardware for two identical
Ethernet channels with twisted pair 10BaseT configuration. The Ethernet interface is
implemented with two serial interface network controller chips (NIC). The 10BaseT interface to
the C-Link functions in accordance with IEEE 803.2 standards.

The NICs incorporate receiver, transmitter, collision detection, heartbeat, jabber timer, and link
integrity test functions. There is one DPM between each NIC and the CPC processor. This
DPM provides the memory buffer for the messages received and to be transmitted by the NIC.

The CPC processor controls overall operation of the Ethernet interface to the C-Link, transfer of

data to or from the NIC via the DPM, and transfer of data to and from the Public Memory.
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Figure 16. CPC Processor Architecture

3.6.1 CPC Processor Software Architecture‘

The CPC Processor Software consists of the following routines:

o [Initialization
o  Power up/Reset Initialization
o  Controller Configuration
o  Processor Specific Initialization
. NIC Initialization
= Tasks Initialization
= Data Initialization
= Interrupt Vectors Initialization
e Operating System Component
e Processor Specific Tasks — Communication Tasks
o Transmit Tasks
= Interface Transmit Task
s LLC Transmit Task
. NIC Transmit Driver
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HFC Non-proprietary

o Receive Tasks
. Receive ISR
. LLC Receive Task
. Interface Receive Task
o Timer Interrupt Service Routines
. Timer 0 ISR
" Timer 1 ISR
. Timer 2 ISR
o DDB Process Routine
. Get DDB Routine
. Put DDB Routine
. Save DDB Routine
o UCP Utilities
o  UCP Memory Manager
o  Network Manager for Path Element
o  Network Message Routine

The CPC Processor software is also designed based on the operating system component common
to all processors on the HFC-SBCO06 board and a set of configurable tasks that will be run by the
operating system. Figure 17 provides an overview of the CPC Processor Software Architecture.

The tasks running on the ICL Processor are:

o C-Link Communication Tasks:
o LLCRCV - LLC layer receive task
o LLCTRN - LLC layer transmit task
o ITFRCV - Interface layer receive task
o ITFTRN — Interface layer transmit task

o UCP Message Handling Tasks which will process the UCP message and call the
appropriate routines to provide service to the UCP requests. The services requested

include: :
o UNDEFTSK - handling undefined UCP messages

"o OFFLINETSK — handling UCP messages intended for offline controllers for

updating various controller configuration information
e Operating System tasks:

o UTILTSK — No utility routines configured
o UCPTSK - UCP message activity monitoring task
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The CPC Processor software does not have any special utility functions configured for the OS
Utility Task. So after finishing the initialization part of functions, the OS Utility Task will
remove its self from the OS task control block list and will not be executed again.

The existing software components will be used to build the CPC Processor software. All of the
above tasks, the Operating System and UCP Network Utilities will be described in Component
Design Specifications. Refer to Section 5 for the reference document numbers.

The descriptions of Initialization Process are provided in the DS901-000-001, HFC-SBC06
Module Detailed Design Specification.

3.7 HFC-SBCO06 and HFC-DPMO06 Redundancy Architecture

Refer to Section 2.2 for descriptions of Redundant System Controllers. Two HFC-SBC06
boards and a HFC-DPMO06 board in the redundant configuration are installed in the three
leftmost slots of the HFC-6000 controller rack, with the DPMO06 board installed between the two
HFC-SBCO06 boards. The three boards include hardware and software designed to support
redundant controller operation. The main functions of the redundant architecture are as follows:

e Logic to determine controller operation mode: Primary or Secondary
¢ Failover mechanism on failure of primary controller
e Manual maintenance failover
e Controller failure detection mechanism
e Mechanism to ensure a smooth transition of control during failover
4
XXXXX
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During the start up of redundant controllers, the SANE signals in both controllers are
inactive, and so are the PRI signals. The controller that finishes initialization first sends a
strobe to its watchdog timer first. The Sanity circuit sets both the SANE and PRI signals
true. The SYS Processor software of this controller reads the PRI signal to determine its
operation mode, sets a remote operation status flag to Primary in the Public Memory, and
starts operating in Primary mode. The other two subordinate processors of this controller
read the operation mode flag in the Public Memory and start operating in Primary mode too.
On a parallel process, the other controller finishes initialization, strobes its watchdog timer
and becomes sane, but its Sanity circuit can not set the PRI signal to true, because the PRI
signal from this controller is already true. So every processor on the other controller will
operate in Secondary mode.

The SYS Processor software strobes the Watchdog Timer periodically, so that the SANE
signal from the Sanity circuit will remain true. If the software fails to strobe the Watchdog
Timer, the watchdog timer will time out. The SANE status signal will then be disabled. The
change in SANE signal from true to false will cause the PRI signal to become false. If the
controller is currently in secondary mode, the maintenance failover function will be disabled
to prevent manual activation of failover while the secondary controller is not functioning
properly. If the controller is currently in primary mode, a failover will be triggered. The
current primary controller will become secondary, and the current secondary controller will
become primary. During the failover process, the SYS Processor detects the need for an
operation mode change first by comparing the hardware PRI signal with its current remote
operation status. It changes its remote operation status flag in the Public Memory and sets
the Synchronization flag to Not_In_Sync. The Operating System on each processor detects-
that a synchronization of operation status is needed for all tasks running on that processor.
After each processor is synchronized, the Operating System on the SYS Processor will clear
the Synchronization flag. :

As long as both controllers are operating normally (SANE and all applications data
validated), the failover circuit on the DPMO06 board activates an output to the LED DSI1.
This display indicates that the maintenance failover function is available. If the user presses
the maintenance failover button on the DPMO06 board, the failover circuit activates a
SEC _REQ signal for controller A if it is currently the Primary controller, or a PRI_REQ
signal if it is currently the Secondary controller. This signal causes controller A to initiate
failover to controller B by setting its PRI status from Primary to Secondary (with SEC_REQ
signal) or from Secondary to Primary (with PRI_REQ signal). Assuming that controller A is
the current primary controller, the change of its PRI status will cause the current secondary
controller to change its PRI from Secondary to Primary. However, if one of the two
controllers loses SANE status, the DS1 LED goes out, and the maintenance failover function
is disabled.

Additional information of the Failover Mechanism and DPM Transfer is provided in
DS001-000-08, Failover Mechanism Component Design Specification.
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3.8 HFC-SBC06 CPLD Design

XXXXX

3.9 Sequence of Events Timer

The HFC-SBCO06 system controller maintains a Sequence of Events (SOE) timer over 24
consecutive hours of operations. The SOE timer is used for “time tagging” events that occur
system wide. This timer can be synchronized by some master SOE timer located elsewhere
in the system, or can be the master timer itself. The SOE timer provides a resolution of 100
uS for synchronizing similar SOE timers on each I/O boards.

XXXXX
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3.10 HFC-DPMO06 Board

The HFC-DPMO06 board provides three onboard DIP switches for the configuration settings
of the HFC-SBCO06 System Controller board. It also provides a dual ported memory, a
failover circuit, LEDs, four bus driver chips, and a maintenance failover push button for
redundant controller configuration. ‘

There is a CPLD on the HFC-DPMO6 board. This CPLD supports arbitration and bus control
functions and maintenance failover. It receives a set of status and control signals from both
the redundant System Controller boards. The resulting outputs from the CPLD control
operation of the four onboard bus drivers and status displays on the board edge LEDs. The
same CPLD also provides logic to support the failover mechanism for redundant system
controller configuration.

4. Configuration Setup and LED Displays

The HFC-SBCO06 board contains one 8-position DIP switch, two toggle switches and nine
jumpers. The switches and jumpers enable manual control of reset, hardware configuration,
and programming of the board. Additional configuration switches are physically located on
the HFC-DPM06 common board.

4.1 HFC-SBCO06 Onboard Switch Functions

SW1 Power on/off, RESET

SwW2 Positioned down (toward the board) permits write cycles to onboard flash
memory chips. The switch is placed in this position to program flash memory for
the ICL and CPC processors and to download the application program to the flash
memory of the SYS processor. -

Positioned away from the board enables a write-protect function for flash
memory. For safety-related applications, the switch should remain in this position
for normal operation.

Sw4 8-position DIP switch defines operating modes and control parameters as
indicated in Table 1.
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Table 1. SYS Processor Configuration Switches

Switch Function
SW4-1 | xxxxx
SW4-2 | xxxxx

XXXXX

XXXXX
SW4-3 | xxxxx
SW4-4 | xxxxx
SW4-5 | xxxxx
SW4-6 | xxxxx
SW4-7 | xxxxx
SW4-8 | xxxxx

4.2 HFC-DPMO06 Onboard Switch Functions

Three eight-position DIP switches on the DPM common board control values for the

following parameters:

4.3 HFC-SBCO06 Onboard Jumper Optiohs

Table 2 defines the function of each jumper included on the HFC-SBCO06 controller.

'MS901-000-01
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Table 2. Jumper Options

Jumper | Function
J1 XXXXX
J8 XXXXX
w2 XXXXX
W3 XXXXX
W5 XXXXX
W6 XXXXX
J5 XXXXX
El, E2 XXXXX
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4.4 LEDs

The HFC-SBCO06 board contains eight board-edge LEDs, which provide a visual indication

“of functional status of the controller hardware and software. The HFC-DPMO06 board
contains five board-edge LEDs, which provide a visual indication of functional status of the
controller. '

4.4.1 HFC-SBCO06 LED Functions

DS1  Includes four LEDs to indicate hardware status of the Ethernet interface as follows:

e DSI-1 flashes on for approximately 50 ms When C- L1nk channel 1 transmits in TPI
mode.

e DSI-2 flashes on for approximately 50 ms when receive data is detected for C-Link
channel 1 in TPI mode. S

e DSI1-3 flashes on for approximately 50 ms when C-Link channel 0 transmits in TPI
mode.

e DS1-4 flashes on for approximately 50 ms when receive data is detected for C-Link
channel 0 in TPI mode.

DS2  Includes four LEDs . Two LEDs are controlled directly by the P1.6 and P1.7 ports of
the ICL microprocessor, and two are controlled by the correspondmg ports of the CPC
MiCroprocessor.

DS3 and DS4 Includes 8 LEDs controlled by the SYS Processor. Refer to Section 4.4.1.1.

4.4.1.1 DS3 and DS4 LEDs

If the SYS processor detects a failure condition during system initialization/reset, the display
freezes with the LEDs displaying a binary code for that fault. Table 3 lists the defined error
codes and the error conditions that they represent. Throughout normal operation, the LED
display represents a binary code for different processor tasks, and the LED code for a
particular task lights while it is running. As a result, all 16 LEDs flicker constantly during
this phase of operation. The bottom LED is always on when the board is running normally.
Table 4 lists the defined task LED code. If the board detects-a failure condition during
normal operation, the display freezes with the LEDs displaying a binary code for that fault.
Table 5 lists the defined error codes and the error conditions they represent.
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Table 3. DS3 and DS4 LED Indications for Initialization Failure

Codé Error Condition
Oly XXXXX
02y XXXXX
034 XXXXX
04y XXXXX
05y XXXXX
06y XXXXX
07w XXXXX
08y XXXXX .
09y XXXXX
0Ag XXXXX
0By XXXXX
0Cq XXXXX
0Dy XXXXX
0Ey XXXXX
OFy XXXXX
104 XXXXX
11y XXXXX
124 XXXXX
13y XXXXX
144 XXXXX
154 XXXXX
164 XXXXX
174 XXXXX
18u XXXXX
194 XXXXX
1Ag XXXXX
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Table 4. DS3 and DS4 LED Indications for Individual Tasks

Bit Hex Task
0 1u XXXXX
2 4y XXXXX
3 8u XXXXX
5 20y XXXXX
6 40y XXXXX
7 80y XXXXX
9 2004 | XXXXX

10 4004 | xxxxx
11 800y | xxxxx
15 8000y [ XxXxxx

Other Other | xxxxx

Table 5. DS3 and DS4 LED Failure Indications During Normal Operation

Code : Error Condition
‘ 01y XXXXX
02y XXXXX
03y XXXXX
04y -10y XXXXX
114 XXXXX
12y XXXXX
13y XXXXX
144 XXXXX
154 XXXXX

Note: All processor failure codes are defined, but they are functional only if that
processor is configured for the control system.

4.4.2 HFC-DPMO06 LED Functions

DS1 Lights when the maintenance failover function is available (controller A and
controller B both sane). '

DS2  Lights when controller A is primary.
DS3  Lights when controller A is sane.

DS4 Lights when controller B is primary.
DS5  Lights when controller B is sane.
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4.5 |Installation of Syétem Software and Application Programs

Each of the three onboard processors has a dedicated flash memory and a dedicated PROM
for system software. SYS processor also has a dedicated flash memory for its application
program code. Switch and jumper selections on the board cause the processor to boot from
either the PROM or the flash memory.

XXXXX

4.5.1 System Code Transfer to Flash

Initially, the flash memory chips are blank. The following steps describe the prdcedural
sequence required to transfer system software code to each of the onboard flash memory

chips.
1. Install jumper J1 to enable the SYS processor to boot from its system code PROM.
2. Install the PROM containing system software for the SYS processor in socket US52.
3. Set DIP switch SW4-8 in the ON (toward the board) position.
4. 'Install jumper J8 to enable the ICL and CPC processors to boot from their system code
PROMs.
5. Install the PROM containing the system software for the ICL processor in socket U7.
6. Install the PROM containing the system software for the CPC processor in socket US.
CAUTION
Make sure that S1 is positioned toward the board before
installing it in the board rack. If SW1 is positioned away from
the board and power is applied to the rack, power transients
could damage components on the board.
7. Mount the board in a controller slot of the HFC-6000 controller board rack.
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8. Ensure that power is applied to the board rack, and position S2 toward the board to
enable write cycles to flash memory.

9. Ensure that power is applied to the board rack, and position SW1 away from the board.

10. Following application of operating power, the system software will be transferred from |
U52 to the flash memory for the SYS processor. Successful transfer will be indicated by
the following:

. L'EDOlylights for several seconds and then goes out.
e LEDOO through LEDO7 light in sequence.

11. The system software for the ICL and CPC processors should be transferred to flash
memory. ,

NOTE

As long as' J1 remains installed, the SYS processor will boot
from the PROM installed in socket U52. That code will be
compared with the code currently in flash memory; and if it is
different, the contents of PROM will be transferred to flash
memory and the processor will operate from that code. If J1 is
removed, the SYS processor will boot from the flash memory
without examining the contents of its PROM.

As long as J8 remains installed, the ICL and CPC processors
will boot from their respective PROMs. If SW2 is positioned
as write enable, the contents of the PROMs will also be
transferred to the flash memories for the two processors.

12. After the installation of the system software to flash, do the following:
e Remove jumper J1.

e Set DIP switch SW4-8 OFF (away from the board).
- o Leave jumper J8 installed (for current software design). .

4.5.2 Application Code Download

The application program codes can be compiled by an EWS workstation software and
downloaded to the controller over the C-Link. This download can be repeated following any
modification or update to the application code during application development; however, the
download function should be disabled during normal operation to prevent inadvertent
changes to the application.

1. Set S1 toward the board to remove power from the board.
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10.

11.

12.

DIP SW4 can be set to place the software in offline mode (SW4-1 ON and SW4-2 OFF).
While operating in this mode, the system software runs normally, but the equation
interpreter task does not run.

Set S2 toward the board to enable flash write cycles.

For redundant controllers, set SW4-5 ON.

For redundant controllers, repeat steps I through 4 for the second controller.

Set S1 away from the board to enable distribution of operating power on the board (both
controllers for redundant configurations).

At the EWS workstation, compile the final application code for the controller.

Download the equa:tions, RQ file, and CQ4 blocks, as applicable.

For redundant controllers, initiate failover to the secondary controller.

Download the equations, RQ ﬁle,v and CQ4 blocks as applicable.

Set S2 away from the board to disable flash memory write cycles.

If the controller was placed in offline mode, power down the controller and set both

SW4-1 and SW4-2 OFF to enable normal operation. Power the controller up to enable
controller operation to begin.

4.5.3 System Software Updates

If an upgrade is provided for the system software of one or more processors on the controller
board following installation, repeat the procedure described ion paragraph 4.5.1. Direct
download of system programs code to flash memory is not presently supported.

4.6 Hardware Configuration

Refer to Tables 1 and 2 for a general definition of functions controlled by the onboard
switches and jumpers. The following steps identify typical switch and jumper settings
required for normal operation. Record the specific DIP sw1tch settings required for each
controller to be used in the system.
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1. Set SW4-1 and SW4-2 on the HFC-SBCO06 board both in the open position.

CAUTION

Make sure that S1 is positioned toward the board before
removing or installing the board in the board rack. If SW1 is
positioned away from the board and power is applied to the
rack, power transients could result in damage to components on
the board.

configuration enables normal run mode for the system software.

This

2. If the controller is used as part of a redundant pair, set SW4-5 closed. This enables
regular transfers of status from the primary to the secondary via the HFC-DPMO6 array.

3. Set SW4-6

closed. This enables the sanity function.

4. Set SW4-7 and SW4-8 both open. This disables software downloads from the EWS
- workstation.

5. Set DIP switches on the HFC-DPMO06 board to provide the following configuration
parameters:

e Set SW2 to the binary value for the remote number assigned to this controller. The

valid ra

nge is from O to 255.

o Set SW4 to the binary value for the total number of remotes configured for this

system

(up to 255).

e Set SWI to the binary value for the sequence number of this remote on the C-Link.

The val

MS901-000-01

id range is from 0 to 31.

CAUTION

The remotes must be configured on the C-Link in numeric
sequence with the HIFR assigned the sequence number of 0. If
any remote is installed out of sequence, reliable
communication with that remote over the C-Link could be
disrupted.
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6. When the HFC-SBCO06 board is used as a redundant controller, a jumper should be
installed from node J5—1 to J5-2. This hardware interlock requires the controller chassis
to complete its power up initialization sequence successfully (SANE status TRUE) and
become the primary controller before the ICL processor can begin transmitting over its
serial link. Removing all jumpers results in a configuration in which the transmit

interface remains enabled as long as logic power is present.

5.

The following is a list of specifications that constraint the design of an HFC-SBC06 board

Module Design Constraints

module.

5.1

5.1

5.4.1

XXXXX

Communication Interface Specifications

Document DS002-000-01, C-Link Protocol Component Specification
Document DS002-000-02, ICL Protocol Component Specification
Document DS002-000-03, UCP Protocol Component Specification

Operating System Specification

Document DS001-000-01, Operating System Component Design Specification
Document DS001-000-02, Equation Interpreter Component Design specification
Document DS001-000-03, CQ4 Component Design Specification

Document DS001-000-06, System Component Design Specification

Document DS001-000-07, Job Component Design Specification

Document DS001-000-08, Failover Mechanism Component Design Specification

Hardware Interface Specifications

Document 40040901, HFC-BPCO01-19 Backplane Specification
Document 40041401, HFC-BPEO1-19 Backplane Specification
Document DS901-000-34, HFC-BPC01-23 Backplane Specification
Document DS-901-000-35, HFC-BPEO0-23 Backplane Specification -
Document DS-901-000-36, HFC-BPCO02-23 Backplane Specification
Document DS-901-000-37, HFC-BPC02A-23 Backplane Specification
Document DS901-000-38, HFC-BPC03-23 Backplane Specification

Design Safety

Main Prbcessor — SC Code
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5.4.1.1 Criticality

XxXXXxX

5.4.1.2 Hazard

XXXXX
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XXXXX

5.4.1.3 Security

XXXXX

5.4.1.4 Risk

XXXxX
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XXXXX

5.4.2 ICL Processor — SAP Code
5.4.2.1 Criticality

XXXXX

5.4.2.2 Hazard

XXXXX
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XXXXX

5.4.2.3 Security

XXXXX
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5.4.2.4 Risk

XXXXX
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5.4.3 C-Link Processor — SEP Code

5.4.3.5 Criticality

XXXXX

5.4.3.6 Hazard

XXXXX

MS901-000-01 53 of 55 ' Rev E



HFC-6000 HFC Non-proprietary
HFC-SBC06-DPM06 Board Module Design Specification

5.4.3.7 Security

XXXXX

5.4.3.8 Risk

XxXXXx

MS901-000-01 54 of 55 ' Rev E



HFC-6000 " HFC Non-proprietary
HFC-SBC06-DPMO06 Board Module Design Specification '

XXXXX

MS901-000-01 - 55 of 55 Rev E



HFC Non-proprietary

DOOSAN

ontrols Corporation

A
@H’FC-6000 Product Line

QA
/I/O Module

éjgﬁ Specification

RN

MS901-000-02

o
Rev@, |
%
C

Effective Date 1/29/2009

Author Gregory Rochford (
Reviewer Pat Thibodeau '
Approval David Briner

Copyright® 2009 HF Controls Corporation

DOOSA



HFC-6000 Product Line HFC Non-proprietary
1/0 Module Design Specification ’

Revision History

Date Revision | Author Changes -

10/23/03 1 0 B Han Initial

11/11/03 | 1 B Han Review comments incorporated
11/18/03 | A B Han Review comments incorporated
2/23/07 | B J Taylor SCR 1766

1/27/09 | C G Rochford Review comments incorporated

- Talble of Contents

1. INTRODUCTION........... eeeeeeeesessoreneeneeeeeee eeeeemeneeeeeeeee e 4
2. FUNCTIONAL DESCRIPTION....ccccveeeerene . sesnssssusstsnenesasnesasass 5
3. MODULE ARCHITECTURE.....cccorrcmreirrecrerssssnnnenes . ceeeeeeesrennsessesenssrsrsnone 6
3.1 /O BOARD ARCHITECTURE .....ooitiiininininininniiisiiets i 6
3.2 ADDRESS SPACE ARCHITECTURE ....cvveeeteeteeeeeeeeeeeeeeneeeeesteeseeseeseeeeenenseeeeeeeneeeee e 9
3.3 SOFTWARE ARCHITECTURE ......ccooiiiiiiiieiininiiinsiosenistesess et 10
3.3.1 X86 SOFTWARE ARCHITECTURE ......evviereiiiiireeniiireeeesnirreeeeessmnnneneessasanneneenns 11
332 DSP ASSEMBLY SOFTWARE ARCHITECTURE ........ ettt ettt aariaaas 13
3.3.3 FAULT DETECTION AND PROCESSING ..uouvtiiiiiiitiieeeeeeeiiieeeeeeeraaeeesersieeeseseennnns 16
3.4 ONBOARD SWITCHES, JUMPERS, AND LEDS ......oooiiiiiiiiiiiieeee e 16
4. MODULE DESIGN CONSTRAINTS ..cccevevnee esessersrane cereeerssasanrensrrenrenonse 17
4.1 COMMUNICATION INTERFACE SPECIFICATIONS ..vvvueeviiiieneeeieneeeeeieeieseesaennnenns 17
4.2 DETAILED DESIGN SPECIFICATIONS ......cocotiimiiiiniaiietiieienisieencneieana e 17
S. DESIGN SAFETY .ccttrreirrereereereeseeseeseesescsssessssassresssssssnssseses evereerereesrrsrssnennsnnns 17
5.1 COMMON MODULES. ... tttiittitteeeeeeeeev et seeeeteaaseaesesstraeeeessessneiesarraaeseseannnneees 17
5.1.1 SECURITY ettt et ettt e e e ettt es s e s e et ata s e s eeeaaabseseresaseessabaneessenanresssenins 18
5.1.2 RISK .ttt e ettt ee e e et st e e e e e et 18
5.2 OUTPUT MODULES......ettuteetteeeteeeeeseteeeteeeeessassstassesssanssnnsseesssseseeereennrrssnnraaeseeaes 19
5.2.1 CRITICALITY +eevveeneseieeeereeneemeensnan et ereee e e e e e et e e ———————————— 19
522 HAZARD .o 19

5.23 RISK e e 20

MS901-000-02 20f23 : Rev C



HFC-6000 Product Line HFC Non-proprietary
/O Module Design Specification

5.3 INPUTMODULES ....oosoeoeseoesoeeseoese oo 21
5.3.1 CRITICALITY ..oooviiiniiiinirnenesien e s 21
5.3.2 HAZARD ...ttt 21
533 RISK ..ttt ettt ettt ettt bttt e bt et st eneanaennbesreen 22
Figure 1. HFC-6000 System Hierarchy ......cc..cccccooiiiiiiiiniiiiieene et 4
Figure 2. HFC I/O Board Module Architecture............ccicevevecirinciineniieieeeennne e 7
Figure 3. ICL Communication ArchiteCture.........cooiiiviiiiiiiiiiiiii et 9
Figure 4. /O Board Software ArchiteCture. .........coveerererierieniiiee it 11
Table 1. List of HFC-6000 I/O BOArds ........c.coceerieriiniiiiiiciieectceeccteecere e 6

MS901-000-02 3 0f 23 3 Rev C



HFC-6000 Product Line HFC Non-proprietary
1/0 Module Design Specification

1.  Introduction

The HFC-6000 distributed control system provides plant monitoring and.control capabilities
with monitoring and control responsibilities spread over multiple remote control units. The
I/O boards are sensors and drivers for implementing plant control functions. They provide
signal-level interfaces to the equipment and devices in the plant. As shown in Figure 1, an
HFC-6000 1/0 board is positioned in the HFC-6000 system hierarchy between the HFC-
SBC06 System Controller(s), which is the CPU of HFC-6000 system, and the equipments
and devices in the plant.

Operator
Station

C-Link

T [ SRR N,
SBCO6 I escos 1 i sBcos [
System 1 Sysitem | e ;  System ;
Controller 2 ont oiler 1, ‘ Sontiroliar { :
e, trewm o ) Su e v - rveae v el
 — U PSRN R
1
|
——icL b G+ e mcrmrem |Gl e
. [ . S

110 ‘ A
Cards | (S ; MmN
1

| .|

Plant

Figure 1. HFC-6000 System Hierarchy

Descriptions and discussions of the functional requirements of the HFC-6000 I/O boards are
provided in 700901-06, HFC-6000 Product Line General 1/O Card Requirements
Specification.

Subsequent sections of this document provide top-level architectural and design descriptions
of HFC-6000 I/O boards. Two different designs are currently in use. In general, the digital
I/O boards employ a common processor kernel based on an xxx microprocessor.. The
assemblies with Al channels use a Digital Signal Processor (DSP) to control the main
processing functions. Both designs provide a common architecture that is used on multiple
assemblies. Lower level descriptions of each I/O board are contained in a separate Detailed
Design Specification for each board type. The design descriptions of the common software
modules and the common hardware characteristics are covered in the individual HFC-6000
1/O Board Module Detailed Design Specifications. The purpose of this document is to
present the methods and strategies used to accomplish the operation and functions required of
an HFC-6000 I/O board. The discussion of the operation and function of an HFC-6000 I/O
board are presented using architectural, design, and implementation information.
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2.  Functional Description

This section describes the major functions performed by both design implementations of
HFC-6000 I/O boards. The functional descriptions are presented to provide a context for
understanding the internal operation of an HFC-6000 I/O board and how the functions
performed by an HFC-6000 I/O board work within the overall architecture of the HFC-6000
distributed-control system.

The major functions performed by an HFC-6000 I/O Board are:
e Initialization
e Communication with system controller connected to an Inter-Communication Link (ICL)

e Setting each digital/analog output channel using digital output images, and/or getting
digital input images from each digital/analog input channel

e Self diagnostics functions

An I/O board generally has two operation stages: Initialization state and Normal Operation
state. Upon power up or reset, the processor firmware will accomplish initialization for
hardware, software, and communication set up. During initialization, some self diagnostics
tests will be performed, such as RAM Write/Read test and EPROM/flash checksum test.
Any error detected at this state is fatal and will cause the software to halt execution.

After completing initialization, the board will enter the Normal Operation stage. During
normal operation, the I/O board handles communication with the HFC-SBCO06 controller and
performs an I/O scan at regular intervals to set digital/analog output channels and/or read
digital/analog input channels. An HFC-6000 I/O Board can have digital input channels,
digital output channels, analog input channels, and/or analog output channels connected to
the field devices and equipments. An I/O board having output channels receives digital
images for output channels from an HFC-SBCO06 system controller at regular intervals, and
then it uses this data to control each output channel. An I/O board with input channels reads
the input image for each channel and sends the images of the digital or analog inputs to the
HFC-SBCO06 system controller at regular intervals.

A communication interface connects an I/O board to the ICL, which is an HFC proprietary,
RS-485 serial network connecting the I/O boards to the HFC-SBCO06 controller. Input values
from plant field devices and output values for plant actuators are transferred between the
HFC-SBCO06 and I/0 boards over the ICL. In addition, each HFC-6000 1I/O board maintains
internal diagnostic status and can report that status to the HFC-SBCO06 controller.

During the time between successive /O scans, the [/O board performs its self-diagnostics
functions, which are mainly RAM tests. If any error is detected by the self-diagnostics tests,

the I/O board will re-enter initialization stage to perform a restart.

How an I/O board scans its [/O channels and the specific content of message exchanges with
the HFC-SBCO06 vary with board type and channel configuration. Table 1 provides a list of
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standard HFC-6000 I/O board types and a description of the I/O channels. for each board
type. Designs of HFC-6000 I/O board types having unique functions or a limited
applicability will be covered in separate specifications.

Table 1. List of HFC-6000 I/0 Boards

Name I/O Channels
DO8J 8 channel relay output '
DO16C | 16 channel solid-state output
DO16J | 16 channel relay output
DI161 16 channel digital input
DC33 2 120-vac digital output and 12 digital input
DC34 2 125-vdc digital output and 12 digital input
DC35 1 120-vac digital output with seal-in circuit and 12 digital input
AI16ED | 16 analog input, 0- to 10-v (DSP)
AI16FD | 16 analog input, 4- to 20-mA (DSP)
AOS8F 8 analog output, 4- to 20-mA
AOS8FD | 8 analog output, 4- to 20-mA (DSP)
AC36D | 4 analog input, 4 analog output (DSP)
AISLD | 8 channel E-type thermocouple input (DSP)
AISMD | 8 channel 100Q RTD input (DSP)
Al4K 4 channel pulse input

The architecture of each HFC-6000 1/O board has been developed to support the functions
that the board is required to perform. The following sections provide descriptions of the
architecture and design of an HFC I/O board and discuss details of the functions performed
by an HFC-6000 I/O board.

3. Module Architecture

3.1 I/0 Board Architecture

The HFC-6000 product line currently includes two different hardware designs for I/O
assemblies. One uses an xxx microprocessor as the main controller for the assembly, and the
other uses a Digital Signal Processor (DSP) for this purpose. Figure 2 illustrates the major
functional characteristics of an HFC-6000 /O board. Major features of the I/O boards based

on the xxx processor are as follows:

=  An on-board XXXX XXXX XXXX mMicCroprocessor

= Two banks of memory:
XXXX

= Two independent RS-485 serial interfaces for communication with the HFC-SBC06
system controller
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Onboard LEDs to provide a visual indication of board status

Onboard jumpers and switches to control configuration options.

/0 digital/analog input/output channels

Each I/O channel includes the circuitry to measure its input signal or to control its
output signal. Each analog output channel includes a digital analog converter (DAC)
in its I/O circuitry to convert digital images into analog signals. Al channels are
configured with a single ADC per board to convert analog signals into digital images.
An onboard dc-to-dc converter provides regulated +5-vdc logic power

An onboard switch permits manual reset of the microprocessor

Two card-edge connectors (P1 and P2) mate with corresponding backplane
connectors. Signal assignments for P1 are identical for all I/O boards, so that any
board can be inserted in any I/O slot of an HFC-6000 chassis. The P2 connector for

each I/0O board uses the same hardware, but signal assignments are unique for each
board type.

ICLO

RS-485 RS-485

ICL1

’ Xevr ‘ ‘ Xevr ‘ o
Veel
a1 b1

LEDs '
EPROM?
al b3

Microprocessor
Jumpers

Switches - RAM

| |
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Figure 2. HFC I/0 Board Module Architecture
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DSP assemblies were developed as functional replacements for the analog I/O boards. Major
architectural features of the DSP assemblies are as follows:

e An onboard DSP serves as the main processor for the assembly.. The DSP controls the
slave interface with the ICL, processes commands received from the HFC-SBC06 system
controller, and constructs response messages.

e EEPOM, flash memory, and RAM arrays are embedded within the DSP.

-« Redundant RS-485 interfaces enable communication with the HFC-SBCO6 system
controller. '

* . Onboard LEDs display operating status.
e Onboard jumpers and switches control configuration options.
e An onboard CPLD runs the scan cycle with each I/O channel.

e Separate hardware is provided for each I/O channel. Each AI channel has a dedicated
ADC, and each AO channel has a dedicated DAC.

e The assembly receives redundant 24-vdc power rails from the backplane, and onboard
voltage regulators provide all of the voltage levels required by the onboard hardware.

e An onboard switch permits manual reset of the DSP and CPLD.

e Two card-edge connectors (P1 and P2) mate with corresponding backplane connectors.
Signal assignments for P1 are identical for all I/O boards, so that any board can be
inserted in any I/O slot of an HFC-6000 chassis. The P2 connector for each 1/0 board
uses thé same hardware, but signal assignments are unique for each board type.

Each HFC-6000 I/O board supports communication with the HFC-SBCO06 controller via the
ICL. The ICL is structured as an RS-485 network implementing a master/slave
communication control protocol. The HFC-SBCO06 System Controller board serves as the
network master for all communication transfers with its configured ICL stations. Each I/O
board operates as a slave node on the ICL network to which it is attached. The system
controller polls each I/O board in station address sequence, requesting data values for input
channels and sending data values for output channels. Each I/O board can transmit over the
ICL only after it has been polled by the HFC-SBC06 System Controller board.
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Figure 3. ICL Communication Architecture

As shown in Figure 3, each I/O board has two transceivers that are connected to the
redundant ICL channels. Each ICL is connected to a separate HFC-SBCO06 controller. The
1/0 board identifies which link has active communication during initialization and monitors
that link as primary. Throughout normal operation of the HFC-6000 control system, one
SBC-06 controller functions as primary and controls ICL scans; the other HFC-SBCO06 is
secondary and serves as a hot spare. '

All polling messages from the HFC-SBC06 will be broadcast to every node on the same ICL.
However, an [/O board will process only those messages that have its station address. The

response messages from an I/O board will be received by the HFC-SBCO06 controller only.

The messages carried over the ICL network can be categorized into two types:

. Normal Data Update messages
| Special Request messages using Universal Communication Packet (UCP)
protocol

The normal exchange between the master HFC-SBCO06 and an ICL station consists of a poll
message to that station followed by a poll response from that station. This exchange provides
the mechanism for regular I/0 data transfer. The ICL protocol also supports several types of
special messages that support specific functions. Two major special message types are:

. Diagnostic request message causes the I/O board to return the image of its
diagnostic status data in its response message.

. Loopback request message permits the controller to verify normal operation of
the secondary ICL.

3.2 Address Space Architecture

For 1/0 boards with an xxx microprocessor, memory is organized into two banks: one bank
of EPROM and one bank of RAM. The memory banks are connected directly to the address
and data lines of the microprocessor.
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The upper bank of local memory for the microprocessor provides up to xxxxx of EPROM
storage ending with the address of xxxxx. Upon power-up or reset, the internal address
pointer of the microprocessor begins operation by accessing the data stored at address xxxxx
in upper memory. Therefore, the first instruction of the initialization code must be located at
this address. '

The low memory bank provides up to xxxxx bits of static RAM for general data storage.
Low memory begins at address xxxx. This portion of memory contains the data and -
temporary storage buffers defined by the functional code in upper memory.

I/0O boards with a DSP have embedded flash, EEPROM, and RAM arrays. The program
address space consists of xxxx of addressable instructions. The data EEPROM is located at
the top of the addressable area and provides xxxx of storage ending with address xxxxx. The
instruction flash provides storage for xxxx instructions. The detailed organization and
arrangement of the memory structures vary with the specific device being used.

3.3 Software Architecture

Each HFC-6000 /0O board’s software will be composed of a set of assembly language
programs that will handle hardware and software initialization, I/O scan process,
communication with the HFC-SBC06 controllers, and self-diagnostic tests functions. Figure
4 illustrates the functional processes executed by all HFC 1/0 boards.
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Figure 4. 1/0 Board Software Architecture

NOTE

The xxx and DSP versions of the /O boards have different
program architectures and use different program languages, but

their overall functional characteristics are similar.

3.3.1 XXXX Software Architecture

The software for I/O boards based on the xxxx processors control the following functions:

Initialization
. PCB/Reset Initialization
° Communication Set Up

Main Routine
o I/O Scan Routine
. Idle Task — Self Diagnostic Tests
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RAM Write/Read Test
EPROM Test

Communication Routines

. Receive Interrupt Service Routine
. Process Command Routine
. Create Response Routine

Timer Interrupt Service Routines

This software is based on a set of modules that execute the functions that are common to all
of the I/O boards. In addition to the common modules, each board type includes.a set of
program modules that execute functions unique to it. In general, these functions consist of
the I/O channel scan routine and any data processing algorithm that may be required.

Upon power up or reset, the [/O firmware becomes activated. It runs an Initialization
Routine to perform hardware and software initialization, processor configuration, and
communication set up. During initialization, the RAM read/write and EPROM diagnostics
. tests are performed. Any error detected at this stage is fatal, and firmware execution will
stop.

After initialization, the firmware enters a Main Routine which runs continuously throughout
the normal operation. This Main Routine is an infinite loop. It calls an I/O Scan routine at
regular intervals to perform the I/O Scan function. Between successive 1/O scans, the Main
Routine runs an idle task to perform self diagnostics RAM tests. If any failure is detected
during self diagnostics tests, the Main Routine will transfer program control to the
Initialization Routine to restart the firmware.

All I/O images will be stored in an I/O image buffer in RAM. The I/O Scan Routine will
perform an I/O scan by either setting digital/analog output channel using digital output
images from the I/O image buffer, and/or reading digital images from each digital/analog
input channel and storing them in the I/O image buffer. How the I/O scan is performed
varies with the specific type of /O channels. Therefore, the I/O scan routine typically is
different for each board type.

At the end of .the I/O Scan routine, a Create Response routine is called to build a response
message using the new I/O scan data and to store them in the Communication Message
buffer in RAM. This area contains the command message received from the controller and
the response message to be transmitted to the controller. ‘

The software is interrupt-driven and handles three types of interrupts: timer interrupt, receive
interrupt on the serial communication port, and transmit interrupt on the serial
communication port.  When an interrupts occurs, the program control is transferred to the
configured Interrupt Service Routine. After the interrupt is handled, program control is
transferred back to the routine that was running when the interrupt occurred.
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When a receive interrupt occurs, indicating that a message is received from the ICL, the
Receive Interrupt Service Routine will validate the message and call a Process Command
Routine to process the message and to store any output images contained in the message in
the I/0 image buffer in RAM. Then a communication routine fetches the response message
from the Communication Message buffer and transmits it to the HFC-SBCO06 controller via
“the ICL.

Timers are used to control I/O scan intervals, communication response time out, etc. When a
timer interrupt occurs, the configured Timer Interrupt Service Routine handles the interrupt.

3.3.2 DSP Assembly Software Architecture

The software for I/O boards based on the DSP consists of two separate programs: the DSP
program and a CPLD program. The DSP program primarily controls the onboard ICL
interface, and the CPLD program primarily executes the scan cycle. Since the detailed
requirements of the scan cycle differ from one I/O board to another, most of the common
software functions are controlled by the DSP. The software functions controlled by these
two programs are described below.

XXXXX
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3.3.3 Fault Detection and Processing

During Initialization, the software performs the RAM read/write test and EPROM/flash test
to detect any hardware errors in the arrays. Any failure of these tests is fatal and will cause
the program to halt execution.

Throughout normal operation, the software performs a RAM read/write self diagnostics test
during the idle time between successive I/O scans. Any failure of these tests will cause the
program to return to the initialization stage to perform a restart of software.

During communication with the HFC-SBCO06 controller, hardware timers will be used to
control the communication response time. Any communication timeout will cause the
program to go to Communication Setup stage to reconfigure hardware communication
channel and re-establish communication with the HFC-SBCO06 controller. »

3.4 Onboard Switches, Jumpers, and LEDs

This section lists the typical switches and board-edge LEDs for a standard HFC-6000 I/O
board. An I/O board may include additional switches, jumpers and LEDs depending on
board type. The descriptions of specific switches, jumpers, and LEDs for each particular
HFC-6000 I/O board are provided in each board’s Module Detailed Design Specification.

Assemblies with xxx processor provide the following minimum combination of user controls
and indicators.

Reset Switch — Pushbutton switch accessible through the front bezel enables manual reset
of the microprocessor and other major hardware components.

A/B LED - Lit when channel A is selected to receive data from the ICL; extinguished
when channel B is selected to receive data from the ICL. '

TX LED Flashes when the assembly is transmitting to the ICL.
RX LED Flashes when the assembly is receiving data from the ICL.

Assemblies with the DSP provide the following minimum combination of user controls and
indicators. ' '
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Reset Switch — Pushbutton switch accessible through the front bezel enables manual reset
of the microprocessor and other major hardware components.

LINK LED — Lit red when channel A is selected to receive data from the ICL; lit green
when channel B is selected to receive data from the ICL.

TX A LEDFlashes when chanﬂel A is transmitting to the ICL.
RX A LEDFIlashes when channel A is receiving data from the ICL.
TX B LED Flashes when channel B is transmitting to the ICL.
RX B LEDFlashes when channel B is receiving data from the ICL.

Additional indicators are provided on a module-by-module basis to indicator overall
operating status.

4. Module Design Constraints

The following is a list a specifications that constrain the design of an HFC-6000 1/0O board
module. '

4.1  Communication Interface Specifications
Document DS002-000-02 ICL Protocol Component Specification.

4.2 Detailed Design Specifications

901-000-02, I/0O Module Detailed Design Specification
DS901-000-03, HFC-DO8J Detailed Design Specification
DS901-000-17, HFC-DO16C/J Detailed Design Specification
DS901-000-04, HFC-DI16I Detailed Design Specification
DS901-000-05, HFC-DC33 Detailed Design Specification
DS901-000-06, HFC-DC34 Detailed Design Specification
DS901-000-26, HFC-DC35 Detailed Design Specification
DS901-000-55, HFC-AI16E/FD Detailed Design Specification
DS901-000-08, HFC-AOSF Detailed Design Specification
DS901-000-63, HFC-AOS8FD Detailed Design Specification
DS901-000-62, HFC-AC36D Detailed Design Specification
DS901-000-56, AFC-AI8LD Detailed Design Specification
DS901-000-57, HFC-AISMD Detailed Design Specification
DS901-000-12, HFC-AC4KD Detailed Design Specification

5. Design Safety
5.1 Common Modules

The following paragraphs address those design safety considerations that are common to both
input and output modules.
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5.1.1 Security

XXXXX

5.1.2 Risk

XXXXX
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5.2 Output Modules

The following paragraphs address the design safety considerations unique to output modules.

5.2.1 Criticality

XXXXX

5.2.2 Hazard

XXXXX
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5.2.3 Risk

XXXXX
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5.3 Input Modules

The following paragraphs address the design safety considerations unique to input modules.

53.1 Criticality

XXXXX

5.3.2 Hazard

XXXXX
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53.3 Risk

XXXXX
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1. Introduction

The HFC-DC33 is a multi-channel Input/Output (I/0) buffer printed circuit board (PCB). It
is used for control, interrogation, and monitoring of field devices in an HFC-6000 control *
system. The board receives digital messages from its controller, the HFC-SBCO06, and sends
the image of its 11 digital input (DI) channels. :

“ Descriptions and discussions of the architectural and design descriptions of a standard HFC-
6000 I/O board, from an overview perspective, are provided in document MS901-000-02,
HFC-6000 1/0 Board Module Design Specification. Definitions of terms and acronyms are
provided in HFC Common Glossary, document DS004-000-01.

This document describes the detailed structure and design of the HFC-DC33 board. The
design descriptions of the common software modules and hardware functions of I/O boards
are covered in document DS901-000-02, HFC-6000 I/O Board Module Detailed Design
Specification. The description of the operation and function of an HFC-DC33 board will be
presented using design, implementation, and configuration information.

2. Functional Description

The HFC-DC33 is a special purpose I/O buffer board designed for power plant applications.
This buffer is specifically designed to meet the unique control requirements of a dual-coil
Motor Operated Valve (MOV) starter. Typical applications include controlling dual coil
motor starters while monitoring coil continuity, overloads and the position of the valve.

This board provides a 16-bit 80C188EB microprocessor, 11 DI channels, two 120-vac DO
channels, and onboard status sensors. Major fiinctions performed by the microprocessor
during normal operation are as follows: »

e Responds to data transmissions from the HFC-6000 controller.

e Controls the on/off state of the two DO channels.

e Reads the digital status of the onboard DI channels.

¢ Reads coil continuity and the presence of ac excitation signals for both DO channels

individually.

Stores the DI image and onboard status in local memory

Transmits the digital image of its 11 DI channels back to the HFC-6000 controller

Reads seal-in status for each channel.

Integral transient suppression networks permit reliable operatlon in high-noise

(electrical) environments.

Optocouplers isolate logic circuits from field wiring.

» Provides direct solid-state control of special dual coil 120-vac output for such field
devices as a dual coil Motor Operated Valve (MOV) starter. .

o The board includes two banks of memory for an onboard 16-bit Intel 80C188EB

Mmicroprocessor:
o High memory prov1des up to 64K by 8-bits of EPROM for functional program code
storage.
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o Low memory provides 32K by 8 bits of RAM for temporary storage of message
data being processed.

An onboard dc-to-dc converter provides regulated +5-vdc logic power.

Provides a seal-in circuit that enables the-onboard circuitry to sustain the 120VAC

output in the event of controller failure or loss of power to the board. .

An onboard switch enables manual reset of the microprocessor.

Onboard watchdog timer.

Provides two output channels for 120-vac, two input channels that monitor continuity

of external solenoid coils, and 11 general purpose Digital Inputs (DI).

Monitors the 48-vdc-interrogation voltage for the 11 general purpose DI channels.

‘Onboard LEDs provide visual indication of board status.

Allows standardization of internal wiring for controlled devices.
Onboard software provides built-in diagnostics. _
The HFC-DC33 assembly is designed to satisfy seismic category I requirements.

It also has all standard functions of an HFC-6000 I/O board described in the HFC-6000 I/O
Board Module Design Specification.

3.

3.1

3.2

3.2.1
E1-E2

Hardware Detailed Design Specification

Module Specification

Environmental Extremes

> Temperature: 0° to 60 C° (operating)
0° to 70 C° (storage)
> Humidity: 5% to 95%, non-condensing
Power Requirement Note: AC signals are represented by their rms value.
> Output Voltage: 60 to 140-vac, 47 to 63 Hz
> Output Current: 110 amps: inrush, 5 amps continuous

> External Source Power: 24-vdc at 0.3 A nominal current
> Interrogation Voltage:  48-vdc

Onboard Clock Rate
> Microprocessor Clock:  22.1184 MHZ

Mounting Requirements
» The HFC-DC33 mounts vertically in an HFC-6000 card chassis.

Controls, Jumpers, and LED Indicators

Jumpers

Installed during calibration to disable the NMI signal. When the jumper is
removed, the D-latch U41-A activates a high NMI signal.
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3.2.2 Switches

SW1

S3

S1

S2

Enables manual reset of the 80C188EB microprocessor.

