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MEMORANDUM: 14-002

DATE: April 21,2014

TO: L-60-1 Surveillance Panel

FROM: Scott Parke %/

SUBJECT: Updated data analysis for May 6, 2014 task force meeting

In preparation for the May 6, 2014 L-60-1 task force meeting, I have updated all of the various
analyses that TMC has presented to the group over the past 18 months or so. This updated information
follows. I will be prepared to review this information during the meeting and answer any questions.

Pages 3-7 show a comparison of the performance of the new (12-11) and old (11-00) gear
batches. The means for various data groups are statistically compared.

Pages 8-19 give a graphical presentation of the information shown on pages 3-5. These plots
show the data spread as well as bars indicating the mean and plus and minus one standard deviation.
Statistically significant differences are indicated by red bars while the others are green.

Pages 20-24 show the industry control charts. Coloring indicates the various gear batches used
over the years. The colors overlap where multiple gear batches were used simultaneously. Two red lines
indicate the introduction dates for the two current reference oils.

Page 25 shows the current targets compared to targets computed using the first 30 tests and the
most recent 30 tests in both transformed and original units.

Pages 26-30 show the industry control charts if targets from the first 30 tests on 148-1 and 151-2
are used.

Pages 31-35 show the industry control chart for 148-1 exclusively. These plots are shown to try to
illustrate when (if ever) changes occurred in 148-1 results. These charts use updated targets but since only
one oil is shown, the targets are irrelevant.

Pages 36-40 show the industry control chart for 151-2 exclusively. These plots are shown to try to

illustrate when (if ever) changes occurred in 151-2 results. These charts use updated targets but since only
one oil is shown, the targets are irrelevant.
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L-60-1 Gear Batch Comparisons
(April 2014 update)

GEAR batch (all data) N size for
IND=148-1 the group
NEW OLD
23 200
ACVTI 1.317  1.282
ASLTI 0.635  0.658 Test
PENTI _0.525 -0.713 4/ parameter
TOLTI _0.647 -1.014 means
VISITI 3.689  3.704
GEAR batch (all data)
IND=151-2 Highlighting
NEW OLD indicates
21 241 / statistically
ACVTI 1.358  1.583 significant
ASLTI 0.568  0.487 .
PENTI 0.818  0.702 difference at
TOLTI 0.343 0.214 95% confidence
VISITI 3.612  3.613
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L-60-1 Gear Batch Comparisons
(April 2014 update)

GEAR batch (all data)
IND=148-1

NEW OLD

23 200
ACVTI 1.317 1.282
ASLTI 0.635 0.658
PENTI -0.525 -0.713
TOLTI -0.647 -1.014
VISITI 3.689 3.704

GEAR batch (all data)
IND=151-2

NEW OLD

21 241
ACVTI 1.358 1.583
ASLTI 0.568 0.487
PENTI 0.818 0.702
TOLTI 0.343 0.214
VISITI 3.612 3.613

Restricting analysis to more
recent data as was done for
initial gear batch approval

GEAR batch (date >=20100101)

IND=148-1
NEW OLD
23 66

ACVTI 1.317 1.304
ASLTI  0.635 0.614
PENTI -0.525 -0.729
TOLTI -0.647 -0.977
VISITI 3.689 3.698

GEAR batch (date >=20100101)

IND=151-2
NEW OLD
21 68

ACVTI 1.358 1.554
ASLTI  0.568 0.422
PENTI  0.818 0.730
TOLTI 0.343 0.295
VISITI 3.612 3.620
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Text Box
Restricting analysis to more recent data as was done for initial gear batch approval


L-60-1 Gear Batch Comparisons

GEAR batch (all data)
IND=148-1

NEW OLD

23 200
ACVTI 1.317 1.282
ASLTI 0.635 0.658
PENTI -0.525 -0.713
TOLTI -0.647 -1.014
VISITI 3.689 3.704

GEAR batch (all data)
IND=151-2

NEW OLD

21 241
ACVTI 1.358 1.583
ASLTI 0.568 0.487
PENTI 0.818 0.702
TOLTI 0.343 0.214
VISITI 3.612 3.613

(April 2014 update)

GEAR batch (date >=20100101)
IND=148-1

NEW OLD

23 66
ACVTI 1.317  1.304
ASLTI 0.635  0.614
PENTI -0.525 -0.729
TOLTI -0.647 -0.977
VISITI 3.689  3.698

GEAR batch (date >=20100101)
IND=151-2
NEW OLD
21 68
ACVTl 1.358 1.554
ASLTI 0.568 0.422
PENTI 0.818 0.730
TOLTI 0.343 0.295
VISITI 3.612 3.620

Considering only Lab D data.

GEAR batch (Lab D alldata)
IND=148-1

NEW OLD

18 89
ACVTI 1.343 1.352
ASLTI  0.582 0.628
PENTI -0.477 -0.560
TOLTI -0.540 -0.878
VISITI 3.695 3.708

GEAR batch (Lab D alldata)
IND=151-2

NEW OLD

15 99
ACVTI 1.283 1.509
ASLTI  0.620 0.528
PENTI 0.896 0.782
TOLTI  0.457 0.194
VISITI 3.608 3.630


sdp
Text Box
Considering only Lab D data.


