MAINTAINING THE NEPTUNE II

CLEANING THE INTERFACE EDGE CONNECTOR
The most common and frequently the most confusing fault is caused by dirt or grease on the computer interface board edge connector. This may manifest itself as either total loss of control, erratic overall control or even loss of control of just one axis.

If the connector is being frequently disconnected and reconnected then wipe clean the edge connector with an organic solvent such as acetone, white spirit or cellulose thinners about every tenth time. 

The edge connector is set  back  inside the Control Box and the underside is not very accessible. The easiest way to reach it is with "Cotton Buds" (plastic sticks with cotton-wool on the ends of them).

In the event of any strange control problem look first to the edge connector.

OILING POTENTIOMETER SPINDLES

Like most machinery, the NEPTUNE requires oil on all the moving surfaces. The most important point is on the potentiometer spindles. The spindles are of stainless steel running in brass bushes and a continuous  oil film is essential to prevent seizure. A couple of drops should be placed on the end off the bush (where the shaft enters it) once a month.

OTHER LUBRICATION
The racks and pinions of the cylinders should have oil applied to them whenever they look dry.

Put a drop of oil on the bushes, which secure the counter-balance springs, each time the potentiometers are oiled.

The axles run in sintered bronze bearings which are lubricated for life and should need no more oil, but another drop can only be beneficial.

POTENTIOMETERS
The robot is under closed loop servo control using potentiometers as the position sensors. Any problems with a potentiometer will therefore cause difficulties in the control of the axis to which it is connected.

The life of the potentiometers is not unlimited. Eventually the conductive track wears down, becomes rough and the arm then becomes unstable.

Typical symptoms of potentiometer problems are:-


axis shaking badly


axis stopping only at the physical end stops

FAULT DIAGNOSIS
Diagnosing potentiometer and related problems is easy using WALLI for Windows. Select SIMULATOR CONTROL mode and look at the simulator and feedback data. If no simulator is available then use OPEN LOOP CONTROL.

If both simulator data and arm data are either random or stationary garbage then first suspect:-


dirty interface board edge connector


interface cable not fully plugged in

"confused" computer - close down WINDOWS, switch off and re-start

If not one of these and all the data is near zero then check for:-


total loss of +10V reference voltage

The feedback potentiometers all use a reference voltage of +10V. There are 3 connections to the potentiometers. The centre one is the wiper. The +10V should be found across the other 2.

The simulator potentiometer use a reference voltage of -10V which is derived from the +10V.

Without the reference voltage the positions will appear to be zero. The most likely cause of its loss is a short between a chafed-through wire and the metalwork.

If data from one of the axes is always near 0 check for:-

loss of +10V or wiper connection to that potentiometer

If data from one of the axes is always near 4095 check for:-


loss of 0V to that potentiometer

Either of these could be caused by:-


broken soldered joint at potentiometer






broken wire from connector on solenoid driver board 


wire loose in connector on solenoid driver board

To access the connectors, remove the screws from the top of the robot base and swivel it round. The cables to the connectors can be seen going underneath the front of the silver-coloured plate and the connectors can just be reached without further disassembly.

If data from one of the axes does not change as much as it should, check for:-


loose screw securing the potentiometer

If this occurs:-


check for seizure.

If the data suddenly jumps from near 0 to near 4095 then check for:-


cracked track on potentiometer

The potentiometer tracks are laid down on ceramic to give them mechanical and environmental stability but like ornamental ceramic they crack upon impact or severe end-thrust loading. Caps are fitted over the potentiometers but damage is still possible.

If the wires are removed from the potentiometer no continuity will found across the 0v and +10V connections of a cracked potentiometer which should be replaced.

If an axis is a bit shaky but data apparently all right then suspect:-


worn or dirty track on the potentiometer

If looked at very closely, uneven data change might be just observable. If in doubt then change the potentiometer. They are not expensive.