Permits manual configuration of DI channels 1-11 as isolated or common in- any
combination

Enables/Disables the Seal-In circuitry for channel 0 output

Enables/Disables the Seal-In circuitry for channel 1 output

3.2.3 Reset-able Fuses
RF1-RF3 Provide overload protection for the +48-vdc interrogation voltage supplied for

the 11 DI channels.

3.2.4 LED Indicators

DS1-1

DS1-2
DS1-3
DS1-4

DS2-1
DS2-2

DS2-3
DS2-4
DS3-1

DS3-2

DS3-3
DS3-4

DS4-1
DS4-2
DS4-3
DS4-4

DS5-1
DS5-2
DS5-3

DS5-4

DSeé6-1
DS6-2

SYSA/B lights when receive function is enabled for port A; it is out when
receive function is enabled for port B.

TX flashes during serial data transmission over ICL.

RX flashes during reception of serial data from ICL.

DMT lights while watchdog timer is being triggered.

CHO_RDY lights when 120- vac power is available, and CHO is de-energized
and connected to an operational coil

CHI1_RDY lights when 120- vac power is available, and CH1 is de-energized
and connected to an operational coil

PWR PRESENTO lights when 120-vac power is available for CHO.

PWR PRESENT!1 lights when 120-vac power is available for CHI.

SEAL IN CHO lights when seal-in switch for CHO is enabled and seal -in voltage
is present.

SEAL IN CHI1 lights when seal-in switch for CH1 is enabled and seal-in voltage
is present.

CHO OUT lights when output relay U13 is enabled.

CH1 OUT lights when output relay U27 is enabled.

Lights when input channel 1 is on.
Lights when input channel 2 is on.
Lights when input channel 3 is on.
Lights when input channel 4 is on.

Lights when input channel 5 is on.
Lights when input channel 6 is on.
Lights when input channel 7 is on.
Lights when input channel 8 is on.

Lights when input channel 9 is on.
Lights when input channel 10 is on.
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DS6-3 Lights when input channel 11 is on.
DS6-4 No connection, will not illuminate.

. 3.3 Onboard Power Distribution

The board receives redundant 24-vdc power feeds from the backplane connector P1. The
two power feeds are diode auctioneered, and an onboard voltage regulator converts the 24-
vdc source power to 5-vdc power required for components on the HFC-DC33 board.

Two +48-vdc interrogation power sources are fed through connector P1 and divided into
three branches with each branch supplying power to four channels. A separate reset-able
fuse provides overload protection for each branch, and three optocouplers permit the
microprocessor to monitor status of the three power lines.

The board receives a nominal 120-vac (60 to 140-vac) power for the two solenoid output
channels. When, supply power is provided to each channel individually, a bridge rectifier
produces a dc status signal that forward biases an optocoupler, enabling the microprocessor
to verify power status of each channel. The 120-vac power line is connected to a separate
solid state relay for CHO and CHI1. The microprocessor can control these relays
independently to enable power output to one or both channels.. '

120-VAC can be provided to the seal-in circuitry for CHO/CHI1 individually. When power is
available, a bridge rectifier produces a dc signal that is supplied to a DC-DC converter. If Sl
is in the enabled position a 5V signal is available to sustain the output of CHO in case of
controller failure or in loss of 24V power to the board. If S2 is in the enabled position a 5V
signal is available to sustain the output of CHI in case of controller failure or in the loss of
24V power to the board.
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3.4 Microprocessor Peripheral Ports
The microprocessor controls the following peripheral ports:

e Two digital data input ports

e CHO/CHI control output port
e Link address data input port
e Redundant serial ports

Individual outputs from the programmable port P! of the microprocessor control the chip
enable signals for the I/O ports.

The board provides two output latches to control the status of the two 120-vac output
channels (CHO and CH1) and two input buffers to read 15 bits of input data. During an I/O
‘scan, the microprocessor writes the ON/OFF image for CHO and CH1 to the output latch.
The resulting output signals control separate solid state relays. When the microprocessor
enables one or both outputs, the corresponding relay becomes enabled and passes the 120-vac
power to its output. Similarly, the microprocessor reads input status by running separate read
cycles to the two input buffers. The low order byte contains the digital image of PT01/
through PT08/. The high order byte contains the digital image of PT09/ through PT11/,
CHO_RDY/, CH1_RDY/, CHO PWR/, CH1 PWR/, SICHO0/, and SICH1/. In addition to the
17 bits of input data, the microprocessor also can read the status of the excitation voltage
lines VSEN/, VSEN2/, and VSEN3/. These signals are routed directly to three pins of
programmable [/O port P2 of the microprocessor.

The Link address data input port and Redundant serial ports are covered in document DS901-
000-02 1/0 Board Module Detailed Design Specification.

3.5 Input Channel Operation

The HFC-DC33 board contains 20 input channels composed of 11 general purpose DI
channels, two coil continuity inputs, two power monitor inputs, two seal-in status inputs, and
a separate status monitor for the three excitation voltage lines. Each of the DI channels is
composed of a low-pass input filter and optocoupler. The input filter is designed to reject
any input signal having a pulse width less than 10 ms in duration, and the optocoupler
isolates the internal logic circuitry from the field wiring. When one of these channels
receives an active input signal, the optocoupler becomes forward biased and produces a low
active output. While any of these outputs is active, the corresponding LED lights. The input
circuit for the three VSEN/ input signals is identical, except they do not have an LED
indication.

The input circuit for the 120-vac power monitor consists of a bridge rectifier, a low pass
filter, and an optocoupler. When the 120-vac power source is present, the rectifier produces
a dc signal at the input of the low pass filter network, and the optocoupler activates the
CHO_PWR/ status signal.

The circuit for the two coil continuity monitor inputs is similar to that of the power monitor
circuit except for input biasing. When the 120-vac output is enabled, the circuit is always
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enabled, so the status input is not meaningful. When either output channels are disabled, a
small voltage bleeds through the biasing network to the input of the rectifier of that
respective channel. If the external coil is present, this small voltage dissipates through the
coil and the output from the optocoupler remains disabled. This output is inverted to produce
a low active status input (CHO_RDY/ or CH1_RDY/) to the microprocessor. If the external
coil is not present or open, the small voltage at the input of the rectifier is sufficient to
forward bias the optocoupler, resulting in a high (false) indication for the CH_RDY/ input.

3.6 Hardware Connections

The HFC-DC33 board contains two board-edge connectors (P1 and P2) that mate with
corresponding connectors on the HFC-6000 backplane. Pin assignments for the P1 connector
are identical for all /0O boards and can be found in document DS901-000-02. Pin
assignments for the P2 connector are covered in Table 1. In addition, each DI channel can be
configured for either isolated or common mode operation on an individual basis. When
operating in common mode, excitation voltage is supplied from this board to the field device
being monitored. When operating in isolated mode, external equipment must supply the
power to enable or disable the DI indication. Table 2 lists the DIP switch settings and signal
assignments required to configure each channel for either mode of operation.
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Table 1. Connector P2 Pinout Summary

Pin Mnemonic Pin Mnemonic

P2-Al AXXXXXXXXXXXXX P2-Cl XXX XXX XXXXXXX
P2-A2 KXKXKXXXXKXKXXXXXX P2-B2 AXKXXXXXXXXXXX
P2-C2 XX XKXXXXXXXXXXX P2-A3 | ), 0,0.0,0,0,0,0.0.0.0.0.0.0,¢
P2-C3 XXX XXXXXXXXXX P2-A4 );0,0,0,0,0.0.0.0.0,0,0,0,0,¢
P2-C4 XX XXKXXXXXXXXXX P2-A5 XXXXXXXXXXXXXX
P2-B5 XXXXXXXXXXXXXX P2-C5 XXX KXXKXXXXXXXX
P2-A6 ),90.0,9,0.9.0,0.9.0.0.0.0.0.¢ P2-C6 | KXXXXXXXXXXXXX
" P2-A7 XXXXXXXXXXXXXX P2-C7 XXXXXXXXXXXXXX
P2-A8 XXX XX XXXXXXXX P2-B8 AXXXXXXXXXXXXX
P2-C8 XXXKXXKXXKXXXXXXX P2-A9 KEXXXXKXXXXXXXX
P2-C9 AXXXXXXXXXXXXX P2-A10 KXXXXXXX XXX XXX
P2-C10 XXXXKXXXXXXXXXX P2-All XYXXXXXXXXXKXXX
P2-Bl1 KXXXXXXXXXXXXX P2-Cl11 KEXXXKXXKXXXXKXXX
P2-A12 ) 0,0.0.0.0.0.0.0.0.0.0.0.0,.¢ P2-C12 XXX KXXKXKXXKXXXXXX
P2-A13 XXXXXXXXXXXXXX P2-C13 XXX XXX XXXXXXX
P2-A14 XX XKKXKXXKXKXKXXX P2-B14 XEXXXXXXXXXXXX
P2-Cl4 XEXKXXXKXXXXXXX P2-A15 XEXXXXXXXKXXKXXX
P2-C15 XX XXX XXX XXXXXX P2-Al6 KEXXXXXXXXKXKXKX
P2-C16 AXXXXXXXXXXXXX P2-Al17 KX XXXXXXXXXXXX
P2-B17 AXXXXXXXXXXXXX P2-C17 XXXXXXXXXXXXXX
P2-A18 XXXXXXXKXXXKXKXKXX P2-C18 XXX XXX XXXXXXXX
P2-A19 AXXKXXXXXXXXXXX P2-B19 KXXXKXXXXKXXXXXX
P2-C19 XXXXXXXXXXXXXX P2-A20 XXXXXXXXXXXXXX
P2-B20 XXXXXXXXXXXXXX P2-C20 XXXXXXXXXXXXXX
P2-A21 XAKXX XXX XXXXXXX P2-B21 AEXXXXXXXXXXXX
P2-C21 XXXXXXXXXXXXXX P2-A22 XXXXXXXXXXXXXX
P2-B22 AXXXXXXXXXXXXX P2-C22 ), 0,9,0,9,0,0,0,0,0,0,0.0.0 ¢
P2-A23 XXX XXX XXXXXXXX P2-B23 XXX XXX XXXXXXXX
P2-C23 AXXXXXXXXXXXXX P2-A24 AXXXXXXXXXXXXX
P2-B24 XX XXX XXXXXXXXX P2-C24 KXXXXXXXXXXXXX
P2-A25 ),9,9,9,0.0.0.0.0.0.0.0,0.0.¢ P2-B25 XXX XXKXXXKXXXXXX
'P2-C25 ),9,9,0.0.0.0.0.0.0.0.0.0.0.¢ P2-A26 XXXXXXXXXXX XXX
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Table 1 (Continued). Connector P2 Pinout Summary

Pin Mnemonic Pin Mnemonic
P2-B26 159.0.0.0.0.0.0.0.0.0,0.0,0.¢ P2-C26 ) 9,0.0.0.0.9.0.0.0.0.0.0.0.4
P2-A27 ),0.0,.0.0.0.9.0.0.0.0.0.0.0.¢ P2-B27 AAXKXXKXXXXXXXX
P2-C27 ), 0,0,0.0.9.90.0,0.0.0.0.0,.0.¢ P2-A28 XXXXXXXXXXXXXX
P2-B28 AAXXYXKXKXXXXXXXX P2-C28 0. 0.9.0.9.0,0.0.0.0,0.0.0.0.¢
P2-A29 ).:0.9,9.0.9.9,0.9.0,.0.0.0.0.¢ P2-B29 ),:0,0.9.0.0.0.0.9.0.9.0.0.0,¢
P2-C29 ),0.9.9.0.9.9,0.9.0.0.0.0.0.¢ P2-A30 ),0.9.9.9.0.9.0.90.0.9.0.0.0.¢
P2-B30 ),0.9,9.0.9.9,0.0.9.0.0.0.0.¢ P2-C30 ),0.9,9.9.0.0.0.0.0.0.9.0.0,¢
P2-A31 XXX XXX XXX XXXX P2-B31 KEXXXKXXXXXXXX
P2-C31 ),9.9,9.9.9,.9.0,.9.9.9.0.0.0.¢ P2-A32 ),:0.0.9.9.90.0.9.9.0.0.9.9.0.¢
P2-B32 XEXXXXXXXXXXXXX P2-C32 AXKEXXKXXXXXXXX

Table 2. Input Connection Summary
Channel No. Type Positive Negative Dipswitch
1 XXXX XXXX XXXX XXXX
XXXX XXXX XXXX XXXX
2 XXXX XXXX XXXX XXXX
XXXX XXXX XXXX XXXX
3 XXXX XXXX XXXX XXXX
XXXX XXXX XXXX XXXX
4 XXXX XXXX XXXX XXXX
XXXX XXXX XXXX XXXX
5 XXXX XXXX XXXX XXXX
XXXX XXXX XXXX XXXX
6 XXXX XXXX XXXX XXXX
XXXX XXXX XXXX XXXX
7 XXXX XXXX XXXX XXXX
XXXX XXXX XXXX XXXX
8 XXXX XXXX XXXX XXXX
XXXX XXXX XXXX XXXX
9 XXXX XXXX XXXX XXXX
XXXX XXXX XXXX XXXX
10 XXXX XXXX XXXX XXXX
XXXX XXXX XXXX CXXXX
11 XXXX XXXX XXXX XXXX
XXXX XXXX XXXX XXXX
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4. Software Detailed Design Specification

The HFC-DC33 board monitors a total of 20 DI channels. The design descriptions of the
common software modules are provided in HFC-6000 I/O Board Module Detailed Design
Specification. The following subsections provide detailed design descriptions for the
software routines specific to the HFC-DC33 board.

4.1 1/O Scan Module

This I/0 Scan Module performs the I/O scan for 11 standard DI channels, two coil continuity
status inputs, two power monitor status inputs, and two seal in status inputs. It takes samples
to read the status of three interrogation voltages and two bytes of input data during each scan.
The loss of any interrogation voltage means that four or more DI images may not be valid, so
the module will not update DI images with new readings if no interrogation voltage is
present. If any interrogation voltage is false, the Interrogation Voltage Off error bit in the
diagnostic byte will be set to indicate a hardware fault. This information will be reported to
the controller in the response to a diagnostic request message.

Normally the DI images will be transferred to the Scan Working Buffer only when at least
one of three interrogation voltages is present. However, to avoid missing information on the
controller side, an interrogation voltage failure counter is used in the I/O scan process. This
counter is incremented during each scan cycle where all interrogation voltages are missing.
When the accumulated count exceeds a predefined limit, the DI images in the Scan Working
Buffer will be updated and reported to the controller, even if no interrogation voltage is
present. This counter will remain reset as long as any interrogation voltage line is present.

If a DO channel is set ON, the corresponding coil continuity status input is not meaningful.
So the coil continuity status will be reported as “TRUE” to prevent spurious error
indications. Only when the corresponding DO channel is not ON will the actual coil
continuity status be reported back to the HFC-SBCO06 controller.

4.2 Process Command routine

For normal update messages, this routine reads the one byte output image for two output
channels from the command message and transfers that image to output data latch. UCP
diagnostics messages are processed as described in HFC-6000'1/0O Board Module Detailed
Design Specification DS002-000-02.

4.3 Data Structure

This section describes the structure of the I/O data images and provides a list of the
programmable ports controlled by the software.

4.3.1 1/O Scan Data

The HFC-DC33 board has two DO channels and 11 DI channels. The data field of poll
messages received from the HFC-SBCO06 controller has the following structure:

—

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
- - PT2 PT1
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The data field of the response message to the HFC-SBC06 Controller has the following
structure:

Byte | Bit7 Bit 6 Bit 5 Bit 4 Bit3 | Bit2 | Bitl Bit0

1 PT8 PT7 PT6 PT5S PT4. | PT3 PT2 PT1
Power Power Coil 1 Coil 0 Seal In |

2 Source 1 | Source 0 | Continuity | Continuity | CHO PTIL | PTIO PT9

4.3.2 Microprocessor Programmable Ports

The microprocessor uses certain programmable ports of Pl and P2 to control specific
hardware functions. Table 3 lists the specific ports that are used, their function, their active

state, and the mask required to implement that state in the program.

Table 3. Programmable Ports Used for HFC-DC33 Board

Port Description Implementation

P1.0 KX XXXXKXKXXXXXXXXXXXXX | XXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXX | XXX XXX XXX XXXXXXX
P1.1 ),0,0,0,0.0.0.0.0.0.0.0.0,0.0.0.0.0.0.0. Q1 D:9.0.0,0,0,9.0,0.0,0,0.0,0,0,0,0,0,0.¢
‘ XXX XX KXXXXXXXXXXXXX | XXXXXXXXXXX XXX XXXXX
P12 :0,0,0,0,0,0.0.0.0.0.9.9.0,0,0,.0,0.0.0. QU D.$.9.0.0.9.9.9.0.9.0,0,9,0,9,9,9.0,0.¢
XXXXXXXXXXXXXXXXXXXX | XXXXXXXXXXXXXXXXXXX
P13 XXXXXXXXXXXXXXXXXXXX | XXX XXX XXX XXXXXXX
XXXXXXXXXXXXXXXXXXXX | XXXXXXXXKXXXXXXXXXX
KXXXXXXXXXXXXXXXXXXX | XXXXXXXXXXXXXXXXXXX
P14 | XXXXXXXXXXXXXXXXXXXX | XXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXX | XXX XXX XXX XXXX XXX

P15 XXXXXX XXX XX XXX XXXXXX | XXXXXXXXKXXXXXXXXXX |
XXXXXXXXXXXXXXXXXXXX | XXXXXXXXXXXXXXXXXXX
P1.7 ,0,9,0,0,0,0.0.0.0.0.9.9.9,9,0,0,0.6.0. Q. 0.9.9.9.0.0.0.0.0,9,0,0,0.9,0.9,0,0,¢
KXXXXXXXXXXXXXXXXXXX | XXX XXX XX XXX XXXXXXX
P2.1 XXXXXXXKXXX XXX XXXXXX | XXXXXX XXX XXX XXXXXXX
XXX XX XXX XXXXXXXXXXXX | XXXXXXXXXXXXXXXXXXX
P23 )0,0.0.0.0.6.0,0.6.00.0.0.0.0.0.0000D 000000006060606606000606(
:0,0,0.0.0.9,0.0.0.9.0.0.0.0,0.0.0,0.0.015.0.0,0.0.9.9,9,0.0.0.0.0.0,0.0.0.0.0.¢
' AXXXXXXXKXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXX
P24 ),0,9.0,0,0.0,0,0.0,0,0,0,0,0,0,0,0,0,0.Q1 19.0,0,0,0,0.0,0.0.0,0,0,0,0.0,0,0,0,0,
- P25 XXXXXXXXXXXXXXXXXXXX | XXX XXX XX XXXXXXXXXX
P2.6 KXXXXXXXXXXXXXXXXXX
Port 1 ),0,0,0,0,9,0,0,0.0.0.0.0.0.0,0.0,0.0.0. WD $.90.9.0.9.0.0,0.0.0.0,0.0.0.0.0.0.0.4
Control | XXXXXXXXXXXXXXXXXXXX | XXXXXXXXKXXXXXXXXXXX
Register KXXKXXXXXXXXXXXXXXXX
XXX XXX XXX XXXXXXXX
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4.3.3 Failsafe Function

The hardware assembly includes an onboard seal-in circuit. When the seal-in input is
configured and the onboard latch enable switch (S1) is closed, the seal-in circuit latches in
the true state of the DO signal. The purpose of this circuit is to maintain the energized state
of the DO signal even if power is lost from the control system. (The power required to
maintain this state must be supplied from the external field equipment.)

Seal-in status is included with the DI image read by the microprocessor during each scan
cycle. In the event of ICL timeout, the microprocessor checks seal-in status. If seal-in status
is true, then the microprocessor keeps the DO channel energized. If seal in status is false
(either because the DO channel is off or the seal-in function is not configured), the
microprocessor clears the DO latch for failsafe.

5. Module Implementation Description

5.1 Hardware Schematics
The schematic for the HFC-DC33 board is drawing 400463-01.

5.2 Hardware Components — Bill of Materials

The part number of the HFC-DC33 board is 40046201, and its bill of materials is 400462-01
and 400462-81.

5.3 Software Source Code Listing

The HFC-DC33 board software consists of all common modules described in document
DS901-000-02, HFC-6000 1/0 Board Module Detailed Design Specxﬁcatlon and the
following programs:

& XXXXXXXXXXXXXXXXX
& XXXXXXXXXXXXXXXXX
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6. Design Safety

Refer to MS901-000-02 for a discussion of design safety considerations for HFC-6000 I/O
modules.
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1. Introduction

The HFC-DC34 is a multi-channel Input/Output (I/O) buffer printed circuit board (PCB). It
is used for control, interrogation, and monitoring of field devices in an HFC-6000 control
system. Typical applications include monitoring Electrically Operated Breakers (EOB) for
overloads. The board receives digital messages from its controller, the HFC-SBCO06, and
sends the image of its 11 digital input (DI) channels.

Descriptions and discussions of the architecture and design descriptions of a standard HFC-
6000 I/0 board, from an overview perspective, are provided in document MS901-000-02,
HFC-6000 I/0 Board Module Design Specification. Definitions of terms and acronyms are
provided in HFC Common Glossary, document DS004-000-01.

This document describes the detailed structure and design of the HFC-DC34 board. The
design descriptions of the common software modules and hardware functions of I/O boards
are covered in document DS901-000-02, HFC-6000 1/O Board Module Detatled Design
Specification. The description of the operation and function of an HFC-DC34 board will be
presented using design, implementation, and configuration information.

2. Functional Description

The HFC-DC34 is a special purpose I/O buffer board designed for power plant applications.
This board is designed to provide the specific combination of digital I/O channels needed to
control motor starter or switchgear field equipment.

This board provides a 16-bit 80C188EB microprocessor, 11 DI channels, two 125-vdc DO
channels, and onboard status sensors. Major functions performed by the microprocessor
during normal operation are as follows:

e Responds to data transmissions from the HFC-6000 controller.

¢ Controls the on/off state of the two output channels.

e Reads the digital status of the onboard DI channels.

e Reads coil continuity and the presence of dc excitation signals for each channel
individually '

¢ Stores the DI image and onboard status in local memory.

e Transmitsthe digital image of its 11 DI channels back to the HFC-6000 controller.

¢ Reads seal-in status for each channel

e Integral transient suppression networks permit reliable operation in high-noise
(electrical) environments.

¢ Provides input filters and opto-couplers to isolate logic circuits from field wiring.

¢ Provides direct solid-state control of two 125-vdc outputs for such field devices as an
Electrically Operated Breaker (EOB).

. & The board includes two banks of memory for an onboard 16-bit Intel 80C188EB

Microprocessor:
o High memory provides up to 64K by 8-bits of EPROM for functional program code
. storage.
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o Low memory provides 32K by 8-bits of RAM for temporary storage of message
data being processed. ,

An onboard dc-to-dc converter provides regulated +5-vdc logic power.

Provides two seal-in circuits that enable the onboard circuitry to maintain the two

125-VDC output in the event of controller failure.

An onboard switch enables manual reset of the microprocessor.

Onboard watchdog timer.

Provides 48-vdc interrogation voltage for the DI channels.

Monitors the 48-vdc power sources.

Onboard LEDs provide visual indication of board status.

Allows standardization of internal wiring for controlled devices. :

The HFC-DC34 assembly is designed to satisfy seismic category I requirements.

It also has all standard functions of an HFC-6000 I/O board described in the HFC-6000 1/0
Board Module Design Specification.

3.

3.1

3.2

3.2.1
E1-E2

Hardware Detailed Design Specification

Module Specification

Environmental Extremes

» Temperature: 0° to 60 C° (operating)
0° to 70 C° (storage)
> Humidity: 5% to 95%, non-condensing

Power Requirement

» Output Voltage: 100 to 150-vde

> Output Current: 25 amps: inrush
10 amps, 250ms repeated once per 5 minutes
2 amps continuous

» External Source Power: 24-vdc at 0.3 A nominal current
> Interrogation Voltage: 48-vdc
Onboard Clock Rate 22.1184 MHZ

Mounting Requirements
» The HFC-DC34 mounts vertically in an HFC-6000 card chassis.

Controls, Jumpers, and LED Indicators

Jumpers

Installed during calibration to disable the NMI signal. When the jumper is
removed, the D-latch U41-A activates a high NMI signal. '
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'3.2.2 Switches

SWi1

S1

S3

S4

Enables manual reset of the 80C188EB microprocessor.

Permits manual configuration of DI channels 1-11 as isolated or common in any .
combination

Enables/Disables the Seal In mode for CHO

Enables/Disables the Seal In mode for CH1

3.2.3 Reset-able Fuses
RF1-RF3 Provide overload protection for the +48-vdc interrogation voltage supplied for

the 11 DI channels.

3.2.4 LED Indicators

DS1-1

DS1-2
DSI1-3
DS1-4

DS2-1
DS2-2

DS2-3
DS2-4
DS3-1

DS3-2

DS3-3
DS3-4

DS4-1
DS4-2
DS4-3
DS4-4

DS5-1
DS5-2
DSs-3
DS5-4

DSe6-1

SYSA/B lights when receive function is enabled for port A; it is out when
receive function is enabled for port B.

TX flashes during serial data transmission over ICL.

RX flashes during reception of serial data from ICL.

DMT lights while watchdog timer is being triggered.

CHO RDY lights when 125- vdc power is available, coil test mode is enabled,
and the external coil on CHO is operational.

CHI1 RDY lights when 125- vdc power is available, coil test mode is enabled,
and the external coil on CHI1 is operational. ,

PWR PRESENTO lights when 125-vdc power is available for CHO.

PWR PRESENTT lights when 125-vdc power is available for CH1.

SEAL IN CHO lights when seal in switch for CHO is enabled and seal-in voltage
is present.

SEAL IN CHI1 lights when seal in switch for CH1 is enabled and seal-in voltage
is present. :

CHO OUT lights when the CHO output is enabled.

CHI1 OUT lights when the CH1 output is enabled.

Lights when input channel 1 is on.
Lights when input channel 2 is on.
Lights when input channel 3 is on.
Lights when input channel 4 is on.

Lights when input channel 5 is on.
Lights when input channel 6 is on.
Lights when input channel 7 is on.
Lights when input channel 8 is on.

Lights when input channel 9 is on.
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DS6-2 Lights when input channel 10 is on.
DSe6-3 Lights when input channel 11 is on.
DS6-4 No connection, will not illuminate.

3.3 Onboard Power Distribution

The board receives redundant 24-vdc power feeds from the backplane connector P1. The
two power feeds are diode auctioneered, and an onboard voltage regulator converts the 24-
vdc source power to 5-vdc power required for components on the HFC-DC34 board.

Two +48-vdc interrogation power sources are fed through connector P1 and divided into
three branches with each branch supplying power to four channels. A separate reset-able
fuse provides overload protection for each branch, and three opto-couplers permit the
microprocessor to monitor status of the three power lines.

The board receives a nominal 125-vdc (100 to 150-vdc) power for the two solenoid output
channels. When supply power is available, an input status signal forward biases a
corresponding optocoupler, enabling the microprocessor to verify power status of each
channel individually. The 125-vdc power line is connected to a separate FET switch for CHO
and CH1. The microprocessor can control these FETs independently to enable power output
on one or both channels.

125-VDC can be provided to the seal-in circuitry for CHO/CH1. When power is available, a
linear regulator converts 125-VDC to 48-VDC, then a DC-DC converter converts 48VDC to
S5VDC. If S3 1s in the enabled position and the 125-VDC is supplied to SEAL IN CHO, then a
5V signal is available to sustain the output of CHO in case of controller failure or in loss.of
24V power to the board. If S4 is in the enabled position and the 125-VDC is supplied to
SEAL IN CHI, then a 5V signal is available to sustain the output of CHI1 in case of
controller failure or in loss of 24V power to the board.

3.4 Microprocessor Peripheral Ports
The microprocessor controls the following peripheral ports:

Two digital data input ports
CHO/CHI1 control output port
Link address data input port
Redundant serial ports

Individual outputs from the programmable port P1 of the mlcroprocessor control the chip
enable signals for the 1/0 ports.

The board provides one output latch to control the status of the two 125-vde digital output
~ channels (CHO_OUT/ and CH1_OUTY/) and two coil monitoring circuits. When one of the

DO channels is set on, the corresponding CHx_OUT/ signal from the latch forward biases a
solid-state switch, passing 125-vdc power from input source to the output port for that
channel. When a DO channel is set off, the microprocessor can activate the coil monitoring
circuit. In order for the circuit to produce meaningful results, the onboard software prevents
the DO channel and the coil monitoring circuit from being enabled at the same time.
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The microprocessor reads input status by running separate read cycles to the two input
buffers. The low order byte contains the digital image of PTO1/ through PTO8/. The high
order byte contains the digital image of PT09/ through PT11/, CHO_RDY/, CHl_RDY/,
CHO PWR/, CH1_PWR/, SICHO/, AND SICH]1/. In addition to the 17 bits of input data, the
microprocessor also can read the status of the excitation voltage lines VSEN/, VSEN2/, and
VSEN3/. These signals are routed directly to three pins of programmable I/O port P2 of the
MIiCroprocessor.

The Link address data input port and Redundant serial ports are covered in document DS901-
000-02 I/O Board Module Detailed Design Specification.

3.5 Input Channel Operation

The HFC-DC34 board contains 20 input channels composed of 11 general purpose DI
channels, two coil continuity inputs, two power monitor inputs, two seal-in status inputs, and
a separate status monitor for the three excitation voltage lines. Each of the DI channels is
composed of a low-pass input filter and an optocoupler. The input filter is designed to reject
any input signal having a pulse width less than 10 ms in duration, and the optocoupler
isolates the internal logic circuitry from the field wiring. When one of these channels
receives an active input signal, the optocoupler becomes forward biased and produces a low
active output. While any of these outputs is active, the corresponding LED will light. The
input circuit for the three VSEN/ input signals is identical, except they do not have an LED
indication.

Each of the two input circuits for the 125-vdc power monitor consists of a low pass filter, and
an optocoupler. When the 125-vdc power source is present for one or both input channels,
the dc signal at the input of the low pass filter network activates a corresponding optocoupler
to produce a low active output (CHO_PWR/ and/or CH1_PWRY/). If either the CHO_PWR/ or
the CH1_PWR/ signal is active, the PWR PRESENTO LED or PWR PRESENT1 LED lights
respectively. : -

The coil monitor circuit consists of a voltage divider connected to the 125-vdc power source,
a low pass filter, and two optocouplers. When the microprocessor deactivates the
CHx_OUTY/ signal, one optocoupler passes the 125-vdc power source to the input of the
voltage divider. This circuit then applies a significantly reduced voltage across the ports of
the DO channel. If an external coil is present, a small current passes through the voltage
divider network to forward bias the monitoring optocoupler, which .then produces a low
active CHx_RDY/ status output. If the external circuit is open, no current flows through the
circuit, and the monitoring optocoupler remains cut off. If either thee CHO_RDY/ or the
CH1_RDY!/ signal is active, the CHO/1 RDY LED lights.

The seal-in status consists of 125VDC being regulated to SVDC. The availability of the
5VDC is read by the onboard microprocessor for each of the two channels. When the seal-in
circuitry is active (true) the onboard microprocessor will not initiate failsafe for the
corresponding DO channel in the event of ICL timeout.
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3.6 -Hardware Connections

The HFC-DC34 board contains two board-edge connectors (P1 and P2) that mate with
corresponding connectors on the HFC-6000 backplane. Pin assignments for the P1 connector
are identical for all 1/O boards and can be found in document DS901-000-02. Pin
assignments for the P2 connector are covered in Table 1. In addition, each DI channel can be
configured for either isolated or common mode operation on an individual basis. When
operating in common mode, excitation voltage is supplied from this board to the field device
being monitored. When operating in isolated mode, external equipment must supply the
power to enable or disable the DI input circuit. Table 2 lists the DIP switch settings and
signal assignments required to configure each channel for either mode of operation.

Table 1. Connector P2 Pinout Summary

Pin Mnemonic Pin Mnemonic
P2-A1l XXXXXXXXX P2-C1 XXX XXXXXX
P2-A2 XXXXXXXXX P2-B2 XXXXXXXXX
P2-C2 XX XXXXXXX P2-A3 XXXXXXXXX
P2-C3 XXXXXXXXX P2-A4 XXXXXXXXX
P2-C4 XXX XXXXXX P2-A5 XXXXXXXXX
P2-B5 XXXXXXXXX P2-C5 XXXXXXXXX
P2-A6 KXXXXXXXX P2-C6 - XX XXXXXXX
P2-A7 XXXXXXXXX P2-C7 ' XXXXXXXXX
P2-A8 XXXXXXXXX P2-B8 XXXXXXXXX
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Table 1(Continued). Connector P2 Pinout Suimmmary

Pin Mnemonic Pin Mnemonic
P2-C8 KXXXXXXXX P2-A9 XXXXXXXXX
P2-C9 XXXXXXXXX P2-A10 XXXXXXXXX

P2-C10 XXXXXXXXX Il P2-Al1 XXXXXXXXX
P2-Bl11 XXXXXXXXX P2-Cl11 XXXXXXXXX
P2-A12 XXXXXXXXX . P2-Cl12 XXXXXXXXX
P2-A13 XXXXXXXXX P2-C13 XXXXXXXXX
P2-A14 XXXXXXXXX P2-B14 XXXXXXXXX
P2-C14 XXXXXXXXX P2-A15 ' XXXXXXXXX
P2-C15 XXXXXXXXX P2-Al6 XXXXXXXXX
P2-C16 XXXXXXXXX ~ | P2-A17 XXXXXXXXX
P2-B17 XXX XXXXXX P2-C17 XXXXXXXXX
P2-A18 XXXXXXXXX P2-C18 XXXXXXXXX
P2-A23 XXXXXXXXX P2-B23 XXXXXXXXX
P2-C23 XXXXXXXXX P2-A24 XXXXXXXXX
P2-B24 XXXXXXXXX P2-C24 XXXXXXXXX
P2-A25 XXXXXXXXX P2-B25 XXXXXXXXX
P2-C25 XXXXXXXXX P2-A26 AXXXXXXXX
P2-B26 XXXXXXXXX P2-C26 XXXXXXXXX
P2-A27 XXXXXXXXX P2-B27 XXXXXXXXX
P2-C27 XXXXXXXXX | P2-A28 XXXXXXXXX
P2-B28 XXXXXXXXX P2-C28 XXXXXXXXX
P2-A29 XXXXXXXXX P2-B29 XXXXXXXXX
P2-C29 XXXXXXXXX P2-A30 XX XXXXXXX
P2-B30 XXXXXXXXX P2-C30 XXXXXXXXX
P2-A31 XXXXXXXXX P2-B31 XXXXXXXXX
P2-C31 XXXXXXXXX P2-A32 XXXXXXXXX
P2-B32 XXXXXXXXX P2-C32 XX XXXXXXX
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Table 2. Input Connection Summary

Channel No. Type Positive Negative Dipswitch

1 XXXX XXXX XXXX XXXX
XXXX XXXX XXXX XXXX

2 XXXX XXXX XXXX XXXX
XXXX XXXX XXXX XXXX

3 XXXX XXXX XXXX XXXX
XXXX XXXX - XXXX XXXX

4 XXXX XXXX XXXX XXXX
XXXX XXXX XXXX XXXX

5 XXXX XXXX XXXX XXXX
XXXX XXXX XXXX XXXX

6 XXXX XXXX XXXX XXXX
XXXX XXXX XXXX ' XXXX

7 XXXX XXXX XXXX XXXX
XXXX XXXX XXXX XXXX

8 XXXX XXXX XXXX XXXX
XXXX XXXX XXXX XXXX

9 XXXX XXXX XXXX XXXX
XXXX XXXX XXXX XXXX

10 XXXX XXXX XXXX XXXX
XXXX XXXX XXXX XXXX

11 XXXX XXXX XXXX XXXX
XXXX XXXX XXXX XXXX

4. Software Detailed Design Specification

The HFC-DC34 board monitors a total of 20 DI channels. The design descriptions of the
common software modules are provided in HFC-6000 1/O Board Module Detailed Design
Specification. The following subsections provide detailed design descriptions for the
software routines specific to the HFC-DC34 board.

4.1 I/0 Scan Module

This I/O Scan Module performs the I/O scan for 11 standard DI channels, two coil continuity
status inputs, 2 power monitor status inputs, and two seal in status inputs. It reads the status
of three interrogation voltages and the two bytes of input data during each scan. The loss of
any interrogation voltages means that four or more of the DI images may not be valid, so the
module will not update DI images with new readings if no interrogation voltage is present. If
any interrogation voltage input is false, the Interrogation Voltage Off error bit in the
diagnostic byte will be set to indicate a hardware fault. This information will be reported to
the controller in the response to a diagnostic request message.

Normally, the DI images are transferred to the Scan Working Buffer when at least one of
three interrogation voltages is present. However, to avoid missing information on the
controller side, an interrogation voltage failure counter is used in the I/O scan process. This
counter is incremented during each scan cycle where all interrogation voltages are missing.
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When the accumulated count exceeds a predefined limit, the DI images in the Scan Working
Buffer will be updated and reported to the controller even if no interrogation voltage is
present. This counter will remain reset as long as any interrogation voltage line 1s present.’

If a DO channel is set ON, the corresponding coil continuity status input is not meaningful.
So the coil continuity status will be reported as “TRUE” to prevent spurious error
indications. Only when the corresponding DO channel is not ON will the actual coil
continuity status be reported back to the HFC-SBCO06 controller.

4.2 Process Command routine

For normal update messages, this routine reads the one byte output image for two output
channels from command message and transfers that image to output data latch. UCP
diagnostics messages are processed as described in HFC-6000 I/O Board Module Detailed
Design Specification DS002-000-92.

4.3 Data Structure

This section describes the structure of the I/O data images and provides a list of the
programmable ports controlled by the software.

4.3.1 1/O Scan Data

The HFC-DC34 board has 2 DO channels and 11 DI channels. The data field of poll
messages received from the HFC-SBCO06 controller has the following structure:

Bit 7 Bit 6 Bit5 Bit 4 Bit3 | Bit2 Bit 1 Bit 0
- - - - - - CH1_OUT/ CHO_OuUT/

The data field of the response message to the HFC-SBC06 Controller has the following
structure:

Byte | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

1 PTR PT7 PTé6 PT5 PT4 | PT3 PT2 PT1
Power Power Coil 1 Coil 0 Seal In

2 Source 1 | Source 0 | Continuity | Continuity | CHO PTII PTI0 PT9

4.3.2 Microprocessor Programmable Ports

The microprocessor uses certain programmable ports of P1 and P2 to control specific
hardware functions. Table 3 lists the specific ports that are used, their function, their active
state, and the mask required to implement that state in the program.
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Table 3. Programmable Ports Used for HFC-DC34 Board

Port Description Implementation
P1.0 ),0.0.0,0,0,0,0.0.0.0.9,0.0.0,0.0.0,0.0 QD 0.9.¢.0.0.0.9.0.0.9,9,0.0.0.0.0.0.0.
XXXXXXX XXX XXXXXXXXXX | XXXXXXXXXXXXXXXXXXX
P1.1 ),0,0.0.0.0.0.0.0.0.9.0.0.0.0.0.0.0.0.0.0D.9.9.9.9.9,0.0,0,0,0,0,9,0.0,0,0,0,0,¢
XXXXX XXX XX XXXXXXXX | XXX XXX XXX XXX XXXXX
P1.2 ),0,0,0,0,0,0,0.0.0.0.0.0,0,0,0,0.0.0.0.0D.9,0.9,0,0,0.0,0,0,0,0,0,0,.0,0,0,0,0 ¢
XXX X XXXXXX XXX KXXXXXXX | XX XXX XXX XXX XXXXXXX
P1.3 ):9,0,0,0.0.9.0.0.0.9.9.0.0.0.0.0,0.0.0.QP.9.9.9.9.0.0,9,0,9,0,9,9,0.9,0,0,0.0.¢
KX XXXXXKXXXKXXXXXXXXXX [ XXXXXXXXXXXXXXXXXXX
KXXXXXXX XXX XXXXXXXXX | XXX XXX XXX X XXX XXXX
P14 XXXXXXXXXXXXXXKXKXXXXX | XXXKXXXXXXXXXXXXXXX
XXX X XXX XXXXXKXXXXXXX | XXXXXXXXXXX XXX XX XXX
P1.5 ),:0.0.0.0,0.0.0.0.0.0.0:0,0.0.0.0.0.0.0.01D.0.0.0.9,0.0.0.0.0.0,0.0.0.9.0.0,0.0.¢
),9,0,0,0,0.0.0.0.0.0.0,0,0.0.0.0,0.00.P,0.9,0.0.0.09040.9090070.90000004
PL.7 :0,0,0.0.0,0,0.0.9.9.0.0.0.0,0.0.0,0.0. 01 19.9,0,0.0.0.0,0.0.0.0.0.0.0,0.0.0.0.0,¢
HD.0.9.9,0,0.0.0,0.0.0.0.0,0,0.0.0.0.0.0.4P.9.9,9,9,0,0.0.0.0.0.0.0,0,0.0,0,0,0.4
P2.1 :0,0.0.0,0,0,0.0.0.0.¢,0.0,0,0.0,0,0.0. QD ¢.0.0.0.9,0,0,9,0,9,9,9.0.9.0.0.0,0.¢
XXXXXXXXXXXXXXXXXXXX | XXX XXX XXXXXX XXX
P23 XXXXX XXX XXXXXXXXXXXX | XXXXXXXXXXXXXXXX XXX
XXXXXX XXX XXX XXXXXXX | XXXXXXXXXXXXXXXXXXX
XXXXXKXXXKXXKXXXXXXXXXX | XXKXXXXXXXXXKXXXXXXX
KXXXXXXXXXXXXXXXXX XX | XXX XX XXX XXX XXX XX XXX
P2.4 9:0,0,0.9.0,0.0.0.9.0.0.0.0.0.0.0.0.0.0.01D.9.0.0.0.0.0,0,0.0.9.0.0.0.0.0.0.0,0.¢
P2.5 XXXXXX XXX XXXXKXXXXXXX | XXXXXXXXXXX XXX XXXXX
P2.6 KXXXXXXXKXXXXXXXXXXX | XXX XXX XXX XXX XX XXX
Port 1 KXXXXXXXXKXXXXXXXXKXX | XXX XXX XXX XX XXX XXX
Control | XXXXXXXXXXXXXXXXXXXX | XXXXXXXXXXXXXXXXXXX
Register | XXXXXXXXXXXXXXXXXXXX | XXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXX | XXXXXXXXXXXXXXXXXXX

HFC Non-proprietary

4.3.3 Failsafe Function

The hardware assembly includes an onboard seal-in circuit. When the seal-in input is
configured and the onboard latch enable switch (S1) is closed, the seal-in circuit latches in
the true state of the DO signal. The purpose of this circuit is to maintain the energized state
of the DO signal even if power is lost from the control system. (The power required to
maintain this state must be supplied from the external field equipment.)

Seal-in status is included with the DI image read by the microprocessor during each scan
cycle. In the event of ICL timeout, the microprocessor checks seal-in status. If seal-in status
is true, then the microprocessor keeps the DO channel energized. If seal in status is false
(either because the DO channel is off or the seal-in function is not configured), the
microprocessor clears the DO latch for failsafe.
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5. Module Implementation Description

5.1 Hardware Schematics
The schematic for the HFC-DC34 board is drawing 400468-01.

5.2 Hardware Components — Bill of Materials

The part number of the HFC-DC34 board is 40046701, and the bills of material are 400467- »
01 and 400467-81.

5.3 Software Source Code Listing

‘The HFC-DC34 board software consists of all common modules described in document
DS901-000-02, HFC-6000 I/0O Board Module Detailed Design Spemﬁcauon and the
following programs:

¢ XXXXXXX
o XXXXXXX

6. Design Safety

Refer to MS901-000-02 for a discussion of design safety considerations for the HFC-6000
I/O Modules.
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1. Introduction

The HFC-AI16 assembly is a 16-channel analog input board. This assembly operates as a
standard Al board in an HFC-6000 control system. It receives analog input signals from field
equipment at the plant and performs A/D conversion for each channel at regular intervals. The
HFC-SBCO06 controller initiates communication with a configured HFC-AI16 board during
its regular scan cycles, and the HFC-A116 board returns the current digital image for all input
channels.

Descriptions and discussions of the architectural and design descriptions of standard HFC-
6000 I/0 boards, from an overview perspective, are provided in document MS901-000-02,
HFC-6000 1/0 Board Module Design Specification. Definitions of terms and acronyms are’
provided in HFC Common Glossary, document DS004-000-01.

This document describes the detailed structure and design of the HFC-AI16 board. The
design descriptions of the common software modules and hardware functions of I/O boards
are covered in document DS901-000-02, HFC-6000 1/O Board Module Detailed Design
Specification. The description of the operation and function of an HFC-AI16 board will be
presented using design, implementation, and configuration information.

1.1 References

700901-06 HFC-6000 I/0 Card Requirements Specification

MS901-000-02 HFC-6000 Product Line, I/O Module Design Specification
DS901-000-02 HFC-6000 Product Line, I/O Module Detailed Design Specification
40043301 HFC-AI16 Schematic

WI-ENG-106 Development of Hardware Design Specification

1.2 Special Terms and Abbreviations

I/0 Input/Output

LSB Least Significant Bit

RAM Random Access Memory

All6F 0-20mA 16 Channel Analog Input
AIl6E 0-10V 16 Channel Analog Input
All6R 0-5V 16 Channel Analog Input
A/D Analog to Digital Converter

2.0 Specifications

= Environmental Extremes

Temperature: 0° to 55° C (operating)
0° to 70° C (storage)
Relative Humidity: 5% to 95%, non-condensing

= Power Requirements

Page 4 of 17



HFC-6000 Product Line - HFC Non-proprietary DS901-000-07
HFC-AI16 Detailed Design Specification Rev D

External Power Supply:  +24 vdc, 0.3 A maximum load.
Excitation voltage: +24 vdc with resetable fuse for each pair of channels and 0.5 A

* fuse for the combined load

*  Onboard Clock Rate
Microprocessor Clock:  22.1184 MHz

= Input Signal Requirements

Signal:

All6F 249Q input resistor accepts 0 to 20mA.

All6E 1 MQ input resistor accepts 0 to 10V.

AI16R 1 MQ input resistor accepts 0-5V.

Accuracy: Designed to read input signals accurately to .1% of full scale.

3.0 Cohtrols-a'nd Indic‘ator's

The firmware determines the overall operating characteristics of the hardware on the HFC-
Al16 board. The HFC-AI16 board includes the set of four LEDs common to all I/O board
types (DS901-000-02). In addition, the board also includes six jumpers, two potentiometers,
three switches, and nine fuses. The function of these components is as follows:

W36

W37

E1-E2

ES5-E6

R97

R98

SW1

S1

Jumpers
Installed to supply 24-vdc excitation power for common Al channels.

Installed to make the analog return and digital return electrical common.

Installed during calibration to disable both the NMI signal. When this jumper is
removed, the D-latch U41-A activates a high NMI signal. '

Not currently defined.

Potentiometers

Enables the manual adjustment of the ADC offset voltage.

