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The Honda PGM-FI 2-stroke fuel injection system.

The Japanese never shirk hard work, they are trained to expect it 

from  an early age, and positively thrive on it. Many of them  do 

not take holidays from their jobs as a matter of loyalty to their 

companies,  and if they are forced into taking time off they  are 

often at such a loose end that their only option for passing this 

free time is to get pissed out of their heads. 

When  I first started work in Japan I found it very difficult  to 

adapt  to the culture, language, and food, but was  delighted  to 

find  that  the  average young Japanese male  needs  to  take  no 

instruction  from a westerner in the gentle art of  tipping  beer 

down  his neck. Asahi is not exactly Scruttock's  Old  Dirigible, 

but it certainly does the trick.

The Japanese work ethic is so well entrenched, especially amongst 

the  older  people,  that  there  are  frequent  stories  in  the 

newspapers  of middle-aged business executives being forced  into 

early  retirement on full pay because of the recession  (yes,  in 

Japan too) who get stomach ulcers due to the shame and stress  of 

having to play golf all day, every day. I reckon I could face  up 

to that sort of mental strain without too much drama.

This limitless capacity for hard graft has propelled Japan  quite 

effortlessly  to its present economic superpower status,  but  it 

has  a curious downside. Because the Japanese like hard  work  so 

much,  they  always  seem to look for the  most  complicated  and 

difficult  way to solve a problem, in order to generate  some  of 

the  workload  which they crave. 

It  is very annoying having to watch Japanese engineers  throwing 

vast amounts of time, money and space-age technology at a problem 

when a simple, low-tech solution would do just as well. This then 

creates  the  other common Japanese failing, the ancient  art  of 

missing  the obvious, not seeing the wood for the trees. 

What  is  most  annoying  of all is  that  the  Japanese  are  so 

tenacious and hard-grafting that they still get there in the end, 

even by the difficult route. When they go completely over the top 

on something, the Japanese are reluctant to admit it; as  Emperor 

Hirohito  famously  said in a speech just after the  second  atom 

bomb   was  dropped,  "the  war  situation  has   developed   not 

necessarily to Japan's advantage".
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This attitude can lead to aberrations like the NR500; and perhaps 

there  is more than a touch of it in the Honda PGM-FI  electronic 

fuel  injection  system, which is slowly making its way  into  GP 

competition at the moment. There is no doubt that this technology 

is the future for GP racing machines, but I cannot help  thinking 

that the Honda system is over-complicated because they have tried 

to  make  an electronic replacement for the  carburettor,  rather 

than  rethinking the whole fuelling business from the basics  and 

designing to suit. 

Nevertheless, you have to admire the efforts of the Honda men  in 

getting this system into a race-ready state, when they could have 

taken  a holiday or two to play golf instead. I believe  that  it 

was  the philosopher Schopenhauer who first pointed out  that  if 

your team scores a goal, then the opposition need to score two to 

beat  you.  So  well done to Honda  for  reading  their  European 

philosophy;  maybe  a few other GP teams should get down  to  the 

library  as  well,  instead of resigning  themselves  to  playing 

catch-up all the time.

The   fundamental  problem  which  has  been  holding  back   the 

development of fuel injection on two-strokes is that many  people 

(but  certainly  not  Honda) have not  yet  clearly  thought  out 

exactly  how carbs work. On reading some books on the subject  it 

has  occurred to me that I could eat alphabet spaghetti and  shit 

better explanations.

The  hassle  with two-stroke competition engines is  that  it  is 

quite difficult to work out exactly what their fuel demand is  at 

any instant. With a four-stroke, it is relatively easy to measure 

how  far open the throttle is, and what the engine speed is,  and 

shove in an amount of fuel appropriate to those conditions.  Best 

results  are  normally  (but not always,  there  are  exceptions) 

obtained  by squirting this fuel in close to the inlet valve,  so 

the fuel is straight out of the injector and into the  combustion 

chamber directly.

Two-strokes  are a different kettle of fish entirely. Consider  a 

normal  state-of-the-art racing engine on carbs: fuel  introduced 

into  the inlet tract has to negotiate some sort of  inlet  valve 

(reed or disc, generally) and then thrash around in the crankcase 

for a while before being forced up through the transfer  passages 

and into the combustion chamber. 