REPLACEMENT OF A POTENTIOMETER

Each potentiometer is very easy to replace except the one for axis 0 which is inside the base. To reach this,  remove the triangular front feet and the front plate. There are eight M6 screws and 6 M4 screws. 

If the potentiometer is still intact then take the axis to a convenient position, switch off the SOLENOID CURRENT and take a note of the data coming back from that axis.

If the potentiometer has totally failed then take the axis to its zero position and  switch off the SOLENOID CURRENT.

Oil the spindle of the new potentiometer where it goes into the bush and operate it a few times, by hand, to work-in the oil.

Wire up the new potentiometer before fitting it (take care not to interchange any of the wires) and set it to give data of between 1 and 50 (not zero as it is then impossible to see if you have gone over the end of the track).

Carefully fit the potentiometer and secure the shaft watching that the data is still correct.

Send 0 to the axis and switch on the SOLENOID CURRENT switch. The axis should move only slightly.

If necessary, make fine adjustment of the position with the offset pre-set on the solenoid driver board.

SETTING OFFSET ADJUSTMENT
De-power the system and remove the screws from the top of the robot base. Swivel round the top and the electronics will then be exposed.

On the top is the interface board and beneath that is a silver-coloured cover plate over the solenoid driver boards. Remove the left side panel and these will be seen more clearly.

Lift off the cover plate together with the interface board. There are three fixings: two screws at the left hand side and one on the top, front right corner.

The offset presets are at the front ends of the solenoid driver boards.

Re-power the system and send the axis, which is to be adjusted, to position 0 and adjust the preset so that all LEDs are extinguished at the end of travel. Send 4095 and check that the axis reaches or comes close to the opposite end of travel.

There are six LEDs on each board. The two reds are on when the axis is moving towards 0 whilst the two greens are on when the axis is moving towards 4095. Two yellows are on when the axis is moving at its fastest speed, one yellow is on when the axis is moving at its slowest speed. All LEDs are off when the axis is servoed.

De-power the system and re-assemble.

ERRATIC BEHAVIOUR

If a control  problem persists even after cleaning the edge connector and confirming that the potentiometers are in good condition then check:-

connectors on interface board

contact clips on solenoid driver boards

To check the connectors:-

Take out the screws on the top of the robot base, swivel round the top and disconnect and re-connect the 26 way and 10 way connectors. Intermittent contact on those can also cause effects that are hard to explain.

To check the contact clips:-

De-power the  system.  Remove  the left side panel (NOT the one with holes for the hydraulic fittings) and lift off the silver-coloured cover plate together with the interface board. There are three fixings: two screws at the left hand side and one on the top, front right corner.

Take out the solenoid driver board. There are four screws. some grease on the end of the screw-driver will be found helpful with these.

Clean and tighten up the solenoid clips. These should be set to go just beyond half way across the slot on the board.

Axis 6 board is a little bit more difficult to remove and re-fit and it may be found more convenient to do this with the manifold out of the robot.

REMOVING THE MANIFOLD AND CONTROL SYSTEM

For fullest access to the manifold and solenoid driver boards the complete control system assembly may be removed from the robot.

This is useful for instructional purposes as well as for maintenance reasons.

De-power and de-pressurise the system.

Remove the left side panel (NOT the one with holes for the hydraulic fittings).

Remove the four M6 manifold securing bolts from the under-side of the robot.

The assembly can now be slid out whilst the pipes are still connected.

The system can be operated with the control system assembly separated from the robot but most of the weight has now been removed from the base of the robot so CLAMP THE ROBOT FIRMLY TO THE BENCH when operating it so as to avoid it becoming over-balanced.

When re-fitting it is a good precaution to de-pressurise again as the knurled release mechanism of the sockets could catch on the right side panel with deluvial results!

RE-ADJUSTMENT OF RESTRICTORS
As with almost all machines, the NEPTUNE robot arms may from time to time go out of adjustment. The NEPTUNE has been designed to be particularly easy to maintain. 

