Notes on SusDem 97, Zagreb 29 September 1 October 1997.
My paper is attached.  The Dervish and control by phase addition to Decca do seem to be new ideas.

There is a growing belief in the need for mechanical clearance to reduce costs and increase clearing rates.  Most of the machines discussed and shown use the chain flail principle dating from World War II.  Others are rollers, ploughs, ‘earth milling-machines’ and fork-sieves inserted beneath the mine.  Flails seem to be more suitable for their original task of breaching mine defences during an assault than for post war clearing of large areas.  The criticism is that only a fraction of the top of a mine, sometimes less than half, is force sensitive.  If a chain link strikes an insensitive part then the mine case can be broken.  Explosives and detonators can be scattered into areas previously cleared.  Flail machines are fast but messy eaters. 

Sets of close parallel rollers have been used successfully by the South African company Mechem (who cleared 12,000 mines with 2 Casspirs in 5 weeks round the Ressano Garcia powerline) and others. Their rollers were much heavier, 850 kg, than ours at 90 kg and far more than needed to fire AP mines at 10-20 kg.  Mechem solved the steering problem with a trapezium linkage so that a pushing vehicle could be driven normally.  They reported the problem that some mines can be tilted by the rollers to an angle where subsequent rolling does not fire them.  To overcome this they rolled alternately from orthogonal directions and did three more passes after the last detonation.  As many as 10 passes were needed in some ground conditions.  I hope that we will not have to do this because the tilt forces of a Dervish wheel should be an order of magnitude lower.  We do not see tilting of stones from Dervish wheels or human feet.

We saw a very heavy roller machine built by the Croats which had fired only three mines before being withdrawn from service because it sank in soft ground.  I have photographs.  Flail machines in Afghanistan have been mothballed.

Although military purchases of flails are in the hundreds, Barry Middlemass, formerly of Aardvark who make a tractor mounted flail, told me that sales of flails for post-war demining are only about ten.  There are too many flail companies selling almost identical equipment.  Typical capital costs are $250,000 per metre width of path swept.  We ought to be able to make Dervishes for less than 1% of this.

Most people have now heard of the Dervish and it seemed to be winning grudging acceptance.  Paddy Blagden was talking about the problems of extracting damaged machinery from the middle of a mine field and asked anyone with a machine weighing less than 2 tonnes to stand up.  I was the only one to do so.

The main criticism of the Dervish is that it will be good at doing the jobs that are not very important.  Mine fields are not like croquet lawns.  What will the Dervish do on steep slopes and in heavy vegetation?

Any land in fertile regions which is not used for agriculture will quickly be overgrown.  Getting rid of vegetation is more of a problem than getting rid of mines and is a serious problem common to every other mine clearing technique.  The present techniques are to hand snip with shears and secateurs, twig-by-twig or to mulch the entire coverage.  

During the conference I roughed out the specification for a remotely operated vegetation clearing machine.  It should have three wheels for stability on uneven ground and an open frame structure resistant to mine blast.   It should be able to present a variety of hydraulically driven tools such as chain saws, hedge trimmers,  abrasive wheels or a bush hog to cut grass, medium-sized trees, barbed wire and steel fence posts.  The advance rate should be about walking speed with a reduction during heavy cuts which could be controlled by the force on the cutting head. The end result of this exercise looks like a Dervish in its parallel-wheel rapid-traverse configuration.  Stanley provide a selection of hydraulically driven tools all of which have flow rates compatible with our present system. 

The conference organisers had given various topics equal amount of time and then divided this by the number of contributions in that subject area.  I was given only 12 minutes to explain Dervish principles and Decca navigation and I felt that some of the frontline deminers did not follow the ideas about phase.  However there was considerable interest in a navigation system which could come back to the same bean in the middle of a field.  

Nobody had yet proposed using machine-tool control-software to generate command signals directly from mine maps.  The prospect of unattended three-shift working would be very attractive.  People are expensive to feed transport, insure and medicate.  A flail machine needs three drivers and three more people for maintenance at costs from $50 to $200 a day each.  This would buy a Dervish in less than a week.   In some mine fields they have to stop work at 10 am when the temperature reaches 130F.  A working day of four hours was not considered unreasonable.  Getting people out any part of the loop, especially the dangerous parts is desirable.

