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Tennant	
  Company	
  
“Designing,	
  manufacturing,	
  and	
  marke3ng	
  

solu3ons	
  that	
  help	
  create	
  a	
  cleaner,	
  safer,	
  and	
  
healthier	
  world”	
  

•  Est.	
  1870	
  
•  Global	
  presence	
  

•  Industry	
  leading	
  
warranty	
  



How	
  They	
  are	
  Really	
  Used	
  
•  Dirty	
  environments	
  
•  Unintended	
  use	
  
•  Reasonable	
  misuse	
  
•  Rental	
  machines	
  
•  Untrained	
  operators	
  
•  QuesFonable	
  
maintenance	
  

Ø How	
  can	
  we	
  quan3fy	
  what	
  is	
  unpredictable?	
  	
  

Ø Can	
  you	
  always	
  model	
  and	
  predict	
  product	
  use?	
  	
  



Product	
  Development	
  Toolbox	
  
Design	
  –	
  Build	
  –	
  Test	
  

Best	
  Prac3ces	
  
•  Design	
  Failure	
  Mode	
  and	
  
Effects	
  Analysis	
  (dFMEA)	
  

•  Accelerated	
  tesFng	
  
•  Reliability	
  tesFng	
  
•  Design	
  of	
  Experiments	
  
(DOE)	
  

•  Quality/reliability	
  

Prac3cal	
  
•  HALT	
  
•  FMVT	
  
•  Field/customer	
  tesFng	
  
•  Foreseeable	
  misuse	
  
•  Applica3on	
  tes3ng	
  



Product	
  ApplicaFon	
  TesFng	
  
•  This	
  can	
  take	
  many	
  forms:	
  
– TesFng	
  of	
  systems	
  (or	
  subsystems)	
  in	
  a	
  simulated	
  
applicaFon	
  

– Automated	
  tesFng	
  of	
  equipment	
  in	
  a	
  simulated	
  
applicaFon	
  

– Prototypes	
  tested	
  by	
  select	
  customers	
  
– Supervised	
  tesFng	
  at	
  select	
  applicaFon	
  sites	
  
–  Internal	
  tes3ng	
  in	
  a	
  simulated	
  “real	
  world”	
  
environment	
  



Product	
  ApplicaFon	
  TesFng	
  
We	
  do	
  it	
  to:	
  
•  Simulate	
  customer	
  use	
  of	
  the	
  product	
  
•  Be_er	
  understand	
  the	
  product	
  from	
  a	
  customer	
  
perspecFve	
  

•  IdenFfy	
  unexpected	
  or	
  	
  
	
  	
  	
  unforeseen	
  product	
  	
  
	
  	
  	
  failure	
  modes	
  
•  To	
  build	
  confidence	
  	
  
	
  	
  	
  that	
  the	
  product	
  is	
  	
  
	
  	
  	
  ready	
  for	
  the	
  customer	
  



Unanswered	
  CriFcal	
  QuesFons	
  
•  How	
  long	
  should	
  we	
  conduct	
  tesFng?	
  
•  How	
  much	
  resources	
  to	
  invest?	
  
•  What	
  are	
  the	
  pass/fail	
  criteria?	
  	
  Do	
  they	
  exist?	
  
•  How	
  do	
  we	
  measure	
  success?	
  
•  How	
  can	
  we	
  relate	
  the	
  cost	
  investment	
  to	
  
organizaFonal/project	
  success?	
  

Ø This	
  is	
  ocen	
  determined	
  through	
  experience	
  
and	
  professional	
  judgment.	
  



How	
  to	
  Quan3fy	
  the	
  Prac3cal	
  Approach?	
  
1.  Need	
  a	
  measurable	
  result:	
  	
  IdenFfy	
  new	
  failure	
  

modes	
  
2.  When	
  is	
  tesFng	
  “complete”	
  (pass/fail):	
  	
  Based	
  on	
  

rate	
  of	
  new	
  failure	
  mode	
  idenFficaFon	
  
3.  Relate	
  applicaFon	
  tesFng	
  to	
  product	
  success:	
  	
  

Associate	
  failures	
  with	
  a	
  direct	
  cost	
  to	
  the	
  
organizaFon	
  



ApplicaFon	
  Test	
  Hypothesis	
  
•  New	
  failure	
  idenFficaFon	
  rate	
  will	
  decrease	
  over	
  Fme	
  
•  Decrease	
  in	
  learnings	
  represents	
  decreased	
  test	
  value	
  
•  Model	
  the	
  Data:	
  	
  #  𝐹𝑎𝑖𝑙𝑢𝑟𝑒𝑠= ​𝜃↓1 − ​𝜃↓1 ​𝑒↑(− ​𝜃↓2 
∗ℎ𝑜𝑢𝑟𝑠) 	
  

Ø But	
  isn’t	
  every	
  project	
  and	
  
product	
  unique?	
  



