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"The EPA receives information about devicas for whieh emissionaradudtiun

are being recommended or promoted for retrofit to existing vehicles alw
though some raprasent advanced systems for meeting future standards. The
EPA is interested in avaluating the validity of the elaims and invites
proponents of such daevices to provide to the EPA complete techanlcal data
on the devica's prineiple of operation, together with test data on the
device made by ' independent laboratories. The conclusions drawn f£rom the
EPA confirmatory tasts are necessarily of limited applicability. Morse
Chain has developed a variable-ratio drive to replace the fixed-ratio
waterpump drive conventionally used on automobiles., Information and data
supplied to the EPA by Morse indilcated that the Morse variable~ratio
drive had potential for fuel econofiy improvement when comparaed to convens
tional fiwvaed=ratio drives. The fuel economy improvement is due to redu=
cing the horsepower used to drive the water pump, and hence the engine-
powared accessories., To attempt o quantify this potential fuel economy
improvement an evaluation of the Morse drive was seheduled.
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or fuel economy improvement claims are made. In most cases, these devieeq




, . The Bavironmental Protection Agency receives information about many

- systems which appear to offer potentlal for emission reduction or fuel
economy improvement compared to conventional engines and vehtcles.
EPA's Emission Control Technology Division is interested in evaluating
all such systems, because of the obvious benefits to the Nation from the
identification of systems that car reduce emtssions, improve economy, or
both, EPA invites developers of such systems to provide t~ the EPA
complete technical data on the system's prineciple of opuration, together
with available test data on the system. 1In thosa cases ‘n which review
by EPA technical staff suggasts that the data avallable show promise,
attempts are made to schedule, tests at the EPA Emissions Laboratory at
Ann Arbor, Michigan., The results of all such test projects are set
forth in a series of Technology Assessment and Evaluation Reports, of
which this rveport ’8 one.

The conclusions dravn from the EPA evaluation tests are necessarily -
of limited applicability., A complete evaluation of the effectivensss of
a system in achieving performance improvements on the many different
types of vehicles that are in actual use roquives & much lavger sample
of test vehicles than is economically feastble in the evaluation test
projects conducted by EPA. For promising systems it is necessary that
more extensive test programs be carried out.

The conelusions from tha EPA avaluation test can be consideved to

“be quantitatively valid only for' the specifiec test car used, however, it
is raasonable to axtrapolate the results from the EPA test to other
types of vehicles in a directional or qualitative manner, f.e., to
euﬁga:t-thaﬁ similay results avre likely to be achieved on other types of
vehiales,

Morse Chain, Division of Borg Warner Corporation, has developed a
variabla=ratio drive to veplace the fixed-ratio waterpuwp deive con-
- ventionally uged ot automobiles, Information avd data supplied to the
.EPA by Morse indicated that the Morse variable-ratio drive had potential
for fual economy improvement when compared to conventional fixederatio
drdives, "The fuel econoiy improvement is due to reducing the horsepowey
used to drive the walevpump, and hence the engine-powered aceessories.

Po attempt to quantify this potential fuel economy improvement, un
evaluation of the Morse drive was scheduled at the EPA's Ann Ardor,
Michigan laboratory.




,TasnghieiamD§HEriﬁéion

The vehicle (furaished by Morse) used in the test program was a
1975 Chevrolet Nova powered by a 1976 305 cu, in. engine, and equipped
with a three speed automatic transmission. The Nova was tested at an
inertia weight of 4000 lbs. . ; - -

. Yo the standard production cotrifiguration, the waterpump is deiven
at 1.25 times crankshaft speed by means of pulleys and Vebelt. Accese
sordes (alternator, air conditioning and powar steering) are driven from
the waterpusp shaft with V<balts and pulleys. Ths drive ratios for the
sccassories must be such that adequate output can be obtained from the
accassories at low engine speeds (idle, stop-and=go driving, eta.).
Consequently, at high engine speeds, the accessories may be driven
faster tlian is necessary to provide required outputs, and thus absord
more power than is nacessary. S

The Morse Conitrolled Speed Accessory Drive (CSAD) is designed to
yeduca this energy loss by using a variable-ratio drive between the
crankshaft and waterpump., The Morse OBAD veplaces the f£ixed pulleys on
the erarkshaft and waterpump with pulleys whose effective diameter is
wontrolled by engine speed (¥pm). The waterpump and crankshaft pulleys
arve connected by a variable speed belt. -

_‘The OSAD is designed to maintain a fired ratio between crankshaft
and wate¥pump up to about 1100 ¥pm (engive speed). As the engine speed
increases above 1100 xpm, the OSAD changes the drive ratio to maintain
constant output up to 2100 rpw (engine speed). Above 2100 rpm, the
vatio of the CSAD is fixed, so further incrsases in engine speed result
in increased accessory speeds. However, the rate of increase in ac-
cessory speeds is less than the yate of inorease in engine speed.