GEAR batch (all data)
IND=148-1

NEW OLD

23 200
ACVTI 1.317 1.282
ASLTI 0.635 0.658
PENTI -0.525 -0.713
TOLTI -0.647 -1.014
VISITI 3.689 3.704

GEAR batch (all data)
IND=151-2

NEW OLD

21 241
ACVTI 1.358 1.583
ASLTI 0.568 0.487
PENTI 0.818 0.702
TOLTI 0.343 0.214
VISITI 3.612 3.613

L-60-1 Gear Batch Comparisons
(April 2014 update)

GEAR batch (date >=20100101)
IND=148-1

NEW oLD

23 66
ACVTI 1.317  1.304
ASLTI 0.635  0.614
PENTI -0.525 -0.729
TOLTI -0.647 -0.977
VISITI 3.689  3.698

GEAR batch (date >=20100101)
IND=151-2
NEW oLD
21 68
ACVTI 1.358  1.554
ASLTI 0.568  0.422
PENTI 0.818  0.730
TOLTI 0.343  0.295
VISITI 3.612  3.620

GEAR batch (Lab D alldata)
IND=148-1

NEW oLD

18 89
ACVTI 1.343 1.352
ASLTI  0.582 0.628
PENTI -0.477 -0.560
TOLTI -0.540 -0.878
VISITI 3.695 3.708

GEAR batch (Lab D alldata)
IND=151-2

NEW oLD

15 99
ACVTI 1.283 1.509
ASLTI  0.620 0.528
PENTI  0.896 0.782
TOLTI  0.457 0.194
VISITI 3.608 3.630

Considering only more recent
Lab D data.

GEAR batch (Lab D >=20100101)
IND=148-1
NEW oLD
18 27
ACVTI  1.343  1.421
ASLTI 0.582  0.587
PENTI  -0.477 -0.562
TOLTI -0.540 -0.701
VISITI 3.695  3.696

GEAR batch (Lab D >=20100101)
IND=151-2
NEW oLD
15 26
ACVTI 1.283  1.481
ASLTI 0.620  0.522
PENTI 0.896  0.852
TOLTI  0.457  0.487
VISITI 3.608 3.616
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L-60-1 Gear Batch Comparisons
(April 2014 update)

GEAR batch (all data) GEAR batch (date >=20100101) GEAR batch (Lab D alldata) GEAR batch (Lab D >=20100101)
IND=148-1 IND=148-1 IND=148-1 IND=148-1
NEW OLD NEW OLD NEW OLD NEW OLD
23 200 23 66 18 89 18 27
ACVTI 1.317 1.282 ACVTI 1.317 1.304 ACVTI 1.343 1.352 ACVTI 1.343 1.421
ASLTI 0.635 0.658 ASLTI  0.635 0.614 ASLTI  0.582 0.628 ASLTI  0.582 0.587
PENTI -0.525 -0.713 PENTI -0.525 -0.729 PENTI -0.477 -0.560 PENTI -0.477 -0.562
TOLTI -0.647 -1.014 TOLTI -0.647 -0.977 TOLTI -0.540 -0.878 TOLTI -0.540 -0.701
VISITI 3.689 3.704 VISITI 3.689 3.698 VISITI 3.695 3.708 VISITI 3.695 3.696
GEAR batch (all data) GEAR batch (date >=20100101) GEAR batch (Lab D alldata) GEAR batch (Lab D >=20100101)
IND=151-2 IND=151-2 IND=151-2 IND=151-2
NEW OLD NEW OLD NEW OLD NEW OLD
21 241 21 68 15 99 15 26
ACVTI 1.358 1.583 ACVTI 1.358 1.554 ACVTI 1.283 1.509 ACVTI 1.283 1.481
ASLTI 0.568 0.487 ASLTI  0.568 0.422 ASLTI  0.620 0.528 ASLTI  0.620 0.522
PENTI 0.818 0.702 PENTI  0.818 0.730 PENTI  0.896 0.782 PENTI  0.896 0.852
TOLTI 0.343 0.214 TOLTI 0.343 0.295 TOLTI 0.457 0.194 TOLTI 0.457 0.487
VISITI 3.612 3.613 VISITI 3.612 3.620 VISITI 3.608 3.630 VISITI 3.608 3.616

ORIGINAL UNITS Same analyses repeated for original units (no transformation)

GEAR batch (all data) GEAR batch (date >=20100101) GEAR batch (Lab D alldata) GEAR batch (Lab D >=20100101)
IND=148-1 IND=148-1 IND=148-1 IND=148-1
NEW OoLD NEW OoLD NEW OoLD NEW OLD
23 200 23 66 18 89 18 27
ACV 7.883 7.805 ACV 7.883 7.836 ACV 7.928 7.936 ACV 7.928 8.048
ASL 9.465 9.476 ASL 9.465 9.453 ASL 9.439 9.463 ASL 9.439 9.441
PEN 0.600 0.516 PEN 0.600 0.495 PEN 0.628 0.608 PEN 0.628 0.582
TOL 0.539 0.386 TOL 0.539 0.400 TOL 0.589 0.443 TOL 0.589 0.507
VISI 40.217 40.685 VISI 40.217 40.424 VISI 40.500 40.843 VISI 40.500 40.296
GEAR batch (all data) GEAR batch (date >=20100101) GEAR batch (Lab D alldata) GEAR batch (Lab D >=20100101)
IND=151-2 IND=151-2 IND=151-2 IND=151-2
NEW OLD NEW OoLD NEW OLD NEW OLD
21 241 21 68 15 99 15 26
ACV 7.938 8.238 ACV 7.938 8.204 ACV 7.820 8.169 ACV 7.820 8.127
ASL 9.429 9.377 ASL 9.429 9.337 ASL 9.460 9.407 ASL 9.460 9.404
PEN 2.310 2.049 PEN 2.310 2.118 PEN 2.487 2.227 PEN 2.487 2.415
TOL 1.495 1.300 TOL 1.495 1.399 TOL 1.667 1.317 TOL 1.667 1.689

VISI 37.190 37.166 VISI 37.190 37.382 VISI 37.067 37.788 VISI 37.067 37.2

Fivatore of D ptices]
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Same analyses repeated for original units (no transformation)


*

L-60-1 New vs Old Gears

All Data

UNITS=TRANSFORMED IND=148-1

L2

.

