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CHASSIS DESIGN


Starting  a design from a clean sheet of paper is a luxury  which 


very few designers are allowed, and if they are, they don't  know 

what  to  do with it. It's like when you ask your mum   what  she 

wants  for her birthday and she says oh, I don't  mind,  anything 

really. I hate it when that happens, because I never have a clue. 

Are  all mums like that? Why on earth couldn't she say buy  me  a 

watch, or a vase, or a book? Life would be so much easier.

The design equivalent of this is the clean sheet of paper (or CAD 

screen  in  these high technology days). With nothing at  all  to 

work  from, no references or datums, you are  knackered,  believe 

me.  The  options are so many that you just  can't  get  started. 

Ideas  send you round and round in ever decreasing circles  until 

you disappear up your own arsehole.

Fortunately,  this  situation doesn't often arise  for  me.  What 

normally  happens is that I get a job to (for example)  design  a 

new  cylinder head to go on an existing block; therefore, I  know 

exactly  where  all the head bolts have to go, the  diameter  and 

spacing  of the bores, and where the water and oil passages  are, 

so  I am much less likely to involve my own back passage  in  the 

thought process. 

This sort of constraint is a great relief, even if it isn't quite 

as  you would like it, because it means that a hell of a  lot  of 

difficult decisions have already been made for you - and you  can 

always  use  this as an excuse if you cock the job up  ("well,  I 

always  knew it was going to blow gaskets the moment I saw  where 

the  head  bolts were, stupid idea, my hands were  tied,  did  my 

best" etc, etc).

Another classic way for a design engineer to keep out of  trouble 

is to stick to accepted ideas and never do anything too  radical. 

After all, if you just do a pretty straight copy of a design that 

you already know works well, you are shortening the odds  against 

a cock-up quite dramatically. 

I  regard this as a perfectly legitimate tactic, on  the  grounds 

that  there are many unknowns in engineering, and the stakes  are 

very high for even the most trivial jobs - I don't want to be the 

one  who designed the bung which blew a gasket which put  oil  on 

the rear tyre which caused an accident which killed someone. This 

is  a heavy responsibility, I can tell you. When I see the  life-

threatening shit that some other designers put out, I wonder  how 

they sleep at night. 

If you stick to what everyone else is doing, you are likely to be 

pretty  safe,  but  you will also be a  boring  fart.  Did  Keith 

Duckworth stick to the (then near-universal) two-valve head  when 

he designed the Cosworth FVA? Was John Boyd Dunlop content to get 

a  bone-shaking  ride on his iron-tyred  push-bike?  Did  Galileo 

accept that the Pope's arse was the centre of the universe? Nah.

Let's  face  it, if you want to be average at your job,  you  can 

only  get to the top as a politician or a sheep. 

The herd instinct can be so strong in design engineers that  they 

stick to certain ideas which are well past their sell-by date.  I 

propose  that  the twin-spar chassis frame is one of  these,  but 

that  designers are blinded by its near-universal popularity  and 

they  don't want to use an open-minded approach to find a  better 

answer.

One of the reasons behind this is precisely that the structure is 

a  bike  chassis, and this brings out  pre-conceived  ideas.  So, 

instead  of thinking about bike frames, just think for  a  moment 

about structures in general, and what they are required to do.

Any  sort  of  chassis structure must hold things  in  a  certain 

position  in space, under the influence of external forces  which 

might be fairly constant (like gravity) or changing (like someone 

sitting  on it). The way it is built is decided by the nature  of 

the forces, how much money there is to spend, how small and light 

the chassis must be, etc.

A bridge is a classic chassis structure. It must support its  own 

weight,  and that of stationary or moving traffic on it. It  must 

be  quite rigid (not because of structural aspects,  but  because 

punters  won't  want to cross a bridge that moves about)  in  the 

face  of  floods, winds, earthquakes, etc, etc. As  it  does  not 

matter  too  much about how big and heavy it is, the  chassis  is 

often made mainly of concrete (which is strong in compression and 

cheap)  and steel (which is used only for the bits which need  to 

be strong in tension, as it's relatively expensive).

Aircraft  and  ships are structures which must enclose a  lot  of 

space (to house fuel and cargo) and must resist bulk forces  (air 

or water pressure) acting on them, and so their chassis structure 

is of the monocoque, stressed-skin, or "shell" type. Since planes 

must  be light to cut down on fuel bills, and so they  can  carry 

more cargo, they are built of expensive metals (steel,  titanium, 

aluminium)  and/or  composites (fibre  reinforced  polymers).  It 

doesn't  matter much how heavy a ship is, so you can build it  of 

low-grade steel and concrete. Concrete? Yes, sometimes. 