Enables the manual adjustment of the ADC gain.

Switches
Enables user to reset the 80C188EB microprocessor.

8-position DIP switch enables the user to configure channels 1 through 8 for
either common or isolated mode operation (SW ON = COMMON) in any

‘combination.
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S2 8-positiof1 DIP switch enables the user configure channels 8 through 16 for either
common or isolated mode operation (SW ON = COMMON) in any combination.

Fuses
-~ F1, ‘Provide separate overload protection on the 24-vdc excitation voltage line for
F2, each pair of input channels
F4-F9
F3 Provides common overload protection for the exc1tat10r1 power source supplied to

all 16 input channels.

4.0 Functional Description

The HFC-AI16 Al board is controlled by an onboard 80C188EB microprocessor and
provides an interface for up to 16 analog field inputs for an HFC-6000 control system. The
analog inputs are converted into digital images and stored in onboard RAM. The system
controller accesses these values from RAM by sending the appropriate message to the HFC-
Al16 board.

4.1 Overview

It also has all standard functions of an HFC-6000 1/0 board described in the HFC-6000 1/O
Board Module Design Specification. The major functions performed by the 80C188EB
microprocessor during normal operation are as follows:

¢ Performs reset and initialization of onboard hardware.

e Responds to data transmissions from the HFC-6000 controller.

e Samples the analog data from each of the 16 Al channels.

e Performs the Analog-to-Digital (A/D) conversion of field inputs.
e Stores the digital image for each channel in onboard memory.

4.2 Onboard Power Distribution

The board receives redundant 24-vdc power feeds from the backplane connector J1. The two
power feeds are diode auctioneered and routed to the following components:

e An onboard voltage regulator converts the 24-vdc source power to +5-vdc power required
for logic components on the HFC-AI16 board.

e An onboard voltage regulator (PS1) converts the 24-vdc source power to + 15-vdc non-
isolated power. This supplies operating power for the non-isolated analog circuitry.

e An onboard voltage regulator‘ (PS2) converts the 24-vdc source power to + 15-vdc for the
isolated analog circuitry.

When jumper W36 is installed, a 24-vdc power line is divided into 8 branches. Each branch
includes a separate reset-able line fuse and supplies excitation power for two Al channels.
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4.3 Reset/nitialization

),:0,0,9.0.0.9,0.0.0.0.0.0.0:0.0.0,0.0.9.9.0,0,0.0.0.0.0.0,0.0.9.9.9.0.0,0,0.0.0.0.0.0.90.0.9.90.9,0,0.0 ¢
)9,9.9.6.0.0.,¢.9.9.9.0.9.0.0.0.9.0.0.9.9.9.9.9.9.9.90.0.0.0.0.0.0.0.0.9.9.9.9.9,9,0.0.9.0.9.0.0.00.0 ¢
),:0,0.9.0.0.9.0.0.0.9.0.0.0.0.0.0.0.0.0.9.0,0,0.0.0.0.0,0.0.0.0.9.9.0.0.0.0.9.9.90.9.0.0,0,0,0.0,0,0.0
).0:9.9.0.0.0.0.0.9.0.0.0.0.0.0.0.0.0.0.9.9.9.9.9¢.9.9.9.901991909090.90707¢7990979.9.909970¢00000
),9,0.9.0.0.0.0.0.0.9.0.0.0.0.0.0.0.0.9.0,0,0,0.0.0.0.0.0.0.0.9.9.9.0.0,0.0.0.0.0.0.9.0.9.0.0,0,0.0.0.¢
AXXXXXXX XXX XXX KX XX XXX XXX XXX XX XX XXX XX XXX XXX XXXXXXXXX
.9,9,9.0.0.0.9.0.0.9.0.0.0.9.9.0,0,0,0.0.9.9,0,0.9,.9.9.9.0,0.0.9,9.9.0.0,0,0.0,0.0.0.0.9.0.9.9,0.0.0.¢
):0.0.9.0.0.0.9.0.0.0.0.0.0.0.0.0.0.0.90.9.9.499.9.9.049.104079.7979.709.79.707909.9.9.999990000

XXX XXX XXX XKKXKXKXXKXXXXXXXX XXX XX XXX XXX XXX XXX XXX XXXXXX
.0.0.9.9.0.0.9.0.0.9.0.0.0.0.0,:0,0.0,0.0.0.0.0.9.0.0.0.0.090.909090.90.90.909,0,0,0.9.20.9.2979900000
),9,9,9.9.0,9.9.9.0.9.0.0.0.¢.9.9.9.9.9.9.9.9.9.9.0.9.0.9.9.9,0.0.9,0.0.0.9.¢.0.9,0,0,0,0,0,0.0,0.0.0.¢
XXXXXXXXXXXXXXKX XXX XXX XXX XXX XXX XX XXX XXXXX XX XXX XXXXXX
XXXXK XXX XXX XKXXKEKXXXXXKXXXXXKXKKXX XX XXX XXX XXX XXX XXX XXXX
XXXXX XXX XX XXXXX XXX KX XX KXXXX XXX XXX XX XXX XXX XX XXX XX XXXX
):0.9:9.9.0.0,0.0.0.0.0.¢.0.0.0.0.0.90.90.090907949497¢7¢7970404¢4¢400090090.90.90499900000000

Watchdog Timer Functions

The HFC-AI16 board is equipped with a watchdog timer circuit composed of a one-shot
(U40-A) and a D-latch (U41-A). During initial power-up or manual reset, the output from
the Micro Monitor chip holds both the one-shot and D-latch in their reset state. When the
/RESIN signal assumes a high state, the one-shot can respond to outputs from the
Mmicroprocessor. '

Programmable output from port P2.1 of the microprocessor is routed to the negative trigger
input of the one-shot. During normal operation of the onboard software, the microprocessor
must produce a low output pulse from this port once every 950 ms to keep the one-shot at a
triggered state. While the one-shot remains triggered, the negative output keeps LED DS5-1
lit, and the positive output enables the transmission function of the redundant serial ports. If
the microprocessor stops normally processing its software, the one-shot times out after a
period of 950 ms. The resulting transition of the low active output clocks the D-latch, and
the low state of the high active output disables transmission over the serial links.

),0.0,9.0.9.9.0,0.9.0.0.0.0.0,0.0:0.0.9.0.0,0.9.0.0.9.0,0.0.0.0.0.9,0.0.0.0,0.0.0.0.9,0,0,0,9,0,0.0.0.¢
XXXXXXXXXKXXXXXXXXXXXX XXX XXX XXX XX XXX XXX XX XXX XXX XXXXX
,0,0.9.0.0.0.9.9.0.0.0.0.0.0.:0.0.0.0.0.0.9.0,0.0.0.0.0.9.0.0.0.9.9.9.0,0.0.0,.0.0,0.0.0.0.0.0.9.0,0.0,(
XXXXX XXX XX XXX XXX XX XXX XXX XXX XXX XXX XXX XX XXX XXX XXX XXXX
),0,0.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0.0,0.0.0.0.0.0.0,0,0.0.0,0.0.0.0.0,0.0.0.0,0.9.0.0.0.0.¢
).0.0.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.9.9900949499009090009090909900.99979¢0000000

4.4 Memory Structure

Memory on the HFC-AI16 board is organized into two banks of private memory for the
microprocessor. Private memory for the 80C188EB microprocessor consists of one bank of
EPROM and one bank of RAM. The private memory banks are connected directly to the
address and data lines of the microprocessor.
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80C188EB Microprocessor Upper Memory

XX XXXXXX XXX XXX XXX XXX XXX XXX XXX XXX XX XXX XXX XXX XXXXXXX
).0,9,0.0.0.0.9.9.0,0.0.0.0.0.0.9.9.0.0.9.9.0,0.0.0.¢.0,0.0.0.0.0.9.9.9,0,0,0,0.0,0,0,0.0.0.0.9,9.0.0.¢
).0,0.9.0.0.0.9,0.0.0.0,0.0.0.0,0.0.0.0.0:0,0.0.:0.0.0.0,0,0.0.0.0.0.9.0,0.9,9,0.0,0.0.0,0,0.0,0.0,0.0.¢
).:0.9,9,0.0.0.0,0.0.0.0,0.0.0.0.0.0.0.0.0:0,0.0.0,0.0.9,0.0.0.0.0.0.9,0,0.9.9,9.0.0.0.9.0,0.0.0.0,0,.0.¢
).0.9.0,0.0.0.0.0:0.0.0.0.0.0.0.9.0.9.0.0.0.0.0.0.0.9.9,0.0.0.0.0:0.0.0.0,0,0,.0.0,0.0,0.0.9.0.9.0.0,0.¢
).0.0,0.0.0.9.9.9.9.9.0.0.0.0.0.0.0.0.0.9.9,9.9,0.0.9.9.0.0.0.9.9.9.9.9,0,0.0.0.0,0.0.0.9.9.9.9.0,0.0.
XXXXXXXXXKXXXXX XXX XXX XK KKK XXX XXX XXX XXX XXX XXXXXXXXXX

80C188EB Microprocessor Low Memory

).0,0.0.9.0.0.9.9.9.9.9.0.0.0.0.0.0.9.0.0.9.9.9.9.9.9.0.9.0.0.9.0.9.0.9,0.0.0.0.0.9,0,0.9.0.9.0.0.0.0.{
).9,0.0.0.9.9.9,0,0.0.0.9.9.9.9.9,0.0.0.0.9,0.0,0.0.0.0,0,0.0.0.9.9.9.9,0,0,0.0.0.0.9.9.9.0,0.0,0,0.0,¢
2.0.0.0,0.0,0.9,0.9.0.0,0.0.0.0,0,0.0.0.0.0.0.0.0,0,0.0,0.9.0,9.0,0.0,0,0.0.0,0.0,0.0.0,0,0.0,0,0,0,0,¢
),0,0,9,9.0.0.0,9.0.0.0.0.0.9,0.0.0.0.0.0.0.0.0.0.0.0.0,0.0.9.0.0.0.0,0.0.9.0,0,0.0.9,0.0.0.0,0,0,.0,0,¢

4.5 Interrupt Processing

XXXXXXXXXXXXXX XXX XXX XXX XXX XXX XXX XX XXX XX XXX XXX XXX XXX
).0,0.0.0.9.9,9.9.0.0,0.0.9.0,0,9.0.0.0.9.0.0,0.0.9.0.0,0,0.0.9,9.9.0,0,0.0.0.0.0.9979.9.9.9.9.0.0.90
[D:0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,¢
XXXXXXXX XXX XXX XXX XXX XXX XXX XX XX XXX XXX XXX XXX XXX XXXXXX
1'0.0.0.0.0:0.0.0.0.0.0.0:0.0.0:0.0.0.0.0.0.0.0.9.0.0.0.0.9.0.0.0.0.0.0,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.¢
):0,9.0.0.0.0.9.9,9,0.0,0.0.0.0.0,0.0.0.0.0.9,0.0.0.0.9,0.9.0.0.9.90.9.0.0,0,.0,0.0,.0.0,0.0.0.9.9.9,0.0,¢
).0,9,0.0.9.9.9.9.9.9.0.0.¢.¢.0.0,0.0.0.0.9.0,0,0.0.0.9,0,0,0.0.9.9.9.9.0,0.0,0,0,0,0,0.0.0.0.9.9,0.0.¢

4.6 Microprocessor Peripheral Ports
The microprocessor controls the following peripheral ports:

¢ Analog Input (Al) control output port
e A/D data input port

¢ Link address data input port

¢ Redundant serial port

The link address input port, and the redundant serial port are common to all /O board types,
and are described in document DS901-000-02. Individual outputs from the programmable port
P1 of the microprocessor control the chip enable signals for the three I/O ports

4.6.1 Analog Input (Al) control output port

The interface between the microprocessor and the analog section of the board consists of a
16-bit A/D converter, an 8-bit latch, and two BCD-to-decimal decoders. Bits 4 through 7
(formatted as ADO through AD3) of the data transferred to the latch contain a 4-bit code for
the AI channel to be read, and bit 1 (AD6) controls the R/C output to the A/D converter. The
4-bit channel selection code is routed from the output ports of the latch to the input of both
BCD-to-decimal decoders via the 8-bit buffer. The buffer has two output enable ports
controlled by separate signals from the microprocessor. OEI is controlled by the output from
P1.6, and OE2 is controlled by the output from P1.5. When the microprocessor activates the
output from P1.6, the channel select code controls selection of PT00 through PT07; when the
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output from P1.5 is activated, the channel select code controls selection of PTO8 through
PT17. PT16 and PT17 control selection of zero and span voltage inputs for a calibration
cycle. The active output signal then forward biases the optocoupler for the selected channel,

and it passes the analog input from the field device to an input amplifier.

),:0.0,9,0.0.9.0,0.0.0.0.0.0.9,0.0.9.0.0.0.0.0.0.0.0.0.0,0.0.9.0.0.9.0,0.0.9,0,0.0.0.9,0.0.0.0.0.0.0,0.¢
XXXXXXXXXKXXXXX XXX XXX XXX XXX XXX XXX XX XXX XXX XXX XXX XXXXX
XXXX XXX XXX XXX XX XX XXX XXX XXX K XXX XXX XXX XXX XXX XXX XXXX
),:0,9,0.0.0.0,0.0.0.0.0.9.0.9.0,0.0.0.0.0.0.0.0.0.0.0.0,0,0.0.0.9.0.0.0,0.0.0.9.0.9.9.0.0.9.9.0,0.0.0 ¢
XXXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XK XXX XXX XXX XXX XXXXX
XXXXXXXXXXKXKXXX XXX XXX XX XXX XXX XXX XXX XXX XXX XXX XXX XXXXX
),0,0.0.9,0.0.0,0.0.0.0.9.9.0.9.9.0.0.0.0.0,0.0.0.0.0.0.0.0.0.0.0.9.0.0,0,0,0.0.0.0.0.0.9.0.9.0.0,0,0 ¢
),:0,0.0.9.9.0,0,0,0.9:0.9.9.0.0.0,0.0.0.0.0.0.0.0.0,0.0,0.0.0.9.9.0,0,0,0.0.0.9.¢.9.9.0,0,9,0,0,0.0,0.¢
):9,0.0,0.0.0.0.0,0,0.0.0.0.0.0.0.0.0.0.0,0.0.0.0.0,0.0,0,0.0,0,0.0.0,0,0,0.0.0,0,0,0,0,0,0.0,0.0,0,0,¢

Input channels PT16 and PT17 provide precision voltage levels to enable the microprocessor
to evaluate the calibration of the analog circuitry. When PT16 is selected, the onboard
circuitry supplies a fixed signal of 0.91-vdc to the input amplifier. When PT17 is selected,
the circuitry supplies a fixed signal of 10-vdc to the input amplifier. The microprocessor
reads the count values for these two inputs and compares them with expected values from
memory. If the drift is less than a fixed tolerance value in memory, the software can
calculate a correction factor for each of the field inputs.- If the drift exceeds the tolerance
value, the software can trigger a calibration error alarm.

4.6.2 A/D data input port

The microprocessor uses the following sequence to select an input channel, initiate A/D
conversion, and read the resulting 16-bit digital image from the ADC. -

1.

The microprocessor writes the channel selected code and a high R/C signal to the output
latch.

After completion of the write cycle, the microprocessor sets either programmable port
P1.5 or P1.6 low to enable generation of the required port selection output signal.

The selected channel supplies its signal to the input of the analog circuitry. The high
state of the R/C and CS/ signals enable internal sample-and-hold circuits ‘in the ADC to
acquire the input signal. '

After a delay to allow signal stabilization, the microprocessor sets the R/C and CS/
signals low to start the conversion process. The sample-and-hold in the ADC retains the
signal acquired during the previous interval.

The ADC sets the STS (BUSY/) signal low at the start of the conversion cycle. When the
conversion cycle is complete, the STS signal returns to a high level.

The low-to-high transition of the STS signal triggers the INT4 input to the
microprocessor.
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7. The microprocessor sets the R/C signal high and then runs two read cycles to the A/D
data input port with the CS/ signal low. The microprocessor sets the ADO signal low to
access the most significant byte of data and sets it high to access the least significant byte
of data.

8. The microprocessor can repeat steps 4 through 7 to read the digital image from the
sample-and-hold circuit without repeating the acquisition cycle.

4.7 I/0 Ports

The HFC-AI16 board contains 16 input channels for analog input signals from external field
equipment. Each channel includes a low-pass filter to block electrical noise and an
optocoupler to isolate the onboard circuitry from the field circuitry. Each channel includes a
connection to an onboard DIP switch that permits configuration for either common or
isolated operation on a channel-by-channel basis. When a channel is configured for common
mode operation, 24-vdc power is supplied from the board to the field transducer that
produces the input signal. When a channel is configured for isolated operation, that channel
is electrically isolated from all other components on the board, and the field transducer must
provide the power source to drive the input signal.

5.0 Hardware Connections

The HFC-AI16 board contains two board-edge connectors (P1 and P2) that mate with
corresponding connectors on the HFC-6000 backplane. Connector P1 provides the electrical
_interface between the HFC-AI16 and the HFC-SBCO06, and connector P2 provides the
electrical interface with the external field hardware. Pin assignments for the P1 connector
are identical for all I/O boards and are covered in document MS901-000-02. Pin assignments
for the P2 connector are covered in Table 1. In addition, each Al channel can be configured
for either isolated or common operation on an individual basis. Table 2 lists connection
requirements for both isolated and common configurations for each channel.

6. Software Detailed Design Specification

The design descriptions of the common software modules are provided in HFC-6000 1/0O
Board Module Detailed Design Specification. The following subsections provide detailed
design descriptions for the software routines specific to the HFC-AI16F board.

6.1 Board Information

The HFC-AI16F board has a total of 16 identical Al channels. Each channel will provides
positive and negative terminal connections for a signal in the range of 0-20 mA. The board
contains a single A/D converter that will be configured to produce a 16-bit digital image of
the analog input for each channel.
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Table 1. Connector P2 Pinout Summary

Pin Mnemonic Pin Mnemonic
P2-Al XXXXXXX P2-C1 XXXXXXX
P2-A2 XXXXXXX P2-C2 XXXXXXX
P2-A3 XXXXXXX P2-C3 O XXXXXXX
P2-A4 XXXXXXX P2-C4 XXXXXXX
P2-AS XXXXXXX P2-C5 XXXXXXX
P2-A6 XXXXXXX P2-C6 XXXXXXX
P2-A7 XXXXXXX O P2-C7 XXXXXXX
P2-A8 XXXXXXX P2-C8 XXXXXXX
P2-A9 KXXXXXX P2-C9 XXXXXXX

P2-A10 XXXXXXX P2-C10 XXXXXXX
P2-A11 XXXXXXX P2-C11 KXXXXXX
P2-A12 XXXXXXX P2-C12 XXXXXXX
P2-A13 ' XXXXXXX P2-C13 XXXXXXX
P2-Al4 XXXXXXX P2-Cl4 XXXXXXX
P2-A15 XXXXXXX P2-C15 XXXXXXX
P2-A16 XXXXXXX P2-C16 XXXXXXX
P2-A17 XXXXXXX P2-C17 XXXXXXX
P2-A18 XXXXXXX P2-C18 XXXXXXX
P2-A19 XXXXXXX P2-C19 XXXXXXX
P2-A20 XXXXXXX P2-C20 XXXXXXX
P2-A21 XXXXXXX P2-C21 XXXXXXX
P2-A22 XXXXXXX P2-C22 XXXXXXX
P2-A23 XXXXXXX P2-C23 XXXXXXX
P2-A24 XXXXXXX P2-C24 XXXXXXX
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Table 2. Input Connection Summary

Channel No. Type Positive Negative Dipswitch
1 Isolated P2-A1 P2-Cl1 XXXXXXX
Common P2 A2 P2-Al XXXXXXX
2 Isolated P2-A3 P2-C3 XXXXXXX
Common P2 C2 P2-A3 | XXXXXXX
3 Isolated P2-A4 " P2-C4 XXXXXXX
Common P2 A5 P2-A4 XXXXXXX
4 Isolated P2-A6 P2-C6 XXXXXXX
Common P2 C5 P2-A6 XXXXXXX
5 Isolated P2-A7 P2-C7 XXXXXXX
Common P2 A8 P2-A7 XXXXXXX
6 Isolated P2-A9 P2-C9 XXXXXXX
Common P2 C8 P2-A9 XXXXXXX
7 Isolated P2-A10 P2-C10 XXXXXXX
Common P2 All P2-A10 XXXXXXX
8 Isolated P2-A12 P2-C12 XXXXXXX
Common P2 Cl11 P2-A12 XXXXXXX
9 Isolated P2-A13 P2-C13 XXXXXXX
Common P2 Al4 P2-A13 XXXXXXX
10 Isolated P2-A15 P2-Cl15 XXXXXXX
Common P2 Cl4 P2-A15 XXXXXXX
11 Isolated P2-A16 P2-Cl16 XXXXXXX
Common P2 Al7 P2-A16 XXXXXXX
12 Isolated P2-A18 P2-C18 XXXXXXX
Common P2 C17 P2-A18 XXXXXXX
13 Isolated P2-A19 P2-C19 XXXXXXX
Common P2 A20 P2-A19 XXXXXXX
14 Isolated P2-A21 P2-C21 XXXXXXX
Common P2 C20 P2-A21 XXXXXXX
15 Isolated P2-A22 P2-C22 XXXXXXX
Common P2 A23 P2-A22 XXXXXXX
16 Isolated P2-A24 P2-C24 XXXXXXX
Common P2 C23 P2-A24 XXXXXXX

Page 12 of 17




HFC-6000 Product Line HFC Non-proprietary DS901-000-07
HFC-AI16 Detailed Design Specification ' Rev D

6.2 Analog Input Scan Algorithm

Every scan cycle, the scan module performs an Al calibration test, and then calculates the Al
offset and gain. If any errors occur during the calibration test, the scan module sets an error bit
in the diagnostics byte, marks the normal response as a bad response, and returns.

)0.0.0.0.0.0.0:6:0:0.0:0.0.0.0.0.0.:0.0.0.0.0.0.0.0,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.¢
),0,0,0.0.0,0.0.0.9.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0,0.0.9.0.0.0.0.0,0.0.9.0.0,0,0.0.9.9.0,0,0.0.0.0,0
2,0,0,0,0.0.0.9.9,9,0.0,0,0.9,9,9,0,0.0.9,9,0,0.9.0.0,0,0,0,0.9.0.0,0,0,0,0,0,0,0.0,0,9.,0,0,0,0,0,0,0,0,

After finishing with all channels, the module stores the adjusted raw value in a filter buffer, and
calculates a moving average of all records of raw value in the buffer. The filter buffer’s size is
predefined. Every scan cycle, a new reading of raw value is added to the buffer, and the
earliest reading in the buffer is pushed out.

There are two calibration parameters for each channel that are originally obtained from the
EPROM. The software uses these parameters to adjust the filtered Al raw value of each
* channel for better accuracy. Then the adjusted input images will be saved in the scan work
buffer. Refer to Section 4.3 “Single Channel Adjustment Algorithm” for the adjustment
algorithm using calibration parameters.

'6.2.1 Read Channel Raw Value

During each Al signal reading, control signals are used to initialize the A/D converter (ADC),
and to sample the input signal from the selected channel. The output signal STS is linked with
the interrupt signal INT4 to the microprocessor. This signal indicates the status of the ADC
cycle. It goes low at the beginning of a conversion and returns high when the conversion cycle
is complete. The interrupt request register REQST is used to check the ADC conversion
complete bit (INT4).

The module takes a predefined number of Al samples per channel and averages the raw count
value. The main sequence to scan the image for one Al channel is as follows:

P:0:0.0.0.0,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.¢.0.0.9.0.0.0.0.0.0.0,9.0.0.0.0.0.0.0.0.0,0.0,
:0,0.0.0.9.0.0.0.9.9.0.0.0.0.0.0.0.0.0.0.9.9.0.0.0.9.0,0.0.9.0.0.0.9.0,0.0.0.0.0.0,0,0.0.0.9.0,0.0.0.0,¢
),9.9,0.9.0,0.0.9,0.0.0.0.0.0,0,0,0.0.0.0.0.0.0.0.0,0,0.0,0.0.9,0.0.0,0.0.0.0,9,0.0.9,0,0.0,0,0,.0,0.0,0,¢
),9.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0.0.0.0.0,0.0.0.0.0.0.0,0.0,0,0.0.0.0,0.0.0.0,0.0.0.0.0.¢
),:0.0.9.0,0,0.9.9.9.0.0.0.0.0.0.0.0.0.0:0.9,0.0.0.0.0.0.9,0,0.0,9.9.0.0.0.9,0,0.0.0,0.9,0,0,0,0.9,0,0,0,¢
),9.9,0,0.9,9.0.0.0.0.0.0.9.0.0,0.0.0,0.0.0.0:0,0.0.0,0.0,0.9.9.0.9.0.0,9,0.0,9,0,0.9.0.0,.0.0.0,0,0,0,0,
,:0.0.0.0.0,0.0.9.9.9.0,0.9.0.0.0.0.0.0.0.0.0.0.0.0,0.0.0.0.0.0.0.9.0,0.0.9.9.0.0,0.0.0.9.0,0.0,0,0,0,0,
)10,9,0,9,0,0,0.0.0.0.0.9.¢.0.0,0,0,0.0,0.0.9.9.9.0.0.0,0.0.9.9.9.9.9.9.0.0.0,0,0.0.0,0,0,0,0,0.0.0.0.9.¢

6.2.2 Calibration Test Routine

This routine gets the raw values from the low calibration point and the high calibration point.
If the low or high calibration point raw value is out of range, the routine will returh with error.
If there are no errors, the routine calculates Al offset and gain by using low and high
calibration point raw values.
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For the 15-bit AD converter, the raw value of the low calibration point should be within
0B18H + AOH counts, and the raw value of the high calibration point should be within 79EOH
+ AOH counts. When the raw values are within the acceptable ranges, the calculation of Al
offset and Al gain is as follows:

XXXXXX XXX XXX XX XXX XXX XXX XXX XXXXXXX
XXX XXXXX XXX XXX XXX XXX XX XXX XXX XXXXX

6.2.3 Al Algorithm

For the 15-bit AD converter, the calculation of Al image is as follows:

XXX XX XXX XX XXX XXX XXX XXX XXX XXX XX XXX XXX
XXXXXX XXX XX XXX XX XX XXX XXX XX XX XXX XXX XXX
),:9,9.0.0.9.0.0.0.9.9.0.9.0.0.9.0.0.9.0.0.9.0,8.0.9.0,0.0.9.0.0.0.9.0.0.0,¢
XXXXXKXXXEXXX XXX XXX XXX XX XXX XXX XX XXX XXX
XXXXXXXXXX XXX XXX XX XXX XXX XX XXX XXXXXXX
) 0,0/0:0.:0.0.0.0.0.0.0:0.0.0.0.0.0.0.0,0.0.0.0.9.0.0.0.0.0.0.0.0,0.0.0.0.4
):0,0.0.0.9.0.0.0.0.0.0.9.0.0.9.9.0.9.0.0.9.9,0,0.0.0,0.0.9.9.0.0.0.0.9.0,.¢
KXXXXXXXXX XXX XX XXX XXX XXX XXX XXX XXXXXXX
),:0,0.0.0.9,9.0.0.9.0,0.0.0.9.0.9.0,0,0.0.9.0,0.0.9,0,0.9.9.9,0.0,0,9,0,0.¢
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Page 14 of 17



HFC-6000 Product Line HFC Non-proprietary DS901-000-07
HFC-AI16 Detailed Design Specification ' Rev D

Figure 1. AI Algorithm Explanation

6.3 Single Channel Adjustment Algorithm

The single channel adjustment algorithm is used in the software of AIl16I, AO8F, AC36
boards to achieve better accuracy. Offset and gain for each channel will be determined by
testing or default to zero, and an EPROM file will be built incorporating the offset and gain
parameters in a specific location of EPROM memory. The first time the I/O software enters
the scan module, the software obtains the offset and gain parameters from the specific
memory location in EPROM to calculate actual raw value for 4 mA and 20 mA of each
analog input or analog output channel and saves them in a buffer as two arrays: CALZERO
and CALGAIN. :
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XXXXXX XXX XXX XX XXX XXX XXX XXX XX XXXXXX
XXXXXXXXXXKXXX XX XXX XXX XXX XXX XXXXXXX

The CALZERO array stores for each channel the actual value for 4 mA, i.e. STDZERO
adjusted by offset parameter for that channel. The CALGAIN array stores for each channel
the actual value for 20 mA, i.e. STDGAIN adjusted by gain parameter for that channel.

XXX KXXXXXXXXXEXKXKXXXXXXXXXXXKXXXXXXXX

19/0:6.0.0:0:0.0.0.0.0.0.0.0.0,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0 ¢
XXXXX XXX XX XXX XXX XXX XXX XXX XXXX

XXXXXXXXXXXXXXKX XXX XXX XK XXX XX XXX KX XXX XX XX XX XXXXXXXX |
) 0:0.0.0.0.0.0.0.0.0.0.0.0.0,0.0.0.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0.0.0.0.0,0.0.0.0,0.0.0.0
),0.0.9.0.0.0.9,9.0.9.9.0.0.0,0.0.0.0.0.0,0.0.0,0.0.9.0.0.0.9.0.0.9.0.0.0.9,0,0.0.9.9,0.0.0.9,0.0.9,0,.¢
):0,0,0.0.9.0.9,0,0.0.0.0.0:0.0.0.0,0.0.9.9,0,0.0.9.9.9,0,0.0.0.9,9.0.0,0.0.0.0.0.0.90.9.9.9.0.0,0.0.0

6.4 HFC-AI16F-board Specific Modules

6.4.1 1I/O Scan Module

The SCAN module performs Al scan for sixteen channels

6.4.2 Process Command routine

For normal update messages, this routine doesn’t do anything because there is no AO
channel on card. UCP diagnostics messages are processed as described in document
DS002-0000-02.

6.5 Data Structure

6.5.1 Scan Data

The data field of the response message sent to the HFC-SBCO06 controller contains Al images
for sixteen channels as follows:

Table 3. Byte Assignments For Scan Data

Byte Al Byte Al Byte Al Byte Al
0 XXXXX 8 XXXXX 16 XXXXX 24 XXXXX
1 XXXXX 9 XXXXX 17 XXXXX 25 XXXXX
2 XXXXX 10 XXXXX 18 XXXXX 26 XXXXX
3 XXXXX 1] XXXXX 19 XXXXX 27 XXXXX
4 XXXXX 12 XXXXX 20 XXXXX 28 XXXXX
5 XXXXX 13 XXXXX 21 XXXXX 29 XXXXX
6 XXXXX 14 XXXXX 22 XXXXX 30 XXXXX
7 XXXXX 15 XXXXX 23 XXXXX 31 XXXXX
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7. Module Implementation Description

7.1 Hardware Schematics
The schematic for the HFC-AI16F board is drawing 400433-01.

7.2 Hardware Components — Bill of Materials

),:0.0.0.9.9.0.0.0.0.0.9.9.9.9.0.0,0.0.0.9.0.0.0.0.0,0.0.0.0.9.9,0,0.0.0.0.9.9.0.0.9.9.9,0,0,0,0,0.0,0.¢
):0,0.9.0.0,9.9.9.0.0.0.0.0.9.0.0.9,0.0.0.0.0.0.0.0.0.9.0.0,0.0.9.9.9.9.6.0.0.0.0.0,0.0.9.0.0.0.0,0.0. O

7.3 Software Source Code Listing

The HFC-AI16F board software consists of all common modules described in document
DS901-000-02, HFC-6000 /0O Board Module Detailed Design Specification and the

following programs:

o XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
o XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

8. Design Safety
).0.0,.0.0.9.9.90.9.0.9.9.0.9,0,0.0.0.0.0.90.0.9.9.9.0.0.0.0.0.0.0.9.9,0,0.0.0.0.0.0.9.0.9,0.0,0,0.0.0.0 ¢
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1. Introduction

This HFC-SBC06 board and HFC-DPMO06 board function together as a System Controller
Module in an HFC-6000 control system. The overview of the architecture, funictions and
module structure of the HFC-SBC06 board and HFC-DPMO06 board are provided in
document MS901-000-01, HFC-SBC06-DPM06 Module Design Specification. The user of
this document should be already familiar with document MS901-000-01. This document
provides detailed structure and design descriptions on specific parts or features of the HFC-
SBCO06 board and HFC-DPMO06 board, including hardware characteristics and software
implementation methods. Rev D has the changes for the cost reduction xxxxx.

2. Hardware Detailed Design for HFC-SBCO06
2.1 - Module Specification

o Assembly 400417-82 Pentium 133 CPU, CATS, industrial grade parts

2.1.1 Environmental Extremes for Reliable Equipment Operations

e Temperature: 0° to 55° C (operating)

0° to 70° C (storage)

e Humidity: 5% to 95% RH, non-condensing
2.1.2 Board Specification \

e Supply Voltage +24 VDC

e Maximum Power Dissipation -~ 18 Watts

¢ Onboard Clock Rate(s)

Microprocessor Clock XXXXX
CPC & ICL Processor Clock: XXXXX
ICL Bit Rate Clock: XXXXX
CPC Serial Data Clock: XXXXX
SOE Master Clock XXXXX

e Mounting Requirements

The HFC-6000 product line includes both 19- and 23-in. controller chassis. Slots 12 and 14
of the 19-in. controller rack are designed to accept HFC-6000 controllers; slots 16 and 18 of
the 23-in rack are designed for controllers. The slot between the two controller positions is
designed to accept an HFC-DPMO06 assembly.
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2.1.3 C-Link - IEEE 802.3 10BASET Communication Links

e Transmission medium 100-Q twisted pair cable, unshielded 22 to 26
AWG wire

e Maximum segment length 100 meters

e Network specifications Standard IEEE 802.3 10BASET

The 10BaseT connections can be made either by the front card edge or via the HFC-6000
backplane through the HFC-HUBO06-16 or HFC-HUBO6-EXT for artwork revision D or
higher assemblies. For assemblies artwork revision D or lower, the 10BaseT connections can
be made only by the front card edge

2.1.4 ICL - EIA RS-485 communication links

e Transmission medium backplane traces or twisted pair cable
e Signal characteristics differential signal pair
e  Maximum No. of RX/TX on link 32TX, 32 RX

e Maximum cable length 4000 ft

¢ Maximum data rate 346 Kbps

e Minimum driver output range 1.5V

e Maximum driver output range 5V

e Maximum driver short circuit current 250 mA

e TX load impedance 54Q

e RX input sensitivity +200 mV

e Maximum RX input resistance 12 KQ

e RX input voltage range -TVto+12V

e RX logic high level >200 mV

¢  RXlogic low level <200 mV

2.2 Onboard Power Distribution
2.2.1 Power Distribution

The board receives redundant 24-vdc power feeds from backplane connector P1. The two
power feeds are diode auctioneered and routed to transistor switch Q9 at the input of the
onboard power circuitry. Switch S1 in the gate network for transistor Q9 permits the user to
enable/disable power distribution to the remainder of the hardware on this board. (Toggling
this switch will force a powerup reset for all onboard microprocessors.) When power
distribution is enabled, the combined 24-vdc power line is divided into two branches. One
branch is routed to a 5-vdc power regulator that provides operating power for all TTL
components on the board, as well as, 5v to 3.3v regulator for xxxxx power. The second branch
routed to a 3.3-vdc regulator that provides operating power for the SYS processor (Pentium)
and other low-voltage components on the board.
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2.2.2 Hardware Reset

The HFC-SBCO06 board includes a xxxxx chip (the SYS Watchdog timer) and a xxxxx chip
to control hardware reset functions. The xxxxx chip monitors the voltage level of the +5-vdc
power rail, the state of the onboard reset switch (SW1) and normal cycling of the SYS
processor. The xxxxx switch monitors the voltage level of the 3.3-vdc logic power rail
connected to the SYS processor.

When power is first applied to the board, the low state of both logic power rails causes the
two chips to hold the RST _IN/ signal at a low level. After logic power increases above 4.5
vdc, the xxxxx chip keeps the RST _IN/ signal low for an additional 350 ms to ensure that all
transient signals have dissipated before the three processors begin operation. During
subsequent operation, the two chips monitor power for a significant drop in the voltage level
of the onboard logic power rails.

When the SYS processor begins running the system software, it must supply a low active
STROBE/ pulse to the xxxxx at regular intervals. If the delay between successive STROBE/
pulses exceeds .5 seconds, the xxxxx chip automatically activates the RST_IN/ signal to reset
all three processors on the card. The operator can initiate reset of all components on the card
by toggling the S1 power switch on the board.

2.3 Connector Pinouts

The HFC-SBCO06 system controller board has one backplane connector (P1) and two RJ45
connectors for communications ports (J7 and J9). The backplane connector (P1) provides
contacts for power, communication with the DPM, and the serial ICL for communication
with I/O cards in the controller card rack. The two RJ45 connectors provide the interface
with the redundant C-Link. Table 1 and Table 2 summarize the specific pin assignments for
each connector. One additional JTAG connector (J2) is located on the surface of the card.
The connector J2 is used for programming of the FPGA chip. The connector J1 is used for
programming of the flash memory associated with the SYS processor. The connector J8 is
used for programming of the flash memory associated with the subordinate (B&C)
processors. These ports are not used or accessible during normal operation of the controller.
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Table 1. PI Pin Assignments

Category Pin Mnemonic Pin Mnemonic
Power XXXXX

Serial Bus XXXXX

DPM XXXXX

Control

DPM XXXXX

Address

Signals

DPM Data | xxxxx
Signals

DIP Switch | xxxxx
Control

DS9%01-000-01 8 of 29 : REV D
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Category Pin Mnemonic Pin Mnemonic
DIP Switch | xxxxx '
Data
Failover XXXXX
Control
Ethernet to | xxxxx

Table 2. Connector J7 and J9 Pin Assignments

Pin

Name

XXXXX

XXXXX

XXXXX

XXXXX

XXXXX

XXXXX

XXXXX

R[N [ W —

XXXXX

2.4 SYS Processor Section

2.4.1 /O Map

The SYS processor, which is a Pentium processor, has no built-in chip select, interrupt
controller, I/O ports or timer functions. The xxxxx FPGA provides these functions. This
section provides descriptions of decoded address provided by the FPGA.

Address decoding is accomplished for three blocks of I/O mapped addresses. The first block
of addresses range from xxxxx to xxxxx and are used to access internal programmable
peripheral registers within the FPGA. The second block of addresses range from xxxxx to
xxxxx and are used to access I/O ports included in the FPGA. The third block ranges from
xxxxx to xxxxx and are used to access the DIP switches and LEDs. Table 3 lists the decoded
addresses and their functions. '

DS901-000-01
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Table 3. SYS Processor I/O Map

Address Range I/0O Write Function 1/0 Read Function
XXXXX XXXXX XXXXX
XXXXX XXXXX XXXXX
XXXXX XXXXX | xxxxx
XXXXX XXXXX XXXXX
XXXXX XXXXX XXXXX
XXXXX XXXXX XXXXX
XXXXX XXXXX XXXXX
XXXXX XXXXX XXXXX
XXXXX XXXXX XXXXX
XXXXX XXXXX XXXXX
XXXXX XXXXX XXXXX
XXXXX XXXXX | xxxxx
XXXXX XXXXX XXXXX
XXXXX XXXXX XXXXX

The FPGA controls a 16-bit data bus. Data from this bus is used to control the rriultiplexed
address logic, the page select logic, the low chip select logic, the middle chip select logic, the
upper chip select logic, the memory read/write control logic, and the status of the external
LEDs. It is also used to transfer external DIP switch status information, input port
information, and interrupt vector information during interrupt acknowledge cycles.

24.1.1 I/O Port F490y; — Memory Control and Status Port

The status of data lines 0 through 4 and data lines 6 and 7 are latched during a write to 1/O
address F490y. This latch is used to control various memory read, memory write, and
memory select signals. Table 4 defines each of these latches and the data lines that control
them.

Table 4. Write Function for F490y

Data Line Function
0 XXXXX
1 XXXXX
2 XXXXX
3 XXXXX
4 XXXXX
6 XXXXX
7 XXXXX

XXXXX
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XXXXX

An 10 read to address F490y will return various input port statuses as defined in Table 5.

Table 5. Status Port

Data Line . Signal
0 : XXXXX
I XXXXX
2 XXXXX
3 XXXXX
4 XXXXX
7 XXXXX

2.4.1.2 1/0 Port 2004 — Watchdog Timer Port

The internal output port at address 200y strobes the hardware watchdog on every 10 write to
that address. Also the software can cause a failover to the secondary controller by writing a
“0” on data bit xxxxx to this address.

2.4.1.3 1/0 Port ZIOH — Maintenance Failover Enable/Disable Port

“l”

10 address 210y controls the status of the maintenance failover enable circuit. Writing a
on data bit xxxxx to this address will enable maintenance failover, likewise writing a “0” will
disable the maintenance failover feature. Writing a “1” on data bit xxxxx to IO address
F4AO0y will lock the public memory bus access, preventing any other processor from
accessing the public memory bus. :

2.4.2 Real Time Counter Interrupts

On the -82 assembly, the xxxxx clock is replaced by a xxxxx and the FPGA divides the clock
input by xxxxx. These timer interrupts are used by the SYS processor for real time control.
When the SYS processor receives an interrupt from the FPGA U27, it generates an interrupt
acknowledge cycle and this FPGA responds to this acknowledge cycle by providing interrupt
vector XXxxX.

2.5 ICL Processor Section
2.5.1 Interrupt Processing

The ICL 80386EX microprocessor includes an internal interrupt controller that provides input
ports for one nonmaskable interrupt (NMI), four levels of external maskable interrupts (INTO/
through INT3/), and internal interrupts from programmable timers and a serial communication
controller. The four maskable interrupts, and the NMI interrupt are not used for this
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application. However, the serial bus interface triggers internal interrupts to coordinate data
transfers via the serial transceiver.

2.5.2 ICL Interface

The ICL processor provides two integral serial communication channels (designated channel
0 and channel 1) that can be programmed to support a variety of communication protocols.
For the present application, both channels are connected to onboard transceivers that are
configured to support RS-485 communication links.

XXXXX
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2.6 CPC Processor Section
2.6.1 Interrupt Processing

The CPC 80386EX microprocessor includes an internal interrupt controller that provides input
ports for one nonmaskable interrupt (NMI), four levels of external maskable interrupts (INTO/
through INT3/), and internal interrupts from programmable timers and a serial communication
controller. The CPC processor receives separate interrupts from the two NIC chips. These
inputs are routed to interrupt ports INTO/ and INT1/, respectively, to coordinate data transfers
between the processor and the Ethernet hardware interface.

2.6.2 Ethernet Interface

The Ethernet interface is implemented by the xxxxx NIC, which is a single VLSI device that
includes the Media Access Control (MAC) and Encode/Decode (ENDEC) with AUI interface
and 10BASET interface functions in accordance with IEEE 803.2 standards. (The AUI is not
used for this application.) The 10BASET transceiver functional block incorporates receiver,
transmitter, heartbeat, loopback, jabber detection, and link integrity functions. The integrated
ENDEC module allows Manchester encoding/decoding by means of a differential transceiver
and phase-lock loop decoder at 10 Mb/sec. This section also includes a collision detector and
diagnostic loopback capability.

The CPC processor is connected to hardware for two identical Ethernet channels designated
CHO and CH1. Major components for each channel include a DPM, serial interface network
controller chip (NIC), isolation hardware, and a xxxxx crystal oscillator (shared by the two
channels). A single interrupt signal is routed from each NIC directly to the CPC processor
(NICO_INT to INT2 input port, NIC1 INT to INT1 input port). All other timing and control
signals are routed to the FPGA chip, which coordinates all transfers between the NIC and the
CPC processor.

2.6.2.1 Interface Configuration

Both Ethernet channels are configured with 10BASET (TPI) physical interfaces; jumper posts
W2, W3, W5, and W6 enable the user to configure functional characteristics of the NIC.
Following powerup, the hardware circuitry pulls the AUI/TPI port of each NIC low, and logic
in the NIC chip enables the TPI interface. TPI interface enables differential RX and TX signal
lines with 10BASET interface. Other Ethernet physical interface options are not used and are
disabled. '

2.6.2.2 FPGA Design for NIC Support

The FPGA supports CPC processor’s read and write to the internal registers of the two NIC
chips, as well as accesses the contents of the DPM interface to each NIC chip.

The CPC processor’s request to access the internal registers of each NIC is used to
synchronize these requests with the acknowledge signals from the NICs. The ready input to
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the processor is delayed until an acknowledge signal is received from the addressed NIC.
This is accomplished through two identical state machines, one for each NIC interface.
These state machines detect the CPC processor’s request to access that NIC, output the NIC
chip select signal, wait for the NIC to respond to the request with an acknowledge, create a
properly timed write strobe to the NIC (for write requests), and then release the ready signal
to the processor after the proper number of wait states.

The FPGA uses the CPC processor’s NIC-DPM requ‘ests, the read strobe, and write strobe to
create all of the inputs required by the DPM for each NIC. Table 6 lists the output signals for
NIC-DPM. :

Table 6. NIC-DPM Control Signals

Description NIC 0 NIC 1
XXXXX XXXXX XXXXX
XXXXX XXXXX XXXXX
XXXXX XXXXX XXXXX
XXXXX , XXXXX XXXXX
XXXXX XXXXX XXXXX

2.6.2.3 CPC Processor’s Control Over NIC

The CPC processor controls overall operation of the Ethernet interface, transfer of data to or
from the NIC via DPM, and transfer of data to the main processor via public memory.
Following powerup or manual reset, the processor can activate NICORST/ xxxxx and
NICIRST/ xxxxx output signals to disable data reception or transmission at both Ethernet
ports. After the controller becomes both sane and primary (SANE/ and PRI/ signals both low),
the software can disable the reset signals to permit normal operation of the interface to start.

While normal operation of the NIC is enabled, it activates an interrupt (NICO_INT or
NIC1_INT) to the CPC processor following reception of data from the interface, transmission
of data to the interface, or after completion of DMA transfer with DPM. The specific response
of the processor to this interrupt depends on current status. The process of reading current
status requires the following sequence:

XXXXX

Similarly, the processor can use the same sequence for transferring command data to a selected
internal register of the NIC. The general sequence of operation necessary for the LAN
processor to control operation of the interface is as follows:

XXXXX
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XXXXX

2.7 SOE Timer

The SOE timer is implemented by a timer with 100 puS resolution contained within the
FPGA.

XXXXX
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2.8 FPGA

XXXXX
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3. Hardware Detailed Design for HFC-DPMO06

Module Specification

e Environmental Extremes for Reliable Equipment Operations

o Temperature: 0° to 55° C (operating)
0° to 70° C (storage)
o Humidity: 5% to 95% RH, non-condensing
e Supply Voltage +24 VDC +/- 10%
e Maximum Power Dissipation 5.76 Watts

e Mounting Requirements

All HFC-6000 controller racks contain three slots on the right side of the chassis reserved for
controller hardware. The middle slot of the three must contain an HFC-DPMO06 assembly.