Because the crankcase represents a large "settling tank"  between 

the  carb and the spark plug, a big problem with setting  up  the 

carb  on  a  racing bike is that it is  forever  running  on  the 

mixture  which was supplied to it 20 yards before. This is not  a 

big  deal  when  flying down the straight on  full  throttle  and 

fairly constant speed, but can give real problems under transient 

conditions,  like  coming out of corners  or  gearchanges  (semi-

automatic or otherwise).
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A  way of getting around this problem using fuel injection is  to 

fix the injectors so that they squirt directly into the  cylinder 

head  or  the transfer ports. This is not such a good idea  as it 

first seems, for a couple of reasons. For a start, fuel which  is 

sprayed into the inlet tract tends to cool the air around it, and 

keeps  that  air  cooler and therefore denser  in  the  crankcase 

(which is a Good Thing), it also gives the reed petals an  easier 

life  on  a  reed-valve type engine. Secondly,  if  there  is  no 

petrol-oil  mix in the crankcase to lubricate the  bearings  (and 

disc valve, if there is one) then a way must be found to do  this 

by  other  means, like having a small injection  pump  delivering 

neat oil. 

After a period of deep meditation, the Honda engineers decided to 

stick  with injecting a fuel-oil mix upstream of the reed  valve, 

in  the same place as would a carburettor. Also, because  of  the 

very wide variation in the amounts of fuel which would have to be 

injected,  they  used two injectors for each cylinder,  the  idea 

being  that the second one would only be used during the  running 

condition  which the scientifically-minded call "balls-out".

This has been standard four-stroke practice for years - just look 

under the bonnet of an E-reg Sierra Cossie RS500 turbo or an even 

older  Porsche 911 turbo (but remember these have the  bonnet  at 

the other end).

The  design  of  a decent four-stroke injection  system  is  made 

easier  by  the fact that the engine will always  produce  pretty 

much  exactly  the same power (and therefore need the  same  fuel 

supply and spark advance) for the same throttle opening and  rpm. 

As  discussed last month, this is not quite true if the  throttle 

angle  or  speed is changing quickly, but it is  a  pretty  close 

guess which can be modified afterwards by various  fiddle-factors 

until  everything  calms down and seems happy.  Any  readers  who 

prepare  income  tax returns for self-employed bike  racers  will 

have an excellent understanding of this type of process.

Turbocharged four-strokes are more difficult; the ECU has to keep 

an  eye  on  what the turbo is doing as well, since  this  has  a 

profound effect on the fuelling supply and is not directly linked 

to  the throttle position and engine speed. Even just  monitoring 

the  boost pressure is not quite good enough as the  turbo  boost 

response will always lag the engine to a certain extent, both  up 

and  down. Like with nude dancing, not everything stops when  the 

music does.
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The next step in complication comes with a two-stroke, especially 

one  with  a  reed valve. Because a two-stroke  exhaust  pipe  is 

basically an extremely sophisticated exhaust gas driven  pressure 

charging  system (like a turbo but better) it can have a  massive 

effect  on the power delivery, irrespective of what the  throttle 

is doing. This is especially true of reed valve engines,  because 

the  exhaust  effectively switches the reed valves  on  and  off, 

depending what mood it is in. 

You would think that at least you know where you are with a  disc 

valve, since its opening is controlled entirely by the crankshaft 

position,  but  this isn't the case at all; gas  will  only  flow 

through  an  open disc valve if there is  a  pressure  difference 

there  to  push it. And what provides  the  pressure  difference, 

children? Right, the exhaust pipe system.

Of  course,  this  is a  classic  chicken-and-egg  situation.  If 

there's  not much gas flow into the engine, then  the  combustion 

pressure  is  low,  there is not much energy  released  into  the 

exhaust  pipe, which doesn't scavenge correctly, so  there  isn't 

much  flow  up the ports, so there's not much gas flow  into  the 

engine, then the combustion pressure is........

I  can hear mutterings that if this were really the case, then  a 

racing  two-stroke  engine  would hardly work  at  all.  This  is 

actually  true  in  certain  circumstances.  If  you   push-start 

something  like  a  Honda RS125 and accelerate  away  from  about 

4,000rpm in bottom gear, then the engine will often not get  past 

7,000rpm because the low speed fuelling is all at sea. 

The  only  way to get the whole plot to work is  by  dipping  the 

clutch  to get the engine to spin faster, so that it  can  handle 

the  extra  throttle and get the pipe to  work.  Some  reed-valve 

engines  used  in racing karts (which can handle  much  narrower, 

more vicious, power bands because they put so much more rubber on 

the  road) have the opposite problem; they refuse to  rev  except 

when under load, which makes it a real bitch to get some revs  up 

for  a clutch-slipping burnout from a tight hairpin, or  off  the 

start line.

