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STUDENT OUTLINE
ANNEX F – WIRE & MULTICHANNEL RADIO
6.12 - AN/TRC-170
Learning Objectives:

a. Terminal Learning Objectives: 
1) Provided a communication planning requirement, local SOP, and references: Interact with staff personnel to ensure that all communication requirements are provided for and that all documents are prepared per the references.  (2591.1.10)

2) Provided task description, commander's guidance, and references: Supervise administrative functions to ensure effective and timely control of communications systems operations and support for management control and decisions.  (2591.1.12)

3) Provided a mission, concept of operations, commander's guidance, and references: Conduct the planning and development of structured system block diagrams which integrate all MAGTF tactical networks, systems, and equipment.  (2591.1.13)

4) Provided a mission, concept of operations, designated equipment, and references. Supervise the operation of a radio system in accordance with the references.  (2591.3.6)
b. Enabling Learning Objectives: The Senior Course Training Section (SCTS) has received permission to omit published ELOs from its student handouts. SCTS will continue to follow the ITS process in that the Program of Instruction (POI) will be used to determine training requirements, and that all tests administered will follow the ELOs contained within the appropriate POI. All material within the lessons will continue to support the POI and ITSs.
OUTLINE:

1. General Description.  The Radio Terminal Set AN/TRC-170 (V5) is an air or ground transportable troposcatter (tropo) microwave radio terminal. The terminal provides secure digital trunking between major nodes of a TRI-TAC/ATAC communications network. The multichannel radio terminals interface with other TRI-TAC/ATAC systems, such as a tactical communications control facility (TCCF), assemblages of digital group multiplexing equipment or various switching facilities. V5 terminals are also used in stand-alone applications; that is, as a transmission link not associated with a technical control or switching facility. Such a link might carry dedicated circuit subscriber traffic to include voice channels, facsimile, teletype or telemetry.

2. Characteristics of the AN/TRC-170 (V5):      

a. Operational Capabilities - The radio set provides full duplex (simultaneous send and receive) communications.

b. Frequency Range - 4.4-5.0 GHz. (4400 – 5000 MHz)

c. Bandwidth Usage - 3.5 - 7.0 MHz

d. Frequency Spacing - The transmitter and receivers are tunable in 100 KHz increments.

1) 6000 useable frequencies.

e. Modulation - Quadrature phase shift keying (QPSK) or biphase shift keying (BPSK) determined by the mission rate.

f. Modes of Propagation - The amount of transmitted energy that actually enters the receiver is dependent to a large extent upon the mode or combination of modes of propagation over the transmission path.  The three modes of the AN/TRC-170(V5) are:

1) Line-of-sight (LOS) - (0-10 nautical miles) This is used where both terminals are visible to each other and there are only minor obstructions.

2) Obstacle Gain Diffraction (OGD) - (10-40 nautical miles) This mode is used where the terminals are not visible to each other but there is a common obstruction visible to both terminals.  This obstruction is used for signal diffraction.

3) Troposcatter (TROPO) - (40-100 nautical miles) This is used where distance and/or obstructions make line-of-sight transmission impractical. Scattering of radio waves into the atmosphere forming an area of common volume where the majority of the energy is reflected to the distant station by collision, etc.  Narrow beam width antennas and high sensitivity receivers are needed for this mode.

g. To determine the modes to be used, the following hints may be helpful:

1) If a path line can be drawn between two site points on a profile, the line-of-sight mode is a possibility.

2) If the sites are beyond line-of-sight by a few miles or if the clearance is small, obstacle gain diffraction mode may be successful if the terrain is not overly rugged.

3) Troposcatter is satisfactory from 40 to 100 miles, provided the antenna angle is not too great.  For greater distances, the antenna angle should be from 0 to 1 degree for best results, and operating in high power tropo.

h. Operating Range - 0-100 nautical miles.

i. Transmitter Output Power - The transmitter can provide output power from 1/4 watt to 1.8 kilowatts, with the use of a power amplifier.

j. Antennas - The radio set employs two 8-foot parabolic (dish type) antennas, each mounted on a 12-foot tripod. One antenna is used for transmitting and both may be used for receiving; however, either antenna may be used for transmitting or receiving.

k. Diversity - Two identical receivers are available for non-diversity or dual diversity operation.