3.2 Onboard Power Distribution

The card receives redundant 24-vdc power feeds from backplane connector P1. The two power
feeds are diode auctioneered and routed to FET switch Q9. The gate input of Q9 is connected
to two optical isolators in parallel. Optical isolator U9 is connected to a 5-vdc input signal
from controller A, and optical isolator U10 is connected to a 5-vdc input signal from controller
B. If a 5-vdc input is available either from controller A or from controller B, one of the two
optical isolators will become forward biased. While either optical isolator is forward biased,
the gate circuit of the FET passes the input power feed to voltage regulator U5, and the voltage
regulator provides +5vdc operating power to all other hardware on the card. When both
controllers are powered down (or missing), the FET becomes cut off, and operating power is
removed from all components on this card.

3.3 DIP Switch Status Transfer

Switch configurable data for the HFC-SBCO06 board is organized as -four data words.

[l

XXXXX
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XXXXX

Table 7. Configuration Data Organization

Control Signal States

Data Transfer Enabled
DIPSWO0O | DIPSWI DIPSW2
XXXXX XXXXX XXXXX XXXXX
XXXXX XXXXX XXXXX XXXXX
XXXXX XXXXX XXXXX XXXXX
XXXXX XXXXX XXXXX XXXXX
XXXXX XXXXX XXXXX XXXXX

3.4 Hardware Connections

The HFC-DPMO06 has a single backplane connector (P1). Table 8 summarizes the specific
pin assignments for this connector. One JTAG connector (J1) is located on the surface of the
card. This connector is used for programming the FPGA chip for the DIP switch interface.
This port is not used or accessible during normal operation of the controller.
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“Table 8. PI1 Pin Assignments

Category Pin Mnemonic Pin - Mnemonic
Power XXXXX

Ground XXXXX

Bus

DPM XXXXX

Control

DPM XXXXX

Address

Signals

DPM Data | xxxxx
Signals

DIP XXXXX
Switch
Control
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Category Pin Mnemonic Pin Mnemonic
DIP XXXXX
Switch
Data
Failover XXXXX
Control

4. Memory Configuration and Access Control

Each processor has their private RAM, flash memory, PROM and has access to the public
memory area and the dual ported memory on the HFC-DPMO06 board. The CPC processor

also has access to the NIC-DPM, the dual ported memory for the NIC.

4.1 Memory Configuration

Figure 1 shows the memory address space architecture. Please note that the addresses are
just an example, because the starting addresses, size, and configuration of each memory array

are all software configurable.

Figure 1. Memory Address Space Architecture
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4.1.1 Private Memory Co‘nfiguration for the SYS Processor

The private memory for the SYS processor is organized into upper, mid, and low memory
arrays. The following paragraphs provide descriptions of the private memory configuration
of the SYS processor.

s High Memory - The upper bank of private memory can be provided by xxxxx bytes
xxxxx of PROM storage or flash memory ending with the address of xxxxx. This portion
of memory provides storage place for the system software. Access to memory in this
bank is enabled by the UCS/ chip-select signal. The choice of PROM or flash memory
located in the high memory area is determined by the status of jumper J1;

e Mid Memory - An xxxxxxx boot block flash memory chip xxxxx serves as the mid
memory array. The starting address of mid memory is set by the system software
- installed in upper memory, and the memory write function is enabled/disabled by
onboard switch S2. The flash memory array provides nonvolatile storage for the
controller application program, and S2 can be used to prevent online modification of this
program.

s Low Memory - The low memory bank provides xxxxxxxx of RAM xxxxxxx. Low
memory begins at address xxxxx and is configured to permit full word, low byte, or high
byte data transfers. The ending address of the low memory array is controlled by the
processor. RAM provides temporary storage place for the execution of the system
software. :

4.1.2 Private Memory Configuration for ICL and CPC Processors

The ICL and CPC processors have the same memory configuration as described in the
following paragraphs. '

s High Memory - High memory provides up to XXXXXXXXXXXX bytes xxxxxxxxxx of
PROM storage for system software code. The system software code can be transferred to
an xxxxxxxx flash memory. Onboard switch SW2 controls the WRITE ENABLE
function for all of the flash memory chips. Once the program software has been
transferred to flash memory, the processors can be configured to operate from flash rather
than PROM. '

s Low Memory - Low memory RAM provides xxxxxxx of volatile memory. Access to
RAM is enabled by the CS6#, BLE#, and BHE# signals. RAM provides temporary
storage place for the execution of the system software.

4.1.3 Public Memory

The Public Memory on the HFC-SBC06 board provides xxxxx array of volatile RAM. The
public memory array is configured with high and low bytes. As a result, the bus master will
have access for high byte, low byte, or full word read/write transfers. The starting and final
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address for the array will be software configurable by the SYS processor. This memory area
contains all dynamic data that needs to be shared by the three processors on the controller
board.

4.1.4 Dual Ported Memory

The DPM array consists of xxxxx of volatile RAM configured with high and low bytes in the
public memory area. The memory array is physically located on the HFC-DPMO6 board in
the slot next to the controller (or between two controllers in a redundant configuration). The
backplane connector-for the DPM slot provides separate address and data buses for controller
A and controller B. The starting and final address of the DPM array is software configurable
by the primary SYS processor. The DPM is used for redundant controller configuration to
transfer critical information from the primary controller to the secondary controller at regular
intervals. An integral memory controller permits simultaneous access by primary and
secondary controllers.

4.2 Memory Access Control

The onboard FPGA provides chip select and control signals for the processors. The FPGA
coordinates bus transfers to local private memory as well as access to the common public
memory bus. Figure 2 shows processor bus structure organization.

Each processor has a dedicated data bus connected to its private memory and an interface
with the public bus for access to public memory and DPM. All logic components in the
common section of the controller are connected to the common public bus. The three
processors each use this bus to read current status from public memory and to write status
updates to public memory. When the controller is operating in a redundant configuration, the
Pentium processor on the primary controller also transfers current status from public memory
to the DPM array. Similarly, the Pentium processor on the secondary controller transfers
updated status from DPM to its public memory array.

Memory access controls are provided by the FPGA which provides chip select and memory
access functions for the SYS processor, as well as the ICL and CPC processors.

4.2.1 Memory Control Signals for the SYS Processor

Table 9 lists memory control outputs provided by the FPGA for access to different memories
for the SYS processor.
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Figure 2. Processor Bus Structure Organization

Table 9. Memory Control Signals for SYS Processor

Signal

Description

EPROM CHIP ENABLE

1) Upper chip select address range if boot strap is
installed and EPROM read is enabled (used to boot
from EPROM)

2) Middle chip select address range if applications
flash is disabled (used when applications is in
EPROM).

EPROM READ STROBE

Memory read cycle if EPROM chip enable is active.

CODE FLASH CHIP ENABLE

1)Upper chip select address range if bootstrap is not
installed. (Used for normal code execution from code
flash)

2) Upper chip select address range if boot strap is
installed and code flash write is enabled (used to
programming code flash from EPROM when booting
from EPROM)

CODE FLASH READ STROBE

All memory read cycles
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CODE FLASH WRITE STROBE

Upper chip select address range if code flash write is
enabled.

APPLICATIONS
ENABLE

FLASH CHIP

1) Middle chip select address range if applications
flash read is enabled during a memory read cycle
(used to read applications program if applications is in
flash)

2) Middle chip select address range if applications
flash write is enabled during a memory write cycle
(used to program applications program into flash)

APPLICATIONS
STROBE

FLASH READ

1) Memory read cycle if APPLICATIONS CHIP
ENABLE is active and applications flash read is
enabled.

APPLICATIONS FLASH WRITE
STROBE

Memory write cycle if APPLICATIONS CHIP
ENABLE is active and applications flash write is
enabled.

RAM CHIP ENABLE (LOW BYTE)

1) Low chip select address range is active and low
byte enable is active. (used for normal low memory
access)

2) Middle chip select address range is active and low,
byte enable is active if either ram read or ram write is
enabled. (used to '"overlay" applications flash
memory)

RAM CHIP ENABLE (HIGH BYTE)

1) Low chip select address range is active and high
byte enable is active. (used for normal low memory
access)

2) Middle chip select address range is active and high
byte enable is active if either ram read or ram write is
enabled. (used to ‘“overlay" applications flash
memory)

RAM READ STROBE

1) Memory read cycles to low chip select address
range (used for normal memory reads to low memory)
2) Memory read cycles to middle chip select address
range if ram read is enabled (used to overlay
applications memory) '

RAM WRITE STROBE

1) Memory write cycles to low chip select. address
range (used for normal memory writes to low
memory)

2) Memory write cycles to middle chip select address|
range if ram write is enabled (used to overlay|
applications memory)

PUBLIC MEMORY SELECT

1) All memory read or write cycles not in any

programmed address range.
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4.2.2 1/0 and Memory Control for the CPC and ICL Processors

The FPGA supports both ICL and CPC processor’s I/0 ports and memory control functions.

4.2.2.1

I/O Mapping Through The FPGA

The FPGA contains an identical control port, the Data Steering Control Register (DSCR), for.
each processor. Each processor updates its respective DSCR with an I/O write to address
xxxxx. Table 10 lists the functions provided by the DSCR for each processor and the data
bus bits that control these functions. These control functions are used to control chip selects,
read strobes, and write strobes for the RAM, FLASH, and EPROM memories for the [CL and
CPC processors. ' :

Table 10. I/0 Mapping for 386EX Processors

DATELINE FUNCTION
0 XXXXX
1 XXXXX
2 XXXXX
3 XXXXX
4 XXXXX

4.2.2.2 Memory Control Signals

The memory control. outputs provided for each of the two 80386EX processors are
summarized in Table 11.

Table 11. Memory Control Signals for ICL and CPC Processors

Signal Function
XXXXX XXXXX
XXXXX XXXXX
XXXXX XXXXX
XXXXX XXXXX
XXXXX XXXXX
XXXXX XXXXX
XXXXX XXXXX
XXXXX XXXXX
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XXXXX : XXXXX

4.2.3 Public Memory and DPM Access

The FPGA provides arbitration for all memory accesses to both onboard public memory and
off board dual ported memory. All three processors provide public memory requests into this
FPGA. The FPGA determines if the request is for onboard public memory or off board
DPM, controls access to the proper memory, and grants access to the requesting processor. If
one of the other two processors also request access to the public memory, access is denied to
that processor until completion of the memory cycle by the first processor.

- XXXXX

4.2.4 RAM Access Control

The RAM access logic on the FPGA permits firmware to coordinate data transfers between
the local RAM and the public memory of the controller. ’

XXXXX

3. Software Detailed Design Specification

Each processor’s system software consists of some standard HFC software components and
some hardware specific routines. The design specifications of the standard HFC software
components are covered in each component’s individual detailed design specification. Refer
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to Section 5 of the document MS901-000-01 to get a list of component detailed design
specifications that are related to the HFC-SBC06 or HFC-DPM06 boards.

This section provides design specification of hardware specific routines or board specific
routines, mostly are the initialization processes.

5.1 Initialization Routines

5.1.1 General Initialization Sequence

Each processor on the HFC-SBC06 board goes through a set of initialization sequences
before it starts normal operation. These initialization sequences include power up
initialization, hardware initialization, processor configuration, and UCP Multitasking
Operating System initialization.

5.1.1.1 Reset Initialization and Hardware Initialization

Upon power up or reset, the processor automatically begins processing with the instruction
pointer set to the last segment address in high memory xxxxx, which contains the reset
initialization routine.

XXXXX

Functional characteristics of the initialization sequence are similar for all processors. The
power-up initialization routine configures chip select registers to define the onboard
hardware environment such as memory configuration. If the processor is configured to boot
from the PROM, then the software will copy the contents of the PROM to the flash memory
and start running from the flash memory.

The module proceeds with hardware-specific initialization for that processor and its
peripherals. The module performs initial diagnostic tests, such as RAM Read/Write test and
EPROM checksum verification. Any fault detected at this stage of operation is fatal and the
program execution will terminate after setting fail indications to the LEDs.

After completibn of all preliminary hardware initialization and diagnostics, the initialization
software provides different paths for the system processor (SYS processor) and subordinate
processors (ICL ‘and CPC processors) to perform their individual processor configuration
routines.

5.1.1.2 Processor Configuration

The system processor will initialize public memory and define the controller’s configuration.
The system processor resets the READY code in the public memory early during the Reset
Initialization stage. It reads configuration DIP switches settings and application data in its
local memory and sets up configuration data for all subordinate processors in a dedicated
area in the public memory, well-known to all processors on board. After the system
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controller finishes configuration of public memory and becomes SANE, it will set the
READY code at the header of the configuration area to indicate completion of the
configuration sequence.

The subordinate processors wait till the READY is set in the public memory. After the
public memory is ready, the subordinate processors access the public memory and make a
local copy of all necessary memory pointers to the public memory and copy other
configuration data in their local private memory. Each subordinate processor gets the
controller configuration definition in the public memory to build its local copy of all
necessary memory pointers. It also goes to its own segment directory in the public memory
to get a function code. This function code represents the requested operating mode of the
controller by the configuration initialization of the system processor. Two operating modes
are supported: Run mode (norma] operation), and Self -Test mode.

In the Self-Test mode, the processor performs different kinds of tests based on a request code
set up by the DIP switches. The processor stays in the Self-Test mode until the dip switches
settings are changed to Run mode. The Run mode is the normal operating mode, and the
programs will go to the UCP Multitasking operating system after an OS initialization.

5.1.1.3 UCP Multitasking Operating System Initialization

The UCP Multitasking Operating System is a standard HFC software component. It is
mainly a task scheduler that controls the execution of all firmware as well as provides many
support functions. During normal operation, the OS component schedules tasks by
performing a sequential scan of the defined TCB (task control block) list at regular
predefined time intervals, and executes each task in the TCB list if the task’s operation status
indicates that the task should be executed at that time.

Each processor has unique hardware characteristics and specific functions to fulfill. Various
specific initialization routines are required for each processor to set up the hardware and
software environment for the operating system to run. These initialization routines are
implemented in the processor specific portion of the software. Several initialization routine
index tables provide entry to these routines. During the OS initialization, the OS
Initialization routine calls these specific initialization routines by going through the
initialization routine tables. These initialization routines initialize data structures and add
configured tasks to the TCB list for the OS. :

Refer to. document MS901-000-01, HFC-SBC06-DPM06 Module Design Specification for
the list of configured tasks for each processor on board.

After the initialization for TCB is finished, the OS initialization routine loads the processor’s
mailbox and marks the processor’s status flag to Initialization Done and Online in the
dedicated area in the public memory.

The system processor keeps on checking the processor status flag for all configured

processors to see if all the processors have finished initialization and online.
XXXXX
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XXXXX

Refer to document DS001-000-01, OS Component Detailed Design Specification for
additional information on the OS Component and its initialization interfaces.

In a redundant controller configuration, the failover mechanism determines which controller
is primary and which controller is secondary, and the processors on the primary controller
start operating in primary mode and the processors on the secondary controller start operating
in secondary mode. Refer to document DS001-000-08, Failover Mechanism Component
Detailed Design Specification for additional information.

'5.1.2 SYS Processor Application Data Initialization

The SYS processor copies application data contained in its flash memory to the public
memory or local RAM. The application data includes the following:

e Equations — Application program for control logics

e [/O Configuration Table — ICL I/O Scan Configuration Table for the ICL Processor
e PIP Definition Table — not used for HFC-SBC06

e RQ Table — DDB Filter Table and Broadcast Table for the CPC Processor

e Block Data — Input-Data and Intermediate Calculation Data for CQ4 blocks

e Block Value — Output Value and Quality Word for CQ4 blocks

The Equations, Block Data, and Block Value are used for the SYS processor by the Equation
Interpreter Component and CQ4 Component. The /O Configuration Table is used by the
ICL processor to perform I/O scan. The RQ Table is used by the CPC processor for DDB
broadcasting and processing of DDB data received from the C-Link.
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1. Introduction

The HFC-DO8J assembly is an eight-channel relay digital output board. This assembly
operates as a standard DO relay board in an HFC-6000 control system. It receives the
images of its digital outputs from an HFC-SBCO06 system controller at regular 1ntervals and
uses this data to set the on/off status of each output relay.

. The overall architectural design of standard HFC-6000 1/O boards are provided in document
MS901-000-02, HFC-6000 I/O Board Module Design Specification.

This document describes the detailed structure and design of the HFC-DO8J board. The
design descriptions of the common software modules of I/O boards are covered in document
DS901-000-02, HFC-6000 I/O Board Module Detailed Design Specification. The
description of the operation and function of an HFC-DOB8J board will be presented using
design, implementation, and configuration information.

2. ' Functional Description

The HFC-DOS]J board is designed to interface eight field outputs to an HFC-6000 control
system. It provides eight relay digital output channels. The board receives the image of its.
digital outputs from the HFC-SBCO06 controller board at regular intervals, and uses this data
to set the on/off status of each output relay.

It also has all standard functions of an HFC-6000 I/O board described in the HFC—6000 /0
Board Module Design Specification.

3. Hardware Detailed Design Specification

3.1 Module Specification
* Environmental Extremes
» Temperature:  0° to 55 C° (operating)
0° to 55 C° (storage)
» Humidity: 5% to 95%, non-condensing

= Power Requirement
» External Input Power: +24-vdc, 0.4 A maximum load

* Onboard Clock Rate
» Microprocessor Clock:  22.1184 MHZ

= Relay contact ratings
» Up to 30-vdc with 5 A maximum current (resistive load)
» Up to 250-vac with 5 A maximum current (general use)

3.2 Switches, Jumpers, and LED Indicators

The HFC-DO8J board includes the four card-edge LEDs common to all I/O boards as well as
the following components unique to this assembly:
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3.2.1 Jumpers

E1-E2 Installed during testing to disable the NMI sighal. When the jumper is removed,
the D-latch U41-A activates a high NMI signal.

E5-6 Function not currently defined

3.2.2 LED Indicators

DS1-1 Lights when the channel 1 is on
DS1-2 Lights when the channel 2 is on
DS1-3 Lights when the channel 3 is on
DS1-4 Lights when the channel 4 is on

DS2-1 Lights when the channel 5 is on
DS2-2 Lights when the channel 6 is on
DS2-3 Lights when the channel 7 is on
DS2-4 Lights when the channel 8 is on

3.3 ONBOARD POWER DISTRIBUTION

* The board receives redundant 24-vdc power feeds from the back plane connector P1. The
two power feeds are diode auctioneered, and the resulting 24-vdc output is routed to the
following components:

e The onboard voltage regulator converts the 24-vdc source power to 5-vdc power required
for logic components on the HFC-DO8J board.

e The combined 24-vdc power line supplies operating power to each of the output relays. A
transistor switch in this power line opens whenever the watchdog timer becomes reset.

3.4 Digital Data Output Port

The HFC-DOB8J board includes eight relay-controlled DO channels. The ON/OFF image for
the eight channels are configured in memory as a single byte of data. During regular scan
cycles, the microprocessor copies the DO image from memory to an eight-bit latch, and the
resulting output signals from the latch control each DO channel individually.

Each output channel consists of an optocoupler and a mechanical relay with both normally
open and normally closed contacts. The optocoupler is configured with a control signal input
PTn/ routed from the data output port and the 24-vdc power for the relay. When the digital
image for a particular DO channel is ON (PTn/ signal low), the optocoupler becomes forward
biased, and 24-vdc power line passes through the optocoupler circuit to the relay coil. While
the microprocessor is processing its program code normally, the 24-vdc power line energizes
the relay to produce the ON state output. However, if the watchdog timer becomes reset, a
transistor switch in the 24-vdc power line opens, removing operating power from all of the
relays simultaneously. ‘ ~
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3.5 Hardware Connections

Table 1. Connector P1 Pinout Summary

Category Pin Mnemonic Pin Mnemonic
Power P1-Al XXXXXXX P1-Bl XXXXXXX
P1-Ci XXXXXXX P1-A3 XXXXXXX
P1-B3 XXXXXXX P1-C3 XXXXXXX
P1-AS XXXXXXX P1-BS ] XXXXXXX
P1-C5 XXXXXXX P1-A12 | XXXXXXX
P1-B12 XXXXXXX P1-C12 XXXXXXX
P1-Al4 XXXXXXX P1-B14 XXXXXXX
P1-Cl14 XXXXXXX P1-Al6 XXXXXXX
P1-B16 XXXXXXX P1-Cl6 XXXXXXX
Serial Bus P1-A9 XXXXXXX P1-C9 XXXXXXX
- | P1-B8 XXXXXXX P1-A10 XXXXXXX
P1-C10 XXXXXXX P1-C8 XXXXXXX
CONTROL | P1-Aé6 XXXXXXX P1-B6 XXXXXXX
P1-C6 XXXXXXX P1-A7 XXXXXXX
P1-B7 XXXXXXX P1-C7 XXXXXXX
P1-A8 XXXXXXX

Table 2. Connector P2 Pinout Summary

Pin Mnemonic Pin Mnemonic
P2-A32 XXX . P2-C32 XXXXXXX
P2-A31 XXX P2-C31 XXXXXXX
P2-A30 XXXXXXX P2-C30 XXXXXX
P2-A29 XXXXXXX P2-C29 XXEXXXXX
P2-A28 XXXXXXX P2-C28 XXXXXXX
P2-A27 XXXXXXX P2-C27 O XXXXXXX
P2-A26 XXXXXXX P2-C26 XXXXXXX
P2-A25 XXXXXXX , P2-C25 XXXXXXX
P2-A24 XXXXXXX P2-C24 XXXXXXX
P2-A23 ' XXXXXXX P2-C23 XXXXXXX
P2-A22 XXXXXXX P2-C22 XXXXXXX
P2-A21 XXXXXXX P2-C21 XXXXXXX
PS-A20 XXXXXXX PS-C20 XXXXXXX
P2-A19 XXXXXXX P2-C19 XXX X
P2-A18 XXXXXXX P2-C18 XXXXXXX
PS-A17 XXXXXXX PS-C17 XXXXXXX
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P2-Al6 XXXXXXX ' P2-C16 XXXXXXX
P2-Al5 XXXXXXX P2-C15 XXXXXXX
P2-Al14 XXXXXXX P2-Cl14 XXXXXXX
P2-Al3 XXXXXXX P2-C13 XXXXXXX
P2-A12 XXXXXXX P2-C12 XXXXXXX
P2-All XXXXXXX P2-C11 XXXXXXX
P2-A10 XXXXXXX P2-C10 XXXXXXX
P2-A9 XXXXXXX P2-C9 XXXXXXX

4. Software Detailed Design Specification

The HFC-DO8J board has a total of eight DO channels that provide both normally open and
normally closed contacts. The design descriptions of the common software modules are
provided in HFC-6000 1/O Board Module Detailed Design Specification. The following
subsections provide detailed design descriptions for the software routines specific to the
HFC-DO8J board.

4.1 I/0 Scan Module

XXXXXX XXX XXX XX XXX XX XXX XXX XXX XXX XXX XXX XXX XXX XX XX XXX
XXX XXX XXX XXX XX XX XXX XXX XXX XXX XXX XXX XXX KX XXX XXX XXXX

4.2 Probess Command Routine

XXXXXX XXX XXX XX XXX XXX XXX XXX XXX XXX XXX XX XXX XXX XXX XXXX
XXX XXXXXX XXX XX XX XXX X XXX XXX XXX XXX XXX X XXX X XXX XXX XXXX
XXXXXXXXXX XXX XXX XXX XXX XXX XXX XXXX XXX XXX XXX XXX XXXXX
XXXXXX XXX XXX XX XX XXX X XXX XXX XXX XXX XXX X XXX XXX XXX XXX XX

4.3 Data Structure

This section describes the structure of the DO image and provides a list of the programmable
ports used in the software.

-4.3.1 1/0 Scan Data :
The DO8J board has eight DO channels. The eight DO images are organized as a single byte
in the poll message received from the SBC06 controller as shown below:
Bit7 | Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
XXX | XXX | XXX XXX XXX XXX XXX XXX

4.3.2 Microprocessor Programmable Ports

The microprocessor uses certain programmable ports of P1 and P2 to control specific
hardware functions. Table 3 lists the specific ports that are used, their function, their active
state, and the mask required to implement that state in the program.

Table 3. Programmable Ports Used for DO8J Board

Port Function Implementation
P12 XXXXXXXXXXXXXXXXXXX | XXXXXXX XX XXX XX XXX XX
1 D.0,0,0.0.0.0.0.6:0.0.0.0.6.00.0.0.0.80D.9.0.6.0.0.0.0.0.0.0.6.60.9.0.0.0.0.
XXXXXXXXXXXXXXXXXXX
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Port Function Implementation
. P1.3 XXXXXXXXXXXXXXXXXXX | XXX XXX XX XXX XXXXXX
XXXXXXXXXXXXXXXXXXX | XXX XX XXX XXX XXX XXXX
P1.6 XXXXXXXXXXXXXXXXXXX | XXXXXXXX XXX XX XX XXXX
T XXXXXX XX XXX XXXXXXXX | XXX XX XXX XX XX XX XX

XXX XXX XX XXXXXXXXXXX

P1.7 XXXXXXXXXXXXXXXXXXX | XXXXXX XX XXX XXX XXXXX
XXXXXXXXXXXXXXXXXXX | XXXXXXXXXXXXXXXXXXX
P2.1 XXXXXXXXXXXXXXXXXXX | XXXXXX XX XXX XX XXXXXX
XXXXXXXXXXXXXXXXXXX | XXXXXXXX XXX XXX XXXXX
P23 XXXXXXXXXXXXXXXXXXX | XXXXXX XX XXX XX XXXXXX
XXXXXXXXX XXX XXXXXXX | XXX XXX XXX XX XX XXXX
XXXXXXXX XXX XX XXXXXX
Port 1 Control | XXXXXXXXXXXXXXXXXXX | XXXXXXXXXXXXXXXXXXX
Register XXXXXXXXXXXXXXXXXXX

5. Module Implementation Descriptions

5.1 Hardware Schematics
The schematic for the HFC-DOB8J board is drawing 400458-01.

5.2 Hardware Components — Bill of Materials
:0.0.0.6.0.0.0:0.0,0.0:0.0.0.0.0.0.0.0.0.0.0.0.6.0.0.0.0.0.0.0.0.0.0.0.0.0.0.9,0.6.0.0.0.0,0.0.0.0.4

5.3 Software Source Code Listing

The HFC-DOS8J board software consists of all common modules described in document
DS901-000-02, HFC-6000 /O Board Module Detailed Design Specification and the
following programs:

o XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXX XXX XXX XXX XXX X XXX XXX XXXX
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1.0 INTRODUCTION

The HFC-AOS8 assembly is an 8-channel analog output board. This assembly operates as a
standard AO board in an HFC-6000 control system. It receives digital output images from
the system controller and performs D/A conversion for each channel at regular intervals. The
HFC-SBCO06 controller initiates communication with a configured HFC-AO8 board during
its regular scan cycles, and the HFC-AO8 board receives the current digital image for all
output channels from the poll message and returns current status.

Descriptions and discussions of the architectural and design descriptions of standard HFC-
6000 I/O boards, from an overview perspective, are provided in document MS901-000-02,
HFC-6000 1/0O Card Module Design Specification. Definitions of terms and acronyms are
provided in HFC Common Glossary, document DS004-000-01.

This document describes the detailed structure and design of the HFC-AO8 board. The
design descriptions of the common software modules and hardware functions of 1/0O boards
are covered in document DS901-000-02, HFC-6000 /O Board Module Detailed Design
Specification. The description of the operation and function of an HFC-AOS8 board will be
presented using design, implementation, and configuration information.

1.1 REFERENCES

700901-06 HFC-6000 I/0O Card Requirements Specification

400473-01 HFC-AO8F Schematic ‘

400472-01 HFC-AOSF 8 channel, 4-20mA Assembly

400472-02 HFC-AOSE 8 channel, 0-10VAssembly

WI-ENG-106 ‘Development of Hardware Design Specification

MS901-000-02 HFC-6000 Product Line, [/O Module Design Specification
DS901-000-02 HFC-6000 Product Line, I/O Module Detailed Design Specification

1.2 SPECIAL TERMS AND ABBREVIATIONS

o - Input/Output

LSB Least Significant Bit

RAM Random Access Memory

AOSF 0-20mA 8 Channel Analog Output
AOSE 0-10V 8 Channel Analog Output
D/A Digital to Analog Converter

2.0 SPECIFICATIONS

=  Environmental Extremes

Temperature: 0° to 55° C (operating)
0° to 70° C (storage)
Relative Humidity: 5% to 95%, non-condensing

* Power Requirements
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External Power Supply: +24 vdc, 0.4 A maximum load.

®  Onboard Clock Rate
Microprocessor Clock:  22.1184 MHz

Output Channel Rating: 0 to 20 mA (-01 assembly) or 0 to 10 V (-02 assembly) with
1/16-A line fuse for each channel and a 0.5-A line fuse for all

eight channels

* Mounting Requirements: Mounts vertically in an HFC-6000 chassis

3.0 CONTROLS AND INDICATORS

The firmware determines the overall operating characteristics of the hardware on the HFC-
AOS8 board. The HFC-AO8 board only includes the set of four LEDs and one switch that are
common to all I/O board types (DS901-000-02). However, the board does include eight
jumpers and nine fuses. These devices and the functions that they control are as follows:

3.1 JUMPERS

W3-W5  Fail-state jumpers, refer to paragraph 4.6.2 in this document for more
information on the fail-state jumpers.

W37 Installed to make analog return and digital return electrical common.
E1-E2 Installed during calibration only to disable the NMI signal. When this jumper
is removed, the D-latch U41-A activates a high NMI signal. E1-E2 should be

removed for normal operation.

ES-E6 Function not currently defined.

3.2 FUSES
F1, F2, Provide separate overload protection for eadh AO channel.
F4-F9
F3 Provides common overload protection for the 24-vdc power source to the eight

output drivers.

4.0 FUNCTIONAL DESCRIPTION

The HFC-AOS8 board is controlled by an onboard 80C188EB microprocessor and provides a
hardware interface between an HFC-6000 control system and field equipment requiring analog
control signals.
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4.1 OVERVIEW

The HFC-AO8 has all standard functions of an HFC-6000 I/O board described in the HFC-
6000 I/O Card Module Design Specification. The major functions performed by the
80C188EB microprocessor during normal operation are as follows: :

e Performs reset and initialization of onboard hardware. _

e Responds to data transmissions from the HFC-6000 controller.

e Receives AO images for each channel from the controller and stores that data in local
memory.

e Transfers AO images from memory to the Digital-to-Analog (D/A) converter for each
channel.

o Controls the D/A conversion process.

4.2 POWER DISTRIBUTION

The board receives redundant 24-vdc power feeds from the back plane connector J1. The
two power feeds are diode auctioneered, and the combined 24-vdc power line is divided into
four branches. One branch is routed to the input of an onboard voltage regulator. The second
branch is routed through a 0.5-A onboard line fuse. The remaining two branches are routed to
two *15-vdc power supplies. These separate branches provide operating power for the
following functions: '

e The onboard voltage regulator converts the 24-vdc source power to 5-vdc power required
for logic components on the HFC-AO8 board.

e The fused 24-vdc power trace is routed to the VCC port of the output driver for each
Analog Output (AO) channel.

e The two +15-vdc supplies pfovide operating power to the DAC for each channel. One of
the +15-vdc supplies also provides power to a precision 2.5-vdc regulator that provides a

reference voltage to all eight DACs.

4.3 RESET/INITIALIZATION

),0,0,0,9,0.0.9.0.0.9.0.0.0.0.0.0.0.0.9.0.9.9.90.0.0.0.0.0.0.9.0.9.0.0.0.¢.0.0.0.0.90.9.0.0.0.0.0.0.0.0
),9,9,9,9.9,9.9.9.9.9.9.9.9.0.0.0.0.0.0.9.9.9.9.0.9.0.0.9,0.9.9.0.0.0.9.0.0.0.0.0.0.0.0,0.0.0.0.0.0.0.(
) 9,9,9,9,9.9.9.0.9.9.9,0.0.0.0.0.0.0.0.0.0.0,0.9.0.0.0.0.0.9.0.0.9.0.0.0.0.0.0.0,0.0.0.0.0,0.0.0.0.0.4
):9,0.9,9.0,0.0.0.0.0.0.0.0.0.9.90.99.090907979404079900¢070707070706009099090909000.90.7070000
) 0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.000000006000909000000000000000¢
),9,9,9.9,0,0.9.0.0.0.0.0.0.0.0.0.90.0.0.0.0.9.9.9.9.9.0.9.9.9.0.9.0.090.90.90.90.9.9.0.9,00.9.90.0.0.0.0 ¢
),9,9.9,9.0.9.9,9.9.9.9.9.0.0.0.0.0.0.0.0.0.9.0.0.0.0.0.9.0.0.0.0.0.0.0.0.0.0.0.0.9,0,0.9,0,0.0,0.9.0.4
XXXXXXXXXXXXXXXXXKX XXX XX XXXX XXX XXXXX XX XXX XXX KXXXXXXXX
,9,0,0,0.0,0.0.0.0.0.0.0.0.0.90.0.9.0.90790¢4979¢0099007979¢4049409090909004909.97999.9.90.7070700/(
),9,9,0,9,0.0.9.90.0.0.:0.0.0.0.0.0.0.0.0.90.09.49.49.9.9.9.9.9.49.49.797979079.99.90.9.99000.90.907¢0700/
AXXXX XXX XXXXXX XX XX XXX XXX XXX XXX XXX XXX XX XXX XXXXXX
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),0.0.0.0.0.0,0.0.0.0.0.0.9.0.0.0.9.0.0.9,0.0.0,0.0.0,0.0.9,0.0.0.0.0.0.9.0,0.0.9.9.0,0.0.9.9,0.0,0.0,¢
),:0.0,0.0.0.0.0,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0.0.0.0.0.0.0.0,0,0.0.9.0,0.0.0.9.0,0.0.0,.¢
),:0,0,0.0.0.9.9.0.0.0.0,0,0.9,0,0.0.0.0.9.9,0.0,0.0.0.0.0.0.0.0.0.9.9,0.0.0,0,0.0.0.9,0,0.0.9,0,0.0,0.¢
),0.0.0,0.0.0.0.0.0,0.0.0.9.0.0.0,0.0.0.9.9,0,0,0.0.9.9,0,0.0.0.0.9.0,0,0,0,0,.0.0,0.0.0,9.0.9.0,0,0,0,¢
),0.0.0.0.0.0.9,9.0.0.0.0.0.0.0.0.0.0.0.0.0,0.0.0.¢.0.0.0,.0.0.¢.0.0.:0.0,0,0,0.0.0.0.0.0.90.9.9.90.0,0,0 ¢

4.4 MEMORY STRUCTURE

)0.0.0.0.0.0.0.0.0,0,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.6.0.0.6.6.0.¢
):0.0.0,0.0.0.0.0.0.90.0.9.9.90.0.0.0.90,00909900400490009000000990009900000000/
),:0.9.0.0.0.9,0.0.0,0.0.0.0.0.0.9.0.0.0.9.0.0,0,0.0.9.0,0,0,0.¢.¢.9.0.0,0,0,0.0.0.0.0.0.0.0.9.9.0,0,0,
),:0.0.0.0.0.9.9.0,0,0.0.0.9.0.0.0.0.0.0.0.0.0.0.0.0.9.0,0,.0.0.0.0.0.0,0.0,.0,0.0.0.0.0.09.0.9.0,0,0,0

4.5 INTERRUPT PROCESSING

XXXXXXXXXXX XXX XX XKXX XX XXX XX XXX XXX XXX XXX XXX XXX XXXXXX
):0,0.0.0.0.9.0.0,0.0.9.0.0.0.0.0.0.0.¢.0.0.0.0,0.9.0.0,0.0.0.0.0.9.0.0,0,0.0.0.0.9.9.0.0.0.0.0.0.0.0
),0.0.0.0.0.0.9.9.9.0.0.0.0.0.0.0.9.0.0.0.9.9.9.0.0.9.0.9.0.9.0.0.0.9.9.0.0.0.0.0,0.0.0.0.0.0.0.0.0.0 ¢
),:0,0.9,0.9.9.9.9.9.0.9.9.0.0.0.0.0.0.9.9.90.9.9.9.9.9.9.9.9.9.0.9.9.9.9.0.0.0.0,0.0.9.0.0.0.0.90.0.0.0
XXXXX XXX XX XXXX XXX XXX XX XXX XX XXX XXX XXX XX XXX XX XXX XXXX

- 4.6 MICROPROCESSOR PERIPHERAL PORTS

The microprocessor controls the following peripheral ports:

o Digital-to-Analog Converter (DAC) data output port
e Analog Output (AO) select output port

e Fail safe condition data input port

e Link address data input port

o Redundant serial port.

The Link Address input port, and the Redundant serial port are covered for the general case of
/O cards, therefore, they are not discussed here. Individual outputs from the programmable .
port P1 of the microprocessor control the chip enable signals for the three I/O ports

4.6.1 AOINTERFACE

The interface between the microprocessor and the analog outputs includes both the DAC data
output port and the AO select output port. The interface between the microprocessor and
each AQO channel consists of an 8-bit latch, a one-of-eight demultiplexer, and a separate D/A
converter for each channel. Because each AO image consists of 12 bits, the microprocessor
must run two write cycles to each DAC. The hardware design for the card requires that the
microprocessor transfer the most significant (high) byte of data to the DAC first and then the
least significant (low) byte. During the second write cycle, the microprocessor transfers both
bytes of data to the internal DAC register, enabling the DAC process to begin. The overall
process required for data transfer to a single DAC is as follows:
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1. The microprocessor runs an I/O write cycle with programmable output port P1.0 pulled
low to transfer the high byte of the AO image to the 8-bit latch. The latch retains this
data until it is overwritten by a subsequent write cycle. The output ports of the latch
control an 8-bit data bus that is connected to each of the DAC chips.

2. The microprocessor pulls programmable port P1.1 low (CSMSB/) to transfer the high
byte of the AO image from the 8-bit data bus into the input register of all DAC chips
simultaneously.

3. The microprocessor runs a second write cycle to transfer the low byte of the AO image to
the 8-bit latch.

4. The microprocessor places the binary code for the AO channel being processed on
address lines AO1, A02, and A03. The one-of-eight demultiplexer uses this code to
activate the chip select signal (CS/) for the DAC associated with this AO channel.

5. The low active CS/ signal transfers the low byte from the 8-bit data bus into the DAC for
the selected channel, and it also transfers the entire AO image into the DAC register.

6. When the CS/ signal returns to a high state, the DAC begins the conversion process.

):0.0.0.9.0.0.0.9.0.0,0.0.9.0.0.0.0.0,0.0.0,0,6.0.0,0.0.9.0,0.0.0.9,0,0.0.9.0.0,0,0.0.9.9.0,0,0.0.0,0,0,
XXXXXXXXXXXXKXX XXX X XXX XXX XXX XXX XX XXX XXX XXX XX XXXX
XX XXXXXXXXXXX XXX XXX XXX XX XKXXXXXX.

Once the AO image has been loaded into the DAC register, DAC automatically uses that data
to perform D/A conversion, unless overridden by a failsafe condition (controlled by the FH/L
and FH/C signals). Of the 16 bits in the DAC register, only 12 bits are used to represent the
channel output value; and these 12 bits are either right or left justified in the register,
depending on the logic state of the FH/L and FH/C signals (Table 2). The DAC converts the
AOQO image into a corresponding current value, and the current signal provides the input to an
amplifier, which produces an output signal between 0 and +5 vdec. This voltage is supplied to
the input of a precision voltage-to-current converter, which produces an output signal having a
range of 0 to 20 mA. ‘

The DAC produces an analog output that has a full-scale range of 0 to 2.5 vdc. The individual
analog channels condition the output to provide 0-20 mA (-01 assembly). The —02 assembly
has 499 Q) resistors on each output channel that convert the 0-20 mA signal into a 0- 10 V
signal. '

4.6.2 FAIL SAFE CONDITION DATA INPUT PORT

The design of the HFC-AOS includes three jumpers that are used to configure the card for one
of thee failsafe modes: fail high, fail low, hold last state. Each failsafe jumper (W3, W4, and
WS5) controls the logic state of a separate input to an 8-bit buffer. The microprocessor can read
the status of these jumpers by running a bus read cycle with programmable output port P1.0
pulled low. These inputs enable the software to determine the failure state selected by the
jumper strapping. Ifthe card looses communication with the controller, the software can XXX
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XXXXXXXXXXXXXXXXXXX XXX XXX XXX XXX XXX XXXKX XXX XXXXXXXXX
),:0,9,9.9.9,0,0.9.0.9.9,0.0.0.9,0.0.0.0.0.0.0.0.0.0.0,0.0.0.9.9,0,0,0,0.0.9.9.9.0,0.9.0,0,0,0,0.0.0,0,¢
):0.9.0.0,0.9,0,0,0.0.0.0.0.0.0,0.0.0.0.0.0,0.0.0.0.0.0,0.0.0.0.0.9.0,.0,0.0.0.0.0.09.90.9.0.0,0,0,0.0,¢
),0,0,0,9,0,9,0,0,0.0.0,0.9.9.0,0,0.9.9.9.9.9,0.0.0,0,0,0,0.0.0,0,0,0.0.0.0.0.0.0.0.0,0,0,0,0.0.0,0,0.¢
),0,9,9,9,0,0,9,0,0,9.9.9,9.9.9,9.9.9.9,9.9.9.9,0,0,0,0,0,0,0,0,0,0,0,0.0.9.9.9.9.0.0,0.0,0,0.0.0,0,0.¢
),:0,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0,0.0.9.9.0,0,0.0.0.0.0.0.0,0,0.0.0.0.6.9.0.0.0.0.0,0,0,0
KXKXKXXXXXXXXXKXKXXXEXXEXXXXXXKX KKK KKK XX XX XXX XX KX XXXXX

)0.0.0.0.0,0.9.0.9.9.0.0.0.0.0.0.0.0.90.0.90.90.49.9.999979707070700000.90990099900000000
),:0,9,.0.0.0.0.9,0.0.0.0.0.0.0,0,0.0.0.0.0.0,0.0.0.0.0.0,0.0.0.0.0.0.0,0.0.9.0,0,0.0.0.0,0.0.0,0,0.0,0,¢
),:0,0.0.0.9.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0.0.0.0.0,0.0.0.0.¢.¢.0.0.0,0.0,0.0.0.0.9.0.0.0,0.0,0,0,0,(
),0,0.0,0,0.0.0.0.9.9.9.9.9.9.9.0.0.0.9.0.0.0.0.0.9.9.9.9.9.0.9.9.9.0.0.0.0.0.0.0,0,0,0,.0.9.9.9.0.9.0.¢
):0,0.9.0.0.9.9.0.0,0.0.0.0.9.9.0,0,0.0.9.0.0,0,0.0.0.9,0.0.0.0.0.0.9.9,0,0,0,0.0,0.0.0.9.9.0.0.0,0.0¢

Table 1. AO Failsafe Control

Jumper | Status Function

W4 XXXXX | XXXXKXXXXXXEXXXXXXXXXXXX XXX XXXXXXXXX
XXXXXX XXX XXX XX XX XXX XX XXX XXX XXXXXX

w4 XXXXX | XXXXXXXXXKXX XXX XXX X XXX XXXXXXXXXXXX

W5 ). 0.0.0.0.GID.0.0.0.0.0.0.9.9.9.0.0.9.:9.:0.0.9.0.9.0.9.0.0.0.0.0.0,0,0.0.0.0.0,0.0
XX XX XXX XXX XXX XXX XX XXX XXXXXXXXXXXXXX

W4 XXXXX ] XXXXXXXX XXX XXX XXXX XXX XXX XX XXXXXXXXX

W5 ) 0.0.0.0. Gl D.0.0.9.9.9.9.9.9.9.9,0,9.0,0.9.9.9.9.9.9.0.9.9.0.0,0.0,0,0.9.0.9.0.0.{
XXXXXX XXX XXX XXX XXX XXX XXX XX XXX XXXXXX

Table 2. Data Justification of AO Images

W5 Most Significant Byte Least Significant Byte

ON | MSB LSBlx [x [x [x

OFF | x x |x [X [MSB LSB
8 716 |54 [3 2]t 18 ]7]6 ][5 [4]3 ]2 |1

5.0 HARDWARE CONNECTIONS

The HFC-AO8 card contains two board-edge connectors (P1 and P2) that mate with
corresponding connectors on the HFC-6000 backplane. Connector P1 provides the electrical
interface between the HFC-AO8 and the HFC-SBCO06, and connector P2 provides the
electrical interface with the external field hardware. Pin assignments for the P1 connector
are identical for all I/O boards and are covered in document MS901- 000 02. Pin assignments
for the P2 connector are covered in Table 3.
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Table 3. Connector P2 Pinout Summary

Pin ' Mnemonic Pin Mnemonic
P2-Al XXXXX P2-C1 : XXXXX
P2-A3 XXXXX P2-C3 XXXXX
P2-A4 XXXXX P2-C4 XXXXX
P2-A6 XXXXX P2-C6 XXXXX
P2-A7 XXXXX P2-C7 XXXXX
P2-A9 ' XXXXX P2-C9 XXXXX
P2-A10 XXXXX P2-C10 XXXXX
P2-A12 XXXXX P2-C12 ' XXXXX

6.0 SOFTWARE DETAILED DESIGN SPECIFICATION

The design descriptions of the common software modules are provided in HFC-6000 1/O
Board Module Detailed Design Specification. The following subsections provide detailed
design descriptions for the software routines specific to the HFC-AOSF board.

6.1 BOARD INFORMATION

The AOSF card has a total of eight identical AO channels rated for 0-20 mA. Each channel
includes a separate 12-bit D/A converter.

6.2 ANALOG OUTPUT SCAN ALGORITHM

An on-board fail-hi / fail-lo jumper provides option for using left justified or right justified
output data for the D/A converter. Before writing analog output images to the D/A
converters, the software checks if the jumper is installed. If it is installed, the software left-
shifts each output image 4 bit positions to make it left-justified. (Each 12-bit image is stored
as a single data byte:) If the jumper is not installed, the software leaves the AO images just
as they are received from the controller.

There are two calibration parameters for each channel that were originally obtained from the
EPROM. The software uses these parameters to adjust the output image of each channel for
better accuracy. Then the software strobes the adjusted output image into D/A converter
output for each channel. Refer to Section 6.3 for adjustment algorithm using calibration
parameters. :

6.3 SINGLE CHANNEL ADJUSTMENT ALGORITHM

The single channel adjustment algorithm is used in the software of A116I, AO8F, AC36 cards
to achieve better accuracy. Offset and gain for each channel will be determined by testing or
default to zero, and an EPROM file will be built incorporating the offset and gain parameters
in a specific location of EPROM memory. First time the I/O software enters scan module,
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the software obtains the offset and gain parameters from the specific memory location in
EPROM to calculate actual raw value for 4 mA and 20 mA of each analog input or analog
output channel and saves them in a buffer as two arrays: CALZERO and CALGAIN.

For 12 bit: XXXXXX XXX XXX XX XXX XXX XXXXXXX
XXXXXXXXXXXX XXX XXX XXXXXXXXX

The CALZERO array stores for each channel the actual value for 4 mA, i.e. STDZERO
adjusted by offset parameter for that channel. The CALGAIN array stores for each channel
the actual value for 20 mA, i.e. STDGAIN adjusted by gain parameter for that channel.