*

N 23 200 23 200 23 200 23 200 23 200
Min  1.153 0.364 0.511 0 -0.92 -2.3 -1.2 -2.3 3.584 3.497

Max 1.45 1.901 0.916 1.204 -0.22 1.163 -0.36 0.182 3.97 3.85
Mean 1.317 1.282 0.635 0.658 -0.53 -0.71 -0.65 -1.01 3.689 3.704
Std 0.086 0.218 0.141 0.161 0.175 0.298 0.254 0.369 0.104 0.057
ACVTI ACVTI ASLTI ASLTI PENTI PENTI TOLTI TOLTI VISITI VISITI

NEW OLD NEW OLD NEW OLD NEW OLD NEW OLD

10:23:30 11APR2014



L-60-1 New vs Old Gears

All Data
UNITS=TRANSFORMED IND=151-2

* & & @

- el :

N 21 241 21 241 21 241 21 241 21 241
Min  1.099 -0.16 0.357 -0.18 0.531 -0.36 -0.22 -1.61 3.526 3.296
Max 1.735 2.587 0.693 1.609 1.335 1.482 0.833 1.099 3.871 3.85

Mean  1.358 1.583 0.568 0.487 0.818 0.702 0.343 0.214 3.612 3.613
Std 0.193 0.362 0.134 0.172 0.195 0.179 0.359 0.33 0.086 0.073

ACVTI ACVTI ASLTI ASLTI PENTI PENTI TOLTI TOLTI VISITI VISITI
NEW oLD NEW oLD NEW OLD NEW oLD NEW OLD

10:23:30 11APR2014



L-60-1 New vs Old Gears

All Data
UNITS=ORIGINAL IND=148-1

.

N 23 200 23 200 23 200 23 200 23 200
Min 7.6 5.9 9.4 9 0.4 0.1 0.3 0.1 36 33
Max 8.1 8.7 9.6 9.7 0.8 3.2 0.7 1.2 53 47
Mean  7.883 7.805 9.465 9.476 0.6 0.516 0.539 0.386 40.22 40.69
Std 0.147 0.379 0.071 0.084 0.104 0.238 0.123 0.134 4.542 2.285
ACV ACV ASL ASL PEN PEN TOL TOL VISl VISI
NEW OLD NEW OLD NEW OLD NEW OLD NEW OLD



L-60-1 New vs Old Gears

All Data
UNITS=ORIGINAL IND=151-2

L X2

N 21 241 21 241 21 241 21 241 21 241
Min 7.5 4.6 9.3 8.8 1.7 0.7 0.8 0.2 34 27
Max 8.5 9.3 9.5 9.8 3.8 4.4 2.3 3 438 47
Mean  7.938 8.238 9.429 9.377 2.31 2.049 1.495 1.3 37.19 37.17
Std 0.309 0.533 0.078 0.107 0.494 0.369 0.512 0.38 3.444 2.623
ACV ACV ASL ASL PEN PEN TOL TOL VISl VISI
NEW OLD NEW OLD NEW OLD NEW OLD NEW OLD



L-60-1 New vs Old Gears

Nata >=2N1NN1N1

d I—v—l .

N 23 66 23 66 23 66 23 66 23 66
Min  1.153 0.619 0.511 0.223 -0.92 -1.2 -1.2 -2.3 3.584 3.497
Max 1.45 1.901 0.916 0.916 -0.22 -0.22 -0.36 -0.36 3.97 3.784
Mean 1.317 1.304 0.635 0.614 -0.53 -0.73 -0.65 -0.98 3.689 3.698
Std 0.086 0.247 0.141 0.147 0.175 0.233 0.254 0.366 0.104 0.049
ACVTI ACVTI ASLTI ASLTI PENTI PENTI TOLTI TOLTI VISITI VISITI

NEW OoLD NEW OoLD NEW oLD NEW OoLD NEW oLD

10:19:25 11APR2014



*
*

L-60-1 New vs Old Gears

Nata >=2N1NN1N1

*

*

N 21 68 21 68 21 68 21 68 21 68
Min  1.099 0.847 0.357 -0.18 0.531 -0.22 -0.22 -0.69 3.526 3.466
Max 1.735 2.442 0.693 0.693 1.335 1.482 0.833 0.956 3.871 3.714
Mean  1.358 1.554 0.568 0.422 0.818 0.73 0.343 0.295 3.612 3.62
Std 0.193 0.335 0.134 0.146 0.195 0.205 0.359 0.294 0.086 0.042
ACVTI ACVTI ASLTI ASLTI PENTI PENTI TOLTI TOLTI VISITI VISITI
NEW OLD NEW OLD NEW OLD NEW OLD NEW OLD

10:19:25 11APR2014



L-60-1 New vs Old Gears

Date >=20100101
UNITS=ORIGINAL IND=148-1

.

N 23 66 23 66 23 66 23 66 23 66
Min 7.6 6.5 9.4 9.2 0.4 0.3 0.3 0.1 36 33
Max 8.1 8.7 9.6 9.6 0.8 0.8 0.7 0.7 53 44
Mean  7.883 7.836 9.465 9.453 0.6 0.495 0.539 0.4 40.22 40.42
Std 0.147 0.427 0.071 0.079 0.104 0.116 0.123 0.132 4.542 1.914
ACV ACV ASL ASL PEN PEN TOL TOL VISl VISI
NEW OLD NEW OLD NEW OLD NEW OLD NEW OLD



L-60-1 New vs Old Gears

Nata >=2N1NN1N1

N 21 68 21 68 21 68 21 68 21 68

Min 7.5 7 9.3 8.8 1.7 0.8 0.8 0.5 34 32

Max 8.5 9.2 9.5 9.5 3.8 4.4 2.3 2.6 438 41
Mean  7.938 8.204 9.429 9.337 2.31 2.118 1.495 1.399 37.19 37.38
Std 0.309 0.484 0.078 0.106 0.494 0.446 0.512 0.395 3.444 1.555
ACV ACV ASL ASL PEN PEN TOL TOL VISl VISI

