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Introduction

Module Overview

���0�����'�2�10#!
Each node on the LCN has an internal sense of time.  Under normal
operations, time is synchronized in all nodes.  The mechanism by which
this synchronization occurs depends on the processor types of the nodes on
the LCN:

• a non-KxLCN system,

• an all KxLCN system, or

• a combination of both types of processors.

�3!$��&!'

Given a Universal Station or Global User Station (GUS) on an LCN that
can access the diagnostic clock displays and the System Maintenance
Control Center (SMCC), the student will be able to do the following:

• Determine the LCN clock configuration and clock status.

• Perform troubleshooting to determine the location of crossed LCN
cables.
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Interpret System Clock Functions

�����#�$4�5* *�!2! ���� $!��'
�#�$4�5* *�!2! �

LCN Clock Management is an RNOS software subsystem that is used to
maintain the date and time in the node.  It provides services to

• set the network time,

• read the network time,

• convert time formats,

• perform arithmetic operations on time, and

• handle the Watch Dog Timer.

6�'�!2���2!�/��2*�'
System time, existing in internal time format, may be converted from any
one of three time formats to another:

• Internal,

• Gregorian, and

• Julian.

Internal time values may be added or subtracted.


*�$��������2!�
The Watch Dog Timer is an independent hardware entity that, as one of its
functions, checks the operation of Clock Management.  Every 50
milliseconds, Clock Management services the Watch Dog Timer.  The
Watch Dog Timer checks to see that it has been serviced every 100
milliseconds.

6�/�"*�!�
*�$�����
��2!�

The Software Watch Dog Timer is an RNOS timer used for infinite loop
detection.  The application software can set this timer to expire in some
number of 50 millisecond ticks.  The clock driver decrements the count on
each clock interrupt and, if the count falls below zero, the node is killed.
To prevent expiration, the Software Watchdog Timer must be either reset
or disabled through the proper RNOS interfaces.
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Under normal operations, time is synchronized in all nodes on the LCN
through a digital message containing a count of the actual date and time.

There are two NCF-defined nodes that function as the source for LCN
clock synchronization messages.

It is recommended that clock sources be nodes that are not often powered
down, such as gateways.

�#�$4�2*'�!�+'#*&!
Of the two NCF-defined nodes, the first node that is loaded becomes the
clock master.

The second NCF-defined clock node that is loaded becomes the slave clock
source.

The clock master periodically generates a clock message by which all other
nodes on the LCN are synchronized.
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�!2��!�'!�2! �'
If the LCN has remote segments, the two NCF-defined clock sources must
be located on the main segment; this is required to maintain
synchronization with other remote segments in the event that one remote
link fails.

The rest of the LCN (main and other remote segments) is unable to receive
the clock synchronization message if the clock source nodes are located on
a remote segment and the fiber optic connections to that remote segment
fail.
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6� $�����$!''
Each LCN node’s clock subsystem has its own internal sense of time.
When a clock subsystem is told to synchronize itself to another clock
subsystem

• First, it must adjust its internal sense of time to that of the
synchronization source.

• From that point on, the clock subsystem monitors the clock source to
determine if each newly received synch interrupt/time update is
consistent with what is "expected:"

– If the synch interrupt is within the margins allowed from the expected
time, the internal sense of time is adjusted to the synchronization
source time.  (Non-KxLCN:  50 ms ±300 µs, KxLCN:  7 secs.)

– Otherwise, no adjustment to internal sense of time is made.

All nodes that receive their time synchronization from the LCN broadcast
are considered to be synchronized to the network.

Any node that is not the master or slave, and is expecting to receive a synch
time update through the LCN, is considered to be in the "listener" clock
mode.

��2!�4!!�� �
In between time transmissions from the clock master or in the event that
time is not broadcast through the LCN, each node keeps its own time.  The
update of this time is usually synchronized from the 50 or 60 Hz ac power
source, although it could also come from an external frequency source.

When synchronization to the power line is initiated, no immediate
adjustment to the internal sense of time is made.  During the following
cycles, the internal sense of time is adjusted as required by a small value
(+/- 20 to 30 microseconds per 50 millisecond period) to maintain
synchronization to the power line.

��$*#�$#�$4�2�1!
Nodes that keep their own local time are not considered to be synchronized
to the network.  They are considered to be in the "local" clock mode.
Assuming that the ac line power is clean and not subject to fluctuations, all
nodes on the network in "local" clock mode should maintain time within a
few seconds of each other.
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�#�$4�'� $��'�0�$!
To specify whether a node will keep time from ac power or an external
frequency source, the power supply in each node must be pinned for either
internal or external.

