Sequence X Severity Task Force

Meeting Minutes
09/15/21



Attendance

* Michael Deegan

* Rich Grundza

 Christian Porter

* Christine Eickstead

 Amol Savant

* George Szappanos (absent)
* Jason Soto

 Alfonso Lopez



Agenda 09/15/21

e Review Action Item List

* Labs to provide the following for comparison
* BB stack coolant flow control detail
* Flow rate, counter flow or parallel
*  Plumbing details
* BB gas thermocouple plumbing to prevent condensation from saturating the thermocouple (45 degree fittings)
* Size of hose from 3 —way valve to the air duct.
* Oil analysis (Ni, Ox, Water content, Fuel dilution, Qil Consumption)

* Amol to provide op data for 3 tests that were on target. Template sent.

* Oil consumption data review — Al /Jason

* Review IVB work on BB gas humidity measurements — Al

* Study PCV valve flow design change (Oil Separator Part # AG9Z6A785A/AG9G6A785CA) — Mike

* Send Procedure changes to E-ballot - Al

* Review Travis plots of Valvoline 271 test



Seq X Test Lab BB Stack Detail

e Differences noted in table below

* There is conflicting heat exchanger flow direction in the procedure. Six locations reference the
flow direction. Action —choose flow direction and edit procedure.

* Labs discussed heat transfer and BB gas temperature. The gas temperature is controlled but flow
rates and plumping differences are a concern. Are all these set ups producing the same level of
condensation returning to the crankcase?

SWRI LZ AFT VALV IAR
BB Stack Coolant Flow Rate L/m 12 20 12 16 12
Flow Direction (coolant) Parallel Parallel Counter Counter Counter
Plumbing Post Heat Exchanger (gas) Straight 45 deg fittings Straight 45 deg fittings Straight
Hose - Size 3 Way to Air Duct %" Tygon 3/4" Tygon %" Tygon 3/4" WITH 3/4 Barbed Connection 5/8" SS braided line
BB Restrictor No No YES No




BB Stack Details





				SWRI		LZ		AFT		VALV		IAR

		BB Stack Coolant Flow Rate L/m		 12		20		12 		16		12

		Flow Direction (coolant)		 Parallel		Parallel		Counter 		Counter		Counter

		Plumbing Post  Heat Exchanger (gas)		Straight		45 deg fittings		Straight		45 deg fittings		Straight

		Hose - Size 3 Way to Air Duct		¾” Tygon 		3/4" Tygon		¾” Tygon 		3/4" WITH 3/4 Barbed Connection		5/8" SS braided line

		BB Restrictor		No 				No 		YES		 No 



		1st Stage Coolant





Valv Humidity

		Valvoline

																Seq. X  Chainwear Test - Blowby gas Humidity Check experiment data



																(Valvoline: measured during CW Test # 1-7-6-0-14 on RO 271)



				STAGE 1

				Blowby Humidity Cond.						Other pertinent parameters for blowby

				Blowby Gas
Dry Bulb Temp. 'C		Blowby Gas Dew Point Temp. 'C				Blowby gas temp at control pt. 'C		BB HX 
Cool IN
'C		BB HX 
Cool Out
'C		BB HX 
Flow 
(LPM)		feed air 
Dry Bulb T
'C 		feed air 
Dew Point T
'C		Room Ambient Temp. 'C		Crankcase Pressure 
kPa		Rm Barometric Pressure
kPa



		Straight from Valve Cover		35 - 40		18 - 25				24		21.4		21.5		18		30		15		35		1.20		101.7

		After BB Heat Exchanger		29 - 30		21 - 24

				measured 3 loops



				STAGE 2

				Blowby Humidity Cond.						Other pertinent parameters for blowby

				Blowby Gas
Dry Bulb Temp. 'C		Blowby Gas Dew Point Temp. 'C				Blowby gas temp at control pt. 'C		BB HX 
Cool IN
'C		BB HX 
Cool Out
'C		BB HX 
Flow 
(LPM)		feed air 
Dry Bulb T
'C 		feed air 
Dew Point T
'C		Room Ambient Temp. 'C		Crankcase Pressure 
kPa		Rm Barometric Pressure
kPa



		Straight from Valve Cover		~ 58		22 - 24				78		90.0		89.4		18		30		15		37		3.30		101.8

		After BB Heat Exchanger		47 - 48		37 - 42

				measured 2 loops





Action Item

		Sequence X Sverity Task Force

		Action List

		6/6/21

		Task Force Formed		June 2020		First Meeting August 2020				Action

		Operational Data Review		March 2021		Travis presentation		Fuel correlation to mild shift found