NEW OLD NEW OLD NEW OLD NEW OLD NEW OLD



L-60-1 New vs Old Gears

1ah N Nata S=2N1NN1N1

Max 1.45 1.658 0.693 0.916 -0.22 -0.22 -0.36 -0.36 3.97 3.784
Mean 1.343 1.421 0.582 0.587 -0.48 -0.56 -0.54 -0.7 3.695 3.696
Std 0.061 0.123 0.091 0.109 0.153 0.211 0.149 0.221 0.115 0.038
ACVTI ACVTI ASLTI ASLTI PENTI PENTI TOLTI TOLTI VISITI VISITI

NEW OLD NEW OLD NEW OLD NEW OLD NEW OLD

10:08:21 11APR2014



*

L-60-1 New vs Old Gears

1ah N Nata S=2N1NN1N1

*

*

N 15 26 15 26 15 26 15 26 15 26
Min  1.099 1.099 0.511 0.223 0.693 -0.22 -0.22 -0.36 3.526 3.466
Max 1.516 1.815 0.693 0.693 1.335 1.482 0.833 0.956 3.871 3.689
Mean  1.283 1.481 0.62 0.522 0.896 0.852 0.457 0.487 3.608 3.616
Std 0.151 0.209 0.092 0.097 0.173 0.268 0.36 0.293 0.099 0.042
ACVTI ACVTI ASLTI ASLTI PENTI PENTI TOLTI TOLTI VISITI VISITI
NEW OLD NEW OLD NEW OLD NEW OLD NEW OLD

10:08:21 11APR2014



L-60-1 New vs Old Gears

Lab D Date >=20100101
UNITS=ORIGINAL IND=148-1

*

Max 8.1 8.4 9.5 9.6 0.8 0.8 0.7 0.7 53 44
Mean  7.928 8.048 9.439 9.441 0.628 0.581 0.589 0.507 40.5 40.3
Std 0.102 0.193 0.05 0.057 0.096 0.111 0.083 0.104 5.044 1.564
ACV ACV ASL ASL PEN PEN TOL TOL VISl VISI
NEW OLD NEW OLD NEW OLD NEW OLD NEW OLD



L-60-1 New vs Old Gears

1ah N Nata S=2N1NN1N1

N 15 26 15 26 15 26 15 26 15 26
Min 7.5 7.5 9.4 9.2 2 0.8 0.8 0.7 34 32
Max 8.2 8.6 9.5 9.5 3.8 4.4 2.3 2.6 438 40
Mean 7.82 8.127 9.46 9.404 2.487 2.415 1.667 1.688 37.07 37.23
Std 0.254 0.323 0.051 0.06 0.475 0.566 0.508 0.428 4.008 1.531
ACV ACV ASL ASL PEN PEN TOL TOL VISl VISI
NEW OLD NEW OLD NEW OLD NEW OLD NEW OLD
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VISI PEN TOL ACV ASL VISIti PENti TOLti ACVti ASLti VISlyi PENyi TOLyi ACVyi ASLyi

target 148-1 mean 361 -095 -136 159 0.76
(30 148 tests, ca. 1994) std 015 039 049 047 0.19
first 30 148 mean 38.27 0.45 0.30 8.15 9.49 364 -088 -129 153 0.70 0.19 0.7 0.4 -012 -0.32
09-1994 to 03-1996 std 438 0.15 0.12 0.61 0.09 011 045 049 041 021 073 116 1.00 0.88 1.13
first 30 148-1 mean 40.97 050 0.35 7.53 9.50 371 -0v3 -112 112 071 066 057 049 -099 -0.28
03-2002 to 08-2003 std 343 0.13 0.12 043 0.12 008 028 046 021 0.20 056 0.72 094 046 1.04
last 30 148-1 mean 41.50 0.54 045 790 9.46 372 -065 -0.86 134 0.62 075 0.76 102 -054 -0.73
03-2012 to 07-2013 std 381 0.13 0.15 0.33 0.08 009 025 037 020 0.5 058 0.65 0.75 042 0.79
target 151-2 mean 362 075 026 181 0.54
(9 tests, ca. 2000) std 0.15 037 050 040 0.23
first 30 151-2 mean 35.07 1.95 135 7.98 9.36 355 066 027 141 0.46 -0.46 -0.24 0.03 -1.00 -0.35
10-2000 to 10-2001 std 3.68 0.22 029 0.61 0.09 0.11 0.12 023 038 0.14 0.72 032 045 094 0.59
last 30 151-2 mean 37.70 2.15 1.37 8.14 9.39 363 074 026 150 0.50 0.05 -0.04 0.01 -0.77 -0.18

03-2012 to 08-2013 std 297 051 043 042 0.09 007 025 032 030 0.15 0.50 0.69 063 0.74 0.63
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T
o~

sjiun uonesaq

piepuers

912

816

€72

576

528

432

288

144 192

9%

COUNT IN COMPLETION DATE CRDER

CUSUM Severity Analysis

¥ LY\ O
Z 11O

€ L AR
[ 2kelo))