1) Non-Diversity: Non-diversity is used when only one antenna is used for both transmitting and receiving.

2) Dual-Diversity: Dual-diversity is used when two antennas are receiving, and one antenna is transmitting.

l. Power Requirements - The AN/TRC-170(V5) input voltage requirements are 120/208 VAC at 50, 60, 400 Hz, three phase, 10 KW without air conditioner, and 15 KW with air conditioner. The generators and air conditioners for the radio terminal set are not issued as part of the system. All four components of power must be present for the system to operate.

m. Multiplexing - Supplied with elements of the digital group multiplex (DGM) equipment operating with 16/32 Kb/s channel hierarchy and 2304 Kb/s maximum individual group input rate, with 2304/4608 Kb/s maximum supergroup output rate.

n. Orderwire - The AN/TRC-170V(5) is capable of supporting all three orderwire types, however, the Marine Corps does not utilize the DOW.

o. Timing References - Rubidium Standard, Mission or Group.

p. Traffic Capacity - Individual digital channels at 16/32 Kb/s, individual analog channels, or a mixture of both, up to 144 channels or 2304/4608 Kb/s at TRI-TAC and ATACS group rates.  

q. Station Configuration - The system may be employed as a terminal site or as a relay site. The relays are determined by mission requirement.

r. Cryptographic Equipment - It should be noted that Cryptographic equipment performs two functions at the same time.  (Encryption is a two-way street)

1) If a cryptographic device is used to encrypt the outgoing signal, then it is also decrypting the incoming signal.  

a) Example:

1. If a cryptographic device is being used at the local end to encrypt the transmitted signal, the distant end MUST also use a cryptographic device to decrypt the encrypted signal that is being received.  

2. If the cryptographic device on the distant end is decrypting the received signal, then it MUST also encrypt the transmitted signal.

3. If the distant end is encrypting the transmitted signal, then the local end MUST decrypt the encrypted signal that is being received.

4. If the device on the local end is decrypting the received signal, then it MUST also encrypt the transmitted signal.

5. Go back to step 1. to continue the loop.

2) TSEC/KG-194 (TED) - There are two. One is used to encrypt/decrypt the super-group output. The other is used to encrypt/decrypt input group 1 of the Trunk Group Multiplexer (TGM).

a) The TED that is responsible for encrypting/decrypting the input to port 1 of the TGM will only be used when the group patched to port 1 has been previously encrypted by the switch or other external DGM equipment.

3) TSEC/KY-58 - Used to encrypt/decrypt the Digital Voice Orderwire.

3. Microwave Communications.   The term microwave is defined as "an electromagnetic wave that has a frequency higher than 1000 MHz".  These frequencies are found in the UHF, SHF, and EHF range. 



UHF
300 - 3000 MHz



SHF
3,000 - 30,000 MHz  (3 – 30 GHz)



EHF
30,000 - 300,000 MHz  (30 – 300 GHz)

a. Advantages:  There are two main advantages to microwave communications. They are:

1) Availability of Channels - Because the frequencies in the lower frequency spectrum (HF, VHF, UHF) are used in military and  civilian communications, they are saturated. This means that there are very few open channels available.  The opposite is true for the frequencies included in the SHF range, therefore a great number of open channels are available for use.

2) Directional characteristics - Each antenna has maximum energy radiation and reception within a two (2) degree width for the main lobe (beam).  This is an advantage for two main reasons:

a) Greater Range - Due to all the energy being transmitted in a two (2) degree beam vice omnidirectionally, you can achieve greater range with the same amount of power.

b) Security - Because we are not transmitting in all directions at once, the enemy's attempts to find our transmitter by direction finding (DF) are greatly reduced.