To adjust the restrictors:-

Remove the control system assembly from the robot (as above) and lift off the cover plate to give full view of the solenoid driver boards.

Clamp down the robot base to the bench and re-power.

You will now be able to see the automatic three speed in action. The red and green LEDs indicate the direction of travel, whilst the yellow indicate the speed. Both yellow LEDs - fast, one yellow - medium, neither - slow.

The restrictors are the rectangular blocks, with a brass screw in, located on either side of the manifold. The white restrictors on the front side of the manifold are known as the positive restrictors. The black ones on the opposite side are known as the negative restrictors.

If the green and red LEDs are on for an excessively long period, this indicates either that one of the restrictors is blocked or that it is too tightly screwed in. Try loosening slightly (1/8 turn) both restrictors on the offending axis. If this does not work clean the restrictor:-

Take the axis to position 0, turn the solenoid power off and remove the pipe *  from the positive end of the cylinder, if in doubt as to which is positive and which is negative remove the pipes from both sides of the cylinder, rag in hand!

Fully screw in the screw carefully counting the exact number of turns and part turns. Make a note of this.

Withdraw the screw from the positive restrictor completely. Wipe all the deposits off the screw and replace.

Screw in fully and then turn back by the number of turns which you have noted down.

Re-fit the pipe to the cylinder and re-test but remember that  air has been introduced into the system and stable operation will not occur until it has been driven out by operating the axis fully a few times. There are bleed screws on some axes which can be used to speed up this process.

If necessary repeat with the negative  restrictor  with  the axis at position 4095.

* Removing the pipe is imperative to avoid damage to the diaphragm by negative pressure caused by syphoning - see ROLLING DIAPHRAGMS section.

If the axis is oscillating then the restrictors will need tightening slightly. If the oscillation is only slight, try first tightening only the positive restrictor, if this does not cure it then tighten the other as well.

OVER-TIGHTENING RESTRICTORS

If the restrictors are over-tightened, apart from the risk of stripping the thread, one side of a cylinder may not be able to fill up as fast as the other one is emptying.

This effect is most pronounced on axes 1 - 3 where gravity is very significant. For example:- if axis 1 is sent downwards and the negative restrictor is screwed fully in, the axis will still move freely down but the negative side of the cylinder will not fill up fully and when the axis is taken back up and over the centre of gravity, it will fall back suddenly as there will be a gap between the end of the rack and the piston on the negative side.

Another effect which can occur is syphoning out of one side of the cylinder. For example if axis 1 is sent upwards and the positive restrictor is screwed fully in, the axis will stop a little bit short of its desired position but the direction valves will still be open so the negative side of the cylinder will continue to drain. This too will lead to a gap between the rack and the piston on the negative side and rapid falling over the balance point.

An additional and worse effect of the syphoning is that the diaphragm could become puckered up leading eventually to its failure - see ROLLING DIAPHRAGMS section.

IN SUMMARY: make only very small adjustments to the restrictors else dire consequences may be anticipated!

RE-SETTING RESTRICTORS FROM SCRATCH:-

If the restrictor screws have been removed and their positions lost, or if over-enthusiastic adjustment has taken place and difficulty has been experienced in correctly re-setting then:-

Fully tighten the screw that has been removed into its restrictor and then unscrew by the number of turns  indicated by the following table.
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This will set the restrictor to its approximate position. The restrictor will then need to be trimmed using the following procedure:-

Note that unless the gripper sensor is fitted the setting of the restrictors of axis 6 is non-critical.

Remove the 26 way cable from each axis except the one to be set-up. This will prevent instability on one axis from affecting another.

The first objective is to make the axis stable. If the axis is oscillating fairly severely, tighten the negative restrictor by about 1/4 turn and then tighten the positive restrictor until the oscillation stops. If the oscillation is only minor just tighten the positive restrictor.