		Fuel COA analysis				Met with Haltermann, no differences found between batches		Christine met with SWRI fuel team, no other analysis was recommended

		Crankcase Experiments		Ongoing		IAR, Valvoline ran tests, fixed orifice in BB stack.  Valvoline  1011 on target (.1258 Yi= ).  More sludge and emulsion noticed in the engine.  Oil 270 on target (.1165)		LZ test showed correlation, ran high CC pressure by accident		Need to review Amols chemistry from experimental tests

						Hose from stack to intake, 3/4in spec

						Oil separator filter

		Ln Transform Review		Ongoing		Stats group meeting regularly		Transform options to be presented

		Oil 271 Suspended		04/07 - 06/07		Panel Motion

		Cylinder honing 		4/13/21		Labs commonized honing techniques. Ra target 9-13		Revised procedure, agreed to hone new blocks as well as used.  May want to look at other surface parameters		Continous improvement. Need review

		Torsional Analysis				Driveline Manufacturere		Called Machine Services - no change in material or design, same stiffness

						Clutch pack		Called OHT - no change

						Crank/Hub		Engine batches changing but labs using sme harmonic balancer from original engines		Review combination. Ask engineering on possible missmatch

		Hardware batch timeline		5/25/21		Lab Review		No correlation found with a change of hardware

		Chemistry				Travis- slides on TAN, TBN, water. No correlation seen		Amol recommendation to review oxidation, nitration, pentanes, TAN, TBN		Method of reporting, which should we use?

		BB Gas T/C				Orientation may be influenced by drainback		Labs are not plumbed the same.  Original configuration at IAR, Afton, SWRI.  LZ, Afton installed 45 degree elbows

		CC Pressure Data				Missing data on TMC site		Rich completing review of CC correlation		Labs to input data

		Action on Amol				Test on 271 w/orifice plate

						Chem analysis on orifice plates

		PCV design change

		BB measurement

		Ring gap comparison

		Lab Visits

















Timeline Table

						*		Presicion Matrix 07/11/16

						**		2016 - May 2019

						***		May 2019 - Present

						A						B						D						G						F

				Presicion Matrix 07/11/16		2016 - May 2019		May 2019 - Present		*		**		***		*		**		***		*		**		***		*		**		***		*		**		***		*		**		***		*		**		***

		Engine Batch										DA8Z-6006-B		DA8Z-6006-B

		Piston								BB		BC		BC																																VH006-8		VH006-8		VH006-8

		Rings										EJ7E-6148-AA		EJ7E-6148-AA

		Chain Batch

		Sprocket LH										CJ5Z6256B		CJ5Z6256C

		Sprocket RH										CJ5Z6C525A		CJ5Z6C525B

		Crank Gear

		Arm Chain Tensioner

		Guide Timing Chain 

		Clutch pack								VH006-8		VH006-8		VH006-8



																																				May-19		Aug-20		current

																																		Rings		EJ7E-6148-AA		same		same

																																		Pistons		BC		same		same

																																		Engine batch		DA8Z-6006-B		same		same

																																		SPROCKET - CAMSHAFT, LH		CJ5Z6256B		CJ5Z6256C		same

																																		SPROCKET - CAMSHAFT, RH		CJ5Z6C525A		CJ5Z6C525B		same

																																		GEAR - CRANKSHAFT		CJ5Z6306A		same		same

																																		BELT/CHAIN - TIMING		CJ5Z6268A		same		same

																																		TENSIONER - TIMING CHAIN		CJ5Z6K254B		same		same

																																		ARM - TIMING CHAIN TENSIONER		CJ5Z6K255A		same		same

																																		GUIDE, TIMING CHAIN		CJ5Z6K297A		same		same

																																		clutch pack		VH006-8		same		same

				7/11/16





Engine

		2.0L Engine Purchases

		Date 		Batch						Intertek Order		SWRI Order		Lubrizol Order		Afton Order		Ashland Order		APL Order		Total		Order Date		Delivery date		Comments

		6/5/15		2014		BB5Z-6006-A		BB5E-6006-AD		39		39		8		6		5		0		97						AC Pistons

		10/3/15		2016		DA8Z-6006-B		DA8E6006BB		96		192		60		24		12		0		384						(LZ 12 BB 48 BC)

		9/13/16		2016		BB5Z-6006-A		BB5E-6006-AD		96		0		0		0		0		96		192						BC

		11/1/17		2018		DA8E-6006-BB		DA8E-6006-BB		96		96												Nov-17		Mar-18		12 AA 4 hole, 84 AC 6 hole pistons, new crank hub, no oil cooler housing 