NOTE:  Safety precautions do not allow you to stand in front of the antenna due to the radiation pattern being maximum to the front (hazard zone), although radiation to the sides is minimum.

b. Disadvantages:  There are three main disadvantages to microwave communications:

1) Range - Microwave systems have greater line-of-sight range over other LOS equipment. Because the basic operation of microwave equipment is line-of-sight, the range becomes a disadvantage.

2) Equipment required - Microwave communications requires the use of:

a) High power transmitter (1 KW and more) on longer paths.

b) High gain sensitive antennas that require extreme care and proper erection during installation. The antennas must be aligned exactly on the desired azimuth or communications will not be established with the distant station.

c) External power source (generator) which is normally trailer mounted and is towed by the prime mover, which presently is the 3/4 ton truck.

3) Extensive operator training - Highly skilled operators are needed due to the complexity of the equipment.

4. Mounted Components of the Radio Terminal Shelter Group OW-91/TRC-170(V5):    
a. Electrical Equipment Shelter S-666/TRC-170(V5) - Houses the major components of the system. It is a modified S-250 shelter.

b. Power Distribution Unit (PDU)  - Contains controls, indicators, and meters used to control and monitor primary power in the V5 shelter. Controls distribution of primary power throughout the shelter.

c. Surge Protection Fault Assembly - Used to provide protection for primary power line surges.

d. RF Amplifier AM-7221/TRC-170(V) - Commonly called the High Power Amplifier (HPA). Used to amplify the RF to at least 1 KW.

e. Transmitter Amplifier-Converter AM-7027/TRC-170(V) - Commonly called the Up converter. Converts the 70 MHz output of the modulator up to C-Band, then amplifies and filters the resulting RF for output to the HPA.

f. Electrical Frequency Synthesizer SN-53/TRC-170(V) - Commonly called the Dual Frequency Synthesizer. Provides stable outputs in the 4.47 to 5.07 GHz range.  These outputs supply local oscillator signals to the up converters and down converters.  The reference frequency for the synthesizer is generated by a highly stable, rubidium standard contained in the tropo modem modulator.

g. Receiver Amplifier Converter AM-7026/TRC-170(V)  - Commonly called the Down converters. Each of the down converters provide pre-selection, amplification, and post-selection of the received microwave signal.

h. Noise Source - Used to inject noise into each receiver front end when noise tests are being performed on each down converter.

i. Demodulator-Modulator Group OM-71/TRC-170(V) - Commonly called the Tropo Modem.  This group includes the Transmit and Receive Modem.  Contains a rubidium timing standard which provides a highly stable frequency reference.  This standard provides timing reference for the demodulator and is the reference standard for the dual frequency synthesizer. This standard can also be selected to provide master timing for the modulator.

j. Transmit Modem - Commonly called the Tropo Modem Modulator.  Multiplexes mission data, digital voice orderwire and up to four data orderwires into a data stream which modulates a nominal 70 MHz Intermediate Frequency (IF).  The 70 MHz IF drives the up converters. The Tropo modem modulator determines type of modulation, either quadrature phase shift keying (QPSK) or Biphase Shift Keying (BPSK).

k. Receive Modem - Commonly called the Tropo Modem Demodulator.  Performs the inverse function of the modulator.  Specifically, it recovers the baseband data from the two down converters. This function is performed using timing and control signals from the tropo modem modulator.

l. Low Voltage Power Supply PP-7905/TRC-170(V) - Commonly called the LVPS-2.  Provides DC voltages, -5.3, +5.3, -15, and +28 volts, for system use.

m. Trunk Encryption Device (TED) TSEC/KG-194 - These are not part of the AN/TRC-170(V5) Radio Terminal Set.  They are issued on a mission requirement basis.  TED 1 performs full duplex encryption/decryption of supergroup mission traffic.  TED 2 performs full duplex decryption/encryption of group 1 mission traffic.  One or Two TED's are used as required.

