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TROUBLESHOOTING INDEX

SECTION 1
GENERAL INFORMATION

1.1 SCOPE

This manual contains information necessary to operate and maintain Crane Boss Radio Remote Control systems.  The information is generally applicable to all systems manufactured by Robinson Engineering Company, Inc.  Data which are unique to the particular system for which this manual is furnished are given in Section 4.

1.2 SYSTEM DESCRIPTION
1.2.1

General – The “Crane Boss” system is equipped with controls and accessories required for reliable operation of an overhead crane from a portable wireless control transmitter.  Control functions are provided to meet the particular requirements of each application.

Characteristic features are:

1. Each system consists of a portable control transmitter which operates in conjunction with receiving equipment installed on the crane structure and electronically connected to the crane magnetic controllers.

2. “Fail-safe” circuits are used throughout the system

3. The command link is capable of handling all crane motors, all five speed or stepless reversing with all motions simultaneous.

4. The system uses digital pulse code frequency modulation.  It was developed specifically for industrial control.

5. The system utilizes fully solid state electronic circuits, with heavy duty relay contact output circuits.
6. Maintenance requirements are greatly reduced by modular design and use of digital switching circuits.  No special test equipment is required.
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7. Radio control of several cranes in the same plant without interference is entirely practical.  Each transmitter transmits a unique crane address code, which prevents response by other than the intended crane.  In addition, the operating frequencies of different units in the same facility are staggered within the frequency band to prevent interference.  Proper selection of crane address codes and operating frequencies with respect to physical separation provides control of multiple crane installations with no practical limitation on the number of cranes at one plant.

1.2.2

Transmitter – The transmitter is a portable unit which is carried by the crane operator.  Belt clips and shoulder harness are provided to enable the operator to conveniently carry the unit while leaving hands free to operate controls.  Switches on the transmitter control all functions of the crane.
The portable transmitter weight is 5.2 pounds or less.  The transmitter includes integral antenna and battery pack.  Battery is charged from standard A.C. wall outlet by means of a battery charger.  Battery will provide 30 hours of continuous operation in between charges.  Full charging requires 10 to 12 hours.  A transmitter with one battery pack can be operated continuously 16 hours per day and recharged in 6 hours.  Continuous “round the clock” operation can be accomplished by use of a spare battery pack, with one pack in use while the other is charging.

1.2.3

Receiving Equipment – The receiving equipment cabinet is mounted on the overhead crane and contains the radio receiving unit, decoding equipment, relay drivers and relays to convert the radio signal from the transmitter to signals suitable for operation of crane magnetic controls.
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SECTION 2
OPERATION

2.1

GENERAL



The transmitter should be stored in an assigned location when not being used to operate the crane.  During idle periods, the “ON-OFF” switch should be in the “OFF” position and the battery charging cord connected.  The battery cannot be damaged by prolonged charging; maintaining full charge will result in longer battery life.  Battery capacity will allow 30 hours of continuous operation without recharging.  Full recharge can be accomplished in 10 to 12 hours.

2.2

OPERATING PROCEDURE


To place the crane in operation, proceed as follows:
1. Disconnect battery charging cord.  Main switch “OFF”.

2. Suspend transmitter on front of operator by means of shoulder harness or belt clips.  Make sure all attachments are secure to prevent accidental dropping of the unit.
3. Operator should position himself so as to have a clear view of the crane and its load.

4. If universal unit is being used, make certain proper crane is selected.

5. With all operating controls in neutral position, release the E-Stop switch.
6. Turn Master Switch “ON”.

7. Depress “Enable” or “Reset” bar.  Master relays and main line contactor on crane are energized.  Master indicating light on crane, if provided, will light.
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8. Cranes can now be moved by operating desired control levers.  The direction and speed of motion will be determined by direction and distance control levers are deflected.  All controls are spring-loaded to neutral so that “hands off” condition will stop the crane.

9. In the event of an emergency situation, immediately press the E-Stop switch.  This will de-energize crane mainline contactor.