In the production configur&élon. the test veahicla is equipped with
4 flex=fan., The flex-fan is also used in the Morse CBSAD installations,
and fs dviven on the waterpump shaft.

JTest Propras

Exhaust emiusicns and fuel aconomy ware measured in accordarce with
the 1975 Yaderal Test Procedure ('75 ¥iP). Emissions and fuel economy
were also measured during the EPA RHighway Fuel Eeonoty Test and undey
several steady state conditions. One exception to the '75 FTP was the
shblent temparature maintained during the tegt program, The test cell
temperatuve was maiuntaived between 86 and 91L°F during all tests, This
was done to privide additional load on the engine accessories during
certain portions of the test program, |

i
i




1

@ One of the problems of this test program was to generate sufficient
| accessory loads during a chassis dynamometor emission test to demonsteate
 the effects of the Morse UBAD. It was anticipated that the CSAD would
show its greatest bemefit under conditiens of high accessory loading.
Of the accessories installed on the test vehicle, the alternator aund air
conditionifig compressor could provide the most easily adjustable lsads
on the engine, '

~_ Teats were conducted under two accessory loads. For the first test
condition, no additional accessory loads were imposed on tha engine.
The benefits of the CSAD were expectad to be minimal under this con-
dition. For tha second test comdition, the air conditioning system was
operated with driver controls set at maximum air conditioner settings,
and the high<beam headlights were turned on. Operating the air con-
ditioning at maxdmusm output kept the air conditioning cumpressoy operating -
continuously during the test, Additional load was imposad on the air
conditioning system by the highexr-than-normal ambient temperature main-
tained throughout the test program. No attempt was made to vary the
power steering pump load, :

Teste ware conducted with and without (basaline) the CSAD installed

f'; on the test vehicle. Por each vehicle configuration, tests weré conw

R ducted with and without increased accessory load,

?}2; ' lest Results - .
-§,§ éﬁ% . ‘ Test results, summarized bulow, show the effect of the Morse CSAD i
{%g on exhaust emissions and fuel cconomy durdng the '75 FIP, i
q: S vys pree |
1S Mass emissions in

vk graing per mile

b (grams per kilometer)

b No accassory load

| | Puel Economy

gij HC 80 - Nox . (Puel Consumption) |
1 Baseline-avg, 0.60 . 843 2,20 14,7 wiles/gal. ]
& of 2 tests (0.37) (3.9) . (1.37) ° (16.0 Aiters/100km) f
1 OSAD-avg, | 0,69 8.0 2,20 146 stiso/gale

b & of 2 tests (0.43)  (5.0) (1.37) (16.1 litern/100kn) ;
o ‘ '1
y % Change +15% +21% 0 el :
.1 (+1%) .

.
cas AT R,
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® Anbient temperature between 86=91°f,
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BENANLS 5

- Y75 FIp*
Mass emissions in
grams per mile

(grams per kilometer)

AC-lights on

HO co
Baseline-avg. 1.05 21,9
of 2 tasts (0.65) (13 6}
ESAD-avg. 0.88 15.6
of 2 tasts (0. 55) (9:.7)
% change «16% =29%

from baseline

NOx
3.13

(1.95)

2,88

(199

8%

Fuel Feonomy
(Fuel Consutption)

12.6 miles/gal.
(18.7 liters/100kn)

13.3 milesl al,
(17.7 liters/100km)

+67
(-5%)

Similarly, the results obtained during the Highway Fuel Economy

Test are summarized below.

