
Technical 

This m o n t h we c o n s i d e r ' b u m p s t e e r ' : w h a t it is, h o w to assess it a n d h o w to d e a l with it. 

Paul Deslandes d e s c r i b e s the p h e n o m e n o n , the c o n s t r u c t i o n o f a c h e a p g a u g e a n d m e t h o d s to m e a s u r e 

a n d correct it. You'll n e e d a little s c h o o l m a t h s a n d s o m e p a t i e n c e , b u t f o l l o w i n g P a u l ' s example 

will help y o u u n d e r s t a n d w h a t is h a p p e n i n g . Obviously, s o m e o f the v a r i o u s s u s p e n s i o n v a r i a b l e s interract, 

f o r e x a m p l e c a m b e r a n d toe ( a s in, t o e - i n - o u t or n e u t r a l ) a n d we'll l o o k a t t h e s e later, s i n c e g a i n i n g a n 

overview o f t h e s e will g i v e y o u more c o n f i d e n c e to explore them. 

BUMP STEER 
T H E FIRST T H I N G to say is that none of the following is particularly original apart, 

possibly, from the use of the Excel plots of measured data to extrapolate to the 

correct final shim thickness. The information and underlying design of calibration 

gauges are unashamedly plagiarised from a variety of sources, including B l a t C h a t 

and authoritative books on the subject of suspension design and set-up. For more 

in-depth treatises on bump steer and, indeed, the whole subject of suspension design 

and adjustment, you can refer to the sources acknowledged over the page. 

So why write about it again? 
Fairly early i n my Seven ownership I had an 

i n s t r u c t o r - i n d u c e d ' o f f at Castle C o m b e ' s 

Q u a r r y C o r n e r involv ing a convergence w i t h 

the tyre w a l l at h i g h speed. T h e result was 

a bent de D i o n tube and steering rack, w i s h ­

bones etc . . . There was a fair amount o f work 

to be done and I was away a lot o f the t ime, so 

I left it to Arrowstar, whose trackday it was, 

to take the car away a n d repair i t . Tak ing 

advantage o f the s ituation I had a quick-rack 

fitted and , subsequently added a C a t e r h a m 

wide-track front suspension kit . In spite o f 

accurately setting up the suspension geometry 

i n terms o f camber a n d toe, the car h a d 

become very twi tchy to drive so, m o r e 

recently, decided to research possible causes. It 

became clear that incorrectly set rack height 

w o u l d cause b u m p steer and this c o u l d 

explain the symptoms I was experiencing. 

I couldn't find all the in format ion in one 

article and after I asked a couple o f questions 

o n the subject o n B l a t C h a t , a number o f peo­

ple expressed interest and wanted to k n o w 

h o w it was done. So here goes. 

What is bump steer? 
W h e n the suspension rises and falls as the 

car goes over undulat ions and b u m p s in the 

road, all the various suspension components 

and linkages move to al low the tyre to follow 

the road surface. These include the top and 

b o t t o m wishbones, the upright between them 

c a r r y i n g the h u b a n d road whee l , a n d the 

track rod connect ing the end o f the steering 

rack to the steering a r m , in t u r n attached to 

the u p r i g h t . . . 

W i t h a perfect set-up and the steering wheel 

held centrally, as the linkages move to follow 

a b u m p , the d i r e c t i o n o f the r o a d wheel 

wouldn't change and w o u l d remain p o i n t i n g 

at precisely the same angle. Under these con­

d i t ions the car's d i rec t iona l stabi l i ty is not 

disturbed by bumps in the road - ie: no b u m p 

steer(ing). 

If, however, the set-up is less than perfect, 

b u m p - i n d u c e d vertical movement o f the sus­

pens ion c o m p o n e n t s effectively moves the 

steering a r m and track rod end's hor izonta l 

pos i t ion in relation to the other suspension 

joints, causing the upright to t u r n one way or 

the other and hence steer that wheel. 

If only one wheel goes over a b u m p then 

only that wheel is affected and w i l l cause the 

car to ' twitch ' to one side. 

If both wheels go over the same b u m p the 

wheels deflect in opposite directions, so more-

or-less cancell ing out the overall effect. 