Normally, all nodes are pinned for internal (line frequency) to keep time
from ac power.

Table 1 – Power Supply Pinning

��  � � �!'$������ 
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ATTENTION

External pinning on the power supply disables the ac line synch.

8���6
����2!
'�*2�� �

If time stamping of UCN Sequence of Events (SOE) is required, the master
and slave nodes, as well as the NIM requiring SOE functionality, must be
pinned external.  The external source has a much more precise timebase
than ac power and therefore affords better time resolution for event time
stamping.

�#�$4�/*�#0�!'
Listener nodes report a failure to receive the clock synch message frames
only if the clock is not present on either cable A or B.  If the clock is not
seen on either cable, the detecting node initiates the "Investigate Suspect
Clock" maintenance recommendation message to the System Maintenance
Journal.  Failures that cause the loss of a clock signal on one entire cable
are reported against the clock source node only.

	�"���2!��'�� ���*##��'!�
The Node Administrator provides the capability to set the network time.
Communication of network time is one of the Node Administrator’s
transactions.  The sequence of events is as follows:

1. The user sets the date and time at a Universal Station or at a Global
User Station.

2. The Node Administrator in that US/GUS immediately broadcasts the
time change to all LCN nodes.

3. The master clock node, upon receipt of the Node Administrator
broadcast, begins synching all other LCN nodes to this new date and
time through its periodic digital time message.
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�#�$4�	*�1"*�!
The required clock hardware is

• a Clock Source/Repeater (CS/R) board, or

• a Precision Clock Source/Repeater (PCS/R) board.

The clock hardware must be installed in I/O slot one of a node containing
an EMPU, HMPU, or HPK2 processor board.

�#�$4�'�� *#
In a non-KxLCN system, the LCN carries a 12.5 kbaud signal in addition to
the 5 MBaud LCN communication signal.  The 12.5 kbaud signal is
generated by special clock hardware placed in the two NCF-defined LCN
clock nodes.

The 12.5 kbaud signal carries a digital message containing a count of the
actual date and time that is generated by the master clock node every 50
milliseconds.  Each LCN node contains a receiver that can detect the 12.5
kbaud subcarrier signal and can interpret the digital clock message.

�!2��!�����'!�2! �'
Each coaxial cable segment, cable A and cable B, must have a CS/R board
connection so that the  clock message will be transmitted on each cable.
For LCNs with remote LCN segments

• Clock nodes must be located on the main segment (see Figure 2).

• If the segments are more than 300 meters (but not more than 2
kilometers) apart from each other, additional hardware is needed to
propagate the clock signal between the segments.

• If the segments are less than 300 meters apart, twisted-pair wires can be
used to directly interconnect CS/Rs on the main and remote segments.

�!2��!��*�1"*�!
Both LCN cables, A and B, require a set of hardware to propagate the clock
signal on a remote segment:

• Each CS/R board on the main segment connects, with twisted-pair wires,
to a fiber optic Clock Transmitter (FOCT) on the main segment.

• Each FOCT connects, through fiber optic cable, to a fiber optic Clock
Receiver (FOCR) on the remote segment.

• The FOCR connects, through twisted pair wires, to a CS/R on the
remote segment.

6� �#!��!2��!� �1!
If a single remote node is connected to an LCN cable segment through an
LCN fiber link (LCNFL), the 12.5 kbaud clock signal cannot be transmitted
to that remote node.  It will be in the local clock mode and will simply
synch time from ac power.
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Normally, all nodes are pinned for internal (or line frequency) and keep
time from ac power.  If pinned for external,  the external frequency source
can be from

• a Precision CS/R board, or

• from a third-party precision oscillator.


�!�*��� '
Each node on the LCN listens alternately every 50 milliseconds on cable A
and cable B for the clock message.

The master node transmits the clock message on its cable.

The slave node

• receives the message from the master as it alternates to the master node's
cable,

• adjusts its clock message to be in synch with the master, and

• retransmits the message out on its cable.

In this way, all nodes receive the master node's generated time synch
message on both cables.  These nodes are considered to be in the
"subsynch" mode.

�#�$4�/*�#0�!
The slave node takes over as the master and begins generating the clock
message if it either fails to hear from the master or receives three invalid
messages from the master within a 1-second period.
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�#�$4�
�!�*��� '�� �* ��##�9:����6�'�!2

�#�$4��*�1"*�!
Because the clock messages are transmitted at 5 Mbaud, the CS/R boards
(transmitting at 12.5 kbaud) are no longer needed in an LCN system
comprised of all KxLCN nodes.

