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STUDENT OUTLINE
ANNEX F – WIRE & MULTICHANNEL RADIO
6.11  AN/MRC-142

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. THE AN/MRC-142 

a. The AN/MRC-142 provides you with medium range, Ultra High Frequency (UHF), LOS, multi-channel radio communications between two AN/MRC-142 over a distance of up to 35 miles. 

b. The AN/MRC-142 can be configured as a repeater to extend the communications range between two other systems beyond the 35 mile range or to overcome terrain conditions that prevent a direct Line-of-site path between the two AN/MRC-142's.

c. The AN/MRC-142 also provides trunk or cable side connections for the AN/TTC-42 or SB-3865 Unit Level Circuit Switches (ULCS), TD-1234 Remote Multiplexer Combiner (RMC), or the AN/GSC-54 Fiber Optic Converter Set (FOCS). 

d. The radio set AN/MRC-142 will also provide both Analog Voice Orderwire (AVOW) and Digital Voice Orderwire (DVOW) communications between two AN/MRC-142 operators over the UHF radio link.  The DVOW communications over the UHF radio link is encrypted/decrypted using the TSEC/KY-57 VINSON cipher device.

e. Each AN/MRC-142 is composed of two LOS Radio Subsystem (LRS) terminals. The two LRS's can each be set up to function as independent LRS terminals, or can be configured together to function as a through repeater or drop and insert repeater. Each LRS terminal interfaces with another LRS terminal over a 1350.00 to 1850.00 MHz UHF radio link using parabolic grid antennas mounted on to telescoping 50.0ft masts. When used in a repeater configuration, two LRS terminals in a system are connected back to back for through repeater operation or are connected through a TD-1234 RMC for drop and insert repeater operation.

2. COMPONENTS OF THE AN/MRC-142.

a. The AN/MRC-142 consists of  5 major components, these are:

1) An M-998, High Mobility, Multipurpose, Wheeled Vehicle (HMMWV).

2) Rack mounted Equipment (RME).

3) Antenna assemblies.

4) System accessory kit.

5) Ground rod.

b. Each of the major component's have sub-assemblies. They are as follows:

1) The RME consists of :

a) Power distribution panel, SB-4327/MRC-142 (PDP).

b) 2 RT-1601/MRC-142 .

c) Conditioned Diphase Adapters, CV-4089/MCR-142.

d) TSEC/KG-194A Trunk Encryption Device (TED).

e) TSEC/KY-57 Voice encryption device with HYP-57/TSEC power adapter.

f) Rack interconnection cabling set.

g) Immersion cover.

2) There are two identical antenna assemblies and they consist of :

a) Mast AB-1356/MRC-142, 10 telescoping sections 


 constructed of composite materials.

b) Antenna AS-4255/MRC-142 with feed assembly and reflector.

c) Offset adapter.

d) RF cable.

e) Mast accessory bag which contains:

1. The guy reels

2. Azimuth locking spike.

3. Base spike.

4. Guy line anchors.

5. Hammer.

6. 10mm wrench.

3) The system accessory kit has in it:

a) AC power cable

b) Terminal set accessory bag which contains the following:

c) AC power cable (FOCS).

d) DC power cable (FOCS).

e) RMC power cable .

f) Cold weather finger.

g) Dummy load.

h) H-250 handsets.

i) TED bypass cable.

j) Traffic repeater cable.

k) Type N adapter.

l) Ground rod kit.

m) Cable interface devices which can be installed onto the vehicle.

3. AN/MRC-142 CHARACTERISTICS.
a. To help you plan for multi-channel operations you must know what your equipment is capable of doing. These are the characteristics for the AN/MRC-142.

1) Power sources:




a) 120VAc, 50-60Hz, single phase.

b) 24VDc from the M-998.  

2) Operating range:




a) Point to point 35 miles, LOS, limited by horizon and terrain features.

3) Frequency range:




a) 1350.00 MHz to 1850 MHz.