Nevertheless, this results in a twitchy car 

and less than perfect straight-line stability due 

to b u m p i n d u c e d toe change. Undes i rab le 

geometry change w i l l also be induced as the 

nose dives when braking. Albeit the net affect 

is far more complex , when r o u n d i n g even a 

s m o o t h bend the weight transfer onto the 

outer front wheel w i l l compress the suspen­

s ion - the equivalent of a long b u m p ! 

A first level check (and an indicat ion-only , 

apart f rom experiencing a twitchy ride) is to 

look at the front o f the car from ground level 

and check that the track rods are roughly par­

allel to the lower wishbones on their respective 

sides. If they're not or you have other clues (or 

you just want to have a go) then you have to 

measure what's going o n . 

So, what to do? 
The good news is that the Caterham front 

suspension design al lows the set-up to be 

adjusted for zero b u m p steer. The bad news 

f rom comments read and received is that there 

may be an awful lot of Sevens out there that 

have never been right. Apparent ly , over the 

years, there have been a variety o f Seven 

chassis designs w i t h the rack m o u n t i n g plate 

set at different heights. There may also have 

been a n u m b e r o f rack assemblies used wi th 

different rack and hence t rack-rod lengths. 

A l l this leads to uncer ta inty as to what 

height any rack should be set in any chassis. 

A n d then , o f course, a great n u m b e r o f 

different people have bu i l t , rebui l t , altered, 

modi f ied and repaired Sevens over the years.. . 

In the case o f my car, and that o f at least 

one other owner I k n o w of, the qu ick- rack 

had been fitted to the m o u n t i n g plate using 

only the top halves o f the m o u n t i n g saddle 

clamps and wi th the flat machined surface o f 

the rack directly in contact w i th the plate; the 

rack was therefore set at its lowest possible 

level a n d , it subsequently t ranspi red , was 

more than 15 m m out. 
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The remedy is, i n pr inc ip le , s imple in that 

all you have to do is adjust the rack height. 

But first you have to measure how far out it 

is and for this y o u need to make a s imple 

b u m p steer gauge, clear some space in the 

garage and be prepared for some laborious 

and repetitive work. 

A n assistant w i l l make life easier but you 

can most certainly do it o n your o w n . 

If you are p lanning to upgrade to a quick-

rack or wide-track suspension, n o w is a good 

t ime; either o f these upgrades w i l l poten­

tially throw out your b u m p steer and y o u 

w i l l have to measure and reset camber and 

toe-in (or out) as well . 

Equipment required 

Apart from a level floor to work on, 

a trolley jack and some suitable blocks to 

raise the car on (see M e a s u r e m e n t 

p r o c e d u r e ) and a supply of patience, you ' l l 

need a few items to hand: 

• Bump steer gauge and wheel bar 

( m a k i n g s u c h a d e v i c e f o r y o u r s e l f is 

d e s c r i b e d e l s e w h e r e in t h i s f e a t u r e ) 

• 0 - 10mm dial gauge 

• Steel tape-measure marked in mm 

• 7/32" Allen key to remove lower 

shock/wishbone bolt 

• Some 30mm x 75mm shims made from 

2mm and 1mm aluminium sheet, with two 

6.5mm holes drilled at 2" centres 

• Replacement (four of them) 1/4" UNF 

bolts, nyloc nuts and washers for the rack 

clamps if originals are too short after 

shimming up rack. 

(Note, 6 m m b o l t s will f i t b u t a r e s l i g h t l y 

t h i n n e r t h a n t h e o r i g i n a l UNFs a n d 

s h o u l d n o t b e u s e d u n l e s s a b s o l u t e l y 

u n a v o i d a b l e ) 

The following, not actually needed 

for adjusting the bump steer, wi l l need to 

be considered when re-setting things 

afterwards: 

• Camber gauge, if you want to check 

castor and camber 

• Toe gauge 

We'll move on to camber and toe and means 

of measuring them next time, including a 

camber gauge you can make for yourself. 

C o n t i n u e d o v e r l e a f > 

Bump steer gauge 

Making your own bump steer gauge 

There are two types of bump steer gauge 

described in the literature and both work 

in a similar way, needing the suspension to 

move over its ful l travel whilst measuring 

wheel deflection. 