n. IF Test Panel - Contains two independent circuits, a loop back circuit and an antenna alignment circuit.  The loop back circuit provides a calibrated means of applying the tropo modem modulator IF output to any one or any combination of tropo modem demodulator inputs.  The antenna alignment circuit converts the level of an IF signal at 69.12 MHz to a dc voltage level proportional to the log of any one of four IF signal levels.

o. Heater Assembly - Provides heat to the shelter equipment to enable turn-on during extreme cold weather conditions. Heating elements are turned on when the shelter temperature is -46C (-50F) or lower.

p. Low Voltage Power Supply PP-7704/TRC-170(V) - Commonly called the LVPS-1.  Provides DC voltages, +28, +5.3, +15, and +28 volts, for system use.

q. Baseband Patch Panel - Used to reconfigure the V5 shelter equipment based on mission requirements. This is the interconnection distribution point for data and timing. A total of 147 patch jacks are provided.

r. Multiplexer TD-1235(P)/TCC - Commonly called the Loop Group Multiplexer (LGM).  Each LGM operates in a full duplex mode and multiplexes up to 16, four wire 16 or 32 Kb/s conditioned diphase digital inputs on the line side into one balanced NRZ digital group on the equipment side.  Up to two miles of WF-16 field wire can be used on the line side.  The LGM will accept and transmit voice frequency analog signals if analog applique units are substituted for the digital loop modem CCA's.  The LGM supplies power to subscriber digital instruments (i.e. KY-68 secure telephone) operating in the common battery mode.

s. Digital Data Modem MD-1026(P)/G - Commonly called the Group Modem (GM).  Each GM operates in a full duplex mode and interfaces up to four groups of digital mission traffic and orderwires with the AN/TRC-170(V5) Radio Terminal Set.  The modem converts conditioned diphase signals on the line side to balanced Non Return to Zero (NRZ) digital groups on the equipment side.  Using CX-11230 coaxial cable on the line side, each GM will operate 5 miles max. at 576 Kb/s, 1 mile max. at 2304 Kb/s, and 0.5 mile at 4608 Kb/s.  The GM interfaces analog voice orderwire, digital voice orderwire, and Digital data orderwire.

t. Multiplexer TD-1236/G - Commonly called the Trunk Group Multiplexer (TGM).  The TGM operates in a full duplex mode and multiplexes up to four groups of digital traffic at various data rates into a supergroup.  It demultiplexes a supergroup into separate groups at their original data rates. The TGM is capable of controlling a TSEC/KG-194 cipher device on the supergroup side and on port 1 of the group side.

u. Dedicated Loop Encryption Device Patch Panel - Commonly called the DLED Patch Panel.  Bypassed for Marine Corps use.

v. Alarm Monitor BZ-250/TRC-170(V) - Commonly called the Communications Equipment Support Element (CESE).  It monitors internal equipment status indications provided by built-in test equipment (BITE) associated with each of the major components of the AN/TRC-170(V5) Radio Terminal Set.  The status indications are presented in the AN/TRC-170(V5) shelter by a centralized equipment status display which is part of the monitor front panel.  It also generates a status telemetry message but is not used by the Marine Corps.  Included on the alarm monitor front panel are controls and indicators used for AN/TRC-170 system test and antenna alignment.

w. Orderwire Control Unit C-10602/TRC-170(V) - Commonly called the Voice Orderwire Control Unit (VOCU).  The VOCU provides the local operator voice access to the 16 Kb/s digital voice orderwire system via a Vinson key TSEC/KY-58. The orderwire control unit can generate and receive signaling codes which are used to ring between stations. This assembly also provides the interface to the remote orderwire control unit (ROCU).

1) Analog Voice Orderwire - Commonly called the AVOW.  This provides unencrypted voice interface with analog voice orderwire channels of the group modem (GM). 

a) The AVOW capability is provided for each of the four groups of the MD-1026.

b) The AVOW does not connect to the radio side of the terminal.