4) Channel architecture:


a) 4001 channels, spaced 125KHz. 
b) The transmitter and receiver frequencies cannot be any closer than 63MHz apart.  Even if you tried to load them, the radio would not accept it.

5) Number of preset:




a) 5 transmit and 5 receive.

6) Data channel architecture:



a) Trunk rate is the maximum number of bits per second that the entire trunk can carry.  

b) Loop rate is the maximum number of bits per second that each channel may carry.

c) Therefore: trunk rate/loop rate = the number of available channels.







For example;







144kbs/16kbs = 9 channels







576kbs/32kbs = 18 channels







576kbs/16kbs = 36 channels

(NOTE: ONE CHANNEL IS ALWAYS DEVOTED TO "OVERHEAD". OVERHEAD IS USED FOR TIMING AND THE ORDERWIRES.)
7) Trunk rates:




a) 144/16 yields 8 user channels.  

b) 576/32 yields 17 user channels.

8) Orderwire channel:



a) Always one channel dedicated to this function.

9) Allowable Trunk/Data rates:




a) 144kbs trunk and 16kbs loop.  

b) 288kbs trunk and 16kbs loop.  

c) 288kbs trunk and 32kbs loop.  

d) 576kbs trunk and 16kbs loop.  

e) 576kbs trunk and 32kbs loop.

b. The cryptographic equipment used in the AN/MRC-142 serves many functions. The first piece of crypto we will discuss is the TSEC/KG-194A, it is used for bulk encryption of the transmission path or radio side. This may be bypassed if encryption is not required.  
1) It should be noted that Cryptographic equipment performs two functions at the same time.  (Encryption is a two-way street)

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

1. Example:

a. 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.  

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

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

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

e. Go back to step a. to continue the loop.
2) Special Considerations: When using the AN/MRC-142 to transmit switch to switch trunking, it is possible for both of the switches to provide for bulk encryption.  When the switches use their TED's for encryption, the AN/MRC-142 cannot use its' TED's.  Instead, the AN/MRC-142 must use the TED Bypass Cable.

a) Using this configuration also requires one of the AN/MRC-142's to be configured for Master or Internal (INT) Timing.

c. The second cryptographic device is the TSEC/KY-57. It is used to encrypt, digitize the DVOW orderwire. A single unit is normally connected to CDA number one. It may also be used with radio terminal number two by using the "AUX DVOW" feature. The system must have the AUX DVOW cable connected in order to utilize this feature.

4. OPERATING CONFIGURATIONS OF THE AN/MRC-142.
a. There are four different configurations that can be employed with the AN/MRC-142, they are, single link, dual link, repeater (straight through), and repeater (drop and insert). To better understand what each of these configurations are we'll go over them individually.

1) Single Link.  The single link will provide you with point to point communications with another terminal. Only one LRS is used in this configuration. LRS#1 will provide the best access to the equipment.

2) Dual Link.  Dual link will provide you with point to point communications with two other terminals, now both LRS's are used. they may be attached to the same or different cable side equipment.

3) Repeater.  Next we have repeater (straight through) this is used to extend the range of the system or to bypass terrain obstacles. Both LRS terminals are used in this configuration. Inputs and outputs of each terminal set are cross connected. The system can not originate or terminate communications. In this configuration three AN/MRC-142's are used.

4) Repeater (Drop and Insert).  Finally you have the repeater (drop and insert) configuration. In this configuration you are allowed to have local traffic to be received (dropped) and transmitted (inserted). Both of the LRS's are used. This is accomplished by using the TD-1234 (P)/TTC Remote Multiplexer Combiner (RMC) between the cable site interface of the two radio terminals.

5. OPERATING PROCEDURES.
a. The purpose of learning the basic operating procedures is to learn how to operate and troubleshoot a system.

b. First we will talk about outline of system power up procedures and initial settings. The purpose of this is to power up and place an LRS (or both, if required) into operation and verify that it is working before trying to establish communications with a distant station. 

c. The procedure to power up the outline system is first power up the Power Distribution Panel (PDP) then power up the Condition Diphase Adapter (CDA). When that is completed isolate the LRS cable from the cable side equipment by selecting INT CAB loopback at the CDA. Next you will generate a test pattern and timing source to test the system and to allow crypto keys to be loaded and the crypto equipment to synchronize.

