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MIL-STD-188-154

FOR EW’ORD

1. Orlgintilly, Milltary St~ndtird 188 (MIL-ST D-188) covered technical sttindtirds for
tactic[~l and long haul communications, but later evolved through revisions
(MIL-STD-188,1, !vIIL-STI}-18811) Into a document ~pplicable to tactical communications
only (MIL-STD-188C).

2. The Defense Communications Agency (DCA) published DCA Circulars (DCAC)
promulgating stanckrds and engineering criteria applicable to the long haul Defense
Communications System (DCS) and to the technical support of the National Military
Command System (N MCS).

3. As a result of a Joint Chiefs of’ Staff (JCS) action, standards for all military
commun~cations are now being published in a MIL-ST D-188 series of documents. The
II IL-ST D-188 series is subdivided into a MIL-STD-188-1OO series covering common
st~ndtirds for tact]cal tind long haul communications, a MIL-ST D-188-200 series covering
stand~rds for tactic~l communications only, and a MIL-ST D-188-300 series covering
stand}~rds for long haul communications only. Emphasis is being placed on developing
colnmon standards for tactical and long h~ul communications published in the
NIIL-STD-I88-1OO series.

4. This stsndard contains directives for the engineering, selection, and configuration of
equipment find facilities required for the design, construction, and installation of analog
and digital technic~l control facilities in both long haul and tactical environments. This
standard supersedes M1L-STD-188-31O.4, 14 January 1980.
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1. SCOPE

1.1 Purpose. This standard est~blishes design and engineering criteria for long haul and
tactic~I Technical control Facilities (TCFS) and associated Patch and Test Facilities
(PTFs) in the Department of Defense (DOD).

1.2 Application. This document establishes standards to apply during the design, plan-
ning, and engineering phases of all facilities that perform or will perform the functions
listed in paragraph 4.1. Existing TCF’S need not be immediately converted to comply with
the requirements of this document. New TCF’S and those undergoing modification or
rehabilitation shall conform to these standards subject to the applicable requirements of
current procurement regulations. Several non-mandatory design objectives are included in
this st~ndard and should be adopted whenever economically feasible. Following is a list of
these design objectives and their location in this standard. -

OBJECTIVE PARA

Automated tech control functions
Modular equipment bay design
Test equipment recording capability
Universal shelf concept
Transmission access
Low level digital interface
Multi-function conditioning equipment
Low level digital interface
Low level digital interface
Interbay trunk jacks

4.2.1.1
4.2.1.2
4.2.2.5
4.2.2.11
5.2.1.2
5.2.1 .2.2
5.2.2.2
5.2.2 .3.1.1
5.2.2.3.8
5.3.11

1.2.1 RED/13 L.ACK engineering criteria. The criteria in this standard are applicable for
a completely J3L.4CK 7’CF. The inclusion of any RED provision in the T(TF requires the
compliance of this standard and also with current RE6!BL.ACK Engineering C~iteria in
NAcsrh”l 5203.

1.2.2 Patch and test facilities. The requirements of this standard shall also apply to
those PTFs that are required to provide monitoring, testing, or control of a transmission
path. Equ~lly, the!’ shall apply to those PTFs serving terminals, switching, or tr~nsmission
equipment.
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2. Rh;FEf{ENCEIJ I)(>CLINIEN”!’S

2.1 Government documents.

2.1.1 Specifications, standards, ~nd handbooks. Unless otherwise specified, the
following specific~t ions, standtirds, Rnd handbooks of the issue listed in th. !t ISSIJCof the
Department of L)efense Index of Specifications and Standards (DoDISS) specified in the
solicitation form ~ part of this st~ndtird to the extent specified herein.

MILITARY SPECIFICATIONS

M!L-H-46855

FEDERAL STANDARDS

FED-STD-1OO3

FED-STD-1037

FED-ST D-1041

MILITARY STANDARDS

M1L-STD-188-1OO

MIL-STD-188-114

MIL-STD-188-124

MIL-STD-188-31 1

MIL-STD-454

MIL-STD-461

liurnan Engineering Require-
ments for Military Systems,
Equipment and Facilities

Telecommunications:
Synchronous Bit Oriented Dnta
Link Control Procedures

Glossary of Telecommunications
Terms

Interface Between Data
Terminal Equipment and Data
Circuit Terminating Equipment
for Operation With Packet-
Switched Communications
Networks

Common Long }!aul and Tactical
Communications System
.Technical Standards

Electrical ~haracteristics of
Digital lnterf~ce Circuits

Grounding, Bonding, 9nd
Shielding

Technical Design Standards for
Frequency Division ?!ultiplexers

Standard General Requirements
for Electronic Equipment

Electromfignetic Emission afld
Susceptibility Requlrelnents for
the ~ontrol of Elect romagnet; e
interference

-
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MIL-STD-470

NIIL-STD-1472

MILITARY HANDBOOKS

MIL-HDBK-41 1

MIL-H17BK-414

MIL-HDBK-419

MIL-ST D-188-154

Maintainability Program
Systems and Equipment

for

Human Engineering Design
Criteria for Military Systems,
Equipment and Facilities

Power and Environmental
Control for the Physical Plant of
DOD Long Haul Communications

Technical Control Facilities and
Equipment for Long Haul
Communications

Grounding, Bonding, and
Shielding for Electronic Equip-
ments and Facilities

2.1.2 Other Government docu~nents, drawings, ~nd publications. The following other
Government documents, drawings, and publications form a part of this standard to the
extent specified herein.

NATIONA1. SECURITY AGENCY PUBLIC .qTIONS

(~) N..4CSIII 5203 Guidelines for Facillty Design
and RED/BLACK Installation (U)

DEFENSE COMMUNICATIONS AGENCY PUBLICATIONS

DCAC 300-175-9 DCS Operating-Maintenance
Electrical Performance
Standards

DCAC 310-50-6 Defense Communications
Systems Orderwire

DCAC 310-70-1 Defense Communications System
Technical Control

EP 3-83 DCS Network Synchronization
Design Criteria

JOINT TACTl~AL COMMUk!!CA’f’10NS OFFICE PUBLICATIONS

IrIJ-ool Voice and Pat8 Orclerwire
Content and Signaling Informa-
tion
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TR1-TAC System OrderwirelCI’)-002

ICD-003

INTERNATIONAL AGREEMENTS

STANAG 4206

STANAG 4207

ST.~NAG 4208

STANAG 4209

ST.ANAG 4210

Framing Synchronization~nd .
Protocols

The NATO Tlulti-Channel
Tactical Digital Gateway -
System Standards

The NATO }’lulti-Channel
Tactical Digital G[]teway -
Multiplex Group Framing
Standards

The NAT() \lulti-Channel
T~ctical Digital Gtiteway -
Signaling Standards

The NATO Multi-Channel
Tactical Digital Gateway -
Standards for Analogue to
Digital Conversion of Speech
Signals

The NATO J!ulti-Channel
Tactical Digital Gateway -Cable
Link Standards

STANAG 4211 The NATO llulti-Channel
Tactical Digital Gateway -
System Control Standards

STANAG 4212 The NATO Multi-Channel
Tactical Digital Gateway -Radio
Relay Link Standards

STANAG 4213 The NATO Multi-Channel
Tactical Digital G8teway - Dnta
Transmission Standards

ST.4NAG 4214 International Routing and
Directing for Tactical
Communication Systems

(Copies of specific~tions, st~ndards, handbooks, drawings, and publications required by
contractors in connection with specific acquisition functions should be obt~ined from the
contracting activity or 8S directed by the contracting of ficer. )

2.2. Other Publications. The following documents form 8 pnrt of this st~lndard to the
extent speciflect herein. Unless otherwise specified, the issues of the do~’uments which

.

t
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solicitation. The issues of documents which have not been adopted shall be those in effect
on the date of the cited DoDISS.

ELECTRONIC JNDUST1{IES ,4SSO~14’rION

ANS1/EIA RS-31O-C-77R82 Racks, Panels and Associated
Equipment

EIA RS-530 High Speed 25-Position Interface
for Data Terminal Equipment
and Data Circuit -Terminating
Equipment

(Application for copies should be addressed to the Electronic Industries Association,
200] Eye Street NW, Washington PC 20006.)

INSTITUTE OF ELECTRIC;4L AND ELECTRONICS ENGINEERS

ANSI-C 2-198’i National Electrical Safety Code

ANS1/IEEE STD-488-1978 lEEE St8ndard Digital Interface
for Programmable Instrumenta-
tion

(Application for copies should be addressed to the Institute of Electrical 8nd Electronics
Engineers, Publication Sales Dept., 445 Hoes Lane, Piscataway NJ 08854.)

NATIONAL FIRE PROTECTION ASSOCI.4TION

NFPA 70-19S7 National Electrical Code

(Application for copies should be addressed to the National Fire Protection Association,
E3atterymarch Park, Quincy MA 02269)

INTERNATIONAL TELECO}IMUNIC,4TION UNION

CCITT Rerom[nendation G.703
CCITT Red Book
Volume 111,Fascicle 111.3
(T~lis volume includes ret’s G.700-G.956)

CCITT Recommendation X.25
CC]TT Red Book
~OIUme \’]]], F8scicle V]lI.3
(This volume contained ret’s X.20-X.32)

Physical/Electrical
Characteristics of Hierarchical
Digital Interfaces

Interface Between Data
Terminal Equipment and Data
Circuit-Terminating Equipment
for Terminals operating in the
Packet NIode and Connected to
Public Data Networks by
Dedioated Circuit
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2.3 Order of precedence. In the event of a conflict between the text of this standard
and the references tiled herein, thv text of this st~ndard shall t~ke precedence.

—
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3. TERMS AND I~EFINITIONS

3.1 General. Terms and definitions common to the MIL-STD-188 series ~re contained in
FE~-STD-1037. Terms and definitions unique to !vIIL-STD-188-154 are contained herein.

a. .Access. An electrical point for monitoring, testing, and rerouting electrical
signals. Access systems in TCFS may be of the manual type, such as patch panels, or of
the ~utom~ted type in the c~se of electronic or electromechanical patching systems.

b. Analog baseband access. An access electrically located between the highest
level FDM and the trmsmission media. It is used to monitor, test, and reroute baseband
signals.

c. Automated access. A processor controlled method of monitoring, testing, and
rerouting circuits. Using this method, manual patch panels may not be needed.

d. Digital channel efficiency equipment. A device used to increase the number
of voice channels which may be transmitted over a digital system at a given data rate.
Adaptive differential encoding techniques are commonly
the number of bits needed to represent the analog signal.

e. Digital group. A number of voice channels
both that are combined into a digital bit stream
communications media.

used in this equipment to reduce

or a number of data channels or
for transmission over various

f. Equipment jacks. Equipment jacks on all accesses shall be electrically
connected in the direction of the interface conditioning equipment. The term “equipment
jack” shall be the only term used to refer to jacks physically and electrically configured in
this manner.

g’ Group access (FDII). .An access used for monitoring, testing, and routing
analog signals at the group level.

h. !~igh speefi digital access. A generic term for the access of digital signals
with bit r~]tes greater than that allocated to a single unrnultiplexed digitized voice
channel.

NOTE: In long-haul systems, high speed digital capabilities includes, but are not limited
to, 128 kb/s, 256 kb/’S, 512 b%, ~.544 \lt)/s, 3.088 Mb/s, 3.152 Mb/s, 6.176 !Mb/s,
6.312 l?b/s, and 12.928 Mb/s. in tactical systems, high speed digital capabilities include
but are not limited to 128 kbis, 256 kb/s, 512 kb/s, and 2.048 Mb/s.

i. Line jacks. Line jacks on all patch modules shaI1 be electrically located away
from the Iocal tech control interface conditioning equipment. The term “line jack” shall
be the only term used to refer to j~cks physically and electrically configured in this
manner.

j. Long haul technical control facility. A fixed physical plant equipped and
configured to perform testing, fnoni toring, and essential operational control over
communications pjths. The long h~ul T~F is a part of a communications system
ch~rncterized l~y more stringent performance requirements, global distance between
users, high VOIUme [Ind density of traffic, and fixed or recoverable assets. The long haul
T~’~ 1:7(. ~;~nnt ~OOO~Ctn Innv hmII trnnsmiwinn mdin find is normallv a p~rt of the
[)efense Comrnunic8tions System.
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k. Low level digital interface. A station equipment interf[]ce operating in
accordance with MIL-STD-188-114.

1. I.ow speed digital access. A generic term for access of digital signals with bit
rates less than or equal to that r~te which is allocated to a single unmultiplexed digitized
voice channel.

NOTE: In long haul systems, digitized voice channelsareusually64kb/s; tactical systems
usually allocate 16 kb/s or 32 kbfs.

m. Low speed time division multiplexer. A sub-level multiplexer used for
combining a number of voice channels or a number of low speed data channels or both into
tJ digital bit stream. The aggregate of this multiplexer is typically interconnected to (but
not limited to) a single channel of a first level multiplexer.

n. Orderwire. A network connecting technical control facilities for exchanging
information regarding circuit status, circuit actions, trouble conditions, etc. Both voice
and data circuits make up the orderwire network and provide the means of coordination
between two or more facilities. The long haul orderwire is divided into three specific
uses:

1. Link orderwire. Link orderwires are voice communications circuits
interconnecting the two terminals of a radio or cable link.

2. Express orderwire. Express orderwires are voice communications
circuits interconnecting DCS stations sharing a common FDNI group or TDII digital group
with VF circuit breakout. These circuits are normally assigned channels within the
baseband.

3. System orderwire. System orderwires are voice communications circuits
interconnecting the TCFS at major nodal sites within a theater. Used to permit direct
coordination between widely separated nodal TCFS when troubleshooting system prob)ems
or participating in end-to-end circuit or system alignments.

The tactical orderwires are as follows:

1. Secure voice orderwire. This is a digital \’oice orderwire using
encryption equipment operating at 16 kb/s.

2.
equipment alarm
control facility.
has occurred and

3.

Data orderwire. This is a 2 kb/s digital channel used to remote
signals (telemetry) from radio and multiplex assemblies to the technical
This dat~ is used to let the tech controller know immediately that a fault
serve as an aid in the fault isolation process.

Combined digital orderwire. The secure voice orderwire and the data
orderwire signals are combined into a single 32 kbts bit stream for transmission purposes.

4. Maintenance orderwire. This is a clear analog voice channel used
primarily for maintenance of cable systems.

o. Patch and test facility. An organic element of a stutlon or terminal fac]lity
performing such functions as testing, restoral, monitoring, ~etivfition, and troubleshooting
of ~ol]ipm~nt and firr{jit~. ThP PTF nerfori-n~ th~s~ fljn~tion~ in ~u[l[)ort of ~nd undw thp
technlrfil superv]slon of R cleslgni]ted T~F.