2) Digital Voice Orderwire - Commonly called the DVOW. Secure DVOW available on both the cable and RF path sides of the terminal.

a) Each Diphase Group Modem Module of the MD-1026 provides a DVOW line.

b) Access to a DVOW line is through the voice orderwire control unit.

3) Data Orderwire - Commonly called the DOW. Used in conjunction with the alarm monitor of the terminal.

a) 2 Kb/s comprised of 20 character message blocks that contain status and performance information on the terminal

b) The DOW can be secured by use of a KG-84

c) USMC AN/TRC-170(V)5 does not use this 
function.

x. Vinson Key TSEC/KY-58 - Used to encrypt/decrypt orderwire traffic from the VOCU. It is located within the Orderwire Control Unit.  These are not part of the AN/TRC-170(V5) Radio Terminal Set.

y. AC-to-AC Converter - Commonly called the AC Converter. This is used to convert 208 volts, 3-phase, 50 to 400 Hz to a 280 volt (peak line-to-line), (255 volts rms), 3-phase, 400 Hz quasi-square wave output voltage.  This output voltage is used to drive various cooling fans within the shelter equipment.

5. Entrance Panels of the AN/TRC-170(V5): 

a. Power Entry Panel - Allows hook-up of the primary power, ground cable, antenna deicers, environmental control unit (ECU), and accessory equipment.  There are also primary circuit breakers for the primary power, ECU, deicers, and convenience outlet.

b. Signal Entry Panel - Allows hook-up of the local channels of the LGM's, the groups of the GM, and the ROCU.

c. Waveguide Entry Panel - Allows hook-up of the waveguides so that signals may be sent to and from the antennas. 

6. Unmounted Components of the Radio Terminal Shelter Group OW-91/TRC-170 (V):  
a. Loop Test Set - Used to test the channels on the LGM.  It tests both analog and digital channels.

b. Antenna Accessory Kit - Provides the operator with patch cords, antenna alignment meter pocket transit, screwdrivers, and other equipment needed to install, operate, and maintain the AN/TRC-170(V5).

c. Remote Orderwire Control Unit (ROCU) - Used in conjunction with the VOCU.  This unit remotes the DVOW and equipment status.  

1) The DVOW is not encrypted from the VOCU to the ROCU. 

2) The ROCU can be remoted up to 1/4 mile.

7. Transmit Signal Flow:  

a. The subscribers will be connected to the AN/TRC-170(V5) by either CX-11230 cable (when the subscribers have already been multiplexed by an external multiplexer) or slash wire (when the subscribers are connected as single channels). 

1) Subscribers that have already been multiplexed will be sent to the Group Modem (GM) for conversion to Non-Return to Zero (NRZ) format and removal of AVOW and cable-side DVOW. They will then go to the Trunk Group Multiplexer (TGM).

2) Subscribers that have not been multiplexed will go to the Loop Group Multiplexers (LGM) and multiplexed into a single group leaving the LGM's and going to the TGM.  

b. At the TGM up to four groups will be multiplexed into one supergroup, then sent to TED #1 for encryption of the supergroup.  

c. After encryption the supergroup enters the Tropo Modem Modulator, where it is first combined with the DOW and DVOW from the VOCU.  

d. Next, the supergroup is placed on a 70 MHz IF carrier signal generated from within the Modulator which is used to carry the supergroup through the radio side of the AN/TRC-170(V5). 

1) Before the signal leaves the Modulator a timing source is selected, either Rubidium Standard, Mission or Group. The signal is then sent to the Up converter.

e. The Up converter accepts the 70 MHz IF and it also accepts a reference frequency from the DFS which is between 4470-5070 MHz (70 MHz above the transmit frequency).  

f. The reference frequency is combined with the 70 MHz IF.  70 MHz from the reference and the 70 MHz IF are removed leaving the supergroup being carried by the transmit frequency.  

g. The SHF signal is then amplified to approximately 1/4 watt.