The second objective  is to maximise the rate of travel. Use CN401 (the extend/test connector), by shorting the middle pin to either the upper or the lower pin, to move the axis and then return it.

On its return observe the solenoid LEDs. The first  to extinguish will be the back end yellow LED.

Whilst only the front end yellow LED is on, the axis is travelling at medium  speed. If there appears to be an excessively long period of medium speed (typical rates of travel are given below), open up the negative restrictor and, if necessary, tighten the positive restrictor to regain stability.

Whilst either both green or red LEDs are on, the axis is travelling at slow speed.  If this period is too long open up the positive restrictor.

TYPICAL RATES OF TRAVEL:-

Rates of travel can vary very significantly, dependant upon the configuration of the entire arm. Send the following position data:-

Axis0
Axis1
Axis2
Axis3
Axis4 
Axis 5
Axis 6

2047  
1900 
2000 
1250
2047 
2047
xxxx

Using CN401 move the axis. The given typical periods are for returning to position. Periods quoted are approximate and are in seconds.

The medium travel, in the positive direction:-

1sec 
½sec 
1sec
½sec 
½sec
¼sec     

for slow travel, in the positive direction:-

½sec
½sec
1sec
½sec
¼sec
¼sec     

for medium travel, in the negative direction:-

1sec
½sec
½sec
¼sec
1sec
¼sec     

for slow travel, in the negative direction:-

½sec ¼sec
½sec
¼sec
1sec
¼sec     

It should be noted that, especially on axes 1 to 3, the periods of travel are direction dependant. It is therefore important to observe the LEDs during both positive and negative travel.

Remember, the real criterion is MAXIMUM SPEED CONSISTENT WITH STABILITY AT ALL POSITIONS. The above figures are a guide-line only. Each robot is slightly different so some final deviation from these figures may be anticipated.

BLOCKED VALVES

An unusual fault is a blocked valve.

This will show up as a valve staying open when there is no voltage on it or as a valve staying closed despite a voltage being applied but take care not to confuse this with bad contacts from the solenoid clips. Symptoms of a blocked valve are:-

If a valve below a green LED or a red LED stays open then a hydraulic short circuit will occur in one direction of travel, water will be heard rushing through the manifold and the power pack will be working hard.

If a valve below a yellow LED stays open then the axis will always be moving too fast and stability will be impossible to achieve.

If a valve below a green LED stays closed then the axis will only move in the positive direction if gravity is assisting it.

If a valve below a red LED stays closed then the axis will only move in the negative direction if gravity is assisting it.

If a valve below a yellow LED stays closed then the axis will always move slowly.

To deal with a blocked valve:-

Take the offending axis to the position it would reach under gravity if there were no hydraulics connected.

De-pressurise the system and remove the pipes from the cylinder *.

Remove  the  relevant valve(s), clean out  with  an  air  line whilst repeatedly operating the manual over-ride lever and then re-fit. A suitable box spanner is supplied with the robot.

HAND PRESSURE ON THE BOX SPANNER WITHOUT A LEVER is sufficient for tightening the hydraulic fittings. More pressure could permanently damage the manifold.

* Removing the pipe is imperative to avoid damage to the diaphragm by negative pressure caused by syphoning - see ROLLING DIAPHRAGMS section.

LEDS ON THE SOLENOID DRIVER BOARD

The LEDs which are on the solenoid driver board not only indicate which solenoid is to be switched on but also carry the current which drives the output stages.

LEDs seem to be more prone to failure than any other of the electronic components.

If a yellow LED fails then the axis will always move slowly.

If a red LED fails, neither red LED will light up as they are in series and the axis will only move in the positive direction.

If a green LED fails, neither green LED will light up as they are in series and the axis will only move in the negative direction.

If a failed LED is diagnosed, and a replacement is not immediately available then the dead one may be shorted out with no adverse effects.