HPET *

Mass emissions in
grams per mile

(grams per kilowmeter)
Ko accessory load

#o €0
Baseline=avg, 0.4 5.6
of 2 tests ™ - (0.09) (3.5)
CBAD=avg. | 0.43 17.8
of 2 tests (0.27)  (1l.1)
% change _'+2072 B $218%

from baseline

& Amblenit tempavature betweesn B6-D1°F,

NOxt

1.88
(1.17)

.72

(1.07)
-9% -

Fuel Econofy
(Fuel Consumption)

20,1 miles/gal.
(11.7 1iters/100%km)

20.3 milas/gal.
(1i.6 liters/100%mn)

Yy
- {=1%)




¥ | | Mass emissions in
grans per mile

. . (grams per kilometer)
AC=1ights on

|

. Fuel Economy -
: (+] 0 NOx (Fuel Consumption)
Baseline-avg. 0.80  30.2 3,06 17.2 wiles/gal.
: of 2 tests (0.50)  (18.8) (1.%90) (13.7 liters/100km)
]  ¢SAD-avg. 0.93 39,1 2,63 18,2 miles/gal. .
of 2 tests (0.58) (24.3) {1.63) (22,9 literailookn)
& change +16% +29% =343 - 6%

from baqeiiné (=6%)

A detatled breakdown of '75 PTP;_HPET and steady state test data can be .

found in Tables 1-VIiI,

Discugsion

. The effect of the Morse CSAD on fuel economy ranged fism no change
with no accessory load, to a 62 improveméent with accessory load. The
effeat on exhaust emissions (during the '75 FTP) was variable, incruasing
HC and CO emissions without accessory load, and reducing HC, CO and NOx

vs. baseline) could be due to more than one affect of the C5AD. Reduced
eagine loading with the CSAD installed would tend to inecrease HC and

CO emissdions, and lower NOx emissions. Changes in engine cooling as a
result of the CSAD iastallation might alse affect emisaiona (see the
following paragraph). ,

During the Highway Test, it was noted that the engine temperature
gauge was reading higher with the Movse CSAD installed (compared to the
produstion configuration), This is probably due to the slower waterpump
speed and resultant decrease in coolant eirculation, although the cooling
fan used during the dynamometer test does not provide air flow eyuivalent
to actual on-the-road deiving, Table VII1 shows wategpump speed and
3 crankshaft speed measured during the steady state tasts. The waterpump
| | ~spead 18 reduced 22<31% in the epued range nost prevalent ducing the
. Highway Test, so the change in engine temperature is not suprising.

& Inadequate cooling could ba a possible problem area for a car equipped
with the Morse GSAD, The loads encountered in the EPA tests do not
inpose much strain on the engine, Higher engine tempervatures would be
expestad vhen dedving in wountadnous terrain of when heavily loaded
(such as 4n trailer pulling).

| MAmblent temperaturs between 86-91°F,

with accessory loads. The changes in exhaust emissions (CSAD installation

LTS e e v maia¥lioamd
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. Fot all test conditions, the éxhaust emlssion penalty due to aiv
conditioner operation was greater for the production accessory drive
than for the Morse CSAD., - The fuel economy penalty due to increased
accessory loads was 9-10% with the Morse CSAD installed and 142 with the
production accessory drive installed, ,

1t should be noted that normal test procedures for new vehiale
cartification do not call for operatics of the air conditioner at mawi-
pum output din;ing the emissions teat. For new vehicle certification,
air conditioning ioad is simulated by increasing the normal xoad load
horsepower absorbed by the dynamometer by 108, Average road load for
. each inertia weight class ig given as part of the '75 PIP in the Federal
- Register (Federal Reglater, June 30, 1975, Vol. 40 No. 126, Part III).

,l_;:c:om:..'l.us,:l.c:umf=

1. The Moxse UAvtruliwd Speed Accessory Drive does have a benge
ficial effect ot fuel economy when the test procedure iz modified to
provide conditfons of high accessory lead. Yor the vehicle used in the

* EPA \est progerdm, the improvement in fuel economy was approximately 6%.

Lo A » ‘

2+ The curzent design of the CSAD might not drive the waterpump
at a sufficient speed to provide adequate engine cooling »ader high load ;
conditions. ‘this point was not fuvestigated during the tust program, ;
but engine cémperature was unusually high in some portions of the test
!i proa*m. R . .
! 3. The Mo“se CSAD reduced the fual economy penalty caused by 1
opavation of the aty conditfoning and headlights at maximum setting from
about 143 to 9-10%. Havings conld be greater under more severe air |
conditioner requirements but this was not quantified in the EPA tests.
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Tast #
 Baseline

771279
77-1&16v
Average
Moyse CSAD
77-1265
;}:1420

Average

Table 1

'75 FIP
Mass emiasions in
grams per mile
(grams per kilometer)
No accessory load

e €0 coz
0,51 5.1 504,
(0.32) (3.2)  (369.)
0.68 7.4 593,
0.42)  (4.6)  (369.)
0.60 6.3 594,
0.37)  (3.9)  (369.)
0.96 7.6 590,
(0:47) (47 (367.)
0.62 8.4 595.