								2018 engines		10/25/19				not used yet		not used yet		not used yet





Critical Components

				Current Ford Service Part Number		Current Ford Engineering Part Number		Description		Price 		Intertek Order		SWRI Order		Lubrizol Order		Afton Order		Ashland Order

		2014

				CJ5Z6256B		CJ5E6C524AD		SPROCKET - CAMSHAFT, LH		$   34.29		504		300		50		48		35

				CJ5Z6268A		CJ5E6268AA		BELT/CHAIN - TIMING		$   31.87		504		300		50		48		35

				CJ5Z6306A		CJ5E6306AB		GEAR - CRANKSHAFT		$   13.24		560		300		80		80		35

				CJ5Z6C525A		CJ5E6C525AD		SPROCKET - CAMSHAFT, RH		$   88.72		504		300		50		48		35

				CJ5Z6K254B		CJ5E6K254AA		TENSIONER - TIMING CHAIN		$   20.75		510		300		50		60		35

				CJ5Z6K255A		CJ5E6K255AB		ARM - TIMING CHAIN TENSIONER		$   10.13		510		300		50		60		35

				CJ5Z6K297A		CJ5E6K297AB		GUIDE, TIMING CHAIN		$   7.52		510		300		50		60		35

		2017										Intertek Order		SWRI Order		Lubrizol Order		Afton Order		Ashland Order		APL

				CJ5Z6256C		CJ5E6C524AE		SPROCKET - CAMSHAFT LH (NEW#)		$   38.30		312		528		168		456		120		0

				CJ5Z6268A		CJ5E6268AA		BELT/CHAIN - TIMING		$   33.36		360		600		168		480		144		0

				CJ5Z6306C		CJ5E6306BA		GEAR - CRANKSHAFT (NEW#)		$   13.75		360		600		240		480		120		0

				CJ5Z6C525B		CJ5E6C525AE		CAM-RH SPROCKET (NEW #)		$   45.70		312		528		168		456		120		0

				CJ5Z6K254B		CJ5E6K254AC		TENSIONER - TIMING BELT		$   21.73		360		570		180		450		120		30

				CJ5Z6K255A		CJ5E6K255AB		ARM - TIMING CHAIN TENSIONER		$   10.60		360		540		180		480		120		0

				CJ5Z6K297A		CJ5E6K297AB		GUIDE-TIMING CHAIN		$   7.87		360		540		180		480		120		0
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Oil Severity Differences — Untransformed

In untransformed units, the three oils appear to have all shifted by a similar magnitude.