MAINTENANCE OF HYDRAULIC POWER PACK

The power pack is fitted with a filter to catch pieces of swarf etc. coming back from the manifold. The filter should be cleaned after initial set-up of the robot-arm, again after the first 20 hours use and then 2 or 3 times a year after that.

If the pump is unable to reach full pressure or it is slow in replenishing the accumulator then the filter should be removed and cleaned.

Release all pressure with the pressure release valve, remove the whole filter/valve assembly by removing the two bolts into the ends of it and remove the 3 screws. Push out the filter, wash through with clean water, dry with fluff-free cloth, wash in white spirit or kerosene to remove greasy deposits, dry again with fluff-free cloth, rinse and wipe out the cavity in the filter assembly.

Clean the mating faces of the assembly, smear with vaseline and re-assemble with the filter the opposite way round. Empty the sump, rinse out and fill with clean water. Operate the pump with the output flowing into a bucket. There should be a turbulent flow. If not then either replace the filter or rejuvenate it by heating briefly to red heat with a blow-lamp which will burn out most of the sediment. Quench in water and re-fit. Again flush through discarding the water.

Re-fill the sump with clean water and add 50ml of inhibitor

SIMULATOR MAINTENANCE
For axes 0 to 4 there is a potentiometer and 3 set screws associated with it. The first locks the potentiometer in position and should not need to be touched unless a potentiometer needs replacing. The next screw sets the stiffness of the arm by tightening down on a nylon collar. This screw should be set to personal taste for the "feel" of the joint.

The last screw secures the axis to the potentiometer. If this comes loose, then move the potentiometer to the zero data position, move the axis to the corresponding position and tighten the screw firmly.

Each of the potentiometers has an internal end stop which stops the axis at the zero position. Over-enthusiastic use can break this off and the potentiometer should then be replaced.

If there is no end stop then on moving the simulator arm towards zero, the potentiometer wiper will come off the end of the track, make contact with the opposite end of the track and the axis will suddenly move in the opposite direction.

Any faults on the simulator will show up by looking at the sent data in SIMULATOR CONTROL mode. Check as in FAULT DIAGNOSIS for the robot potentiometers 

ROLLING DIAPHRAGMS

GENERAL NOTES ON ROLLING DIAPHRAGMS

Rolling diaphragms have considerable advantages over conventional seals in that there is total sealing hence zero leakage. Also there is no sliding contact between the seal and the walls of the cylinder so there is no friction. This is explained in more detail in the Practical Electronics article re-printed in this manual.

Because of the lack of friction in the system the diaphragms wear out only very slowly and the manufacturers (Bellofram whose products are handled also by the George Angus Co. division of Dunlop) quote lifetimes of millions of cycles. However there are some conditions under which the lifetime can be reduced.

Pressure  in  the cylinder keeps the diaphragm  in  its  required  shape i.e. clinging to the walls of the piston and cylinder. It is essential that a reverse or negative pressure is never applied.

When the piston is returned after a reverse pressure has occurred then the diaphragm, now being away from the walls, becomes folded. Scuffing takes place at the fold finally resulting in leakage. This leakage is not dramatic, building up gradually with further use but even though the seals are easily replaceable their premature expiry is obviously to be avoided.

At first sight it may appear that a negative pressure cannot occur and normally it does not happen. However if a pipe from a cylinder is disconnected at the manifold or if a valve or restrictor is removed for cleaning then the difference in height of the cylinder and the manifold will result in syphonage. The water will all be drawn out of the cylinder with a reverse pressure equal to the head of water. For example, if the cylinder is 50cm above the manifold then there is a reverse pressure of 50cm head of water (about 0.05bar).

CONCLUSION 1 -

NEVER REMOVE OR SLACKEN ANYTHING AT THE MANIFOLD UNTIL THE PIPES ARE DISCONNECTED FROM THE APPROPRIATE CYLINDER(S).