The two NCF-defined clock source nodes should be located on the main
coaxial cable segment.

�#�$4�'�� *#
The KxLCN clock circuits have an operational mode known as the digital
clock mode.  In this mode, the digital clock synchronization messages are
communicated like any other LCN message at 5 Mbaud.  These messages
are actually a special type of LCN diagnostic frame.  One of the two NCF-
defined clock source nodes generates this diagnostic time synch frame.

The master node transmits the system clock information on both cables A
and B once per second.

Recall that LCN messages are transmitted on both cables, but each node
listens on only the cable to which it is directed by the token.

�!2��!�'!�2! �'
Because the clock message is sent out as a regular LCN frame, remote LCN
segments are able to receive the message across the LCN Extenders and
fiber optic cables at the 5 Mbaud rate; consequently, the additional clock
hardware that was previously required to transmit the 12.5 kbaud signal
remotely (FOCTs, FOCRs, and associated cabling), is not required in an all
KxLCN system.

6� �#!��!2��!� �1!
A single remote node connected to an LCN cable segment through an
LCNFL will be in time synchronization with the rest of the LCN because it
receives the digital time synch message across the fiber optic cables.

��"!��'0��#����  � �
Normally, all nodes are pinned for internal (or line frequency) and keep
time from ac power.  In the case of a KxLCN node, external pinning causes
the node to use the on-board Precision Clock Oscillator (present on each
KxLCN) for the clock source.
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�!�*��� '
The first of the two NCF-defined clock nodes that is loaded with operating
software becomes the master clock source.

The second configured clock source node becomes the slave clock source
after it is loaded with operating software:

• It first listens for a clock of any type on the A and B cables.

• If it discovers that digital clock synchronization frames are present,
indicating that the master clock source is present and operational, it uses
the received clock synch message to synch its clock with the master
clock source.

The slave clock source node will not transmit any special clock
synchronization data messages while it continues to detect clock synch
messages generated by the master clock source.

�#�$4�/*�#0�!
If the clock messages from the master clock source node stop for any
reason

• The slave clock source node begins transmitting clock synchronization
messages on both cables A and B between 7 and 14 seconds after the
master fails.

• The slave clock source node declares itself as master.

– If the original master clock source node is restarted, it first listens for
clock messages.  Once it detects them, it  assumes the slave clock
source responsibility.

• The remaining nodes (those nodes not configured as clock sources)
become listeners in the "digsynch" or digital synchronization mode.

– They detect the special clock synch data message and use it to
synchronize their own clock circuits.
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�:*2�#!
The example in Figure 3 illustrates the digital clock concepts:

• The two leftmost nodes are configured as clock sources.

• The leftmost node was loaded first and is consequently defined as the
master clock source.

• The slave clock source is second from the left.

• The remaining nodes are listeners in the digital node.
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Figure 3 - All Digital Clock Mode System (Local Area Only
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�!2��!�'!�2! �'
The example in Figure 4 illustrates the digital clock concepts when an all
KxLCN system is implemented with remote LCN segments connected to
the main segment through LCN extenders and fiber optic cables.

Figure 4 makes similar assumptions to those made in Figure 3.

In Figure 4, the clock message frames on the A and B cables are routed
directly to the remote nodes through the fiber optic data link.

Node 
(K2LCN)

Node 
(K2LCN)

Node 
(K2LCN)

Node 
(K2LCN)

Node 
(K2LCN)

LCN Cable B

LCN Cable A

Clock 
Source

Clock 
Source

Listener Listener Listener Listener

Master Slave

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

LCNE LCNE

LCNE LCNE

Fiber Optics

Node 
(K2LCN)

Node 
(K2LCN)

Listener

*** *** 8185

A B 1	��
����������

��
>�����.
�����	�
��
	���
��
?�	������
�����
��	�
�����,�
������
�	

���	�����
����
�	
����
������
*
�	

@
�	��
���
����	
�

AA B 1	��
����������
.
�����	�
���
�����
��	�
�����,�
������
�	
����
������
*
�	

@�
��	����	�=��
���
��	
�����
���	,
���
�����-�

�����
�����,�
������
����
���
>�����
�����
�������
8���
���	����
�����
�����,�
������
�	��
��
���
�����,��
����
���
>�����
�����
������
�����
��
����

������
������
��
>�����
�����
������
��
����
�����

AAA B  ����	�
���
�����
�����,�
������
�	
����
������
*
�	

@�
��	����	�=��
���
��	
�����
����
���
>�����
�����
�������

Figure 4 - All Digital Clock Mode System (Local and Remote)
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�#�$4��*�1"*�!
The two NCF-defined clock source nodes must be non-KxLCN nodes,
because they contain the CS/R boards.