L 110010
LLddVLIOo

OL1301L0
O LEdVEO
8010010

60xdV1LO0
8010010

20ddVLO
£O1O0D1LO
£4024dV10
9013010
20264dV1I0
<SO1001L0
£0x4dVvLOo

YO100 10
YO¥dV IO

<£01201L0
£0MdVLQ
2010010

Z208dVvLOo
LoLoo Lo

LOddVLIO

0010010

00¥dvLOo
8610010

8815818

5853818

26xdvL0

1056

864

768

528

480

COUNT N COMPLETION DATE ORDER

240

169

T T T T T T T T T T
T 23T/ I2CLs8ES
- o © — z_u :_... u_o >

|

Sjun uonelrsq plepuels

960 1008 1104
TTAPRM:1401

816 912

624 6712 720

576

336 384 42

288

144 192

96



L=60=1 INDUSTRY OPERATIONALLY VALID DATA

USING FIXED [UPDATED) IARGETS

PEF. FHAL AVERAGE SLUDGE

HdVvLO

OF SCALE

EWMA

]
—

LooLo

Z1lYdVLl0
ZL10010
ZLYdVLO

L 1L1D0C L0
LiddvLIo
OLLOC L0
QlL¥dVLO
6010010

804dVL0
80100 LO

80¥dVLO
4010010

LTHIS Severty Anzlysis

40¥dVLO
2012010
90¥dVvLO0
S0100lL0
So¥dvLO
010010
YOMdVLIO
£0LOO L0
£0ddVvLI0

Z010C L

Z0xdv Lo
LO1Do L0

LOXdVvLOo

0010QC Lo

00xdvLo
68610010
6648dY L0
8610010

485818

264dVvL0

§610Q10

SBYdVLO
643820

mit______.

g

EWMA Action Limit
EWMA Action Limit

EWMA Wamning Limit
EWMA Waminy

J

24

=
=)

T T T T
o

SUUN WO AX (] PIERURLS

816 864 912

788

144 192 240 288 336 384 432 528 576 624 672
COUNT it COMPLETION DATE CRDER

9%6

Severe

LTS Precision Analysis

7 iddvLOo
L1010

ZddvLO
ZL1D00L0
a1lddvLo

LL1DOLO
b ¥dVLO

OL1O0LO
CLYdVLO
60100L0

B80ddVLO
80100L0O

BOHIVLO
4010010
£0¥dVLO
501D00L0
90ddVLO
S0100LOo
SO0dHdVLO

Y0OLO0LO
70oddVLO

Z0100LO
<0ddVLO

Z0100 P

20ddvLO
LOL1LDOOLO

LO¥dVLO

00100L0

o0dHdvLO
68100L0O
663ddYLO
86100L0

8B6HIVLO
5855818
26ddVLO

S6100L0O

S6YVLO
843G EO

864

768

=
£
=1
=
2
=2
=

WMA Warning Limit

s

™

624

528

RU N

240

T
o~

Sjiun uonelrs q plepuels

912

816

€72

576

432

288

144 192

9%

COUNT IN COMPLETION DATE CRDER

CUSUM Severity Analysis

¥ LddVLQ
110010

£1LddvLo
[ 2%elel %]
ZLddVLQ

L 110010
LLddVLIOo

OL1301L0
O LEdVEO
8010010

60xdV1LO0
8010010

20ddVLO
£O1O0D1LO
£4024dV10
9013010
20264dV1I0
<SO1001L0
£0x4dVvLOo

YO100 10
YO¥dV IO

<£01201L0
£0MdVLQ
2010010

Z208dVvLOo
LoLoo Lo

LOddVLIO

0010010

00¥dvLOo
8610010

8815818

5853818

26xdvL0

1056

864

768

528

480

240

Sjun uonelrsq plepuels

960 1008 1104
TTAPRM:1401

816 912

624 6712 720

576

336 384 42

288

144 192

96

COUNT N COMPLETION DATE ORDER



L=60=1 INDUSTRY OPERATIONALLY VALID DATA

USING FIXED [UPDATED) IARGETS

FEF. FiMAL PENTANE NSOLUBLES

HdVvLO

OF SCALE

EWMA

]
—

LooLo

Z1lYdVLl0
ZL10010
ZLYdVLO

L 1L1D0C L0
LiddvLIo
OLLOC L0
QlL¥dVLO
6010010

804dVL0
80100 LO

80¥dVLO
4010010

LTHIS Severty Anzlysis

40¥dVLO
2012010
90¥dVvLO0
S0100lL0
So¥dvLO
010010
YOMdVLIO
£0LOO L0
£0ddVvLI0

Z01oC 10

Z0xdv Lo
LO1Do L0

LOXdVvLOo

0010QC Lo

00xdvLo
68610010
6648dY L0
8610010

485818

264dVvL0

§610Q10

SBYdVLO
643820

mit______.