As  an aside, this shows that semi-automatic  gearchange  systems 

which kill the ignition between gears are really not entirely the 

answer to the maiden's prayer, because in killing the sparks  the 

exhaust  supercharging system is also switched off, and  it  will 

take  a  few milliseconds to get back into its stride  after  the 

sparks have been restored. Therefore, there is still something of 

a  power loss in the split second after a  semi-automatic  shift, 

which  can  be seen clearly on a data logger readout. 
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The   Honda  PGM-FI  system  solves  the  fuelling  problems   by 

essentially having two entirely different fuel maps, to represent 

"on-pipe"   and  "off-pipe"  conditions;  the  latter   condition 

requiring  less fuel supply as the power output is much lower.  A 

quick leaning-out of the mixture will allow the engine to pick up 

and  get back "on-pipe", getting the same result as  the  hapless 

RS125 pilot who has to dip the throttle and rev the engine out of 

its doldrums. 

How  then to decide exactly when the engine is in either a  full-

power or misfiring condition? Again, there is  no simple  answer. 

The most obvious indicator to go for is the pressure in the inlet 

manifold  (which is, after all, what a carb senses) but  this  is 

not  really sensitive enough at high throttle openings  when  the 

pressure remains at pretty much atmospheric whatever happens. The 

Honda engineers then had to look around for some other  parameter 

to base the fuelling on at the top end of the map, for conditions 

above  75%  throttle. They managed this with  a  pressure  sensor 

mounted in the cylinder head, which gave them a direct measure of 

the power output. 

It  can  now be seen just how complicated the PGM-FI  system  had 

become  at  that stage; there were two  different  fuelling  maps 

(each being constantly modified according to conventional  sensor 

inputs  like  throttle  angle, speed,  exhaust  gas  temperature, 

coolant temperature, and ambient air temperature) and the ECU had 

to be constantly deciding whether to go for one map or the  other 

depending  on  inputs from the carb air pressure  sensor  or  the 

combustion  chamber pressure sensor, and it had to  decide  which 

one  of  these  was  giving the  most  reliable  answers  at  any 

particular instant.

So  what are the advantages? Surprisingly, the  injection  system 

does  not  appear  to give a huge power increase over  a  set  of 

carbs,  though there is certainly a bit extra at the top  end  of 

the  rpm  range.  I  initially  found  this  a  bit  odd,  as  my 

experiments  in  this field have always shown clear  gains  quite 

quickly,  with little messing about being required.  However,  it 

seems  that Honda have shown some characteristic conservatism  by 

going  for  a system which really only mimics what a  carb  does, 

instead of going all the way down the injection road. This  shows 

that  though the set-up shows no big power gain now, next  season 

could well be different...
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The  clear  advantages which Honda will admit to now are  in  the 

ease  of  use  of  the system. For a  start,  it  will  adapt  to 

different atmospheric conditions automatically, which takes a lot 

of worrying guesswork out of the setting-up process and saves the 

mechanics  a  lot  of  fiddly, tedious  work  so  that  they  can 

concentrate on other things. When it is felt that changes need to 

be made to allow for certain circuit conditions or riding styles, 

this is achieved simply by plugging a portable computer into  the 

ECU  and uploading a new program - a 30 second process which  can 

be completed without even putting the bike on a paddock stand.

The  engineers  have more detailed data on which  to  base  their 

decisions because it is much easier for a data-logger to  monitor 

what  an  injection  system  is  doing;  carbs  are  rather  more 

difficult for a data-logger to understand.

Dyno tests have shown that the injection system gives a much more 

accurate  control  of the fuel/air ratio than was  possible  with 

carbs,  which  (even with the best possible  settings)  show  odd 

areas  of  excessive richness or weakness. This  tighter  mixture 

control  gives  better  fuel  consumption,  which  might  not  be 

considered  a big deal on  a race bike, but every pound  of  fuel 

which they don't have to put in the tank at the start could be  a 

vital  inch  or  two of advantage into the  first  corner.  (This 

principle  also  applies to every pound of lard  carried  by  the 

rider).  The  improvement in fuel consumption  is  not  marginal, 

either;  it  has  regularly been over 5%  in  back-to-back  track 

tests.

Published data from Honda shows that the injection system gives a 

much  more  smooth  power delivery as the throttle  is  wound  on 

coming  out  of  a corner, which seems the  most  vital  area  of 

development  at the moment - the key to a good result is  getting 

to the closing stages of a race without the handicap of a shagged 

out rear tyre and/or rider.

I have no doubt that Honda are treating this season as a learning 

year, and will be back in '94 ready to kick ass in a big way. The 

Honda  PGM-FI is the future; what we are seeing now is  merely  a 

sneak preview.

Small  wonder  that people who can develop such systems  find  it 

easy  to  become the world leaders  in  automotive  manufacturing 

technology;  although as I watched as the Japanese  Crown  Prince 

was driven from his marriage ceremony in Tokyo a few weeks ago, I 

couldn't  help remarking to my Japanese colleagues that  the  car 

which  he  had chosen was built at Rolls-Royce Motors  in  Crewe, 

where  the  only  computers used by the  engineers  are  made  by 

Nintendo.