(0.39) (5.2) (370.)

(0.43)  (5.0) (369.)

NOx

2,27
(1.41)

2,13
(1.32)

2,20
(1.37)

2,12
(1.32)

2,28
(1.42)

- 2,20
(1.37)

mpg (/100%kn)

14,7
(16.0)

4.6
(16.1)

14.7
(16.0)

14.7
(16.0)

14.5
16,2)

14.6
(16.1)

-

= m— o o -
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Past #
Basaeline
77=1386
77=1418

Average /

Morse CSAD
77-1272

"

77-1773

Average

. (0467)

‘Table Tt

'75 PIP
Mazs emissiens in
grams per mile
(grams per kilometer)
AC-1ights on

He co €02

1.02 23.4 - 687,
(0.63)  (14.5)  (427.)

1.08 20.4 645.
(12.7) (401.)

1.08 21.9 666.
(0.65)  (13.6)

0.95 17.2 643,
(0.59) (10.7) (400.)

0.80 13.9 638.
(0. 50) (8.7) (397.)

(0.55)  (9.7)  (399.)

) (41&0)

~ Nox

3,43
(2.13)

2,82
(1.75)

3.13
(1.95)

2,76
(1.72}

3.00
(1.87)

2,88
(1.79)

| mpg (2/100ka)

12.2
(19.3)

13.0
(18.1)

12.6 »
(1807) " ‘ ‘_',i

ci’?'g) |
(17.5) ;

13.3
(17.7)
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Test #

Baseline |

7721280
77=1417

Average

Morse CSAD

77=1266

mepez

~ Average

]

He

0.09
(0.08)

0.19
(0.12)

0.14
(0.09)

0.37
(0.23)

0.48
(0.30)

0.43
(0.27)

Tabia LI

HYET

3,2
(2.0)

1.9

(4.9)

5.6
(3.5)

15.2
€9.4)

20.3
(12, 6)

17.8
(11.1)

Mags emissions in
grama per nile

. (grams per kilometer) -

Ro aeccessory load

€0

oz

435,
(270.)

430.
(267.)

433.
(269.)

409,

(254.)
409,

© (254.)

409,
(254.)

NOx

1,96

(1.22)

1.79
(1.11)

1.88
(1.17)

1.64
(1.02)

1.79
(1.11)

1.72
(1.07)

| opg (8/100km) -

20,1
(11.7)

20.0
(11.8)
20,1
(11.7)

20.4
(11.5)

20,1
(1. 7)

20.3
(11.6)
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Test #
Baseline
77=1287

77=1419
Avara

Morse CSAD
771273

@

17-1774

Average

HC

0.51
(0.32)

1.09
(0.68)

0.80
(0.50)

0.91
0.57)

0.95
(0.59)

0.93

10

Table IV=

HFET
Mass emigsions in
grams per mile
(grams per kilometer)
AC-=lights on

. €O

21.4
(13.3)

38.9
(24.2)

30.2
(18.8)

36.2
(22,5)

4.9
(26.0)

39.1

CO03

411,

(296.)

457,
(284,)

467,
(290.)

429,
(267.)

422,
(262.)

426,

NOx

2,97
(1.85)

3.14
(1.95)

3.06
(1.90)

2,67
(1.66)

2,58
(1.60)

2.63

wpg (4/100km)

17.3
(13.6)

17.0
(13.8)

17.2
(13.7)

18.2
(12,9)

18.1
(13,0)

18.2




Baseline
idle (300 sec.)
15 uph (24 kph)

30 mph (48 kph)
45 mph (72 kph)

60 mph (97 kph)

Morsa CSAD
1dle (300 sea.)
15 mph (24 kph)

30 uph (48 kph)
45 mph (72 kph)

60 wph (97 kph)

11

Table V

Steady State .
‘Mass emissdons in
grams par sile
(grams per kilometer)
No accessory load

HC co €03
0 0 698-8‘@3
0,01 0 472,
' (293.)
0.0& ' 0 3480
(0 N 02) ) ‘216 s )
0,04 0.0 392,
(0.02) | (244.,)
0.20 13.4 430,
(0.12) (8.3) (267.)
0 O.dgms  516,gus
0.09 0 " 486,
(0.06) (302.)
0.06 0 360,
{0.04) (224.)
0.1 1,42 301,
(0.07)  (0.88)  (243,)
0.43 18,5 403,
(0.27) (11.5) (250,)