1) When using the Line Of Sight mode of propagation, the signal will be sent through the High Power Amplifier (HPA) with no amplification and be transmitted out of the antennas to the distant end. (Only 1/4 watt is required.)

2) When using the troposcatter mode of propagation, the 1/4 watt SHF signal will be routed to the klystron, located in the HPA.  Here the 1/4 watt will be converted to a low power output of approximately 700 watts or a high power of approximately 1800 watts and then sent to the antennas for transmission.

8. Receive Signal Flow: 

a. The signal is received as a super high frequency, frequency modulated signal between 4400-5000 MHz.  

1) This SHF signal is used as a carrier for the supergroup, which consists of subscriber intelligence, data orderwire (DOW), and digital voice orderwire (DVOW).

b. Each parabolic antenna will receive the incoming RF signal, then route it to the receivers through the wave guides.  

c. The RF signals will enter into separate Down converters (3A3A2 and 3A3A3 drawers).  

1) Each RF signal enters the pre-selector, where it only allows the operating frequency to pass into the receiver, and rejects all other undesired signals, noise or spurious frequencies.

d. The RF signal is then passed through two amplifiers for amplification then routed to a post selector to be filtered again.  

e. The RF signal is now sent to a mixer. 

1) Simultaneously the mixer receives a signal between 4470-5070 MHz (70 MHz above the selected receive frequency) which is constantly being generated from the Dual Frequency Synthesizer (DFS) (3A2 drawer).  

f. This signal is compared to the receive frequency, and an equal frequency from the 3A2 are removed, leaving behind only 70 MHz as an IF (Intermediate Frequency) carrier for the supergroup.

1) The 70 MHz IF signal from both Down converters will now be routed to the IF Test Panel (5A4). 

g. Here they will be split into four signals, Rec.1 being split into rec. #1 & rec. #2 and Rec.2 being split into rec. #3 & rec. #4.  

1) They are then sent to the Tropo Modem Demodulator (4A2) which first removes the 70 MHz IF carrier.  

h. Next, the Demodulator examines all four receive signals, averages the data bits, and sends on the average.   

1) Before leaving the Demodulator, the DVOW and DOW are removed from the supergroup and sent to the Voice Orderwire Control Unit   (VOCU) (7A3) to be used for orderwire communications.

i. The supergroup then leaves the Demodulator and goes to TED #1 for decryption. This feature may be bypassed if needed, using the Baseband Patch Panel (6A1).  

j. Whether the signal is bypassed or not, it will then enter the Baseband Patch Panel and be sent to the appropriate portion of the Digital Group Multiplexer (DGM). 

1) The Baseband Patch Panel is also used to combine AVOW from the Analog Voice Orderwire Panel (8A1) and DVOW from the VOCU with the subscriber intelligence as needed.

9. Safety: 

a. Safety precautions must be taken by personnel located in the vicinity of the activated AN/TRC-170(V5) Radio Terminal Set.  

1) Personnel must not be situated so that radiation from the transmitting antenna may possibly be in excess of the maximum permissible power density (ten milliwatts per square centimeter).

2) A very real danger is exposure to radiation from the transmitter port while its transmission line is disconnected.

3) This situation can easily arise during troubleshooting or other testing when efforts of personnel inside and outside the shelter are not coordinated.  Care must be taken to avoid energizing the transmitter while someone is standing in front of the open transmitter port or the parabolic antennas.

4) Transmitter ports on the front of the shelter must not be left uncovered during operation.  If a waveguide is not connected to the port, it must be closed by putting a plug in place.  This is to ensure that personnel will not be in any danger from radiation leaking out of the transmitter port during normal operation.

b. Restricted Zones:  

1) Restricted zones of potential radiation hazard are in the vicinity of the antenna, when the high power amplifier is in operation.  Personnel should keep in mind that the beam radiated from the front of the antenna may be adjusted thirty degrees in azimuth and up to fifteen degrees in elevation (ten degrees above the horizon and five degrees below).  A danger from radiation exists along the reflector longitudinal axis to a possible distance of 950 feet.