�#�$4�'�� *#='� �#!
����'!�2! �

LCN systems that include a mix of KxLCN and non-KxLCN processors
require both the 12.5 kbaud and the 5 Mbaud clock messages.

As discussed before, the master node transmits the clock message on its
cable at 12.5 kbaud.  The slave node retransmits the message out on its
cable.  Each non-KxLCN node on the LCN, as well as the lowest numbered
KxLCN node, listens alternately every 50 milliseconds on cable A and
cable B for the clock message on the 12.5 kbaud subchannel.

Each KxLCN board has a clock mode (the subchannel clock mode) that is
compatible with systems using Clock Source/Repeaters.  When a KxLCN
board operates in the subchannel clock mode, it can listen for and detect the
12.5 kbaud clock synchronization signal generated by the non-KxLCN
master node; however, even though the KxLCN node can hear this signal,
it cannot regenerate it.

��"!��'0��#����  � �
Normally, all nodes are pinned for internal (line frequency) and keep time
from ac power.

8���6
����2!
'�*2�� �

If external pinning is required for UCN Sequence of Events (SOE), the
external frequency source for the master and slave clock nodes and a non-
KxLCN NIM can be from a Precision CS/R board or from a third-party
precision oscillator.  If the NIM is a KxLCN, it receives its external synch
signal from its on-board precision oscillator.
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The sequence of events for a  KxLCN node in a mixed system are as follows:

1. After it is loaded with operating software, the KxLCN listens for a
digital clock synchronization message frame sent at 5 Mbaud.

2. If it does not detect a clock message at 5 Mbaud, it switches to the
subchannel mode and checks for a 12.5 kbaud clock message.

3. Upon detecting the 12.5 kbaud message, it synchronizes its clock to the
master clock source.

4. This node assumes there are other KxLCN nodes on the LCN, and
therefore takes on a translator function.  As a translator, it resends the
received clock message frame at 5 Mbaud for any other KxLCN nodes
that may be on the network.  If there are no additional KxLCN nodes,
the translation still occurs, but the translated message is not needed.

5. The translator is in the "subsynch" mode (it hears the 12.5 kbaud clock
message); other KxLCNs are in the "digsynch" mode (they hear the 5
MHz clock message).
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Figure 5 illustrates the addition of a KxLCN node in an non-KxLCN
system.
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Figure 5 - Mixed Clock System (KxLCN Node Addition)
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If there are multiple KxLCN nodes on a system,

• The failure of a translator node requires the establishment of a new
translator.

• Upon the loss of the digital clock frame, all the KxLCN listener nodes
switch to the subchannel mode to listen for the 12.5 kbaud clock
message.

• All KxLCN nodes establish themselves as translators, and all of them
send out clock synch messages at 5 Mbaud.  This causes no harm.

• Each translator monitors LCN traffic for duplicate clock message
frames.

• As the condition is detected by the multiple translator nodes, the
translator node with the lowest LCN node address is allowed to remain
as translator.

• The remaining translators simply stop sending the clock synch message
frames and become listeners once again.

�#�$4�'�� *#=�!2��!
'!�2! �'

The two NCF-defined, non-KxLCN clock source nodes must be located on
the main LCN segment.  If one or more remote segment contains all
KxLCN nodes, the main segment must contain at least two KxLCN nodes.
One KxLCN serves as the translator, which receives the 12.5 kbaud clock
message and generates the 5 Mbaud clock message.  The second KxLCN
serves as a backup to the translator and automatically takes over the
translation function if the primary translator fails.

If the remote segments contain non-KxLCN nodes, the additional clock
hardware (FOCTs, FOCRs, and associated cabling) is required to transmit
the 12.5 kbaud clock signal to the non-KxLCN nodes on the remote
segments.

�:*2�#!
Figure 6 shows another possible mixed clock system.

Operation

• The lowest numbered KxLCN node loaded assumes the role of translator
(K).

• The remaining KxLCN nodes function as listeners in the digital mode.

• The translator node (K) listens for and uses the 12.5 kbaud clock for its
own clock synchronization.

• The translator node (K) retransmits the clock message frame at 5 Mbaud
on both cables.

• The 5 Mbaud digital clock message frame is used by the remaining
KxLCN listener nodes, nodes F, G, I, and J.