10. Upon completion of lift, restore crane to proper parking position and turn master switch to the “STOP” position.  Wait until the Mainline Contactor de-energizes, then turn Master Switch “OFF”..  Replace transmitter in designated storage location, connect battery charging cord and check that both lights on charger are on.
11. The “POWER” indicator on the charging unit indicates that power is being supplied to the charger.  The “CHARGE” light indicates flow of charging current to the battery.

12. The rechargeable battery pack is removable from the transmitter, and may be charged while either installed on the transmitter or removed from the transmitter.  For applications which require continuous “round the clock” operation, one battery pack can be in use while a second is on charge, and the two battery packs interchanged daily.

2.3

MISCELLANEOUS OPERATING INFORMATION



Abnormal electrical conditions during crane operation de-energize control circuits, and the crane will stop.  This can be caused by any one of a number of abnormal conditions.  Among these are:

1. Weak or improper radio signal

2. Interruption of power to crane

3. Radio interference

4. Malfunction of radio equipment

5. Malfunction of crane electrical equipment

If the abnormal condition is temporary, control can be resumed by repeating steps 1-7 of paragraph 2.2 above.  The exact sequence of operation must be followed to accomplish operation of safety circuits in the receiving equipment.

Normal operating procedure is to leave receiving equipment located on the crane energized at all times.  The crane can then be readily placed in operation by means of the portable control transmitter.
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Magnet Control:


Magnet Controls are specially designed to guard against unintentional transmission of a “DROP” signal.

Lift:  To place magnet in lift mode, momentarily move “LIFT-DROP”  
Switch to “LIFT” position.

Drop:  To place magnet in drop mode, move “LIFT-DROP” switch to “DROP” position and simultaneously press “DROP” button.

Dribble:  To momentarily remove power from magnet (“Dribble”), move “LIFT-DROP” switch to “LIFT” position, and simultaneously press “DROP” button.  

“ON-OFF” (if applicable)



On:  Momentarily move “ON-OFF” switch to “ON” position.

Off:  Momentarily move “ON-OFF” switch to “OFF” position and simultaneously press “DROP/OFF” button.


Magnet control circuits use a latching relay, which maintain the last command condition regardless of other occurrences, such as turning transmitter off or power interruption.
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SECTION 3

PRINCIPLE OF OPERATION

3.0 RADIO CONTROL SYSTEM

The Crane Boss system is simple to operate.  The transmitter unit incorporates large, easily-operated control lever for each crane motion.  Moving the lever in either direction from the neutral position moves the crane in that direction.  An Enable Bar is depressed to energize the master circuit and, hence, the mainline contactor.  All function control levers return to neutral (dead man action) when released, and motion stops.  Fail-safe features are used throughout the circuitry.  All crane motion stops in case of malfunction.
The transmitter(s) in your Crane Boss system transmit unique digital crane address codes to each crane.  This prevents any mix-up in crane response.  Only one crane responds to its special code.  Hundreds of these address codes are available.  For added protection, operating frequencies of each transmitter in the same area can be staggered within the frequency band to prevent interference.  The proper selection of digital address codes and operating frequencies relative to physical separation permits control of an unlimited number of cranes in the same plant, area or city.
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3.1

TRANSMITTER

The Type 400-72 Transmitter is a battery operated Frequency Modulation radio transmitter.  Incorporated within the transmitter are an antenna and a battery pack.  Transmitter carrier frequency is crystal controlled.  When the various switches are actuated, coded control signals are sent to the receiving equipment via the antenna.  A block diagram of the transmitter is shown by Figure 3-1.

3.1.1

Signal: The radio frequency signal radiated by the antenna is generated by the RF Assembly, and is frequency modulated by a pulse code signal.  This modulation signal is generated by the Coder Assembly and consists of a series of synchronizing pulses and control (data) pulses.  The control pulses are determined by the position of the various function controls and switches which are actuated by the crane operator.  All RF Assemblies for the same frequency band are identical and interchangeable except for the frequency control dip switch, for which they must be specifically selected.

3.1.2

(En) Coding: The Coder Assemblies used in all transmitters are identical in function and are interchangeable.  Variation in code format between systems is accomplished by means of factory connections on the Junction Board, by the Address Plug, and by wiring to the various control devices.

