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RE: EAD5-002 Victory Motorcycles
~Dear Mr. Boyd:

At our recent meeting to discuss issues related to EAGS-002, we discussed a Weibull
analysis that was receritly commissioned by Polaris Industries. A copy of this analysie iz
enclosed,

Yome of the other documents presented and discussed at that meeting have been
submitted today under separate cover to the Office of Chief Counsel with justifications to protect
them from public dizclosure under the Freedom of Informaticn Act.

Please let me know if you need any additional information.

Sinceraly,

Brika Z. Jones
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1. Analysis Summary

This repoct preseots an nelysin to estimate the failure time distribution of & transmission using
data provided by Polaris.

For this analysis, two excel files were providad by Steve Smith (steve agith@oolsrizind.com) from
Palaria. The file “Mileage Stndy Complete. xin™ has foor data sheeds. Sheet “8_Consistent data™ records the
custorres comtact information, which ia consistent snd is used to derive tha milsage destributions for
differentt aomership leagths in this report. Sheoet °5 Date Inconsistencies™ also contsins customer contarct
infoemation; but this joformation is imconsistent. Failure information is given in zheet “N-5 Datn
Consixtent” and “N-S_Data Inconsistent " “N-S_Data Corsistent™ gives the comsistent rypain/failors recoeds
by Polaris while sheet “N-5_Data Inconsistent™ hists several incongistest faihore records. This information
will be used to allocate nnknnemn faihaes and suspensipns in this report. The fle “Mileage Smdy Complets
adeacharn, x1e™ has ooc data sheet “5 Consiatent Without Claims.” This sheet gives the sales date for each
wehicla without claims. .

Thin repart inchades two analyses. One eoalysis is for the data by 1 0/3/2005, which i the main part
of the report Another amilysis is for the dats by 10420/2000, which is given in the Appendix. By
162042000, only 5 failure recorda are available. Withoxt mufficient failores, the snalysis rexabis e %o be
wad for rofarence meposss only. In this mport, the methodology oeed in the anshyeic of the data by
10:3/2005 ls presented in detwil

2. Mileage Distributions

In this section, the method of finding the mileage distrinutigns for different vehicle ownership
lengtha in discussed. The Weibull distribawtion It used to describe the mileage. The relatinrehip hetween
month and the scale paramets 5 of the Welball distibution i mwddded while sssuming the shape

parameter, f stays constant.
2.1 Mileage Distribmiion from the Raw Dats

A surmple of wehicles that comes from the datz shest “5 Consistent data™ is nsed to find the
milsage distributicn, The followimg rules o wsed:

1. Tice the recomis that hava contact dates after date of sale,

2. Tima tha records thet bave non-zery nyileags,

3. Thee 30.42 dsva ma n month (ihe seme mumber of daya in esch month is wsed for caloulntion; hence
165/12 = 30.42 duys is teken az a starderd month).

thrmumdmmmmlmlmgmmuunruhmﬂunf:mnﬂu calculated, xa
shovm in Tnble 2.1.

Tahle 2.1: Calculations of the Ownerahip Lewgth
10/15/2001 | 1162002 300 o3 3.06

The cakulsted mtonth in Table 2.1 is ronnded to the resrest imeger. 3. From the beginoing time o
[0/032005, there are records of 83 months. The length of ownership and the corresponding mamber of
meconis are summerized in Table 2.2.

lssued: 4711508 CONFIDENTLAL Page 2 of 15
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From Figure 2.1 and the following Figare 2.2 (&), it & clear that, excapt for Some outtiers, there js 0
commen £ |.e. the bnes for different montha of ownersbip appear 10 be paraflel. These catliers, soch es 71,
73 end 5E, are possibly caused by the smalft mumber of deta point for those particular data seés.

We should defime n criterion to detect the outliers in these # vahme. The procedure is given In Section 2.2
The following figures show bow the individual # and 5 values change with ownership length. In Figure 2.2,
ocaly the months that hewe more than 3 dats meants (from Table 2.2) are psed.
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Figure 2.2: Distribation Pattan with Ovwnership Leagth

Fram Figure 2.2 {a), it cun be seen that there: iz g clear relatinnship betwesn 7 and the cwnership kength or
mnnﬂ:ninHﬂimmﬂS}.Ifwemﬁndﬂ:&'mlﬂinudﬁp,thm“muitmmnddhnﬁhla
distributicn of any ownership length. The procadure of Anding this relationship is given in Section 2.3.

lanugd: 4511106 . CONFIDENTILAL Pagae 4 of 15
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22 Choose the Commoon f