NOx

0.87gms

0.45
(0.28)

0.86
(0.53)

1.05
(0.65)

0.81
(0.50)

1 13gma

0.51
(0.32)

0.99
(0.62)

0.99
(0.62)
2,2
(1.37)

MPG (2/100%m)

18.8
(12, 5)

25.8
9.2)

22,6
(100‘)':

19,6

(12,0)

18,2
(12.9)

24.6
(9.6)

2d.5
(10.5)

20.5
(11,5)
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Table VI

Steady State
Mass emissions in
grams per mile
(grams per kilometer)

AC=lights on

Basaline
idie (300 éea.)

15 mph (24 kph)
30 uph (48 kph)

45 uph (72 kph)

60 wph (97 kph)

Morse CSAD
 4dle (300 gec.)
15 mph (24 kph)

30 mph (48 kph)

45 mph (72 kph)

60 mph (97 kph)

He €0 €02 NOx
0 0.9gms  495gms  2.53gms
1,19 13,2 548, 1.26
(0.74 8.2)  (341.)  (0.78)
0.87 21,0 441, 0.68
(0.50) (3.1  (274.)  (0.42)
0.05 2,0 465, 1.75
(0.03) (1.2) (289,) (1.09) .
0,82 35,0 436, 4,27
(0.51)  (21.8)  (271.)  (2.65)
0 1.8sms S5ll.gms  2.74gms
1,07 11.2 584, 1,15
(0.67) (7.0)  ¢363.)  (0.,71)
1.07 25,1 406, 0,64
0.67)  (15.6)  (252.)  (0.40)
0.44 28,7 404, 1,30
0.27)  (17.8)  (251.)  (0.81)
1.18 49,4 426, 3.26
(30.7)  (255.) (2,03)

€0,73)

e

upg (R/100kn)

15.5
(15.2)

18.6
(12.6)

18.9
(12.4)

18,0
(13.1)

14,7
(16.0)

19,8
(11.9)
19.7
(11.9)

1725
(13.4)
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VYehiele Speed
1dle (neuirals

1dle (drive)

15 wph (24 kph)
30 mph (48 kph)
45 uph (72 kph)
60 mph (97 kph)

A4
Table VIIL | | o
Morse CSAD _ |
Crankshaft rpm vs. Waterpump rpm
Ceankshaft #pm gg_t__arm
600 ’ 750
550 600
800 900
1160 1100
1600 1250
2250 1550
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' , TEST VEHIOLE DESCRIPTION

Chnssis wodel yeaxr/make - 1975 Chevrolet Nova
Enission control system - 1976 Engine, OC/EGR/EVE

Bogive

E s o 2 a2 s s 08883808 s s s batroke, Otto Cycle, V-8 ohy

=% bore 2 8trok@ .« o s o's o s o s o 374 % 3,48 :I.n.IQS % 88,4ma

f— amlﬂﬁﬁﬁﬁﬁ S 6 6 5 5 8 0 8 8 s 305 eu, ﬁb’ﬁgggﬁﬁ [

= comprassion vatdo . . 4 4 4 4 & o 84581 , i

= magismum power 8 TP o+ 4 o 4 o s o 140 hp/104kW at 3800 rpm |

L fuel materdng o« o ¢ s s o o o » o 2 barrel carburetor :

% fuel rGQuirENGHt B EEREEEEE 91 RDNO unleaded ;
;

Drive Tratn :

transmisedon type . o o ¢ o 4 s 4. 3 speed automatie ‘ ;

Chassis

type « . Front engine, rear wheel drive -

| Chve stae o oo h ottt RS |
?‘ curb Hhight L S T S T S SRS S | 3797 1bs/1722 ka |
o inertia waight s's o 5 o s 0 s s o 4000 Llbs,

2 { passenger eapacdty + + ¢« + v s 4+ 4 5

Enission Control System

e o s o s OC/HER/EFE

basie type . + .
ocation . + .+ » Undupfloor

[+ o™

oxidation catalyst locatio
subatratas « « + + o s 2 2 2 2« Pellet
VOLUME o o o & » ¢ o o o o o o o+ 260 cus in,/426lca
doaddnge s » o+ 2 2 4 2 2 s s 0 s W05 troy oz./l-SGgm
BUR €¥pa o « o o 4 s o 5 0 6 o o » APO?ﬁEd _
durability accumulated on system . 33000 mi/5300km