In multiple crane installations where control functions of the various cranes are similar and coordinated at time of manufacture, a given transmitter may be converted from control of one crane to another by changing the Crane Address Plug and matching RF Module Dip Switch installed in the transmitter.  (See Section 4 for compatibility of functions, frequencies, and codes).
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3.2

RECEIVING EQUIPMENT



A block diagram is shown by Figure 3-2.  The radio signal (carrier and modulation) from the transmitter is received by the antenna, which is connected to the Receiver by coaxial cable.  Receiver data (pulse code) output is fed to the Decoding Assembly where it is decoded, and signals suitable for operation of the output devices are generated.  Output relays provide a heavy-duty control circuit to activate the basic machine electric controllers.


3.2.1

Receiver – The Receiver amplifies and demodulates the frequency modulation pulse code signal and includes filtering and shaping circuits to process the signal.  Data output consists of rectangular pulses of 12 volts amplitude which are a replica of the transmitter coder output.



Provision is made to select different frequencies, which are determined by internal frequency control circuits.  A bank of “ON-OFF” switches permits selection of frequencies.
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3.2.2

Decoding Assembly – The receiver output is connected to the Decoding Assembly, where it is processed by the Decoding Synchronizer module, changing the pulse code from serial format into parallel form, suitable for operation of the Relay Driver input circuits.  The Synchronizer also performs certain synchronization, safety interlock, digital filtering and noise rejection functions.



A separate plug-in slot is coded for each function, action, motion direction and every speed point.  The Relay Driver card in each slot decodes the function of the slot it is plugged into.



Each Relay Driver card detects presence of the pulse code pattern appropriate for its own, unique function, or motion, performs a sequence check and provides a 12 volt D.C. output for operation of one control relay.  An indicator light on the card shows “ON” condition of the actual output circuit.  



3.2.3

Output Relays – Relay contact logic circuits provide additional safety sequencing and interlocking functions.  Output circuits are wired to a terminal block for connection to machine controllers.  Output relay circuits are rated for operation of up to NEMA size 4 contactors at a maximum voltage of 250 volts A.C., or through interposing relays, rating required for any application.



3.2.4

Power Supply – The Power Supply receives 115 volt A.C. or 230 volt D.C. power from the crane electrical system and provides regulated 12 volt D.C. power for operation of all electronic components and driven relays in the receiving equipment cabinet.  It includes an “ON-OFF” switch and an input fuse on its front panel.


3.2.5

Interchangeability – The 12-1500 Decoding Synchronizer, 12-1238 Relay Driver, 12-1263 or 12-1540 Power Supply and plug-in relays are functionally identical in all systems, and corresponding units are interchangeable.  The Receivers and Antenna are identical in all systems except for internal frequency determining components.  Variations in control coding between different systems are accommodated by variations in back plane wiring of the 12-1519 Decoding Assembly at the factory.
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3.3

DIGITAL CODE FORMAT

The digital control code, sent frequency modulated by the transmitter, consists of a series of pulses which is repeated at a rate of approximately 25 per second (40 milliseconds period).

3.3.1

For the purpose of defining the code signal, the 90 spaces are divided into nine blocks of ten spaces each.  The nine blocks are identified as Block 0 through Block 8.  The ten pulse spaces of each block are identified by the numerals 0 through 9.  In general, one ten-bit block is assigned for a particular function or motion, such as Address, Bridge, Trolley, Hoist, etc.  Block assignments are made to suit the requirements of each application, and may vary between systems.  (Section 4 gives the assignments for each particular system).
3.3.2

Pulse space assignments within a block for the major motions, Bridge, Hoist and Trolley, are standardized.  For each motion, pulses occupy only the spaces listed.