0.150

0.125

0.050

0.025

~~~~~~~~~~~~~~~

___________________________

CHST v, LTMSDATE

IND

* 270
=271
« 101
AL
=271
—1011

8R338832380838802332555555555555855 8335 HARARR

LTMSDATE
FUELS & LUBRICANTS RESEARCH

swri.org

SUCUTIHWEST RESEARO SNSTITUTE






image3.svg

                    Oil Severity Differences – Untransformed In untransformed units, the three oils appear to have all shifted by a similar magnitude.   
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CW PM Design

IAR Stand 1 | IAR Stand 2 SWRI Stand 1 SWRI Stand 2

Run Order,  Afton (93) (95) (8) (27)

1 270 1011 271 1011 270

2 1011 270 271 271 270

3 1011 270 1011 271 271

4 271 271 270 270 1011

CW PM Results

1011 270 271
SWRI 1-1 0.0941 SWRI 21 0.0914 IAR 2-1 0.0691
IAR 1-1 0.1379 IAR 1-2 0.1271 SWRI 1-2 0.0584
Afton 1-2 0.1461 Afton 1-1 0.0987 IAR 2-2 0.0819
IAR 2-3 0.1529 IAR 1-3 0.1572 IAR 14 0.0717
SWRI 2-4 0.1006 SWRI 222 0.0900 SWRI 23 0.0612
Afton 1-3 0.1554 SWRI 14 0.0914 SWRI1-3 0.0547
IAR 24 0.1267 Aftonl-4 0.0765
AVG| 0.1312 0.1118 0.0676
STD 0.0246 0.0239 0.0092

Load Control Change
270 Oil SWRI | 0.104
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                                                    CW PM Design  Run Order Afton  IAR Stand 1 (93)  IAR Stand 2 (95)  SWRI Stand 1 (8)  SWRI Stand 2 (27) 1 270 1011 271 1011 270 2 1011 270 271 271 270 3 1011 270 1011 271 271 4 271 271 270 270 1011                          CW PM Results 1011 270 271  SWRI 1 -  1 0.0941 SWRI 2- 1 0.0914 IAR 2- 1 0.0691 IAR 1 - 1 0.1379 IAR 1- 2 0.1271 SWRI 1 - 2 0.0584  Afton 1 -  2 0.1461 Afton 1 - 1 0.0987 IAR 2- 2 0.0819 IAR 2 - 3 0.1529 IAR 1- 3 0.1572 IAR 1- 4 0.0717  SWRI 2 -  4 0.1006 SWRI 2- 2 0.0900 SWRI 2 - 3 0.0612  Afton 1 -  3 0.1554 SWRI 1- 4 0.0914 SWRI1 - 3 0.0547 IAR 2- 4 0.1267 Afton1- 4 0.0765  AVG 0.1312 0.1118 0.0676  STD 0.0246 0.0239 0.0092       Load  Control  Change  270 Oil SWRI  0.104





Water in Oil Discussion

 Amol began the discussion of water in oil. He referenced an SAE paper that
details the three levels of miscibility.
* Free water
* Emulsion
e Suspension in oil

* A level of micro erosion is present when high levels of water are held in
suspension by the oil according to Amol’s reading of the paper.

* When crankcase pressure is considered, there may be an effect of
containment of the water in suspension. This may explain why some recent
test with high crankcase pressure are producing higher chain wear.

* The Karl Fischer method of testing oil in water needs to be better
understood as it applies to the theory above.



Operational Review Valvoline Test Qil 271

* Travis added the op data from the Valvoline test that was on target to
the plots. See plots in slides below.

* The test was conducted using a blowby gas orifice restrictor.

* Remarkable data:
* Higher crankcase pressure in Phase 1 and 2
* The highest crankcase pressure in 1-2 ramp
* Lowest blowby gas temperature in Phase 1

 Amol to submit operational data from mild 271 test with no blowby
restrictor. Travis to add data to the plots for comparison.



Action Items from 09/15/21

* Make procedure correction for flow direction in the blowby gas heat
exchanger.

 Study Karl Fischer method of water in oil analysis.
* Amol to submit op data from mild 271 test.
* Travis to add mild 271 data to the plots for comparison.



Valvoline Data Comparison to
Other Industry Data

SOUTHWEST RESEARCH INSTITUTE®
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The Data Set

Previous Analysis

" Based on the EWMA, labs asked to submit tests both before and after the severity shift, going back to
09/01/2018

= 32 tests were collected for the analysis
— Lab A, 10 tests (4 test missing CAN data)