With the first type, the wheel to be 

measured is set at a fixed height (on the 

floor or on blocks) and the chassis moved 

up and down. 

With the second, the car is fixed and the 

wheel hub height moved. I chose the first 

method although I doubt there is much to 

choose between them. 

The gauge is made from two pieces 

of plywood (or mdf etc), hinged together 

using a piano hinge along one edge. 

A fixed probe and a 0 - 10mm dial gauge 

are f itted through the board so that they 

touch the wheel rim at either end of the 

wheel's horizontal diameter. 

However, rather than relying on smooth 

contact with either the tyre or the wheel 

rim, fix a flat, smooth piece of wooden 

batten across the wheel with double 

sided tape and rest the gauge screw and 

dial gauge against i t . 



Measurement procedure 
The suspension set-up parameters all inter­

act and they must be measured and adjusted 

in the right order w h i c h is: 

Ride height , castor, camber, b u m p steer 

(rack height) a n d , f inal ly , toe. In fact r ide 

height, castor and camber do not interact too 

m u c h but any change to the rack height 

a n d / o r camber w i l l seriously affect toe which 

must be checked after any other adjustments 

are made. T h e f o l l o w i n g assumes that y o u 

have a reasonable a m o u n t o f clear w o r k i n g 

space around the car and are o n a level c o n ­

crete floor: 

1: U n d o the front ant irol l bar clamps to al low 

it to move freely a n d avoid unnecessar i ly 

stressing as one side o f the front suspension 

goes f rom full rebound to full b u m p d u r i n g 

measurement. 

2: Increase the g r o u n d clearance by raising 

the car off the ground by about l o o m m . This 

can be done by p u t t i n g two suitably large 

5 o m m - t h i c k w o o d e n b locks under each 

wheel. I used 12" offcuts from some 9" x 2" 

roofing joists. 

3: M a k e sure that the handbrake is f i rmly o n 

and the car i n gear so that it cannot rol l off. 

4: M a r k a d a t u m height p o i n t so that the 

chassis height to the g r o u n d can be readily 

measured: I m a r k e d a h o r i z o n t a l l ine o n a 

piece o f masking tape stuck to the head o f the 

lower wishbone front m o u n t i n g bolt. 

5: Measure and note the height o f the da tum 

line above the ground. 

6: Jack up the front o f the car so that both 

front wheels are clear o f the blocks. 

7: Remove the front wheel from the other side 

o f the car f rom the side being measured. 

8: O n the side being measured, remove the 

lower shock absorber A l l e n screw and push 

the shock absorber/spr ing unit out of the way 

and secure it so it doesn't foul the wishbone as 

it goes up and d o w n . 

9: Lock the pos i t ion o f the steering rack so it 

can't move d u r i n g measurement: I struggled 

to f ind a easy but elegant way o f d o i n g this and 

ended up us ing a b l o c k o f w o o d wedged 

between the far side spr ing and track rod . Be 

careful not to bend anything. 

10: Place a double thickness o f plastic sheet 

under the wheel to act as a bearing (a super­

market carrier bag does the job) . This stops 

the wheel st icking as it swivels on the base and 

makes the measurements more repeatable. 

11: Lower the car slowly so that the suspen­

s ion rises to exactly the same level as 5 above 

and stop. 

12: F ix the wheel bar hor izontal ly across the 

middle o f the wheel and place the B u m p steer 

gauge in pos i t ion w i t h the dial gauge and fixed 

pointer against the wheel bar. Place a heavy 

weight (an o l d battery or bricks are ideal) o n 

the base o f the gauge so it can't move a n d 

adjust the pos i t ion so that the fixed pointer 

and dial gauge are against the bar w i t h the dial 

gauge at about 50% ful l scale (half-way 

through the dial's range). The upper hinged 

face o f the B u m p steer gauge should be at an 

angle to the vertical so that it remains resting 

against the wheel bar under its o w n weight 

and cannot be pushed away by the strength o f 

Bump steer 

the dial gauge's spring. If you use a piece o f 

w o o d as the wheel bar, unless it's very s m o o t h 

put some tape or other smooth finish where 

the fixed pointer and dial gauge touch the bar 

to avoid sticky movement. 