NOTE: Without a KxLCN translator node on the main segment,  KxLCN
nodes F and G would never receive a clock message.
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Translator Failure

On the main segment, if the translator node (K) were to fail

• Each of the KxLCN listeners (I and J) switch to the subchannel mode to
listen for the 12.5 kbaud clock message.

• Both nodes I and J simultaneously establish themselves as translators.

• Duplicate clock messages are sent at 5 Mbaud.

• Eventually, the node with the higher LCN node address drops out and
the node with the lowest address remains as the translator.
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Figure 6 - Mixed Clock System (Multiple KxLCN Node Additions)
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�.�(�* 1�#*�!�
There are clock status displays available on systems operating on R320 or
later software.  These displays provide status of the clock subsystem and
incorporate support for the KxLCN board:

CLOKMODE Provides the mode of clock operation in all nodes.

CLOKSYNC Provides clock sync status for all nodes.

CLOKTRAN Provides translator status for all nodes.

CLOKCABL Provides clock cable selection status at each node.

��.(�* 1�#*�!�
On R430 and later systems, the clock displays listed above have been
removed and the following displays have been added:

CLOKSTAT Incorporates all the information previously provided
by the four separate clock displays.

����5��8
Figure 7 shows the PERFMENU display that provides targets to access the
clock displays.
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Figure 7 - PERFMENU Display
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The CLOKTRAN display shows all nodes’ translation states.

9301

Figure 8 - Clock Translation Display (CLOKTRAN)
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The CLOKSYNC display provides a display of all nodes’ clock
synchronization statuses.

9302

Figure 9 - Clock Synch Status Display (CLOKSYNC)



"&()) �	�������
������
�����
��	����	�




 !"#$%�&' $#

�#�$4���!�*�� ��2�1!
1�'�#*�

The CLOKMODE display provides a display of all nodes’ clock operating
modes.

9303

Figure 10 - Clock Operating Mode Display (CLOKMODE)
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The CLOKCABL display provides information on the cable in use for
clock signals.  The CLOKCABL display updates every 16 seconds.

9304

Figure 11 - Clock Cable Selection Display (CLOKCABL)
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The CLOKSTAT display (used on R430 and later) summarizes the
information on the previous clock displays, providing the following for
each node:

CLK_MOD Clock operating mode

CLK_CBL Information on the cable in use for clock signals

CLK_SYN Clock synchronization status

CLK_TRN Translation state

32896

Figure 12 - Clock Status Display (CLOKSTAT)
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The following table describes the statuses indicated on the clock displays.

Table 2 – Clock Status Indications
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ATTENTION

ATTENTION—Clock Cable State
If a node is locked onto a particular LCN cable, periodically, the node
attempts to alternate cables.  If the display updates at the moment the node
attempts to alternate, it indicates an alternating cable state (ALTCBLA/B).

ATTENTION

ATTENTION—Clock Translation State
Only the lowest numbered KxLCN node in a mixed system will translate.
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�!'$������ 
To interpret “Investigate Suspect Clock” messages, go to the System
Maintenance Journal.

5!''*�!�/��2*�
In  the System Maintenance journal, at the far right of the message, a field
appears with the format:

CLOKxx

xx = a number from 00 to 08

������$�1!'
The following table describes the CLOKxx error codes.

Table 3 – CLOKxx Error Codes

��1! �!'$������ 
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ATTENTION

ATTENTION—Use the Clock Status Word or LCN Cable Diagnostic
displays to get additional troubleshooting information.
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Clock Status Word

	�"����D�!"���!��#�$4�6�*�0'�
��1�8'� ��65��

�0���'!
The Clock Status Word indicates the alternating status of a non-KxLCN or
translator node.  It can also be used to determine if these nodes are having
any problems receiving the clock signal on either cable.  You can use
SMCC (System Maintenance Control Center) to look at the Clock Status
Word of any node on the LCN.

�!E0��!2! �'
The memory location of the Clock Status Word is different for different
node types, processor types, personalities, and software releases.  On a
given system/release, the location must be determined for each
node/processor/personality type.  Determining the location requires going
through two address pointers to locate the real memory location of the
Clock Status Word; fortunately, the first pointer address is always the same
for a given processor type.
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The following table describes the procedure to view the Clock Status
Word.

Table 4 – Procedure to View the LCN Clock Status Word
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Table 4 Procedure to View the LCN Clock Status Word, continued
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Table 4 Procedure to View the LCN Clock Status Word, continued
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Table 4 Procedure to View the LCN Clock Status Word, continued
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Table 4 Procedure to View the LCN Clock Status Word, continued
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Table 4 Procedure to View the LCN Clock Status Word, continued
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Table 4 Procedure to View the LCN Clock Status Word, continued
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Under normal operation, the clock subsystem alternates cables every 50 ms,
resulting in the Clock Status Word in any non-KxLCN or translator node
toggling between two correct “good” values (see Table 5).