— Lab B, 4 tests (only reported a single ramp for Phase |-2 Ramp and Phase 2-1 Ramp)
— Lab D, 2 tests
— Lab G, 16 tests (Reported every 6% ramp for the Phase 2-1 Ramp)

" This data is color by severity (more red means more negative Yi, more green means more
positive Yi)

New Data with Blowby Restriction

" Lab F | test (Missing 2-1 Ramp Data)

" This test is blue

® FUELS & LUBRICANTS RESEARCH
®SOUTHWEST RESEARCH INSTITUTE Swri'org



Engine Speed - Phase |

1570

1560

Engine Speed
4

1540

1530

1520

Testkey Lab Yi

20

— 150241 G-4.2016

135540 G-1.8358
142852 G -1.3823
137508 D -0.1037
145079 A 0.8049

— 147991 A-4.1212

148002 G -1.747
150240 G-1.3258
129222 A -0.0552
142851 G1.1152

40

— 151011 G -4.1212

147990 A -1.5847
142848 B -0.5443
139551 A0.0215
137505 A1.2284

Source Table
PH1 Test Data

60
Time

— 155975 G -4.0419

151007 D -1.5077
155972 G -0.4631
145080 A0.2914
129605 A 1.3197

156937 G -2.4575
148004 G -1.4933
135539 G -0.241
142850 B0.3016
148003 G 1.4637

80

150242 A-2.2922
151010 B -1.4203

— 157103 F-0.1952

135538 G0.3895

100

151012 G -1.9245
137504 A-1.3849
148005 G -0.1289
142849 B 0.6483
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Coolant Flow - Phase |

Source Table
PH1 Test Data

41
0l — B
~
=
o
[ W
4+
[
©
o)
o
(W]
39
38
0 20 40 60 80 100
Time
Testkey Lab Yi — 150241 G-4.2016 —147991 A-4.1212 —151011 G-4.1212 —155975 G -4.0419 156937 G -2.4575 150242 A-2.2922 151012 G -1.9245

135540 G-1.8358
142852 G-1.3823
137508 D-0.1037
145079 A 0.8049

148002 G -1.747
150240 G-1.3258
129222 A-0.0552
142851 G1.1152

147990 A -1.5847
142848 B -0.5443
138551 A0.0215
137505 A1.2284

151007 D -1.5077
155972 G -0.4631
145080 A0.2914
129605 A 1.3197

148004 G -1.4933
135539 G -0.241
142850 B0.3016
148003 G 1.4637

151010 B-1.4203
— 157103 F-0.1952
135538 G0.3895

137504 A-1.3849
148005 G -0.1289
142849 B 0.6483
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Blowby Outlet Temperature - Phase |

Source Table
PH1 Test Data
45
40
35

Blowby Outlet Temp
(8]
o

25
20
15
0 20 40 60 80 100
Time
Testkey Lab Yi — 150241 G-4.2016 —147991 A-4.1212 —151011 G-4.1212 —155975 G -4.0419 156937 G -2.4575 150242 A-2.2922 151012 G -1.9245

135540 G-1.8358
142852 G-1.3823
137508 D-0.1037
145079 A 0.8049

148002 G -1.747
150240 G-1.3258
129222 A-0.0552
142851 G1.1152

147990 A -1.5847
142848 B -0.5443
138551 A0.0215
137505 A1.2284

151007 D -1.5077
155972 G -0.4631
145080 A0.2914
129605 A 1.3197

148004 G -1.4933
135539 G -0.241
142850 B0.3016
148003 G 1.4637

151010 B-1.4203
— 157103 F-0.1952
135538 G0.3895

137504 A-1.3849
148005 G -0.1289
142849 B 0.6483
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Source Table
PH1 Test Data
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Blowby Outlet Temperature - Phase |
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15

100

80

60

40

20

Time

— 155975 G -4.0419

151012 G -1.9245
137504 A-1.3849
148005 G -0.1289
142849 B 0.6483

150242 A -2.2922
151010 B-1.4203

156937 G -2.4575
148004 G -1.4933

151007 D -1.5077
155972 G -0.4631
145080 A0.2914

129605 A 1.3197

151011 G-4.1212
147990 A -1.5847
142848 B -0.5443
138551 A0.0215
137505 A1.2284

147991 A-4.1212
148002 G -1.747

150241 G-4.2016
135540 G-1.8358

142852 G-1.3823

Testkey Lab Yi

— 157103 F-0.1952

135539 G -0.241

150240 G-1.3258
129222 A-0.0552

142851 G1.1152

135538 G0.3895

142850 B0.3016

137508 D-0.1037
145079 A 0.8049

148003 G 1.4637
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Lambda - Phase |

0.90

0.85

Lambda

0.80

Source Table
PH1 Test Data

0.75

Testkey Lab Yi

20

— 150241 G-4.2016

135540 G-1.8358
142852 G-1.3823
137508 D-0.1037
145079 A 0.8049

—147991 A-4.1212

148002 G -1.747
150240 G-1.3258
129222 A-0.0552