13: Us ing the jack, slowly lower the front o f 

the car (bump) in 10 m m increments, not ing 

the reading o n the dial gauge at each 10 m m 

point unt i l you reach 50 m m . N o w jack up the 

car, again not ing the readings at each 10 m m 

interval and return to the da tum height posi ­

t ion , checking that the readings are the same 

as on the way d o w n to w i t h i n 0.1 m m or so. 

If they are not, then something is m o v i n g or 

st icking and the measurements won't be suffi­

c ient ly accurate. C h e c k that the rack is 

c lamped and that the road wheel is free to t u r n 

(or 'steer') on the support ing blocks and that 

nothing else is m o v i n g or stuck. 

14: As above, now raise the front o f the car 

(droop) not ing the dial gauge readings as y o u 

go. In both cases its easier and more accurate i f 

you stop at each point to take the readings, 

rather than on the fly. 

15: Us ing Excel or a piece of graph paper, plot 

the dial gauge offset against height. If there is 

no b u m p steer there w i l l have been no change 

in the dial gauge reading and the plot w i l l be a 

straight l ine. Lucky you - bolt the whole th ing 

back together again, checking carefully what 

you do, and enjoy your car! 

16: A s s u m i n g you haven't been so lucky and 

have to make an adjustment, adjust the rack 

height by a d d i n g some sh ims a n d do the 

measuring process and plott ing again. > 
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Bump steer 

Once you have taken two or three series of 

measurements, first w i t h no shims and then 

w i t h one or two under each c lamp, you can 

plot a graph of the changes and this w i l l show 

very closely what your total height adjustment 

and sh im thickness needs to be. But first, h o w 

to alter the rack height . . . 

Adjusting rack height 
D u e to the lack o f the lower ha l f o f the 

clamps on m y car, ment ioned earlier, previous 

t ightening of the four bolts had distorted the 

plate a round the holes. If the same has hap­

pened to your car it w o u l d be advisable to flat­

ten out the plate before go ing any further. 

This could be done w i t h some strong, dr i l l ed 

steel plates a n d bolts to squeeze the rack 

m o u n t i n g plate back into shape, rather than 

beating it to death w i t h a mallet and risk dis­

tort ing it even more! 

If your ini t ia l measurements indicated that 

the height is a long way out and y o u don't have 

the lower halves of the clamps fitted, these can 

be bought in pairs f r o m Caterham Cars. 

They w i l l raise the rack by about 6 m m and, 

once f i t ted, the measurement s h o u l d be 

repeated to see h o w far towards zero b u m p 

steer you have moved. 

A s s u m i n g you're going i n the right direct ion 

(and haven't gone too far) use these measure­

ments as y o u r 'zero s h i m ' d a t u m and plot 

them on your graph, either on paper or in 

Microsof t Excel. 

If you need addi t ional shims, then proceed 

as follows: 

1: Slacken the top steering c o l u m n clamp by 

loosening the l o c k - n u t and b a c k i n g off the 

A l l e n screw. If there is some clearance between 

the back of the steering wheel boss and the top 

bearing o n the dash this may not strictly be 

necessary but it w i l l reduce any risk of stress­

ing these components . 

2: U n d o the four V i " nuts and bolts h o l d i n g 

the rack in place. 

3: Insert a 2 m m or 1 m m sh im under both 

clamps. At each stage you may want to use 

more than one at a t ime each side depending 

on h o w q u i c k l y y o u are converging o n the 

correct height. 

4: M a k e sure that the rack is rotated w i t h i n 

the clamps correctly so that the p i n i o n shaft 

attached to the steering c o l u m n universal joint 

is in line w i t h the steering c o l u m n ; this avoids 

unnecessary flexing of the u j adding stiffness 

to the steering. 

5: T ighten the four rack c lamp bolts to the recommended 5 - 8 lbft. 

This repeated procedure is made slightly easier if, during the meas­

urement and adjustment process only, you use plain VA" U N F nuts 

rather than Nylocs so that you can r u n them o n and off by hand . 

