SCIENTIST VERSES ENGINEER – AN OME EXAMPLE FROM THE ANNALS OF HISTORY

The battle between scientist and engineer has played a crucial role in my career since joining ROF (RIP) Chorley in 1979 and being dispatched to RARDE Fort Halstead to act as the liaison officer between those clever boffins who invent things and the couth engineers who turn ideas into thousands (sometime millions!) of working products.

………And there’s the first barrier. Intellectual snobbery. (I look down on him, I look up to him but down on him, I know my place. (Cleese, Barker and Corbett.)) Both camps have intelligence, it’s just weighted differently.
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At RARDE there were a species of scientist that would leave a fourth order differential equation describing the progress of a detonation wave through three different media on their blackboard (Yes… we still had chalk) just to show how clever they were and how the rest of us, especially those from the factories, were mere minions…….which, in fairness, we probably were! It’s why Doctors got referred to as Mister and Misters got referred to as Doctor. They’d go through the maths and say “Is it clear?” and we’d just stare back with blank faces. “Clear as mud mate!”

At the factory there was a “Get ‘em out by Friday” attitude that ruled everything, Production was king and if one of them RARDE types “Wanted owt” they’d be in trouble. There was one infamous quote from the factory chief when asked how he’d like to talk to a certain PhD from RARDE and the answer came “Through a medium.” Gulp! I was indeed a boy doing a man’s job.

It’s a classic case of viewpoint, purpose, interaction and context all being misunderstood! …………… And if you haven’t heard those words put together before you haven’t been to any systems thinking talks worth their salt.  

In investigating several “issues” between the researcher and the scientist the errors that have caused the problems have been due to the manner in which they have been thrown together. Therefore, it’s the engineering that’s to blame. Isn’t it? Science “just happens”. Put water on magnesium and it corrodes. The rate is driven by things like temperature, pressure, and concentration, all expressible mathematically and bound by the laws of science, so if you install something into a large system knowing this and do nothing with the engineering to stop it….The system fails. 

Why did the system fail? 

Because the engineering was not good enough to prevent moisture ingress. (Sayeth the scientist)
Because the composition itself was vulnerable to attack by moisture. (Sayeth the engineer)

So who is right and who is wrong? I think that if I had my time over again, I would have done my systems thinking stuff at the age of 21 and not at 45. If would probably not cut any ice in the world of defence procurement at the time because the thinking was seen as post-war “Japanese” and there were a few who held grudges, understandably in a few cases. (Never mind the fact that most of the principles were put in place by Demming who was an American, actually commissioned with putting Japanese industry back on its feet after WW2. And didn’t he do well? BUT science and engineering are equally important in bringing about a well-designed system and each discipline has to listen to the other to achieve the design goal. There is no pecking order.

What is required? A system that allows communication between disciplines in a simple, pictorial fashion. A lot of people will say the methods employed are “dumbing it down” and  it “Trivialises science”. Then again, a wise man once said, “If you can’t explain it simply then you don’t understand it well enough.”

Explaining things in a complicated fashion has been the territory of the scientist for many years. It demonstrates your intelligence, your extensive vocabulary and your general superiority over the engineer. So in our example, that of a tracer composition that misbehaved, the scientist will talk about how magnesium and strontium nitrate interact and burn, given enough stimulus, how he can excite electrons and move them to higher orbits and have them collapse back emitting red light because that’s the only permitted wavelength generated by that collapse,  and how he can use chlorine in the mix because the SrCl radical, which can only exist at the high temperatures involved, has a stronger emission than the other strontium species……….do I hear snoring?

It’s probably better to explain to the engineering counterpart what it does, not what it is. The maths and equations attached to electronic spectra are of little interest to the person who has to put all this together. They have their own equations to worry about. Feed rates, compaction loads, hoop stresses, Young’s moduli. Pounds per square inch……..units per hour!

So…Magnesium is the fuel, strontium nitrate supplies the oxygen and the colour providing agent, the chlorinated rubber sticks it all together and with the beeswax provides and shock resistant binder.  It also provides the chloring needed to strengthen the coloured emission. 

OK, now for leap of faith number one. If you understand what it does, what it needs to do, you can start to gain an appreciation of what might happen if it doesn’t do its job and what fates would conspire to cause this failure.

Having got that out of the way, now for a second leap of faith. A conversation between scientist and engineer. We might even then start to discuss way in which the engineering can protect against the problems. What does the engineering actually do? How might this fail? Is what we are suggesting good enough, or can science provide another, less vulnerable route?

Now for the third leap! The one that brings the two camps together and the one that has caused most friction in the past. When we actually want to make the design, how can we make sure we don’t expose or promote the vulnerabilities that may be present in the engineering or the science?

So…..
· Communicate using functionality, what it does, not what it is.
· Understand your subject well enough to explain it simply.
· Listen. Two ears and one mouth is not a design fault.
· There is no rank in systems design, the engineering doesn’t work without the science and the science does not work without the engineering.
· Be prepared to compromise, redesign or even find another solution. 


These observations were brought about an investigation into a simple tracer failure. After several months in storage 30mm RARDEN TP-T manufactured at Glascoed was giving 100% blinds after passing original proof tests. 

The original composition, manufactured by Dhiel in Germany used PVC and the chloring source and binder. The PVC was dissolved in MEK and was used in solution to coat the binder. The MEK was driven off from the composition in a vacuum drying process, which, one day went horribly wrong, there was a spark and an operative was killed. Dhiel then suspended manufacture and the process was moved to NICO.

So, what did NICO do? They stopped using the MEK mix in the PVC as a dry powder, it will still stick the composition together when you press it and all will be well. This was set against a slick manufacturing process used at RO Faldingworth where completed pellets were received from NICO in tubes which were placed into an autoloading system. Exposure to atmosphere was seconds rather than hours. The process ran well.

The politics of UK manufacturing then closed Faldingworth. Medium calibre manufacture was moved to Glascoed. The autoloading system was seen as hazardous and not installed, instead Glacoed used people. In addition Wales is wetter than Lincolnshire and the exposure time for the pellets was increased to hours rather than seconds because people behave differently to autoloading systems and need lunch breaks and tea breaks.

The system failed.

The cure was found by using a wax bound tracer composition that both stuck the pellets together and protected the magnesium as the wax was melted onto it during manufacture. Improvements in the composition handling and conditioning were also put in place. Science, engineering, and manufacturing all working together. Why didn’t this happen immediately after the accident?
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