Let BX = channel number, then

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
).0.9.9,0.0,0,0,0,0,0,0,0,0,0,0.9.0.9.0.0.0.0.0.0.0.0.¢

Both 12-bit and 15-bit adjustments are handled according to the board type. The 15-bit Al
image requires over range and under range checks. The 12-bit AO does not have over range
or under range; however, the algorithm sets any negative value to 0 and changes any value
above OFFFy to OFFFy to prevent overflow.

6.4 HFC-AOS8F BOARD SPECIFIC MODULES
6.4.1 1I/0O SCAN MODULE

The HFC-AOSF board firmware has an I/O scan module like all other I/O boards, but
because this board has no input channels, this module has no function.

6.4.2 PROCESS COMMAND ROUTINE

For normal update messages, this routine reads eight AO images and transfers them to the
Scan Work Buffer. UCP diagnostics messages are processed as described in document
DS002-000-02.

6.5 DATA STRUCTURE
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6.5.1 SCAN DATA

The data field of the request message coming from the HFC-SBCO06 controller contains AO
images for eight channels, as follows:

Table 4. Byte Assignments For Scan Data

Byte AO Byte AO

0 XXXXX 8 XXXXX
XXXXX 9 XXXXX
XXXXX 10 XXXXX
XXXXX 11 XXXXX
XXXXX 12 XXXXX
XXXXX 13 XXXXX
XXXXX 14 XXXXX
XXXXX 15 XXXXX

NN bh (Wi —

7.0 MODULE IMPLEMENTATION DESCRIPTION

7.1 HARDWARE SCHEMATICS

The schematic for the HFC-AOSF board is drawing 400471-01.

7.2 HARDWARE COMPONENTS - BILL OF MATERIALS

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

7.3 SOFTWARE SOURCE CODE LISTING

The HFC-AOS8F board software consists of all common modules described in document
DS901-000-02, HFC-6000 I/O Board Module Detailed Design Specification and the
following programs: :

To XXXXXXXXXXXX XXX XXX XX XXX XXX XXX XXX XXXXXX
o XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

8.0 DESIGN SAFETY

),0,0.0.0.9.0.9.9.9.9.0.0.0.0.0.0.0.9.9.9.9.6.90.9.9.9.9.9.9.9.990940704060090906000000/(
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1.0 Introduction

The HFC-AI4K pulse input printed circuit board (PCB) provides four pulse input channels
for an HFC-6000 control system. This assembly operates as a standard I/O board in an HFC-
6000 control system. The four input channels of AI4K can be configured to either rate mode
or accumulate mode. The rate mode is used to monitor input pulse rate and each input is
reported as a standard 12-bit Al point. Accumulate mode is used to maintain a cumulative
count of pulses being received and the values are reported as two consecutive Al points.

Descriptions and discussions of the architectural and design descriptions of standard HFC-
6000 1/O boards, from an overview perspective, are provided in document MS901-000-02,
HFC-6000 1/0 Board Module Design Specification. Definitions of terms and acronyms are
provided in HFC Common Glossary, document DS004-000-01.

Subsequent sections of this document provide detailed structure and design descriptions of
the HFC-AI4K board, with concentration on the specific characteristics of an HFC-AI4K
board. The design descriptions of the common software modules of I/O cards are covered in
document DS901-000-02, HFC-6000 I/O Card Module Detailed Design Specification.

2.0 HFC-AI4K Functional Description

The HFC-AI4K board is controlled by an onboard 80C188EB microprocessor and provides
an interface for up to four analog field inputs and four analog field outputs for an HFC-6000
control system. The AI4K board has onboard switches for manual configuration and status
monitoring for each channel. It has an eight-character alphanumeric display to provide a
visual indication of operating status. ' '

It also has all standard functions of an HFC-6000 I/O board described in the HFC-6000 I/0O
Board Module Design Specification. Major functions performed by the 80C188EB
microprocessor during normal operation are as follows:

e Controls reset and initialization functions.

¢ Supports channel configuration.

e Samples the pulse input data from each of the input channels.

e Stores the input data image for each channel in local memory.
s Respond to data transmissions from the HFC-6000 controller.

3.0 Hardware Detailed Design Specifications
3.1 Module Specification

= Environmental Extremés -
Temperature: 0° to 55° C (operating)

0° to 70° C (storage)
Relative Humidity: 5% to 95%, noncondensing
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* Power Requirement
External Power Supply: +24-vdc, 0.4 A maximum load.
Interrogation Voltage:  +48-vdc

* Onboard Clock Rate
Microprocessor clock 22.1184 MHz

* Mounting Requirements: Mounts vertically in HFC-6000 board chassis.

*» The HFC-AI8M PCB meets the requirements of setsmic category 1.

» Low memory provides 32K by 8-bits of nonvolatile RAM for temporary storage of
message data being processed. Nonvolatile RAM is used to ensure that channel

configuration parameters will be preserved when power is removed from the system.

= Pulse Input Channel Operating Limits

Pulse rate: 0 Hz through 20 kHz
Peak voltage level: 12-vdc to 150-vdc
Peak input current: 10 ma (nominal)

3.2 ONBOARD POWER DISTRIBUTION

The board receives redundant 24-vdc power feeds from the backplane connector P1. The
two power feeds are diode auctioneered, and an onboard voltage regulator converts the 24-
vdc source power to 5-vdc power required for components on the HFC-AI4K board.

The board receives interrogation power (nominally 48-vdc) from the backpléne. Proper field
input wiring permit the user to configure one or more channels to operate with this

interrogation power source. Overload protection is provided by a common line fuse, and an
optocoupler permits the microprocessor to monitor status of the power line.

3.3 INTERRUPT PROCESSING

):0,0.0.9.0.9,0.0.0,0.0.9,0.9.0.0.0.0.0.0.0,0.0.0.:0.0.0,.0,0.0.0.0.0,0,.0,0.0.0.0.0.0.0.0,0.0,0,0,0.0.0 ¢
):0,0.0,0.0.0,0.0.0.9.0.0,0.9.0.9.0.9.9.9.0.9.9.9.9,9.9.9,0.9,0.9.0.0.0.0.9.¢.0.9.0,0,0,0,0,0.9.9.9.9.¢
XXXXXXXXXXXXXXXXXXXKXXKXXKXXXXX XXX XXX XXKXXXXXXXXXXXXXX
),:0,0,0.9.9.9,0,0,0.0.0.9.9.9.9,0,0.0.0.0.0,0.0.0.0.0.0,.0,0.0.0.0,9,0.0,0,0.0.0.0.0.0.0,0.0,0,0,0.0,0.¢
),0.0.0.0.0.0.0.0.0.0.0.0.0.9.0.0.0.0.0.0.0.0.0.9.0.0.0.9.:0.0.0.0.0.0.9.0.0.0.0.9.0,0,0,0,0,0.0.9,0.0.¢

3.4 MICROPROCESSOR PERIPHERAL PORTS

The microprocessor controls the following peripheral ports:

e Link address data input port
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Redundant serial port.

Switch status input

Counter status input

Programmable counter I/O

e Display control

e Status input from each pulse input channel.

The link address input port, and the redundant serial port are common to all I/O board types,
and are described in document DS901-000-02. Individual outputs from the programmable port
P1 of the microprocessor control the chip enable signals for the six I/O ports

3.4.1 Counter Status Port

The board contains a separately addressable input port for reading the following status input
signals:

e CT_ENI — High state indicates that the counter function for input channels 1 and 2 is
enabled.

e CT _EN2 - High state indicates that the counter function for input channels 3 and 4 is
enabled.

e RATEO/ - High state indicates that rate mode is selected for input channels 1 and 2.

o RATEL!/ - High state indicates that rate mode is selected for input channels 3 and 4.

When rate mode is selected for a particular pair of input channels, the microprocessor uses
the CT_EN status input to determine when the sampling period is complete. If rate mode is
disabled, the CT_EN status is not meaningful.

3.4.2 Port Addressing and Control

The hardware design of the HFC-AI4K card uses direct addressing to access the remaining
hardware ports on the board as well as specific registers within the intelligent devices
associated with those ports. When the microprocessor requires access to one of these ports, it
sets programmable output P1.0 low and places the address for the desired port on address
lines A12, A13, and A14. A demultiplexer decodes the address code to activate one of eight
output chip select signals. These signals control access to the following I/O ports:

o XXXXXXXXXXXXXXXXXXXXXXXXXXXXXKKXKXXXXXXXXXXXXXXXXX
0,:9,0.0.0.0.6.0.9.9.0.0,0.0.0.9.0,0,0.0.0.0,0,0.0.90.9.9,0.0.0.04¢.¢.0.0.0.0,0,0.0,0,0,0.0940.0.0.¢
)0.9,9.9.9,9.0.9.0.0.9.0.0.0.0.0.0.90.0.90.9.90.0.90.60.90.0.9.0.9.4¢.40.90909.90.99.9,990.0.97964000/(
XXX XXXXXXXXXXXXXXXKXXX XXX XXXKXKXX XXX XXX XXX XXXXXX

o XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXX XXX XXX XXXXXX
,9,0,0.0.0.0.0.0.:0,0.0.0.0.0.0.0.0.0.9,0.0,0.0.0.0.0.0.0.0,0.0.0.0.0.0.0.0.0.0.0,0,0,0,0.0.0.0.0.¢
,:9,0.9.9.0.0.0.9.0.0.9.9,0.0.9,0.0.0,0.0.0.0,0.9.0,0.0.0,0,0.0.0.0.0.0.0.0,0.0.9.9,0.0.0.0,0.0.0.¢
%,9.0.0.0.9.0.0.0.0.0.0.0.0.0.0.0.0.0,0.0.0,0,6:0.0,0.0.0.0,0.0.0.0.¢.0.0.0.0.0.0.0.0.0.0.0.0.0.0.¢
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o XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
):0.0.0.0.¢.0,9,9.0.0.0.0.0.0,0.0.0.0.0.0.0.0.0.9.0.9.0.:9.:0.0.0.0.0.0.0,0,0.0,9.0.0.0.0.0,.0.0.0.0
).0.0.0.0.0.0.0.0.0.0.0.0.0.0.090.0.0.0.0.90.0.0.07049707970707070790.9.9.9090997979¢9000909000.
):0,0.9.0.9.9.9.0,0.0.0.9,0.0,0.0.0.0.0.9.0.0.0.¢.9,0,0,0.0.0.0.9.9.0.0,0,0.0,0.0.0.0.9.0.0,0.0,0,¢
):0,0.0.0.0:0.9.9.9.0.0.0.0.0.0,0.0.0.0.0.0.0,0,0.0.0.9.0,0,0,0.0.00.0.0.0.0.0.0,0.0,0,0.0.0.0.0.¢
).0.0.0.0.0.0.0.0.0.0.0.0.0.90.090.90.90040.9.49.40.0.9.9.70.97970707040090909.90.9.997097900000
XXXXXXXXXXKXXXXKXKXEXXXXXXXXXX XXX XX XXX XXX XXX XXXXXXXX

o XXXXXXXXXXXKXXXXKXXXXXXXXXXXXX XXX X XXX XXX XXX XXXXXX
):0.0.0.9.9.9.9,9,0.0.0.9.0.0,0.0.0.0.0.0.0,0.0.0.9.0.0,0,0.0.9.9.9.0.0.0,0,0.0,0.0.0.9.9,0,0.0,0,¢
XXXXXXX XXX XXX XXX XX XXX XX XXX XX KX XX XXX XXX XXX KXXXXXXX
),0,9,0.0.0.0.9.0,9.0.0,0.9.9.9.9,0,0,0.0.0.0,0,0.0.9.0,0,0,0.0.0.9.0.9.9.9.0,0,0,0,0,0.0.9,0.0.0,¢
9:9,0.9.0.9.9.9.9,0.0.9.0.0.9.0,0.0,0.0.9,0.0,.0.9,9.0,0,0.0.0.9,9,0.0,0.¢

):0,0.0.0.0.9.9.9.0.0.9.0.0.0.9.0.0.0.0.9.9.90.0.9.9.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0,90,0,0,.0.0,0.0,0.9.0.¢
),0,0,0,9,0,9,9,0,9.9,9,0.9.9.9.0.¢.9.9.9.9.9.9.9,0,0,0,9,0,0,9,0.9,0,0.0.0.0.9.9.0.0.0.0,0,0.0,0,0,0,¢
)0:0:0.0.0.0.0.0.0.0.0.0.0.0:0.0.0.0.:0.0.0.0.0.0.0.0.0:0.0.0.0.0.0.0.0.0.0.0.0.¢¢.0.6,0.0.0.0.0.0.0.¢
),:9,0,0:0.9.9,0,0,0.0.9.0.9.0.0,0,0.0.0.0,0,0.0.9.9.0.0,0.0.9.9.0,0,0.0,0.0.0.0.9.0.0.0.9,.0,.0,0.0.0.0.¢
AXXXXXXXXXXXXXKKXXXXXXXXXXXKKXXX XXX XXX XXX XX XXXXXXXXX
XXXXXX XXX XXX XXX XXX X XXX XXX XKXXXX XX XXX XXX XXX XXX XXXXXXX
):0,0.0.0.¢.0.0.0.9.0.0.0.0.0.0.0.0.0.90.0.9.9.9.9.9.9.0.9.9.0.9.0.0.0.0.0.0,0.0,0.0.9.9.0.0.0.0.0.0.0 ¢
XX XXXX XXX XXX XXX XX XXX XX XXXXKXXXXXX XXX XXXXXXXXXXXXXXXX
),:0,9,0.0.0.9.9,0,0,0.0.0.0.9.0,0,0.0.0.9,0.0,0.0.9.9,0,0,0.0.9,9.9,0,0,0,0,0.0.0.0.0.0.90.9.9.9.0.0,0

3.4.3 Input Channel Configuration

Each input channel consists of a voltage biasing network with a simple RC low-pass filter, an
optocoupler, a second low-pass filtering network, a signal conditioning network, and two
cascaded 12-bit counters. The 24 output signals from the two counters are routed to one of
the programmable port controllers, and a slide switch' controls selection of either the
accumulate or the rate mode of operation.

3.4.3.1 Input Signal Conditioning

The input network monitors digital pulse (nominally 48-vdc) input signals. These signals are
applied across RC low-pass filters (34 kHz shoulder frequency) to the input of transistor
switches. When no signal is present, the low-pass filter shunts high frequency noise to
ground, and the transistor switch remains cut off. When a positive input is present, the
transistor becomes forward biased and passes an output through the base-emitter junction. A
Zener diode in the base circuit limits the output voltage to the TTL range upstream from the
optocoupler.

The final stage of signal conditioning consists of a second low-pass filter, a voltage
comparator configured as a high speed switch, and a NAND gate. The low-pass filter is
configured in parallel with the input of the voltage comparator to block any residual signal
noise that could produce invalid pulse inputs to the counters. However, because the shoulder
frequency of this filter is relatively low (63 Hz to 63 kHz), it also distorts the input
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waveform. In order to produce a signal having well defined leading and trailing edges, the
output from the low-pass filter is connected to the non inverting input of the voltage
comparator. The biasing network connected to the inverting input comparator controls the
voltage level at which the device switches its output signal. This network is configured to
switch from OFF to ON when the input signal increases above 3.33 volts, and it switches
from ON to OFF when the signal decreases below 1.67 volts. The resulting output is
connected to a NAND gate and controls the clock input to the first of the two 12-bit counters.
The NAND gate inverts the signal so that the trailing edge of each pulse increments the
count.

3.4.3.2 Pulse Channel Operation

Selection of rate mode operation for each pair of pulse input channels is controlled by a slide
switch. When the slide switch for channels 1 and 2 is in the rate position, switch contacts
produce the following control circuits:

o The CT_ENI signal is NANDed with the input pulse train for channel 1 and channel 2.
When the CT_ENI signal is low, the NAND gate blocks the pulse input, and the counters
. stop incrementing.

e The CLRO/ signal is routed to the reset port of all four 12-bit counters for these two input
channels.

e A high RATE(/ signal is routed to the counter status input port.‘ '

When the RATEO(/ signal is high, the microprocessor selects tuning parameters for the rate
mode from memory. The operator must enter these tuning parameters manually from the
rotary switch and the three pushbutton switches during hardware configuration of the card.
The tuning parameters control selection between 8-bit and 12-bit resolution, a preset count
value, and the maximum pulse rate. The microprocessor controls rate mode operation by
configuring the programmable counter for a sampling interval determined by the tuning
parameters, and then it clears the 12-bit counters. Once the counters have been cleared, the
microprocessor activates the SET1 output. This signal sets a latch that activates the
CNT_ENT1 output signal. While this signal is high, the interval counter is enabled, and the
12-bit counters increment with each pulse received from the field. When the sampling
interval expires, the interval counter produces an output pulse that clears the latch, forcing
the CNT_ENT1 signal low. The low state of the CNT_EN1 signal blocks further input to the
12-bit counters and notifies the microprocessor that the sampling period is complete. The
microprocessor then reads the accumulated count from the port controllers for channels 1 and
2.

When the slide switch for channels 1 and 2 is in the accumulate position, the RATEO0/ signal
assumes a low level, and the reset input to the 12-bit counters is disabled. While accumulate
mode is enabled, all pulses received from the field pass to the clock input port of the first 12-
bit counter. When this counter reaches full count, the high-to-low transition of the MSB
increments the second 12-bit counter. While accumulate mode is enabled, the counters
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continue incrementing, and the microprocessor reads the total 24-bit accumulated count at
periodic intervals. '

3.5 CONTROLS, JUMPERS, AND INDICATORS

The firmware determines the overall operating characteristics of the hardware on the HFC-
Al4K board. The HFC-AI4K board includes the set of four LEDs and a RESET pushbutton
common to all I/O board types (DS901-000-02). In addition, the board includes jumpers,
switches, and onboard indicators. These devices and the functions that they control are as
follows:

3.5.1 Switches

The HFC-AI4K pulse input board includes a set of switches that enable configuration of
operating parameters.

).0.0.0.0.9.0.0.0.0.0.0.0.9.0.9.0.0,0.0.0.0.0.9.0.9.0.9,0.0.0.0.0.0.0.0.0.0.0.40.499.40.9.40.90.0.9,0.0¢
):0,0.9.0.9.0.0.0.9.0.0.0.0.9.0,0.0.9.0,0.¢.9.0,0.0.0,0.0.0.0,0,0.0.9.0.0,0,0.0.0.0,0,0.0.0,0,0.0,0.¢

)0.0.6.6.6.6.666:660606006000000606660000000000¢000000666000¢
):9.9,0,0,0,0,0.0,0.9.0.0.0.9.0.0.9.0.0,0.9.9.0.0.0.0,0,0,0.0.¢.0.0.0.9.0.0.0.0.060.040.90.0.90,0.0.¢

).9,0.0.0,0.0.9.0,0.0.0.0.0.0.0.0.0.0.0.0,0.0.0.9.0.0.0,0,0.0.0.0.¢.¢.010.464¢40¢004040670000790.¢
).9.9,9.9,9,9,0.0,0.0.0.9.0.9.9.9,9,0,0,0.0.9.9.:9,0,0,.0,0,0.¢.0.9.9.0.9.9.0.0.0.¢.0.0.0.9.0.9,9,0,0.¢

.9,0,9,0,0,0,0.0.0.0.0.9.9.9.9.9,0,0.0.0.0.9.9,0,0,.0.0,0.0.0.0.9.9.9.9.9.9.0.0.9.9.9.9.9.9.0.9,0.0,.¢

PO 0000000000000000000000000000000000000000000000004
):0,9,0,0,0,0.0.0.0.0.0.9.0.9.0,0,0,0,0.0.9.9.9.0,0,.0,0,0.¢.6.0.0.0.0.0.9.9.0:0.0.0.0.0.0.0.0,9,0,0.¢

L XX XX XXX XX XXX XXX XXX KKK KKK XXX XX XXX XXX XKXXXX
):0,0,9.9,9,9,0.0,0.0.0.0.9.0.9,0,0,0.0.0.0.9.9.0,9,0.0,0,0.0.0.0.0.9.0.9.0.9.0.0.9.0.0.¢.0.0.0,0.0.¢
.0.9,0.9.0,0.9,0,0,0.0.0.9.9.9.0.0,0,0.0.0.0.0.9.0.0,0,0,0¢¢.06.6.0.9.9.9.90.9099¢90909¢701990.¢

Inputs from a 17-position rotary switch (J5) control alphanumeric displays presented on U23
and programming functions of the board. The function defined for each switch position is
defined in Table 1. ‘ ‘
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Table 1. Rotary Switch Functions

Position

Function

0

XXXXXXXXXXXXX

1

)0,0.0.0.:0:0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0
XXX X XXX XXX XXX XXX XXX XXX X XXX XXX XX XXX XX XXX XXXXX

2

),0,9,0.0.0.0.9.0.0.0.9.0.9.0,0.0,0.0.9,0.0.0,.0.9.0.0,0,.0.0.0.0.0.90.9.9.9.0.0.9,0,0,0,0,¢
),9,9,0,0.0,0,0.0.0.0.0,0,0.0,0.0,0.0.0,0,0.0,0.0,0.0.0,0,.0,0,0,0,0.0.0.0,0,0.0,0,0,0,0.0,¢

),0.0,0.0.0.0.9.0.0,0.0.0.0.0.0.0.0.0.0.0.0,0.0.9.0.0.0,0,0,0.0.0.0.0.9.90.0.0.0.0,0,0,0.0
XXXXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XX XXX XXXX

),0.0.9.9.9.9.9.0,0.0,0.0.9.0,0.0.0.9.0.9.0.0.0.9.0.0.0,0,0.0.0.0.60.9.9.9.9.0,0.0,0.0,.0,0.¢
),0.9,9,0.0,0,0.0,0,0,0,9,0.0,0.0.0,0,0,0,0.0,0,0,0,0,0,9,9,0.0,0,0,0,0,0,9,0.0.0,0.0.0.0,

),0,0,0.9.9.9.0.0,0.0.0.9.9,9,0,0.0.9.0,0,0,0.0.9.9,0,0,0.0.0..9.9.0.0.0,0,0,0,0.0.0.9,.0,¢
XX XX XXX XXX XXX XXX XXX XXX XXX XXX XXXXXXXXXXXXXXXX

):0,0,0.0.0.0.9.9.0.0.0.0.¢.0.0.0.0.0.0.0.0.0.0.0.0.9.0,0,0,0.0,0.0.0.0.0.9.0.0,0,0,0.0.0,¢
XXXXXXX XXX XXX XX XX XXX XXX XXX XX XXX XXXXXXXXXXXXXX
),0,0,0.0.0.0.9.0.0.0.0.0.9.0,0.0.0.0.0.9.0,0.0.9.0.0,0,0.0,0.0.0.0.9.9.90.9.0.0,0,0.0.0,0.¢
):0,0.0.0.0.0.0.9.0.0.0.0.9.0,0.0.0.0.0,0,0,0.0.0.0.0.0,0.0.0.0.0.0.9.9.9.9.90,0,0,0,0.0.0¢
XXXXXX XXX XXX XXX XXX XXX XXX XXX XXXXXXXXXXXXXXXXXX

),0.0.9.0.9.9.9.0.0.0,9.9.0.9.9.¢.9.0.0,0.9.0.0.0.9.9.9.9,0.0.0.0.0.0,0,0,0,9,0,9.0.0.0.0.
XX XXX XXX XXX XX XXX XX XXX XXX XXX XXX XXX XXX XX XXX XXXX

):0,0,0.0,0.0.9.9.9,0.0,0.0.0.0,0.0.6.9.0,0,0.0.0.0.0.9,0,0,0.0,0.0,9.0.0.90.90.0,0,0.0,0,0,¢
XXXX XXX XXX XXX XXX XX XXX XXX XXX XXX XX XXX XXX XXX XXXX

XXX XXXX XXX XXX XXX XXX XXX XXX XXX KXXXXXXXXXXXXXXXXX
XX XX XXX XXX XXX XX XXX XXX XXX XXX XX XXX XXXXXXXXXXXXX
XXXXXXXXXXXXXX XXX XXX XX KKK XX XXX XX XXX XX XXX XXX
XX XXX XXX XXXXX XXX XXX XXX XXX XXX XXXXXXXX XX XXX XXXX

XXX XXXXXXXXXXXXXXKXXXXKXKEXXXKXXXXX XX XXX XXX XXXXXX
AXXXX XXX XXX XXX XX XXX XXX XXX XXX XXX XXX XXX XXXXXXX

XXXXXXXXXXXXXXXXXXXXXKEKXKXKXXKXXXXKX XXX KXXXXXXXX

] XXX XXX XXX XXX XXX XXX XX XX XXX XXX XXX XXX XXX XXX XXXX

XX XXXXX XXX XXX XXX XXX XXX XXX XXX XXX X XXX XXX XXX XXXX
XX XX XXX XXX XXXXXXXXXXXXXXX XX XXX XXXXX XXX XXX XXXX

):0.9.9.0.0.0.0.0.0.0.0.0.0.0.0.0.9.0.0.0.0.0.0.0.0.0.0.9.0.9.0.0.0,0,0,0,0.0.0.0.0.0.0.0
XXXXXX XXX XXX XXX XXX XXX XXX XXX XX XXXXXXXXXXXXXXXX
,:9,9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.0.0.0.0.0.0,0,0,9.0.0.0.0.0.0.0 .
).9,9,0,0.0.0.0.9.9.0.0,0.0.9.0.0,0.0.0.9.0,0.0.0,0.0.9,0.0,0,0,0.0,0.0.0.0.0.99.0.9,0,0,¢
XX XXX XXX X XXX XX XXX XXX KXXX XXX XXX XXX XXX XXX XXX XXXX
),:0,9.9.0.9.9:0.0.0.0.0.9,0,0.0.0.9.9.0,0,0,0.0.9.9.0.0,0.0.0.0.0.0.9.0.0.0.0,0,0.0,0,0,.0 .
KX KXXXXXX XX XXX XXX XXX XXX XXX XXX X XXX XXXXXXXXXXXXX
):0.9.9.9.0.0.0.0.0.0.0.0.0.60.0.9.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0,0.9.0.0.0.0.0.0.0.0
):0,0,0,0,0,0.0,0,0,0.0,0.0.0.0,0.0.0,0,0.0.0.0.0.0.0.0,0.0,0.0.0.0.0,0.0.0,0.0,0,0.0.0,0,¢

). 0.9.9.9.0.0.9.0.0.9.0.9.9.0.0.0.0.0.0.0.9.9.9.0.0.0.0.9.0.0.0.0.0.0,0.0.0.0.0.0.0.0.0.0
XXX XXX XXX XXXX XXX XXX XXX XXX XXX XXX XXX XXX XXXXXXXX

XXX XXX XX XXX XXX XX XKXX XX XXX XXX XX XXX XXX XXX XXX XXXX
).0,0,9.0.9.9.9.9.0.9.9.9.0.0.0.0.0.0.0.0.9.9.9.0.0.0.9.0.¢.0.0,:0.0.0,0,0,9.0.0.0.0.0.0.0.
),0,9,0,0,0,0,9.9,0,9,0,0.0.0.0.0.9.0,0.9.:9.9.9.9.9.9.9.90.9,0.0,0.0,9,9,9,0,0,0.9.0,0,0,0,¢
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3.5.2 Jumpers

:0,0,0,0,0,0,0,9,0,0,0,0,0,0,9,9,0,0,0.9,0,0,0.0.:9,9,0.0,0.0.0,0,0,0,0,0.0,0,0.0,0,0,0, ¢}

):0,9.0.9.9,0.0.9.9.0,0.0.9.0,0.6.9.0,0.0.9,0,0.9.9,0.0.9.0,0.0.9.9,0.0.0.0.9,0.0.0.0,0.¢
),0,0,0.9.0,9.9.0.0,0.0.9.9,0.9.0.9,0.0.9.9,0,6.9,0,0.0.9.0,0.0.9.9,0,0.0.9.9,0,0.6.0,0,¢

The channel input interfaces have four RC low-pass filters whose shoulder frequency is
determined by a jumper strap. The jumper position typically installed at the factory selects a
filter frequency of 1590 Hz. This filter frequency can be changed in the field as necessary to
provide greater attenuation of signal noise. The input channels one through four jumper
functions are defined in Table 2.

Table 2. Jumper Configuration

Input Channel 1

Selects an R-C low-pass filter for input channel 1 following four shoulder frequencies:
o XXXXXXXXXX
o XXUXXXXXXXX
o XXXXXXXXXX
o XXXXXXXXXX

Input Channel 2

Selects an R-C low-pass filter for input channel 1 following four shoulder frequencies:
o XXXXXXXXXX '
e XXXXXXXXXX
e XXXXXXXXXX
o XXXXXXXXXX

Input Channel 3

Selects an R-C low-pass filter for input channel 1 following four shoulder frequencies:
o XXXXXXXXXX
o XXXXXXXXXX
o XXXXXXXXXX
T e XXXXXXXXXX

Input Channel 4

Selects an R-C low-pass filter for input channel 1 following four shoulder frequencies:

o XXXXXXXXXX:
o XXXXXXXXXX
o XXXXXXXXXX
o XXXXXXXXXX
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3.5.3 Onboard Status Indicators

The HFC-AI4K provides an eight-character alphanumeric display (U23) that indicates
current operating status of the board. During board configuration, the display operates in
conjunction with switches S1 through S3 and JS to enter and save operating parameters.
During normal operation, the display operates with the programmable switch (J5) to provide
a readout of current values for operating parameters.

3.6 CONFIGURATION PROCEDURE

3.6.1 Hardware Setup Requirements

Before a new HFC-AI4K card can be placed into a system, onboard jumpers and switches
must be set to match the specific operating environment that will be required.

1. Each input interface can be configured for isolated or common mode operation. Set each
position of DIP switch to select either common mode (switch closed) or isolated mode
(switch open) for the corresponding input channel.

2. The input interfaces have four RC low-pass filters whose shoulder frequency is
determined by jumper straps (Table 2). The jumper position typically installed at the
factory selects a filter frequency of 62.8 kHz. This filter frequency can be changed in the
field as necessary to provide greater attenuation of signal noise.

3. Position switches S4 and S5 to select either rate or accumulate mode for the input
channels. '

4. Insert the board into the selected I/O board slot and power up the chassis.

3.6.1.1 Point Type Configuration

The pulse board reports its data to the controller either as a 12-bit or a 24-bit image. In order
to allocate adequate memory in the controller for the input data, the user must configure a
pulse input card as an AI8 board type in the I/O configuration table. However, the specific
channel and Al point assignments depend on the operating mode selected for each input
channel indicated in Table 3.

Table 3. Input Channel Assignments

Input Channel Rate Mode Accumulate Mode
1 XXXXXXX XXXXXXX
2 XXXXXXX XXXXXXX
3 XXXXXXX XXXXXXX
4 XXXXXXX XXXXXXX
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3.6.1.2 Iliput Channel Tuning Parameters

The operator must enter tuning parameters directly into the pulse board using rotary switch
(J5) and pushbutton switches (S1 through S3) mounted on the edge of the board. The rotary
switch permits the user to read the current values of the data in memory and to revise the
tuning parameters for each channel. The following steps outline the process for updating the
values of the tuning parameters in memory.

1. Rotary switch positions 9 through C enable the user to update a preset parameter for each
channel. This value determines the starting count for the corresponding channel when
that channel is in the accumulate mode. The preset value is not used for the rate mode.

2. Rotary switch positions D and E enable the user to enter either a prescaler value
(accumulate mode) or a maximum input pulse rate (rate mode).

o For accumulate mode, the firmware accepts a single prescaler value for each pair of
input channels (1 and 2 or 3 and 4). When the prescaler value is either 0 or 1, the
counter increments with each input pulse. For any number greater than 1, the
prescaler value determines the number of input pulses that must be received before
the counter is incremented by 1. Actuating the SEL switch after setting the desired
prescaler value saves the tuning parameter in memory.

o For rate mode, the firmware accepts a separate parameter for counter size and for
maximum pulse rate. The first time the SEL switch is incremented, the default
counter size is displayed. Actuating the UP or DN switch causes this value to toggle
between 8B (8-bit) and 12B (12-bit). Actuating the SEL switch again causes the
firmware to display the default maximum pulse rate of 512 Hz. The user can
increment this parameter in steps from 512 Hz up to 20,000 Hz for 12 bit by actuating
the UP switch. Range for 8 bit is from 50 HZ to 10 KHZ. Actuating the SEL switch
after setting both values saves those parameters to memory.

3.7 HARDWARE CONNECTIONS

The HFC-AI4K board contains two board-edge connectors (P1 and P2) that mate with
corresponding connectors on the HFC-6000 backplane. Connector P1 provides the electrical
interface between the HFC-AC36 and the HFC-SBCO06, and connector P2 provides the
electrical interface with the external field hardware. Pin assignments for the Pl connector
are identical for all I/O boards and are covered in document MS901-000-02. Pin assignments
for the P2 connector are covered in Table 4.
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Table 4. Connector P2 Pinout Summary

Pin Mnemonic Pin Mnemonic
P2-Al XXXKXXX P2-Cl XXXXXXX
P2-A3 XXXXXXX P2-C3 XXXXXXX -
P2-A4 XXXXXXX P2-C4 XXXXXXX
P2-A6 XXXXXXX P2-C6 XXXXXXX
P2-A2
ggfé XXXXXXX
P2-C5

4.0 Software Functional Design Descriptions

The design descriptions of the common software modules are provided in HFC-6000 I/O -
Board Module Detailed Design Specification. The following subsections provide detailed
design descriptions for the software routines specific to the HFC-AI4K board.

4.1 Board Specific Modules

4.1.1 1/O Scan Module

),0,9,9,0,0.0,0.0.0.9.0,9.9.0.9,0,0,0,0.6.9.9.9.9,0,0.0.0.0.0.9.9.9,0.0,0.9,.0,0,0.0,0,0,0,0,0,.0,.0,0.0.0.¢
).0.0.0,0.0.0,0.0:0.0.0.0.0.9.9.9.0,9,0.0,0,0.9.0.9,0.0.0,0.0.0.0.9.9.0.9.0.0.0.0.9.0.0.9.0.9.0.9,9,0,0.¢
),0.9,0.9.9,0,0.9,0,0.0.0.9,0.0.0,0.0,0.0.0.0.0,0.0.0.0.0,0,0.0,0,0,0,0.0,0,0,9,0,0,0,0,0.0,0,0.0.0.0,0.¢
),0,0.0.0.0.0.0.0.9,0.0.0.0.0.0.0.9.0,0.0.9,0.0.9.0,0.¢.9,0,0.0.0.9.0,0.0.9.0,0,0.0.0.9.9,.0,0,0.0.0,0,0,
):0.0.0:0.0.0.0.0.9.0.0.0.9.0.0.¢.0.0,0.0.0,0.6.0.0,0.0.9.0.0.0.0,0,0,0.0.9.9,0,0.0,.90.90.9.0,0.0.0.0,0.0 ¢
XXX XXX XXX X XXX XXX X XK XX XXX XXX XX XXX XXX XKXXXXXXKXXXXXXXX
):0,0,0.0.0.0.0.0.0.9.9.0.¢.9,0,0.0.0,0.0.9.0.9.0,0,0.0.0.0.0.9.9.0.0.0.0,0,0,0,0,0,0,0,0,0,0,0,0.0.0.0

):0,0,9,0,0.0,0,0.0.¢.9.9.9.9.9,0,0,0.0,0.9.9.9.9,0,0,0.9.9.0.9.9,.0.0.0.9,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
):0,0,0,0.0.0,0.0.0.0.9.0.9.0,0,0.0.0,0.0.¢.9.0.0.0,0,0.0.¢.0.0,0.0.0.9.0.0.0,0,0.0,0.0,.0,0,0,0,0,0.0,0.¢
).9.0.0,0,0,0,9,0.0.0.0.0.0.0.9.0.0,0,0.0,0.0.9.0.9.0.0,0,0.6.0.0.6.6.90.0.0.0.0.0.0.0.9.0.0.0.9.9,9,0,0,¢
):0,0.0.9.0.0.0.9.9.0,0.0.0.9.9.0.0.9,0.0.0.9,0,0.0,0.0.0.0.0,0.0.0,0,0,0.0.0.0.0,0,0.0.0.0.0,0,0.0.9.0,¢

):0,0.9.0.9.9,0.0.0.9.9.0.0.0.:0.0,0.0.0.0,0.0,0.0.0.9,0,0.0.9,0,0.0.9,0,0,0.0.0.9,0,0,0.0.0,0,0,0.0.0,.0,¢
):0,0.0.9.0.0.0,0.9.0.0,0.0.0.0.0.0.0.0.0.0.9.0.0.0.0,0,0.0.9.0,0.0.0,0,0,0.0.9.0,0,0,0.0.0.9,9,0,0.0,0,¢
):0,0.0.0.9.0.0.0.0.0,0.0.0.0.0.0.0.9,0.0.9.9.9,0.9.9,0.0.9,0,0,0.9.9,0,0.0.9.9,0,0,0.9,0.9,0,0.0,0.9,0,¢
):0,0.0.0.0.0.0.0.0.0,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.9.0.0.0.0,0.0.0.0,0.0,0.0.0.0.0.0.0.0.0.0.0.0,0.0,0.¢

),:0,0.9.0,9.9.0.9.9,0.9.0.9.0.0.0.0.0,0.0.9.0.0.0.0,0,0.0.0,0.0.0.9.0,0,0.0.9.0,0,0.0.9.9,.0,0,0,0.0.0,0,¢
)0.0:0,0:00:0:0.0:6.0:00:0:0:0.0.0.0.0.0.60.6:0.0:0.0:0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.¢
),:0,0.0.9.9.9.0.0.0.9.9.0,0.0.0,0.0.0.0.0.0.0,0,0.0.0,0.0.0.0,0,0.0.0,0,0.0.0.9,0,0,0.0.0.9,0,0,0.0.0.0,¢
),0,0.0.9.9.0,0.0.9.9.0,0,0.9.9,0,0.9,0.0,0.9,9,0.0.9.0,0.9.9,0,0.0.9,9,0,0.9.9.0.0,0,0,0.0.0,.9,0,0.0,0,¢
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4.1.2 Display Functions During Normal Operation

During normal operation, the rotary switch J5 can be used to display data currently stored in
memory. Refer to position O to 8 in Table 1.

4.1.3 Tuning Process

During tuning mode operation, the software will go through different tuning steps depending
on mode selected and the configuration parameters entered. Basically, the Tuning Process
has the main functions listed in position 9 to F in Table 1. The Switches SEL, INC and DEC
are used to make selections for configuration parameters. '

4.1.4 Process Command Routine

For normal update requests, this routine has no function. For UCP diagnostics messages, it
uses the common processing as described in DS002-000-02 to process UCP request received
on the ICL.

4.2 Data Structure

4.2.1 Scan Data

The data field of the response message to the HFC-SBCO06 controller contains Al images for
eight channels as follows:

Table 5. AI Image

Byte Al

0 XXXXX
XXXXX
XXXXX
XXXXX
XXXXX
XXXXX
XXXXX
XXXXX

NN B[

The request message from the SBC06 controller doesn’t have a data field.

4.2.2 Microprocessor Programmable Ports

The microprocessor uses certain programmable ports of P1 and P2 to control specific
hardware functions. Table 6 lists the specific ports that are used, their function, their active
state, and the mask required to implement that state in the program.
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Table 6. Programmable Ports Used for the Card

Port

Description

Implementation

P1.0

XX XXX XXX XXX XXXXXXXX
XXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXX XXX

P1.1

KEKXXXXXXXXXXXXXXXXX
KEXXXXXXXXXXXXXXXXX
KXXXX XXX XXX XXX XXXXX

P1.3

AXXXXXXXXXXXXXXXXXX
XXX XXX XXX XXXXX XXX

),9,9.9,9,9,9,9,0,9,0,9.9.9.9.9.9.0.0,¢
XXXXXXXXXXXXXXXXXXX
XXXX XX XXX XXX XXXXXXX
KXXXXXXXXXXXXXXXXXX
KXXKXXXXXXXXXXXXXXXX

P1.7

XXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXXXXXXXX
XX XXX XX XXXXXX

P2.1

XX XXX XXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXXXXXXXX
XX XXX XXXXXXXXXXXXXX

P23

XXXXXXXXXXXXXXXXXXX
):0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.¢

XXXXXXXXXXXXXXXXXXX
XXXX XX XXX XXX XXXKXXX
XX XXXXXXXXXXXXXXXXX

XEKXXXXKXXKXXXKXXXXXXXX | Initialize the register with 0By
KXXXXXKXXX XXX XXXXXX 1 (00001011).

Table 7. On-Board I/O Ports

On-Board 1/0O Ports
),:0,9.0.0.0,0.0.9,0.0.0.9,0.0.9.0.0.0.9.0.0.0.0,0.0.0.0.0.0,0.0.0.0.0.0.0.0.0.0.0.¢
XXX XX XXX X XXX XXX XX XXX XXX XX XXX XXX XXX XXX XXX
),:0.9.9.0.0.9.0.0,0.0.0.9,0.0.0.0.0.0.9.0.0.0.0,0,0.0.0.0.0,0.0.0.0.0.0.0.0.0.0.0.4
,:9,0,0.9.0,0,0.0,0,0,0.0,0,0.0.9.0,0.0.9.0.0.0.9,0,0,0.0.0,0.0,0,0.0.0.0.0.0,0.0.¢
),0,0,9,0,0.0,0,0.0.9.0.0,0.0.0.0.0.0.9,0.0.9.0,0.0,9.9.0.0,0,0.0.9.0.0.0,0,0.0.0,¢
XXXXXXXXXXXXXXXXX XX XXX XXX XXX XX XXXXXXXXXXX
)0:0:0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.¢
XXX XXX XX XXX XXX XX XXX XXX XX XXX XXX XXX XXXXXX
Switch input port. Refer to 4.2.5.
),9,9,0.0.9.9,0,0.9,0.0.0.9.0,0.0.0,0.0.9.0.0.0.0.0.0.0.0.0.0.0,0,0.0,0.0.0.0.0.0.
),0,0,0.0.9.9,0.0.9,0.0.0.0.0,0.0.0.0,0.0.0,0.0.0.0.0.0.0.0.0.0,0,.0.0.0.0.0.0.0,0,(
XXXXXX XXX XXX XXX X XXX XXX XXX XXX XX XXXXXXXXXXX
).0,0.0,0.0,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0
):0,0.0.0:0,0.0.0.0.0.0.0.0,0.0.0.0.0.¢.9.0,0.0.0.0.0.0.0.¢.0.0,0.0.0.0.0.0.0.0.0
,9,0,0,9,9,0,0.9,9,0,0.9,9,0.0.9.9,0.0.9,0.0.0.9.0,0,9.¢.0,0,0,0,0.0.0.0,0.0,0.0.¢
),0,0,9,0,0,0.0,0,0.0.9.0,0.0.0.0.0.0,0.0.0,0.0.9.0,0.0,0.0,0,0.0.0.0,0.0.0.0.0,0.¢
Counter Status/Mode input. Refer to 4.2.3.

Port 1
Control

Addr
000

001

010

011
100-
111

1000
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4.2.3 Counter Status/Mode Port

Two-position slide-switches S4 and S5 control the operation mode of the input channels. S4
selects either the Accumulate or the Rate mode of operation for input channels 1 and 2. S5
selects either the Accumulate or the Rate mode for input channels 3 and 4.

The mode port permits the microprocessor to read the counter status input signals. These
inputs indicate which modes are selected for the input channels.

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit2 | Bitl Bit 0
XXXX | XXXX | XXXX XXXX XXXX | XXXX | XXXX | XXXX

CT_EN1 - High state indicates that the counter function for input channels 1 and 2 is enabled.
CT_EN2 — High state indicates that the counter function for input channels 3 and 4 is enabled:
RATE(/ - High state indicates that rate mode is selected for input channels 1 and 2.
RATEL1/ - High state indicates that rate mode is selected for input channels 3 and 4.

When rate mode is selected for a particular pair of input channels, the CT_EN status input is
used to determine when the sampling period is complete. If rate mode is disabled, the
CT_EN status is not meaningful.

4.2.4 Input Channels

The AI4K card reports the data for its four pulse input channels as eight Al points to the
SBCO06 controller. The specific channel and Al point assignments depend on the operating
mode of the card.

Table 8. AI Point Assignments to Pulse Input Channels

Mode Mode
1&2 All Al2 | AI3 | Al4 3&4 AlS5| AI6 |ATI7 | AI8

RATE | XXX | XXX | XXX | XXX [RATE | XXX | XXX [ XXX | XXX

ACCU | Channel 1 Channel 2 |ACCU| Channel 3 | Channel 4

4.2.5 Switch Input Port

Besides the two switches S4 and S5 mentioned above, the card includes four additional
switches: .

s J5 - 16-position rotary switch controls alphanumeric displays and programming
functions of the card. This switch permits the operator to read the current values
of the data in memory during normal operation and to enter or revise the
configuration parameters for each channel while in tuning mode.

s S1—INC. Actuating this switch during tuning increments the value of the tuning
parameter currently being displayed. v

* S2-DEC. Actuating this switch during tuning decrements the value of the tuning
parameter currently being displayed.
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e S3 —SEL. Actuating this switch during normal operating mode displays the value
of the indicated parameter. Actuating the SEL switch during tuning mode steps
through the tuning parameters in sequence and then saves the new parameter in

memory.

The switch input port provides the switch status input signals.

Bit7 | Bit6 | Bit5 | Bit4

Bit 3

Bit 2

Bit 1

Bit 0

XXXXXXX

XXX

XXX

XXX

XXX

4.2.6 Alphanumeric Display Messages

The AI4K provides an eight-character alphanumeric display (U23) that indicates current
operating status of the board. During board configuration, the display operates in
conjunction with switches S1 through S3 and J5 to enter and save configuration parameters.
During normal operation, the display operates with the J5 rotary switch to provide a read-out

of current values for operating parameters.

The messages listed in the table below are designed for the display purpose of AI4K card.

Table 9. Display Messages

Message No Display String
0 XXXXXXX
8 XXXXXXX
16 XXXXXXX
24 XXXXXXX
32 XXXXXXX
40 XXXXXXX
48 XXXXXXX
56 XXXXXXX
| 64 XXXXXXX
72 . XXXXXXX
80 XXXXXXX
88 XXXXXXX
96 XXXXXXX
104 XXXXXXX
112 XXXXXXX
120 XXXXXXX
128 XXXXXXX
136 XXXXXXX
144 XXXXXXX
152 XXXXXXX
160 XXXXXXX
168 XXXXXXX
176 XXXXXXX
184 XXXXXXX
192 XXXXXXX

DS901-000-12
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200 XXXXXXX
208 XXXXXXX
216 XXXXXXX
224 XXXXXXX
232 ) XXXXXXX
240 XXXXXXX
248 XXXXXXX

5.0 Module Implementation Descriptions
51 HARDWARE SCHEMATICS

The schematic for the HFC-AI4K card is in drawing 400448-01.