142851 G1.1152

40

—151011 G-4.1212
147990 A -1.5847
142848 B -0.5443
138551 A0.0215
137505 A1.2284

60
Time

— 155975 G -4.0419

151007 D -1.5077
155972 G -0.4631
145080 A0.2914
129605 A 1.3197

80

150242 A-2.2922

151010 B-1.4203
— 157103 F-0.1952

135538 G0.3895

156937 G -2.4575
148004 G -1.4933
135539 G -0.241
142850 B0.3016
148003 G 1.4637

100

151012 G -1.9245
137504 A-1.3849
148005 G -0.1289
142849 B 0.6483
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ECM Lambda Phase |

Equivalence Ratio (Lambda)

12

10

Source Table
PH1 Test Data

Testkey Lab Yi

20

— 150241 G-4.2016
135540 G-1.8358
142852 G-1.3823
137508 D-0.1037
145079 A 0.8049

— 147991 A-4.1212
148002 G -1.747
150240 G-1.3258
129222 A-0.0552
142851 G1.1152

40

—151011 G-4.1212
147990 A -1.5847
142848 B -0.5443
138551 A0.0215
137505 A1.2284

60
Time
— 155975 G -4.0419
151007 D -1.5077
155972 G -0.4631

145080 A0.2914
129605 A 1.3197

80
156937 G -2.4575 150242 A-2.2922
148004 G -1.4933 151010 B-1.4203
135539 G -0.241 — 157103 F-0.1952
142850 B0.3016 135538 G0.3895

148003 G 1.4637

100

151012 G -1.9245
137504 A-1.3849
148005 G -0.1289
142849 B 0.6483
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Lambda — Phase 2

Source Table
PH2 Test Data
1.2
1.1
10 = 2 % ki
0.9
[1*]
©
0
% 0.8
—
0.7
0.6
0.5
0 10 20 30 40 50
Time
Testkey Lab Vi — 150241 G-4.2016 —147991 A-4.1212 —151011 G-4.1212 —155975 G-4.0419 156937 G -2.4575 150242 A-2.2922 151012 G -1.9245
135540 G-1.8358 148002 G -1.747 147990 A -1.5847 151007 D -1.5077 148004 G -1.4933 151010 B -1.4203 137504 A-1.3849
142852 G -1.3823 150240 G-1.3258 142848 B -0.5443 155972 G -0.4631 135539 G -0.241 157103 - 157103 F -0.1952
148005 G -0.1289 137508 D -0.1037 129222 A -0.0552 139551 A0.0215 145080 A0.2914 142850 B0.3016 135538 G0.3895
142849 B 0.6483 145079 A 0.8049 142851 G1.1152 137505 A1.2284 129605 A 1.3197 148003 G1.4637
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Crankcase Pressure — Phase |

Source Table
PH1 Test Data
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0 20 40 60 80 100
Time
Testkey Lab Vi — 150241 G-4.2016 —147991 A-4.1212 —151011 G-4.1212 —155975 G-4.0419 —156937 G-2.4575 —150242 A-2.2922 —151012 G-1.9245

— 135540 G-1.8358
——142852 G-1.3823
137508 D-0.1037
145079 A 0.8049

— 148002 G -1.747

—150240 G-1.3258
129222 A-0.0552
142851 G1.1152

— 147990 A -1.5847
142848 B -0.5443
138551 A0.0215
137505 A1.2284

—151007 D-1.5077
155972 G -0.4631
145080 A0.2914
129605 A 1.3197

— 148004 G-1.4933

135539 G -0.241
142850 B0.3016
148003 G 1.4637

—151010 B-1.4203
— 157103 F-0.1952
135538 G0.3895

——137504 A-1.3849
148005 G -0.1289
142849 B 0.6483
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Crankcase Pressure — Phase |

Crank Case Pressure

ra

Testkey Lab Yi

20

— 150241 G-4.2016

135540 G-1.8358
142852 G-1.3823
137508 D-0.1037
145079 A 0.8049

.qoo:ﬁbw““"’...

—147991 A-4.1212

148002 G -1.747
150240 G-1.3258
129222 A-0.0552
142851 G1.1152

Source Table
PH1 Test Data

40 60
Time

— 155975 G -4.0419
151007 D -1.5077
155972 G -0.4631

145080 A0.2914
129605 A 1.3197

—151011 G-4.1212
147990 A -1.5847
142848 B -0.5443
138551 A0.0215
137505 A1.2284

156937 G -2.4575
148004 G -1.4933
135539 G -0.241
142850 B0.3016
148003 G 1.4637

80 100

151012 G -1.9245
137504 A-1.3849
148005 G -0.1289
142849 B 0.6483

150242 A-2.2922
151010 B-1.4203
— 157103 F-0.1952
135538 G0.3895
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Crankcase Pressure — Phase 2

Source Table
PH2 Test Data
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0 10 20 30 40 50
Time
Testkey Lab Vi — 150241 G-4.2016 —147991 A-4.1212 —151011 G-4.1212 —155975 G-4.0419 —156937 G-2.4575 —150242 A-2.2922 —151012 G-1.9245

— 135540 G-1.8358