The other way in which a problem can occur is as follows and applies only to axes 2 and 3:-

If the axis is in an elevated position when pipes are removed from the cylinder then the first occurrence is a drenching from the water gushing from the positive end of the cylinder - clearly not a good procedure! More serious is the fact that the piston at the negative end will drop under the weight of the water remaining above it. The piston then reaches the bottom of its travel. 

If the piston is in its last few mm of travel and from there, is pushed up rapidly by the axis being operated without pre-pressurising the cylinder then the seal may be pushed up without wrapping itself correctly about the piston. The seal then becomes crumpled and failure will eventually occur at one of the folds. To avoid any possibility of this failure mode occurring  the cylinders must be pre-pressurised before exercising them after maintenance work on them has been carried out.

CONCLUSION 2 -

DRIVE THE AXIS TO ITS MOST RELAXED POSITION BEFORE DISCONNECTING THE PIPES FROM IT.

PRE-PRESSURISE THE AXIS BEFORE OPERATION OF THE AXIS BY THE SERVO CONTROL SYSTEM following maintenance work on that axis.

To pre-pressurise an axis, take it manually to its mid-way position, HOLD IT FIRMLY and several times alternately apply pressure to the positive and negative end of the cylinder. There are two way of doing this. With either way a second pair of hands will be found helpful:-

EITHER:-

Briefly short together the upper and middle pins of the CN401 - the extend/test connector CN401 on the solenoid driver board.

Briefly short together the lower and middle pins of CN401

Repeat procedure several times.

OR:-

Operate the appropriate axis on the simulator so that the data sent alternates every couple of seconds between minimum and maximum. Alternate the data several times.

PERSPEX CYLINDERS

The operation of rolling diaphragms is best observed through transparent cylinders and we are happy to supply Perspex replacements for the tubular parts of the cylinders. For further details please telephone.

REPLACEMENT OF DIAPHRAGMS
When a diaphragm fails it is rarely dramatic. The first sign is usually a few drops of water from the ventilation holes in the centre of the cylinder. To replace a failing diaphragm:-

Take the offending axis, under computer control, to its most relaxed position.

Take the other axes to a position where they will not interfere with access to the cylinder which is to be worked on.

Remove the black Delrin screws from each end of the cylinder.

Remove the four M6 nuts from the appropriate end of the cylinder.

Remove the end block of the cylinder and extract the piston assembly.

Disassemble the piston assembly and clean thoroughly.

The diaphragm operates with the  water  on  the  non-fabric side. The diaphragms are moulded with the fabric on the outside and the diaphragm is inverted after fitting.

Coat the top of the piston with cyanoacrylate "superglue" or contact adhesive.

Place the fabric side of the top of the diaphragm centrally onto the top of the piston.

When the glue is firm, turn the diaphragm inside out so that it encloses the piston and the rubber is on the outside.

Fit the cap to the piston. (If this had been attempted before gluing, it would have been difficult to keep the diaphragm accurately centralised on the piston.)

Roll back the diaphragm evenly to expose almost half of the piston.

Smear vaseline onto the inside of the inner cylinder and carefully insert the piston assembly up to the crease at the flange. The diaphragm must be evenly fitted without puckering. When correctly inserted it will rotate freely. The cap should be flush with the end of the cylinder.

Replace the inner cylinder.

Hold the outer cylinder firmly on the end of the inner cylinder to clamp the diaphragm in position and re-fit the end block with the nuts finger-tight only.

Progressively tighten the nuts so as to ensure there is even pressure on all sides of the diaphragm flange.

Re-fit the pipes and pre-pressurise as described above.

FINAL POINT
Do not forget that the hydraulic fluid is water. Never store the robot or pump at less than 0 C or serious damage will be caused by the water expanding as it freezes. If lower than freezing temperatures are unavoidable e.g. when in transit then propylene glycol anti-freeze may be used. For further details please telephone.

WALLI for WINDOWS. Revision A










   NEPTUNE II MAINTENANCE  page 