As  a general rule, any sort of structure will become more  rigid 

the  further  the  bits that make it are  from  the  centre.  The 

ultimate  expression  of  this is the shell, which  is  great  at 

resisting  bulk loads, but by spreading the material  too  thinly 

you  affect  its  ability to resist point  loads.  If  there  are 

concentrated  loads around, you need a framework to resist  them. 

Ever seen a twin-spar chassis on a crane? No, I thought not.

Shell structures, when used appropriately, are very strong.  They 

are just the job for chassis which must resist bulk forces.  When 

a hen sits on her nest, her fat feathered arse is applying a bulk 

load to her eggs, which must house a liquid without cracking.  It 

is  practically impossible to break an egg by crushing it in  the 

palm  of your hand (which is a bulk loading); the only way to  do 

it is my cheating and applying point loads with your fingers. 

This is why a hen's egg has a shell-like structure (no,  really). 

Things  like  eagles'  wing bones are  actually  composite  space 

frames  inside, because they have to take the concentrated  loads 

of the tendons - I'm not kidding, ask David Attenborough.

Nature  has  taken years of evolution to show us  that  shell  or 

monocoque  structures  are  to  be  used  for  bulk  loads,   and 

spaceframes  for concentrated loads. It's obvious really; even  a 

thrush knows that he can't break a snail's shell by crushing  it, 

so he beats the shit out of it on a rock. Now given that a  twin-

spar motorcycle chassis is really a box-structure trying to be  a 

crude  monocoque, just where are the bulk forces which it has  to 

resist?

As  far  as the chassis is concerned, an engine is not  really  a 

lump,  but  a series of concentrated loads, applied  through  the 

bolts  that  hold it in. There are only three bolts  holding  the 

engine in my RS125, and one of those  is rubber mounted to reduce 

vibration. 

The  rear  swinging arm is likewise two point  loads  (where  the 

bearings  are), and so is the front end, because all  the  forces 

must go into the chassis through the head bearings. This  applies 

to  funny front ends as well, they all pivot around  bearings  on 

the chassis somewhere. Funny rear ends, by which I mean all sorts 

of complex monoshock linkages, are pretty much the same as far as 

a chassis structure is concerned.

In fact, the only bulk loads are air pressure (but the fairing is 

held on by point-load nuts and bolts), fuel (but the tank is also 

fixed  with point loads) and the rider's arse. All of these  bulk 

forces  are very small, as far as the chassis is concerned.  This 

is why Aprilia make a carbon-fibre reinforced polymer shell  seat 

structure,  but attach it to the rest of the bike with four  nuts 

and  bolts. What they are doing is turning a bulk load into  four 

point loads.

So the obvious way of making a bike chassis is to connect all  of 

the  point loads up with straight tubes welded together. Where  a 

tube  looks  like  it might be so long that  it  could  bend  and 

buckle,  the middle can be supported by triangulating it  with  a 

couple of others. If this sounds too simple to be effective, take 

a  look at the way the crane system used by the space shuttle  to 

recover  satellites is made. If it's good enough for NASA,  there 

can't be too much wrong with the concept.

Tubes  should  never,  ever,  be  used  to  take  bending  loads, 

therefore  you should never see a curved tube on a  chassis.  The 

reason  for this is easy to demonstrate. Just take  the  lightest 

bit  of mild steel tube that you can find (or copper water  pipe, 

that  will do) and try to stretch it end-to-end with your  hands. 

You  can't do it, and neither could Gary Taylor  (officially  the 

world's  strongest  man).  Gary couldn't compress  it  along  its 

length either, unless it was so slender that it buckled. But  how 

about  bending  it  by pushing sideways against  the  middle?  He 

could, I could, John Inman could. 

Whenever you see curved tubes in a frame, or straight tubes which 

are  obviously  taking bending loads, you are looking at  a  poor 

design. It's such a shame to reduce the effectiveness of a  piece 

of tube by a factor of ten (easily) just by putting a bend in it. 

Some  Ducati space-frames are very badly designed, carrying on  a 

fine Italian tradition of badly designed chassis frames which can 

be  traced through various Ferraris and all the way back  to  the 

Alfa Romeo P3. The racing Ducati 851 frames were almost devoid of 

bent  tubes,  unlike  the modern road bikes,  and  I  can't  help 

thinking  that the famous composite structural airbox on the  916 

wouldn't be necessary if only they had made the frame properly in 

the first place. 

You  don't  have to be Italian to make a pig's ear of  a  tubular 

chassis, the Japanese have made a perfectly good job of it on the 

Suzuki  GSX-R  bikes  with their twin-loop  cradle  frame,  which 

doesn't  know  it's  arse  from a hole in  the  ground.  This  is 

basically  an aluminium tube perimeter structure trying  to  look 

like a twin-spar set-up; not only is it bent pretty much all  the 

way  round, but it also (horror of horrors) has bolted joints  so 

that  you  can  get the engine out for really  major  jobs,  like 

replacing  the  drive sprocket bearing(?). Nothing cocks  up  the 

rigidity of a chassis quite so much as a bolted joint or two. 