If a node cannot hear the clock on a particular cable, its clock status word
indicates a “bad” value (see Table 5).

D*#0!'
The following are “good” and “bad” clock status values in the hexadecimal
format.

Table 5 – “Good” and “Bad” Clock Status Word Values
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After viewing the Clock Status Word by using SMCC, decode the 16-bit
word to determine the current clock status.

���$!10�!
The following table describes how to decode the Clock Status Word.

Table 6 – Decoding the Clock Status Word
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The diagram below illustrates the binary format of the Clock Status Word.

ABCD = hex values, each value representing 4 bits of the 16-bit word
0 - 15 = bit positions

A B C D
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

�:*2�#!
Shown below is an example of a Clock Status Word in binary format
(A00C = hex values).

A 0 0 C
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

1 0 1 0 0 0 0 0 0 0 0 0 1 1 0 0
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B7��1C�&*#0!'
If you are not familiar with hexadecimal (or have forgotten how to use
hex), here is a handy reference for interpreting the “good” clock status
word values.  The key bits to consider are bits 01 and 02, and 10 through
15.

Table 7 shows the binary format of “good” clock status word values.

Table 7 – Binary Format � “Good” Clock Status Word Values

101A (Master Clock):

1 0 1 A
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0 0 0 1 0 0 0 0 0 0 0 1 1 0 1 0

• Bits 14 and 15—this node is the Master clock source

• Bits 12 and 13—the clock is synchronized

• Bits 01 and 02—the master node received the cable A time update

101C (Master Clock):

1 0 1 C
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0 0 0 1 0 0 0 0 0 0 0 1 1 1 0 0

• Bits 14 and 15—this node is the Master clock source

• Bits 12 and 13—the clock is synchronized

• Bits 01 and 02—the master node received the cable B time update

601A (Slave Clock):

6 0 1 A
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0 1 1 0 0 0 0 0 0 0 0 1 1 0 1 0

• Bits 14 and 15—this node is the Slave clock source

• Bits 12 and 13 —the clock is synchronized to the received message
interrupt.

• Bits 01 and 02—the master node received the cable A time update.
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601C (Slave Clock):

6 0 1 C
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0 1 1 0 0 0 0 0 0 0 0 1 1 1 0 0

• Bits 14 and 15—this node is the Slave clock source.

• Bits 12 and 13—the clock is synchronized. to the received message
interrupt.

• Bits 01 and 02—the master node received the cable B time update.

A00A (other nodes):

A 0 0 A
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

1 0 1 0 0 0 0 0 0 0 0 0 1 0 1 0

• Bits 14 and 15 —this node is another node in the listener mode

• Bits 12 and 13—the clock is synchronized to the received message
interrupt.

• Bits 01 and 02—the node received the cable A time update.

A00C (other nodes):

A 0 0 C
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

1 0 1 0 0 0 0 0 0 0 0 0 1 1 0 0

• Bits 14 and 15—this node is another node in the listener mode

• Bits 12 and 13—the clock is synchronized to the received message
interrupt

• Bits 01 and 02—the node received the cable B time update
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The following conversion chart and documentation template will assist you
in debugging problems associated with Clock Status Words.

�� &!�'�� �$�*��
The hexadecimal-to-binary-to-decimal conversion chart is presented here
for your convenience.

Table 8 – Hex, Binary, Decimal Conversion Chart

	!:*1!$�2*# A� *�� �!$�2*#

& &&&& &
" &&&" "
$ &&"& $
5 &&"" 5
% &"&& %
# &"&" #
! &""& !
' &""" '
7 "&&& 7
) "&&" )
* "&"& "&
@ "&"" ""
� ""&& "$
� ""&" "5
< """& "%
� """" "#
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The Clock Status Word has the following hexadecimal format: ABCD.
Use the conversion table above and the description of the clock status word
(what each bit means) to determine the status of your clock signals.