,,
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P“ Receive. Receive refers to signal flow from the transmission mediti or local
users towards the IOQR1tech control interface conditioning equipment or through-station
crossconnect point. When using the term “receive”, it must be associated with 8
particukr aeccss point or it must be qu~lified by indicating from whom or what.

q“ Sub-level multiplexer. The multiplex equipment used for combining several
low speed users. The aggregate output of a sub-level multiplexer is typically
interconnected to (but not limited to) a single channel of the first level multiplexer.
Examples of sub-level multiplexer are the voice frequency carrier telegraph and the low
speed time division multiplexer.

r. Supergroup access (FDM). .An access for routing, monitoring, and testing
ana Iog signals at the supergroup level.

s. Tactical interface. The point at which long haul and tactical systems are
interfaced.

t. Tactical technical control facilitv. A c)hvsical ~lant normallv configured in
fixed size, self contained, and ruggedized shelters ~o ~erforrn testing,

%

essential operational control over communications paths. The tactical
communications system generally characterized by transportable
equipment.

fauit isola~ion and
TCF is a part of a
or maneuverable

u. Transmission access. An access at which all circuits have been conditioned for
equal transmission level point. Digital circuits are conditioned to equal levels and
balanced or unbalanced operation. Such standard levels permit rerouting of VF circuits
without further conditioning. Digital circuits having compatible rates and formats may
also be rerouted at this access. This access is electrically located between the
conditioning equipment and the transmission equipment such as the first level
multiplexer.

v. Transmit. Transmit refers to signal flow from the local tech control
interface conditioning equipment or through-station crossconnect point towards the
transmission media or local users. When using the term “transmit”, it must be associated
with a particular access point or it must be qualified by indicating to whom or what.

w* Transmultiplexer. A device used for direct conversion of two FDM groups into
a TDM digital group.

x. Universal shelf. A design concept employing an equipment mounting shelf
having common electrical and physical characteristics such that the shelf is compatible
with a variety of conditioning and ancillary equipment. This universal shelf provides for
the flexible arrangement of conditioning modules into circuit strings through the use of
prewired module connectors or an IDF located on the shelf.

Y“ User access. The electrical access providing the first appearance of local
analog and digital user circuits in the TCF. This access is electrically located between
the users and the conditioning equipment.

NOTE: The term “user access” is generic in nature and describes the initial appearance of
user circuits In the TCF. it does not imply or require that analog ~nd digital signals must
be physically located together. Sepsrate terms (such as VF primary patch bay, K primary
~tch hav, and ~ primarv pntch b~v) were previously used to identify the various analog
and dlg]tal accesses.
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z* 1st level access. An access for routing, monitoring and testing of tiggregate
digitai signals from first level time division multlplexers.

aa. 1st level multiplexer. The primary multiplexing equipment ~~sed for the
concentration of analogor digital channels.

ab. 2nd level access. An access for routing, monitoring, and testing of aggregate
digital signals from 2nd level time division multiplexer.

ace 2nd level multiplexer. The second order multiplexer used for the concen-
tration of individual lst level multiplex inputs.

NOTE: I{igher levels of multiplexer (and access points) may be used in some systems.
The designation of the level of such multiplexer (and access points) will continue in
increasing numerical order.

3.2 Special terms for long haul TCFS. The following terms have been used in
standards describing access facilities for long haul TCFS. These terms
encountered when designing, engineering, or installing additions to existing TCFs
beused in design for new facilities.

previous
may be
snd may

a. patch bay. Equipment designed for patching and monitoring of
unbalanced user data circuits. Rates are generally limited to 1 \lb/s.

b. Digital circuit patch bay. Equipment where low level digital data circuits can
be patched, monitored, and tested. This patch bay can be either “D” type or “K” type and
is electrically located the same as the transmission access.

c. Digital pri mary patch bay. Patching equipment that, provides the first
appearance of most local user digital circuits in the TCF. Signals will have vsrious levels
and formats depending on the user terminal equipment. This patch ha)’ can be either “D”
type or “K” type and is electrically located the same t-is the user access.

d. Equal level patch bay. Analog equipment at which all V’F circuit inputs and
outputs appear at a uniform level. This permits patching without making transmission
level adjustments and is electrically located the s~me as the transmission access.

e. “K” type patch bay. Equipment designed for patching and monitoring of
balanced user data circuits. Ri]tes are generally limited to 1 l!b/s.

f. “81” patch bav. Equipment designed for patching ~nd monitoring digital data
circuits at rates from 1 Mb/s to 3 \!b/s. The “M” patch is normally used for the aggregate
signals of first level multiplexer and some variations of the data rate specifications may
be permitted.

~“ WVYPf p~tch bay. Equipment designed for patching and monitoring of digital
data circuits at rates exceeding 3 Mb/s. The “M}?” patch is normally used for the
aggregate signals of second and higl]er level multiplexer.

h. VF primarv patch bnv. Equipment that provides the first appenrnnc’e of local
users VF circuits in the ‘rCF. Signals will have vqrious levels tind signaling schemes
depending on the user terminal equipment. The VF primary patch is electrically located
the .wme as tlw user nceess.
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AC
ADCCP
ALM
ATACS
AUTO DIN

MI1,-STP-188-154

The following acronyms are used in this standard.

AUTOSEVOCOM
AUTOVON
BER
BITE
CCF
CDF
CVS13
DC
DCA
Dcs
17FSt~
DOD
DSN
DTMF
FCO
FDM
IDF
LSTDM
MDF
MTTR
VICS
NMCS
NRZ
0s
o/w
PBX
PCNI
PPL
PTF
QC
QCTC
RF
SF
SFSU
TCF
TDM
TLP
TTY
\lF

VFCT

Alternating Current
Advanced Data Communication ~ontrol Procedures
Alarm
Army Tactical Communications System
Automatic Digital Network
Automatic Secure Voice Communications
Automatic Voice Network
Bit Error Rate
Built-In Test Equipment
Circuit Concentration Facility
Combined Distribution Frame
Continuously Variable Slope Delta-Modulation
Direct Current
Defense Communications Agency
Defense Communications System
Dual Frequency Signaling Units
Department of Defense
Defense Switched Network
Dual Tone Multiple Frequency
Facility Control Office
Frequency Division Multiplex
Intermediate Distribution Frame
Low Speed Time Division Multiplex
Main Distribution Frame
Mean Time to Repair
NATO ?ntegrated Communications System
National Military Command Systems
Non-Return to Zero
Out of Service
Orderwire
Private Branch Exchange
Pulse Code Modulation
Passive Peak Limiter
Patch and Test Facilities
Quality Control
Quality Control Test. Center
Radio Frequency
Single Frequency
Single Frequency Signaling Units
Technical Control Facility
Time Division Multiplex
Transmission Level Point
Teletypewriter
Voice Frequency
Voice Frequency Carrier Telegraph
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4. GENERAL REQUIREMENTS

4,1 General description ofa technical control facility.

4.1.1 General. This section cont~ins the standards and design
serving both long haul and tactical communications systems.

NOTE: These standards are applicable to both long haul and

objectives for TCFS

tactical TCFs. The
underlying factor that classifies TCF as long haul or tactical would be its membership in
a long haul or tactical communications system. Long haul systems generally consist of
fixed or recoverable assets while tactical systems are normally characterized by
maneuverable facilities or equipment. The information which follows applies also to
patch and test facilities (PTFs).

4.1.2 Organization. TCFS shall serve as the focal points for system control in long haul
and tactical communications systems. TCFS shall be designed to enable system control
personnel to effectively exercise the responsibilities designated in DCAC 310-70-1. TCFS
may perform both DCS and non-DCS system control functions.

4.1.3 Design baseline. The ultimate goal of these criteria is to create an efficient
operational environment to optimize circuit quality, reliability, and restoration. In the
design of the TCF, primary consideration shall be given to the following provisions:

a. The TCF shall provide means of determining, logging, and reporting status
in forination of circuits, links, and trunks within the assigned area of responsibility by
providing orderwire, status monitoring, and quality monitoring equipment.

b. The TCF shall heve provisions for rapid restoral and re-routing on a priority
basis in accordance with established procedures.

c. The TCF shal? provide for the interface of circuit segments.

d. The TCF shall provide quality control and fault isolation capability and shall
incorporate test points to allow for the rapid test and replacement of circuit segments or
elements at all levels in the communication hierarchy.

e. The TCF shall provide the means for internal and external coordination.

f. The TCF design shall consider the utilization of automated technical control
test and monitoring equipment, and shall also address voice and data interface
requirements with other system control elements.

4.1.4 Ma-or elements.
~

TCFS perform their required functions through equipment and
personnel. The aclllty may include, but is not limited to:

R. Analog and digitnl access and reroute capability.

b. Manual and/or automatic access and reroute capability.

c. Manual and/or computer assisted qu~lity control test capability.

d. Signaling capabilities.

i .’
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f.
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h.

i.

j.

k.
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Conditioning capabilities.

Digital modem capabilities.

Orderwire and intercommunications systems capabilities.

Circuit distribution frame capability.

Reporting position capabilities.

Internal alarm system capabilities.

Power sources — alternating current (AC) and direct current (DC) capabilities.

Communications security capabilities.

m. Digital signal timing.

4.2 General design considerations. The following provisions shall apply to the planning,
design, and installation phases of long haul and tactical TCFS.

4.2.1 General configuration. The electrical and physical configuration of all TCFS
within a given system shall be essentially the same, whether the facility is located at a
transmission nodal point or terminal point. The electrical and physical configuration of
TCFS serving long haul and tactical systems may differ from one another because of the
nature of each system’s mission and the space limitations of the building or shelter
housing the TCF.

4.2.1.1 Electrical configuration. Figure 1 illustrates the prescribed electrical con-
figuration for long haul manual TCFS. The configuration of equipment illustrated in this
figure shows the interrelationship among major equipment and patching facilities involved
in the overall technical control function, and also identifies the signal flow and prescribed
terminology. Technical control facilities may have some or all functions automated. This
is a design objective for long haul TCFS, and should be retained as a future development
for both the long haul and tactical environment. Electronic equipment may combine, in
one physical unit, several tech control functions.- Figure 2 illustrates an automated
tactical TCF.

4.2.1.2 Physical configuration. Unlike the prescribed electrical configuration, the
physical configuration is totally dependent UpOri the size and shape of the building or
shelter in which the facility is to be installed. TCF equipment and facilities shall be
configured to make effective use of available space while ‘allowing for human engineering
considerations (see 4.2.7), cost, technical considerations, and exp-nsion capabilities. As a
design objective, all equipment bays shall be modularly designed and as self-contained as
possible. These equipment bays shall be pre-wired including AC and DC power. All
connections to these bays shrill be connectorized and accessible without disassembling any
portion of the bay. The design shall be such that any equipment bay can be installed or
removed from the facility by use of the connectorized-cables.

4.2.1 .2.1 Status reporting area. An area within the operational are~ shall be used to
locate equipment required for record keeping andsttitus reporting funct]ons.
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4.2.1 .’2.2 Qunlity control (Q~) test area. An area within the TCF should be provided for
autolntitic and?or mtinutil QC testing. N’ithin this nrea, the test equipment required for
Q~ testing shall he mounted in equipment bays.

—
4.2.1 .2.3 Power plant area (DC). An area shall be provided to locate DC power and
power distribution equipment required to operate TCF/PTF operational equipment. When
storage batteries of the acid or alkaline electrolyte type are employed, the provisions of
the Notional Electrical %fety Code, ANSI C2-1984, section 14, shall be followed.

4.2.2 Installation/fabri cation/construction. The construction standards in the following
paragraphs shall apply to all technical control facilities.

4.2.2.1 Floor plans. The floor plan shall make use of the available floor space to locate
required equipment and allow TCF personnel to perform their functions in a safe and
efficient manner.

4.2.2.2 Workmanship and processes. Workmanship and processes shall be in accordance
with applicable requirements of hIIL-STD-454.

4.2.2.3 Modularity. All patching facilities, test equipment, conditioning equipment
mounting shelves, and paneled equipment such as orderwires, alarm panels, and fuse
panels shall be designed for mounting in 19-inch electrical cabinets and racks conforming
to EIA-RS-31O-C-77.

4.2.2.4 Physical access. Access shall be provided to all equipments, as defined in
MIL-STD-1472. Electronic equipment shall be operable in extended position (as with an
extender card) for maintenance purposes.

4.2.2.5 Test equipment. \\’here practical, all test equipment shall employ digital
readout displays and be capsble of providilig a serial or parallel data communications
interface allowing remote control and remote reporting of test results. Serial data
communication interfaces shall conform to EIA RS-530. Parallel interfaces shall conform.
to ANSI/IEEE STD-488-1978. For those cases where the quantity being measured is
continuously variable in nature, conventional scale and pointer installments may be
provided. As a design objective, measurement instruments shall have the capability of
recording the measured quantity.

4.2.2.6 Cabling. Signal, clock. and control cables employed’ in the TCF shall have a
minimum of one overall shield per cable. Power distribution lines shall not be contained
in the same cable as lines cnrrying information signals. The cabling used within the TCF
should be assigned and routed such that each separate cable contains signals of equivalent
type. TEMPEST test results or unique equipment or system characteristics may dictate
special cable requirements in addition to those listed above. In some situations IOWlevel
digital signals and analog signals may be contained in the same cable. Iiowever, special
considerations should be given to levels, frequencies, and types of cable involved.

4.2.2.7 Cabinet cabling. Within all cabinets, cabling sh~ll be neatly and efficiently
routed. Cable clamps and ties shall be used to securely and neatly bundle the cables and
attach them to cabinet frame members. The cabling shall be designed and constructed to
permit all doors ~nd sliding units to opernte freely without binding, scraping, or in nny
way wearing or damaging the cnbles.

ill
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4.2.2.8 lnterconnerting cables. All cabIcs entering or leaving equipment cnhinets shall
go through the top or bottom of the cabinets. In instances in which c~t>inets are b(itted
together (either with or without side panels), cables may be passed in a neat bundle
through the sides of the cabinets. All cables entering or leaving cabinets shall be
numbered. The number shall be clearly markedon or attached to each end of all cables.

4.2.2.9 Connectorized cables. Connectorized cables shall be used to the fullest extent
possible.

4.2.2.10 Cabling layout plan. The cabling layout plan shall allow for neat, efficient
routing of signal, power, and grounding cables between the various equipment cabinets,
patch facilities, distribution frames, and power plant equipment. Cables shall be routedin
overhead or subfloor, open or enclosed, raceways, racksor ducts.

4.2.2.11 Universal shelf concept. As a design objective, circuit conditioning equipment
shallbe mounted in equipment shelves employing the universal shelf concept. Where it is
not practical to locate a unit of conditioning equipment employed within the universal
shelf because of the manufacturers’ design in terms of size, pin connection or other
considerations, these units may be mounted in a separate mounting arrangement.

4.2.3 Criteria for facility equipment. Facility plans shall be sufficient to support all
identified programmed requirements as weIl as circuits that are current. Further, all
engineering and installation plans shall also be based on the criteria in paragraphs 4.2.3.1
and 4.2.3.2.

4.2.3.1 Expansion. Expansion capability shall be provided for long haul TCFs. Expansion
rates shouldbe basedon all determinable factors, including:

a. Life expectancy (station and equipment)

b. Circuit growth

c. Technological forecasts

d. Long range plans

In the absence of determinable factors, a growth rate in floor space, frame space,
utilities, and station httery shall be ~ssumed to be 25%, up to the total transmission
media capacity entering or exiting the facility.

NOTE: These factors provide vacant floor and rack/bay space into which future
equipment may be installed and neither includes nor implies the quantity of spare
equipment to be providedby the initial installation.

4.2.3.2 Standbys. Manual or automated access, circuit conditioning, interfacing, and
ancillary equipments shall be furnished andinsta]led to:

a. Allow for the substitution of units which are out-of-service becauseof facility
test and maintenance. Proportions of standbys for this purpose shall be based
on the qunntity of station equipment ~nd the schedule for test nnd m~in-
tenanee.

1 .
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b. Allow for the substitution of equipment strings (circuit or wideband segments)
as they occur between patch panel appearances. Because such equipment will
be used to replace “strings” of equipment, numbers are not to be calculated on
a per unit basis for this requirement. Long had TCFS shall be so wired and
equipped that there shall be at least one st~ndby string for every 10 strings (or
portions thereof) of the same configuration, with a minimum of two standby
strings of each configuration that has at least three strings.