Historical	
  Project	
  EvaluaFon	
  
•  Leverage	
  history	
  and	
  experience	
  (11	
  projects):	
  



Historical	
  Project	
  EvaluaFon	
  
•  Projects	
  variables:	
  
–  Intended	
  applicaFon	
  
–  Product	
  purpose	
  
–  Retail	
  price	
  
–  Sales	
  volume	
  

•  QuanFty	
  of	
  idenFfied	
  failure	
  modes	
  varied	
  
•  Projects	
  appear	
  to	
  exhibit	
  consistent	
  trends	
  



Other	
  Data	
  Uses	
  (SuggesFons)	
  
•  Evaluate	
  project	
  factors:	
  	
  How	
  do	
  they	
  correlate	
  to	
  
failures?	
  
– Machine	
  type	
  (complexity)	
  
– ApplicaFon	
  
– Market	
  
– Test	
  setup	
  
– Test	
  documentaFon	
  

•  Split	
  failures	
  by	
  product	
  subsystem	
  



A	
  Regression	
  Model	
  
•  Fit	
  data	
  to	
  a	
  concave	
  regression	
  curve	
  
•  LARGE	
  95%	
  confidence	
  interval	
  
•  But	
  this	
  provides	
  our	
  measurable	
  response!	
  



= ​𝜃↓1 − ​𝜃↓1 ​𝑒↑(− ​𝜃↓2 ∗ℎ𝑜𝑢𝑟𝑠) 	
  



A	
  Regression	
  Model	
  (ConFnued)	
  
•  Pool	
  the	
  project	
  data,	
  and	
  normalize	
  
•  Measure	
  value	
  based	
  on	
  %	
  failures	
  idenFfied	
  
•  So	
  we	
  can	
  now	
  set	
  a	
  pass/fail	
  criteria:	
  
–  How	
  far	
  up	
  the	
  
	
  	
  	
  curve	
  to	
  go?	
  



PracFcal	
  Significance	
  of	
  	
  
UnidenFfied	
  Failures	
  

•  An	
  unidenFfied	
  failure	
  =	
  a	
  potenFal	
  customer	
  
concern,	
  or	
  warranty	
  claim	
  

•  Factors	
  that	
  contribute	
  to	
  increased	
  project	
  risk	
  
are:	
  
– High	
  warranty	
  costs	
  
– High	
  sales	
  volume	
  (product	
  exposure)	
  
– Customer	
  percepFon	
  risk	
  
– Safety	
  concerns	
  



Historical	
  Warranty	
  EvaluaFon	
  
•  Provides	
  financial	
  context	
  to	
  unidenFfied	
  failures	
  
•  Understand	
  the	
  mean	
  cost	
  of	
  a	
  warranty	
  failure	
  
•  Evaluate	
  the	
  distribuFon	
  of	
  warranty	
  claim	
  cost	
  
•  Understand	
  how	
  warranty	
  claim	
  costs	
  are	
  distributed,	
  
and	
  what	
  factors	
  influence	
  them:	
  
– Machine	
  
–  Component	
  
–  Subsystem	
  
–  Etc.	
  



Warranty	
  Data:	
  	
  An	
  Example	
  
•  EvaluaFon	
  of	
  Tennant	
  warranty	
  claim	
  costs	
  
•  Realized	
  a	
  relaFvely	
  predictable	
  Gamma	
  distribuFon	
  
•  Reasonable	
  to	
  
	
  	
  	
  	
  	
  predict	
  an	
  average	
  
	
  	
  	
  	
  	
  and	
  variaFon	
  of	
  	
  
	
  	
  	
  	
  	
  warranty	
  claim	
  	
  
	
  	
  	
  	
  	
  cost	
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Combine	
  Test	
  and	
  Warranty	
  Data	
  

•  Combine:	
  
–  Diminishing	
  failure	
  rate	
  
– Warranty	
  claim	
  cost	
  
–  Projected	
  sales	
  

•  NoFce	
  risk	
  reduced	
  and	
  
more	
  predictable	
  as	
  
tesFng	
  progresses	
  

𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙  𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒  𝐶𝑜𝑠𝑡=𝐶​𝑛↓𝑎 ​𝜃↓1 ​𝑒↑(− ​𝜃↓2 
∗𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛) 	
  

	
  	
  
	
  	
  𝐶  =  Mean  Claim  Cost

	
   ​𝑛↓𝑎   =  Number  of  Failures  Predicted

	
   ​𝜃↓1 ,	
   ​𝜃↓2   =  Constants

	
  	
  



Conclusions	
  
•  ApplicaFon	
  tesFng:	
  	
  A	
  great	
  way	
  to	
  understand	
  a	
  
noisy	
  product	
  environment	
  

•  Follow	
  the	
  three	
  steps	
  to	
  build	
  your	
  model:	
  
1.  Need	
  a	
  measurable	
  result:	
  	
  IdenFfy	
  new	
  failure	
  modes	
  
2.  Determine	
  a	
  pass/fail	
  criteria:	
  	
  Diminishing	
  rate	
  of	
  failures	
  
3.  Relate	
  applicaFon	
  tesFng	
  to	
  product	
  success:	
  	
  Associate	
  

failures	
  with	
  a	
  direct	
  cost	
  to	
  the	
  organizaFon	
  

•  Be	
  creaFve:	
  	
  Use	
  the	
  data	
  you	
  have	
  to	
  be_er	
  
understand	
  your	
  own	
  products	
  



QuesFons/Comments	
  