Node number:_________

Clock Status Word memory location:___________

“A”= “B”= “C”= “D”=
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Node number:_________

Clock Status Word memory location:___________

“A”= “B”= “C”= “D”=
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Node number:_________

Clock status word memory location:___________

“A”= “B”= “C”= “D”=
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Node number:_________

Clock status word memory location:___________

“A”= “B”= “C”= “D”=
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Node number:_________

Clock status word memory location:___________

“A”= “B”= “C”= “D”=
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0



%! �	�������
������
�����
��	����	�




 !"#$%�&' "&())



"&()) �	�������
������
�����
��	����	�




 !"#$%�&' %'

Locating Crossed LCN Cables

��2�*��'� ��/�5!���1'�������$*�� �����''!1������*�#!'

�!'$������ 
The clock subsystem can be used to help locate crossed LCN cables (or
diagnose cable problems in general) in a mixed or non-KxLCN system by
looking to see on which cable the clock can be heard and on which cable it
cannot be heard.  This can be accomplished by determining the clock
alternating status of each non-KxLCN node.

The clock subsystem cannot be used to locate crossed cables in an all
KxLCN system.  In this case, crossed cables can only be detected through
use of the crossed cable display ($LNACCT) which involves LCN
communication mechanisms but not the clock subsystem.

32899

A

B

CS CS

A(B)

B(A)

Figure 13 - Crossed LCN Cable Example
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5!���1'
The are two methods for locating crossed LCN cables:

1. Determine the alternating status of non-KxLCN or translator nodes.

2. Use the Crossed Cables ($LNACCT) display.

The following table compares the methods for locating crossed LCN
cables.

Table 9 – Methods for Locating Crossed Cables
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For an LCN segment where CS/R boards in clock master and slave nodes
provide the clock signals, you can use the node’s alternating status
(determined by the clock status word or the CLOKCABL or CLOKSTAT
display) to determine whether or not the segment has crossed LCN cables.

� 1�$*��� 
On systems using normally operating clocks, the CLOKCABL or
CLOKSTAT display shows each node using either ALTCBLA or
ALTCBLB.  You should expect to observe the following:

• the clock alternates between the A and B cables every 50 milliseconds,
and

• all nodes probably will not report using the same cable at the same
instant.

After you know how to recognize the alternating status of nonKxLCN or
translator nodes, it is a “process of elimination” to locate the node(s) with
crossed cables.  To determine if the cables are crossed, you must remove
the clock signal from one of the cables.

6022*��
By disconnecting one clock board at a time (in order to force non-KxLCN
or translator nodes to a non-alternating clock status), it is possible to
determine if the LCN cables are crossed at any non-KxLCN or translator
node.  This procedure works on any release of LCN software and any type
of processor board, except KxLCNs.

Let us say you have crossed LCN cables and you decide to remove the
clock source connected to cable B.  The following is indicated because the
cables are crossed:
• some of the nodes show clock updates on cable A

• other nodes show clock updates on cable B

Start at the end of your LCN and determine the alternating status for that
node, then work your way toward the “middle” of the LCN in order to
isolate the location of the cross.

ATTENTION

ATTENTION—Method 1 cannot find crossed LCN Extender fiber optic
cables and is only for LCN segments using CS/R boards.
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ATTENTION

ATTENTION—For non-translator KxLCN nodes:

• The Clock Status Word and the displays always show an alternating
status (unless the node is a translator), regardless of whether or not the
12.5 kbaud clock message is present on both cables; consequently, they
do not provide the user with helpful information.

• For all non-translator KxLCN nodes, the clock message is embedded in
the 5 Mbaud signal.

• Translator nodes function like any non-KxLCN node, because they are
receiving the 12.5 kbaud clock message.

WARNING

WARNING—If you find crossed LCN cables, you cannot safely reconnect
the crossed cables while the system is controlling the process, because you
will have to remove both the A and the B cables at the same time.

If the system is controlling the process, defer uncrossing the cables until the
system can be taken off control; however, do not defer for a long time;
operating with crossed LCN cables (coaxial or fiber optic) can cause a
system failure if a cable malfunctions.
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The following table lists the steps to locate crossed LCN cables using
method 1 to determine each node’s alternating status.

Table 10 – Procedure to Locate Crossed LCN Cables�Method 1
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Table 10 Procedure to Locate Crossed LCN Cables—Method 1
continued
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Method 1 (determining node’s alternating status) has the following
limitations:

• Cannot detect crossed LCNE fiber optic cables.

• Can be used only on LCN segments using CS/R boards.

• Is useful only for non-KxLCN and translator nodes.

• When the clock subsystem is damaged, the Clock Status Word or the
CLOKCABL or CLOKSTAT display cannot dependably show which
cable is receiving the clock signals.

��2��*��� '��/
2!���1��

The following table describes the limitations of method 1 (Clock Status
Word) and method 2 (CLOKCABL/CLOKSTAT displays) in locating
crossed fiber optic cables.