5.2 HARDWARE COMPONENTS - BILL OF MATERIALS

),:90,9.9.9.9.9.9.9.0.9.0.0.0.90,0,.9,0,0.0.9,0,0,0.0,0.9.9.0.0.0,0.9.9.90.0,0,0.0.0,0,0.0.0.0.0.9.0,0,0.0.¢
XXXXX XXX XXX XXX XXX XXX XXX XXXX

5.3 SOFTWARE SOURCE CODE LISTING

Besides the common software sources for software common modules listed in the HFC-6000
I/O Card Module Detailed Design Specification, the HFC-AI4K card software also includes
the following programs: ‘

o XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
o XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
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1.0 PURPOSE AND SCOPE

),:0,0.0.0.9.9.9.0.0,0.0.0.0.9.0.0,0.0.0.0.0.0,0.0.0.0.0,0,0,0.0.0.0.0,0,0.0.0.0.0,0.0.0,0.9.0.0,0,0,0.0,0,0,¢
),:9,0,0,0.9,0.0.0.9,0.9.0.0.0.0.0.0,0.9.0.9,0,0.0.9.0.9.0.0,0.0.9.0,0,0,0.0.0.9.0,9.9.0.0.0.0.0,0.0,0.0,0.0.¢
):0,0,0,0.0.0.9.0.0,9.0.9.0.0.0,0.0.0.0.0.0.0,0,¢.9.0.9.0,0,0.0.9.0,0,0.0.0.0.0.9,9.9.0.9,0.0,0,0,0,0.0,0.0.¢
),0.0.0.0,9.0.9.0.0.0.0.0.0.9.0.0.0,0.0.9.9.0.0.0.0.0.0,0.0,0.0.0.0.0.0,0,0.0.0.0.9.0.9.0.0.9.0.0,0,0.0,0.0¢

2.0 ORGANIZATIONAL RESPONSIBILITIES

),9.9.9.9.9.9.9.0.0.0.0.9.0.¢.0.0.0.0.0.0.9.0.0.0.0.0.0.0.0.9.9.0.0.9.9.0.0.0.0.0.0,0,0,0,0,0.0.:0.0.0.0.0.0
),0,0,0,9,0.0.0.0.0,0.0.0.0.9.9.0.0.9.9.9.9.0.0.0.0.0.¢.0.0.0.9.0.0.9.9.9.0.0.0.0.0.0,0,0.0.0.0.0.0.0.0.0.0.{
):0,0.0.9.0.0.9.0.0.9.9.0.9.9.9.0.9.9.0.0.9.9.9.9.9.0.9.0.9.9.9.9.9.9.9.0.0.0.0.0.0.0,0,0,0,0.0.0.0.0.9.0.0.{
):0,9,9,0,0,0,0:0.0.0,0.9.9.9.9.0.0.9.0.0.9.9.9.9.9,9.9.9.0.,0,0.9.9.9.9.9.9,0.0.0.0,0,0.0,0,0,0,0.0,0.0.9,0.¢
),0.0.0.0.0.0.0.0.0.0.0,0.0.0.00.00.0.090.0.04009049040.0040090.9040.900.0949090990900007900000.
):0,9.9,9.0.9.9.0.0.9.0.9.0.0.9.9.9.9.9.0.9.9.9.9.0.9.9.0.9.9.9.9.0.0.9.9.0.0.9.9.9.¢.9.0,0,0,0,0,0,0,0,0,0,¢

3.0 REFERENCES
3.1. QPP 2.2, “General Indoctrination and Training”

3.2. QPP 7.2, “Commercial Grade Item Evaluation”

3.3. QllDP 10.1, “Receipt, In-Process and Final Inspections”
34. QPP 16. 1, “Corrective Action Program”

3.5. QPP 17.1, “Quality Records”

3.6. QPP 19.1, “Contract Review”

40 GENERAL INFORMATION

),0.0,:0.0.0.0.0.0.0,:0.0.9.0.0.0.0.0.0.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0.0.0.0.0.0.0.0.0.0.0,0.0.¢
),9,0,0,0,0,0,0,0,9,0,9.9.9.9.0.9.9.9.9.9.9,9,0.0.0,0.0.9,0,0,0.0,0,0,0.0,0.0,0,0.9.0.9.0.0.9,0,0.0.0,0,0,0.¢
XXXX XXX XX XXX XXX XXX XXX XXX XXX XXX XX XXX XXXX XXX XX XX XXX XX XXX
P0.0/0:0:00.0:0.0.0:0:0.0.6:0.:0.6:0:0.0:0.0.0:0:0.0:0.00.0:00:0:0:0:0:0.00:0.0.0.0.0:0:0.0.0.0:006:0.¢
AXXXX XXX XX XXX X XXX KX XXX KX XX KX XXX XXX XX XXX XXX XXX XXX XXX XX
)0,0.0.0.0.0.0.0,0.0,0.0.0.0.0.0.0,0.0.0.0.0,0.0.0.0.0,0.0.0.0.00.00.90.079090790.040079090009000000/
),9,0,0,0.0.9.9.0.0.9.0.9.0.0.0.0.0.0.0.0.9.9.0.0.9,0.0.9.0,0,0.0.0,0.0.0.0.0.0.0.0.0,0.0,0,0.0.0.0,0.0.0.0.4
:9.9.0.9.0.9.9.0.0.0.0.0.0.0.0.0.0.9.9.0.9.9.19.9.9.49.9.9.9.9.9.9.9.9.9.9.49.79.900999.99.9.97979.79.907070/(
AXXX XXX XXX XX XXX XXXXXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXXXXX
KXXXX XXX XXX XXX XX XXXX XXX XXX XK XX XXX XXX XXX XXX XX XXX XXX XXXX
),9,9,9,0,9,9.9.9.9.9.9.9.0.9.9,9.9.9.9.9.9.9.0.9.9.9.9.9.9.9.9.9.0.9.9.9.0.9.9.0.0.0,0,0,0,0.0.0.0.0.0.0.0 .
,0,0,0,9.9.9.9.0.0.0.0.0.0.0.0.0.0.0.0.60.6.0.90.919.9.9.0.0.019.9.9.19.19190.10070707090.0,0.909.90707000070/
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:0.0.0.0.:0.0.0:0.0.0:0.0.0.0.0.0.0.0.0.0.0.0,0.0.0.0:0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0.0.0.0.0.¢
) 0,0,9.0.9.0.9.0.0.0.0.0.0.0.0.9,9.0.0.0.0,0.0.0.0.0.9,0.0,0.0.0.0,0.0,0,0.0.0.0.0.0.9.9.0.0.0.0.0,0,0,0.0 ¢
),.0.0,0.0.0.0.0.0.9.0.0.9.0.0.9.9.0.0.9.9.9.9.9.0.9.9.9.9.¢.¢.9.9.0.0.¢:9.0.9.9.0.0,0,0,0,0,9.9.0.0.0.0.0.0.{
):0.0.0.0.0.0.9.0.0.0.0.0.¢.0.0.9.9.0.0.9.9.0.9.9.9.9.9.9.9.9.9.9.0.0.0.9.0.0.0.0.0,0,0.0.0.0.0.0.0.0.0.0.0 .
):0,0.0.0.9.9.9.0,0,0.0.9.9.9.0,0,0,0.0.9,0,0,0.0.9.0.0.0.0.0.9.0.9,0,0.0,0.0.9.0.9.9.0,9,0.0,0,0,0.0.0,.0.0.¢
XX XXX XX XXX XXXKXXXXXKEXXXXXXXXXXXXXXXXKXXX XXX XXX XX XXXXXX
):0,0,0,0.9.9.9.0.9,0.0.0.¢.9.9.0,0,0,0.0.9,0,0.0.0.9.9,0.0,0.0.9.0,0,0,0.0.0.0.9,9.9.9.9,0.0,0,0,0,0.0,0.9.¢
):0,9,0.0.9.9.0.0,0.0.0.0.0.9.0.0.0,0,0.0.0.0.0,0.0.0.9,0.0,0,0.0.9.0.0.0,0.0.0.0.0.0.0.9.9.9.0.9,.0,0.0,0,.0,¢
XXXX XXX X XXX XXX XXX XXX XX XX XXX XXX XXX XXX XX XXX XXX XXX XXX XXXX
):0,0.9.0.9.0.9.9,9,0.0.0.9.9.9.9,0,0,0.0.9.0,0,0.0.9.9.0,0,0.0.9.9.9,0,0,0.0.0.0.0.0.0.9.9,9.0,0,0,0.0,0,0.¢
),:0,9.0.0.0.0.9.0.9.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.9.9.9.46.9.0460000404000090,097979004040000/
):0.0.0,0.0,0,0.90,0.0.0.0.9.0,0.9.9.0.0.9.90,0,0,.0.9.0.0.0.0.9.0.¢.0.0.0.0.0.0.0.0,0.0.0,0.0.0.0,0,0.0.0.0.0.¢

5.0 PROCEDURE

)0,0.0,0.:9.0.0.0.0.0.0.0.0.0.:0.0,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.00.0.0,.0.0.0.0.0.
),:0,0,9,0,0,0.9.0.9.0.9.9.9.9.9.9.9.9.9.0.9.9.9.9.9.9.9.9.9.9.9.9.9.0.9.0.0.0.9.9.0.0,0,9,0,0.0.9.0.9.9.9.0.
,:9,9,9,9,9.9.9.9,9.9.9.9.9.0.9.0.0.0.0.9.9.9.9.0.9.9.9.0.0.0.9.9.9.0.0.0.9.0.0.0.0.0.0,0,0,0.0.9.9,9.9.9.0.{
).:0.0,0,9,0,9.0.0,0.0.0.0.0.9,0.0.9.9.0.0.0,0,0.9.9.0.0.0,9,9.9.0.0.0,0.0.0.00.9.0.9,0.9.¢90,9.0,0.090.0,0.¢
):0.0.0.0,9.9.9.0,0,9.0.0.0.9,0,9.9.¢.0.0.0,0,0.9.:0:0.0.0,0,9.9.9.0.0,0.9.0.0.0.0.0.90,0,0.¢.0,9.0.0.¢.0.0,0.¢
XXXX XXX XXX XXXXX XXX XXX XXX XX XXX XXX XXXXXX XXX XXX XX XXXXXXXX
KEXXXXXXXXXKXXXXXXXXXXXXXXXXXXXXXXXXX XXX XXX XXX XXXXXXXX
KXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XX XXX XXX XXX XXX XXX XXX XXXX
),9,0,9,9,0,9.9.9.0.9.0.9.9.9.0.0.9.0.0.9.0.9.0.9.0.0.0.9.9.0.0.0.0.9.0.0.0.9.0.0.0.0,0.0,0,0,0.0.0.0.0.0.0.4
KXXX XXX XXX XXX XXX XXX XXXXX XXX XXX XX XXX XXX XXX XXX XX XXX XXXXX
),9,9,9.9.9.9.9:9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.0.0.9.9.9.9.9.9.9:9.0.9.9.9.0.0.0.0.0.0,0,9.0.9.0.0.0.9.0.0.0,¢
KXXK KK KX XXX XXX XKKXXKXKXXKX XXX XXX XXX KKK XXX XXX XXX XXXXXX
),:9,9,9,9,9.9,9,0.9.9.9.0.0.0.0.9.9.9.91949.4949.9.9.9.9.99.9.9.9.9.9.99707979790909,0.9,9.9.9707970790700
OO XXX XXX XXX XXX KKK XXX XXX XK XX KKK XK XXX KX XXX XXX XXX XXXXX
XXXXXX XXX XXX XX XX XXX XXX XXX XXX XXX XXX XXX XXX XXX XKXXXKXXX
,9,9,9.9.9.9.9.9.9.9.9.9.0.9.0.0.0.0.0.0.0.0.0.9.9.9.9.0.9.9.9.9.0.0.9.9.0.0.0.0.0.0,0,0,0.0.0.0.0.0.0.0.0
XX XXX XXX XXXXXXXXKXXX XXX XXX KX XXX XXX XXX XX KXKXKXXKXXKXKXXXXXXXX
XXXX XX XXX XXX XX XXX XXX XX XXX XXX XXX XXX XXX XXX XXX XXX XXXXX
,:0,9,0.0.0,9.9.0.0.0.9.9.9.9.0.0.0.0.0.9.9.9.9.0.0.0.0.9.¢.0.0.0.0.0.¢.0.¢.9.0.0.0,0,0,0,0,0.0.0.0.0.0.0.0
:9:0.0,0,0,9.9.0,0,0,0.9.0.9,0.9.9.:9.0,0,0,9.9.0.0.0.0,9.0.9.0.0.0,0,0.0.0.0,9,0,:0.0,0.0.0.0,0.9.0.0,0,0,0.
XXXXXXXX XXX XXX XX XXX XXX XX XXX XXX XXXX XXX KX KX X XXX XXX XXXXXX
,:0.0,0.9.0,9.9.9.0.0.9.0.0.0.0.0.0.0.0.0.60.9.0.6.9.9.9.0.0.0.0.0.0.9.9.0.0.0.0.0.0.0,0,0,0.0.0.0.0.0.0.0.0
XXX XXX XXX X XXX XXX XXX XX XX XXXKXX XXX XXX XXX XXX KXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXKEXXX XX XX XXX XXX KK XXX XX XXX XXXXX
:0,9,9.9.9.9.0.0.0,0.0.0.0.0.0.0.0.9.9.0.0.90.9909079049¢00707904000070909099090909970070000000.
).0.9.9.9.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0.0.0907979.464060790790790000909090.9090.99909040400000000
,9,0,9,9.0.0.0.0.0.0.0.0.0.0.0.90.0.90.9999000404040000404040000009004090990000000000
),:9,0,0.0,9,9,9.9,0,0,0.0.9.9.9.9,0,0,0.0.9.9,0.0,0.0.9.0.0,0,0.0.9.9,0,0,0.0.0.0.9.0.¢.9.9.9.9.9.0.0,0,0.0.¢
)0.:0.0.0,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.¢0.00.0090000000090000004000904000000000.0¢
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):0.0.0,0.0.0.9.9.0.0.0.0.0.0.0.0.0.0.90.0.0.0.0.0.0.0.0.:0.9.0.0.0.0.0.0.0.¢.0.0.0.0,0,0.9,0.0.0.0.0.0.0.0.0
),:0,0,0.0.9.9.9.9.0.0.0.0.0.9.9.0,0.0.0.¢.0,0,0,0.0.0.9.0,0,0.0,0.9.9,0.0,0.0.0.0.9.9019.9.9.9.9.9.90.0.0.90.04
),:0,0,0.0,9.0.9.0.0,0.0.9.9.9.0.9.0.0.0.9.0.0.0.0.9.0.0.0.0,0.0.0.9.0,0.0.0.0.0.9.0.0.0.0.9.0,0,0,0.0.0.0.0.¢
):0.0.0,0.0.9.9.9.9.0.9.0.0.0.0.0.9.0.9.9.9.9.9.9.9.9.9.9.9.046910104¢0¢000909099909040000000
):0,0,0,0.0.0.9.9.9.0.0.0.¢.0.0.0.0.0.0.0.0.0,0,0.0.0.0.9.0,0,0.0.9.9.0,0,0,0.0.0.9.90.0.9.9.9.9.9,0,0.0.040 ¢
).0.9.9.9.0.0.9.0.9.0.0.0.0.0.90.0.0.0,0,9.90990.90040000004000009090900040900000000000.
)0.0.0.0:0.0'9:0:0.0.0:0.:0.0.0:0.0.0.0.0.0:0.0.0.0.0.0.0.0.0.0.0.6.:0.0.0.0.0.0.0.0:0.0.0.0.0.0.0.0.0:0.0.0.¢
):0,9.0.9.0.0.90.0.0.9.0.0.0.0.0.0.:0.0.0.0.0.0.0.90.0090.090079000400909090900099040000090000
),0.0.0.9.9.0.0.0.0.0.0.0.0.0.0.0.0.9.0.90.9099979797000000000909099090900909000000000/
),9,0,0.0.0.0.9.9.0,0.0.0.0.0.9.0.0.0.0.0.0.0,0.0.0.0.9,0.0.0.0.0.9.0,0.0,0,0.0.0.0.0.0.9.0.0.0,0,0.0.0.0.0.¢
),:0,0,0,0.9.9.9.9.0.9.0.0.0.0.0.9,0,0.0.0.0.9,0.0,0.0.0.0.9,0.0.0,0.9,0,0,0,0,0,0,0.0.¢.9,9.0.0,0,.0,0.0,0.0.¢
):0.0.0.:0:0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.
XXXXXXXXXXKXXXXXXXXXXXKXXXXXXX XXX XXX KXKXXKXXXX XXX XXX KXKKXXXXX
):0,0,0,0,0.0.9.9.0.0.0.0.0.0.¢.6.0.0.0.0.0.0.0.0.0.0.90.9.0.0.0.0.9.90.9.0,0.0.0.0,0.0.9¢.9.9.9.9.9,090.90790.¢
),:9,9,9,9.9.9.9.0.9.9.¢.0.0.0.0.0.9.9.9.0.9¢.49.9.9.19.9.9.9.909.099797¢7¢797040909090090999799000.
),:0,9,9,9.9.9.9.9.0.0.0.9.0.0.0.0.9.9.9.9.9.0.0.9.9.0.0.9.9.0.9.9.9.0.0.9.0.0.0.¢.90.0,0.0,0,0,0.0.0,0.0.0,0.¢
):0.0.9.0.0.0.0.0.0.0.0.9.0.0.0.0.0.0.90.090909070404040404040¢0000000090909090909099070700000/
,9,9,9,9.0,0.0.9.9.9.9.9.0.9.0.0.0.0.0.0.0.0.9.0.9.0.9.9.9.9.9.9.0.0.9.0.0.0.0.0.0.0,0.0,0,0,0.0.9.9.0.0.0.
,0,0,9,9.0.0.0.0.0.0.0.9.9.0.0.0.¢.0.0.0.9.0.0.0.0,0.0.0.9.0.9.0.0.0.9.0.0.0.0.0.0.0,0,0,0.0.0.9.90.0.0.0.0.¢
,0,9,0.9.0.0.0.0.0.¢.0.0.0.0.0.0.0.0.0.0.0.9.9.9.9.0.9.9.0.0.0.9.9.9.9.0.9.9.0.0.0,0,0,9,0.0.0.0.0.0.0.0.0. 4
,9,0,9,9,0,0,9.0.0.9.9.9.9.0.9.9.0.0.9.9.9.9.9.0.9.0.0.9,9.9.0.0.9.0.9.0.0.9,¢.0.¢.0,0,0,0,0,0.9.0.0.0.0.0.4
,0,0.0.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.9.0.0.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0,0.0.0.0.0.0.0.0.0.4
XXXXXXX XXX XXX XXX XX XXX KK XX XXX X XXX XXX XXX XX KXXXXX XXX XXXXXX
).0.0.0.9.9.0.0.9.0.0.9.0.0.0.0.0.0.0.0.0.9.949.9.9.9.9.97904¢0¢0¢0¢0790907909090994907040000000
)0.0.0.0.:0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0:0.0.0.0.0.6.0.0.0.0.0.0.0.6.0:0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0 ¢
XXXXXXX XX XXX XXX XXX XXX XXX XX XX XXX XX XK XXX KX XXX XXX XXXXXXXXX
),9,0.0.9,9.9.9.0.0.0.0.0.9.0.0.0,0.0.0.0.0,9,0,0.0.0.9,0,0.0.0.0.9.0,0.0.0.0.0.0.0.0.0.9.9.0.0.0.0.0.0.0.0.¢
XXXXXXX XXX XXX XXX XXX XXX XXX XXX X XXX XX XX KK XXX XXX XXX XXXXXXX
,0,9,9.9.0.0.9.9.9.0.0.0.0.0.0.0.9.0.0.¢.9.9.0.0.9.0.0.0.0.0.0.0.0.9.9.0.0.0.0.0.0,0,0,0,0.0.0.0.0.0.0.0.0
),9,9,9.9.0.0.0.9.9.9.9.9.9.9.0.0.0.0.0.9.9.90.90.0.60.90.0.9.0.0.0909.4640709090.99000904000000000
),:9,0.0.0,9.9.9.9,9,0.0.0.0.9.9.0,0.0.0.0.9.9,0,0.0.0.9,0.0,0.0.9.9.9,0.0.0.0.0.0.9¢.90.0.9.0.0.0.0.0.0.0,0.0.¢
,0.0,0,0.0.9.0,0.0.0,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0,0.0,0,0.0.0,0.0.0.0.0.0,9.0.0.0.0,0.0.0.0.0.¢
,0.9,9,0.0.0.9,0.0.0.0.0.0.9.0.0.9,0.0.0,9,0.0.0,0.0,0,0.0.9.0,0.9.0,0.0.0,0.0.9.0.0,.0.0.0.0.9,0.0.0.0,0.0.¢
XXXXXXXXX XXX XXX XXX XXX KKK XX XK XXX KX XKXXXX XXX XXX XXX XXX KXXXX
),0.0,:9,9.0.9.9,0.0.9.0,0.0.0.0.0.0,0,0.0.9,0.0.9,0.0.9,0,0.0,0.0.0.9,0.0.0,0.0.0.0.0.0,0,0.0,0,0,0.9.0.0,0.
XXXX XXX XXX XX XXX XXX XXX XXX XXX XXX XX XXX XXX XXX XXX XXX X XXX XXX
),:9,9.0.0,9.0.0.0,0.0.0.0.¢.9.9.0,0,0,0.0.9.0,0,0.0.0.0.0.0,0,0.0.9.0,0.0.0.0.0.0.0.9.0.9.0.0.0.9,0,0.0.0.0.
),0,0.9.9.0.0.0.9.9.0.9.9.0.0,0.0,0.0.9.9.0.0,0.0.0.0.0.0.0,¢.9,9,0,0,0.0.0.0.0,0,0,0,0,0,0,.0,.0,0,0.9.0.9,0.¢
,9,0,0.0,9.9.0.0.0.0.0.0.0.9.0,0.0,0,0.0.0.0.0,0,0.0.9.0.0,0.0.0.0.0.0.0.0.0.0.0.¢.9.0.0.0,0.9,0.0.0.0.0.0.
):9,0,0,0.9.0.9.0.0,0.0.0.0.0.0.9.0,0,0.0.0.0.0.0,0.0.9.9.0.0,0.0.9.9.0.0.0.0.0.0.0.0.0.9.0.0.0.9,0,0.0.0.0.
,9,0,0.0,9.9.9.0.0,0.0,0.0.0.0.0.0,0,0.0.0.0,0,0,0.0.0,0.9,0,0,0.0.0,0,0.0.0.0.0.0.0.0.0.0.0.0.0.0,0.0,9.0.
),:9,0.0.0,9.9.9.0.9.0.0.0.¢.9.9.0.0,0.0.0.9.0.0,0.0.0.0.0.0,0,0.0.9.0,0.0.0.0.0.0.9.0.9.9.0.0.0.0.0.0.0.0.0.
XXXXXXXX XXX XXX XX XXX XXX XXX XXX XXX XXX KX XXX XXX XXX XXX X XXX XXX
0,9,0.0.0.9.0.0,0.0.0.0.0.0.9.0.0.0.0.0.0.9.0.0.0.0.9.0,0,0,0.0.9.9.9,0.0.0.0.0.0.0.0.¢.0.0.0,0.0,0.0.0.0.0.¢
),0,0.0,9,9.0.0.0.0.0.0.0.0.0.0.9.0.0.0.9.0.0,0.0.0.0.0,0.0,0.0.9.9,0,0.0.0.0.¢.0.0.9.0.0.0.0.0.0.0,0.0.0.0.4
,:0.0,9,9.9.0.9.0.0.0.0.0.0.0.0.9,0.0,0.0.0,0.0.0.0.0.0.0,0.0.9,0.0.0.0.0.0.0.0.0.0.0.0,0,0.0.0.0.0.0.0.0.0
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XXX XXX XXX XX XXX XXX XXX XXX XXX XXX XXX XXX XX XXX XXX XXX XXX XXXX
),:0,0,9.0,0,0:0.0.0.9.0.0.9.0.0.0.0.0.0.0.0,0.0.0.0,0.0.0.0.0.0.0.0.0,0,0.0.0,0.6.0.0.0,0,0.0.0,0,0.0.9,0.0¢
),:0.0.0.0.0.0.0.0.0,9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0.0.0,0,0.0.0,0,0.0.0.0,0,0.0.0.0.0.¢
):0,9.9,9.0.0.9.9.0.9.9.0.0.0.0.0.0.0.9.0.9.9.9.0.9.9.9.9.0.9.0.0.0.0.9.0.0.0.0.0.0,0,0.0,0.0.0.0.0.0.0,00
):0.9.9.0.9:0.9.0.0.0.0.9.9.0.9.0.0,0.0.0.9,0.0.0.9.0.:0.0.0,0.0.0.9.0,0.0,0.0.0.9.9.0.0.0.9.0.0,0,0.0.0.0.0.¢
),:0,0.0,0,0.0.9.0.9.0.0.0.0.0.9.0.9.0,0.0,0,0.0.0,0.0.0.0.0.9.0.0.0.0,0.0.0.0,0.0.0.0.0,0.0.0,0,0,0.0,0,0.0.¢
)9,9.9.9.9.0.0.0.0.0.0.0.0.9.9.0,0.0.0.9.0,0.0.0.0.0.0.9.0,0.0.0.9.0,0.0,0.0.0.0.0.0.0.9.0,0,0,0,0.0.0,9.0.¢
),0.0.0.0.0.0.0.0.0,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0.0,0.0.0.0.0.0.0.0.0.0.0,
,9,9,9,9,9.9.9.9.0.0.9.0.0.9.0.0.0.0.9.0.0.60.9.0.0.0.0.0.0.9.9.9.9.9.0.0.0.0.0.0.0.0,0,0.0.0.9.9.9.9.0,.0.0 ¢
),0.0,:9,0.0.9:0.0.9.9.0.0.0.0,0.0.9.0.0.0.0,0.0.0.0.0.0.0.0.0.0.0,0,0.0,0.0,0.0.0.0.0,0.0.0.9,0.0.0.0,0.0.0.¢
):0.0.9,0,0.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.9.0.0.0.0,0,0.9,0.0,9.0.0,0,0.0.0,0,0,0.9,0.0.0.¢
).:9.0.0.9.0.0.9.0.0.0.0.0.0.0.0.0.0.0.0.90.90.90.997964970¢407040040400040040090909990070000000
),:0,9,0.0.0.9.:9.0.0.0.0.0.0.9.0.0.0.0.0.0.0.0,0.0.0.0.9.0.9,0.0.0.0.0.0,0,0.0.0.09.9.¢.0.9.0.0.0,0,0.0.0.9.¢
):0,9,0,0.0.0.9.0.0,0,0.0.0.0.0.0.0.0.0.0.0.0,0.0,0.¢.9.0.0.0,0,0.0.0,0,0,0,0.0.0,0.0.0.0.0.0,0,0,0,0.0,0.0.¢
),:9,0,0.9.9.0:9.9.0.0.0.9.0.0.9.9.0.0.0.0.9.9.49.0.0.0.0.0.0.0.0.0.0.0.0.0.60.0.0.90.0.0.9.0.9.9.9.19.9.9.70.0.-
,:9,0,0.0.9.9:0.9.0.0.0.0.0.9.9.0,9.0.0.9.0.0,0.0.¢.0.9,0.0,0.0.0.9.0,0.0,0.0.9.9.9.0.0.0,0,0,0.0,0.0.9.9.0,¢
),:0,9,9.0,0.9.9.9.0.0.0.0.9.0.0.0.9.0.9.0.90.90.9.9.0.9.9.9.0.9.0.9.0.0.0.0.0.0.0.0.0.0,0.9,9,0.9.¢.0,0.0.0.0.
),:0,0,0,0,9,9,0.9.9.0.0.0.9.9.0.0,0,0.0.0.0.0,0.0.0.0.9,0,0.0.0.9.0,0,0.0.0.0.90.9,0.9.0.9,0,0,0,0.0.0.0,.0,0,.¢
XXXXXXXXXXXXKXXX XXX XXX XXX XXX XXX XXX XXX XX XXX XXX XX XXX XXXXX
XXXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XX XXXXX
KXXXX XXX XX XXX XKEXXXXXXXXX XX XX XXX XXX X XXX XXX XXX XX XKXXXX
XXXXXX XXX XX XXX XXX XXX XXX XXX XXX XK XXX XX XXX XXX XXX XXX XXXX
,9,0,0.9,9,9.9.0,0,9.0.0.9.9.9,0,0,0.0.9.0.0,0.0.9.9.9,0,0,0.0.9.9,0,0,0,0.0.9.9.9.0.0.0.0.0.0,0,0.0.0.0.0.¢
XXXXXXX XXX XX XXX XXX XXX XXX XXX XXX XXX XXX KX XXX XXX XXX X XXX XXX
),0,0,0.0,9,9.9,0,0,0.0.0.0.9.0.9,0.0.0.0.0.0,0,0.0.9.9,0.0.0.0.0.0.0,0,0.0.0.90.9.0.0.0.0.0.0.0,0,0,0.0,0.0.¢
,9,0,0,0,9,9.9.0.9.0.9.0.9.9.0.9,0.0.0.9.9.9.0,0.¢.9.9,0.0,0.0.0.9.0,0,0,0,0.90.9.90.9.9.9.9.0.0,0.0.0.0.0.0.¢
),9,0,0.0,9,9.0.0.0,0.0.0.0.9.0,0,0,0,0.0.0,0,0.0.0.0.0.0.0.0.0.9.0,0.0,0.0.0.9.9.0.0.0.0.9.0.0,.0.0,0.0.0.0.¢
,0,0,0,0.0.9.9.0.9.9.¢.0.0.0.0.0.0.0.0.0.0.0.9.9.0.0.9.9.0.0.9.9.9.0.9.9.0.0.0.0.0,0,0,0,0.0.0.0.0.0.0.0.0 .
XXXXXXXXXXXXXX XXX XX XX XXX XXX XXX KKK XXX XXX XX XX XXX XX XXXXX
,9,0,0.0,9,9.9.9.0,0.0.0.6.9.0.0,0,0.0.0.0,0,0,0.0.0.9,0,0.0.0.9.0.0,0,0.0.0.9.0.0.0.0.0,0.0,0.0.0,0.0.0.0.¢
),9,0,0,0,9,9.0.0.0.0.0.0.¢.0.9.0,0,0.0.9.9,0,0,0.0.0.9,0,0,0.0.9.0.0,0,0,0.0.0.0.0.0.¢.0.0.0,0.9.0.0.0.0.0.¢
),:0,0,0.0,9,9,9.0.0,0.0.0.0.9.0,0,0,0.0.9.9.9,0.0.0.9.0,0,0,0.0.9.9.0,0,0.0.0.0.0.0.0.0.0.0.0.0.0.0,0.0.0.0.¢
),0,0.0.0,9.9,9.0.0.0,0.0.¢.9.9,0,0,0,0.0.0.9.0,0.0.0.0.0.0,0.0.0.9.0.0,0,0.0.0.9.¢.¢.0.9.0.0.0,0.0,0.0,0.0 ¢
XXXXXXXXXXXXXX XXX KXKXKXX XXX XXX XXX XXX XXX XXX XX XXX XXX XKXXX
,0,0,9,0.0.9,0,0.0,9,0.0.0.9,0.9.9.9.0.0.0,0.0.0,0.0.0.0.0.9,0.0.9,0.0.0.0,0.0.0.0,0,0.0.0.0,0.0.0.0,0.0.0.¢
),0.0,9,0.0.9.0.0.0.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0.0,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0
),:0,0,0,0,0,9.0.0.0.0.0.0.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.
),:0,0,0,9,9,9.0.0.9.0.0.0.9.9.0.9,0.0,0.9.0.0,0.0.0.0.0.9,0,0,0.9.0,0,0.0,.0.0.0.0.0.0.0.0.0,0.0,0.0.0.0.0.0.
,9,0,0,0.9.9.9.9.0,0.0.0.0.¢.9.0.9,0.0.0.0.0,0.0.0.0.0,0.0.0.0.0.0.0.0,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.
,0,0.9,9,0.0.9,0.0.9.0.9.0.9.0.0.0.0,0.0.0,0.0.0.0.0.0,0,0.9.0.0.0.0.0,0.0.0,0.¢.0.0.0,0,0.0.0.0,0.0.0.0.0.¢
),.0,0.0,9,0.0.0,0.0.0.9.0.0.0.0.0.0.0,0.0.9.0.0.9.0.0.0.0,0.0.0,0.0.9.9,0.0.0,0,0.0.0.0,0,0.0.0.0.0.0.0.0.0.¢
XXXXXXXXXXXXXXX XXX XXX XX XXX XXX XXX XX XXX XX XXX XX XX XXX XKXXXX
) 9:0.0.6,0.0:0.:0,0.0:0.0.:0.0.0.0.0.0.:0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0:0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.¢
,9,0,0,0,9,9.9.0.0,0.0.0.0.0.0.9,0,0.0.0.9.9,0.0.0.0.9.0,9,0.0.0.9.9.0,0,0.0,0.0,0.0.0.0.0.0.0.0.0.0.0.0.0.¢
),0,0,0,9,9,9.9.9.0.0.0.¢.0.9.0.0.9.0.0.9.0,0,0.0.0.0.0.0.9.0.0.0.9,0,0.0,0.0.0.9.0.0.0.0.0,0.0,0.0.0.0.0.0.¢
,0,0,0,0,0,0.0.0.9.0.0,0.0.0.0.0.0.0.0,0.0,0,0.9.0.0.0.9.0.0.0,0.0.0.0.0.0.0,0,0.0.0.0,0,0.0.0.9,0.0.0.0.0.¢
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),:0.9,.0.0.0.0.9.0.9.0.0.0.0.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0.6,0.0.0,0,0.0.9.0.0.0.9.0.0.0.¢
19,9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0:0.0.0.0.0.0.0.0,0.0.0,0,0.0.0.9,0.0.0.0.9,0.0.0,0.0.0.0,0,0,
),:9,0,0.0.9.9.9.0.0.0.0.0.9.9.0.0,.0,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0.0.0.0.9.0.0.9.9.9,0,0,0,0.0,0.0.¢
),:9,0.0.9.0.9.9.0.0.0.0.0.0.0.0.0.0.0,0.0.0.0.0.0.0.0.0.0.0.9.0,0.0.0,.0,0.0,0,0.0.0.9,0,0.0.9,0,0.0.0.0,0.0.¢
),:0.0,0.0.0.0.0.0.0.0.0.0.9.0.0.0.0,0,0.0.0.0.0,0.0.0,0.0.0.0.0,0.0.0,0.0.0,0,0.0.9.0,0,0.0.9.9,0,0.9.0,0.0.¢
),:0,0.0.0.9.0.9.9.0,0.0.9.9.9.0,0,0.0.0.0.9.0.0.0.0.0.0,0.0,0.0.0.0.0,0,0.0.0.0.0.0.9.9.9.0,0,0,0,0,0.0.0.9,¢
),0,0.0,0.9.9.0.0.9.0.0.0.0.9.9.0,0,0.0.0.0.0.0,0.0.0.0.0.0,0,0.0.0.0,0,0,0.0.0.90.0.9.6.9,9,.0.0.0.0.0,0.0.0¢
),0,0.0,0.0,0.9.0.9.9.9.9.0.0.0.0.0.0.0.0.9.949.0.9.49.9.0.9.49.40.9.4¢70.70700400909909979079000000.
),:0,0,9.9.9.9.0.0.0.0.0.0.0.9.0,0,0,0.0.9.9,0,0.0.0.0.0,0,0,0.0.0.9.0,0,0.0.0.0.9.9.9.0.0.0,0,0,0,0.0.0,0.0.¢
XXXXX XXX XX XXX XXX XKXK XXX XK XXX XXX XXX XXX KX XXX XXX XXX XXXXX
),0,0.0.0.9.0.9.0.0.0.0.0.0.0.0.9.0.0.0.9.0,0,0,0.¢.0.9.0,0,0,0.0.9,0,0,0,0.0.0.90,9.0.0.9.9.0.0,0,0,0.0,0,0.¢
),:0,9.0.9.9.0.9.0.0.0.0.9.9.9.9.0,0.0.0.0.9.0,0.0.9.9.0,0.0.0.0.9.0,0,0.0,0.0.0.0.0.9.0.9,9,0.0,0,0.0.0,0.9.¢
),:0.0,0.9.9.9.0.0.0.0.0.0.0.9,0.0.0,0.0.0.0.0.0.0.0.0.0.0,0.0.0.0.0,0,0.0.0.0,0.0.9.0,0,0,0.0.0,0.0.0.0.0,0,¢
),0,0.0.0,0.9.9.0.0,0,0,.0.0.0.0.0.0.9.0.0.0.0,0.0.0.0.0.0.0.0.0.0.0.0.0.0,0.0.0.0,0.6.90.0.9.9.9.0.0,0.0,0.9.¢
),:0,0.0.9.0.9.9.0.0,0.0.0,0.0.9.0.0.0.0.9.0.0.0.0.0.0.0.0.0,0.0.0.9,0,0,0,0.0.9.0.0,0.0.0,0,0.0,0.0.9.9.0,0,¢
),0,0,0,9,0.9.9.0.0.0.0.0.9.0.0.0.0.0.0.0.9.0.0.9.9.9.9.9.9.9.0.0.0.0.0.0.0.0.0.0.0.0,0,0,0,0.0.0.0,0.0.0.0.¢
),0,0,9,9.0,0.9.9.0.9.9.9.9.0.0.0.0.0.0.9.9.0.0.9.9.9.9.9.9.9.9.9.0.9.9.0.0.0.9.0.¢.0.0,0,0,0.0.0.0.0.0.9.0.¢
),:0.0,0,9,0.0.0.0.0.0.0.9.9.0.0.0.0.0.0.0.9.9.0.9.9.9.9,9.9.0.9.9.0.9.9.0.0.0.0.0.0.0,0,0,0,0.0.0.0.0.9.0.0.
,9,0,0,0,9,0.0.0,0,0,0.0,0,0.9,0,0.0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,4
XXXXXXXXXXXXKXX XXX X XXX XX XXX XXX XXX XXX KX XXX XXX XXX XXX XXXXXX
XXXXXXX XXX XXXXX XXX XXX X XXX XXX XX XXX XXX XXX XXX XX XXX XXX XXXX
),9,0.0.0.9.0.9.9,0,0.0.0.0.9.0.0,0.0.0.0.0.0,0.0.0.0.9,0,0,0.0.9.0.0,0.0.0.0.9.9.0.9.0.9.0,0,0,0,0.0.0.0.0.¢
),:0,0,9,0.0,0.9.9.0.0.9.9.9.9.9.0.0.0.0.9.9.9.0.0.9.9.0.9.9.0.0.9.0.0.9.9.9.0.0.0.0,0,0.0,0,9.9.0.$,9.0.0.0
XX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XX XX XXX XX XXX XXX XXXXXX
),:0,0,0,0,0,0.0.0.0.0.0.0.0.0.0.9.9.9.9.9.9.0.0.9.9.9.0.9.9.9.0.0.0.0.9.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.{
XXXXXXXXXXXXX XXX XXX XXX XXX XX XX XXX XXX XXX XXX XXX XXX XX XXXXX
),:0,0,0.9.0,0.0.9.0.9.0.9.0.0.9.9.9.9.9.0.0.0.0.0.9.0.0.0.9.0.0.0.0.0.0.0.0.0.0.0.0,0.0,0,0.0.0.0.0.0.0.0.0
XXXXXX XXX XXX XX XXX XXX XXX XXX XXX XXX XX XX XXX XX XXX XX XXX XXXXX
,:9,9,9,0.9,9,9.9.9,9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9,0.9.0.9.0.0.0.0.0.9.9.9.0.9.0,0,0,0,9.9.0.0.0,0.0.0.0.
)0,0.0.0.9.9.9.9.0.0.0.¢.9.9.0.0.0.0.0.0.0,0.0.0.0.0.0.0.0.0.0.0.0,0,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0.0.0.0.4
)0.0.0.0,0.0.0.0.0.0.0.0.0.0:0:0,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0¢
:0,0/0:0:0.0.0.:0.0.6:0.0.0.0.0.0.:0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.¢
,:9,9,9.9.9,9.9.9.0.9.0.0.0.9.0.0.0.9.9.9.0.9.9.9.9,9,0,9.9.9.9.9,9.9.9.9,9.0.0.0.0.0,0,0,0,0.9.0.0.0.0.0.0 ¢
):0.0,0.9.9.9.0.9.0.0.9.9.9.9.9.0.0.9.9.0.9.9.9.9.9.0.0.0,9.0.9.0.0.0.0.0.0.9.0.0.0.0,0.9,0.9.0.0.0.0.0.0.0
,:0,0,0,9,9.9.9.9.9,9.9.9.9.9.0.0.0.9.9.9.9.9.9.9.9.9.9.9.0.0.0.9.9.9.9.0.0.0.9.0,0.0,0,0,0.0.0.0.0.0.0.0.0 .
XXX XX XXX XXX XXX XXKEXXXXXXXXXXKXXKXXE KX XXX X XXX XXX XX XXX XXXXX
),:0,9,9,0.0.0,9.9.9.9.9.9.9.0.0.0.0.0.9.0.0.9.9.9.9,0.9.0.9.9.9.0.0.0.0.9.0.9.0.¢.0.0,0.0,0,0.0.0.0.0.0.0.0.{
),9,9,9,9,9,9.9.9.9.9.9.9.0.0.0.0.0.0.0.0.0.0.9.9.9.9.9,9.9.9.9.9.9.9.9.9.0.9.0.0.0.0.0,0,9,9.9.9.9,0.0.0.0,
XXXX XX XXX X XXX XXX XKXXKEEXKXKXXXXKXEEX XXX KKK XXX XX XXX XX XXXXX
):0.9.9.0.0.9.9.9.0.0.0.0.0.0.0.0,0.0.0.9.0.049.49.9.0.9.90.90.49.49404070700000909090090000000000/
XXXXXXX XXX XXXXX XXX XKE XXX KX XXX XXX XXX XX XK XXX XXX XXX XXXXXX
),0,0.0.0.0.0.9.9,0,0.0.0.0.9.0.0,0,0,.0.9.9.0.0.0.0.0,0.0,0.0.0.9.0,0,0,0.0.0.0.0.0.0.0.0.0.0.0.0,0.0,0.0.¢
):0.9.0.9.0.9.¢.0.0.0.0.0.0.0.0.0.0.0.0.0.9.090046404040707040404040¢000009090.09.9070000000.0
):0,9,0.0.9.9.9.0.9.0.0,0.0.9.9.0,9.0.0.0.0.0.0.0,0.0.9.9.0,0,0.0.9.0.9.0,0,0.0.0.00.9.49.9.9.9.9.990.90.00.¢
):0,9,0.0.9.9.9.0.9,0,0.0.0.9.9.0.0.0.0.0.0.0.0.0.0.0.0.9.0,0.0.0.0.0.0,0,0,0.0.0.0.0.90.049.0.9.9.0.0,0.90704¢
XX XXXXX XXX XXX XXX XXXXXXXXXX XXX XXX XXX XXX XX KX XX XXX XXXXX
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),:0,0.9.0.0.0.9.0.0.0.0.9.9.0.0.0,0.0.0.9.0.9,0.0.9.0.9,0,0,0.9.9,9,0,0,0.0.0.9.9,9.9.9.9.9,0,0.0,0,0.0.0.0.¢
),9,0,0.0,0.0.9.0.0.0.0.0.0.0.0:9.0.0.0.0.¢.9,0,0,0.0.9.9.0,0,0.0.0.9.0.0.0.0.0,0,0.0.9.9.9,90.9.9.0.0,0,0.0
)0.0.0:0.:0:0.0.0,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.6.0.0.0.0,0 ¢
),:0,9.0.9.9.9.9.9.0.0.0.0.0.9.9.9.0.0.0.0.0,9,0.0.0.9.0,0.0,0.¢.9.9.9,0,0,0.0.0.0,0.9.0.9.9.0,0.9,0,0,0,.0.0.¢
),0,0.0.0.0.0.9.0.0.0.0.9.9.0.:0.0.9.0.0.0.:0,0,0,0.0.0.0.0.0,0.0.0.0.0,0.0,0.0.0.0.0.0.0.9.0.0,0.9,0,0.0,09.¢
):0.9,9.0.9.0.0.9.9.9.0.9.0.0.0.0.0.0.0.0.0.9.9.9.9.0.9.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0,0,0.9.0.0.0.0.0.0.0
XXXXXXX XXX XXX XXX XXKX XXX XXX XX XXX XXX XXX XXX XXX XXX XXX XXXXXX
),0,9,0.0.0,0.0.0.0.0.0.0.0.9.0.0.9.9.9.9.9.9.0.0.0.0.0.9.9.0.0.0.0.0.0.9.9:9.0.0.0.0,0,0.0.9.0.0.0.9.0.0.0 ¢
),:0,9,0.0.9.9.9,0,0,0.9.0.0.9.9.9.0,0.0.0.9.9,0.0.0.0.9,0.0,0,0.0.0.0.0,0,0.0.0.0.9¢.9.9.9.9.0.0.0,0.0.0,0.0.¢
XXXXXX XXX XXXXX XXX XXX XXX XXX XXX XXX XXX XXXXXKXX XXX XXX XXXXXX
)0,0,0.0.9.9.9.9,0.0.0.0.9.9.9,9,0.0.0.0.0,0.0.0.0.9.0.0.0,0.0.9.0.0,0.0.0.0.0.90.0.9.0.9.0.0,0,0,0.0.0,0.0.¢
). 0,0,0,9.0.0.9.0.0.9.0.9.0,0,9.0.0.0.9,0.9,0.0.0.0.0.0,0.9.0.0.0.0.0.9.0.0.0,0.9.0.0,0.0.0.0,0.9.0.0.0,0,0.4
),0,0.9,0.0.0.9.9.0.0.0.9.9.0.9.0.0.9.0.0.9.9.9.9.9.0.9.9.9.9.9.0.9.9.9.0.¢.9,0.¢.0.0,0,0,0,0.0.9.0.9.0.0.0.
19,9,0.0.9,0.0,9.9,0.0.9,0.0.0,9,0.0,0,0.0,0,0.0,0.9.0,.0,0,0.0,0,0.0.9,9.090.9.9.0.90.9.9,0.9079,0.9.09.0,0.0¢
XXXXXXXXXXXXXXXXXXXXXXXXX XXX XX XXX X XXX XXX XXX XX XXX XX XXX
XX XXX XXX XXXXXXXXXXXXXXXXXKXXXEEXXXXXXXX XXX XX XXX XXX XXXXX
XX XXX XKXXXX XXX XXX XXXXXXX XXX XXX XXX XX XXX XXX XX XXX XXX XXXXXX
KXKXXXKXKX XXX XXX XXX XXKXXKXKKKXXXXXKXXXXXX XXX XX XXX XXX XXXXXXX
),0,9,0,0,0,0.9.9.9.9.9.9.0.0.0.0.0.0.0.0.90.0.0.9¢.9.6.0.04049.4006409004040400009.99.90.9000400000
XX XXX XX XXX XXX XXX XXKXXKXKXXXXKXXXXXXXXXX XXX XXX XXX XX XXXXXXX
).0.9.0.0.0.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.90.0.0.0.0.0.0.0.0.0.¢.¢0.:0.0.0.90.0.0.0.0.0.0.9.0.0.0.0.0.0
XXXXKEKXXXXXX XX XXX XXXXXXXKXXXXXXXXXXXX XXX XXX XKXXXXXXXXXXXX
XXXX XXX XX XXX XXX XXX XXX XXX XX XXX XXX XXX XXX XXX XXX XX KXXXXXXX
),0.0,0.0,0,9.0.0.0.0.9.0.0.0.0,9.0.0:0.0.0,0,0.9.0.0.0.0,0,9.0.0.0.0.0.0.0.0.0,0.0.0,0.0.0.0.9.0.9.0.0.0.0.
),:0,0,9.9.9,9.9.9.9.9.9.9.9.9.9.0.0.0.9.9.9.¢.9.9.9.0.0.9.0.9.9.9.0.9.9.9.0:9.¢.9.0,0.0,0,9.9.9.9.9.9.¢.0.0.{
XX XXX X XXX XXX XXX XXX XXX XXX XXX XX XXX XXX KX XXX XXX XXX XXXXX
,0,0,0.9.9,0.9.0.0.0.9.0.0:0.0.0.0.0.0.0.0.90.9.90.6.90.9.9.90.9.9.9.9.9.9070040090.90,09.99079¢00000
),:9,9,9,9.9,9.9.9.9.9.9.9.¢.0.0.0.0.9.9.0.9.010.9.9.9.9.9.9.9.9.9.9.9.9.0.9.0.0.9.9,0.9.0.0.9.0.0.0.90.0.0.0.
),:9.9,9,9.9.9.9.9.9.0.0.0.0.0.0.0.0.0.0.0.¢.0.0.0.9.0.0.:0.¢.¢.0.9.0.:0.¢.0.0.0.0.0.0.0.0,0,0.9.¢.9.0.9.0.0.0.{
,9,9.9.9.0.9.9.9.0.0.0.0.0.0.0.0.0.0.090.0.004990.409.9.990097900040400090909094000000000.
XXXXXXXXXXXX XXX XXX XXKXKXXXXXXXXKEXXXX XXX XXX XXX XXX XXX XXXX
XXXXXX XXX XXX XXX XXX XXX XXX XX XXX XXX XXX XX XXX XXXXX
XXXX XXX XXX XXX XXX XXX XXX XXXXXX XXX XXX XXX XXX XXX XXX XXXXXX
XXX XXX XXXXXXXXXXXXXXKXXXXXXXXXXXX XXX XXX XX XXX XXX XX XXXXX
XXXXXXXXXXXXXXXXXXXXXXXXKXXXXKXXXXX XXX XXXXXX XXX XXX XXXXXX
XXXXXXX XXX XXX XXX XX XXX XXXXXXXXXXX XXX X XXX XXX KX XXXXXXXXXX
),0,0,0,0,9,9.9.0.0.9.9.9.9.9.9.9.9.9.9.0.9.¢.9.9.9.0.0.0.9.9.0,9.9.9.9.9.0.9.9.¢.0.0.0,.0,9,0.0.0.0.0.0.0.0.4
),0,0,0.9.9.9.9,0,0,0.0.0.0.9.0.0,0.0.0.0.0.0,0.0.0.0.9.0.0,0.0.0.0.9,0.0,0.0.0.0.¢.0.¢.0.0.0.0,9.0.0.0.0.0.¢
XXXXXXXXXEXXXXXXXXXXXXXXXXXXXXXXXEEXX XXX XX XXX XXXXXXXXX
XX XKXXXXXXXX XXX XXXXKXXKXXXKXXXXXXXXXXXXXXKX XXX XXX XXXXXXXXXX
XXXXX XXX XX XXX XXX XX XXX XXX XXX XXX XXX XXX XXX XX XXX XXX XXXXXX
0.0,0,0.9.9.0.0.0.0.0.0.0.0.0.0.9.0.0.0.0.0.0.0.000.0.0040040404040009090900999009000000.0/
XXXXXKX XXX XXX XXX XXX X XXX X XXX XXX XXX XXX XXX XXX XXX XXX XXXX
):0,9.9.0.0.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.9.9.0.90.0.0.0.79.79797040707079079.90.90.9909,0900070709090.000
XXXXXXXXXXXXXX XXX XXX X XXX XXX XXX XXX XXX XX XXX XX XXX XXX XXXXX
0.0,0.9.9.9.9.9.0.0.0.9.9.¢.0.0.0.0.0.0.9.9.9.9.9.0.0.0.0.0.0.0.0.0.0.0.9.0.0.0.0.0.0.0.0,0,0,0.0.0.0.0.0. 0.4
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). 9,0.0.0.0.0.0.9.0.0.0.0.0.9.0.0.0,0.0.0.0.0,0.0.0.0.0.0.0.0.0.0.0.9.9,0,0.0.0.0.0.$.¢9.90.9.90.9.0,0,0.0.0,¢
:0,0.0.0.0.6.0.0.0.0.0.:0.0,0.0.0.0.0.0.6.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0.0.0.0.
),:0,0.0,0,9.0.9.0.0.0.9.9.9.9,0.9.9.0.0.0.0,0.0.0.9.0.0,0.0.0.9.9.0,0.0.0.0.0.9.9.9.9.9.9,9,0.0.0,0.0.0,9.0,¢
),9.9.0,0.0.0.0.9.0.0.0.0.0.0,0.0.0.0,0.0.0,0.0.0.0.0.0.9.0.0.0.0,0,0.0.0.0,0.0.0.0.0,0.0,.0,0,0.0,0,0,0,0,0
),0.0,0.9.0.0.9.0.0.0.0.0.0.9.0.0.9.0.0.0.0.0.0.0.0.0.0.0.0.9,0.0.9.0.0.0.0.0.0.0.9,0.0,0.0.9.0.0.0.0.0,0.0.¢
),0.0,0.0.0.0.9.0.0.9.0.0.0.9.0.0.9.0.0.9.0.0.0.0.0.0.0.0.0.0,0.0.0.0.0.0.0.0.0.0.0.0.0,0.0.0.0,0,0.9.9,0.0.¢
):9,0,0.0,0.0.9.9.0.0.0.0.0.9.9.0.0.0.0.9.9.0.0.0.9.0.0.0.0.0.0.0.0,0,0,0.0.0.0.0.0.0.9.9.9.0,0,0,0,0.0,0.0.¢