g
EWMA Action Limit

B
g
3
g
§
=
=<
=

WMA Waminy

25

SUUN WO AX (] PIERURLS

144 192 240 288 336 384 432 528 576 624 672 720 768 816 864 912
COUNT it COMPLETION DATE CRDER

9%6

Severe

LTS Precision Analysis

7 iddvLOo
L1010

ZddvLO
ZL1D00L0
a1lddvLo

LL1DOLO
b ¥dVLO

OL1O0LO
CLYdVLO
60100L0

B80ddVLO
80100L0O

BOHIVLO
4010010
£0¥dVLO
501D00L0
90ddVLO
S0100LOo
SO0dHdVLO

010010
PoddYgLO

Z0100LO
<0ddVLO

Z0100L0

20ddvLO
LOL1LDOOLO

LO¥dVLO

00100L0

o0dHdvLO
68100L0O
663ddYLO
86100L0

8B6HIVLO
5855818
26ddVLO

S6100L0O

S6YVLO
843G EO

864

768

Awm hction Limit
MA Warning Limit

™

624

RU N

240

T
o~

T
— o —
|

Sjiun uonelrs q plepuels

912

816

€72

576

528

432

288

144 192

9%

COUNT IN COMPLETION DATE CRDER

CUSUM Severity Analysis

¥ 18dVLO
L1000

¢ 18dVLO
21100190
Z1ddvio

LL1DODLOo
L1L¥dVLIO

o110010
O lLNdVIO
8010010

604dV1LO
8010010

80ddVIO
4010010
£L0¥dVLO
90120010
20ddVLQ
SOL10014+0
SO¥dVLIO

013010
Y0ddVLO

<£01201L0
£OMdVLQ
2010010

20ddv1O
LOLODLO

LO¥dVLO
0010010

00ddVLO
6612010

8815818

615818

26¥dVLO

S6L0010

S6¥dV1O
Y6438TO

1008

768

0

528

ERE
(T

77
102 A
127 4
152 4
177 4

Sjun uonelrsq plepuels

202 4

227 A

252 4

104
TAPRH:1401

1056

864 912 960

816

624 672

576

9% 144 192 240 288 336 384 432 480

48

CCUNT IN COMPLETION DATE ORDER



L=60=1 INDUSTRY OPERATIONALLY VALID DATA

USHG FXED [PDBTED) TARGETS
PEF, FiNAL TOLUENE NSOLUBLES

HdVvLO

OF SCALE

EWMA

]
—

LooLo

Z1lYdVLl0
ZL10010
ZLYdVLO

L 1L1D0C L0
LiddvLIo
OLLOC L0
QlL¥dVLO
6010010

804dVL0
80100 LO

80¥dVLO
4010010

LTHIS Severty Anzlysis

£0¥dV L0
2010010
20¥dV L0
S0LO0 L0
So¥dvLO
+0100 10
08dVLO
£0100 L0
£oddV L0

Z01oC 10

Z0xdv Lo
LO1Do L0

LOXdVvLOo

0010QC Lo

00xdvLo
68610010
6648dY L0
8610010

485818

264dVvL0

§610Q10

SBYdVLO
643820

EWMA Action Limit
EWMA Action Limit

EWMA Wamning Limit

25

SUUN WO AX (] PIERURLS

576 624 672 720 768 816 864 912

192 240 288 336 384 432 528

144

9%6

COUNT it COMPLETION DATE CRDER

Severe

LTS Precision Analysis

v iddvLO

Warning Limit

864

768

L1010

ZddvLO
ZL1D00L0
a1lddvLo

| + Awm hction Limit

™

LL1DOLO

b ¥dVLO

OLLO0OLO —
CLYdVLO

624

60100L0

B80ddVLO
80100L0O

BOHIVLO

4010010
£0¥dVLO
501D00L0

90ddVLO

S0100LOo

528

soddvio — @

$01l00LO ——
PoddVL,

Z0100LO

£oddVLO

Z0100L0

20ddvLO
LOL1LDOOLO

RU N

LO¥dVLO

00100L0

o0dHdvLO

240

68100L0O

001&(..0..“#
86100L0 ——

|6HIVLO ——

5855818

26ddVLO

S6100L0O

S6YVLO

+B439E0

T T
o~ —

Sjiun uonelrs q plepuels

912

816

€72

576

432

288

144 192

9%

COUNT IN COMPLETION DATE CRDER

CUSUM Severity Analysis

¥ LddVLQ
110010

£1LddvLo
[ 2%elel %]
ZLddVLQ

L 110010
LLddVLIOo

OL1301L0
O LEdVEO
8010010

60xdV1LO0
8010010

20ddVLO
£O1O0D1LO
£4024dV10
9013010
20264dV1I0
<SO1001L0
£0x4dVvLOo

YO100 10
YO¥dV IO

<£01201L0
£0MdVLQ
2010010

Z208dVvLOo
LoLoo Lo

LOddVLIO

0010010

00¥dvLOo
8610010

8815818

5853818

26xdvL0

1056

864

768

528

480

COUNT N COMPLETION DATE ORDER

240

116
141 1

Sjun uonelrsq plepuels

166

191

960 1008 1104
TTAPRM:1401

816 912

624 6712 720

576

336 384 42

288

144 192

96



L=60=1 INDUSTRY OPERATIONALLY VALID DATA

USING FIXED [UPDATED) IARGETS

REF FHAL VBCOSITY NCREASE

EWMA Action Limit

EWMA Warmning Limit

mit______.