4.2.3.3 Spares. In addition to equipment provided for standby, spare equipment shall
also be basedon the following criteria:

a. Circuit conditioning, interfacing, and ancillary equipment will be provided to
allow for 10 percent expansion in each type of string.

b. Amplitude and del~y equa~izers shall be provided in sufficient quantities to
condition at least 10 percent of all remaining transmission capabilities within
long haul TCFs -- to the highest level of amplitude and delay equalization
employed in the TCF. In tactical TCF’S, delay equalizers shall be provided for
the sole user, quasi analog data circuits designated for entry to the long haul
systems.

4;2.3.4 Minimum quantities. Minimum quantities of ancillary equipment shall be
provided according to the rule that yields the highest number as follows:

a. .4 minimum of two 6-way 4-wire voice frequency (\ ’F) bridges shall be
furnished at each TCF in addition to those used for dedicated circuits.

b. At any TCF furnishing digital teleprinter service, telegraph regenerative
repeaters shall be provided for at least 3 percent of those circuits with no less
than two repeaters per TCF.

-

/’

c. Monitor teleprinters shall be provided on the basis of one per 25 teleprinter
circuits.

d. At any TCF furnishing digital teleprinter service, a minimum of two digital
hubbing repeaters shall be furnished. Each repeater shall be capable of
accommodating up to six full duplex circuits.

NOTE: Items b, c, and d above apply to asynchronous teleprinter circuits operating at
-s per second or less.

4.2.4 Grounding, bonding ~ and shielding. The construction of the facility ground system
shall comply with the approved grounding, bonding, and shielding methods and techniques
as described in 111L-ST D-188-124 and h?IL- HDBK-419.

4.2.5 Electromagnetic compatibility. Electromagnetic compatibility and interference
control shall be considered in 811 st~ges of TCF design. New systems, subsystems, and
equipment procured for use in technical control facilities shall satisfy the applicable
requirements of MII,- ST II-461.

4.2.6 Maintainability. T(’F planning and design shall take into consideration the
m~intfiinability of individ[lal equipment items and the T~F RS 8 whole. While there sre no
atl,)nt; t.>t; !!~ ~T:pl\q +;.. ,. 6- ?.n,,<,;p /\ TTT!<) ,L!ql.1(,ei“’’”” r!p~,.pln~pd fn F fhn T’f-r. +hn

t 1.
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maintainability design guidelines of MIL- ST D-470 shall be considered for tneorporation
into the TCF design.

4.2.7 Iluman engineering. The humnn engineering principles and prnrtiees contninrd in
MIL-ST~-1472 ~nd MIL-H-46855 should be applied to the pl~nning, design, ~nd selection
of TCF equipment, its physical configuration and placement, and the facility in which
they are placed.

4.2.8 Environmental conditioning. Environmental conditioning for the T~F shall be
provided as specified in MIL- HDBK-411.

1’
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5. DETAILED REQUIREMENTS

5.1 General. This section contains detailed requirements for TCF facilities, equipment,
and intern~]l subsystems. These requirements, unless otherwise noted, shall apply to T(_”i’s
employed in long h~ul ~nd t~ctical environments.

5.2 Major facilities :~nd equipment. The following specifications establish the utili-
zation, con figurtition, ~nd minimum per form~nce required of major facilities and equip-
ment used in the TCF.

5.2.1 Access f~cilities. The TCF shall e,mploy specific analog and digital access points,
either manual or automated, throughout the circuit path to permit routing, testing, and
monitoring functions. These access points shall be grouped by function to be performed
and consist of the following wtegories: user access, transmission access, wideb~nd analog
~ccess. ~nd high speed digital access. Analog and low speed balanced digital circuits can
be combined in one pt]teh bay or facility. Paragraphs 5.2.1.1 through 5.2.1.5 identif} the
specific inter fnce points at which an access shall be employed.

NOTE: !$’hen differences exist in the make up and use of access facilities and equipment
between long h~ul nnd tactical TCFS, they ~re pointed out and st~ndards are provided
which apply to their treat lnent within each environment.

5.2.1.1 User access. TCFS that are required to provide circuit conditioning for
narrowb~nd analog sign:~ls, quasi-analog signals at the voice frequency level, and low/high
level, low speed digit~l dat~ shall employ a user access. These sign~ls are from users,
in-house data modems, and sub-level multiplex equipment. This access shall be
electrically located in the circuit p~th as shown in Figure 3. Low speed digital users
should be separl]ted into categories of operation: balcinced,’unbal anced, low/high level.

NOTE: NO st:~ndard exists for the high level digitol interface. However, lllI.-STD-188-
100 identifies various h,;h level interfaces that may be encountered in some situations.

5.2.1 .1.1 Physical interface. TCF conditioning/signaling equipment, shall terminate on
the equipment side of the user access. The line side of the user access shall connect to
in-house tie cable and outside plant cables required to connect the TCF with subscribers,
users, and other systems.

5.2.1.1.2 Electrical inter f~ce. Circuits appearing at the user access may do so at any
level or ilnpedance necessary to interface the TCF with subscribers. users, and other
systems.

5.2.1 .1.3 Jack and patch logic. The jack and patch logic provided by a manual user
access shall be the same as specified in 5.2.1.2.3, a through d. In the event
6-, 8-, or 9-wire terlninations are required at the user access to provide for signaling and
sui>ervisory lefick, it shall be handled by the use of additional accesses or by the use of
multi-pin pntch jacks. The specifications for these backfields are the same as those
specified in 5.2.1.2.3, a through d.

.-

5.2.1.2 Transmission ficcess. The transmission access shtill be electric~llv located at a
point betwcrn the FDll and TDNl channel ends ~nd the conditionin~ eql]ipment thnt
supports the rh~nnel. These access points shall be located In the circuit p~t!) (Is shown in
Figure 3. Vr circuits nppearing at the transmission access sh~l] normally he terrnirmted
nn n d-~virn (trnn~~~it ~nd ~r)(~~i[~o)l~~qi~ 4dflifinnnl QPfSOXqOC K}ICII1 ho ~)rnuiflf~d for

signaling
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and supervisory leads associated with the V’F circuits. For first level multiplexer with
integral E.!}l signaling ur]its, ~t least one third of the channels sliall h~ve the associated
E&M signalin~ le~ds qppear at the tr~nsmission access. As a design objective, ~kfi~
signaling leads for ~ill channels shall appear at the transmission access. Ccrtuin digital
circuits may require a number of lines (for example, 10 or more) and each shall be
provided an access. The facilities Shal] be composed of modular jacks or backfields if
manual patching techniques are used. As a design objective, automated digital access
facilities shall be considered for long haul as well as tactical TC’FS.

5.2.1 .2.1 Physical interface. FDM and TDM multiplex equipment shall be terminated on
the line side of’ the transmission access. The equipment side of the access shall terminate
to T(’F condition ing/’signallng equipment, VFCT multiplex equipment, tind data modems-
VF and low level users not requiring conditioning may terminate directly on the equipment
side of the transmission access.

5.2.1 .2.2 Electrical interstice. Both the transmit and receive transmission level Point
(TLP) of all analog circuits appearing at the transmission access shall show a OdBmO-test
tone at an absolute power value of OdBm for both fixed and tactical TCFS. The
impedance at the transmission access shall be a nominal 600 ohms for VF circuits. .411 IOW
level digital circuits. balanced or unbalanced, should meet the requirements of
MIL-STD-188-114. .\s a design objective, all digital circuits should be balanced, low
level.

NOTE: l{igh level digital circuits may be encountered in some locations.
MIL-STD-188-1OO identifies some of the common high level digital interfaces.

5.2.1.2.3 Ilanual jack and patch logic. The jack and patch logic provided by the
transmission access shall have the capability to:

a. Provide a “normal through” (no patch cords used) connection through the
patching facilities.

b. Provide the ability to patch any line or equipment to any line or equipment on
a temporary basis without special cords or equipment .

c. Accept inputs from the miscellaneous jackfleld such as termination imped-
ances, test signals, test equipment, and bridge.

d. Provide bridge monitoring for at least the line jacks.

NOTE: St~ndard pin assignments for multi-pin patching equipment ha~fe not been adopted
by the military deptirtments. however, when multi-pin patch equipment is used for
patching of signals having standardized pin assignments (EIA RS-530 for example), the pin
assignments of that particular standard shall be used.

5.2.1.3 I\’ideband annlog circuits and frequencv division multiplex facilities. Facilities
for monitoring, testing ~nd routing of wideband circuits (20-48 kl{z) and multiplex groups
and monitoring of txisehnnds shall be provided at stations in ~ccorclance with criteria
given t)elow. ‘These f~ieilit]es may be- integrti ted Into the w]deband equ]prnent if llne,
equipment. and line monitor j~eks ~re provided.

1,
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sp~re equipment for such circuits are available, Recess to permit rerouting or restoral
shall alsobe included.

5.2.1.3.2 Group facilities. Group monitoring, testing and routing access shRll be
provided at all stations having more than two multiplex link terminals, and may be
providedat smaller stations to-meet special require.ments. At stations having only oneor
two multiplex link terminals, the patch modules integral to the multiplexer shall be
adequate for these purposes.

5.2.1.3.3 FDJI group patching concept. The group patching concept shall be used to
interface FDM equipment having different frequency allocations, pilot frequencies,
impedances, or levels.

5.2.1.3.3.1 Basic requirements. The capability for connecting like and unlike
multiplexer is necessary to permit rerouting and restoral. For multiplexer having
identical impedance, level, and pilot frequencies, only a pair of group connectors shaH be
required. Other multiplexer that use the same frequency allocation plan but have
different levels, impedances, or pilot frequencies shall be made compatible, for routing
purposes, through the use of conditioning equipment as described below. There are
certain types of multiplexer that use a nonstandard frequency allocation plan. These
shall be accessible on the group access for monitoring and testing only.

5.2.1.3.3.2 Standard levels and impedances. Standard levels and impedances for FDM
equipment are established by MIL-STD-188-311. In stations where the majority of the
multiplexer do not conform to MIL-STD-188-311 standard levels and impedances, the
local levels and impedances may be adopted as the standard for that station. The term
standard, when used hereafter, shall apply to either the MIL-STD-188-311 standard or the
local levels and impedances adopted as standard.

5.2.1.3.3.3 Manual group routing procedures. Figure 4 illustrates the concept of group
routing. The manual group access is divided into different sections according to how
many nonstandard multiplexer there are in the station. There will be one section for the
standard multiplexer and one section for each type of nonstandard multiplexer. Normal
connections and routing within multiplexer of the same type shall be done at the section
of the group access associated with that type. The group connector is the only equipment
required for such connections. Normal connections and patching between different types
of multiplexer shall be done at the standard section of the group access. Conditioning
equipment strings connected between the standard section and each of the nonstandard
sections of the group access shall be used for this purpose. No conditioning equipment
strings are provided directly between any two nonsttindard sections because connections
between any two typesof nonstandard multiplexers shall always be made fit the standard
section of the group access.

5.2.1.3.3.4 Manual group access, standard section. A standard section of the group
access shall be provided. The standard section shall include appearances of the groups of
all multiplexer operating at the standard levels and impedances, inrluding the group
connectors designed to oper~te at those levels and impedances, and one end of each
conditioning string.

5.2.1.3.3.5 Manu~l group access, nonstfinclnrd section. For each nonstandard multiplexer
in the station, a nonstandard section of the group access shall be provided. The
nonstand~rd section shall i:lclude appearances of the Eroups of all multiplexer operating
It tfin$e lP~;olc flv~ impnfiqn~ps, iqclltdinr th~ ~rnl)~) ~nnnoctnrs. find nnr end Of ~firh

conditioning string associated with those lctfels nnd impedances.
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5.2.1.3.4 Impedance matching. Impedance matching equipment shall be required to
match the station multiplexer.

5.2.1 .3.4.1 Level adjustment. Level adjusting equipment shall be used to change the
levels of the groups of nonstandard multi plexers to the standard levels. This equipment
includes adjustable attenuators and wideband amplifiers. The impedance matching
feature described in 5.2.1 .3.4 may be combined with the attenuators or amplifiers, or
both, in integrated assemblies.

5.2.1 .3.4.2 Pilot frequency conversion. Group pilot frequency conversion equipment is
used to change nonstandard group pilot frequencies to standard frequencies without
changing the revel. This equipment removes the incoming group pilot, converts it to the
desired frequency and reinserts it at the same level as the incoming pilot. The reinserted
pilot level shall track any variations in the incoming pilot level with an accuracy of
+ 0.5 dB. Pilot alarm equipment, to indicate variations in pilot level beyond allowable
fimits, shall be associated with the frequency conversion devices.

5.2.1 .3.5 Provisioning of group conditioning equipment. In stations where wideband
patching facilities are provided and where two or more different types of multipIexers are
installed or programmed for installation, group conditioning equipment shall be provided
in accordance with the following criteria.

5.2.1 .3.5.1 Requirements. One two-way group conditioning string shall be provided for
each existing or planned through-group connection between standard and nonstandard
multi pIexers, plus 10 percent spare strings or a minimum of one spare string of each type.

5.2.1 .3.5.2 Minimum quantities. In the absence of network clans in sufficient detail to
permit the application of the criteria of 5.2.1.3.5.1, one’ complete two-way group
conditioning equipment string shall be provided for each group of five nonstandard
multiplexer installed in the station. In any case, a minimum of two group strings shall be
provided.

5.2.1 .3.5.3 Provision of group connectors. These items are normally procured as part of
a multiplexer installation for use with a specific type of multiplexer but may be procured
separately. Quantities shall be sufficient to provide for all existing and planned
through-group connection plus 10 percent spare strings ora minimum of one spare string.
In the absence of detailed network plans, one two-way group connector should be provided
for each of five groups, for each type of multiplexer. ~

5.2.1.4 Manual high-speed cligital patching facilities. The aggregate signaIs of first and
second-level TDM equipment shall be routed through access facilities. Figure 5 shows the
electrical placement of these facilities within the circuit path. These jacks shaIl provide
the same _jack and patch logic as specified in paragraph 5.2.1.2.3. All such access
facilities should be consolidated in a single location to permit rerouting and restoral.
They may be physically located with the equipment. Jacks integral to the equipment m~y
be used to satisfy this requirement as long as they provide the jack and patch logic as
specified in paragraph 5.2. I.2.3.

5.2.1 .4.1 Manual high speed multiplex patching facilities. Balanced circuit elements
carrying digital aggreg:itr signals of first level TDNI shall physically interface via a first
level access facility, while aggregates of second level TI)M shall interface vi~ a second
level access.

.r
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5.2.1 .4.2 Physical interfaces. The aggreg~te of first-level TDMs and special modems
shall terminfite on the eauiprnent side of the first level access. The line jncks shall
terminate the ports of sec”on’d-level TDII equipment. The line jacks of the second level
access shall terminate the transmission equipment or higher level TPI? equipment. The
equipment jacks shall terminate the aggregate of second-level TDM equipment.
Automated access as described in paragraph 5.2.1 .4.4 shall be located at the same
electrical points.

5.2.1 .4.3 Electrical interfaces. AH circuits appearing at the high speed digital patch
facilities shall be configured for balanced operation as defined in !VIIL-STD-188-114. An
exception to this requ-irement is permitted for long haul mu]tiplexers using common
commercial data rates. Interfaces for such multiplexer shall be in accordance with
CCITT Recommendation G.703.

5.2.1 .4.4 Automated cross-connect and access systems. Selected stations may be
equipped with automated digital cross-connect and access equipment. This equipment
shall be capable of processing digital groups so that bit positions occupied by specific
channels or groups of channels in incoming data streams, occur in bit positions in outgoing
data stream-s as- specified by the operator. The status of current channel assignments
shall be stored by electronic means and updated automatically as assignments ~re made or
deleted.