2) If the antenna angle is declined, the beam will intercept the ground region at a distance from the antenna, which depends on the amount of declination angle.  The potential hazardous range of distances from the antenna is taking a consideration of a height clearance of 5.25 feet for personnel.  The following information shows the zones of radiation hazard when operating in the tropo high power mode.


ANGLE
HAZARD ZONE
6-MINUTE ZONE

0
NONE
1 ft behind to 950 ft


-1
100-290 ft
1 ft behind to 100 ft & 290 ft to 950 ft


-2
50-290 ft
1 ft behind to 50 ft & 290 ft to 950 ft


-3
33-290 ft
1 ft behind to 33 ft & 290 ft to 950 ft


-4
25-290 ft
1 ft behind to 25 ft & 290 ft to 950 ft


-5
20-290 ft
1 ft behind to 20 ft & 290 ft to 950 ft



3) For an antenna with a zero degree horizon angle or less, the following precautions apply:

a) Personnel must avoid exposure in a cylindrical zone directly in front of the antenna aperture to a distance of 290 feet.  This zone contains points in which a power density of 10 milliwatts per square centimeter is exceeded, which is a hazardous condition. It is recommended that personnel not be exposed in this zone for any extended amount of time.

b) There is a secondary conical tapered zone in which the power density may be in the range of one to ten milliwatts per square centimeter.  It is recommended that personnel not be exposed in this zone for more than six minutes. If personnel must be exposed they must keep it to a minimum, due to the hazard zone listed in the table above.

c. Waveguides.  When handling waveguides, care should be taken to prevent denting them.  When a dent is present on a waveguide, that waveguide may only be used as receive only.  When transmitting through a dented waveguide, friction is caused and a hole will form at the dent.  This will cause the spraying of radiation out of the hole, thus creating a radiation hazard.

10. Grounding.  Before operating the AN/TRC-170 (V5) 
Radio Terminal Set, all equipment (AN/TRC-170(V5) Radio Terminal Set, generators), should be grounded. As in all electrical systems, good electrical bonding and grounding are required to obtain maximum operational efficiency from the system. Proper grounding is very important in order to prevent the danger of shock to personnel. During heavy rainfall, personnel should be alert for any leakage of water into the shelter. All equipment should be shutdown in this situation and the leak should be corrected. In desert conditions, the ground can be improved by watering the area around the ground rod and adding salt.

a. TYPES OF GROUNDS-

1) COMMON GROUND - 1 Foot wide, by 1 Foot deep.

2) DOUGHNUT GROUND - 1 Foot mound, with trench around the mound (1 Foot wide, 1 Foot deep).

3) STAR GROUND - 6 doughnut grounds interconnected.

11. Site Planning and Selection
a. Topographic Considerations:  

1) The general site area must be free of natural and man-made obstructions in the direction of transmission.  Trees, dense shrubbery, buildings, towers, cables, etc. absorb radiated power and distort the radiation beam pattern.

2) For beyond horizon transmissions, it is preferable that obstructions be at least 1 mile away.  For LOS propagation, a free path is required with sufficient clearance.

3) Preferably, the antennas should be placed where the terrain slopes gently downward toward the direction of transmission. Flat ground is useable, but any upward slope should be avoided.

4) When the antenna base plates must be placed on inclined terrain, their slope should not exceed 20 degrees.

b. Noise Interference Considerations: 

1) A site should be selected so that the antennas do not face nearby noise sources, for example:

a) Power lines.

b) Electric generators.

c) Hospital equipment.

d) Highways

e) Continuous aircraft activity.

f) Various types of appliances.

g) High speed computers.

h) Radar transmissions.

c. Site Considerations.  If the radio system is to be part of a communications complex, it should be placed on the fringe of the complex and ground shielded from high power transmitters. The antennas should be pointing away from the complex.