Function     (5 speeds)



                       Pulse Spaces

Neutral                                                                                                           0,1


Fwd / Dn / N / E     Speed 1                                                                          1,2


Fwd / Dn / N / E     Speed 2                                                                       1,2,3


Fwd / Dn / N / E     Speed 3                                                                    1,2,3,4       


Fwd / Dn / N / E     Speed 4                                                                 1,2,3,4,5


Fwd / Dn / N / E     Speed 5                                                              1,2,3,4,5,6      


Rev / Up / S / W     Speed 1




                     0,2


Rev / Up / S / W     Speed 2                                                                       0,2,3  


Rev / Up / S / W     Speed 3





    0,2,3,4 


Rev / Up / S / W     Speed 4




          
 0,2,3,4,5


Rev / Up / S / W     Speed 5




         0,2,3,4,5,6

3-9
3.4

TRANSIENT SUPPRESSORS



Transient Suppressors are installed in the crane control equipment for the purpose of suppressing electrical impulse type interference which may be generated by operation of this equipment and subsequently conducted through crane wiring and / or radiated to the sensitive antenna input circuit of the control receiver.  For most effective results, transient suppressors are located directly at each inductive control device which is a potential interference source and connected by short leads.
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3.5

STEPLESS CONTROL



For systems using “stepless” control functions, the following provisions are made to transmit and receive the analog function by the basic digital control system:



3.5.1

Transmitter – Transmitter configuration is basically the same as standard except that the 12-1541 Stepless Function Switch is used.  This device translates master lever position into digital codes to provide 30 discreet speed increments in each direction of travel.



3.5.2

“Stepless” Codes – The code pulses for each function occupy a given block as described in Section 3.3  Two pulses occupy the first three spaces for directional control and additional combinations of pulses occupy the other spaces for speed control.


Function


Pulse Spaces
Direction:

Neutral



0, 1, 9

Fwd / Dn / N / E


1, 2

Rev / Up / S / W


0, 2

Speed Increment:


Function

Pulse Spaces

Function
        Pulse Spaces


        1


        7, 9


      16  

   4, 8


        2


        7



      17


   4, 8, 9


        3


        7, 8


      18


   4, 9


        4


        8



      19


   4, 5, 7, 9

        5


        8, 9


      20


   5, 7


        6


        9



      21
                         5, 7, 8


        7


        3, 7, 9


      22


    5, 8

        8


        3, 7


      23


    5, 8, 9


        9


        3, 7, 8


      24


    5, 9


       10

        3, 8

                 25


    5, 6, 7, 9


       11

        3, 8, 9


      26


    6, 7


       12

        3, 9


      27


    6, 7, 8


       13

        3, 4, 7, 9

      28


    6, 8

       14

        4, 7


      29


    6, 8, 9


       15

        4, 7, 8

  
      30


    6, 9
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3.5.3

Receiver Equipment



3.5.3.1

Decoding:
The decoding assembly in the receiving equipment includes one 12-1238 Relay Driver for decoding the neutral signal, and one 12-1238 for each one of the two direction codes.  These drive control relays to operate crane control contactors and provide for safety interlocks.  The analog speed signal is decoded by a 12-1504 Analog Decoder.  The 12-1504 provides an analog output voltage which varies from 1 to 6 volts D.C.  as the transmitter function switch is moved from neutral to maximum throw in either direction.  The 12-1504 will also correctly decode a function signal from the transmitter which uses standard 5-step function switches.  In this case the stepless motor will operate at 5 discreet speed increments.



3.5.3.2

Control Curve:
To permit optimum match to the crane motor control characteristics, four different control characteristics are available, which are selected by position of two small “Dip Switches” on the 12-1504 Analog Decoder.  These are defined as follows:

        Switch Position


Low Range


High Range


  1            2 



Control


Control
      Closed
  Closed


Very Fine


Coarse

      Open
  Closed


Fine



Coarse

      Open
  Open


Linear


         
Linear

      Closed       Open


Coarse


Fine


3.5.3.3

Signal Converter, A.C. Output:
The 12-1490 Analog Signal Converter is used to convert the 1-6 volt D.C. analog output of the decoding assembly to 0-30 volts 60 Hertz A.C. for operation of speed controls which require this type of input signal.  Input and output circuits are completely isolated electrically.  Screwdriver adjustment of maximum output and minimum output are provided.  For hoist applications, separate minimum adjustment is provided for raising and lowering.  For bridge and trolley functions, only one minimum adjustment control is active, and affects minimum speed for both directions.