5.2.1 .4.4,1 Tactical automated routing facilities. The tactical automated digital
cross-connect system shall be designed to interface digital channel and group rates and
multiplex signal formats as described in ICD-003, Framing and Synchronization Protocols.
These systems shall be connected to access facilities as shown in Figure 2.

5.2.1 .4.4,2 Long haul automated routing facilities. The long haul automated digital
cross-connect system shall be designed to interface aggregate r~~tes of first level
multiplexer employing PC M/TI).W techniques. These systems will be connected to access
equipment as specified in paragraph 5.2.2.3.8 and Figure 17, Circuit 11.

5.2.1 .4.5 Digital channel efficiency equipment. Selected long haul stations may be
equipped with digital channel efficiency equipment. This equiplnent uses adaptive
differential PCM techniques to permit increased VF channel capacity within a fixed bit

rate. Access to all inputs and outputs of the digital chennel equipment shaIl be provided
as specified in paragraph 5.2.2.3.8 and Figure 17, Circuit 12.

5.2.1 .4.6 Transmultiplexers. Selected long h~ul stations may be equipped with
transmultiplexers during conversion from F17M to TD31 transmission systems. This
equipment allows two F-D}? groups (of 12 channels each) to be converted directly to a
single TDJI digital group (of 24 channels). Transmultiplexers should be inst~]lled on a
temporary basis to permit easy removal as FDM equipment is replaced by TDM
equipment. M’hen a TCF is provided a transmu]tiplexer, access to alI inputs Bnd outputs
shall be provided as specified in paragraph 5.2.2 .3.8 and Figure 17, Circuit 13.

5.2.1.5 Tactical T~F manual digit~l patching facilities. Tactical TCF digital patching
facilities m~y be required to h~ndle both balanced ~nd unbalanced digital group signals,
which are defined in Section 5 of lCD-002. All incoming group signals shall be terminated
~nd eon~rerted to low level halflnred for distribution within the T~’F. 1$’ithin th~ tfictic~l
TCF, a first level access sh~ll be provided to connect the group outputs of dl~iti]l group
form~tting and croswonn~~t equipment to 8 secOncl level multiplexer or to group modems.
3 +.. n:*ql A@,,l nnm; pn+; !.; t.. fn - o t,letinql TC’F ic ehaiayn i,) Firt!rn ~
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5.2.2 Analog (VF) circuits. Figure 3 depicts the arrangement of VF access for
monitoring the conditioning equipment within a TCF. All VF users shall access the TCF \

via a user-access. .411 conditioning equipment required to provide compatibility between
users and transmission facilities shall be electrically connected between the user access
and the transmission access. The transmission access shall serve as the principal point of

-

interface and restoration in the TCF. The transmission access shall be a zero (0) TLP.
Supervisory signals, other than user-generated integral signaling not needing conversion,
shall appear as 2600 Hz or 2600/2800 Hz tones at the transmission access point. User
generated integral signaling does not need conversion if users at both ends of the circuit
use identical signaling. Such users are using the DCS asa transparent transmission media.
The following paragraphs and corresponding illustrations describe VF circuits which will
be commonly found in a technical control facility. A TCF may service other circuits
besides the ones included in the following descriptions.

NOTE 1: hlI1.-H DBK-4l4 contains general descriptions and recommended performance
characteristics for various types of conditioning and signaling equipment. MIL- HI) BK-414
can be consulted if more information on applications and operation of specific equipment
is desired.

NOTE2: The dotted line on Figure 3 indicates the general electrical point at which the
transmit/receive sense is changed. unphysical terms, this is commonly at the IDF located
between theuser access and the conditioning equipment.

5.2.2.1 Basic analog circuits. Figure 6 shows the symbols and abbreviations used in
depicting the technical control configuration for J’F circuits and channels. These are
associated with the circuit descriptions which follow.

NOTES: (Applicable to Figures 5 through 1’7).

1. Repeat coils, echo suppressors, pads, amplifiers, and equalizers are shown in
the genernl case. Specific employment of these items will depend on user
characteristics and requirements.

2. Patch and test facilities associated with various users have not been shown
since they do not affect the routing through, or the functions performed by,
the TCF.

3. Echo cancelers may generally be used in place of the. echo suppressors shown.
Echo cancelers shall be installed between the transmission access and the
signaling converter.

4. When passive penk limiters are required ona circuit, they shall be wired to the
line side of the user access if the TLP there is -2 dB or greater and they do
not interfere with signaling. Otherwise, they shall be wired to the equipment
side of the transmission access. An exception to this policy permits limiters
that ~re integral to multiplex equipment to be used.

5. Integral and 2-wire/4-wire terminating sets that are p~rt of fixed station and
tactical multiplcxersshsll not be used.

6. l;&$l signaling lctids mtiy be wired directly to 1st level TI)\l equipment which
includes an integr~l signaling interface. In the event that leads are used in
this manner, thevshsll have anappesr~nce~t the transmission a(’t’ess.
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10.

5.2.2.1.1

MIL-STD-188-154

For synchronous (ltita transmission with separate lines for signal timing, access
points will be provided as shown. Other transmission methods m~y not require
separate lines for timing and thus will not require the timing access.

Numbers within circles, e.g., o1 , indicate a circuit number.

ANumbers w]thin triangles, e.g., 2 , indicate an applicable note from this list.

oLetters withina circle, e.g., A , indicatea connection point.

Two-wire VF circuits. Two-wire circuits are deDicted in Fizure 7 (circuit #s ~.
through 5). All 2-wire circuits entering the TCF require conversion to 4-wire. Echo
suppressors or cancelers may be necessary depending on the user requirements. Single
frequency (2600 Hz) signaling units may beusedin place of the DFSUs.

Circuit 1 Two-wire voice user with standard integral signaling. This is a 2-wire user
who has integral in-band signaling incorporated into the terminal telephone equipment. A
2-wire/4-wire terminating- set performs the necessary hybrid functions, with pads and
amplifiers installed for level adjustment.

Circuit 2 Two-wire voice user with 20 Hz signaling. The user for this circuit is eithera
Z-wire switchboard or an individual 2-wire user usinga 20 Hz ringing so~rce. This circuit

provides echo suppression or cancellation to minimize echoes arising from 4-wire to
2-wire conversion. Conditioning is provided by pads, amplifiers, and 2-wire/4-wire
conversion. Signaling conversion is providedby E&!U/20 Hz converters and 2600/2800 HZ

dual frequency signaling units (DI%U)or 2600 Hzsirigle frequency signaling units (SFSU)..

Circuit 3 Two-wire voice user with loop signaling. The user for this circuit is either a
~-wire switchboard or a two-wire individual user that uses !oop signaling. The circuit
flow diegram is similar to Circuit #2 exeept for the E&lI/dial loop signaling converters.

Circuit 4 Two-wire voice user with E&Jl signcling. The user for this circu!t is either a
2-wire switchboard or individual user with E&Yl signaling. 1? is noted that in this circuit
the E&l? (DC) leads from the subscriber location travel via the user access to thr DFSU.
Conditioning items are a 2-wire,/4-wire terminating set, echo cancelers, with pads and
amplifiers for level adjustment.

Circuit 5 Two-wire t’oice user needing integral signaling conversion. After entering the
TCF via the user access, this circuit’s integral signaling needs to be converted to standard
2600/2800 Hz in-band signallng before the circuit appears on the transmission access.

5.2.2.1.2 Four-wire \’F circuits. Four-wire V’F circuits are depicted in Figure 8
(Circuit #s 6 through 10). The 4-wire circuits enter the TCF through the user access and
after all necessary interfacing are routed through the transmission access.

Circuit 6 Four-wire user with integr~] signaling. This circuit provides its own in-band
integral signaling at the user terminal or the circuit may be a rhts circuit with no
signaling required. In any case, no signaling conversion is required at the TCF between
the user access and tr~nsmission access points. Repeat coils, pads and amplifiers fire
supplied for conditioning and level adjustment. .4mplitude equalizers, deh]y equalizers, or
both, may be required clependin~ on the type of service.

—
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Circuit 7 ~. The users for this circuit are either
4-vvire switchbotirds or individual 4-wire users who employ 20 Ilz signaling. A 4-wire
physical circuit is used for the on-base cabling. conci[tionin~ and level adjustment

between the user access tind transmission access consists of pfids and amplifiers.
E&M/20 Iiz converters and DFSUS (or SFSUS) are required for telephone signaling
conversions.

Circuit 8 Four-wire user with loop si~nalin~. The user for this circuit can be either a
4-wire switchboard or an individual user who employs loop signaling.

Circuit 9 Four-wire user with E&M signaling. A DX-I signal unit and repeat coils are
used tit the user location to conserve cable pairs or because the loop resistance exceeds
50 ohms. The DY-2 unit is used in conjunction with the DX-1 unit to provide E&kl leads
to the DFSU.

Circuit 10 Four-wire user using nonstandard in-band signaling. After entering the TCF
vi~ the user access this circuit’s integral signaling needs to be converted to st~ndard
2600/2800 Hz in-band signaIing before the circuit appears on the transmission access.

5.2.2.1.3 AUTOVON users collocated with a TCF and an .4UTOVON switch. AL..TOV0N
user circuits are depicted in Figure 9 (Circuit 4s 11 through 14). When the AUTOVON
switch is also collocated with the TCF the circuits do not require a transmission access.
After passing the user access, the circuits are conditioned for proper levels and signaling
and make another appearance at the user access before being connected to the AUTOVON
switch.

Circuit 11 Four-wire circuit with DX signaling. The user for this circuit is either an
AL.TOVON P13X access line or an AUTO} ’ON 4-wire user. DX-1 signaling units and repeat
coils are used at the user location either to conserve cable pairs or because loop
resistance exceeds 50 ohms.’

Circuit 12 Four-wire PBX circuit with E&M signaling to .4UT01’ON (PBX cable to TCF).
This circuit is similar to circuit #11 except there is no requirement for DX-1 signaling
units at the user or the TCF. However, a pulse-link repeater is required to interchange
the E&M leads when collocated with trunks not already having the interchange
capabilities.

Circuit 13 Two-wire pB~ cable access line to local .~UTO\rON Switch (2- to 4-wire
conversion at the PBX). This circuit involves connection ‘of a 2-wire on-base telephone
switchboard to R collocated AUTOVON switch. A 2-wire/4-wire terminating set shall be
required at the PHX loci~tion. Normally the E&%l leads will be extended as shown. Where
loop resistance exceeds 50 ohms, signal extension units shall be required at the PBX
loc;~tion and at the TCF. When required, split controlled echo cancelers, p~ds end
amplifiers shall be inserted into the circuit as shown.

Circuit 14 Four-wire .ALTTOVC)N user telephone cable to TCF (]oop resistance less than

700 ohms). This AUTO}”ON telephone is located so that the loop resistance from the
collocated TCF and switch is less than 700 ohms. In this c~se the circuit shall appear at
the user gceess point, connect to the 4-wire AUTOVON” line adapter, return to the user
access, and then proceed to the collocated AL?TOVON switch.

5.2.2.1.4 4UT01’ON switch circuits. AUTOJ’ON switch circuits are depicted in
Figure 10 (Circuit #s 15 and 16). These circuits are AUTOt’ON trunks which are
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connected directly between an AUTOVON switch anfi a collocated TCF. These circuits
connect through the user access where they are routed through appropriate conditioning
equipment to the transmission access. The alarm (ALM) and out of service (OS) Iefids
from the DFSUsare routedto the switch for busying out the trunk when required.

Circuit 15 Four-wire AUTOVON circuit. AUTOVON trunk circuits are connected
directly to the collocated~ user access for service to remote AUTOVON users. These
circuits are conditioned with”pads and amplifiers for level adjustments.

Circuit 16 Four-wire AUTOVON special grade circujt (.4UTOVON data users and inter-
switch trunks). This circuit is similar to Circuit # 15 except for the provision of
amplltude, d clay, or both types of equalization devices in this circuit for data use.

5.2.2.1.5 Voice frequency data circuits. VF data circuits are depicted in Figure 11
(Circuit #s 1“/ th rough hese clrcu]ts provide service to voice frequency dat~ users.
Individual circuits may re~uire amplitude and delay equalization units in the equipment
strings depending on the quality of service required. The data circuits enter the TCF at
the user access then through the necessary conditioning equipment prior to being routed
to the transmm~on access.

Circuit 17 Two-wire d~ta circuits with E&M signaling. This circuit is similar to
Circuit #4 except echo suppressors are not used because of interference with the
transmitted dat~. Circuit operation is usually simplex.

Circujt 18 Four-wire data circuit without signalin~. These circuits consist of d~ta lines
from AUTO DIN interswitch trunks and secure voice circuits. In addition to level
adjustment, amplitude or delay equaliztition units may be required in the condition~ng
equipment strings.

Circuit 19 Four-wire data circuits using a low speed modem. This circuit appears twice
at the transmission access; once as a digital signal ~nd once as a quasi-analog signal. The
circuit may be routed to the user access if conditioning equipment (level converters,
regenerative repeaters, etc) is needed before being reconnected to the transmissiorl
access.

Circuit 20 Four-wire data circuit using voice frequency carrier telegraph (VFCT). This
circuit consists of multiple teletype ~riter signals which tr~verse the TCF through the
user and transmission access and are then combined into a quasi-analog signal by a l’F
carrier telegraph. The digital signals shall be routed through the user access if
conditioning is required. The quasi-analog signal employs a nominal 4-kHz channel
bandwidth and traverses through the transmi=ion access as a ,VF signal. If pads and
amplifiers are required, the circuit shall be routed through the user access and
conditioning equipment before its appearance at the transmission access.

5.2.2.1.6 HF radio circuits. These are voice and telegraph circuits using [{F radio for
long distance communications and are depicted in Figure 12 (Circuit #s 21 through 2?).
All such HF radio circuits shall have at least one appearance at the transmission access.
This means that HF radio circuits accessing the mux link may have two appearances fit
the transmission eccess; one where all the HF radio circuits are grouped together and
another where all the circuits going out on that mux link are grouped together. HF audio
circuits that access the TCF vi~ the DCS will enter at the transmission access

(Circuit #22).

-
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Circuit 21 Four-wire diversity connections to !iF radio systems. The remote 11~ r~~’li~
transmitter and receiver sites may access the TCF by either mirrowuve r;idio or {“t~i~l~

intersite links. When circuits access the TCF via cable, they shall be rollted ti]rough the
user ~ccess only if the eoblc loss is ().5 dF3 or gr~nter; otherwise, they s~]i~ll int~rf~tre
directly to the tr~~ns[nission access. When circuits acress the TCF via q fixed station
tnu Itiplexer, they shall be connected through tune trqns~nission ~~ce,ss wit’] other multiplex
channels. If there are other HF circuit links in the st;~tion, all the lfF circuits ‘nay be
grouped together at a separate section of the transmission access. This would re~~lire
double appear~nce at the transmission access for sotme circl~its rnakin~ it convenient for
alternate routing of I{F circuits.

circuit ‘2’2 \~F circuits usi~]: radio telephone t(~rlnin:~l.s. Audio circuits inter fi~ce at the
user access find tire conditioned far the [{F ra(lio system by the radio telei)hone termini~l

before passilig through the transmission ~ccess. In ctises where the audio ciruuit enters
via the DCS, the use of a dual freqllency signaling unit is required to con~’ert the st}io~l:+rd
supervisory si~~~ls for the trznsrnission access into signals colnpatible with [{F radio
transmissions.