1) A site location near other communications equipment is not recommended because of the possibility of mutual interference.

d. Soil Conditions. Extremely soft soil, sand or rock should be avoided where possible because the antenna anchors will tend to pull out during high winds or will be virtually impossible to drive into the ground.

e. Climatic Conditions.  The AN/TRC-170(V5) may be operated over a wide range of climatic conditions since it is designed for high humidity and a temperature range of -51 to 126 degrees F (-46 to +52 degrees C).  Site considerations for different types of climates are presented below:

1) Desert climate (hot and dry) - The site area must be checked for earth solid enough to support the equipment weight.  Where loose, shifting sand is encountered, some type of rough foundation may be needed to support the equipment,  It may be possible to find a site location with some protection against direct sun rays and thus improve equipment operating environment.  Strong desert winds can affect the following:

2) Antenna stability - The antenna anchoring system must be installed with care to ensure that the antenna can withstand high wind velocity. Additional guy stakes may be improvised and used to augment the anchoring system. 

3) Antenna alignment - High winds can cause the parabolic antenna to become misaligned and change its orientation.  In high wind conditions, antenna orientation must be checked frequently.

4) Radiation beam - Blowing sand interferes with the radiation beam; therefore, under severe desert wind conditions, intermittent communications can be anticipated.

5) System filters - Blowing sand can clog the system's filters and enter the system through ventilation ducts.  Exposed lubrication points can be adversely affected.  Special preventive maintenance procedures to overcome these problems must be implemented.

a) Tropical climate (hot and humid) - The site must be checked with respect to providing solid support for the equipment.  Available rubble or planking may be useful in providing a expedient foundation.  Dense vegetation must be cleared to permit ventilation of the equipment.  In areas of heavy rainfall, drainage ditches should be provided around the equipment.  A built-up foundation may be useful if drainage cannot be accomplished.

b) Temperate climate - Normal precautions in site selection should be adequate.  Check natural drainage and expected wind velocities and provide necessary protection.  

c) Cold climate - For snow and ice conditions, the site should be placed near natural shelter, if at all possible, on the gentle slope of a hillside or the lee side of a tree grove.  In addition, small fences constructed of available material may serve as a break against strong winds and drifting snow.

f. Alternate Site Locations.  If objectionable site features are present which cannot be tolerated, it may be necessary to move to an alternate location.  The Communications Officer/ Communications Chief identifies alternate locations before a team goes to the field.  In the field, the team chief must select the exact location and must observe restrictions as to deviations in altitude, distance to either side of the original planned path, and distance along the path.  This is necessary to avoid excessive changes in assigned antenna horizon and azimuth angles.  These restrictions should be provided in the link plans given to the team.  In general, shifts along the path are not severely restricted, provided site elevation is about the same.  Deviations to either side of the path should be restricted to a few hundred feet.

g. Accessibility.  The choice of a suitable location depends on good roads or good helicopter landing sites, so that the equipment and supplies, such as fuel, water, and food, can be transported in and out without too much difficulty.

h. Horizon Angle. Due to the loss of signal as the antenna angle increases, the site providing the most negative angle should be the first choice. A zero degree angle should be considered next. The smallest positive angle should be your last choice.

i. OE-468/TRC Antenna Group  
1) The OE-468/TRC antenna group is a Quick Reaction Antenna (QRA) group that was purchased strictly by the Marine Corps for use with the AN/TRC-170(V5) Radio Set.  The Army and the Air Force have their own versions of antennas that they use with the radio.  This is why you will see different antennas in the AN/TRC-170(V3) Technical Manuals, which is what the Marine Corps uses as TM's. The OE-468/TRC antenna group consists of two AS-3954 antennas. Each of these antennas will be used differently.  One will be used to transmit and receive simultaneously at all times. If using a dual diversity configuration, the second antenna will also be used for receive only.
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NOTE: The 6-minute zone is split into two areas


Area 1: 1 ft behind the antenna up to 100 ft in front of the antenna, depending on the angle.


Area 2: 290 ft in front of the antenna out to 950 ft, regardless of the takeoff angle.
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