When  the drive sprocket bearing on my beloved  grey-import  GSX-

R400 gave out, probably due to some Japanese goon running it with 

a chain tension like a guitar string, I just assumed that I could 

pull the bearing and seal out, and push new ones in. Dream on. In 

fact,  it  was an engine out and split the crankcase  job,  which 

took  two whole days. Oh, and of course Suzuki had to  use  their 

own  ridiculously-priced  bearing  and  seal,  each  exactly  1mm 

larger than the industry standard size. Bastards.

The saving grace of the Suzuki chassis is the engine, which is so 

big and strong that it covers up most of the frame's  weaknesses. 

The chassis is really just a series of brackets to hang bits  off 

the  engine  (maybe  even the clown  who  designed  that  bearing 

housing). Ducatis use their engines in a similar way - a big lump 

of aluminium to stop all of the flimsy tubes bending about.  Most 

single-seater  racing cars don't have any chassis at  all  behind 

the driver - all the loads are fed through the engine.

This  concept is similar in a way to the Bimota Tesi.  The  omega 

chassis  around the engine is really just a bracket  for  hanging 

the  suspension  off - nothing wrong with  that.  But  everything 

else,  like the seat unit and the handlebar mount, is held  by  a 

steel tube spaceframe which looks like it was designed by one  of 

these  fat-arsed lesbian modern art types who make  welded  steel 

sculptures  because they like wearing leather aprons and  foundry 

boots.  A decent designer could have made it twice as  rigid  for 

half the weight.

Rigid  structures are made out of tubes by joining them  together 

as  lots  of  triangles. Squares should never  be  used,  because 

squares  will  squash out of shape or "lozenge" if  you  lean  on 

them.  Triangles  won't. It is usually easy to turn  a  rectangle 

into  two  triangles by putting a diagonal brace  in.  A  classic 

triangulated  structure is something like the jib of  a  building 

site crane, or an electricity pylon. 

A  well-designed  tube  chassis shouldn't  need  any  reinforcing 

gussets  or plates around the joints, as there shouldn't  be  any 

flex  in there anyway. When analyzing the flexure of  spaceframes 

(normally  by a theorem called "virtual work" which  sounds  like 

just  my  cup of tea) it is assumed that all the joints  have  no 

strength  at  all. This is what an engineer is on about  when  he 

refers to a "pin-jointed structure". 

It  breaks  my heart to see trick chrome moly steel  tube  welded 

together  by a TIG, MIG, or oxy-acetylene process  (in  ascending 

order of terror). A weld in a steel tube is a point of  weakness, 

because  you  always get what is known as a   HAZ  (heat-affected 

zone)  around it. This basically means that as you heat  up  your 

megabuck alloy steel so as to weld it, all of the trick  alloying 

elements  are sweated out and you end up with an area of what  is 

more  or less common-or-garden mild steel around the weld  -  the 

area of highest stress has the crappiest steel.  

The  best  way  of joining steel tubes is  by  a  low-temperature 

brazing  process; I am a particular fan of the Sifbronze  welding 

system  which  I believe was patented by BOC. This  is  how  most 

lugless-framed racing push-bikes are made, and also racing karts, 

which have to take a huge amount of stick through their joints as 

they  don't have any suspension to filter nasty road shocks  out. 

As  we  are seeing more and more glued joints  in  metal  chassis 

construction these days, it might not be too long before  someone 

tries this on a bike spaceframe (the MZ Skorpion doesn't count as 

it's not a true spaceframe, it's a twin-spar with the spars  made 

of bent tubes).

One  of the great advantages of a spaceframe is that  it's  quite 

easy  to calculate exactly what the stresses and strains  are  in 

each  part of the structure, and therefore to make sure that  the 

tubing used is the lightest that you can possibly get away with. 

The only way to know the forces and deflections in a monocoque or 

spar-type  structure  is  by  the  process  of  "finite   element 

analysis"  which  requires  a  bytemungous  amount  of   computer 

processing power, and often isn't very accurate unless the design 

engineer concerned has a very firm grip on what data is fed  into 

the  calculations.  How many computer programmers are  needed  to 

change  a  light bulb? None; it can't be done - it's  a  hardware 

problem.  Most  people just build a chassis, then  see  where  it 

cracks,  then  make the next one a bit beefier  there.  Not  very 

1994, is it?