Using tha 5 values in Figure 2.2 {b), the nortnal probability plot is given in Figure 2.3,
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Figure 2.3 Distribution of AR the Betas

The ppsin value of fheae betra is 1 2444 and the standard devisiion in 0.3437. We then e the 2
sigme comtrol limita tos find the outliers. The values that ure less than 1.2444—2xD.3437 = 0557 or greatec
than 1.2444 + 20,3437 =1,932 are comidersd a3 outlien. After deleting ontliers, the pormal probahility
plot i re-plotied, 33 shown in Figore 2.4,
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Figurt 1.4: Distribotion of Betas without Ootliers

isEued: 4/11/08 CONFIDENTIAL Fape 5af 15
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The recalculated oean valoe of the & is [.195. Thia value will be used as the common 2 for the
milenge distribution for different MIS (Months in Service or Qwnership Leogth).

Document RC3-WAD406-01

23 Hgild the Relatiomship Between MIS and 5

Firat, we uee the common 5= 1.195 to recadculate the distribution for the deta set that heve lags
than &4 monthe ewnerzhip, since few or no date pointa are aveilable after that (see Table 2.2, and oblain
the new » valnes. Thess values ars given in Table 2.3

Table 2.3;: Smrary af the rr Valoe

Month of Month of Month of Month of
Ownzrship ] Crwnership 7 Ownership 7 Chwoership L]

1 902 21 5548.3183 41 12434 855 [} 2511.2273
2 10173865 22 OTI5.9736 42 9487.9957 &2 23107701
k] 2023.5543 23 T8 6737 43 11814.7 63 18981 037
4 2029.56401 24 BO04. 4155 44 13165.827

3 2163.9311 23 93554.3042 45 e550.3521

6 |26472704| 26 | 83273038 46 | 10225599

7T 29344058 17 G017 47 143276.442

-] 3005.2033 28 k56 5499 48 O542 6997

L) 2823.5861 29 A780.7718 49 11795.308

10 34709213 a0 9413.5133 1) 10329.355

11 3341.8191 ]! 0652 2017 51 1¥325,791

12 3725.1336 32 $3I72.9171 52 13800993

3 492945 31 11118.968 53 13188112

14 36993122 34 3917.543 54 14913.383

15 1050875 33 12726.521 35 16849.077

18 5422507 16 B064.1382 1] 11824.433

17 4799.1062 37 11712 065 57 18041 444

18 G364.6643 L] 10824868 hi] 6813.0092

19 G286.4109 39 97072034 b 7303.7755
it 68155022 4l 18657.783 60 18045.341

Uhing the vakiea in Table 2.3, 1 linear relationship between MIS and 77 i found and plotted in

Figurs 2.5,

lasued: 4/11/08
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Figors 2.5: The Linsar Ralstionship Beivwean 7 and MIS

The linemr model is 17 = 254,955 +1096.8589 , wheye X s the MIS or months of ewoership.

24 One Year Mieage Distribotien

There is & onc yeor warranty for this product. In order to transfer the one year Hme Isagth o the
comésponding mileages, we nead to wilizes the lnformation i Section 2,2 wnd 2.3, Using the common 5 and
the lintar relatiooahip betwaen 5 and MIS, the ope ysar mileage distiixtion i3 found ta be a Weibull

distrituation with J=1.195 and 7y =254.95x11+ [006.8080 = 4155,3 ,
disirinsting iz given in Figues 2.5.

The probability plot of this

issusd: 471108
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~ Figure 2.6: One Year Mieage Distribution
The BX miileage of the ne year avmership is:
Table 2.4: BX Mileage of Oue Year Ownerahip
10 631.214 T0 4354769
ki 1] 1734.04 90 B352 495
058 486 an 1451847

30
this digiribulion is 3214. This is the expecied mileage by the end of e one yrar

3. Allgcate Snspensions
is 2000 — 4000 milea arvd 30 on.

From the records, we found that the first vehicle waa sold in Angnat 1998, From August [998 to

October 3, 2005, it ia £5 months. Based on the 35-maonth mileage disiribution, we can allocate the vehicles

sokd in August 1998 to different milowge intervals and repeat thie proces fir sach month aoil Sept, 2004.