3.5.3.4

Signal Converter, Potentiometer Output:

The 12-1535 Signal Converter is used to convert the 1-6 volt D.C. analog output of the decoding assembly for use by motor speed controls designed to accept potentiometer input.  Input and output circuits of the 12-1535 are completely electrically isolated.  Screwdriver adjustment of minimum and maximum speeds are provided, as described in 3.5.3.3 above.
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SECTION 5

MAINTENANCE

5.1

PREVENTIVE MAINTENANCE


No preventive maintenance is required except for periodic inspection for security of fasteners and hardware, wire harness, internal wiring and for intrusion of dirt or foreign matter.  Relay contacts may be checked for excessive arcing by cycling crane through all functions.  Replace parts as necessary.

5.2

CORRECTIVE MAINTENANCE


5.2.1

General – In case of suspected Radio Remote Control System trouble, activate the back-up pendant or cab controls and check for normal crane operation.  If back-up system operation is not normal, locate and correct trouble in basic crane equipment before proceeding to radio equipment.



The system is of modular design, with plug-in type electronic sub-assemblies and readily replaceable electrical components.  Trouble can be corrected by locating and replacing the defective part, using the substitution method.  It is suggested that spare parts, including a complete transmitter, be obtained for replacement purposes.  Field repair of electronic sub-assemblies is not recommended.  Improper techniques can result in damage to components and voiding of warranty.  The factory will provide prompt test and repair or replacement of returned defective or questionable parts, including the complete transmitter, at nominal cost; or at no cost under warranty.
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TRANSMITTING EQUIPMENT

(Signal Source)

5.2.2

Transmitter – A simple qualitative check of transmitter operation may be made by monitoring with the receiver located on the crane.  A normal signal will exhibit a characteristic 25 Hertz “motorboat” sound in the monitor speaker due to the 25 Hz pulse modulation.  (Failure to quiet receiver noise indicates no transmitter output.  Receiver quieting, but without presence of modulation, indicates RF output, but defective transmitter coding.)

In multiple crane applications, a transmitter may be converted from operation of one crane to another by changing the Crane Address Plug installed in the transmitter.  (This change of address takes place in the multi-crane, or universal, Transmitter when the Selector Switch is used).  The crane to be controlled must have the proper receiver frequency channel activated.  

Access to the interior of the transmitter is made by removing the four Phillips head screws retaining the aluminum back plate and removing the back cover.  Internal arrangement of parts is shown by Figure 5-1.  Crane Address Plugs may be changed by removing two nylon thumb nuts and the plug hold-down plate.
The electronics assembly , consisting of the Junction Board, Coder Assembly and RF Assembly can be removed by releasing the two card guide locks and carefully sliding the assembly from the guides.  The Coder and RF Assemblies are connected to the Junction Board electrically and mechanically by two connectors oriented perpendicular to the boards.  They are further retained by the long 4-40 machine screws, and the entire assembly is held together by thumb-nuts over the plug retainer.
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All motions and actions are actuated by switches on the transmitter.  If some, but not all, functions are not operating properly, check the switch(es) for those function(s) for correct positions and mechanical movement.  While each switch assembly is replaceable, the best solution for a transmitting problem is replacement by a spare transmitter, and return of the defective transmitter to the factory for repair.

5.2.3

Battery Charger – “POWER” and “CHARGE” lights should provide the normal indication described in Section 2.  Three Tests can be performed, using a standard mulit-meter:

1) The open circuit voltage measured between pins A and B of the charging connector should be at least 12 volts D.C. with no battery connected.
2) Short circuit current should be at least 300 milliamperes with current meter connected across A and B on the connector.

3) Pin A is positive, B negative.

If any indication is abnormal, replace the charger and return the defective charger to the factory for repair.

5.2.4

Battery Pack – Battery voltage may be measured at the “banana jack” terminals.  Red terminal is positive, black negative.  A fully charged battery should provide 5.4 ± 0.3 volts.  If battery is in discharged state (less than 4.8 volts), connect voltmeter and observe reading when battery charger is connected.  The battery voltage should rise to a value not less than 5.0 volts and not greater than 5.8 volts within the first minute of charging time.  After several minutes of charging, disconnect charger.  Voltage should remain stable in excess of 5.0 volts.  Note: The battery may not be fully charged and should be placed back on charger as per Section 1.2.2.