They must be replaced by Nylocs once the job is f inished and before 

the car is dr iven. 

6: Re-measure the b u m p steer using the procedure described previ ­

ously; then repeat again wi th thicker shims, and so an as required, 

recording the measurements as y o u go. 

Suspension height and wheel deflection 
for each shim thickness 

Plotting the results 
M a k e a table of suspension height and wheel deflection for each 

sh im thickness, such as that above. ( N o t e : t h e effect is u s u a l l y referred 

t o as ' B u m p steer' w h e t h e r i t occurs i n b u m p or d r o o p . ) 

Y o u can n o w convert the suspension height change into b u m p and 

d r o o p and the dial gauge readings into angular change (using the 

f o r m u l a below) - this is not strictly necessary but does lead to a 

clearer plot: 

Bump angle ( i n degrees) = 

(180 T- Pi) x atan (dial gauge change * wheel diameter) 

Y o u can then use the results to create charts, such as those shown 

here. In 'Whee l deflection versus wheel travel' (above right) the idea 

is to get the plot as close to vertical , over the whole of the suspension 

travel, as possible. 

In my case, the yellow line was achieved w i t h 8 m m shims and 

adding one addit ional 1 m m was near enough spot -on . 
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Do remember, the data and charts 

shown here are examples from Paul's 

car and the actual figures may bear 

no relation to you own situation. 

Don't be unduly deterred by the graphs 

(or the very idea of them!) - you can 

begin to get a understanding of what's 

going on from the raw measurements 

in the table. The graphs, though, 

make any improvements (or otherwise) 

altogether more obvious. 

Wheel deflection versus suspension travel 
for different shim thicknesses 

Completing the job 
1: Refit the A l l e n bolt securing the shock absorber to the outer joint o f 

the lower wishbone. If not already done, slide out the inner a l u m i n i u m 

sleeve from the shock absorber b o t t o m metalastic bush, coat the sleeve 

and bolt l iberally w i th Coppers l ip so that it works freely and you can 

get it out next t ime; reassemble and tighten. As always w i t h suspension 

joints , o n l y tighten once the jo int is at its n o r m a l 'at rest' loaded posi­

t ion . Th is w i l l avoid any preloads to the bushes. 

2: Tighten the rack c lamp bolts to the specified tightness, checking that 

the rack is rotated to the correct angle. If the rack has been raised, check 

that the steering c o l u m n and U J are not snagging or rubbing against 

any hoses, cables, linkages or other components . 

3: Adjust the gap between the back o f the steering wheel and the dash 

to how you like it and retighten the top steering c o l u m n clamp Al len 

screw and lock nut. 

4: Refit the front antirol l bar, i f removed. 

5: Check everything for correct tightness, i n c l u d i n g road wheel nuts. 

6: Measure and adjust camber and toe angles (which we discuss later). 

Other observations 
If you have one o f the earlier n o n - q u i c k racks wi thout machined 

recesses for the securing clamps, the rack is held laterally by locking 

screws through the clamps. Before starting any o f the above procedure 

it is essential that you check that the rack is exactly central i n the car, 

(that is, the rack ends are equidistant from the steering arms). Y o u 

should also scribe, or otherwise, make some accurate rack locat ion 

marks to make sure that the rack is always correctly posit ioned each 

time you retighten the clamps. 

If, for some reason, rais ing the rack height takes b u m p steer in the 

wrong direction (ie: makes it worse rather than better) and you have no 

means o f going any lower then you w i l l need to refer to the Caterham 

factory for their comments. 

Conclusions 
I had always regarded d r i v i n g my Seven as an exhilarating experience 

and have used it both for speed events and o n the road. Even though I 

enjoyed taking it out I was aware that, given half a chance, the car was 

looking for an opportunity to take me into the nearest hedge or d i t c h . 

Some local roads were always taken wi th caut ion i n case the car got the 

better of me. 

Now, having corrected the b u m p steer, the whole set-up is a lot more 

benign and, frankly, enjoyable. So i f yours scares you , give this a go. • 

© P A U L D E S L A N D E S , 12th December 2005 
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