David Daniels of ERA technology, who presented a paper on their ground penetrating radar, reported that he had used something similar to Decca for archaeology but that he had found problems with phase field distortion from trees.  Jimmy Dripps was measuring tree effects while I was in Croatia and found a constant deviation of a phase arc of about 40 mm when the tree is on the direct line between transmitter and receiver.  Provided that this stays constant, it need not concern us.  However we should remove vegetation in directions away from control and base units.  Jimmy also did some tests with the BNC cable in water at different temperatures.  He found that the 80 mm error, which we thought was caused by the change of ground conditions from frost to wet grass to dry grass, was actually the effect of temperature on the BNC cable.  This is confirmed by putting the coil in a hot bit of a conservatory.   Stone walls seem to have less effect than trees even if hosed with water.

Mechem have very long experience and claim to have cleared a greater area than all the UN projects.  Dr Vernon Joynt offered to test Dervishes and is setting up a mine training school in South Africa.  Davor Antonic of the Croatian Ministry of the Interior offered help with tests of the Dervish.  We can drive from the UK in only three days.  Eddie Banks will provide facilities in Serbia. However Mechem have been warned by the Bosnians that if they sell any equipment or do any demining in Serbia they will never get work or sales from any Muslim country.  There is a general expectation that three-way fighting will resume as soon as NATO withdraw.  In the previous round the Bosnian Muslims had only small arms, were embargoed and suffered heavily from Serb artillery.  They are now importing their own with money from Saudi Arabia.

There was a privately circulated analysis of the average clearing costs of charitable non-government groups and commercial companies.  These are $10 per square metre for NGOs and $1.50 for the companies.  Mechem can cite actual contract costs in certain, perhaps favourable conditions, down to $0.14.  The actual costs depend very much on local geography, logistical problems and the levels of corruption for local officials which can raise costs by a factor of three.  Part of the difference may be that the commercial groups are picking the easiest conditions and leaving the really nasty ones to the charities.  However such a large gap is hard to explain.  It is unlikely to be allowed to continue.

Implications for the Dervish
The present Dervish has three-wheel drive and uses mechanical guidance from a trailing tiller arm to control steerable wheels.  The amount of advance can be set manually, but not yet  remotely, to give a accurate gaps between wheels.  One channel of the Decca navigation system has been tested and shows 1mm stability with a clear transmission path and 5mm sinusoidal deviations with moving human bodies close by.  The design of the full circuit for control in both directions is complete and construction is being carried out by Dr JH Dripps of our Electrical engineering Department.  He is working unpaid and will be available full time until his teaching starts in January 1998.  There may be spin-off in the accurate control of agricultural machines giving savings in water for irrigation, simultaneous cropping and lower chemical use.  Edinburgh University has filed a UK provisional patent based on the paper delivered at Zagreb.  It is clear that the next step to convince the demining community is a video of a Dervish climbing steep gradients and moving over rough ground. 

We will then show that the steering mechanism can survive blast from typical charge sizes. (We are already confident about wheels, axles and bearings.  This requires the design and manufacture of electrically-isolatable pressure-operated mines made with bio-degradable materials so as to avoid problems for grazing animals.  We should also fit armour plating round the engine compartment.  We hope that this can be done by the middle of November.  The next video will show advance over exploding mines which will convince non-technical viewers.  Deminers already believe in that part of the work.

We then add the rams which allow the machine to convert from rotary to high speed traverse mode and at least one form of vegetation clearing tool driven by the existing hydraulics at a power of about 5 kW.   We will make a video of vegetation clearance.  Some deminers think that this would be just as valuable as mine-clearing.

We will replace mechanical steering by Decca electronics with the steering system using phase additions supplied from a mapped information in a computer-aided design package.  The mathematics of this process is described in the attached Mathcad program which performs the function but which is needlessly verbose.  I hope to recruit Dr John Hallam from the University Department of Artificial Intelligence to do this work.

We must expect that by this stage the test vehicle will be, clumsy, overweight and not suited to mass production.  We will therefore clean up the design and produce a small batch for trials in a real mine field.   Mine clearing needs a much lower power than the 8 kW available from the 340cc Honda engine, perhaps less than 1 kW on normal ground.  However we may be glad of the extra power for clearing vegetation.  

Conditions in Angola sound dreadful with particular problems about extortion and supply.  Somebody at Zagreb suggested that instability is caused deliberately so as to maintain the price of diamonds which would fall if Angolan production comes on stream.  If fighting in former Yugoslavia resumes after NATO leaves we will take up the Mechem offer of trials in South Africa. 

