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:,_‘:GR eqmpped engmes W|II requnre new
' "ubrlcants SIS




C __A_erview!ofTopics'

A_STM is workmg on new PC-9 category
or EGR engines

R PC-9 development tlmmg, costs, and
“ralternatives e
,__"Z?EProbable oil formulation lmpact of PC-9 o

itests . ’

o Summary

Table One

. EPA blesel Engme Emlsslon Standards

I
i
i

1988 1891 1994 '-1998 ?002 R

13 18 13 13 13 - *
S ‘io.i7-? 50 50 .40 ,_20#
cérbon Monoxide ~ 155. 155 155 155 155

'ulate Matter -_,o.e' 025 01 - 0.1 i 0.1 R

) Ml va ues are measured in grams per brake horsepower-hour

* Alternate target is a total of 2.5 for combmed [\ [0) and non-methane
_ydrocarbons : -




;EOX Versus Partlculate Matter
Balancmg Act

il

fduce PM-Aggravate Reduce NOx-Aggravate:{

_lgNOX : PM

. 'proved combustlon . Less effectlve

i Inletairswil  ~ combustion - (

. I High pressure - Retarded m;ectlon
i | tlmmg ‘

ki " Advanced timing |

2= Reduced crevice

Az volume

k -+ Lowerpeak
lemperature, - . temperature -

w NOX L|m|t in October 20'02”' |

Ox ||m|t in EPA test cycle drops by 50%

_Current 4 0 g/hp-h drops t02.0 glhp h
(or2.5 mcl HC) -

/iCannot be met wnth eXIstmg NOx control
iechnology | ,
Beyond operatlonal |lmlt of retarded tlmmg

\ll engine manufacturers plan to use Exhaust -
as Recirculation (EGR) to meet 2002 NOx Ilmlts

. EGR is expected to dramatlcally |mpact englne;
oil performance requnrements
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ew O__i'lv Q’etegory PC-9 ;

Antrcrpated performance needs of EGR-equrpped
fengmes is PC-9 driver S

ree new engine tests with EGR

‘Mack T-10 (ng and Lmer wear)

- Cummins M11-EGR (Valve Train
.\rvearlSIudgelFllter Pressure)

Caterplllar 1Q (Plston Deposrts)




R,.,What?s The Worry?

cempusrmn pr@sess.
the textbook :
CxHy +0,==> CO2 * H20 + Heat
In the real world

Fuel + Air ==> CO, + H,0 + Heat + CO + HC + NO,
+ 80, + Particulate Matter + ed

H - At hlgh temperatures not a problem
Cooled EGR condenses nitric and sulfurlc acnds
Reclrculated into engme power assembly

Cigmem engine test proposaﬂ to define PC-Q CoE
‘: New test - $65, 000 -
- Cum| : New test - $85,000
_Caterpillar 1Q . . Newtest - $60,000 ~
- Caterpillar 1N . CG-4 test - $22,000 "
MackT-8E -~ CH-4 test - $43,000:
- John Deere JDQ-78A New test - $60,000°
| " CH-4 test. - $12,000
" CH-4 test -$.7,000°
Total one tlme pass = §354,000‘}




. One tlme pass in just HD tests > $350 000
dd in PCMO test costs > $500 000

;To approve one core data set m one vnscosnty
grade

Engine tests only sllght mcrease toimclude
~ bench tests .
l

iIf testing volume is similar to CH-4 experrence
PC-9 reformulatlon cost could approach |

$40 million

Reduced by about $3,000,000 if Sequfence IIIF"""'
-could be substltuted for J DQ-78A .

g
_i‘:,....

e Brent Shoffner 9/21/99
T - - %’m

Define PC-9 Performance Parameters 3/16/89| 3/16/99) &
Design Prec. Mtx. Finalized 3/117/98]  10/7/99
PC-9 Funding MOU Signed 10/8/88] 12/20/99
Designate Base Stocks for Prec. Mix. 11/1/99)  11/1/98
Select additive suppliers for Prec. Mix. 11/2/99] 12/15/39
Identify Test Oils (with validation) 10/1/89]  1/17/00
Blend Prec. Mtx. Qil Formulations 1/18/00|  3/29/00
Final Acceplance of New Engine Tests ® 2/9/00 2/9/00
Final Acceptance of Test Parameters 2/9/00 2/8/00
PC-9 Demonstration Qil Is Validated 6/15/00] 6/15/00
PC-9 Precision Matrix Testing 3/30/00 8/9/00
Precision Matrix Data Analysis 8/10/00] ©/15/00
HDEOCP Post Matrix Test Acceptance 9/18/00| 10/17/00
Finalize Pass/Fail Critefia (Sub B Mtg) 10/18/00] .12/29/00
A% |New Product Development 1/1/01] 12/31/01
API Licensing Allowed 111102 11102

of w| ~| of o] a] wf ] «|B

* Acceptance of each engine test (by HDEOCP) for discrimination and preliminary precision prior to starting the precision matrix
What is the criteria? Minimum of one test on 1005-1 and one on a prototype PC-9 oil?




| C-9 Alternatlves

Past history suggests PC-9 wnll not be developedi
k “!n time for a January 1, 2002 API first Ilcensmg

kS ,EPA emission deadline is firm

‘I EGR required to meet NOX limits -

— ‘New oils required to protect engines

OEM speclflcatrons aIready exist

Jf~'Mack has EO- X oil approval lists P
.~ Cummins has CES 200XX oil specuflcatlons

4~ Will be upgraded as requlred to protect
: engmes

e r

; EGR and |ts attendant acid formation will stress

- “Fthe acid neutralization capablllty of ods

;{— More TBN" U

kb — More or Iess reactlve TBN'?

- i — A balance of both? - -
¢Fincreased soot loadmg with PC-9 tests wnll
requure mcreased dlspersant potency

e ngh soot also Ieads to wear concerns

- " Possible need for hlgh antl-wear treats at odds
. with low phosphorus / catalyst compatlblhty
for Irght duty_orls , :




e tinded For'mdlat'ionIm‘plicat_lonsi

Backward compatlblllty” has always been a key;
Epart of the API oil category system . W,

Newer /. hlgher quality oils canbe .
recommended for use’in engines Wthh
'orlgmally called for lower categorles

P ftentlal need for hlgher TBNISASH orls to rneet:
C-9 performance could cause dlfflcultles ‘

The 1P test in CH-4 is very dlfflcult for hlgh
SASHoils =

‘ "t ustry gurdance |s that protectlon of EGR
e fengmes outwelghs backward compat|b|l|ty

'_ mEPA emlssmn regulatlons reduce NOx |n

f-lNe_w llmlts wﬂl reqwre EGR _ SR

. rEC}.-lR will recirculate acids mto thelengme

PC-9 under development for EGR englnes
.,"Many tests / hlgh cost to reformulate




‘Very t|ght time schedule, delay Ilkelv
-OEM'’s wrll do whatever is requlred to

w PC-9 oils expected () dlffer S|gn|frcantlyg;;
',?ig'from current CH-4/SJ formulatlons I

“Hdifficult, |t is l|kely that the comblnatlon cf'

GR-equped engines and PC-9 quallty
bricants will successfully continue the -
storic ¢ co-evolution of high performance
esel engines and thelr equally hrgh B
rformance orls ' a