6.0 QA RECORDS

):0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.90.97979.9.9.9.9.0.79.9.979.0.9.797904940090909,90.999797¢7000.00/(
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
):0.9,0.0.9.9.9.9.0,0.0.0.0.0.9.0.9.0.0.0.9.9.0.0.0.0.9.0.0,0.0.0.9.0,0.0,0.0.0.0.0.0.0.0.9.0.0,0,.0.0.0,0.0,¢
),:0,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.9,0,0.0.$.9,0.0,0,0,0.9.9,0,0.0.0.0.0.9.0.0,0.0,0,0.0.0.0.0.9.0,0,0
),0,9.0,0.0.9.9.9.9.0.0.9.9.0.0.0.0.0.0.0.0.0.9.0.0,0,0.9.0.0.9,0,0,0,0.0.0.9.9.9,0,0.9.0,0,0.0.9,0.9.9,0,0,¢
),:9,9,9.0.0.0.0.6.0,0.0.:0.6.0.0.9.9.9.9,0.0.0.0.0.0,0,0,0,0,0.0.9.0.0.0.0.9.9.0.0.9,9.0.0,0,0,0,0,.0.0.0.0.0.¢
),0.0.0.0.0:0.0.0.0,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,.0.0.0.0.0.0.0.0.0.0,0.(
)0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0:0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0.0.0.0.0.¢
):0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.9.0.0.9.0.0.9.9,0.0.9.0.0.0.0:0.0.0.0.0.0.0.0.0.0,0.9.9.9.9.0.0.0.0.0.0.
):0:0.0.0.0:0:0.0.0.0.0.0.:0.0.0.0:0.0.0.0:0.:0.0.0.0.0.0.0.0.0.0.0.0.6:6.0.0.0.0.0.0.0.6.0.0.0.0.0.0.0.0.0.0.¢
0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.09090.90949.9.9.90.9.9.9.90.999.9.9.9.4970¢9090909009990000000/
),:0,0.0,0.0,0.0.0.0,6.0.0.0.9.0.9.0.9.9.9.0.9.9.0.0.0.0.0.0.0.0.0.0.0.9.0.0.0.0.0.0.0,0.0,0.9.0.0.0.0.0.0.0
,:0.9.0.9.0.9.9.0.0.9.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0.9.0.0.0.0.9.0.0.0.0.0.0.0.0.0.0,0.9.9.0.0.0.0.0.0.0.0
XX XXX XX XX XX XXX XX XX XXX XX XXX XX XXX KX XXX KKK XXX XXX XX XX XXXXX

7.0 ATTACHMENTS

Attachments 7.1, 7.2 and 7.3 are forms that are related to this procedure. These
forms shall carry the same revision as this procedure. To access them, click on the-
link provided. '

7.1 Project Quality Plan
\Forms\QPP 2.1. Attachment 7.1, Project Quality Plan, Rev E.doc

7.2 Spares Quality Plan
A\Forms\QPP 2.1, Attachment 7.2, Spares Quality Plan, Rev E.doc

7.3 Quality Assurance Programs ‘
\Forms\QPP 2.1. Attachment 7.3, Quality Assurance Programs., Rev E.doc
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QUALIFICATION OF TEST PERSONNEL
HFC Non-proprietary

1.0  PURPOSE AND SCOPE

1.1.  The purpose of this procedure is to define the requirements for training, qualification, and
certification of personnel who perform tests on HFC products.

2.0  ORGANIZATIONAL RESPONSIBILITIES

2.1. ),0.0,0,0.0.0.0.0.0.0.0.0.0.0.0,0.0.0.9.0.0.0.0,0.0.:0,0.0.0.0.0.0,0.0.0.0,0.0.0.9,0,0.0.9,0,0,0.0,
),0,0,0.0.0.0.9.9.0.0.0.0.9.0.0,0,0.9.9.9.0,0.0.9.0.0.0,0.0.0.0.0.0..9.9.90,0.9.0,0,¢

2.2 ).9.9.0.0.0,0,0.0.0.0.0.9.0.9.0,0.0.9.0,0.0.0.0,0,0,0.9.9.9.¢.0.0.:0.0,0.0,0,0.¢

3.0 REFERENCES
3.1 QPP 17.1, “Quality Records”

4.0 GENERAL INFORMATION

4.1. ):0,0,0.0.0.0.9.9.0.0.0.0.0.0.0.0,0.0.0.9,0.0.0.0.9.0.0,0,0,0.0.90.90.9.9.9.0,0,0.0,.0.0.9.9.0,0,0.0
)0.6.0,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0:0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.4
):0.0,9.0.0.0.9.0.0.0.0.0.0.0,0.0.0.0.0.0.0.0.0,0,0.0.0,0.0.0.0.0.0.0.0.0.0.0.0.0,0,0.0.0.0,0.0,0.¢
,:0,0,0.0.0.0.9.0.0,0.0,0.0.9.0.0.0.0.0.9.0,0,0.0.0.0.0,0,0.0,0.0.9.0.0.0.0.0.0.0,0,0,0.0.0.9,0,0,

5.0 PROCEDURE
5.1. Levels of Capability

) 0.0.0.0.0.0.0.0:0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.00000.009090909090400000090000000000
XXXXXXX XXX XXX XXX XXX XXX XXX XXX XX XXX XXX XXX XXX XXX XXX XXXX
),0,0.0.0.0.0.0.0.0,0.0.0.6.0.0.0,0,0.90.60.0,0,0,0.90.9.9,0.0.0.0.6.9.9.0.9,0,0,0.0,0,0,0,0.0.0.9.9.0.0,0 ¢
XXXXXXXXXXXXXXXXXX XX XXX XK XXX XXX XXX XXX XX XXXXXX
XXXXXXX XXX XX XXX XXX XXX XXX XXX XXX XXX XX XXX XXX XXX XXX XXXXX
XXXXXXXXXXXXXXX XXX XXX XX XXX XXX XXX XX XXX XXX XX XXXXXXXXXX
P 0,0,0.0:0.0,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0:0.0.0.0.0.0.0.¢
)0,0.0,0,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.00.00.0¢0.0409090900900009090.90409090.0000004(
XXXXXXXXXXXXXXXXXXXXXX XXX XXXXXXX XXX XXX XXX XXX XX XXXXXX
KXXKXXKXXKXXXXXXXXXKXKKXKXXXKKEXXXKXXXXXX XXX XXX XX XXXXXXX
),9.9,9.9.9.9.9.9.0.9.9.9.9.9.9.9.9.9.9.9.9.9,9.9.9.9.0,0.9,9.9,9.9:9.9.9.9.0.0.0,0.0.9.9.9.0.0.0.0.0.0 .
XXX XXX XXXXXXX XXX XXX XXX XXXXXX XXX XXXXXXXXXKXXXXXXXXXXXX
),:0.0,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.6.0.04919.9.90.9.9.9.0.9.99.0.¢7¢407040409090.90.999.9407040000
),0,9,0,0.0.9.0.0.0.0.0.0.0.0.0.0.9.0.9.0.9.9.0.0.0.0.9.0,.0,0.0.0.0.9.9.0.0.0.0,0.0.0,0.0.9.0.0.0.0.0.0.
XXX XX XX XXX XXX XXXXXXKXXX XXX XXX KKK KKXXKXXXKXKX XXX KX XKXXXXXX
XXX XXKXKXKXKXKXXXXXXKXXKXXKXKXKXXXXXXKXXXX XX XXX XXX XXX XXX XXXXXX
XXX XX XXXXXXXXXXX XXX XXX XXX XXX XXX XXXXXXXXXXXXXXXXXXXXX
)0.0.0.0:0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.00.0.90.0.0.0.0.0.0.00.0.000.90009040900060009000.00¢
XXXXXXXXXXXXXXX XX XXX XX XXX XXX KXXXX XX XXX XXX XXX XXX XXXX
),:0,0,9.0.0.0.0.9.9.0.0.0.0.¢.0.0.0.0.0.0.9.9.90.0.0.0.9.0.0.0.0.0.0.0.0.0.0.0.0.0,0.0.0.0.0.0.0.0.0.0.0
).:0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.90.0009097949.9¢9.4970797970400909099.90990497070790000000
XXX KXXXXXXXXXXXXXXKXXKXXXXXXKXKEXXXEXXXKXEXXKXXXXXXXXXXXXX
AXXX XXX XXEXXXXXXXXXKXEXXXXXXX XXX XXX KKK XXX XXXXXXXXXXX
,0,9,9,0.0.0.0.0.0.0.0.0.0.0.0.90.0.9.90.9079079079404904040404000000907909900.990700000.0.000.0-
XXX KX KXKXXXXXXXXXXXXXXXXXX XXX XXX XXX XX XXX KXXXXXXXXKXXXX
KXXXXXXXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XX XXX XXX XXX X XXX
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):0.0,0,0.0.9,9.0.0.0.0.0.0.0.9,0.0.0.0.0.:0,0,0.0.0.0.0,0.0.0.0.0.0.9.0.9.0.9.0.0,0,0,0,0.0.0.9,.9.0.0,0,
)0.0.0.0.0.0.0.0.0.0.0:0:0.0.0.0.6,0.0,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0909900009000900900000¢
),0.0,0,0.9,9.9.9.0.0.0.0.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0.0.0,0.9.¢.0.0,0,0,.0,0,0,0,0,0.0.0.9.0.0,0,0.0
)0.0,0.0.0.0.0:0:0:0:0:0:0.0.0:0:0.0.0.6.6.6:6.6.6.6.66.66.606.90.909090000000000000000 0
),:0.0.9.0.0.0.0.0.0.0.0.0.0.0.0.0.9.0.0.0.0,0.0.0.0.0.0.0.0.0.0,0.0.9,0,0.0,0,0.0.0,0,0,0,0,9.0,0.0,9,0,
),9.0.0.0.0.0.9.9.0.0.0.0.0.0.0.0,0.0.0.0.0,0.0.0.0.9.9.0.0.0,0.¢.9.0,0.0.0,0.0,0,0,0,0.9.¢.9.0.9.0,0,0,
),0.0,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.9.0.0.0,0.0.0.0.0.0,0.0.9.0.0.0.0.0.0.0.0,0,0.0.0.0,0,0.0.0,0.0.0,0.¢
),0.0.0.0.0.0.0.0.0.0.0.0.9.9.0.0.0.0.0.0.0,0.0.6.0.0.0,0.0.0.69.90,0,0.0,0,.0.0.0,0.0.9099.9,0,.0,0,0,0
),9.9,9.9.0.0.9.9.0.9.0.0.0.0.0.0.0.9.9.0.0.9.9.0.9.0.9.0.9.0.0.0.0.0.0.0.9.0.0,0,0,.0.0.0.0.0.0.0.0.0.0 ¢
),0,0,0.0.9.9.9.0.0.0.0.0.0.9.0.0.0.0.0.0.9.0.0.0.0.0.9.0.0.0.0.0.0.0.0.0.0.0.0,0,0.9.0.0,0,0.0.0.0.0.0
),0,0,0,0.0.9.0.0.0.9.0.0.0.9.9.0.9.9.¢.0.0.9.0.0.0.0.0.9.0.9.9.0.0.0.0.0.0.0.0,0,0,0.0.0.0.0.0.0,.0.0.0 .
),0,0.0.0.0.9,9.9.0.0.9.0.0.9.9.0,0.0,0.0.0.0,0,0.0.9.9,0,0,0,0.0.0.9,0.0,0,0,0,0,0,0,0.0.0.9,9.0,0,0,0 ¢
),0.0.0.0.0,0.9.0.0,0.0.0.0.0.0.0.9.0.0.9.0,0,0,0,0.0.9,0.0.0.0.0.9.0.0.0,0,0,0,0,0,0,0.0.0.9.9.9.0,0,0,
),:9.0.0.0.0,0.9.0,0,0.0.0.0.0.0.0.0.0.0.0.0,0,0,0.¢.0.9,0.0.0,0.0.9.0,0,0,0,0,0,0.0,0,0.0.0.90,0.0,.0,0,0

5.2.  Limited Certification

),0,0,0,0.0.0.0.0.0.9.9,0.0.0.¢.¢.0.0.9,0.9.9.0.0.0.0.9.0.0.0,0.0.0.0.9.9.0.0.0,0,0.9,0,0.9.0.9.0,9.9.0,¢
):0,0,0.0.0.0.0.:0.0.0.0.0.0.0.9.9,0.0.0.9.0,0,0.0.0.0.0,0.0,00.9.9.0.0,0,0,0.0.90.99.9.9.0.9,0.07909,0.4
XXXXXXX XXX XXX XXX XX XXX XX XXX XXX XXX XX XXX XXX XXX XXX XXXXXX
,0,0,9,9,0,9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.0,0.9.9.9,9.0:9.9.0.0.0.0,0,0,0,0,0,9.9.9,9,9,9,0.¢
XXX XXXXX XXX XXX XXX XXX XX XXX XXX XXX XX XXX XXX XXX XXX XXXXXX
,:0,0,9,0,9.9.9.0.9.9.9.9.9.9.9.9.9.9.9.9.9,0.0.0.0.9.9,0.0.0.0,0.0.9.9.9.0.0.¢.0,0,0,0,0.0.0.0.0.0.0.0.¢

5.3.  Education, Experience, and Training

):0,0,9,0,0.0.9.9.9,0.0,0.0.9.9.9,0.0,0.0.9.9,0,0.0.0.9,0,0.0,0.0.0.9.9.0,0.0,0,0,0,0,0,0.0.9.0.9.0,0,0,
XXXXXX XXX XXX XXX XX XK XXX XXX XXX XXX XXX XXX XXX XXX XXX X XXX
),:0,9.9.0.0.0.9.9.9.0.9.0.0.0.0.6.0.0.0.0.0.0.0.0.9.9.9.0.0,9.9.0.0.0.0.0.0.0.0.0,0.9.0.0.0.0.0.0.0.0.0
):0.9,0,0.0.0.9.9.9.0.9,0.0.0.0.0.0.9.0.0.9.9.9.0.0.0.9,0.0.0.0,0.0.9.0.0.0.0.0,0.0.9.9.0.0.0.0.0.¢.0.0
XXX XXXXXXKXXXXXXXX XX XXX XXX XXX X XXX XXX KXXXXXXXXXXXXXXXXX
KX XX XX XXXKXKXXXKXXXXKXXKXXXXXXXXX XXX XX XXX XXX XXX XXXXXXXX
KXKXXX XXX XXX XXX XXX XXX XX XXX XXX XXX XXX XXX XXX XXX XXXXXXXX
):0.9.9.0.9.0.0.0.0.0.0.0.0.0.0.0.0.9.9.9$9.9.9.9.9.9.19.9.9.9.19.9.970709090909090990700900900000
XXX XXX XXX XXXXXXXXXXKXXXXKXXKKEXKEKXKKXXXXKXXXX XXX XXX XXXXXX
):9.9.9.9.9.9.0.9.9.0.0.¢.0.0.0.0.0.0.0.0.0.0.0.0.0.9.0.9.0.9.9.0.0.0.0.0.0.0,0,0,0.0.0.0.¢.0.0.¢.0.0.0
0:0.0:0:0:0.0.0.:0.0:0.:0.0.0.0.0.0.0.:0.0.0.:0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.6.0.0,0.0.0.0 ¢
XXXXXXXXX XXX XXX XXX XXX XXX XXX XXX XX XXX XXX XXX XXX XXXXXXXX
).0.0.0:0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.090090707040707079049049090909090909707990900000000
),:0,9,9,9.0.0.9.9.0.9.0.9.0.0.0.0.0.0.0.0.0.0.9.0.9.0.0.0.9.9.0.0.0.0.0.0.0.0,0,0.9.0.0.0.0.9.9.0.0.0.0.4
),9,9,9,9,9.9.9.9.0.0.0.0.0.0.0.0.9.0.0.90.9.9.9,0.0.0.0.0.0.0.0.9.0.0.9.0.0.0.0,90.0.9,9.9.9.0.0.9.9.9.9.¢
KX XXX XX XXX XX XXX XXXXXXXXXXXKKX XXX XXXXXXXKXXXXXXXXXXXXXX
),9,9,9,9,0.0.0.9.0.9.0.9.0.9.9.0.0.0.9.0.0.9.9.0.9.9.0,0.9.9.9.0.0.9.0.0.0.0,0.9,9,0.9.0.0.¢,0.0.0.0.0.¢
XXX XXX XXX XX XXXXXXXXXXEXXX XXX XXXXXXXX XXX XXX XXX XXXXXX
XXXXXXXX XXX XXX XXX XXX XXX XXX XXX XXX XX XXX XXX XXX XXX XXX XXX
KX XXX XXX XX XXXXXXXXXXXXXXKKKX XXX KKK XKXXKEKXXXKXXXXXXXX
KAKKX XXX KXEXXKXXXXXEXKXKXXXXXKKEXXX XXX XXX XX XX XXX XXX XXXXX
KX XXX XXX XXX XXX XXX XKXXX XXX XX XXX XXX XX XXX XXX XXXXXXX
XXXXXXXXXXXX XXX XXX XXX XXX XXX XXX XXX XX XXX XXX XXX XXXXXXXX
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QUALIFICATION OF TEST PERSONNEL
HFC Non-proprietary

),9.0.0,0.0.0.9.0.9.9.0.0.0.0.0.9,0,0.0.0.0.0.0.0.0.0.0,0.9.0.0.0.0.9.0.0.9,0,0,0,0,0,0.0.0.9.0.9.0.0,0,¢
),:0,0,9.0.0,0.0.0.0.0.9.0.0.0,0.9.9.0,0,0.0,0,0.0,0.0.0.0.0.0.0.0.0.0,0.0.0.9.0,0,0.0,9.0,0.0,0,9,0,0,0.¢
),:0.0,0.0.0.0,9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0.0.0.0.0.0.0.0.0.0.0.0,0.0.0.9.0,0,0.0.9.0,0,0.0.0,0.0.0.¢
),:0,0,0,0.0.0.9,0.0.0.0.0.0.0.0.0.9.0,0.0.0,0.0.0.0.0.0.0.0.0.0.0.0.9.0,0.0.0.0,0,0.0.0.0,0.0,0.0,0.0,0,¢
),:0,0,0.0.0.0.0,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.9.0,0.0.0,0,0.9,0,0,0.0,0.9,0.0.9.0,0,0,0.0,
),0,0,0,0.9.9.9.0.0.0.0.0.0.0.0.0.0.0.0.9.0.0.0.0.0.0.0.0.0.0.0.9.0,0,0,0,0,0.0,0.0.0.0.99.9.9.0,.0,0,0,
),:0,0,0.0.9.9.9.0.0.0.0.0.0.0.9.0,0.0.0.0.0,0.0.0.0.0.0.9.0.0.0.0.9.9.0.0.0,0,0,0,0,0,0,0.0.9.9.9.0,0,0
),:0,0,9,0.0.90.0,0.0.0.0.0.0.0,0.0.9.0.0,0,0,0.0.0.0.0.0.0.0.0,0.0.0.0.0.0.9,0.0,0.9,9.0,0,0,0,0,0.0.9.0,¢
),0,9,0.0.9.9,0.0.0.0.0.0.0.0.0.0,0.0.0.0.0,0,0.0.0.0.0,0.0.0.0.0.9.0,0.0,9,0.0,0,0,0,0.0.0.90.9.9.0,0,0
):0.0,0.9.9.9,9.0.0.9.0.0.¢.9.0.0.0.9.0.0.9.0,0.0.0.0.0.0.0.0.0.0.9.0.0,.0,.0,0,0,0,.0,0,0.0.9.9.9.0.0,0,0
),0.9,0.9.9.9.9.9.9.9.9.9.9.9.0.0.9.9.0.0.0.0.0.0.9.0.0.0.0.0.0.0.0.0.0.0.0.0,0,0,0.0.9.0.0.0.0.0.0.0.0
),0,0.0.0.0.9.9.0,0.0.0.0.0.9.0,0,0,0.0.0.0,0,0,0.0.9.9,0.0.0.0.9.9.9,0.0,0,0,0.0,0.0,0.9.9.9,0.9.0,0,0
),0,0.0.0.0.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.9,0,0,0.6.0.9,0.0.0.940.9.0,0.0,0,0,0.0,0.0907999.0.9.0.00/
),:0,0,0.0.9.9.0.0.0.9.0.0.9.9.0.0.0.0.¢.0.9.0.0.0.0.0.0.0.0.0.0.9.0,0.0,0,0.0,0.0.0.9.90.0.9.0.0,0,0.0.0,¢
XXX X XXX XXX XXX XXX X XXX XXX XX KX XX XXX XXX XXX XXX XXX XXXXXX
).0.0.9.0.0.0.0.0.0.0.0.9.0.0.90.90.0.00.70794979.40.9.9.90.9.9.90.79.9.4¢7979797990909,0.9999900790700/(
),0.9.9,9.0.0.9.0.0.0.0.9.0.0.0.0.0.9.0.90.79.49.9.9.9.40.9.9.9.97979.0707009090909.9999797¢707970070/(
),:0,0.9.9.9.0.0.0,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.9.0,0.0.0.0.6.0,0.0,0.0.0.0.0.0.0.9.90.90,9.0,0,0.90.9.0,0,¢
).0.0.0.0.0.0.9.0.0.0.0.0.9.0.0.90.9.0.0.0.49.9.9.9.9.9.9.9.9.9.99.90.7079079070990999999790990970¢
),0.0.9.0.9.0.9.9.0.0.9.0.0.0.9.0.0.0.9.¢.9.9.9.9.9.99.9.9.79799707070799090909999997009900-(
),0.9,0,0.0,9.9.9.9.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.9.9.0.0.0.0,9.9.0.0.0.0.9.9.0.0,0.0,0,9.9.9.0,9,0.0,0.¢
XXXXXXXX XXX XXX XXX X XXX XX XXXX XXX XXX XXX XXX XXX XXXXXXXXXX
XXXXXX XXX XXX XXX XXX XXX XX XXX XXX XXX XXX XXX XXX XXXXXXXXXX
),:0,9.9.0.0.9.9.0,9,0.0,0.0.9.0,9,0.0,0.0.9.0,0,0.0.0.9,0.0.0.0.0.0.9.0.9,9,0,0,0,0,0,0,0.0.0.0.9,0,0.0
),:0,0.0.0.9.9.0.:0.0,0.9.0.0.9.0.9,0.9.0.0.0,0,0,0.0.9.0.0.0.0.0.¢.0.0.0.0.9.9.0.0,0,0,0,0.0.9.0.0.0.0,0
),:0.0,0.0.0.9.9.9.0.0.0.0.0.0.0.0.0.0.0.0.9,0.0.9.9.9.9.¢.9.9.¢.919.90900.90.0,090.090000000000.
),9,9.0,0.9,0,9,0,0.9.0.0,0.0.0,0.0.0.0,0,9.0.0,9.0,0.0,0,0,0,0.0.0.0,0.0.0.0.0.0.0,0,0,0,0,0,0,0,0,0,0,¢
XX XXXXXXXXXXXXX XXX XXX XX XXX XXX XXX XXX XXX XXX XXX XXXXXXXX
):0,9,9.9,9.9.9.9.9.9.0.0.0.0.0.0.0.0.0.09.0.0.0.9.9.9.9.0.9.0.0.0.0.0.0.0.9.0.0.9.0.0.0.0.0.0.900.0.0.
XXXXXXX XXX XXX XXX XXKKXX XXX XXX XXX XXX XXX XXX XXX XXX X XXX
):0.0,0.0.9.0.9.9.0.0.0.0.0.9.0.0.0.0.0.¢.9.9.9.9.9.90.0.9.9.9.9.9.9.96709090.9090.94¢797040690000000

5.4. Training

),:9,9,9,9.9.9.0.9.9.9.9.9.0.0.9.9.0.0.0.0.0.0.9.0.9.9.9.0.9.9.9.0.9.9.0.0.¢.0.0.9,0.9.9.0.9.0.0.9.0.0.0{
),:0,9,9.9.9.9.9.9.9.9.9.9.0.9.9.9.0.0.0.0.0.9.0.9.9.9.9.9.9.9.9.9.9.9.9.9.0.0.0.9,0.9.9.9.9.0.0.0.0.0.0
,0,9,9,9,0.0.9.9.9.0.0.0.0.0.0.0.0.0.0.60.9.9.9.9.0.9.9.0.9.0.9.0.0.0.0.0.0.0.0,0,0,0.0.0.0.0.0.0.0.0.0
):9.9,9,9.9.9.9.9.9.9.9.9.9.9.9.0.0.0.9.0.9.9.9.9.9,9.0.9.9.9.9.9.0.9.0.0.0.0.0,0,0.0,.0,9.9.0,0.0.0.0.0.4
),9,9,9,0,9,9.9.9.9,9.9.9.0.9.9.9.0.0.0.0.9.9.0.9.9.9.9,9.0.9.0.0.0.9.0.0.0.0.0.0,0,0,0,0.0.0,0,9.9.9.0.4
XXX XXX XXXXXXXXXXXXXXKXXXXXXKXXXXXXX XXX XXX XX XXX XXXXXXX
XXXXXXXXXXXXKXXXX XX XXX XXX XXX XXX XK XXX KX XXX XXX XXX XXX XXX
XXX XXXXXXXXX XXX XXX XXX XXX XXX XX XXX XXX XXX XXX XXX XXXXXXXX
XXX XXX XXX XXXKXXXXXXXXXXXXXXXEXXEXXXKEXKE XXX XXXXXXXXXXXX
XXXXXXXXX XXX XXX XXX XXX XXX XXX XXX KX XXX XXX XXX XXX XXX XXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XX XK XKXXKXKXXXXXXXXXXX
XXXXXXXXXXXXXXX XX XXX XXX XXX XXX XXX XXX XXX XXXXXXX
XXX XXX XXX XXX XXX XXX XXX KKK XXX XXX XXX XXX XXX XXX XX XXXXX
XXX XXX X XXX XXX XXX XX XXX XXX XXX X XXX XXX XX XXX XXX XXX XXXXXX
XXXXXXXXXXXXKXXXXXXXXXXKXXXXXXXXX XXX XXX XXX XXX XX XXXXXXX
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):0,0,0.9.0.0.0,0.9.0,0.0.0.0.0.0.0.0.9.0.0.0,0.0.0.0.0.0.0.0.0.0,0.0.0,0,0.0,0.9.0,0.0.0.9,0,0.0.9.0,0,¢
)0,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0.0.0,0.0.0.0.0.0,0,0,0.¢
).0.0.0.0.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0.0.0.0.0.0.0.0.0.0,0.0.0.0.0.0.0.0.0.0,0.0.0.0.9,0.0.0.0.0,0¢
)0.0.0.0.0.0,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.¢.0.0.0.0.0.0.0.0,0.0.9,0.0.0,0.0.9,0,.0,0.0.0.0.0,0 ¢
),9.0.0,0.0,9,9.0.0.0.0.0.0.0.0.0.0.0.0.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0,0,0,0,0.0,0.0,0.¢.9.9,0.9,0,0,0,¢
),:0.0.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0.0,0.0.0.0.0.0.0.0.9,0.0.9.9,0.0.0,0,0.0.0,0.9,0.0.9.0,0.0.0,0,
,9,0,0.0.0.9.9.,0.0.0.9.0,0,9,0.0.0.0,0,0.0.0.0:0.0.0,0,0.0.9,0.9,0,0,0,0,0,0,0.0,0.0,0,0,0,0,0,0,0,0,0,(
),:0.0,.0.9.0.0.0.0.0.0.0.0.0,0,0.0.9.0.0.0.0,0.9.0.0.0.0.0.0.0.0.0.0.0,0.0.0.0.0,0.0.0.0.0,0,0.9,0.0,0.0, ¢
)0.9,9.0.0.9.0.0.9.0.0.9.0.0.0.0.0.0.9.0,0.0.0,0,0.0.0.0.0.0.0.0,0,0,0.0.0,0.0.0.0.0,0.0,0,0,0.0,.0.0,0
),:0,0.9.0.0.0.9.0.0.9.0.0.0.0.0.0.0.0.0.9,0,0.0,0.0.0.0.0.0.0.0.0.9,9,0.0.0,0,0.0.0.9,0.0.0,9.0,0.0.0,0,
),0,9,0.0.9,0.9.0.0.0.0.0.9.9.0.9.0.0.0.0.0,0.0.0.0.0.:0,0.0.0.0.9.9.9.0,0,0,0,0.0,0.0.09.90.9.0.0.0.0,0,
):0.0.0.9.0.0.0.0.0.0.0.0.0.0.0.0.9.0,0,0.0,0.0.0,0.0.0.0.0.0.0,0.0.0,0,0.0.9.0,0.0.0.0.0,0,0.9,0.0.0,0.¢
),0,0.0.9.0.0,0.0.0.0.0.0,0.0,0.0.9.0,0.0,0,0.0.0.0.0.0.0,0.9,0,0.0,0,0,0.0,9,0,0.0,0.0,0.0,0,9,0,0,9.0.
):0,0,.9.9.0.0,.0,0.0.0.0.0.0.0.0.0.0.0.0.0.0,0.0.0.0.0.0.0.0.0,0.0.0.0,0.0.0.0,0,0.0.9,0.0.0.0.0,0.0.0.0
):0.0,0,9.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0,0.0.0.0.0.0.0.0.0,0.0.0.0.0.0,0.0.0.0.0,0,0.0.0.0,0.0.0,0.0,0,0,¢
),:0.0,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0,0.0.0.9.0.0,.0.0.0.0.0.0.0,0,0,0,0.0.0.0.0.0.9.9.90.0,0,0.00¢
),:0,0.0.0.9.9.9.0.0.0.0,0.0.9.0.0.0.0.0.0.0,0.0.0.9.0.0,0.0.0.0.9.0.0,0,0,0.0.0.0.0.90,0.0.9,0.0.0.0,0,0,¢
):0,0.0.0.0.9.0.0.0.0.0.0,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.9.0.0.0.0.0,0.0.0.0.¢9.9.99.99079400¢
),:0,0.9.9.9.9.9.0,0.0.0.0.9.0.0.9,0.0.0.9,0,0,0.0.9.0,0,0.0.0.0.9.9,0,0,0,0.0.0.0.0.90,0.0.9,0,0.0.0,0.0,¢
XXXXXXXXXXXXXX XXX XXX X XXX XXX XXX XXX XXX XXXXX XXX XX XXXXXX
),9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0.0.0.0.0.0.0.0.0.0.0,0.0.0.0.0.0.9.0.0,0.0.0.0.0.0,.0.0.0.0.0.0.0,.0,0 {
).0,0,9.0.0.0:9.9.9,0,0,0,0.¢.9.9,0.9,0.0.9,9,0,0,0.0.9,0,0,0.0.0.9.9,9.9,9,0,0,0,0,0,0.0.0.9,0,9,0.0.0,
),:0,0.0.0.0.0.9.0.0.0.0.0.0.0.0,0,0.0,0.0.9,0.0,0.0.0.9.0.0,0.0.0.0.9.0.0,0,0,0,0,0,0,0.0.0.0,.0.9,0,0,0,¢
)0,0.0.0,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.9.0.0.90.0.6.0.0.9.9.049.9.90904940.999079799079079907990.0.
10.0.6.0.0.0.0.0.0.0.0.0.0.0.0.0.6.0.0.000.0.00000060000009090.909070040.90.90.90909090909090
).0,0,0.0.0.9.9.0.0.0.0.0.0.9.0.0.0.0.0.9.9.9.9.9.9.9.9.9.9.9.9.19994070909090.90.9.9070790070000/
),:0,0.0.0.9.9.9.0,0.0.0.0.0.9.0.0.0.0.0.9.0,0,0.0.¢.0.9,0,6.09.90.9.9,0,0,0,0.0.0.909079949.90.9.090079 ¢
XXXXXXXXXKXXXXXX XX XXX XX XXX XX XX XXX XXX XXX XXX XXX XXX XXXXX
),:9,9,9,9,0,0.9.9.0.9.0.9.0.9.9.9.0.0.9.0.9,0,0,0.0.0,0,0.0,0.0.0.9.9.9.9.9.0.0.0.0,0,0,0,0.0.0.9.0.0.0.

5.5. Evaluation and Certification of Personnel

),:0.0.0,0.0.0:0,0.0.0.0.0.0.0,0.0.9.0,0.0.0,0.9,0.0.0,0,0.0.9.0.0,0.0,0,0.0.9,0,0.0.0.0.0,0.0.9,0,0,0,0,.¢
1:0,0,0.0.0.9.0.9.0.0.0.0.0.0.0.0.0.0.6.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0,0.9.0.0.0.0.0.0.0.0.0
),:9,9,0.9.0.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.0.9.9.9.9.9,0.9:9.9.9.¢.0:0.0.0,0,0.9.9.0.0.0.0.0.0.0.0,
),:0,0,9.0.0.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.0,9.9.9.9.9.0.0.4:0.0.0.0,0,0.0.0.0.0.0.0.0.0.0.0
),0,0,0.0.0.0.9.9.9.9.9.9.9.9.0.0.0.9.0.9.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0.0.9.0.0.0.0.0.0.0.0
,:9,9,9,9.9,9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.0.9.0.9.9.0.9.9.0.0.0.0.0.0.90,0,0,0,0.9.9.9.9.9.0.0.
,:0,9,9,9.9.9.9.9.9.9.0.9.9.9.9.0.9.9.9.0.9.0.9.9.9.9.0,0.0.0.0.9.0.0.0.0.0.¢.0.9,0,0,0.0.0.0.0.0.0.0.0.¢
,9,9,9,9.9,9.0.9.9.0.0.0.9.9.0.9.0.9.9.9.9,9,0.0.0.0,0,0.0.0.0.0.0.9,9.9.0.¢.0.0.0,0,0,0,0,0,0,0,0,0,0.¢
XXXXXXXXXXXXXXXXXXXXXX XXX XXX X XXX XXX XXX XXX XXX XX XXXXXX
),:0,0.0.0.0.9.9.9.0.9.0,0.0.0.0,9.9,0.0.0.0,0,0.0.0.0.0,0.0.0.0.0.0.0.9.0,0,0.0.0.0.0.0.0.0.0,0.0.0.0.0.¢
),0,0.0.0.9.9.9.9.0.0.9,0.0.9.0.9.0,0.0.9.0,0,0,0.0.0.0,0.0.0.0.0.9.0.0,0,.0.0.0.0.90.90.0.9.90.0,0.0.0.90.0.¢
XXXXXXX XXX XX XXX XXX XXX KX KXXKX XXX XXX XXX XXX XX XXXXXXXXXXXX
),:0,9,9,9.9.9.9.9.9.9.0.0.0.0.0.0.0.0.0.9.9.9.9.0.9.0.9.9.0.0.0.0.0.0.0.0.0.0.90,0.0.9.9.9.0.0.0.9.9.0.0.4
),:0,0,0.0.9.9.9.0.0.0.0.0.0.0.0.0.0.0.90.0.0.0.9.9.9.9.9.9.9.9.0.9.0.0.0.¢.0.0.0.9.9.0.¢.0.0.0.0.0.0.0.0.{
),0.0,0.9.9.9.9.9.9.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.9.0.9.0.¢.0.0.0.0.0.0.0.0.0,0,0.0.9.0.0.0.0.0.0.0.0.0.¢
),:0,0,0,0.0.9.0.0.9.0.0.0.0.0.9.9.0.90.0.9.9.9.9.9.9.0.9.9.9.0.0.0.0.0.0.0.0.0,0,.0.:0.0.0.0.0.090.0.0.0.0
XXXXXXXXXX XX XXX XX XXXXXXKXKXXXXX KX XXX XXX XXX XXX XX XXX XXX
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),:0.9,0.0.0.0.0.0.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0.0.0.0,.0,0.0.0,0,0.0.0.0.0.0,0,0,0.0,
),0.9.0.0,0.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.9,0.0.6,9,0,0.0.9.0,0,0.9,.0,0.0.0.0,¢
),:0.0.0,0,0,0.9.0.9.0.0.0.0.0,0,0.9.0.0.9.0,0.0.0.0.0.0,0.0.0,0,0.0.9,0.0.0.9.9,0,0.0,9,9,0.0.0,0,0.0,0.¢
),0.0.0.0.0.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0.0.0,0.6.0.9.0.0.0,0,0.0,0,0,0,0,0.0.0,.0,0.0,0, ¢
),0.0.0.9.0.9.9.0.0.0.0,0.0.9.9.0.9.0.0.0.9,0,0.0.0.9.9,0.0,0,0.0.0.9.9.0,0,0,0.0,0,0,0.0,0.0.0.0,.0.0,0,¢
),:0,0.9.0.9.0.0.0.0.0.0.9.9.9.0.0.0.0.9.0.0.0.0.0.0.0,0,0,0.0.0.0.0.0,0,0.0.0.0.0.909799.499.9.0.0.0.04
XXX XXX XXX XXXXXXXXXXXXXKKX XXX XX KK KX XX XXX KKK XXX XXXXKXX
).0.0,0.0.0.0.0.0.0.0.0.0.0.0.0.0.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.6.0.9.9.9.0.9,.0.9.0.0,0.0.0.0.0.9.9.0.0 ¢
),:0,0.0.0.0,0.0.0.0.0.9.0,0.0,0.0.0.0.0,0.0,0.0.0.0.0.0,0,0.0.0,0.0.9.0,0.0.0.0.0,0.0,0.9,0.90.90.0.00.0.¢
),:0,0.9.0,0,0.0.0.0.9.0.0.0,9.0.0.0.0.0.0.0,0.0.0.0.0.0.0.0.0.0,0.0.9,0,0.0.9.0.0,0.0.0.0,0,0,0.0,6.0.0.¢
XXXXXXX XXX XXXXX XX XXX XX XXX XXX XXX XXX XXX XXX XX XXX XXX XXXX
),:0,0.9,0,0.0.0.0.9.0.0.0.0,0.0.0.9.0.0.0,0,0.9,0.0.0.0.0.0.9.0.0.0.0,0.0,9.9,0.0.0.0,0,0.6.0.0,0.0.0.0
),0,0.0,0,0.0.0.0.9.9.0,0,9.0,0.0.0.0.0.9,0,0.9.0.0.0,0.0.0.9,0.0.9.0,0.0.9,9,0.0.9.0,0,0.0,0,0,0,0.0,0,¢