——142852 G-1.3823
148005 G -0.1289
142849 B 0.6483

— 148002 G -1.747

—150240 G-1.3258
137508 D -0.1037
145079 A 0.8049

— 147990 A -1.5847
142848 B -0.5443
128222 A -0.0552

— 142851 G1.1152

—151007 D-1.5077
155972 G -0.4631
139551 A0.0215

—137505 A1.2284

— 148004 G-1.4933
135539 G -0.241
145080 A0.2914

—129605 A 1.3197

—151010 B-1.4203
—157103

142850 B0.3016
——148003 G1.4637

——137504 A-1.3849
— 157103 F-0.1952
135538 G0.3895
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Crankcase Pressure — Phase |-2 Ramp

Crank Case Pressure

Source Table
PH1-2 Ramp Data

— 150241 G-4.2016
— 135540 G-1.8358
——142852 G-1.3823
137508 D-0.1037
145079 A 0.8049

Testkey Lab Yi

— 147991 A-4.1212
— 148002 G -1.747
—150240 G-1.3258
129222 A-0.0552
—142851 G1.1152

10 15
Time
— 151011 G-4.1212 — 155975 G -4.0419
— 147990 A -1.5847 —151007 D -1.5077
142848 B -0.5443 155972 G -0.4631
139551 A0.0215 145080 A0.2914
— 137505 A1.2284 —129605 A 1.3197

— 156937 G -2.4575

— 148004 G-1.4933
135539 G -0.241
142850 B0.3016

——148003 G 1.4637

20 25

— 150242 A-2.2922 —151012 G-1.9245

—151010 B-1.4203 —137504 A-1.3849

— 157103 F-0.1952 148005 G -0.1289
135538 G0.3895 142849 B 0.6483
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Pre-Intercooler Air Pressure — Phase |

Source Table
PH1 Test Data
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Testkey Lab Vi — 150241 G-4.2016 —147991 A-4.1212 —151011 G-4.1212 —155975 G-4.0419 —156937 G-2.4575 —150242 A-2.2922 —151012 G-1.9245
— 135540 G-1.8358 —148002 G-1.747 — 147990 A-1.5847 —151007 D-1.5077 —148004 G-1.4933 —151010 B-1.4203 —137504 A-1.3849
— 142852 G-1.3823 —150240 G-1.3258 142848 B -0.5443 155972 G -0.4631 135539 G -0.241 — 157103 F-0.1952 148005 G -0.1289
137508 D-0.1037 129222 A -0.0552 139551 A0.0215 145080 A0.2914 142850 B0.3016 135538 G0.3895 142849 B 0.6483
145079 A 0.8049 142851 G1.1152 137505 A1.2284 129605 A 1.3197 148003 G 1.4637
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Blowby Heat Exchanger Coolant - Phase |

Source Table
PH1 Test Data

30

20

Blowby heat exchanger coolant

10

0
0 20 40 60 80 100
Time

Testkey Lab i — 150241 G-4.2016 —147991 A-4.1212 —151011 G-4.1212 —155975 G-4.0419 156937 G -2.4575 150242 A-2.2922 151012 G -1.9245
135540 G-1.8358 148002 G -1.747 147990 A -1.5847 151007 D -1.5077 148004 G-1.4933 151010 B-1.4203 137504 A -1.3849
142852 G-1.3823 150240 G-1.3258 142848 B -0.5443 155972 G -0.4631 135539 G -0.241 — 157103 F-0.1952 148005 G -0.1289
137508 D -0.1037 129222 A-0.0552 139551 A0.0215 145080 A0.2914 142850 B0.3016 135538 G0.38595 142849 B 0.6483
145079 A (0.8049 142851 G1.1152 137505 A1.2284 129605 A 1.3197 148003 G 1.4637
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Boost Pressure — Phase |

Boost Pressure

Source Table
PH1 Test Data
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80
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0 20 40 60 80 100
Time
Testkey Lab Yi —150241 G-4.2016 —147991 A-4.1212 —151011 G-4.1212 —155975 G -4.0419 156937 G -2.4575 150242 A-2.2922 151012 G -1.9245

135540 G-1.8358
142852 G-1.3823
137508 D-0.1037
145079 A 0.8049

148002 G -1.747
150240 G-1.3258
129222 A-0.0552
142851 G1.1152

147990 A -1.5847
142848 B -0.5443
138551 A0.0215
137505 A1.2284

151007 D -1.5077
155972 G -0.4631
145080 A0.2914
129605 A 1.3197

148004 G -1.4933
135539 G -0.241
142850 B0.3016
148003 G 1.4637

151010 B-1.4203
— 157103 F-0.1952
135538 G0.3895

137504 A-1.3849
148005 G -0.1289
142849 B 0.6483
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ECM Boost - Phase |

Source Table
PH1 Test Data
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0 20 40 60
Time
— 155975 G -4.0419
—151007 D -1.5077
155972 G -0.4631

145080 A0.2914
—129605 A 1.3197