Table 11 – Limitations When Locating Crossed Fiber Optic Cables
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Example 1
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Example 2

Figure 14 - Crossed LCN Cable Example

REFERENCE—The LCNI tests in HVTS can be used to check crossed
cables not covered by method 1.  For HVTS information, refer to
Hardware Verification Test System, Binder TPS 3060-3
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�0���'!
The Crossed Cable display ($LNACCT), available on R322 and R430 and
later, provides the only solution for isolating crossed cables in an all-
KxLCN system.  It works for a mixed system as well.  Here, we discuss a
procedure you can use to check for crossed LCN cables by using the
Crossed Cable display.

�!E0��!2! �'
This method of checking for crossed cables requires that the lowest
numbered US/GUS (the cable master) have a K4LCN board or a K2LCN
board with Rev. P or higher firmware and Rev. R or higher hardware.

���2*#���!�*��� 
The $LNACCT display shows a count received on each cable for each
node.  You should expect to observe the following:

• The cable master sends a count on only the active cable (differs from
normal LCN communications, where messages are sent on both cables).

• Any node with crossed cables does not receive the count on the active
cable port and, consequently, does not see the count. Most of the time,
its counter on the $LNACCT display will be less than the rest of the
nodes.

• The cable master always indicates one count higher than the other nodes.

ATTENTION

Occasionally, a crossed node picks up the count during the process of
swapping LCN cables.  For this reason, you should look at the display a
few times over the course of 5 or 10 minutes.

���''!1�$*�#!�1�'�#*�
The $LNACCT display (used on R322 and R430 and later) provides a
count for each node that can be used to determine the location of crossed
LCN cables.  If the LCN cable master has a KxLCN board with Rev. P or
higher firmware and Rev. R or higher hardware, it sends a count message
on only the active cable.  Any node with crossed cables will not see the
message, so its count should be less than the others.  Occasionally, a node
with crossed cables will hear the count; this can occur if the master
US/GUS has sent out the count before the crossed node has swapped
cables.  To obtain completely accurate information from this display, you
should monitor it over a 5-minute period.

The cable master always indicates one count higher than other nodes.
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In the example below, the lowest numbered US/GUS node (the cable
master) is node 40.

32897

Figure 15 - Crossed Cable Display ($LNACCT)



"&()) �	�������
������
�����
��	����	�




 !"#$%�&' #'

Lab Exercise

8'!��#�$4���'�#*�'

� ���10$��� 
The following exercise will familiarize you with the PERFMENU clock
displays.

�0�*��� 
Q#
>�	����

� '��0$��� '
1. At your Universal Station, select the CLOKSTAT display from

PERFMENU.

2. Identify the clock master, slave, and translator.

3. Are all nodes showing an alternating status?

4. Are all nodes synchronized to the network time?
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Monitor Clock Status Word (Optional)

� ���10$��� 
The following lab exercise will help you become familiar with system
clock functions by calling up the Clock Status Word for a node and
monitoring it.

This lab exercise may require additional guidelines that your course
manager will provide.

�0�*��� 
Q"#
>�	����

� '��0$��� '

1. At your Universal Station, select the SMCC/MAINTENANCE   target from

the Engineering Main Menu .

2. Select MODULE MEMORY  .  Refer to the course material on how to read

the Clock Status Word.

3. Determine the Clock Status Word for the master clock source, the slave
clock source, and a non-KxLCN listner node or the translator.

4. Are all the nodes indicating an alternating status?

End of Lab Exercise
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� ���10$��� 
The following optional lab exercise allows you to practice using the system
clock to troubleshoot a crossed-cable connection.

Your course manager will set up the system before lab by crossing cables at
an LCN node.  Your course manager may provide additional guidelines
required for the system on which you will perform the exercise.

You will need to have a topology map to complete this lab.

�0�*��� 
Q"#
>�	����

ATTENTION

This lab can be performed only on an LCN system that is separate from the
Training Lab or process-connected system.  This lab may cause LCN nodes
to go isolated.

� '��0$��� '
1. Determine the master clock source and slave source from the clock

status word, from the NCF, the CLOKMODE, or from the CLOKSTAT
display.

2. Disconnect the LCN cable from either the master or slave clock source.

3 Locate the crossed cables by determining each node’s alternating status,
either by calculating the Clock Status Word or from the CLOKSTAT
display.

4. After you have located the cross and have discussed it with your course
manager, call up the $LNACCT display to verify your determination.

5. Reconnect the cables to the correct LCN.

End of Lab Exercise
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