So  if a spaceframe is the way to handle point loads, why  aren't 

F1  cars  made like that? After all, loads don't come  much  more 

pointy  than  wishbones on to rose joints, do  they?  Well,  most 

racing  cars  do actually have space frames, but  you  can't  see 

them.  The front suspension loads are fed into two  small  frames 

inside  the body, which are basically made up of  hollow  struts, 

machined from a solid billet of aluminium or magnesium, depending 

how  much  wonga is available. 

Cheapo racing cars (like Formula Fords) have these frames made up 

of  welded  steel tubes. They are normally  located  slightly  in 

front,  and  slightly  behind, the  driver's  feet.  Being  quite 

stumpy,  I  always  wear karate shin pads because it  hurts  like 

hell if you bang your legs on 'em. 

The problems come further back; the driver and the fuel cell  are 

large  bulk  loads,  and  you  can't  make  a  nice  triangulated 

structure  because  you can't pass chassis  tubes  through  them. 

Actually,  there  are  one or two racing  drivers  that  I  would 

cheerfully  pass chassis tubes through but that, as they say,  is 

another story.

In the event of an accident, you don't want broken tubes spearing 

the  driver or the fuel tank, so it's better to  follow  aircraft 

practice  for your bulk loads and go for a  monocoque  structure, 

which  you then stick around the front spaceframes,  thus  hiding 

them from view. Rear suspension loads, incidentally, are normally 

fed straight into the gearbox casing.

If  your bike has a tubular frame which is less than  brilliantly 

designed,  you can beef it up by either putting extra  struts  in 

(the preferred method) or by welding strengthening gussets around 

the  weakest  joints.  To avoid adding  unnecessary  weight,  you 

really  need  to  find out exactly where the  extra  strength  is 

required.

There is a very easy way to measure chassis flex. What you do  is 

to  fix the headstock rigidly (by putting a steel rod through  it 

and  welding that to an old bit of railway, or  something),  then 

stuff  a  long bar through where the rear spindle  goes,  or  the 

swinging-arm  fulcrum.  Put  a  heavy  weight  (your  girlfriend, 

normally)  on the end of this bar, and measure the deflection  on 

the end. 

By getting your girlfriend to bounce up and down (on the bar, for 

heaven's  sake, I'm trying to be serious here) you can see  which 

bit  is  flexing,  and do something to stiffen it  up  (the  bike 

chassis,  I mean). This will be seen as a smaller  deflection  on 

the end of the bar. 

Don't get too alarmed at the amount of flex you can see; even  if 

your girlfriend only weighs 7 1/2 stone, she will put a hell of a 

lot more twist into the frame by hanging on to the end of a  six-

foot  bar than any tyre force with a leverage of a few inches  or 

so  will manage. The forces going into bike frames are  generally 

not  very big, anyway, because they put a lot less rubber on  the 

road than the average car, and there's no downforce to speak  of, 

which  is  how  a  racing car gets its  grip  and  generates  its 

cornering force.

Given  that a motorcycle chassis is really just a  collection  of 

point  loads to be held together without flexing, I am  genuinely 

surprised that all GP bikes are not made of steel spaceframes. It 

seems  to  me that steel tubes are not only  the  best  technical 

solution,  they are also relatively cheap, and easy to work  with 

and  repair.  

The  notion of a spaceframe is not exactly a new, risky,  untried 

adventure  - you only have to look at anything from  the  Ducatis 

(whose design leaves a lot to be desired) to the Thrust2 jet car, 

which  did 633mph on a chassis made of TI Reynolds' finest -  and 

they  even modified it before the run, using portable welders  in 

the  middle  of  Black  Rock  Desert.  That's  my  idea  of   top 

performance  and  practicality with it; but  perhaps  steel  just 

doesn't seem flash and modern enough these days.

I'm  not trying to make out that the aluminium spars  don't  have 

their  advantages (and here I'm dismissing deltabox designs as  a 

cheap,  mass-produced substitute). The designer who is  committed 

to aluminium has a much greater freedom in how his components are 

made,  for a start. The great boon of this material is  that  you 

can  butt an extrusion up against a casting, put a  forging  over 

the  top,  and weld the lot together. This can be  a  big  relief 

around  the  swingarm  pickup area, or the  steering  head.  With 

steel, you don't have that sort of range of choice, and this puts 

a  premium  on design expertise to stop  everything  getting  too 

heavy.

But  this is no reason to chicken out; for a designer willing  to 

put  a bit of original thought into what he's trying to  achieve, 

clear gains are there for the taking. The simplest solutions  are 

always  the  best,  and  there is no  sense  in  using  any  more 

technology  than you have to in order to get the best job done  - 

remember that some bike chassis used to be made of carbon  fibre, 

but designers pulled back from that because it was a step too far 

along  Techno  Highway for best results. Is aluminium  the  same? 

Motocross  bike frames were once made of aluminium and  titanium, 

but they aren't any more.....
