WMA Waminy

g
EWMA Action Limit

|

ZLYdVLO

L 1L1D0C L0

LLydviI0
OLLOC L0

QlL¥dVLO

6010010

804dVL0

80100 LO

80¥dVLO

4010010

LTHIS Severty Anzlysis

40¥dVLO

2012010

90¥dVvLO0

S0100lL0

So¥dvLO

010010

YOMdVLIO

£0LOO L0

£0ddVvLI0

Z01oC 10

Z0xdv Lo

LO1Do L0

LOXdVvLOo

ooLoc P8

00xdvLo

68610010

668dYL0 —
8610010 —

86ddVvLO0

81818 —

264dVvL0

§610Q10

SBYdVLO

8436820

34 T

SUUN WO AX (] PIERURLS

144 192 240 288 336 384 432 528 576 624 672 720 768 816 864 912
COUNT it COMPLETION DATE CRDER

9%6

Severe

LTS Precision Analysis

7 iddvLOo
L1010

ZddvLO
ZL1D00L0
a1lddvLo

LL1DOLO
b ¥dVLO

OL1O0LO
CLYdVLO
60100L0

B80ddVLO
80100L0O

BOHIVLO
4010010
£0¥dVLO
501D00L0
90ddVLO
S0100LOo
SO0dHdVLO

Y0OLO0LO
70oddVLO

Z0100LO
<0ddVLO

Z0100L0

20ddvLO
LOL1LDOOLO

LO¥dVLO

00100L0

o0dHdvLO
68100L0O
663ddYLO
86100L0

8B6HIVLO
5855818
26ddVLO

S6100L0O

S6YVLO
843G EO

864

768

Awm hction Limit
MA Warning Limit

™

624

RU N

240

T
o~

T
— o —
|

Sjiun uonelrs q plepuels

912

816

€72

576

528

432

288

144 192

9%

COUNT IN COMPLETION DATE CRDER

CUSUM Severity Analysis

¥ 18dVLO
L1000

¢ 18dVLO
21100190
Z1ddvio

LL1DODLOo
L1L¥dVLIO

o110010
O lLNdVIO
8010010

604dV1LO
8010010

80ddVIO
4010010
£L0¥dVLO
90120010
20ddVLQ
SOL10014+0
SO¥dVLIO

013010
Y0ddVLO

<£01201L0
£OMdVLQ
2010010

20ddv1O
LOLODLO

LO¥dVLO
0010010

00ddVLO
6612010

8815818

615818

26¥dVLO

S6L0010

1008

768

0

528

Sjun uonelrsq plepuels

104
TAPRH:1401

1056

864 912 960

816

624 672

576

9% 144 192 240 288 336 384 432 480

48

CCUNT IN COMPLETION DATE ORDER



L=60=1 INDUSTRY OPERATIONALLY VALID DATA

D = *¥B=1 fand upcated targels)
FEF, FRAL AVERAGE CARBON/ VARNBH

OFF SCALE

EWMA

P 1LYdVLIO

€LLOOLO

£ L8dVLO

2110010

Zlyd

LL1OCLO

LTHIS Severty Anzlysis

LlN¥dVL

0110010
OLddvLo

60100 L0
608dVL0
8010C L0

£0100 L8

2010010

o0ddvLo

§010QlL0

504dVLIO

¥0l00L0 —jg

+0ddVvLO

€£01001L0

£0¥dVLO

Z2010al0

FOHAN LD

EWMA Action Limit
EWMA Action Limit

EWMA Warning Limit

]@ﬁ EWMA Wamning Limit

S0HdV | 85

»

LOMAV IO B

24

SUUN WO AX (] PIERURLS

280

266

28 42 56 70 a4 98 12 126 14D 154 168 182 196 21D 224 238
COUNT it COMPLETION DATE CRDER

14

Severe

LTS Precision Analysis

P 1ddvVLO

cLIOOLO

1ddVLO

ZL1O0LO

TlydvLio

LL1OCLO
L LdavLO

OL1O0LO
O1LddavLO

6010010
60ddVLO
80.100L0
ROHLVLO
LO1DOLO
£Q¥dVLO

9010010

90ddVLO

S0100LO

S0ddVLO

+0100LO
+0ddVLO

£0100L0

<€0¥dVLO

Z0100L0

EWMA Action Limit
EWNA Warning Limit

Z08eXL?

o~

Sjiun uonelrs q plepuels

140

COUNT IN COMPLETION DATE CRDER

168 182 196 210 224 23 252 266 280

154

28 42 56 70 84 98 12 126

14

CUSUM Severity Analysis

L11O0L0
Liddvio

8142018
8012010
60¥dVLO
80LO0LQ
8OMdVIO
4010010
4038dVvV1LO
9012010
20ddVvVLO
SOL30LO
S0xddvLO
+OL00DLQ
+0¥dV L0
jaeikelaj¥e)
£0ddVvIO
2OLO01L 0

T T
575
TAPRI%16:02

5%

523

T T T T T T T T T T T T
@ e Mmoo~ % = v N o

Sjun uonelrsq plepuels

475

300 400 450

225 X0

200

500

425

375

350

325

275

75100 125 150 178

30

COUNT IN COMPLETICN DATE ORDER



L=60=1 INDUSTRY OPERATIONALLY VALID DATA

D = *¥B=1 fand upcated targels)

PEF. FHAL AVERAGE SLUDGE

OFF SCALE

EWMA

P 1LYdVLIO

€LLOOLO

£ L8dVLO

2110010

ZLydvLOo

LL1OCLO

LTHIS Severty Anzlysis

Ll¥dVLIO

0110010
OLddvLo

60100 L0
608dVL0
8010C L0

80¥dVLIO0

£010010
LOM¥dVLO

2010010

o0ddvLo

§010QlL0

504dVLIO

010010
+0ddVvLO

€£01001L0

£0¥dVLO

Z2010al0

FOHAN LD

EWMA Action Limit
EWMA Wamning Limit
EWMA Warning Limit

EWMA Action Limit

24

SUUN WO AX (] PIERURLS

280

266

28 42 56 70 a4 98 12 126 14D 154 168 182 196 21D 224 238
COUNT it COMPLETION DATE CRDER

14

Severe

LTS Precision Analysis

P 1ddvVLO

cLIOOLO

1ddVLO

ZL1O0LO

TlydvLio

LL1OCLO
L LdavLO

OL1O0LO
O1LddavLO

6010010
60ddVLO
80.100L0
ROHLVLO
LO1DOLO
£Q¥dVLO

9010010

90ddVLO

S0100LO

S0ddVLO

+0100LO
+0ddVLO

£0100L0

<€0¥dVLO

Z0100L0

EWMA Action Limit
EWNA Warning Limit

238

Z08eXL?