Circuit 23 I)iversity carrier telephone termin~l circuits. These di~it.~1 cir~’uits interface
at the user access ~nd are conditioned before p:issing through the tr}ins:nission tic?ess.
Circuits from the tr~nsmission access provide inputs to the carrier telegr~ph terminnl
which then provides a quasi-analog sign~l through the transmission access.

5.2.2 .1.7 c]rcujt connection to the medi:l. VF circuit trqnslnission usll:l!lv eonslsts of

connection to either first levrel nultiplexers ~r four-wire toll e.~~~lc. ~n~:ll-l~)fl:i~~(~$to the
media are depicted in Figure 13 (Circuit ~s 24 and 25).

Circuit 24 First level multi pl~xer. Circuit +?4 is the nor’njll Con fjgl]rr]! ion of ,9 \’F
circuit between the tr~nsmission nccess and the f!rst l’?vel Inlllt iolc’x~>l”. If level

Circuit 25 Four-wire trunk cable. This circuit is rcquirsd for inter~:onncf81 ion tllroil~h
the user access with eny long distance commercial or milit+ry eH!JIO cir~l.lit. I.etiel

adjustment using pads and amplifiers shall be between the user ~cces.$ and tr~nslnission
access. If the trunk cable loss does not exceed 0.5 d~, t~lis circ’iit :nt~y be r(~lln~aot~’d
directly through the transmission access.

5.2.2.2 Functional description of VF terminatin~ equipment. Functi~nnl descriptions of
VF terminating equipment itre given in Appendix B. Is 8 design oi>jf?c!ive. ‘r”~s $h’~1~
employ conditioning equipment per forlning tnulti?lc f~Jnctions on single circuit cards or
modules.

NOTE: MII,- HDBK-414 provides tidditiorml detailed information on many of these it~?ns.

5.2.2.3 Digitfil ilata circuits. Digital data circllits ‘~re depieted in Figljr::s 14 through 17.
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MI L-ST D-188-1 14. ~onversion from unbalanced to bfil~nced mode sh:~ll be ticcomplished
at the source, if possible. Only low-level oper~tion sh~ll be elnployed within a REI)
equipment arefi when such an areti is required to support the TCF. All teletype and duta
end equipment used within the f~~ci!ity shall be configured for low-level oper~tion to
provide flexibility during equipment substitution and to faeiliti~te conversion to encrypted
operation flt a inter date. All new systems shall be in a balnnced configuration.

5.2.2 .3.1.2 Provisioning for encrypted orderwire. Unencrypted dt~ta orderwire and
reporting circuits may be required at many locations. These circuits are intended for
encrypted service at a later date and should be configured and routed in-station so that
installation of the crypt ogrsphir device will not require major rewiring of the circuit.

5.2.2.3.2 Technical control sccess for digital data circuits. 411 technicnl control (TTY,
order wires. reporting circuits, etc.) and all in-station digital circuits not requiring
conditioning equipment shall interface directly to the equipment side of the transmission
access.

sc~,zos.s Ti~ing control and alnrm circuits. Provisions shall be made on the user and
transmission access for the routing, testing, ~nd monitoring of till timing signals
~ssociated with the digital circuits. Control and alarm signals for the digital circuits may
also be routed through the user and transmission accesses.

5.2.2.3.4 llonitoring of digital signals. All digital circuits shall ha~’e a t~ansmission
access. The only difference among digital signi~ls at the access shall be in coding
schemes, balanced or un!mlanced mode, and data rates. Monitoring of digital signals shall
be performed on a high impedance basis.

5.2.2 .3.5 Diqita! .rnultiplexers. Digital multiplex equipment shall be provided with
access points as specified below.

5.2.2 .3.5.1 Access to through-groups. Channels de,mu]tiplexed solely to accommodate a
digital-to-analog conversion and planned to be routed through the TCF at some future
time shall be treated as a through-group. There is no need to terminate each such digital
or VF channel in the TCF.

5.2.2 .3.5.2 .4ccess to local circuits. All local circuit input sloutputs of digital
multiplexer shall appear at the TCF frame and shall be provided an ~ccess when
configured to be used operationally or as a spare. This requirement may be satisfied by
use of jacksets integral to the multiplex equipment. When
manner, TCF appearances can be limited

a. All utilized channels

b. All spare channels

c. A 20 percent exp~nsion c’np~b

the requirement is ,net in this
to:

lity in c~b]e trunk ng.

5.2.2.3.6 VF access. Vlultip]exers that are used for both VF and digital signo!s shall
have inputs and outputs ~p[)enr in the T(-l; oper~tions are~. 4 mlniinun of five (64 k’)’s~

4

data ch~nne]s (seven through eleven) WI1l be wired to etich first level TD71 cq]ipinent for
all long haul svstems. l>~tti and tilnjng ,si~nn]s sh~ll be grouped together ~t th~

transinlsslon ~ccess poll]t.

.. . ma>–-——-
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5.2.2.3.7 ~igit~~l hut)bing rcpe{iter. This device sh[~ll ennble a predcter!nined group of
users to oper~tc s~~(hhtl)}]t if any one user trtinsmits H meswge, it sht]ll be re(i~ived by n]]
others in the group. This device shall ,VI1OWtiny user to trnnslnit as long as only one
st~{tion is tr{~nsl]]ittlng tit ~iny p~irticul~ir ;Ilomcnto T}ICIhubbing repenters may be used as
the interstice deviee between s send only device ~nd se~~ernl rcreivin~ terminals.

5.2.2.3.9 13Rsic digital circuits. The following pnr~igr~phs and corresponding illustrations
of Figure 14 through 17 describe the various digital circuits.

~ircuit1 Unbalnneed digital data user using ~n unl)alanced system. These rireuits shall
be r~~ted ~,ia t~~c~js~r ~c~e~~. If 8 circuit requires timing, the timing shnl] be routed with
the dat~~ in the sa(ne manner. The circuits shall then be processed by finy conditioning
equipment necess~ry to corre~at nonstandard levels, regenertite the signal, reshape signn]
waveforms, or to provide syste.rn isolation before appearing on the transmission access.

‘ircuit 2 C’ntmlnnced digit.~1 d~t{] IJser using 8 halnnced system. These circuits shall
appear on the user access. The circuit shAIll then be converted to btilanced, low level
opcr. ~tion an.~ conditioned prior to appearing at the trtinsmission acetss. If the circuit
requires tiining, tl]en the tilning signal shall also be routed with the data in a similar
[manner.

Circuit 3 B81anced di~itai d~t.~ user using an unbalanced system. These circuits shall
appe~r on t!]~ i]<r~r 8CCQSS. The ~=irc’jit shall then be converted and conditioned and
Col)tinue \-i(a the translnission nccess. If the circuit requires (imin~ or if timing recovery
is usefl, the timirlg signal shall JISO be routed with the data in a silnilar manner.

Circuit 5 Di~ital circuits usil~g a 1’FCT. These digital circuits, normall:; teletype, are
routed to the \’FCT via their associated trtinsmission access. The quasi-analog signals
shall then make an appearance at the transmission access .

Note: Some VFCTS :nay operate at jigh level and cannot be con~terted internally for low
~, requiring level converters between the \’FCT and the’transmission access.

.
‘ircuit 6 Digit:~l circuits usin: a sublevel rnultiplexer~coneen tr~tor. These circuits are
routed to the multiplexer via their :issocin ted tr~nsmission access.
synehrono~~s,

They msy be
synchronous, or isochronous. .4s R design objective, these circuits should

operate in a low Ie\rel balanced mode. The aggregate output shall then be routed btick to
the transmission access.

Circuit 7 Digital cireujts usJng first level mu]ti~lexers. These circuits are routed to the
Inultiplexe - from their associ:lte(l trfin.<mission access. They may be synchronous or
asynchronous nnd s})o(Jld b(’ mnft:llrt’c! for low level balnnc’ed operation. The aggreg~te
output shall then be routed vi,~ the first level ~ccess.

~ircilit8 Digital eireuits using sec’ond level multiplexer. These circuits are routed to
‘rem the first level access. The tiggreg(ite output shall then be routed viathe multiplexer ,

Lilt’3(!(.”011=1ii’\ L’; .lL”(”t>.,.;;A! !’+)illl(’l’{l-!c! IL t!l~’ 111( ’(1; ,1.
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Circuit 9 Digital circuits using fiber optics as the transmission medin. Fiber optic
transmission systems may be used ~t various multiplex levels and datu rntes. Circuits
using fiber optic transmission equipment shall be routed through en appropriate access.
For example, if the fiber optic system is transmitting a 1st level multiplex aggregtite, the
circuit shaIl be routed through a first level multiplex access. The transmit circuit shall be
routed to the fiber optic transmitter via the appropriate access. The receive circuit IS
routed from the fiber optic receiver via the appropriate access, then to the bit
synchronizer for timing recovery, and finally back to the appropritite access.

Circuit 10 Optical fiber svste,ms not using external synchronizers. The transmit circuit
shrill be routed to the fiber optic transmitter via the appropriate access (for example, the
2nd level access if the dat[i is a 2nd level multiplexer aggregate). The receive circuit k
routed from the fiber optic receiver to the same access.

circuit 11 Svstems using digital cross-connect equipment. All inputs and outputs to
digital cross-connect equipment shall be provided an access. Digital cross-connect
equipment shall be connerted to the line side of the 1st level acress for connecting to 1st
level multiplexer. For connection to 2nd level multiplexer, digital cross-connect
equipment shall be connected to the equipment side of the 1st level access. Connections
to individual VF and data channels for tactical digit~l cross-connect equipment shaH be as
shown in Figure 2.

rjrcuit 12 ~~rstems ~jsjnv digital ~hannpl effi~i~n(”y equipment. All inp[lts 8nd outputs to
digital channel efficic’)cy equipment shall be provided an access. Digjta] channel
efficiency equipment shall be connected to the line side of the 1st level access for
corlnecting to 1st le~’el rnultiplexers. For connection to 2nd level multiplexer, digital
channel efficiency equipment shall be connected to the equipment side of the 1st level
access.

C?jrcuit 13 Svstems using transmultiplexers. All inputs and outputs of transmultiplexer
equipment shall be provided ~n access. Transmultlplexer contiection to the FDM system
shall be on the equipment side of the group access. Transmultiplexer connections to the
TI)M system shell be on the equipment side of the Ist level access.

5.2.2.3.9 Digital conditioning equipment. Digital conditioning equipment is used to
interfave various types of digital users to the TICS. This equipment is usually connected
between the digital user access and digital transmission access . Functional descriptions
of some digital conditioning equipment are given in Appendix E?.

NOTE: hlII, -H I)Bli-414 provides additional information on application and performance
characteristics of digital conditioning equipment.

5.2.3 Multiplex ~nd trtinsmission media equipment. Multiplex and transmission media
equipment which are supported by long haul and tactical TCFS shall be located and
configured electrically as follows.

5.2.3.1 Long hsul requirements. Multiplex and transmission medi~ equipment that are
opernted in long haul systems m~y be physically collocated with the TCF. Exceptions
such as economie factors and equipment or facility sizing considerations may rule out
eolloe~tion of ml]ltipl~x tincl trnnsrnission media eql]ipment with the TcF.
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5.2.3.2 Tactical system requirements. Multiplex and transmission media equipment that
are supported by tactictil TCFS are not required to be physically located with the TCF.
This equipment may be located in separate transportable shelters.

5.2.3.2.1 Alarm features. The output of summary alarms found on tactical multiplex
and transmission equipment should be remoted by electronic means to the TCF for
electronic storage and processing. Tactical TCFS with processor capability shall be
capable of receiving telemetry alarms sent from multiplex and transmission equipment via
orderwires defined in ICD-002 and ICD-003, and carrying alarms formatted as per
ICI) -001.

5.2.4 Special network switching equipment. Location and configuration of network
switching equipment (end off ices, circuit switches, message switches, etc) used in fixed
and tactical systems shall be considered in the TCF design as described in the following
paragraphs.

5.2.4.1 Fixed system requirements. End offices, multi-function nodes, stand-alone
nodes and technical control facilities may be physically collocated. As a minimum,
economic factors, equipment locations, and facility sizing shall be considered when
determining a location for the TCF. When colocated with the TCF, network switching
equipment need not be provided a patch and test facility (PTF).

5.2.4.1.1 Alarm features. When network switching equipment is collocated with the
TCF, the on-site alarm features of the equipment should be integrated into the local
alarm system of the TCF. M’hen the networ-k switching equipment i; not collocated with
the TCF, the alarm features of the equipment should be extended to and integrated with
the local TCF alarm system. Alarms- peculiar to the network switching-equipment
however, need not be extended.

5.2.4.1.2 Cable termination. The input, output, signaling, and control lines of network
switching equipment collocated with the TC~ shal! be terminated directly to a distri-
bution frame within the TCF, without being routed through an intermediate distribution
frame in the switchjng equipment area.

5.2.4.2 Tactical system requirements. Circuit and message switching equipment are not
required to be physically located with the tactical TCF. The equipment may be located in
separate transportable shelters.

5.2.4.2.1 Alarm features. The output of built-in test equipment (BITE) incorporated in
tactical circuit and message switching equipment may be remoted by electronic means to
the servicing TCF for electronic storage and processing. When this is done, the
transmission system shall use the ADCCP link protocol defined in FED-STD-1OO3, CCITT
Recommendation X.25, and FED-STD-1041.

5.3 Internal subsystems. The configuration and minimum performance standards
required of internal subsystems used in all TCFS is as follows.

5.3.1 Distribution facilities. All TCFS shall employ distribution facilities as the means
to terminate and distribute all outside plant and in-house tie-cabIes, units and strings of
conditioning equipment, and internal TCF operating equipment.

5.3. I. I Types of distribution facilities. Distribution facilities shall be used as outlined
in the following paragraphs.
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5.3.1.1.1 Main distribution frame (MDF). MDFs shall be used as required to provide a
termination point and a means of interconnecting outside plant and in-house tie cables.
Outside plant cables shall be terminated on surge protector blocks. Where equipped with
vertical-and horizontal terminal blocks, the vertical side shall terminate- th~ cables
entering the facility and the horizontal shall terminate the tie cables to and from the
intermediate distribution frame.

5.3.1.1.2 Intermediate distribution frame (IDF). IDFs shall be used to provide a
termination point anda means of interconnecting in-house tie cables, units andstrin~sof
conditioning-equipment, and internal TCF operat~ng equipment. Outside plant cables<hall
not be terminated on the lDF. When equipped with vertical and horizontal terminal
blocks, tie cables and station equipment shall be terminated on the vertical side; the
horizontal side shallbe used to terminate backfields and battery terminations.

5.3.1.1.3 Combined distribution frame (CDF). TheCDF fulfills the function of theMDF
and IDF at a complex where there are space limitations or where one frame is sufficient
to support mission requirements. CDFs shall be used to provide atermination~int anda
means of interconnecting outside plant and in-house tie cables, units and strings of

.

conditioning equipment, and internal TCF operating equipment. Outside plant cables shall
be terminated on surge protector blocks. When equipped with vertical and horizontal
terminal blocks, outside plant and tie cables, and station equipment shallbe terlninatedon
the vertical side; the horizontal side shall be used to term-inate backfields and battery
connections.

5.3.1.1.4 Circuit concentration facilities (CCF). CCFS shall be used to provide Q
termination point and means of Interconnecting tie cables, conditioning e@pmenL

backfields, and TCF internal operating equipment. The CCF may be located within an
enclosed or open equipment bay or rack, or on the rear of conditioning equipment shelves.
The CCF may also be used for the local termination or interconnection of high speed

\

—

\

circuits that would be impaired or degraded by excessive cable runs to patch or other
distribution facilities inthe TCF.

