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Figure 1.  An estimate of the failure envelope.  A failure probability, p(c), is considered to be 1 for any value (given in red) beyond the hyperbolic cutoff and 0 otherwise.  
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Figure 2.  Estimated probability density, p(r), of camshaft slip rates.
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Figure 3.  Estimated number of units, f(m), having a given mileage (after sales and attrition) for selected calendar years.  The area under each curve is the number of units remaining at the end of the calendar year after attrition.  Red:  1997, 15156 units; Blue:  2000, 19512 units; Green:  2003, 18155 units; Magenta:  2006, 15253 units.
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Figure 4.   Estimated frequency plot of camshaft failures as a dependent variable of cutoff, slip rate, and mileage.  Calendar year 2002 shown.  
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Figure 5.  Observed (green) and estimated (red) scaled yearly failure probability density, S, as a function of total mileage, as integrated over all camshaft slip rates.  Calendar year 2002 estimate shown. 
Table 1.  Estimated failure statistics for the assembled camshaft as incorporated in a Gen III DOHC V-8 engine.

	Calendar
	Total
	Units
	Cumulative 
	Total
	Unfailed

	Year
	units sold
	after attrition
	Failure fraction
	units failed
	units remaining

	1996
	5033
	5033
	0.0000
	0
	5033

	1997
	15166
	15156
	0.0107
	162
	14994

	1998
	17483
	17438
	0.0832
	1451
	15987

	1999
	19730
	19624
	0.2380
	4671
	14953

	2000
	19730
	19512
	0.4386
	8559
	10953

	2001
	19730
	19241
	0.6238
	12003
	7238

	2002
	19730
	18752
	0.7673
	14388
	4364

	2003
	19730
	18155
	0.8642
	15689
	2466

	2004
	19730
	17310
	0.9241
	15996
	1314

	2005
	19730
	16291
	0.9588
	15621
	670

	2006
	19730
	15253
	0.9781
	14919
	334

	2007
	19730
	14143
	0.9885
	13980
	163
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Figure 6.  An estimate of the total sales (red), the number of units surviving (blue), the number of engine failures (green), and the number of unfailed engines (magenta).  It is assumed that all engine failures due to camshafts are eventually repaired, and that repaired units re-enter the pool for attrition.  
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Figure 7.  Estimated cumulative camshaft failures apparent to the manufacturer as a function of mileage.  Calendar years 1997 (red), 1999 (blue), 2001(green), 2003(magenta), and 2005 (cyan).  A warranty break is also shown at 36,000 miles.  Almost all the camshaft failures will have, by the end of 2003, moved beyond the manufacturer’s warranty liability cutoff.

Table 2.  Estimates of costs to Maker and owners assuming a $10,000 repair cost for each camshaft failure.

	
	Total
	Warranty 
	Owner
	Gross
	Warranty Payout as
	Net if all claims

	Year
	Payout, M$
	Payout,M$
	Payout, M$
	Revenue, M$
	Fraction of Gross
	are paid, M$

	1996
	$0.00
	$0.00
	$0.00
	$21.14
	0.000
	$21.14

	1997
	$1.62
	$1.40
	$0.23
	$63.70
	0.022
	$62.08

	1998
	$14.51
	$4.23
	$10.28
	$73.43
	0.058
	$58.92

	1999
	$46.71
	$5.27
	$41.44
	$82.87
	0.064
	$36.16

	2000
	$85.59
	$5.53
	$80.05
	$82.87
	0.067
	-$2.72

	2001
	$120.03
	$3.07
	$116.96
	$82.87
	0.037
	-$37.17

	2002
	$143.88
	$1.51
	$142.37
	$82.87
	0.018
	-$61.02

	2003
	$156.89
	$0.49
	$156.39
	$82.87
	0.006
	-$74.02

	2004
	$159.96
	$0.12
	$159.84
	$82.87
	0.001
	-$77.09

	2005
	$156.21
	$0.03
	$156.18
	$82.87
	0.000
	-$73.34

	2006
	$149.19
	$0.01
	$149.19
	$82.87
	0.000
	-$66.33

	2007
	$139.80
	$0.00
	$139.80
	$82.87
	0.000
	-$56.94
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