Readings outside these limits indicate a defective battery pack (or charger).
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RECEIVING EQUIPMENT

(Signal Reception and Recognition)

CAUTION: MAKE SURE POWER SUPPLY SWITCH IS “OFF” WHILE PLUGGING OR UNPLUGGING, OR CONNECTING OR DISCONNECTING, ANY COMPONENT.  Non-observance may result in damage and void warranty.

Refer to Block Diagram (Fig. 3-2) and system Schematic Diagram to assist in tracing trouble.

5.2.5

Power Supply – Check for 115 volts A.C. (or 230 volts D.C.) at terminals 1 and 2 of power supply.  If absent, check crane circuits and power source.  Power supply output, 12 volts D.C., should be present between terminals 5 and 6 and also 7 and 8.  Terminals 5 and 7 are positive, 6 and 8 negative.  Check Power Supply fuse and replace if necessary.  If trouble remains, check Power Supply load circuits for short and replace Power Supply.
5.2.6

Receiver – Verify Green Light is lit.
Check antenna installation for mechanical and electrical integrity of antenna, cable and connectors: Using a VOM, check for continuity of inner (signal) conductor on lowest ‘R’ scale, then same for outer (shield).  Check for leakage/shorting between inner and outer conductors on highest ‘R’ scale.

CAUTION: When performing this test, temporarily de-activate master circuits by removing relay 1 CR from its socket to ensure against inadvertent crane operation.
\
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Replace receiver if output or scan control behavior is abnormal.

5.2.7

Decoding – This consists of the per-system Decoding Assembly (coded for a particular system), one Decoding Synchronizer and a number of Relay Drivers.  These are printed circuit type assemblies that plug together.  All Synchronizers used in different systems are interchangeable, and all Relay Drivers are likewise interchangeable.
CAUTION:  MAKE SURE POWER SUPPLY SWITCH IS “OFF” WHILE PLUGGING OR UNPLUGGING ANY COMPONENT.  Non-observance may result in damage and voided warranty.


Each Relay Driver includes an indicating light to show when its output circuit is energized.  Refer to the Schematic Diagram and to markings on the Decoding Assembly to determine which indicators should show for what functions.

When an output signal is not present, no indicators should be lit.  When a correct control signal is received, the “Address”, “Bridge Neutral”, “Trolley Neutral(s)” and “Hoist Neutral(s)” indicators should light when pressing any switch.  The “Enable / Reset” indicator should light momentarily when and while that transmitter control is pressed.  Other functions should be energized in accordance with operation of their transmitter controls.

If no Relay Drivers operate, replace the Decoding Synchronizer, since it is common to all functions.  If some Relay Drivers operate properly, but others do not, replace malfunctioning unit(s).  Note that the system is arranged so that the “Crane Address” Relay Driver (Number 1) must operate before any others can operate.
There is a remote possibility that a fault in the input circuit to one Relay Driver can cause apparent malfunction of some or all others.  To check for this possibility proceed as follows:

CAUTION:
Observe the “Power Supply “OFF” when plugging or unplugging rule.”

1. Remove Decoding Synchronizer and all Relay Drivers from sockets.

2. Inspect all sockets and plugs for foreign matter which might cause short or open circuits.

3. Re-install Decoding Synchronizer.  Install a Relay Driver in socket number 1, “Address”, only.  If it is inoperative, substitute another Relay Driver unit and recheck Receiver and Decoding Synchronizer.

4. If step number 3 is okay, proceed to step 5.  If step number 3 is unsuccessful, turn Power Supply “OFF”.  Check wiring to Decoding Assembly for loose or broken connections.  Remove Decoding Assembly PC Board from its “snap track” mounting and inspect for damage to circuits on back side and for presence of foreign matter.  
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5. Install additional Relay Drivers in sequence (number 2, number 3, etc.) and check for proper operation of it and all others, one at a time.

6. When system malfunction occurs, the last installed unit is indicated to be defective.

7. Continue until all Relay Drivers have been installed and operate properly.

5.2.8

Relay Circuits – Refer to Schematic Diagram for assistance in identifying components and circuitry.

