
Less Effort – M ore S tren g th  
 
T h e  a c c u r a c y  o f  h u b -s h a f t  c o n n e c t i o n s  i s  o n e  o f  t h e  m o s t  i m p o r t a n t  s a f e t y  c r i t e r i a  f o r  s t e e r i n g  
c o m p o n e n t s .  S t a t i s t i c a l  D e s i g n  o f  E x p e r i m e n t s  h e l p s  t o  f i n d  w i t h  a  s u r p r i s i n g l y  s m a l l  n u m b e r  o f  t r i a l s  
t h o s e  f a c t o r s  a n d  t h e i r  o p t i m a l  l e v e l s  t h a t  l e a d  t o  t h e  m o s t  p r e s s u r e -r e s i s t a n t  c o m b i n e d  k e y w a y  a n d  
t r a c t i o n  c o n n e c t i o n .  T h y s s e n K r u p p  P r e s t a  u s e s  t h i s  e f f i c i e n t  i n s t r u m e n t  s u c c e s s f u l l y  f o r  d e v e l o p i n g  
s t e e r i n g  e l e m e n t s .  
 
In the automotive industry, the quality of hub-shaft c onnec tions used in steering  c omp onents is an imp ortant safety issue.  T he 
p ressure forc e needed to break  off suc h a c ombined k eyw ay and trac tion j oint is an evaluable c riterion of quality.  A ll the fac tors 
having  an imp ac t on the c onnec tion resistanc e should be adj usted so that this break -off forc e bec omes max imum.  
T he most advantag eous method to solve this task  is S tatistic al D esig n of E x p eriments.  It enables to detec t the influenc e of 
various fac tors on one or several resp onse variables w ith a small number of ex p eriments.  In a test laboratory, some trials have 
been run to identify fac tors that may inc rease the p ressure forc e.  T he c onstruc tion ang le A , the dep th of the c onnec tion Y  and 
the shaft diameter R  have been detec ted as suc h fac tors.  
A lready 3  fac tors lead to a c omp lex  situation in the ex p erimental desig n.  T he use of an ap p rop riate softw are tool is absolutely 
essential bec ause the c omp lex ity of the p roblem even further inc reases w ith a larg er number of fac tors.  T o find the best 
c onfig uration of the fac tors, that is the one leading  to a max imum p ressure forc e, this p roblem has been addressed w ith 
S T A V E X , a softw are tool for ex p erimental desig n from A IC O S  T ec hnolog ies L td.  
T his tool g uides the user in a very c lear w ay throug h the ex p erimental desig n task .  F irst, the resp onse variables w ith their 
op timiz ation direc tion have to be sp ec ified.  In our c ase, the p ressure forc e should be max imiz ed.  F urther, the user sp ec ifies the 
fac tors of p ossible influenc e and their variation rang es.  E . g . , for the ang le A  the rang e A min =  0 °  to A ma x  =  1 0 °  has been defined.  
 

 
Fig. 1. The main screen in STAVEX guides the user through the experimental design task.  

The user has to input the f actors and to set their ranges in the f actor screen. 
 
C onsidering  these as w ell as p ossibly further sp ec ific ations, lik e interac tions betw een fac tors and restric tions of the fac tor rang e, 
the softw are sug g ests a variety of ap p rop riate desig ns.  In our ex amp le, a B ox -B ehnk en desig n for 3  fac tors w ith 1 3  trials has 
been c hosen.  
T he c ube in F ig .  2  rep resents the desig n built by the rang es of the 3  fac tors A , R  and Y .  T he c olored c irc les indic ate the 1 3  
trials.  T hey have to be run in the lab w ith the sug g ested fac tor setting s.  T hen, the measured values of the break -off forc e have 
to be inp ut into to the p rog ram.  
If it is imp ossible to hold the sug g ested fac tor setting s ex ac tly, the ac tual desig n c an e. g .  be stored in E x c el and imp orted into 
S T A V E X .  O ne p roc eeds similarly to evaluate trials w hic h do not stem from a desig ned ex p eriment.  T he softw are tool then 
interp rets these runs as a so-c alled ex ternal desig n.  
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Fig. 2. Box-Be h n k e n  d e s ign  f or  3  f a c t or s . 

 
The main result of the analysis, which is based on a quadratic regression, was that the break-off force dep ends on the setting of 
the angle and on the dep th of the connection.  The shaft diameter influences the force dep ending on the angle and of the dep th.  
F or op timal factor v alues ( A  =  5 ° , Y  =  1 7 . 9 mm and R  =  1 7 . 4 6 mm) , the break-off force can be ex p ected in the interv al 1 2 . 3  to 
1 4 . 8 kN .  The results of the analysis are automatically commented in detail and interp reted.  They are av ailable to the user as an 
H TM L  document.  
 

 

Fig. 3 . T h e  n u m e r ic  r e s u l t s  c a n  b e  s u p p or t e d  b y  v a r iou s  gr a p h ic s ,  e .g. b y  a  4 D  c on t ou r  p l ot . 
E a c h  d im e n s ion  r e p r e s e n t s  a  f a c t or  a n d  a  c ol ou r  s c a l e  c or r e s p on d s  t o t h e  v a l u e s  of  t h e  r e s p on s e  v a r ia b l e . 

 
I n addition to these results, S TA V E X  p rov ides detailed information about the model diagnostics, e. g.  the goodness of fit, an 
analysis of the residuals ( inclusiv e test of normality and quantile p lot) , transformations of the resp onse v ariable etc.  M ore than 
9 3 %  of the v ariance of the resp onse could be ex p lained by the model.  F urther, the residual analysis finds no ev idence for a 
v iolation of the model hyp otheses.  O ne can therefore admit that the break-off force is max imal for the calculated factor 
combination.  I n the transformation analysis, the software also suggests to consider the squared resp onse v ariable, since a 
regression model for this v ariable would lead to slightly better results.  H owev er, since the results obtained were already v ery 
good, no transformation has been ap p lied.  
A fter a few test trials in a p reliminary p hase, 3  factors hav e been detected as p otentially influent on the resp onse v ariable.  W ith 
only 1 3  additional ex p eriments, the unknown relationship  between these factors and the resp onse v ariable could be modelled 
efficiently.  To test the model, a confirmatory ex p eriment with the op timal factor settings has been run.  The break-off force was 
1 3 . 5 kN .  This v alue lies inside the ex p ected range and constitutes a further ev idence for the good quality of the results.  
 
With the support of Statistical Design of Experiments for the development of a special hub-shaft-connection,  it w as 
possible to find w ith a very  small number of trials the factor settings w hich lead to a maximum connection break -off 
force.  A long w ith a very  small number of trials and an increased k now -how  about the product,  the q uality  is increased,  
the costs are decreased and,  last but not least,  the car safety  improves.  
 
The software tool S TA V E X  for ex p erimental design is currently used in more than 1 5 0  comp anies, e. g.  at B M W , ThyssenK rup p  
P resta or TR W .  V ersion 5 . 0  with new grap hics, an enlarged design library and lots of additional new features will be av ailable 
soon.  
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