5.3.1.2 Terminal blocks. Terminal blocks used on all types of distribution frames shall
allow solderless connection techniques, such as wire wrap or conneetorlzation, as the
Ineans of terminating permanent w-iring. All terminal blocks shall be clearly marked to
indicate the cable number, equipment bay, and equipment type. Cross-connects may be
wire wrap, solder, punch, or connectors.

5.3.2 Common equipment. TCFS shall be provided with equipments which furnish
common signals and currents to user and subscriber circuits and to station equipment.
Standards for the clocks and signaling supplies used in this manner are described in the
following paragraphs. Requirements forstation power arecontained inpsragraph 5.5.

5.3.2.1 Station timing standard system. The TCF shall be provided with a timing
standard system in accordance with EP 3-83, DCS Network Synchronization Design
Criteria. ?he timing system shall provide low-level clocking signalsat rates compatible
with standard modulation and data signaling rates specified in MIL-ST D-188-1OO and
MIL-STD-188- 114 as required by TCF equipment that can accept external timing. The
station timing standtird system shall be used in lieu of integral equipment timing where
possible. This timing system shall be capable of accepting or providing network
synchronization. The low-level (JMIL-STD-188- 114) timing shall appear at the
transmission access toprovide asynchronizing clock to data equipment timing inputs.
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5.3.3 Signaling supplies. The TCF shall be provided with the necessary signaling supplies
needed to provide signaling currents to subscribers and TCF equipment. The separate
signaling supplies shall be capable of redundant operation with means for automatically
selecting the output of the alternate unit in event of failure to the primary unit. All
signaling supplies sh~ll be capable of providing local audible and visual alarms ~nd a means
of remoting the alarm information in the event of unit failure.

5.3.3.1 20-llz signaling supplies. Electrical characteristics required of the 20-Hz
signaling supply are listed below:

a. Input voltage -48 VDC

b. Output voltage 60-105 volts peak

c* Output frequency 20-25 Hz sinusoidal

The output of the signaling supply shall be directed through ballast lamps before
application to subscriber circuits.

5.3.3.2 Signaling requirements. Electrical characteristics required of signaling supplies
are listed below:

a. SFsuppIies: (Single Frequency)

1. input voltage -48VDC

2. Output Frequency

570 Hz + 2 Hz
1200 HZ:2HZ
1600 Hz~2 Hz
2400 Hz~2 Hz
2600 Hz~2Hz

b. DFSU: (I)ual Frequency Signaling Unit)

1. Input voltage -48 VDC
2. Output frequencies 2600 Hz+ 2 Hzand2600/2800 Hz+2Hz

The output frequency requirements will be determined by anticipated interface require-
ments. Long haul TCFS shall use 2600 Hz or 2600/2800 Hz units unless interfacing with a
tactical unito

5.3.4 Orderwires. Both long haul and tactical TCFs shall be provided conditioning and
terminal orderwire equipment for supporting all communication links, trunks, channels,
and circuits. This orderwire equipment shall be for the exclusive use of technical control
and maintenance personnel exercising the functions of technical control. Each TCF shall
have at least one orderwire circuit. Al] TCForderwires shall be engineered and inst~lled
in accordance with the following paragraphs:

5.3.4.1 lJong haul orderwire systems. Three individual orderwire systems shall be
provided for long haul TCFS in accordance with DCAC 310-50-6 and the following

51
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5.3.4.1.1

a.
radio and

b.

Link orderwires.

A link orderwire shall be installed on every Government-owned DCS wideband
Government-owned cable link.

The link orderwire may appear in either the (0-4 KHz) Or (8-12 KHz) portion
of the supervisory baseband on analog radio systems and channel 1 of the three channel
supervisory multiplex associated with digital radio systems.

The link orderwires shall be accessible at the applicable radios in addition to
appea~~ncein the TCF/PTF.

d.
VF mission

e.

The link orderwires shall be bridged through unmanned sites which do not have
channel breakout.

The link orderwires shall terminate at manned sites which have VF mission
channel breakout.

5.3.4.1,2

a.

b.
dedicated
to relieve

5.3.4.1.3

a.

Express orderwires.

Express orderwires shall normally be configured forparty-line operation.

Where two DCS stations have a high volume of mutual coordination, a
point-to-point express orderwire should be provided between the two stations
the trafflcon the party-line express orderwires.

System orderwires.

All facility control offices (FCOS) will have access to at least one system
order wire.

b. The FCOS may be connected together in smaller groups on multiple system
orderwires within the local theater of operation to limit the number of users on each
system orderwire party line.

c. Whenever more than one system orderwire is used within a theater, the
capability shall be provided for con ferencing among the system orderwires.

d. The system orderwires shall be assigned within the mission baseband/bit
stream.

e. The system orderwires shall not be used for coordination of routine circuit
problems.

5.3.4.2 Voice orderwires.

All conditioning equipment supporting orderwire circuits shall be physically
locate% with the orderwire equipment in the TCF.

NOTE: Tactical voice orderwires are normally not conditioned, due to considerations of
space limitation and fluidity of operations.

!)/’

)
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b. The inputs and outputs of all voice orderwire conditioning equipment shall
have access to facilitate monitoring, testing, and rerouting. Manual patch panels used to
provide such appearances shall conformto the jack and patch logic outlinedin 5.2.1.2.3.

c. Voice orderwire access units shall be provided commensurate with the
operational requirements of the TCF. Access to the orderwires shall be available from
the RF equipment bays, Q.4 test bays, the supervisor position and the PTFs.

d. All TCFS having access to two or more voice orderwire circuits shall be
provided witha conference capability between or among those circuits.

e. All voice orderwire terminal and access units shall be equipped with visual and
audible signaling indicators capable of being remoted.

?NOTE: FortacticaI installations, the remoting capability maybe waived.

f. AU voice orderwires shall be capable of selective signaling. Selective
signaling shall be implemented as indicated below.

1. The following long haul TCF voice orderwires shall use DTMF selective
signaling:

(a) All system orderwires

(b) All express orderwires

(c) Link orderwires when two or more links may be connected in
tandem.

2. Long haul VF link orderwires may use 2600 Hz or 2800 Hz ringdown
signaling except when twoor more links may be connectedin tandem.

3. Tactical TCFvoice orderwires may be either analog or digital according
to the transmission medium.

(a) Analog tactical TCF orderwires shall use inband SF ringdown
signaling. The frequenciesof inband SF signals used for orderwire
circuits shall be chosen from the list contained in paragraph
5.3.3.2.a.

(b) Digital tactical TCF orderwires shall use the 16 unique signaling
codes as specified in the Signaling Code subsection of ICD-001.

(c) Analog maintenance orderwires for tactical systems shall use
1600 Hz signaling.

5.3.4.3 Tactical data orderwires.

a. Capability to multiplex and demultiplex 13-150 bits per second (b/s) telemetry
channels into one 2.0 kilobits per second (kb/s) or 2.4 kb/s channel.

b. The stfindard bit rates of the data orderwire patch panel shall be 75 b/s,
1~~ h/~, ~ kht~, 7 4 kh/s, qnd 4 khf~ ns rbfin~cl in 1~1)-~ol and 1~~-fif)?.
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c. All data circuits routed through the data orderwire patch shall be operated as
low-level balanced, nonreturn tozero(NRZ) as specified in MIL-STD-188- 114. t

5.3.5 Intercommunications (Intercom) system. Each TCF shall be provided with
intercom equipment on which technical coordination internal to the TCF and using —
agencies located in the vicinity of the TCF shall be conducted. intercom service shall be
provided through the use of existing administrative telephone circuits which contain
intercom features or through the provision of a multi-station intercom system. The
minimum requirements of the intercom system are listed below.

a. The intercom system should share common equipment and operator panels with
the station voice orderwire equipment.

b. Any station within the system shall be capable of selectively signaling any
other given station within that system.

c. Manual analog and digital accesses shall be equipped with a sufficient number
cf intercom stations to allow access from each working location.

d. All tactical TCFS shall be equipped with an alternate intercommunications
system.

5.3.6 Alarm system. An alarm system shall be provided to alert the technical controller
and maintenance technicians of equiplnent degradations or failures that affect communi-
cations status. Information presentedby the alarm system shall facilitate prompt action
toward the restorationor rerouting of circuits and the repairof faulty equipment.

5.3.6.1 Display of alarms. Display of alarms shall be at a central location provided in
the TCF operating are~. Psrallel presentation of portions of thei~larrn displ,~y is required
in maintenance and operating areas reimote from the central display (supervisory.
maintenance, or service areas). The amount and type of equipment necessary to s~tisfy
this requirement is dependent on TCF size and shall vary from site to site. Audible and
visual alarms shall conform to the requirements of MIL-STD-1472.

5.3.6.1.1 Alarm Display. AH TCF alarm outputs shall be accessible at a distribution
frame. According to equipment types, alarms shall be-designedas’’go/no-go” or analog
types (for adaptation to more sophisticated monitoring). The alarms shall include, but not
be limited to, the following:

a. Radio

1. Receive signal levels
2. Transmit power levels
3. RSL Fade
4. Failure

(a) Transmitter
(b) Receiver

5. A/B operating
6. TWT failure

b. Multiplexer

1. Primary/Standby opera t ing
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2. Failure

(a) Primary
(b) Standby

3. Faults

c. Site

1. A/C Failure
2. High temperature elarm
3. Low temperature alarm
4. Fire alarm

5. Intruder
(a) Door open
(b) Window open

6. Antenna internal temperature
‘7. Waveguide pressure
8. Tower light out~disabled

c1. Power

1.
2.
3.
4.
5.
6.
F1.
8.
9.

Generator #lf20perating
Commercial/Primary operating
Rectifier failure
Rectifier operating (.A/B)
Fuel Low
Rectifier sharing load
Fuel pump operating
Open fuse alarms
Higher low station (AC/DC) power

.

e. Encryption Devices

1. Loss of synchronization/frame

The ;~larm systcnl shall provide for incremental expansion. The system shall be so
designed that activations, deactivations, and change of transmission systems, TCF
subsystems, and circuits can be accorn modnted without affecting the operation of the
basic systems. The syste,n shrill consist of a local equipment and functions alarm
subsystem and a relnote station equipment and functions alarm subsystem.

5.3.6 .1.2 Equipment featllres. The following features are required of all alarm and
display equipment:

a. Audible and visual alflrmso

h. 4udible alarm efipnble of being disabled.

c. Self-test c~pabilitv.
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d. Individual visual alnrm for each input.

e. Manual reset.

f. Capable
indicators.

g’ Parallel
central display.

of sensing opening or closing

presentation in maintenance

of switch contacts as status and alarm

and operating areas remote from the

5.3.6.2 Remote alarm and display systems. The remote alarms and display system
consists of remote sensing and control equipment, telemetry channels, and alarm and
display units. The requirements of each of these systems components are describedin the
following paragraphs.

5.3.6.2.1 Remote sensing and control equipment. The remote sensing and control
equipment shall be capable of the following:

Accept ing analog and discrete input signals and comparing them against stored
prede;&mined thresholds.

b. Sampling on a predetermined or polled basis.

c* Digitizing output.

d. Accepting commands to perform control actions.

e. Automatically generating formatted alarm and status reports.

f. Providing local alarm and status display as described in 5.3.6.1.

g“ Accepting changes to stored parameter thresholds.

5.3.6.2.2 Alarm and display unit. The alarm and display unit which supports the remote
status and display system shall consist of an input/output terminal with hard copy
print-out capability. Other requirements of the alarm and display unit are listed below:

a.

b.

c.

d.

e.

f.
location.

13”

h.

Contain an audible alarm.

Contain keyboard with function capability.

Capable of unattended operation.

Provide a summary of total system status.

Provide alnrmtstatus information from any given site within the system.

Capable of displaying the value of assigned alarm thresholds at each remote

Capable of tiutomati? receipt of al~rm and stntus reports.

The 8bilitv to request stfitus reports.

r>+.
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i. The ability to change alarm thresholds.

j= Capable of displeyinga]firm andst~tus reports

5.3.7 Reporting position. All TCFS shall contain a
operational area. As a minimum, the below listed
establishment of the reporting area:

a. The reporting position shall be located in a
visibility of all working areas when possible.

b. The reporting position shall be provided

in plain text.

reporting position within its
requirements shall govern the

manner that affords maximum

telephone (both standard and
immediate precedence AUTOVON or tactical equivalent) and
conform with established system reporting requirements.

c. The reporting position shall have access to theTCF
orderwire circuits.

input/output devices to

intercom system and all

5.3.8 Monitoring, TCFS shall be provided equipment that will enable TCF personnel to
monitor analog and digital circuits. As a minimum, two types of monitors-an audio
amplifier with speaker and a teleprinter shall be provided. The first shall be rack
mounted and have input terminatedon the miscellaneous jackfieldof the bay in which it is
mounted. Further requirements of the monitoring units are described in the following
paragraphs.

5.3.8.1 Audio amplifier and speaker monitor.

a. 13alanced input impedance: 10kohms minimum

b. Amplifier output power: 2-5 watts

c. Features:

(1) Variable volume control

(2) Amplifier and speaker unit on single panel

(3) Self-contained loudspeaker

5.3.8.2 Teleprinter monitor (for TCFs providing

a. Configured for low-level operation.

b. Capable of multiple page printing.

teleprinter service).

c. Input terminated on a miscellaneous jackfield located in a digital circuit
access.

d. Variable speed control: 45.45, 50, 74.2, and rates based on 75x 2n

5.3.9 Testing. The T~F sh~ll be provided the neeessary test equipment to conduct
operational and qunlity control (~C) testing of analog and digital circuits for which it is

p!:IL’.>})i)ll:>li)lt’. i ,)/ iil( ~)d:l),~:.t }. lldl. s:tlil{lt i!, ‘~)t -I fi-:-li! ‘I’wng :! ’’-’””’ }’6’” “’”en ‘ntinnc
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associated with routine in-service testing and troubleshooting, and QC testing describes
those actions associated with elaborate out-of-service testing requirements, such as \
acceptance and scheduled quality control testing. The identification, physic~l and
electrical placement, ~nd configuration of test equipment required to perform digital and
analog operational and QC testing are listed below.

5.3.9.1 Operational testin~. Test equipment used to perform routine testing and
troubleshooting shall relocated inor near the equipment b~ys housing manunl analog and
digital patch equipment. The input and output of this equipment shall be terminatedon
the miscellaneous jackfieId of the bsy in which it is loctited. The quantity of in-service
test equipment required for any given TCF is dependent on the number and type of
circuits for which it is responsible. At p~tch bays where VF signals are present, the
ability to measure signal levels and channel noise shall be provided. In addition, standard
test and signaling tones shall also be provided. At patch bays where digital signals are
present, the ability to measure DC voltages and current, signdl distortion and speed,
observe signal waveform, bit error rnte (BER), measure block error rtite and timing jitter,
shall be provided.

5“3”’”2v“ QC testing shall reconducted ona manual or automated basis at a
QC test renter QCTC) located within the TCF. The QCTC shall be constricted from
equipment racks, backfields, and test equipment required to perform analog and digital QC
circuit testing as outlined in DCAC 310-70-1 13C.4C 300-175-9, or system publications
that contain system circuit performance standards. E9ch equipment bay shall be provided
backfields or automated switching in sufficient quantities as required to termin~te
interbay trunking circuits from all analog and digital circuit patching or automat~d access
facilities within the TCF. The QCTC shall be provided access to all orderwires and
intercom stations either through provision of an orderwire panel or interbay trunking
capability.