1) CDA provides clock for test by placing TIMING switch to "INT".

2) CDA provides simulated data signals.

3) Frame (TRI-TAC frame pattern) if KG-194A is used.

4) RANDM (random 1's and 0's) if KG-194A is bypassed.

5) Next you apply power to the crypto devices and load keys.

6) Power up the UHF radio and set frequencies, data rates, and power levels.

7) Verify that the LRS is functioning properly and is able to process data.

8) Closing the RF loop on the UHF radio isolates the LRS from the antenna.

9) Verify the absence of alarms on the CDA, KG-194A, and UHF radio.

d. The system is now ready to establish communications with the distant station.

6. INITIAL SETTINGS.

a. The following is the equipment initial settings for a system loopback.

1) PDP settings:

a) Check the voltmeter to ensure that there is proper input voltage.

b) Circuit breaker on.

c) AC or DC power LED indicates which power source is selected.

2) CDA settings.

a) Set circuit breaker to "ON" - ignore/silence alarms.

b) Green LED should be "ON".

c) Set the TRUNK RATE to the required rate.

d) Set the TIMING switch to "INTERNAL".

e) Set the OPERATING MODE switch to:

f) "FRAME" if internal crypto is being used.

g) "RNDM" if external crypto is being used.

h) Set LOOPBACK switch to "INT CAB".

i) Set the ORDERWIRE switch to "DVOW".

j) Repeat for the second CDA if both are being used.

3) UHF radio settings are as follows:

a) Power up

b) Enter the SET UP mode.

c) Set the transmit frequency to the mission requirements.

d) Set the receive frequency to the mission requirements.

e) Set the bit rate to the mission requirements.

f) Set the transmitter power output level to 
HIGH.

g) Set SCH EMER to "OUT".

4) Enter the TEST mode and close the RF loop.

5) Repeat for the second UHF radio if both LRS's are being used.

b. The following are the steps for setting up the crypto devices:

1) TSEC/KG-194A.

a) Power up the TSEC/KG-194A (green LED should illuminate).

b) Load the key.

1. Attach a KYK-13/TSEC to the fill port using an ON-512424, fill cable. Set the KYK-13/TSEC to the proper fill address and ensure it is turned on.

c) Set the function switch to LOAD. Once this is done the alarm LED will illuminate, when this happens press and release the ACTUATE switch.

d) A parity light should flash on the KYK-13/TSEC and the alarm light should stay on.

e) Set the function switch to CHNG KEY, then press and release the ACTUATE switch.

1. The parity light should flash and alarm lights should go out and the RESYNC and FULL OPR lights should come on.

f) If you are using two TED's then you must repeat the steps as listed.

2) TSEC/KY-57.

a) Power up the TSEC/KY-57.

b) Load both TEK and KEK for normal voice operation.

7. PROCEDURES FOR CONFIRMING THE PROPER OPERATION OF THE LRS.
a. First you must check the CDA to ensure that the power is on. INCMG indicator may be lighted if the TED bypasses are installed. All other indicators should be off. Repeat these steps for the second CDA if two LRS's are in use.

b. Check the TSEC/KG-194A trunk encryption device power indicator to see if it is turned on. The RYSYNC indicator should be on, FULL OPR is on, all other indicators should be off. Again if two LRS's are in use repeat for the second TED.

c. Checking the UHF radio look to see if the RF OUT alarm is on, if it is it may be due to the RF loop. Everything else should be off, repeat for the second UHF radio if two LRS's are in use.

8. ANTENNA ALIGNMENT PROCEDURES.
a. First, you must connect the RF cable to the radio. Then enter the set up mode, set the XMTR LVL to the level required (high or low), set the SCH EMER to IN. Once that is done enter the STATUS mode, select operating elevation parameters, then select RX LVL, and follow the proceeding steps:

1) Wait for a received RF indication on the RX  LVL display.