The mean valus of
watTRLY.
In ceder to tuild the mozmision L% distribation, mileages are dividad into intervals with tha
The mileage intervals and the comresponding perventages are given io Takle 3.1.

inbérval length of 2000 miles. For example, the first tileage Isterval is O — 2000 noiles. The secomd interval

Page Bof 15
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Table 3.1: Buspension Percentuges in Ench Mileage luterval
Aug-98 | Scp98 | Oet58 Sep-03

Mileage Interyal T 21 33 :

0 2000 $.0532000 | .05 18 | 0.0546199 07974718
2000 4000 00644437 | 0.0652376 | 00660494 0.1766918
410 B000 Q.0662297 | 0.0669783 { 0067742 0.0231917
&000 RO 0.0652747T | 0.0639404 | 0.0666176 0.0024132
S000 i 000 00629531 ; 00635215 | 00540979 00002 137
10000 [ 2000 00498793 | 00603473 | 00608193 I 57E-05
12000 L 4000 DO56356% | 0057662 | 00571367 1.17E-08
14000 15000 G.0527178 | 0519945 | 0.0532698
16000 18000 C.04 29811 | 00491737 | 0.04936]19
180010 20000 00452832 | 00453988 | 00435003
20000 27000 00416856 | 0.04]7342 | 0.0417753
22000 24000 0.0382318 | 0.0382224 | 0.0382057
24000 26000 G.0340498 | 0034391 | 0.0248244
25000 28000 0318562 | 0.0317562 | 0.0316482
28000 300 0.0289597 | 0.0288261 | O.02E6345
30000 32000 01262631 | 0.0261D28 | 0.0259347
32004 SN} 00237648 | 0.0235839 | 0.0213955
340040 38000 02146 | 0021264 | 00210609
36000 AN 00193418 | 00151353 | (LO189224
JE00 40000 0.0174015 | 00171387 | 0.01589701
40000 42000 D.0156295 | 0.415459% | 00151531

For example; from Table 3.1, we know that sbout 5.3% of the total vehicles sold in August 1998
wil have leas than 2000 miles by October 3, 2005. Therefoee, if w2 know the sumber of sales for each
month, we can Allocate all of the vehicles nto different mileage intervilt haged on the above tabls,

The data shects *5S_Conalstent Data,™ 5. Daty Incongistencies™ snd Y5 _consimtant without clainm™
are used to calculaie the tota] hamhar of recorded anlss in asch onth. This sumber i also B number of
recorded Fuspersions. There e 4720 recovded suspensions. Uaing this munber, togetivr with Table 3.1,
the reconded mespensiony are allocsted to the differeat milesge siservals.

Eince the tota] mmber of suspeations s 5226, ay given by Peleria, wa have 5225 — 4720 = 5
unknown suapensions. Assuming the unknewn snepensions have the zame percentage in cach mileage
interval a1 the recorded suspensions, we can assign the wkoown suspensions into ench mileage interval
argarding to the percantages of the recorded suspencions

The fnal simpension allocation is given in Teble 3.2,

Is=ued: 4/11/08
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Tahle 3.2; Suspansion Alecation

Milange | Recorded | Unkmown | Toiel Mileage | Recorded
Intervels | nspensions | aspensions [nopensions|  artervaly 1mnp=niwns

¥

Linknown
SOSpENSONE| Fuspenione

0 {2000] 401 43 444 |40000[42000f 42 5 47
2000 [4000| 458 49 507 |42000[44000] 36 4 40
4000 [6000] 442 A7 489  |44000l46000] 31 3 14
6000 [RO00{ 410 7] 454 |asooolasooo] 27 3 30
8000 [10000f 373 40 413 |agooofsoogo| 23 2 25
1000012000 335 36 371 [50000/52000] 20 2 22
12000 14000 298 32 330 |s2000({s54008] 17 2 19
1400016 264 28 292 |ssn00[se000] 14 2 16
1600018 232 25 257 |seooo|ssoo0] 12 1 13
13000 2opogy 204 ) 226  |ss000/e0000] 11 1 12
200002000 178 19 197 leoocalszooo] o 1 Lo
2000 4000 136 17 173 |62000/64000 8 1 9
2400026000 136 15 151 |s4p0D|S6000] 7 1 8
26000280000 117 13 130 [66000[68000] & 1 7
2800030000 101 1] 112 [68000{70000f 5 1 6
30000320000 3% 9 97 |70000|72000] 4 0 4
2000340000 76 3 24 [72000]74000] 3 D 3
40006000 65 7 72 |rap00|760m0] 3 0 3
36000380000 56 [ 62 |7eo00l78000] 3 0 3
1800040000 48 5 34 Totaf 4720 506 5226

For example, in the intarval [0, 2000] in Table 3.2, the expectsd nomber of recorded supancions is 401,
which takes 401/4720 = 8.406% of the 4720 total recorded sospewsions. Therefoce, for the total of 506
unknown sadpensions, 5068 436% w42 58 = 43 vehicles will fall in the interval of [0, 2000].