Only control relays of the plug-in type, with 12 volts D.C. coils and 10 ampere rated contacts, are operated by Relay Drivers, some are operated by contacts of others; interposing relays, if used, are operated only by contacts of plug-in relays.  All like relays are interchangeable.

Inspect for security and tightness of all relays and sockets and for integrity of wire connections.  Each relay is secured to the socket by two spring clips to guard against shock and vibration effects.  The clips must be released by means of a thin tool for relay removal.
Each Decoding Assembly Relay Driver output is connected to the coil circuit of one relay.  In addition, other relays are used to provide safety sequencing, interlocking functions and output circuits.  The Schematic Diagram will indicate circuit function.
The “sequence/master” circuit is designed so that the following conditions must be met, in order, to allow the master relay to be energized:

1. All Relay Drivers and corresponding relays must be de-energized when transmitter is off.

2. Within one second of the time any Relay Driver is energized by a proper coded received signal, the “Address”, “Bridge Neutral”, “Trolley Neutral(s)”, and “Hoist Neutral(s)” relays must be energized, and no motion or action relay can be energized.  The sequence relay will then operate.
3. When the sequence relay is first energized, the Enable should be “OFF”.

4. The “Enable/Reset” relay will energize the master relay if the above conditions have been met when that function is activated at the transmitter.  The Master Relay is held in by the Address Relay and itself.

5-8


The above functions are accomplished by relay contact logic circuits.  This checks the condition of all reception and recognition circuits, as well as, the condition of the signal as received from the transmitter.

The above listed conditions, if met in proper sequence, simply make sure that:

1) everything is “OFF” when it should be, 
2) the proper functions come “ON” at the right time,

3) and only under safe (no motion) conditions, can the Master Relay be energized.  (Note how the circuit acts if any motion lever on the transmitter is held off-center.)

Three Relay circuits involve capacitor networks:

1) The Address Relay coil is paralleled by the small panel-mounted one.  This protects against dropouts due to very momentary loss or fade of input signal.
2) Both large panel-mounted capacitors are not specifically for timing, but act as current accumulators.  In the “sequence” circuit the capacitor is charged when transmitter if “OFF”; then its discharge energizes the sequence relay, if conditions are met, when the transmitter is turned “ON”.  (If conditions are not met, the capacitor discharges thru the 200 ohm resistor; this action “forces” the sequence to happen in order!)

3) The “Master” circuit capacitor acts in the same manner as in the “sequence” circuit; first, checking for the sequence relay and not the enable; with actuation of the enable, its discharge energizes the master relay.  (It may also hold-in the relay during short power loss, like bouncing collector shoes.)

5.2.9

“Dry Run” Check – A complete operational check on all receiving and recognition equipment can be made without causing any output:

CAUTION:
When performing this test, temporarily de-activate master circuits by removing relay 1 CR or 2 CR from its socket to ensure against inadvertent crane operation.
1. Depress E-Stop 
2. Turn on Transmitter (toggle)
3.  (Any motion, action or select function can now be actuated without output.)  Slowly move all master switches, individually thru each direction and speed point.  Every input should be decoded, and its associated relay energized, as each happens at the functions’ switch at the transmitter.
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OUTPUT CIRCUITS
(Crane Function Operation)

All outputs are totally isolated from any decoding circuits by relay contacts.  Power to operate crane circuits comes from the crane circuits themselves, not from within the electronics.  The only connection between the crane controls and the electronics is at the input terminals on the Power Supply, which contains isolation from within it.  All circuits are wired to and from the output Terminal Strip.

See the system Schematic Diagram for the specific circuits that activate individual crane functions.  Use a VOM to check these circuits and their connections to the crane.

5.2.10

Transfer Switch – Mutually exclusive transferring of radio control, modes is often used: “Pushbutton-Radio”, “Cab-Radio”, “Pendant-Radio”, “Console-Radio”, etc.  The mutual exclusiveness is most simply obtained by appropriately defeating the other mode’s power feed, as well as, opening any normally closed circuits.