— 150241 G-4.2016
— 135540 G-1.8358
——142852 G-1.3823
137508 D-0.1037
145079 A 0.8049

— 147991 A-4.1212
— 148002 G -1.747
—150240 G-1.3258
129222 A-0.0552
—142851 G1.1152

—151011 G-4.1212

— 147990 A -1.5847
142848 B -0.5443
138551 A0.0215

——137505 A1.2284

Testkey Lab Yi

80 100

— 156937 G -2.4575

— 148004 G-1.4933
135539 G -0.241
142850 B0.3016

——148003 G 1.4637

— 150242 A-2.2922

—151010 B-1.4203

— 157103 F-0.1952
135538 G0.3895

—151012 G -1.9245

——137504 A-1.3849
148005 G -0.1289
142849 B 0.6483
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ECM Boost — Phase 2

Boost Absolute Pressure - Raw Value

125

120

115

Source Table
PH2 Test Data

110 A I_ﬂﬁ A A

105

100

Testkey Lab Yi

10

— 150241 G-4.2016

135540 G-1.8358
142852 G-1.3823
148005 G -0.1289
142849 B 0.6483

—147991 A-4.1212

148002 G -1.747
150240 G-1.3258
137508 D -0.1037
145079 A 0.8049

20

—151011 G-4.1212
147990 A -1.5847
142848 B -0.5443
128222 A -0.0552
142851 G1.1152

30
Time

— 155975 G -4.0419

151007 D -1.5077
155972 G -0.4631
139551 A0.0215
137505 A1.2284

156937 G -2.4575
148004 G -1.4933
135539 G -0.241
145080 A0.2914
129605 A 1.3197

40

50

150242 A-2.2922
151010 B-1.4203
157103

142850 B0.3016

148003 G1.4637

151012 G -1.9245
137504 A-1.3849
— 157103 F-0.1952
135538 G0.3895
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Manifold Absolute Pressure — Phase |

Manifold Absolute Pressure (MAP)

657

Source Table
PH1 Test Data

F J'\-o o, .

? o.u'“ q.:(.Jl “gc’h

Testkey Lab Yi

20

— 150241 G-4.2016
— 135540 G-1.8358
——142852 G-1.3823
137508 D-0.1037
145079 A 0.8049

— 147991 A-4.1212
— 148002 G -1.747
—150240 G-1.3258
129222 A-0.0552
—142851 G1.1152

40

—151011 G-4.1212

— 147990 A -1.5847
142848 B -0.5443
138551 A0.0215

——137505 A1.2284

60
Time
— 155975 G -4.0419
—151007 D -1.5077
155972 G -0.4631

145080 A0.2914
—129605 A 1.3197

— 156937 G -2.4575

— 148004 G-1.4933
135539 G -0.241
142850 B0.3016

——148003 G 1.4637

80

— 150242 A-2.2922

—151010 B-1.4203

— 157103 F-0.1952
135538 G0.3895

100

—151012 G -1.9245

——137504 A-1.3849
148005 G -0.1289
142849 B 0.6483
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Accelerator Pedal Position — Phase |

Source Table
PH1 Test Data
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TestkeyLain — 150241 G-4.2016 —147991 A-4.1212 —151011 G-4.1212 —155975 G-4.0419 —156937 G-2.4575 —150242 A-2.2922 —151012 G-1.9245

— 135540 G-1.8358
——142852 G-1.3823
137508 D-0.1037
145079 A 0.8049

— 148002 G -1.747

—150240 G-1.3258
129222 A-0.0552

—142851 G1.1152

— 147990 A -1.5847
142848 B -0.5443
138551 A0.0215

——137505 A1.2284

—151007 D-1.5077
155972 G -0.4631
145080 A0.2914

—129605 A 1.3197

— 148004 G-1.4933
135539 G -0.241
142850 B0.3016

——148003 G 1.4637

—151010 B-1.4203
— 157103 F-0.1952
135538 G0.3895

——137504 A-1.3849
148005 G -0.1289
142849 B 0.6483
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Oil Gallery Pressure — Phase |

Note: Color scheme changed. Lab Fis red test highlighted.
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Time
Testkey Lab Vi — 150241 G -4.2016 — 147991 A-4.1212 —151011 G -4.1212 — 155975 G -4.0419 — 156937 G -2.4575 — 150242 A -2.2922 —151012 G -1.9245
135540 G -1.8358 — 148002 G -1.747 — 147990 A -1.5847 — 151007 D -1.5077 — 148004 G -1.4933 — 151010 B -1.4203 137504 A -1.3849
— 142852 G -1.3823 — 150240 G -1.3258 —— 142848 B -0.5443 — 155972 G -0.4631 135530 G -0.241 = 157103 F-0.71952 — 148005 G -0.1289
— 137508 D -0.1037 129222 A -0.0552 — 139551 A 0.0215 — 145080 A 0.2914 — 142850 B 0.3016 — 135538 G 0.3895 — 142849 B 0.6483
145079 A 0.8049 — 142851 G 1.1132 — 137305 A 1.2284 129605 A 1.3197 — 148003 G 1.4637
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