4. Allocate Failwres

There am slsc two types of fuilures: fhilures with claimne (end thercfore mileage records) sod
fhilures with unknown mileages. There are n totn] of 476 raporisd failures, as peovided by Polaria, from
which 406 cacards are under the “N-8_Data consistent” sheet and § are nnder the “N-S_Data Inconsistent™
shest Tha rest of the failures have no records. However, from the 406 recards, 17 did not have the
nformation raquired o anstysls. Thersfore, we have 359 consfstant felhure records. 'Wa srsome that 476 —
389 = 87 are unknown failnres. 'We will treet these 87 fhilures o5 faitnres with unknown milesge, We know
the tgtal monber of fallures is 1402, from the sales records of transmission kies. We will ssnume that 1402 —
476 = 926 failures arn ot of warranty fiibores. Theses diffarent failures arm visnalized it Figue 4.1,

Firat, based on the milcages at the tie of the clxims, the recorded fMilures are allocated to vach
cxresponding mileage interval. By sssuming that the 27 unkoown mileage failures mve the tsve
péxceniage i each mileage interval ns the fatlures with mitenge mcords, we allocate these unknown filures
to corresponding intervals.

lsaued: 4/11/06 ' CONFIDEMNTLAL Page 10 of 13
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Figure 4.1: Fafinre Data Distribwiion

The ellacation of failures oorrespanding fo recorded repairs at the dealership is given in Table 4.1,

Table 4.1: Failore Alotstion for Recordad Fajllures

Mileage Intorvals Pallutrs th;:ﬂ“mh"-l Total Failures
0 2000 53 12 6%
2000 4000 65 14 7
4000 B0OD 57 13 70
6000 HOO0 4% 11 &0
2000 10000 . 32 7 39
1000 120{0} a0 7 37
12000 140010 43 14 53
14000 | L&D 12 3 15
14000 12000 11 2 3]
1EDGD X0nh -] 1 7
20000 | 22000 7 2 o
22000 | 24000 4 1 5
24000 | 25000 4 1 5
26000 ZRDDO 3 1 4
23000 M) 3 1 4
el 32000 4- 1 5
32000 34000 1 4] 1
34000 | 36000 2 1] 2
36000 | 3RO0D 1 [1] 1
48000 | 30000 1 4] 1
70000 | 72040 1 1] 1
Tatal 349 87 476

Iszusd: 4/11/06 CONFIDENTLAL Paps 11 of 15
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Example; In the interval [0, 2008] in Tabta 4.1, there e 53 failures, which represent 53/189 = [3_ 6% of the
total of 318% recardsd faitures. Therefore, 87x0.136m=1(.8 =12 uwsknown milesge failures will ba aliocated

in this intervel.

Second, we will allocate the unknown filvres, which are assumed not to be coversd under
warmmnty. Prom Section 24, we know that the mean valos of the one yesr mileage in 3914. From the
reconded fhilnres in Table 4.1, we found that the closest mileage ta 3914 it 4000. Therefore, by stauming
that the 926 failurey ont of warranty have the same failars proportions with the failures recorded that bave
mileage greater than 4000 miles, we can allocate them to the milcage intervals. The final ot of warranty
frihores are: .

Tabie 4.2::Oni of Warrauty Fallure Allbcatien

Recanded

Mikags Intarvala | Filurs ,;,J"‘“‘““F?ﬂ‘“;;
(Adjureey| Wty
4000 | 6000 0 195
000 | 5000 &0 167
3000 | 10000 | 39 108
10000 | 12000 | 37 103
12000 | 14000 | 53 148
" 14000 16000 13 42
16000 12000 13 k-]
18000_| 20000 7 20
20000 | 22000 9 25
22000 | 24000 5 14
24000 | 26000 5 14
[ 25000 | 28000 & 1t
28000 | 30000 4 1
00D J2000 5 14
32000 S0 1 3
34000 | 36000 2 5
38000 T2000 1 3
43000 | 50000 1 3
70000 | 72000 1 3
Towl | 332 526

Fnuxlmp]a,inthninlrnl[ﬁﬂﬂﬂ,ﬁﬂﬂﬂ]hmhi.z.thutmmﬂilmnmﬁuhmmﬂﬂ=llﬁ
of the total of 332 recarded fallwrem that have more than 4000 miles. Thorsfore, we computs
926x0.2] =1952 w195 utknown qut of warmnty Rilures in this interval.