5.3.9.3 Cable test bav. Selected TCFS may be provided cable test hays. The cable test
bay shall bec~pableof ~ccomplishing the following me~surementw

a. Cable resistance

b. Leakage resistance

c. Loop resistance test

d. TIC voltage

e. DC current

f. AC voltage

g“ Cable capacitance

Access to the cable test bay shall be provided through the usc of interbay trunks to the
user access bays.

5.3.10 Miscellaneous j~ck pnnels. All TCFS shall be provided miscellaneous jnck panels
for termint3ting test tones, signaling tones, resistive terminations, monitoring und test
equipment, circuit bridging arrangement, and ~rrangements for providing paraHel
connections. Miscellaneous jack panels are required for all ~tching f~cilitv Mys. \

—
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Miscellaneous j~ck panels tire divided into analog ~nd digiti~l types and sh~ll possess the
minimum features described below. The
marked to identify their functions.

5.3.10.1 ,4nalog miscellaneous jack panel,
provide thcc~~pabilitiesw hich~ iredescribed

jack positions on the p~nel sh~ll be clearly

Each analog miscell~neous jfick panel shall
in the subsequent ptirt~graphs.

5.3.10.1.1 600 ohm termination jacks. These resistors are provided for the temporary
termination of multiplex channel ends, cirruit strings or for test purposes.

5.3.10.1.2 1004 Hz test tone jack. In TDI1 transmission systems, the 1004 Hz test tone
jack positions will be provided in both long haul and tactical facilities at levels of O, -10,
and -15 d[]m at 600 ohms. These tones are provided for test and alignment purposes.

5.3.10.1.3 20 Hz ringing tone jsck. One or more jack positions for the termination of
the station 20 lIz ringing generator will be provided. This tone is provided for test and
alignment purposes. The 20 Hz ringing tone shall appear only on miscellaneous jack panels
mounted in user sccess areas.

5.3.10.1.4 Monitoring and test equipment jacks. There shall be jack positions to
terminate inputs’outputs of the monitoring and test equipment listed below:

a. tlonitor speaker

t). Signal generator

c. Level meter

5.3.10.1.5 Six-wav~4- wire bridge jacks. The input !~utput connections of 6-way/4-wire
conference brid~e arrangements sha Il be terminated on the miscellaneous jack panels
mounted in the transmission access. The 6-way ‘4-wire jncks are provided for use in the
establishment of on-call conference circuits.

5.3.10.1.6 Parallel circuit jacks. Jack positions to enable the parallel connection of two
groups of four jscks shall be provided. The parallel circuit jacks are provided for test
purposes.

5.3.10.2 Digital miscellaneous jack panel. Each digital miscellaneous jack panel shall
provide the feat ures described in the following paragraphs.

5.3.10.2.1 !Vlonitoring and test equipment jacks. There shall be jack positions to
terminate inputs/outputs of the below listed monitoring and test equipment:

a. Voltmeter

b. Ammeter

c. Data

(1)

(2)

test set

Pattern generator/error detector

Distortion analyzer
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d. Oscilloscope

5.3.10.2.2 Regenerative repeater jacks. The input and output of at least one regener-
ative repeater shall appear on the miscellaneous jack panel associated with the digital
transmission access at TCFs providing teleprinter service.

5.3.11 Interbay trunks. All TCFsshall be provideda meens of trunking signals from one
bay or area to another. This requirement shall be satisfied by the use of jack panels
configured to provide dedicated trunks between selected bays within the TCF. As a
design objective, the jacks shall be equipped with alight on each associated position which
shall be lit when the jack is in use. lnterbay trunks shall be provided between transmission
access bays, between user access bays, and from the QCTC bays to the transmission end
user access t3ays.

5.3.11.1 Guidelines. Interbay trunking schemes shall be designed around individual TCF
requirements. It is a desired goal to provide an approximately equal amount of trunks
between the bays. For determining the required quantities of interbay trunks, the
following shall reconsidered:

a. The reroute, restoral, and patching requirements expectedat the station.

b. Interbay trunks shall be so configured that no patch wiIl requires patch cord
ex”ceeding6 feet in length.

c. No more than 15 percent of the circuits may be expected to be in patch
condition at any given instant.

d. Trunking to the QCTC shall be predicated upon the number of controllers
available to perform tests and the total number of circuits which can be tested
simultaneously.

e. Asa minimum, the number of full duplex interbay trunks shall be 8 percentof
the number of circuit appearances in each patch bay. At least 10 percent of these
interbay trunks should be allocatedto trunkingto the Q.4TC and cable test bays.

5.4 System interoperability. TCFS shall serve as the primary interconnection points in
support of system interoperability.

NOTE: The capability for interoperation among different systems is required to provide
alternate communications paths and to extend system transmission facilities. This

standard is not intended to set policy in the area of system interoperability. It serves to
provide the technical guidelines for the manner in which fixed and tactical TCFS are
provisioned in the event that specific interconnect/interoperability methods cited herein
are adopted. The following paragraphs contain technical guidelines in the form of
electrical and physical requirements for TCFS covered by this standard. Operational and
administrative requirements such as switch routing doctrine, numbering plans, system
management andcontro], and network architecture are not specified.

S.4.1 Communications system interoperation. T~Fs serving as system interconnect
points shall be capable of providing the proper physical and electrical conditioning to
ensure proper interface among the various system to be serviced. This shall be
accomplished in such a mnnner that the circuit partimeters resulting from interconnection
will conform to the est~blished standards of the systems over which they travel. TCFS \

—
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covered by this standard shaIl be capable of supporting interoperation with the following
systems:

a.

b.

c.

d.

e.

f.

DCS

DOD Tactical Systems

NATO Integrated Communications System (NICS)

U.S. and foreign commercial systems

Allied Tactical Systems

Base communications.

5.4.2 Interfacing methods. interfacing methods shall include, but not be limited to,
analog 4kHz voice bandwidth channel, analog multiplex groups and supergroups,
digital multiplex mission bit streams.

NOTE: Under each method of interfacing, there may be some action required on the
of the planner/designer to provide interfacing equipment/devices to accommodate
differences of circuits and equipment operated in a system foreign to their own.

the
and

part
the

5.4.2.1 Analog 4 kHz voice bandwidth channel interface. Equipment common to the
TCF, such as amplifiers, pads, transformers, repeat coils and amplitude and delay
equalizers shall be used to provide the required matching of 4 kHz voice channel
parameters from onesyste,m to another. Listed in paragraph 4.4.3.2 of MIL-STD-188-100
are the 4 kHz voice channel parameters required oflong haul and tactical TCFs.

5.4.2.2 Analog multiplex group and supergroup interface. To accommodate the

interfacing of analog multiplex groups and supergroups not standard to the system to
which it is interconnected, the station shall be provided conditioning equipment stringsas
outlined in paragraph 5.2.1.3.3. In instances in which long haul and tactical systems are
interfaced at the analog multiplex group or supergroup level, the conditioning equipment
strings shall be located within the long haul station. The known analog multiplex group
and supergroup operating parameters of systems required to interoperate are listed in
MIL-STD-188-311 and ,MJL-STD-188-1OO, paragraph 4.4.3.3.

5.4.2.3 Digital multiplex interface. , Limited methods have been developed to
accomplish the interfacing of systems employing digital multiplex equ]pment of differing
modulation schemes, codes, levels, bit rates, and signaling methods. Certain automated
cross-connect equipment (paragraph 5.2.1.4.4) and digital channel efficiency equipment
(paragraph 5.2.1.4.5) may operate at and interface with a limited number of bit rates.
When such equipment isused ina station, it shall be configuredas specified in paragraph
5.2.2.3.8.

NOTE: As interfacing methods and equipment are developed, specific direction for
treatment of system interf~ce at thr digital multiplex level will be provided. Listed in
Figure 18 are the bit rst(’~ Qnd qua I]tity of traffic channels presently in use by various
military systems and by }~~rge commercial carriers. Figures 19 and 20 show interfaces
commonly available for user dat~ transmission in long haul TCFS.
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PORT CtiANN[LS

ELECTRICAL
RAT f CHARACTERISTICS OATA PORTS VF PORTS

CONDIT ‘D NON-RTN 5Y NC ASY NC * I5(X’ PCM CV5D
b/~ DIPHASE TO-ZERO

L35 x x

375 x x
4545 x x
50 x x x
568 x x
61 12 x x
74 z x x
75 x x x x x
110 x x
150 x x x x x
300 x x x x
600 x x x x
IZilcl x x x
2400 x x x
4800 x x x
7200 x x x
8000 x x x
9600 x x x
!44k x x
1 6k x x x x
192k x x
3Zk x x x x
64k x x x x

AGGREGATE (DATA TRUNK) CHANNEL
7

1 2k x x x
2 4k x x x
4 8k x x x
9 6k x x x
144k x x
1 6k x x
32k x x
5@k x x x
56k x x x
64k x x x
128k x x
192k x x
256k x x

L

FIGURE 19 Low speed (LSTDM) mterfece chwoctemtlcs— ——
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RAT E

b/s

%35
37 5*
45 45+
50 O*
56 8*
61 12*
74 2*
750
110
1345
150
300
600
1200
1800 ●

2000 *
2400
3600 *
4800
7200 *
8000
9600
16k
192k*
32k
Sok *
56k
64k
128k
192k
256k
384k
512k
768k
1544k
2048k

ELECTRICAL
CHARACTERISTICS

NON-RTN CONDIT”D
TO-ZERO DIPHASE

x
x
x
x
x
x
x
x x
x
x
x x
x x
x x
x x
x
x
x x
x
x x
x x
x x
x x
x x
x x
x x
x
x
x x
x
x
x x
x
x x
x
X (BIPOLARPREFEIWD

(BIPOLARONLY)

TIMING MODES
v

SY Nc ASY Nc ISOC**

x
x

x
x x
x

x
x

x x x
x
x

x x x
x x x
x x x
x x x

x x
x x

x x x
x x

x x x
x x x
x x
x x x
x x
x x x
x
x
x
x
x
x
x
x
x
x
x
x 1

*No~pR~~[RRE() RATES **ISOCHRONOUS RATES EKLOW 2400 B/S ARE LSTPM

FIWI?E Z() Long tmul user det8transmlss~on ch8rectwlstlcs

http://www.abbottaerospace.com/technical-library


hllL-STD-

5.4.3 Supervisory signalin~. TCFS required

188-154

to interconnect with other TCFS or other
interconnection points of different systems shall be capable of interfacing with in-band,
common channel, or E&M supervisory signaling methods.

5.4.3.1 In-band signaling. Interconnection of circuits employing in-band signaling shall
retreated in the following manner.

a. TCFS shall not translate the in-band supervisory signaling tones of circuits
interconnected on a VF basis to standard signaling tones of their system when such
circuits do not terminate at TCFs within their system.

b. TCFS shall translate nonstandard in-band signaling tones of circuits inter-
connectedon a VF basis to standard signaling tones employed in their system when such
circuits terminate at TCFswithin their system. Translation of the in-band signaling tones
shall take placeat the point of system interconnect.

c. In-band signaling parameters SF tone conditions

SIGNAL

ON-Hook

off-l-look

5.4.3.2 E&ll Si nalin
~“E&M signaling are Isted

On-Hook
Off-Hook

TONE OPERATION LEAD CONDITION

ON Sending M Ground
Receiving E Open

OFF Sending M Battery (-48V)
Receiving E Ground

SF Tone Level
Idle -20dBh10+ 1.5dB
Pulsing -8dBM0 T1.5dB

The interface parameters for interconnected circuits employing
below.

E Lead M Lead

Open Ground
Ground Battery

(-48 Volts~5 volts)

5.4.4 Cable entry panel. Fixed TCFS required to interconnect with tactical TCFS
located within their immediate vicinity shall be providedan outside cable entry panel on
which to terminate paired cables used for interconnect. The cable entry panel shall be
located in an area that will allow transportable vehicles, housing tactical TCFS, to park
~long side the fixed TCF building and have ready access to the entry panel.

5.5 Station power. The TCF shall be provided an efficiently designed power generating
source, auxiliary power source, and power distribution system to accommodate its
technical ~nd non-technical requirements. The standards and conditions under which
station power shall be provided are contained in the following paragraphs.

5.5.1 Safety. All T~F electrical power subsystem installations shall adhere to all
applicable regulations of the National Electrical Code, NFPA 70-1987, and applicable
~tigui.itio(~> ilti}JC)SCdL) Llic llu~t ,~aii,.JII.
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5.5 Requirements.
‘;

5.5.2.1 Primary and auxiliary power. The TCFS shall be provided primary and auxiliary
power, in accordance with the applicable guid~nce and recommcnchtions cited in
MIL-HDBK-411.

5.5.2.2 DC supplies and no-break power. The TCF shall be provided with sufficient DC
power supplies both in quantity and capacity to satisfy all DC power requirements for the
equipment insta Iled and to allow for future requirements, Supplies shall be provided in all
voltages necessary to support facility equipment and, whenever required, to support
separate RED and BLACK systems. The equipment comprising the critical technical load
within the TCF shall be supplied with no-break power. Such no-break power shall be
supplied from a battery float system contained within the facility. The capacities of this
system shall be sufficient to maintain the critical technical load in operation for at least
60 minutes for attended locations and 8 hours for unattended locations. Certain
equipment items with critical power requirements in excess of these times may be
equipped with their own internal uninterruptible
be required to meet this standard but shall, as a
backup as weight and space constraints permit.

power supplies. Tactical TCFS shall not
desirable feature, hove as much battery
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6. NOTES

6.1 Subject term (key word) listin~.

Access
Conditioning
Multiplexer
Orderwire
Patch
Patch by
Quality control
Signaling
System control
Technical control
Test
Transmission
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PI{OPOSED MIL-ST17-188-154

APPENDIX A

Under Secretary of Defense Memorandum

10. General. This appendix is a copy of The Under Secretary of Defense (Research and
Engin-” memo which makes the use of MIL-STD-188-154 mandatory for use by all
Departments and Agencies of the Department of Defense.

10.1 Under Secretary of Defense (Research and Engineering) memorandum.
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THE URJOER SECRETARY of DEFENSE
WASHINGTON, O,C. 20301

HD40RANDU?4FOR ASSISTANT SECRETARYOF THE AM (INSTALLATIONS, LOGISTICS &
FINANCIAL tUNAGDfENT)

ASSISTANT SECRETARYOF THE NAW (SHIPBUILDING & LOGISTIC)
ASSISTANT SH3WTARY OF THE AIR FORCE (RESEARCH DE’VELOP._

& LOGZSTICS)
CCMMANDAN’I’OF THE MARINE CORPS
DIRE~OR, DEFENSE COMMUNICATIONS AGENCT
DIRECTOR, NATIONAL SECURI~ AGENCY

Smac : Mandatory Use of PI?ill~ Telecommunications Standards b the
MIL4TD-188 sarlM

On May 10, 1977, Dr. Gonld Dim-n, then Assistant Socreta~ of hfensa(csx),
issued the followlag poliay statamant regarding tbo mandaCory nature of th.
PKL-3TD-188 a-fie~ toloao~lcations standards:

n . ..standatis as a gmaml rule are now cited as ‘approv- for us.’ rather
than ‘mandatoq for USOo ~ the Dopartmant of Dafensa.

This deferenco to tho Judgwnt of tho designing and procur<~g agencies b
clearly appropriate to stantis dealing with process, componmt mggednass
and reliability, patit ftiishes, and the like. It 1s clearly not appropriate
to standiwds such as those im the MIL-sTD-188 series which address talec~ i-
cation ded.gn pamrnatars. ~eso hfluence the functional integrity of t@lecem-
mnlcatlon systems and theti ability t~ efficiently Interoperate with other
functionally similar Government and commercial systems. Therufar8, relevant
military sWtis ti tho 188 aories will contlnuc te b. mandatory for us.
withti the Department of Dofensc.