o~

Sjiun uonelrs q plepuels

266 280

252

224

210

COUNT IN COMPLETION DATE CRDER

CUSUM Severity Analysis

¥ LddVLO

£L1LoDL0

¢ 1¥dVLO

3110010

308

266

252

Z¥dvLo

L11O0 Lo

L EddVLEO

0112010

O1Lddvio

6010010

60¥dVLO

126

8OLO01L0

80ddV1IO

£01201L0 hum

40¥dVLO

90120

20d4dVL

SOLI0 L

SONdVLO

+01201L0

¥03ddVLO

£OLO01LO
£0MdVLO
ZoLo0Lo
ZOHANL 9

Sjun uonelrsq plepuels

204 322
T7APR14:16:02

280

154 168 182 196 210 224 238

140

12

98

8 £ % N0

14

COUNT IN COMPLETION DATE CRDER



L=60=1 INDUSTRY OPERATIONALLY VALID DATA

D = *¥B=1 fand upcated targels)
PEF, FiNAL PENTAHE HSOLUBLES

OFF SCALE

EWMA

P 1LYdVLIO

€LLOOLO

£ L8dVLO

2110010

ZLydvLOo

LL1OCLO

LTHIS Severty Anzlysis

Ll¥dVLIO

0110010
OLddvLo

60100 L0
608dVL0
8010C L0

80¥dVLIO0

£010010
LOM¥dVLO

2010010

o0ddvLo

§010QlL0

504dVLIO

010010
+0ddVvLO

€£01001L0

£0¥dVLO

Z2010al0

FOHAN LD

EWMA Action Limit
EWMA Wamning Limit
EWMA Warning Limit

EWMA Action Limit

27

SUUN WO AX (] PIERURLS

280

266

28 42 56 70 a4 98 12 126 14D 154 168 182 196 21D 224 238
COUNT it COMPLETION DATE CRDER

14

Severe

LTS Precision Analysis

P 1ddvVLO

cLIOOLO

1ddVLO

ZL1O0LO

TlydvLio

LL1OCLO
L LdavLO

OL1O0LO
O1LddavLO

6010010
60ddVLO
80.100L0
ROHLVLO
LO1DOLO
£Q¥dVLO

9010010

90ddVLO

S0100LO

S0ddVLO

+0100LO
+0ddVLO

£0100L0

<€0¥dVLO

Z0100L0

EWMA Action Limit
EWNA Warning Limit

Z08eXL?

o~

Sjiun uonelrs q plepuels

140

COUNT IN COMPLETION DATE CRDER

168 182 196 210 224 23 252 266 280

154

28 42 56 70 84 98 12 126

14

CUSUM Severity Analysis

¥ LddVLO

£L1LoDL0

¢ 1¥dVLO

3110010

Z¥dvLo

L1L1ODLO
L EddVLEO

0112010
O1Lddvio

6010010
60¥dVLO
8OLO01L0
80ddV1IO
4010010
40¥dVLO
9010010
2024dVLI0

SOLJ01L0
SO¥dVLO

+01201L0
¥03ddVLO

OLO0 1O
£0MdVLO

2oLoolLo

ZOHFNL?

308

266

252

126

T T
g = <
"

T
~
|

Sjun uonelrsq plepuels

204 322
T7APR14:16:02

280

154 168 182 196 210 224 238

140

12

98

8 £ % N0

14

COUNT IN COMPLETION DATE CRDER



L=60=1 INDUSTRY OPERATIONALLY VALID DATA

D = *¥B=1 fand upcated targels)
PEF. FiNAL TOLUEKE HSOLUBLES

OFF SCALE

EWMA

P 1LYdVLIO

€LLOOLO

£ L8dVLO

2110010

ZLydvLOo

LL1OCLO

LTHIS Severty Anzlysis

Ll¥dVLIO

0110010
OLddvLo

60100 L0
608dVL0
8010C L0

80¥dVLIO0

£010010
LOM¥dVLO

2010010

o0ddvLo

S010Q L0
504dVLIO

010010
+0ddVvLO

€£01001L0

£0¥dVLO

Z2010al0

FOHAN LD

EWMA Action Limit
EWMA Action Limit

EWMA Wamning Limit
_f EWMA Warning Limit

—W——t———————

27

SUUN WO AX (] PIERURLS

280

266

28 42 56 70 a4 98 12 126 14D 154 168 182 196 21D 224 238
COUNT it COMPLETION DATE CRDER

14

Severe

LTS Precision Analysis

P 1ddvVLO

cLIOOLO

1ddVLO

ZL1O0LO

TlydvLio

LL1OCLO
L LdavLO

OL1O0LO
O1LddavLO

6010010
60ddVLO
80.100L0
ROHLVLO
LO1DOLO
£Q¥dVLO

9010010

90ddVLO

S0100LO

S0ddVLO

+0100LO
+0ddVLO

£0100L0

<€0¥dVLO

Z0100L0

EWMA Action Limit
EWNA Warning Limit

Z08eXL?

o~

Sjiun uonelrs q plepuels

140

COUNT IN COMPLETION DATE CRDER

168 182 196 210 224 23 252 266 280

154

28 42 56 70 84 98 12 126

14

CUSUM Severity Analysis

¥ LddVLO

£L1LoDL0

¢ 1¥dVLO

3110010

Z¥dvLo

L1L1ODLO
L EddVLEO

0112010
O1Lddvio

6010010
60¥dVLO
8OLO01L0
80ddV1IO
4010010
40¥dVLO
9010010
2024dVLI0

SOLJ01L0

SO¥dVLO

+01201L0
¥03ddVLO

308

266

252

126

Sjun uonelrsq plepuels

204 322
T7APR14:16:02

280

154 168 182 196 210 224 238

140

12

98

8 £ % N0

14

COUNT IN COMPLETION DATE CRDER



L=60=1 INDUSTRY OPERATIONALLY VALID DATA

D = *¥B=1 fand upcated targels)
REF. FHAL YBCOSHY NCREASE

OFF SCALE

EWMA

YLIYdVIO —1 @

€LLOOLO

£ L8dVLO

2110010

ZLydvLOo

LL1OCLO

LTHIS Severty Anzlysis

Ll¥dVLIO

0110010
OLddvLo

60100 L0
608dVL0
8010C L0

80¥dVLIO0

£010010
LOM¥dVLO

2010010

o0ddvLo

§010QlL0

504dVLIO

010010
+0ddVvLO

€£01001L0

£0¥dVLO

Z2010al0

FOHAN LD

EWMA Action Limit
EWMA Wamning Limit
EWMA Warning Limit

EWMA Action Limit

27

SUUN WO AX (] PIERURLS

280

266
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