Besides using contacts on the Transfer Switch, Transfer or Master Relays may also have contacts placed to inhibit cross control or feedback between control modes.  This type of transfer is usually used in motion circuits, where isolation is not needed until the circuit is powered.
See the Interconnection Diagram, if supplied, for a Main or Transfer Elementary Diagram.
5.2.11

Main Circuit(s) – The mainline contactor, warning signal and “Power-On” indicating light are included in these.  The Master Relay must be energized for these circuits to be operative.
The crane mainline contactor is held in by maintained circuits in the radio output.  A part of this circuit is used to power the indicating light (IL), a display that shows the radio-master has energized the mainline contactor.

See the “Sequence/Master” circuit on the system Schematic Diagram for internal problems, or wiring shown in the system Interconnection Diagram for this and transfer circuits.
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5.2.12

Motion Circuits – Crane motions are actuated by signals generated at the motion switches on the transmitter.  Neutral, directionals and speed points follow the movement of the motion switch.

Neutral relay contact(s) act to power/disable motion outputs.  Cross interlocking of directionals and cumulative speed point contacts are used to duplicate the logic necessary to properly sequence the crane motion contactors.  See the crane schematic(s) for this definition.

Check the operation of the crane’s circuitry using the back-up mode.

5.2.13

Interposing Relays – Sometimes the contact quantity or rating of the relays must be expanded or extended:

1) If several contacts are needed for a function, “repeat” relays are added.  These are operated by the function relay’s contacts, and work to expand the number of poles available.

2) For higher voltage or current capacity, an interface relay is added.  Operated like the “repeat” relays, these expand and extend the capability of the function relay.

See the system Schematic Diagram for the complete internal wiring and output circuitry of any relay. 
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TROUBLESHOOTING INDEX

O.
GENERAL




BACK-UP:  5.2.1




FAIL-SAFE:  1.2.1 (2.), 2.3, 3.0




MODULARITY:  1.2.1 (6.), FIG. 3-1, FIG. 3-2, 5.2.1, FIG. 5-1




INTERCHANGEABILITY:  3.1.1, 3.1.2, 3.2.5, 5.2.7, 5.2.8




POWER SUPPLY:  3.2.4, 5.2.5




CODE:  1.2.1 (4.), 3.0, 3.3
I.

TRANSMITTING AND RECEIVING




BATTERY (& CHARGING):  1.2.2, 2.1, 2.2 (10. & 11.), 5.2.3,









5.2.4




OPERATION:  SECTION 2, 3.0




FREQUENCY(S):  1.2.1 (7.), 2.3 (3.), 3.0, 3.1, 5.2.2




SIGNAL(S):  3.1.1, 5.2.2, 5.2.7




UNIVERSAL:  2.2 (4.), 3.1.2, 5.2.2



ALL-STOP:  2.2 (8.), 2.3, 5.2.7




RECEIVING:  3.2.1, 5.2.6




FIELD ADJUSTMENT:  1.2.1 (6.), 3.2.1




ANTENNA:  5.2.6

II.
(EN) CODING & DECODING




ADDRESS:  1.2.1 (7.), 2.2 (4.), 3.0, 3.1.2, 3.2.1, 5.2.2, 5.2.7, 






   5.2.8




“DRY RUN”:  5.2.9




DECODING:  3.2.2, 5.2.2, 5.2.7

III.
SAFETY & SEQUENCE




OPERATION:  2.2 (5. & 6.), 2.3




SIGNAL(S):  3.2.2, 5.2.7




NEUTRAL(S):  5.2.7, 5.2.8, 5.2.12




SEQUENCE:  5.2.7, 5.2.8




MASTER:  2.2 (6.), 3.0, 5.2.8, 5.2.9, 5.2.10

IV.
INPUTS & OUTPUTS




SWITCHES:  3.0, 5.2.2, 5.2.10




RELAYS:  3.2.3, 5.2.8, 5.1, 5.2.13




RELAY CIRCUITS:  1.2.1 (5.), 1.2.3, 5.2.8




(MAGNET:  2.3)




OUTPUT CIRCUITS:  5.1.11, 5.2.12, 5.2.13