2) Rotate the antenna for the maximum receive level indication (between -90 and -50, with -50 being the best).

3) Drive the azimuth locking pin through the hole in the base of the mast assembly to maintain proper azimuth at all times.

4) Repeat the antenna alignment for the second antenna if two LRS's are in use.

9. DIGITAL VOICE ORDERWIRE PROCEDURES.
a. Set the CDA ORDERWIRE switch to DVOW. Once this is completed use the orderwire call and the handset on the CDA to establish DVOW with the distant station. Coordinate leaving SCH EMER with the distant station.

10. SETTING THE CDA FOR DATA COMMUNICATIONS.
a. First you must coordinate with the distant station to ensure you are both ready to transmit and receive data.

b. Make the following front panel control settings on the CDA:

1) Set the LOOPBACK switch to OFF.


2) Set the OPERATING MODE  switch to NORM.

3) Set the ORDERWIRE switch as defined in the mission requirements.

4) Set the TIMING switch as defined in the mission requirements.

5) Repeat the switch settings for the second CDA if two LRS's are in use.

c. Now you must verify the status for full data communications. Ensure the following indicators are present on the CDA, UHF radio, and TSEC/KG-194A (TED): 

1) The CDA power lamp is on.

2) All fault indicators are off

3) The UHF radio power is on.

4) Either AC or DC is on.

5) All fault indicators are off.

6) The TSEC/KG-194A (if used) power is on.

7) RESYNC is on.

8) FULL OP is on.

9) All other indicators are off.

11. MAINTENANCE PROCEDURES DURING OPERATION.
a. First we will cover the power source. If you are using a generator, ensure that the power output voltage and frequency is correct at all times. Ensure that the fuel level is constantly monitored in the vehicle/generator.

b. Next Check the antenna guy lines to ensure the tension is correct at regular intervals and adjust as necessary to ensure that they remain tight. Check the antenna azimuth setting at regular intervals and adjust if off azimuth

12. AN/MRC-142 ANTENNA SAFETY.

a. First we have to consider some special safety precautions:

1) Do not place the antennas near power lines (use the standard rule of thumb, twice the height from power lines).

2) Do not erect mast in wind that exceed the limits listed:

a) 15.0ft

25.0mph

b) 35.0ft

20.0mph

c) 50.0ft

15.0mph

d) During the listed permissible high winds one or more personnel should be used on each of the highest guy lines.

3) Ensure that the ground spike/base plate is on a level surface.

4) The recommended crew requirements are:

a) 1 to 3 personnel to raise/lower the mast to/from heights up to 35.0ft.

b) 5 to 7 personnel to raise/lower the mast to/from heights between 35.0ft and 50.0ft.

5) All personnel should wear helmets when raising or lowering the antenna masts.

6) Watch your hands/fingers during lowering of the antenna masts to avoid injuring them between the clamps.

7) Use caution when hammering stakes into the ground.

8) Examine the stakes for burring/mushrooming.

9) Do not operate the transmitter when the antennas are below 15.0ft as this is a radiation hazard.

13. OPERATING UNDER UNUSUAL CONDITIONS.
a. Under high wind conditions raise the antenna to minimum height requirements and use two or more personnel to keep the guy lines tight.

b. In uneven terrain such as sloping terrain, vary the stake positions, but keep the angles equal. With rocky soil conditions the stake radius may be varied to avoid rocks.

14. AN/MRC-142 SET UP WORKSHEET.
a. The set up worksheet is filled out in garrison prior to deploying to the field and it is all fill in the blanks.

REFERENCES:
a.  TM 2000-15/2: Principal Technical Characteristics of U.S. Marine Corps Communication-Electronic Equipment.

b.  TM 09543A-12: AN/MRC-142 Radio Terminal Set.

c.  TM 5805-707-12

d.  TM 11-5810-329-10
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