5.6. Examination

),:0.9,0,0.0.9.0.9.0.0.9.¢.0.9.0.0.0.0.0.0.9.0.9.9.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0,0,0.9.0,0,0,0,0.0.0.¢
XXXXXX XXX XXX XXX XX XXX X XXX KX XX XXX XXX XXX XXXX XXX XX XXXXXX
XXXXXXXXXXXKXXX XXX XXX XXX XXX XXX XXX XX XXX X XXX XX XXXXXX
XXXXX XXX XXX X XXX XXX XXX XXX KX XXX XXX XXX K XXX XXX XXX XXXXXXXX
XXX XXX X XXX XXX XXX KXXXXXXKXXXKXXXX XXX KX XXX XXX XXX XXX XXKXXXX
),0,0,0,0,0.9.9.9.9.0.0,0,0.9.9.9,0.0.0.9.9,9,0,0.0.¢.9,0.0.0.0,.0.9.9,0.9,9,0,0,0,0,0,0,0.0.0,9.9.0,0,0 {
XX XXX XXX XXX XXX XXX XXX XX XXX XXX XX XXX XXX XXX XXX XXX XXX XXXX
XXX XXX XX XXX XXX XXX XXX XXX XXX XXX XXX KX XXX XXX XXX XXX XXXXX
XXXXXXX XXX XXX XX XXX XXX XX XXX XXX XXX XXX XXX XX XXX XXX XXXXXX
),0,0,0.0.0.9.9.:0,0.0.0.0.0.0.0.0,0.0.0.0.0,0,0,0.0.0.0.0.0.0.0.0.0.0.9.0.0,0,0.9,0,0,0,0.0.0.0.0.0.0.0 ¢
).9,9,9.0.0.9.9.9.9.9.0.0.0.0.0.0.0.9.9.0.9.9.9.0.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.9.0.0.0.00.90.090900.0,.
XXXXXXX XXX XXX XXX XX XXX X XXX XXX XXX XXX XXX XXX XX XXXXXXX XXX
,:0,0,0,0.0.0.0.0.9.0.0.0.0.9.0.0,0.0.0.0.0.0.0,0.0.0.9,0.0.0.0.0.0,0,0,0,0.0,0.0,0,0,09.9.9,0.0,0.0,0
XXXXXXXX XXX XXX XXX XXX XX XXX XXX XXX XXX XXX XXX XXXXXXXXXXXX
XXXXXX XXX XXX X XXX XXX XX XXX XXX X XXX XXX X XXX XXX XXX XX XXXXXX
XXXXXXXXXXXXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXXXXXXXXXXX
XXXXXXXXX XXX XXX KXXXK XX XXX XXX KXXXXX XX XXX XXX XXXXXXXXXXXX
XXXXX XXX XX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XX XXX XX XXXX
XXXXXXXXXXXXXX XXX XXX XXX KX XXX KX XXX XXX XXX XXX XX XXXXXXX
XXXXXXXXXXXXX XXX XXX XX XXXX XXX XXX XXX XXX XXX X XXXXXXXXXXX
),9,0,0,0,9,9.9.9.9.9.9.9.9.9.9.9.9.0.9.0.9,0,0,0,0,0,0,0,0,0,0,0,0,0.0.0.9.0.9.0.0,0.0,0.0.9,9.9,0.9.0,¢
),9,9,9,9,9,9,9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.0.0.9,0.0,0,0,0,9.0.9,9.9.9,9.0.0.0.0,0,0,0.0.9,0.0,0.0.9.¢
.0.9.0.0,0.9.0.0.0.0.0.0.0.0.0.0.0.0.9.0.9.9.9.9.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.9,0,0.0.0.0.0.0.0.0.0.0
),0,0,0,0,0.9.9.9.0.9.0.9.9.9.9.9.9.9.9.0.9,0,0.0.0.0.0,0.0.9.0,0,0.9.0.0.0.0.9.9.0,0,0,0,0.9,0.9.0.9.0.4
XXXXXX XXX XXX XXX XX XK XX XXX XXX XX XXX XXX XXX XXX XXX XXX XXXXX
),0,0,0.0.0,9,9.0,0,0.0.0.9.0.0.9,0,0.0.0,0,0.0.0.9.0.0,0.0.0.0.0.9.9,0.0,.0.0.0.0.0,0.0.0.9.0.0,0,0.0.0
XXXXXXXXXXXXX XXX XXX XXX XXX XXX XK XX XXX XX XXX XXX XXX XX XXXX
XXXXXXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXXXX
,0,0,0.0.0,9.9.0,0,0.0.0.9.9,0,0,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.9.9,0.0,0,0.0.0.0,0.0.0.90.90.0.0.0.0.0
XXXXXXXXXXXXXX XX XXX XXX XXKXX XXX XXX XX XXX XXX XXX XXX XXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
9.0.0,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.90,0,9.9.0.0.9009090000.0
,9,0,9,9,0.9.9.9,0.9.0,9.9.9.9.9.9.0.9.9.0.0,9.0,0,0.0,0,0.0.9.0.9.9.9.0.9.0.:90.0,0.0,0.9.0.9.9.0.0.¢.0.4
9.9,9,0.9.9.9.0.9.9.0.0.9.0.0.9.9.0.0.0.0.90.9.9.9.9.9.9.0.0.0.0.0.0.0.0.0.0.0.0,0,0.0.0.0.0.9.9.0,06.0.0.
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),0.0,0,0.0,0.0:0.0.9.0.0.0.0.0.0.0.0.0.9.0.0,0,0.0.0.0,0,0.0.0.0.0.0,0.0,0,0,0,0,0,0,0.0.9.9.9.9,0,0,0
XXXXXXXXXKXXXXX XXX XKXXX XX XXX XXX XXX XXX XX XXX XXX XXX XXX XXX
):0,0.0.9.9.9.0,0.0.0.0.0.9.0,0.0,0.0.0.9.0,0.0.0.0.0.0,0,0.06$.9.9.9,0,0,0,.0,0.0,0.0.0.9.9.9.0,.0,0,0,0,
),0,0,0,0.0.9.9.0.0.9.0.9.0.0.9.0.0.9.0.0.9.9.9.9.9.9.0.0.0.0.0.0.0.0.0.0.0.0.0,0,0.0.0.9.0.0.0.0.0.0.0 .
):0.0,0.0.0.9.9.9.0.0.9.9.9.0.9.0.0.9.9.0.0.9.9.9.9.9.9.9.0.0.9.0.9.9.0.0.0.0.0,0,0.0.0.9.9.0.0.0.0.0.0
XXXXXXX XXX XXX XXX XX XX XXX XXX XXE XXX XXX KKK XXX XX XX XXXXXX
).0,0.0.0.0.9.9.9.9.9.9.0.0.9.0.0.0.0.0.0.9.9.9.0.0.9.9.0.0.9.9.0.0.¢.9.0.0.0.0.0,0.9.0.9.9.9,0.0,.0.0.0
XXXXXXXXXKXXXKXX XXX XXX KX XX XXX XXXX XXX XK XXX XXX XX XXX XXX
).0.0,0,0.0.0.0.0,0,0.0,0.0.9.0.0.0.0.0.0.0.0,0,0.0.0.0,0,0.0.0.0.0.0,0,0,0,0.0.0,0.0,0.0.0.9.0.0,0,0.0 ¢
):9.0.0.0.0.0,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0.¢
),0,0.0,0.0.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.9.0,0.0.0.0,0,0.0.0.0.0.9,0,0.0.0,0.0,0,0,0.¢.9¢.9.0.0.0.0.0 ¢
), 0.0,0.0.0.0.9.0.0.0.0.0.0.0.0.0.0.0.090.9.9.9.9.9.9.9.0.40704¢707079090909090900997000000000&
).0.9.0.9.9.9.9.0.0.0.0.0.9.0.0.0.0.0.0.0.9.49.40.4049099979790070704000090099090799700000
XXX XXX XXX XXXXKXXXXXXXKXXXXKXX XX XXX XXX XXX XX XXXXXXXXXXX
XXX XX XXX XXX XXXXXXXXXXKXX XXX XXX XXX XXX XXXXX XXX XXXXXXXXX
).0.0,0,9.6.0.0.0.0.0.0.0.0.0,0.0.0.0,0.0,0,0.0.0.0.0.9.9,0.0.0.0.9.0.0.0.0.0.0.0,0,0.0.0.0.0.0.¢.0.0.0,
XX KXXXXXXXXXKXXXXXXXXXXXXXXEX XXX XX XXX XXX XXXXXXXXXXXX
):0,0.0.9.9.9.0.0,0.0.0.0.0.0.0.0.0.0,0.¢.9.0,0,0.0.0.9.0.0,0.0.0.0.9.0.0,0,0.0,0,0,0.0.0.90.9.9.9.0,0,0

5.7.  Physical Capabilities

XXX XXXKXXX XXX XXX XXX KXXKXXKXXXXXX KKK KXKXX XXX XXX XXX XXX XXX XXX
XXXXXXXXXXXXXXX XXX XK XX XXX XXX KXKKE XX XXX XXX XXX XXX XX XXXX

5.8. Certification

XXX XXXXXEXXXXXXXXXXXKXXXXXXXEXXKXXKXXKXXKKX XXX XXXXXXXXXXX
XXX XXX XXXXXXXXXXXXXKKKXXXXXXXXKKX XXX XXX XXX XXX XXXXXX
XXXXXXXXXXXXXXXXXXXXXXKX XXX XXX XX XXX XXX XX KKK XXX XXXXXX
,:9,9,9,9,9.9.9.9.0.9.9.9.9.9.9.0.9.9.9.0.9.9.9.9.9.9.9.9.9.9.9.0.0.0.0.0.0.0.0.0,0.0.0.0.0.0.0.0.0.0.0
),:9,9,9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9,9.9.9.9.9.9.9.9.0.0.0.0.0.0.0,0,9.0.0.0.0.0.0.0.0.0
XXX XXXX XXX XXX XX XXX XXX X XXX XXX XXX XXX XX XXX XX XXX XXX XXXX
XXXXXXXXXXXX XXX XX XX XX XXXX XXX XXX XXX KX XXX XX XX XXX XXXX
,:9,9,9,9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.0.0.0.0.9.9,0,0,0.9.9.0.0.0.0,0,0.0.9.0.0.9.9.0.0.0.{
XXXXXX XXX XXX XXX XX XXX XX XXX XX XXX XXX XX XXX XXX XXXXXXXXXXX
XXXXXX XXX XXX XXX X XXX XXX XXX XXX XXX XXX XXX XXXXXXXXXXXXXXX

5.9. Performance

),0,0,0.0.0.6.9.9.0.0.0,0.0.0.9.9,0.0,0.0.9.0.0,0.0.0.9.0.0.0.6.0.9.0.0,0.0,0,.0.0,0,0.0.0.0.0.0.0.0.0,0,(
):0.9.9.9.0.0.0.0.0.0.0.0.0.0.90.90.0.000.9.49.9.0.40.0.9.9.979.9.9.¢79.40700909.99990.90.797900.000/(
XXXXXXXXXXXXXXKKXXXXXXXXXX XXX KXXXX XXX XXX XXX XX XXX XXXXXX
),:9,0,9,0.9.0.0.0.9.9.0.0.9.0.0.0.0.0.0.0.0.0.0.0.9,0.0.0.0.9.9.0.0.0.¢.9.0.0.0,9.9.0.0.0.0.0.¢.9.0.0.0.4
XXX XXX XX XX XXX KXKKEKXXXEXXKXXEXXXXKEX XXX XXX XXX XXX XXXXXXX
),0,0,9,0.9,9.9.0.0.0.0.0.0.0.0.0.0.¢.0.0.0.0.0.9.9.9.0.0.9.0.9.9.9.0.0.0.0.0.0,0.0,0.¢.0.9.0.9.¢.¢.0.0.4
XXX XXKXXXXXXXXXXXXXXXXXXXXXXXXXEX XXX XXX XX XXX XXXXXXXX
XXXXXXXXXXXXXXXXXXXKXXX XXX XXX XX XXX XX XXX XXX XXX XXX XXXXX
XXX XX XXX XXX X XXX XXX XXX XXX XXX XXX XXX XX XXX XXX XXX XX XXXXXX
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QUALIFICATION OF TEST PERSONNEL
HFC Non-proprietary

):0.0.0.0.0.0.0.0.0.0.0.0.0.9.0.0.0.0.0.0.0,0.0.0.0.0.9,0.0.0.0.0.0.0.0.0.0.0.0.0.0,0,0.0.0,0,0.0.0,0.0¢
):0,0.0.0.0.0.0.0.0.0.0.0.0.0,0.0,0.9.0.0.0.0.0.0.0.0.0.0.0.9.0.0.0,0.0.0.0,0.0.0.0,0,0,0,0,0,0,0,0,0,0,
) 9,0.0.0,0.0.9,9.9.0.0,0.0.0.0.0.0.0.0.0.0.0,0.0.0.0.0.0.9.0.0.0.0.0.0.0.0,0.0.0,0,0,0,0.0.0.0.0.0.0,0,¢
,9.9,0,0.0.0.9.0,0,0.0.0.0,0,0.0.0.0.0.0,0,0.0.0.0.0,0.0.9,0.0.6,0.0,0.0.0,0,0.0,0,0,0.0,0,0,0,0,0,0,0,
)0,0,0.0.0.0.0.6:0.0.0.0.0.0.0.0.0.0.0,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0.0.0.0.0.0.0.0.0.0,0.0,0.0,
).9.9.0.0.0,9.9.0.9.0.0.0.9.0.0.0.0.0.0.0.:0.0.0,0.0.9.0,0.0,0.9.¢.9.9.0,0.9,0,0.0.0,0,0,0.0.9.9,0,.0,0,0.¢
),0.9.0,0.0,9,9.0.0.0.0.0.0.0.0.0.0.9.0.0.0,0.0.0.9.0.9,0.0.0.0.0.0.0.0.0,0.0,0.0.0.0.0.0.9.9,0.0.0.0.0
)0,0.0.0:0.0.0.0:0:0:0.0.0.0.0.0.6.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,09.0.9.09.0.0.00.0.0.9000.90.90.
),:0.0,0.0.0.9.9.0.0.0.0,0.0.0.0.0.0.0.0.9.0,0,0.0.9.0.0,.0.0.0.6.0.0.0,0,0,0,0.0.0.0.0.9.9.9,9,.0,0,0,0,0,¢

6.0 QA RECORDS

,0.9,0.0,9.0,0.0.9,0.0.0.0.0.0.9.0.0,0.0,0.0.0.0.0.0.0.0.0.0,0,0.0.0.0.0,0.0.0,0.90,.0.079,0,0,.0,079,00.:¢
),9,0,9,0.0.0.0.9.0.9.9.9.6.9.9.9.9.0.0.0.9.9.0.0.9.0.0.0.0.0.9.0.0.0.0.0.0.0,0.0.0,0,0.0,9.0.0.0.0.9.0.¢
),:0,0.9.0.9.9.0.0.9.0.0.9.9.0.0.0.0.0.0.9.0.0,0.9.9.0.0,0.0.0.0.0.0,0,0.0.0.0.9.9.9.0.9,0,0,0,0.0.9,9,0,¢
),0,0,9.0.0.0.9.0.0.0.0.0.0.9.0.0.0.0.0.9.0.0,0,0.9.0.0.0.0,0.0.0.9.0,0,0.0,0.0.0.0.9.90.9.90.9,0,06.90.99.¢
),:0,0.0.9.9.0.9.0,0,0.0.0.0.0.0.0.0.0.0.0.0,0.0.0.0.0,0,0.0.0.6.0.0.0.0,0,0.0.0.0.9.90.9.9,0,0,0.0.9.9,0,¢
),0,0.0.0.6.0.0.0.0.9.0.0.0.0,0.0,0.0.0.9.0.0,0.9.0.0,0,0.0.¢.0,9.9,0,0,0,0.0.0.909.9.9.9,0,0,0.09.9,0,¢
KX XXX XX XXXXXXXKEXKKEXXXXXXXXXKXXXEXXKXKEXXXKXXKXKXXXXXXXX
XXXXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XX XXX XXX XXX XX XXXX
)0.0:0.0.:0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.6.6.0.0.0.0.0.:0.0.0.0.0.0.0.0.0.0.0.0.00.0.0.6,6.0.0.0 ¢
):0.0,0.0.0.9.9.9.9.9.9.0.6.0.0.0.9.0.0.0.0.9,0.0.0.0.0.9.0.0.0.0.0.0.0.0.0.0.9,0.9.0.9.9.0.0,0.0.0.0.0 ¢

7;0 ATTACHMENTS
7.1.  Minimum Levels of Capability for Test Personnel (General Functions)
7.2.  Record of Evaluation
7.3.  Instructions for Completing Record of Evaluation Form

7.4.  Certification Record, Test Personnel
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ATTACHMENT 7.1
Minimum Levels of Capability for Test Personnel

(General Functions)
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ATTACHMENT 7.2

]

HF Controls '

RECORD OF EVALUATION

Discipline/Level:
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QUALIFICATION OF TEST PERSONNEL
‘ HFC Non-proprietary

ATTACHMENT 7.3
Instructions for Completing Record of Evaluation Form

The following are instructions for completing the Record of Evaluation form used to document
the evaluation of a candidate’s education, experience, credentials of professional competence,
and the results of capability testing, specialized training, and management assessment of factors
not specified in the Record of Evaluation form. '

SECTION 1

XXXXX XXX XXX X XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XX XXX XXX XXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXX XXX XXX XXX X XXX XXX XXX XXX X XXX XXX XXX XXX XX XXX XXX XXXXX
XXXXXXXX XXX XXX XXX XXX XXX XX XXX XXX XXX XXX XXX XX XX XXX XXX XXX
XXXXX XXX XXX XXX XXX XXX XXX XXX XX XXX XXX XXX XXX XX XX XXX XXX XXX
XXXXX XXX XXX XXX XXX X XXX XXX XXX X XXX XXX XXX XXX XX XX XXX XXX XXX
XXXXX XXX XXX XXX XXX XXX XXX XXX XX XXX XXX XXX XXX XX XX XXX XXXXXX -
XXX XX XXX XXX XXX XXX XXX XXX XX XXX XXX XXX XXX XXX XX XXX XX XXX XXX

SECTION I

XX XXX XXX XX XXX XX XXX XX XXXX XXX XXX XX XXX XXX XXX XXX XXX XXX XXX
)0.0.0.:0.0.0.0.0.0.0.0.0.0.0.0.0.0.9.0.0.0.0.6.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.9.0.0.0.0.0.0.9.0.0.0.0.¢
XXXXX XXX XXX XXX X XXX XXX XK XXX XXX XXX XXX XXX XX XXX XXX XXXXX
XXXXX XXX XXX XXX X XXX XXX XXX XXX XXX XXX XXX XXX XXX XX XXX XXXXX
XXXX XXX XXX XXX XX XXX XXX XXX XXX XXX XXX XXX XXX XXX XX XXX XXX XXX
XX XXX XXX XXX XX XXX XXX XXXX XX XXX XXX XXX XXX XXX XX XXX XXX XKXXKXX
XXXXXXXX XXX XXX XXX XXX XXX XXX XX XXX XXX XXX XXX XXX X XXX XXX XXX
XXXXX XXX XXX XXX X XXX XXX XXX XXX X XXX XXX XXX XXX XX XX XXX XXX XXX
)0.0.0.0.9.0.0.0.0.0.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.9.0.0.0.0.0.0.0.0.0.0.0.0.9.0.0.0.0.0.0.0.0.0.0.9.0.¢
XXXXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XX XXX XXX XXX
XXX XXXXX XXX XXX XXX XXX X XXX XXX X XXX XXX XXX XXX XX XX XXX XXX XXX
XXXXXXXXXXXXKXXXEXXKX XXX XK XX XXX XXX XXX XXX XX XXX XX XXX XX XXX
XXXX XXX XXX XXX XXX XXX XX XXX XXKX KX XX KX XXX XXX XXX XXX XXXXXX
XXXXXXX XXX XXX XXX XX XX XX KX XXEX XXX K XXX XXX XXX XXX XXX XXX
):0.0:9,0.0.0.0.0.0.0.0,0.0.0:0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0.0.0.0.0.0.0.0
XXXXXXXX XXX XXX XXX XXX XXX XXX XX XXX XXX XXX XXX XXX X XXX XXX XXX

SECTION 111

XXXXX XXX XXX XXX XXX XXX XXX XXX XX XXX XXX XXX XXX XXX XXX X XXX XXX
XXXXXXX XXX XX XXX XXX XXX XXX XXX X XXX XXX XXX XXX XX XX XXX XXX XXX
XXXXX XXX XXX XXX XXX XXX XXX XXX XX XXX XXX XXX XXX XXX XXX XXX XXX
XX XXX XXX XXX XXX X XXX XXX XXX XXX X XXX XXX XXX XXX XX XXX XXX XXXXX
XX XX XXX XX XXX XXX XXX XXX XXX XXX XXX XX XXX XX XX XX XXX XX XXX XXX
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QUALIFICATION OF TEST PERSONNEL
HFC Non-proprietary

_ ATTACHMENT 7.3
Instructions for Completing Record of Evaluation Form (Con’t)

SECTION IV

XXX XX XXX XXX XXX XXX XXX X XXX XXX X XXX XXX XXX XXX XXX X XXX XXX XXX
),0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.¢
).9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0:0.0.0.9.0.0.0.0.0.0.0.0.0.6.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.¢
XXXXX XXX XXX XXX XXX X XXX XXX XXX X XXX XXX XXX XXX XX XX XXX XXX XXX
XXXXX XXX XXX XX XX XXX XXX XXX XXX XXX X XXX XXX XXX XXX XX XXX XXX XXX
XXX XXX XX XXX XXX XXX XXX XXX XXX XX XXX XXX XK XXX XXX XX XXX XXX XXX

SECTION V

XXXXXXX XXX XXX XXX XX XX XXX XXX XX XXX XXX XXX XXX XX XX XXX XXX XXX
XXXXXXX XXX XXX XX XXX XXX XXX XXX XXX XXX XXX XXX XXX XX XXX XXX XXX
XXXXXXX XXX XXX XXX XX XXX XX XXX XXX XXX XXX XXX XXX XX XXX XXX XXX
)0.0.0.0.0.0.0.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.9.9.0.6.0.0.0.0.0.0.9.0.0.0.0.0.0.9.0.0.0.0.0.9.0.0.0.9.0.9.¢

SECTION V1

XXXXXXXXXXXXXX XXX XXX XK XXX XXX XXX XXX XXX XXX XX XX XXX XXXXXX
XXXXX XXX XXX XXX X XXX XXX XXX XXX X XXX XXX XXX XXX XXX XX XXX XXX XXX
XXXXX XXX XXX XXX XXX XXX XXX XXX XX XXX XXX XXX XXX XXX X XXX XXX XXX

XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX X XXX XXX XXX XX XXX XXX XXX
XXXXXXXX XXX XXX XXX XXX XXX XXX XX XXX XX XXX XXX XXX XX XXX XXX XXX
XXXXXXXX XXX XXX XXX XXX X XXX XXX XXX XXX XX XX XXX XX XX XXX XXX XXX
XXXXX XXX XXX XXX XXX XXX XXX XXX XX XXX XXX XXX XXX XX XX XXX XXX XXX
XXXXX XXX XXX XXX XXX XXX XXX XXX XXX XX XX XXX XX XXX XXX XXX XXX XXX

QPP 2.6 Page 13 of 14 _ ' Revision D



QUALIFICATION OF TEST PERSONNEL
HFC Non-proprietary

ATTACHMENT 7.4

Doas

HF Controls

Certification Record
Test Personnel

Name of Certified Individual:

Method/Discipline:

Level of Certification:

Certification Notes:

XXXXX XXX XXX XXX X XXX XXX XXX XXX X XXX XXX XXX XX XXX XXX XXX XXXXX
),0.0.0.0.0.0.9.0.0.9.9.0.0.0.9.0.0.0.0.0.0.0.0.0.0.0.9.0.0.0.0,0.0.0.0.0.0.0.0.9.9.0.0.9.9.0.9.0.0.0.0,0
XX XXX XXX XXX XXX XXX X XXX XXX XXX X XXX XX XXX X XXX XXX XX XXXXXXXX
XX XXX XXX XXXXXX XXX XXX XXX XX XXX XXX XXX XXX XXX XX XX XXX XXX XXX
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Source Code Review
HFC Non-proprietary

1.0 PURPOSE AND SCOPE

XXXXXXXXXXX XXX XX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXXXXX
),0,.0,0,0.0.0.0.0.0.0.0.0.9.0.0.0.0,0.0.0.0.0.9.0,0.0.0.0,0.0.0.0.9.0,0.0.0.0.0.0.0,.9.9,0.0.0.0.9,0.0.9.0.0¢
),0,0.9.0.¢.0.0,9.0,0.0.0.9.9.0.9,0.0,0.9.9.0,0.0.0.9.0.0.0,0,0.0.0.9.0.0,0,0.0.0.0.0.0.0.0.0.0.9.9,0,0.0.0,
),0,0,0,0.0.9.0,0.0.0.0,0.9.0,0,.0.0,0,0.0.0.0.0,0,0.0.0.0.0.0.0.0.0.0,0.0.0,0,0.0.0,9.9,0.0,.0.9.0,0,0,0,0.0 ¢
),0.0,0,0,0.9,0,0.0.0.0.0.0.0,0.0.9,0.0.0.0.0.0,0,0.0.0.0.0.0.0.0.0.0,0.0.0.0,0.0.9.9.0,0,0.0.0,0,0.0.9.0.0,¢
XXXXX XXX XXX XXX XX XXX XXX XXX XXX XXX XK XXXXX XXX XXX XXX XXXXXX
):0,0.0.9.0,0,9.0,0,0.9.9.0.9,0.0.9.0.0.9.0.0.0.0.0.0.9,0,0,0.0.0.9,0.0.0,0.0.9.9,0,9.0.9.0.0,0,0,0,0.0,0.0.¢
),:0,0.0.9.0,0.0.0.0,0.0.0.0.0.0.0.0.0.0.0,0,0.0.0.0.0.9.0.0,0.0.0.0.0.0.0,0.0.0.0.9.0.0.9.0.0.0,0,0,0.0,0.0.¢
),0,0,0,9,9,0.9.9.9.0.0.9.9.9.9.9.0.0.0.0.9.9,9.9.9.0.0.9.9.9.0.0.0.0.0.0.0.0.0.0.0.0,0.9.9.0.0.0.0.0.0.0.0
),:0,0,0.9.9.0.9.9.0,0.0.0.0.9.9.0,0,0.0.9.9.0,0.0.0.0.0.0.0.0.0.9.9.0.0.0,0.0.0.9.9.9.0.9,0,0,0,0,0.0.0.0.0.¢
),:0,0.9,9,0,0,9.9.9.9.9.9.0.0.0.0.0.¢.9,9.9.9.9.0.9,0.0.9.9.9.9.0.0.9.9.0.0.0.0.0.0.0,0,.0.0,0.0.9.0.0.0.0.0.

2.0 ORGANIZATIONAL RESPONSIBILITIES

,0,0,0,0,0,0.9.9.9.0.0.9.9,9.0.0.0.0.0.0.9.9.9.0.0,0.0.9.9.9.9.9.9.9.9.0.0.0,0.0.0.0,0,0.9.9.0.0.0.0.0.0.0 ¢
),:0,0,9,9.9,9.9.0.0.9.9.9.9.0.0.0.0.0.0.0.9.0.9.0.9,9.9.9.9.9.0.0.9.0.9.0.0.0.0.0.0.0,0,0,0,0,0.9.9.9.9.9.0.¢
),:9,0,0.9.9,0,9.0,0,0.0.9.9.0.9,9,0,0.0.0.9.0.0,0.0.0.9.0,0.0.¢.0.9.0,0.0.0.9.9.9.9,9.0.9.0,0.0.0.0.9.9.0.0,¢
):9.9,0.0.9.0,9.0,0,0.0.9.9.0.9,9,0,0.0.9.9,0.0.0.0.0.0.0.0,0.0.9.9.0.0.0.0.0.9.9.9.0.0.9,0,0,0.0.0.0.9.0,0,¢
),:9,0,0,.0.9.9.0.0,0,0.0.9.9.9.0,0,0,0.0.9.9.0,0,0.9.0.9,0,0.0.0.9,9,0,0,0,0.0.9,.9,0,9.0.9.9,0.0,0,0.0.0.0.0.¢
):9,0,0.0.9.0.9.0.0,0.0.0.0.9,0.9.0.0.0.0.9.0.0.0.0.0.9.0.0,0.0.0.0.0,0.0,0.0.99.9.9.¢.9.0.0.0.0,0,0.0.0.0.4
XXXXXXXXXXXXX XXX XXX XXX XXXX XXX XXX XXX XXX XXX XXX XXX XXXXXX
,:0,9,9,9.9.9.9.9.0.9.9.9.9.9.0.9.9.0.0.0.0.9.9.9.9.9.9,9.9.9.9.9.0.0.0.9.0.9.0.0.0.0,0.9,0.0.0.0.0.0,.0.0.0
XXXXXXXXXXXX XXX XXX XXX XXX XXX XXX XX XXXXX XXX XXX XXX XXXXXX
),9,0,0,0.9.9.9.9,0,0,0.0.9.9.0.9.0,0,0.0.9.0,0.0.0.9.9,0,0,0.0.0.0.0,0,0.0.0.0.0.0.0.90.0.0.90.90.9.9,0,0,0.0,¢
XX XXX XX XXX XXX X XXX XXX XXX XXX XXX X XXX XXX XX XXX X XXX XX XXX XXXX
),:0,0.0.9,0,0,0.0.0.0.9.0,0.0,0.0,0.0.9.0,0.0.0.0.0.0.:0.0.0.9.0.0,0,0,0.0.0.0.9.9.0.0.0.0,0.0,0,0.0.0.0.0.0.¢
,0,0,0,0,0,0,0,0,0,0,¢.9.0,0,9,0,0.0.9.9,0.0,0.0.0,0.9,0,0,0.9.0,0,0,0.0.0.0.0,9.0,0.0.0,0,0,0,0,0.0.0,0.0.¢
),0,0,0,9.9,9.9.9.9,9.0.0.0.0.9,0.9.9.0,0.0.0.0.0,0,0.0,0,0,0,0,9,9,0.9.9.0.0.0.0.0.0.0.9,0,0.0.0.9.0.0.0.0.{
),9,9,9,9.9,9.9,9.9,9.0.9,9.9.9.9.9.9.9,9.9.9.0.0.9.0.0,0,9,0.9,0,0.0,0.9.9.9.0.9.0.0,0,0,0.9.9.0.0,0.0.0.0.¢
XXXXX XXX XXXXX XXX XXX XXX XXX X XXX XXX XX XX XXX XXX XXX XXX XXXXX

3.0 ACRONYMS AND REFERENCES

3.1 Acronyms

CGSI Commercial Grade Software Item
HFC HF Controls

QPP Quality Process Procedures

WI Work Instructions

3.2 References
IEC 880 -1986 “Software for computers in the safety systems of
nuclear power stations”
IEEE 1028-1988 “Standard for Software Reviews and Audits”
QPP 3.1 “Design Control” :
QPP 3.2 “Software Lifecycle”
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Source Code Review
HFC Non-proprietary

4.0 GENERAL INFORMATION

):0.0,.0.0.0.0.0.0.0.0.0,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0.0.0,0.0.0.0.0,0.0.0.0,0,0,0,.0,0.0.¢
):0.9,0.0.0.9.0.0.0.0.0,0.0.9.0.0.0,0,0,0.0,0.0,0.0.0.0.9,0.0.0.0.0.0.0.0.0,0,0,0.9.0,0,0.0.9,0,0,0,9,0,0.0,¢
)0,9,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0.0.0.0.0.0.0.0.0.0,0,0.0.0.0,0,0,0.0.0,0,0.0.0,0.0.4
):9,9.0.0,9.9.9.9.0,0.0.9.9.9.9.0,0.0.0.0.0.0,0.0,0.0.:9,0,0,0.0.0.9.9.0.0,0.0.0.9,0.9.9,9,0.0,0,0,0,0.0,0,0,¢
):0,0,0.0.0,9.0.0.0,0.0.9.9.0.9.0.0.0.0.9.0.0.0,0.0.0.9,0,0,0.0.9,9.0,0,0,0.0.0.0,9.0.9.9,0,0.0,0,0,0.0.0.0.¢
):0,9.9.0.9.9.9.0.0.0.9.9.9.0.9.9.0.0.0.9.0.0,0.0.0.0.0,0,0.0.0.9.0.0,0,0,0.0.0.0,0.0,0,0,0,.0.0.0,0.0.0,0.0.¢
):0,9.0.0.0.0.9.0.0,0.0.0.9.9.9.0,0,0.0.0.0.0,0.0.0.0.0.0.0,0.0.0.0.0,0,0.0.0.0.0,0.0.9.9.0.0,.0,0,0,0.0,.0,0.¢
),9,9.9.0.0.0.9.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.90.0.90.90.90.0.00.00090909.90.90.9.907070000000/
),9,0.0.9.0.0.9.0.0.0.0.0.0.0.0.0.9.0.0.0.9.9.9.6.49.0.0.0.9.9.9.¢10.9.90.70.707040009090.999.99909000/(
),:0,0,0.0,0.0.9.0.0,0.0.0.0.9.9.9.0.0.0.0.0.0,0.0.0.0.0.9.0.0.0.0.0.0,0,0,0,0.0.0.0.0.0.0.0,0,0.0.0,0.0.0.9,¢
):0.0.:0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0,0.0.0.0.0.0.0.0.0.0.0.0.0.0,0.0.0.0.6.0.0.0.0000.90.
),9.0.0.0.9.9.0.0.0,0.0.0.0.0.9.0.0.0.0.0.9.9,0,0,0.¢.0.9.9,0.0.0.9.9.0,0,0.0.0.0,0,0.0.9.9.0.0,0,0,0.0,0.0.¢
),0.0.0.9.0.0.0.0.0.0.0.0.0.0.0.0,0.0.0.0.0.0.0.0,0.0.0.0,0.0,0.0.0.9.0,0.0.0.0,0.0.0.0,0.0.9.0,0,0.9.0,0.0.¢
):0.9,9.0.0.0.9.0.0.0.0.0,0.0.0.0.0.0,0,0.9.0.0.0.0.0.0.0,0.0.0.0.0.0.0.0.0.0.0,0.0.9.9,0.0,.0.9,0,0,9.9,0.0,¢
):0.0.9,0.9.0.0.9.0.0.9.9.9.9.9.0.0.0.0.0.0,0.0.0.0.0.0,0.0.0.0.0,0.0,0.0.0.0.9.0.0.0.0.9,0,0,0.0,0,0.0,.0.0.¢
XXX XXX XXX XX XXX XXX XXX X XXX XXX XXX XXX XXX XXX XXX XXX XX XX XXXXX
),:0,9.9.0.0.0,9.9.0,0.0.0.9.9.9.0,0.0.0.0.0.0.0.0.0.0.0.9.0,0.0.9.0.0,0,0,0.0.0.0.0.0.9.9,0,0,0,0,0.9.9.0,0,(
),:0,0.0.9.9.9.9.0,0,0.0.0.9.9.0.0.0,0,0.0.0.0.0.9.0.0.9,0.9,0,0.0.9.0,0.0,0,0.0.0.0.0.0.0.9.0.0,0,0.0.0,0,0.¢
XX XXX XXX XXXXXXXXXXXKXKEXXKXXXXXKKXXXXXXXX XXX XXX XXX XXXXXX
),0,0,0,0.0.9.9.0.9.9.9.0.0.90.0.0.0.0.0.0.0.9.9.0.0.9.9.0.0.90.90.909¢0900090.0.90.0.0,0.9.0790000.90000/
,0.9,0,9,0.0.9,0,9,0.0.9,0.9,0.0.0.0.9.0.9,0.9,0.0,0,0,0.0.0.0.0.0,0,0,0,0.0.0,0,9,0,0.9,0,0,9,0,9,0,0,0,0,¢
):0,0,0,0,0.9.9.0.0.9.0.0.0.0.0.9,0.0.0.9.0.0.0.0.0.0.9.0.0.0,0.¢.0.0.0,0,0.0.0.0.9.09.90.0.0.0.0.0.0.0.90.9.¢
),:0,9.9,9.9.9.9,0,0,0.0.9.9.9.9.0,0,0,0.9.9.0,0,0:0.9.9.0,0,0.0.9.9,0,0,0,0.0.0.0.9.9.9.9,9.9,9,9,0.0,0,0.0,¢
XXXXXX XXX XXX XXX XXX XXX X XXX XXX XXX XXX XXXXXXXXXXXXXXXXXXX
):0,9.9.0.9.9.9.0,9.0.0.0.0.9.0,0,0.0.0.0.9,0,0.0.0.0.9.0.0,0.0.0.9.0,0.0,0.0.0.0.0.0.0.0.0.9.0.0.0,0.0.0.0.4
XX XXX XXX XXKXXXXXXXX XXX XXX XXX XXX XXX XXX KXKXXKX XXX XXXXXKXXXXX
).0.0.0.0.0.0.0.0.0.0.¢.9.0.0.0.0.0.0.0.0.9.0.9.0.0.:0.0.0.0.0.0.0.0.0.9.0.0.0.0.0.0.0,0,0,0.0.0.0.0.0.0.0.0
KXXKEXXXKKXKXX XXX K XXX XXXX XXX XXX XXX KKK XXX XXX XXXXXXX
),:0,0.9.9.9.9,0.0,9,0.0.9.9.9.0,0,0.0.0.0.0,9,0.0.0.0.9,0.0,0.0.9.0.0,0,0,0.0.0.0.0.0.0.9.0.0,0.0.0,0.0,0.0.¢
):0,0,0,0,0.0.0.0.0.0.0.9.0.0.0.9.0.0.0.0.6.0.0.9.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,6,0.0,0.0.0.0.00.00.0 .
),0,0,0,9,9,9.9.9.9.9.9.9.9.9.0.0.0.0.0.9.9.9.9.9.9.9.9.9.9.0.9.9.0.9.9.0.0.0.0.0.0,0,0,9.0.0,0.0.0.0.0.0.0,
XXXXXXXXXXXXXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XX XXX XXXXX

5.0 PROCEDURE

5.1 Obtaining the source code:

XXXXXXXXXXXXXXKXEXKXEXKKKXXXXXEXXXEXXXXKXKXKX XXX XXXXXXXXXXXX
),:9,0,9,9,9,0,9,0,0,0.9.9.9.9.9.9.9.9.9.9.9.9.9.0.9,0.0.9.9.9.9.9.9.9.9.9.0.9.9.0.¢.0.0,0,0,9,9.9.9.9,0.0.0.¢
),:9,9,9,9.9,9.9.9.9.9.9.9.9.9.0.9.9.9.9.0.0.9.9.9.9.0.0.9.0.0.0.0.0.0.0.0.0.0.0.0.0,0.0.0,0,0,0.0.0,0.0,.0,0.
XXXXXXXXXXXXXXKXXXXXXXXXXXXXKEXXXXXKXXXKXXKXXXKXXXXKXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXKXXKXXXEXKXXXXXXXXEXX XXX XXX XXXXXXXX
),9,9,9,0,0,0,9.9.9,9.9.9.0.9.0.0.9.0.9,0.9.9.0.0.0,0,0.0.0.0.9.0.0.0.0.0.0.0.9.9.0.0.0.0.0.0,0,0,0,0,0,0,0,¢
),9,9,9,9.9.9.9.9.0,9.9.9.9.9.0.9.9.9.9.9.9,0.9.0.0.0.0.9.0.0.0.0.0.0.0.0.0.9.0.9.9.0.0.0.0,0,0,0,0,0,0,0,0.¢
),:9,0,0,0.0.9.9.9,0,0,0.0.9.9.0,9,0,0,0.0.9.9.0,0.0.9.9.0.0,0.0.0.9.0.0.0,0.0.0.0.0.9.0.9.0.0,0,0,0.0.0.0.0.¢
).:9.9.9.9.0.9.9.9.0.9.9.9.0.0.0.0.0.0.9.0.9.90.9.9.90.9.9.9.0.9.9.9.9.0.9.0.0.0.0.0.0,0,0.9,0,0,0.0.0.0.0.0.0.{
)0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.6.6.0.0,0,0.6.6.0.0.0.6.6.0.0.0.0.0.0.0.6.0.6.0.0.0.0.0¢00064
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5.2 The scope of a complete review should include the following:

),:0,9.0.0.9.9.0.0.0,0.0.0.0.0.0.0.0.0.0.0.9.0,0.0.0.0.9.0.0,0,0.0.0.0.9.0.0,0.0.0.0.0.0.0.0.9.0.0.0,0.0,0.0,
):0,9.0.0.0.9.9.0.0.0.0.0.9.9.0,0,0.0.0.9.9.9.0.0.0.0.0.0.0,0.¢.0.0.0,0.0,0.0.0.0.0.0.0.0.0.9.0.0.0,0.0,0.0.¢
),:0,0.9.0,9.9.9.0,0.9.0.0.0.0.0,0.0.0.0.9.0,0,0.0.0.0.9.9,0,0.0.0.9.0.0.0,0,0.09.0.0.0.9.9.0.0.9,0,0.0.0.0.¢
),0,9,0,0,9.0.9.0.0,0.0.0.9.0.9.0,0.0.0.9.0.0.0.0.0.0.9.0.0,0,0.0.0.0.0.0,0.0,0.0.0.0.0.9.9.90.9.0.0.0,0,0.0,¢
),:0,0,0,0.0.9.0.0.0.0.0.0.0.9,0.0.0.0.0.0.0.0.0.0,0.0.9.0.0.0.0.0.0.9,0.0.0,0,0.0.0.0.0,0.0.0.0,0.0.0.0,0.0.¢
XXXX XXX XXX XXX XX XXX XXX XX XXX XXX XXX XX XXX XXX XX XXX XXXXXXX
),0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.9.0.9.9.9.9.0.0.0.0.9.9.9.0.0.¢.9.0.¢.0.9.0.¢.¢0.0.0,0,0,0,0,0:9.9.0.0.0.0.0.
).0,0.0.:0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.90.0909070.4¢4¢4¢.9.407¢7¢707¢000707900090909099907000000/
XXXXXXXXXXXEXXXXKXXKXX XXX XXX XXX XXX XXX XXX XX XXX XXX XX XXXXX
XX XXX XX XX XX XX XXX XX XXX KX XXX XX KX XXX XK XEXX XX XX XX XX XX XXXXX
),:0,0,9,0,0.0.0.9.0.0.0.9.9.9.9.0.0.0.0.0.9.9.9.9.9.9.0.9.9.9.9.9.0.9.0.0.0.0.0.0.0.0,0,0,0,0.0.0.0.0.9.0.0.
):0,0,0.0.9.9.9.0.0.0.0.0.0.9.9.0.0,0,0.0.9.9,0,0.0.0.9.0.0,0.0.0.9.0.0,0,0.0.0.0.0.0.9.0.9.9,0,0,0,0.0,0.0.¢
):0,0,0.0.0.9.9.9.0.0.0.0.6.0.0,0,0,0,0.0.0.0,0,0.0.0.0.0,0,0.0.0.0.0,0,0.0.0.0.0.9.0.0,0.0,0,.0.0,0.0.0,0.0,¢
KAKXXKXKKXXKXKXXXXXXKXXKKXXXXXX XX XX XXX XXX XXX XXX XK XKXXKXXXXXX
):0.0.0.0.0:0.0:0.0.0.0.0.0.0.0.0.0.0.:0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.¢
):0.0.0.9.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.:0.:0.0.0.0.0.0.0.009000.90.9090.790.9.09990600000000
XXXX XXX XXX XX XX XX XXX XXKXXXXKXKXXXXKEKEKXKXX KX XXX KK KXXXXXKXXXXX
XXXXXXXXXXXXXXX XXX XXX XX XXX XX XXX XXX KXXKXXXX XXX XXX KXXXXXXX
XXXXXXX XXX XXX XXX X XXX XXX XXX XXX XXXX XXX XXXXXX XXX XXX XXXXXX
KXXXKX XXX XX XXX XXX XXX XX XXX XXX XXX XX XXX XX XXX XXX XX XXXXX
XX XXX XXX XX XXXXXXXKEXXKXKEKXXXXXXXEKXXKXKXEXX XXX XXX XXX XX XXXXX
):0.0.0.9.9.9.0.0.9.0.0.0.0.0.0.0.0.0.0.0.0.9.9.9.0.0.0.0.0.0.0.0.0.0.0.9.9.0.0.0,9.0,0.0.9.0.0.0.0.0.0.0.0
XXXXXXXXXXXXXXXXXXXKXXXXKXXXXXXXXXXKXKXKXXXXKXXXKXKXKXXXXXXKXXX
,9,9,0.9.9,9.9.9.0.0.0.9.0.0.0.0.0.9.0.9.9.0.0.9.0.0.0.9.9.0.0.9.0.0.9.0.0.0.0.0.0,0.9.0.0.0.¢0.90.90.0.0.0,

5.3 After completing of the review, for all HFC internal system program
codes, the reviewer shall fill out the Software Source Code Record
Form contained in Section 7.1.

),:0,0.0.9.9.9,0.9,0.0.0.¢.9.9,0,9.0,0.0.9.0,0,0.0.9.0,0,0.0.0.0.0.0,0,0.0.0.0.9.0.9.0.9.0.0,0.0,0.0.0.0.0.0.€
XXXXXXXXXXXXX XXX XXX XXX XXX XXX XXX XXX XKEEXX XXX XXX XXX XKXXXXX
,9,9,9,9.9.9.9.9,9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9,0.0.9.9.9,9.0.0.0.¢.9.9.9.9.0.0,0,0.9,0,0.0.0.9,0.0.0.0.{
0,9,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0.0.0.0.:0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.¢
,0,9,9,9,9,9,9.9.9.9.9.9.9.0.9.0.0.9.9.0.0.9.0.9.9,0.0.9.9.9.9.9.9.9.9.9.0.9.9.0.0.0.0,0,0.9.0,0.0.9.9.0.0.
KXXXXX XXX XXX XXX XXX XXXXXXXXXKXXXXXXXX XXX XXX KXXXKXXXXXXXX
KXXXXXX XXX XK KX XKKXKE XXX XXX KX EXXXKXKXX XXX KKK XXX XX XXXXX
XXXXXXXXXXX XXX XX XXX XX XXX XXX XXX XXX KKK XX XXX XX XXX XXX
),:9,9,9,9.9.0.9.0.9.0.9.0.0.0.0.0.0.0.0.0.9.0.0.0.9.0.0.0.0.9.9.0.0.9.9.¢.0.0.0.0.90.0.9,0,0,0.0.9.0.9.0.0.0.{
XXX XXX XXX XXXXXXXXXXX XXX XXX XXX XXX XX XX XXX XX XXX XXX XXXXXXX
),9,0,0.0.9,9.9,0.0,0.0.¢.0.9.9.0.0.0.0.0.9,9.0.0.0.0.9.0.9.0.0.0.0.0.0,0.0.0.0.0.¢.0.¢.9.0.0.0,0.0.0.0.0.0.
) 0,0.0:0.:0.6.0.0.0.0.0.0.6.0.0.0.0.0.0.6.0.0.0.0.0.0.0.0.0.0,0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0 0.0,
,:0,9,9.9.9,9.0.9.0.0.0.0.0.0.0.0.0.0.0.0.99.49.49.9.90.90.9.9.9.9.49.9.0.494970070099,0999990700000
,:9,0,9.9.9.9.9.9.9.0.0.0.9.9.0.0.0.9.9.9.0.0.0.9.9.9.9.9.9.¢.¢.9.¢.9.9.9.0.9.0.0.0,0,0,0,0.0.0.0.0.0.9.0.0.
KX XXX XXX XXX XXX XX XXX XXX XKXXXXXXXXXEXXKXKXXXXKXEXKX XXX XX XXX XX
19,9,9,9,9,0,0,0,0.0.0.0.0.0.9.9.9.0.9.9.9.9.9.9.0.0,0.0.0.0.0.0.0.0.0.0.9.¢.9.0.0.9.9.0,0,0,0.0.0.0.0.0.0.0.(
XX XXX XX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXXXXXXXX
XXXXXXXXXXXXXX XXX XXXXXKXXXX XXX XXX XXX XX XXX XXX XXX XXX XXXXX
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1 0.0.0.0.0.00.000000000000000600600000000000000600000606000000(
PO00.0.000.0000000000000000000000000000000000000000000000
10.0.0.000.0000000000000000000000000060000000000000000000060¢
)00000000000000000000000000006000000000000000000000000¢
) 00000000 0000000000000000000000000000000000000000006004
;'0.0.0.000000000000000000000000000000000000000000000000006¢
) 0.0.0000.00000000000000000000000000000000000000000000000¢
)0.0.0.0.0.0.0.000.0000000000600000000600000006000000000000000060(
) 0.0.0.00.00000.000000000060000060000060000000000000000000060¢
) 0.0.0.0.0.00.000000000000000060000006006000000000006000600000
) 0.0.0.000.0.0.0.0.000.00.000000000000000000000000000000000600000(
)0.0.0.0.0.00.000006000060060000060000006006000060006600000000
)0.0.0.0.0.0.0.006.000000000060000060000000000000000000000000060
)000000000000000000000000000000000060000000000000000600¢
1 0.0.0.0.0000000000000000600000000000000000060000000000000004(
1'00.0.000.00000000000000000000000000000000000000000000000¢
)0.00.00000000000000000000000006000000000000000000000000¢
)0.0.0.0.00.0.00.0.0.00000600000000000600000000000000000000006004(
)0.0.0.0.0.00.000.0000000600600000000000000000000000600000060604¢
) 0.0.0.0.0.00.00.0000000060060000000006006000000000000000000600
)0.0.0.0.0.00.00000000000000000000060060000600000000000000000
1'0.0.0.0.0.0.0.0.60.000.000000000000600000000006060000000060000604

6.0 QA RECORDS |
6.1 Completed Software Module Review Q/A Record.

7.0 ATTACHMENTS
7.1 Software Module Code Review Record.
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ATTACHMENT 7.1

Software Module Code Review Record

REVIEWER: DATE:

MANAGER OF S/W DEVELOPMENT: DATE:,

V&V PROJECT MANAGER: DATE:

XXXXXXXXXXXX

XXXXXXXXXXX

XXXXXXXXXXX

XXXXXXXXXXX

XXXXXXXXXXX

XXXXXXXXXXX

XXXXXXXXXXX

XXXXXXXXXXX

XXXXXXXXXXX