To mlnimizo the probability of misapplication of these standards, it is
incumbent upon tho deveiopors of tho MIL-STD-188 s~rias to tisura that each
standard 1s not only essential but of uniformly high quality, CISU and conci~o
aa to application, and wh~rever possible compatible with existing or proposed
national, international and Fedenl telecommunication sbndards. It is also

inaumbent upon the users of these standards to cite in tha~ procurement specifi-
cations only those standards which are clearly necessary to the proper functioning
of the device or system ovw its projected Ufeti.m.n

mls statement has hen reviewed by this office and continues to be the
poMcy of the Department of Defense.

~J’’/$~
.

w
b -’,
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APPENDIX B

General ~escriptionof Technical Control Facility Funct ons and Equipment

10. General. This appendix provides addition~l general information on the organization
~nd functions of technical control facilities. Brief descriptions of common technical
control equipment items are also included. The information contained in this appendix is
not mandatory.

10.1 Facilitv capabilities. Technical control and patch and test facilities fire configured
and engineered to enable technical controllers to utilize the full capabilities of the
equipment and personnel resources, through the efficient performance of the dajl~
functions of coordination, technical direction, technical supervision, fault isolation?
restoral and status reporting. Effective accomplishment of these functions requires a
well designed critical control and orderwire communications network between the
transmission facilities and the technical control facilities, between technic~l control
facilities, and between the technical control facility and subordimite patch and test
facilities. These facilities, taking into consideration the missions of the military
departments, are designed to achieve the optimum standardization of equipment in terms
of layout, procurement specifications, operating procedures, trsining, manning guidelines,
and technical control functions. These facilities are designed to enable the technical
controller to effectively satisfy the following responsibilities:

a. Know the status and quality of designated transmission links, trunks, circuits,
and communications equipment under the TCF’S technical direction or supervision.

b. Take immediate action on any deterioration or failure of communications
systems or equipment causing degradation of, or loss of, service to the users.

c. Expeditiously restore service to users, both DCS and non-llCS, by proper
means in accordance with established restoration priorities.

10.2 Overview of technical control system concepts. Technical control systems are
actually subsystems within the telecommunications systems they are intended to control--
from both the organizational and physical points of view. Organizationally, they consist
of the personnel throughout the system assigned the responsibilities of performing the
technical control functions. The organizational structure contflins the eIements of
supervision and line responsibility, and its configuration is determined by the network plan
of the telecommunications system. The physical structure consists of technical control
facilities and patch and test facilities in a hierarchical arrangement that permits the
organizational structure to function properly. In principle, the technic~l c~ntrol system
occupies an intermediate position between system m~nagement and system user% This is
reflected organizationally in that system management establishes technical control policy
and exercises direction over the technical control organization. The technicnl control
facility carries out the policy established by system management, responds to man~ge-
ment directives, ~nd furnishes management with the in for,nation it requires to perform
the management objectives. The system users demand (in the technical sense) service,
and the technical control ennbles the telecommunications system to provide this service.
The technical control nlso pro~fides information and instructions to users coneernint~ th~
use of the telecommunications system ~nd routine and emergency opera tiorml mfitters.

10.3 System control. The functions performed by technical control f~cilities are in
support of the hi~her lPVP1 wfils of svstem control. s~~qtem pontr,>] is the fljn(?tion whirh

\

http://www.abbottaerospace.com/technical-library


MII.-STD-188-154

ensures user to user service is maintained under changing tr~ffic conditions, user

rcquire:nents, n~tur[~l or moninade stresses, disturbances, and equipment disruptions on a
near term bnsis. System control eneomptisscs the following interrekted functions 9S
specified in DCAC 310-70-1.

(3. Facility surveillance, which provides real tilne equipment, transmission
network and terminal data concerning the status of the system, network, ~nd facilities,
and their negr term performance over a period of time. It also includes associated near
term dtita reduction and analysis to support near term network ~nd technical control. It
provides data to support mid ~nd long range system management, engineering operation
and maintenance.

b. Traffic surveillance, which provides real time data concerning systems and
network loading, data processing queue status, message back log, and buffer fill rate datn
~nd other measures to describe system, network and or faciIity congestion and traffic
load. It also includes associated near term data reduction and ~nalysis to support traffic
control. It provides data to support mid and long-range system management engineering,
operation, and maintenance.

c. Network control. which includes real time and near term control of switched
networks and associated transmission circuitry; reconstitution, restoral, and extension
supervision; and satellite system and payload control, and resource allocation.

d. Traffic control, which includes real time and near term control of traffic flow
and routing, such as code cancellation, code blocking, alternate route cancellation, line
load control, and user prioritization.

e. Technical control, which includes real time transmission system co~ “guration
control, quality assurance, quality control, alternate routing, patching, testing, directing,
coordinating, restoring, and reporting function necessary for effective maintenance of
transmission paths and facilities.

10.4 llel~tionships to other syste,ms and facilities. The TCF serves as the focal point
for connection to all types of users and different systems. For example, the TCF provides
the interface between long haul and t~ctical communications systems. An example of this
application might allow tactical users separated by long distances to communicate using 8
fixed TCF as a gateway to the long haul communications networks. TCFS serving at nodal
locations typically provide major reconfiguration and restoral capabilities on a system
basis. Figure 21 ]Ilustrates these gateway and nodal functions as they might be performed
in 8 large network. Within tflese large networks, many large subsystems (such as
telephone switches, message switches, s~tellite terminals, etc. ) are provided their own
patching ~nd testing capabilities. These capabilities are provided in 8 pntch and test
facility (l’TF). Generally, 8 PTF is associated with e subsystem to a specific transmission
medium tind cont~ins all of the equipment needed to monitor and test that subsystem for
Inaintenance purposes. PTFs are also equipped with orderwires and intercom systems to
perform the necessary coordination within the overall technical control function.
Although patch and test fficilities nre actu~lly facilities for exercising technic~l control,
the term technical control facility is gener~lly reserved for the equipment sssembled at a
higher organizfltion~l level. The assembly of the equipment is arranged along certnin
formi~li~ed p,ltterns for the purpose of standardization ~nd interoperability throughout the
telecomrnunien tions system and with other telecommunications systems adhering to the
same st~nd~rds.
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Switch
PTF

FIGLIRE 21 S8mplelonghmJl 8ndt8rtlc81TCF connectw]tymalarge nf?twork
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10.5 T~F physicai configuration. While no stnndfirds exist for fticilitv physictil
configurations, T~”ITsare planned to optimize the location and interaction Iwtwct’n access
fnci)itics, orderwires, test centers, alarm systems, and the reporting find coordinating
position. A sample floor plan is illustrated in Figure 22.

10.6 TCF equipment descriptions. Technical control facilities frequently contain R
variety of equipment necessary to interface and interoperate with the syste,ms and users
they support. Brief descriptions of common equipment used for these purposes in TCFS
are contained in the following paragraphs.

10.6.1 Functional description of \’F terminating equipment. Functional descriptions of
VF terminating equipment are given below.

NOTE: These brief descriptions are provided for immediate reference. II IL- II DBK-414
provides additional detailed in form~tion on many of these items.

10.6.1.1 E&hl signaling extension circuits (I) X-I and DX-2). These signaling extension
units are designed to interconnect two signaling and supervision circuits when the metallic
resistance between users exceeds operational limits. The units are also used to
interconnect an E&M signaling circuit to a dist~nt trunk circuit which uses dual frequency
signaling. E&M signaling extension units are usually required where the connecting
facility (cable) resistance exceeds 25 ohms (50-ohm loop). Two types of DX units are
used. DX-I units are designed to accept standard E&$l sign~ls, while DX-2 units are
designed to provide a source of E&M signals.

10.6.1.2 Pulse-link repeater. The pulse-link repeater connects two signaling circuits
using E&M leads by converting an incoming E-lead potential to an outgoing M-1ead
potential in both directions of transmission. The pulse-link repeater does not connect to,
or affect, the talking path; it is connected in the signaling path only. .

10.6.1.3 Single frequency signaling unit (SFSU). SFSUS are designed to pass signals over
the VF path of access lines without impairing their use for speech. They deliver and
accept DC signals in the form of E&h! control leads. The two-state DC sign~ls on the
M-lead are converted to on-and-off 2600 HZ VF signals on the transmitting voice path.
The on-and-off 2600 HZ VF signals received at the distant terminal are converted to
two-state DC signals on the E-lead.

10.6.1.4 Dual frequency signaling unit (DFSU). DFSt~s are used as in-band signaling
devices for 4-wire VF circuits of the DCS. Primary applications will be on 4-wire user
access lines, P13X access lines, and interswitch trunks of the overseas 4L1T0\’ON. The
DFSUS provide conventional E&\? (supervisory and dial pulse) sigrmling functions on
4-wire telephone circuits through the use of two in-band signaling tones, 2600 Hz and
2800 Hz. The unit incorporates a method to verify an off-hook condition and to provide
end-to-end alarm indications when abnormal signaling conditions are encountered or when
the associated circuits are taken out of service for maintenance purposes. The DFSUS
additionally provide immunity to certain signaling anomalies which tiffeet the convent-
ional SFSUS.

10.6.1.5 E&M to 20 }Iz converter. The E&hl to 20 Hz signal converter sends signals over
the fl lend to 26flfl’2Rf10 il.z signnlir]g equipment when a ?0 117. si~n(~l is rcreived from a
ringdown circuit. TIIe unit filso receives signals over an ~ le~d fro[n si~nf]ling equipment
and trtinsmits 20 IIz signnls to the ringdown user circuit. This equipment ran be srr~nged
(0 ()/){ ’f ’i[( *i;I’I .\l~(l/lli[i~ f[’L’\/\Jl, /i(”i {’> LJI:lL’1 [jitlfl ~- “ ‘(/ 11/. Wtitlupll o:.
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10.6.1.6 E&Nl loop converter (E&M to n~)e The dinl loop to E&lI’I converter provides

complete access between a central office and a di~l us~r instrument ovt:r H carrier
channel. There are two versions of this unit. One is called the central office dial loop to

E&I?l converter; th)s unit receives 20 }lz from the centr(il office tind ~onrcrts the 20 }Iz
signal to an M lead seizure for input to an SFSU or DFSU in the outgoing direction, and
presents a closed loop to the central office when the E-lead from the Si’S[’ or DFSU
indicates an incoming call. The other unit is called a subscriber dial loop E&l! converter.
This unit recognizes a closed loop when the user goes off-hook and indicates seizure to
the M lead and converts dial pulses to M lead pulsing of the Sl%U nnd PI%U. When a call
is coming in to the subscriber, the E-lead causes a 20 Hz ringing signal to be sent to the
end instrument.

10.6.1.7 Amplitude equalizer. An amplitude equalizer is a corrective network which is
designed to make the amplitude characteristics of a circuit or system substantially equal
over a desired frequency range.

10.6.1.8 Delay equalizer. A delay equalizer is a corrective network which is designed to
make the phase delay of a circuit or system substantially linear over a desired frequency
range.

10.6,1.9 Two-wire/4-wire terminating set. To interconnect a 4-wire transmission path
to a 2-wire transmission path, a 2-wire/4-wire terminating set is used. On the 4-wire
side, the impedance of eaeh p~ir is 600 ohms. By strap options, t+e two-wire side can be
made to match a variety of common cable impedances.

10.6.1.10 Repeat coil. A repeat coil is a transformer used for
transfer from one circuit to another. The coil is used to match
maximum transfer of energy or to connect unbalanced equipment

voice frequency energy
circuit impedances for
to 9 balanced line. The

coil can be used
Loop signaling or
line side.

10.6.1.11 Pad.
attenuation~d a

to provide DC isolation of telephone lines from the office facilities.
supervisory leads can be derived from the midpoints of the coil on the

A pad intended for use in VF balanced circuits provides adjustable
constant input and output impedance of 600 ohms.

10.6.1.12 VF amplifier. Amplifiers intended for use in VF-balanced circuits provide a
600 ohm constant input and output impedance with continuous adjustable gain from O to
35 dB. .

10.6.1.13 Echo suppressor. .4n echo suppressor is a device that detects signals (such as
speech) transmitted in either direction on a 4-wire circuit, and introduces loss to suppress
echoes resulting from hybrid network feedback. A controlled suppressor is switched in or
out by a control circuit to enable or disable its normal function. A fixed suppressor is
enabled at all times, hence it does not require a control circujt arrangement. .411 echo
suppressors have a unidirectional send, a unidirectional receive, nnd a bidirectional st~te.

10.6.1.14 Echo canceler. The echo c~nceler differs from an echo suppressor in that it
digitally computes 8n echo ~stim}{te which is then subtracted from the return-path signal

rather th~n attenuatin~ the signal. The canceler located on the ne~r-end of the eirruit
works for the far-end subscriber.

-.
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devices are located on the line side of a manual VF’ user
or greater and they would not interfere with signaling.

access if the TLP there is -2 dB
Otherwise, they are installed on

the-equipment side of a m~nual transmission access. They may be physically locnted on
the corresponding terlninal board on the distribution frame.

10.6.1.16 Six-way/4-wire bridge. This device provides a con ferencing capability for 6
each 4-wire telephone circuits. The bridge is installed on the equipment side of the
tr~nsmission access.

10.6.1.17 Multi-function conditioning equipment. In some cases, multiple VF circuit
conditioning functions may be provided on a single circuit board or plug-in module. This
equipment may combine such functions as the SFSU, amplifier, pad, and 2-wire/4-wire
terminating set. Using such multi-function equipment in TCF programs can result in
lower cost, smaller spsce req[lirements, and, in some cases, less power consumption.

10.6.2 ~icita] eonditionina equiplnento 13igital conditioning equipment is used to
interface various types of digital users to the IICS. This equipment is usually connected
between the digital user access and digital transmission access . Functional descriptions
of some digital conditioning equipment are given below.

NOTE: MIL-HT)BK-414 provides additional information on application and performance
characteristics of digital conditioning equipment.

10.6.2.1 Level converters. Level converters are devices used to change signal levels
from one electrical interface standard to another.

10.6.2.2 Unbalanced/balanced converters. A device used to convert unbalanced
transmission lines to ba18nced transmission lines and vice versa.

10.6.2.3 Isolators. A device inserted into a circuit or transmission line to prevent or
reduce unwanted interaction between circuits on each side of the insertion point.

10.6.2.4 Cable line drivers. Line drivers are used to extend the distance over which
data may be transmitted on metalIic transmission lines.

10.6.2.5 Regenerative repetiters. These devices are used to retime and reshape digital
signals for transmission. These units are usually designed for a specific range of data
rates ~nd specific signaling codes and are intended for use before signals reach or exceed
the maximum accept~ble distortion limit.

10.6.2.6 Digital hubbing repeater. This device shall enable a predetermined group of
users to operate such that if any one user transmits a ,message, it shall be received by all
others in the group. This device shall allow any user to transmit as long as only one
station is transmitting at any particular moment. The hubbing repeaters may be used as
the interface device between a send only device and several receiving terminals.

) f-,
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International stond~rdization agreements. Certtiin provisions of this standard are the
subject of international standardization agreements STANAG 4206 through 4214. When
amendment, revision, or cancellation of this standard is proposed which will modify the
international agreement concerned, the preparing activity will take appropriate action
through international standardization channels including departmental standardization
offices to change the agreement or make other appropriate accommodations.
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