Cenhing Table 4.1 and Table 4.2, we get the final failuwew dsta in cach milesge imterval, which is
given in Table 4.3.

lesuad: 4/11/048 CONFIDENTIAL Pape 12 af 15
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Tahle 4.3: Summary of Fallure Allocation

Ui Unknowen
Mileage Interval llu::nrdad Mileage Out of Tnctal
Failures Faitures Wa}'mn::.r Failores
Furilures
0 214} 53 12 ] 55
2000 4000 65 14 0 79
S04 5000 7] 13 195 265
6000 EDO) 49 11 167 227
S000 10000 32 7 0B 147
10003 | 12000 30 7 103 140
12000 14000 43 10 144 N
14000 16000 12 3 41 57
16000 18000 11 2 35 4_}
18000 20000 L] 1 20 27
20000 22000 7 2 25 K o
22000 | 24000 4 1 14 19
24004 piitill] 4 1 14 19
26000 2B000 3 1 11 1%
2800 30000 3 1 11 15
00K 32008 4 1 14 19
32000 34000 l 0 3 L]
34000 35000 2 0 -] ]
36000 | 34000 1 ] 3 4
43000 500400 1 { 3 4
"TOOM) TH00 1 1] 3 4
Total 389 37 926 1402

5. Analysls Using Weibull IMatribution

Liing the obtained failures and suspensions from Scchion 3 and 4, we got the Bnal Weibull Life
distribution of the tranemiasion with £ =12265 and s = 48562 . The prabability plot in given in Figure
5l. -

Issumd: 41106 CONFIDENTAL Page 13 of 15
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Figure 5.1: Tranxuission L Distributing

The BX resulis are soommarized io the following table.
Takle 5.1: BX Milsage for the Transmissios .
. Miles BX%

BX% Miles

1 1141 48 28082

3 4310 5 35017

14 T252 &0 S5REE

20 14294 g5 113800
30 20952

NOTE: In the given data dct, RelinSodR 1med the best dain availabie to it, which were the failares, customer
pontact records snd sales nfurmation providad by Polaris. The allocation of the 328 milesge mmknown
fuilures can considerebly affect the amlyyic results, The aflocation method vsed in this report i= based on
the mody of the distribution of the filurey Jor which mileage was reconded and the allocstion of the
unknown mileage failures in the samn distrilnion pattern. This i 4 reasonable method for allocating data
with umknosn mileags failurss, when theaya i3 no resson to balieve thet dam with wknown milsage filurea
significantly differ in their distritattion from the samples with koown mileages. Based on engineering
kncwledge provided by Polusis, it is ressooeble to conclude thet the actusl milsages of the 326 unkoown
fathores may ba aven higher than assumed in this report, sinca the loown milsages recorded st filore are
from clairu prescated to Polacis by dealers, cither during the onc-year wearranty period or later, as good will
clnims. The higher the mileage at fuilure {after expimation of the ons-yesr warranty period), the lexs [ikely it
is that the customer or dagler wonld ssek finmncial contrilnation from Polaris, and Polaris would not have
information about the mileage ot fajlure in thess Instances. For this reason, it is reasonatle to conclode thar
the table presanted sbove represents a conservative estimate for the BX% Life, and thers is oo bmis for
anywming that it repressnis an underztatement of the BX% life.

Ixmuwed: 441108 CONFIDENTIAL Pega 14 of 15
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Appendix

Annlysic Rasults of the Data by 10:28/2808

For the deta by 10/2/2000, coly 5 fallures are evailable. Obvioualy, many failures are missing.
Thacefore, using this data only, the shalysis results will be vy torcalimtic. By spplying the method
described in this report to eilocste the apensions, we get the following mble.

Tahle A.1: Summary of the Warranty Diatn by 18202000
M“B.ﬂﬂ @ Intervals | Faiures w 5 Unknown Tutalm
0 2000 0 1314 216 1530
2000 4000 2 B17 134 951
4000 BOOG 1 440 72 612
800 8000 1 242 AD 282
8000 10000 1 140 23 164
10000 | 12000 0 83 14 o8
12000 | 14000 0 &0 a 58
14000 | 16000 0 L 5 37
18000 | 18000 0 18 3 21
16000 | 20000 0 11 2 13
20000 | 22000 0 7 1 4
22000 | 24000 4 4 1 &
Tolal 5 - 3157 518 3678

Figure A.1 givea the probability plot for the Weibull distribution found wite 8 =1.7 sad 57 = 249350 .
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Figare A.}: Probability Flot of the Lift Distribytion for the Data by 10/20/2000
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