REPORT NO. DOT—TSC-NHTSA-79-62.IiI DOT-HS-805 278

0

DATA BASE FOR LIGHT-WEIGHT
AUTOMOTIVE DIESEL POWER PLANTS
Volume I11: Miscellaneous Data

B. Wiedemann, R. Schmidt, et al.
Volkswagenwerk
Research Division
3180 Wolfsburg
Federal Republic of Germany

1979
FINAL REPORT

DOCUMENT IS AVAILABLE TO THE PUBLIC
THROUGH THE NATIONAL TECHNICAL
INFORMATION SERVICE, SPRINGFIELD,
VIRGINIA 22161

Prepared for

U:.S. DEPARTMENT OF TRANSPORTATION

MATIONAL HIGHWAY TRAFFIC SAFETY ADMINISTRATION
' Office of Passenger Vehicle Research
Washington DC 20590



NOTICE

This document is disseminated under the sponsorship
of the Department of Transportation in the interest
of information exchange. The United States Govern-
ment assumes no liability for its contents or use
thereof.

NOTICE

The United States Government does not .endorse pro-
ducts or manufacturers. Trade or manufacturer's
names appear herein solely because they are con-
sidered essential to the object of this report.

NOTICE

The views and conclusions contained in the document
are those of the author(s) and should not be inter-
preted as necessarily representing the official
policies or opinions, either expressed or implied,
of the Department of Transportation.




Technical Report Documentation Page

1. Report No. 2. Government Accession No. 3. Recipient’s Catalog No.
DOT-HS-805 278

4. Title ond Subtitle — : 5. Report Date

DATA BASE FOR LIGHT-WEIGHT AUTOMOTIVE DIESEL POWER December 1979

6. Performing Orgonization Code

PLANTS, Volume III: Miscellaneous Data

8. Performing Organization Report No,

7. Author's)

B. Wiedemann, R. Schmidt, et al. DOT-TSC-NHTSA-79-62.111
9. Performing Orgonizotion Nome ond Address 10. Work Unit No. (TRAIS)
Volkswagenwerk* - HS017/R0411

Research Division : 11. Contract or Grant No.

3180 Wolfsburg DOT/TSC-1193

Federal Republic of Germany 13. Type of Report and Period Covered
12. Sponsoring Agency Name and Address Final Repor‘t

U.S. Department of Transportation June 30 '76-July 30 '77
National Highway Traffic Safety Administration

Office of Passenger Vehicle Research 14. Sponsoring Agency Code
Washington DC 20590 ’ -

15. Supplementary Notes U.S. Department of Transportation

Research and Special Programs Administration

*Under contract to: Transportation Systems Center

Cambridge MA 02142

16. Abstroct

The effects of fuel economy, emissions, passenger car safety and other variables
due to the installation of 1ight-weight Diesel powerplants were studied. Experimen-
tal data was obtained on naturally aspirated and turbocharged Diesel engines installed
in subcompact and compact passenger vehicles. The data includes fuel economy as a
function of engine type and horsepower, as a function of vehicle inertia weight and
as a function of regulated emission constraints. Unregulated emissions have been
characterized during the course of the work. The compatibility of the Diesel engine
studied with passenger car structures incorporating advanced frontal crashworthiness
capabilities was also verified.

The report consists of three volumes. Volume I, the Executive Summary, presents
a summary of the data obtained and a review of the important conclusions. Volume II,
the main body of the report, provides a discussion of the fuel economy and emissions
obtained, a description of the engine/vehicle systems tested and the results of fac-
tory driveability tests. Volume III, the appendixes, presents miscellaenous data used
during the program.

17. Key Words 18. Distribution Statement
Diesels, CI-Engines, Pasgenger Cars, DOCUMENT IS AVAILABLE TO THE PUSBLIC
Fuel economy, Safety, Emissions, THROUGH THE NATIONAL TECHNICAL
Automobiles : INFORMATION SERVICE, SPRINGFIELD,
" VIRGINIA 22161
19. Security Clossif; (of this report) 20. Security Classif. (of this page) 2%1. No. of Pages 22, Price
Unclassified Unclassified 206

Form DOT F 1700.7 (8-72) Reproduction of completed page authorized



PREFACE

in support of the National Highway Traffic Safety Administration, Office of Passenger Vehicle
Research, the Department of Transportation-Transportation Systems Center contracted with Volkswa-
+ genwerk AG, Federal Republic of Germany to develop a data base on light-weight Diesel engines
suitable for passenger cars. Volkswagen research, pre-production and production Diesel engines
were used for the test portion of the work and for the "analytical extrapolation.’

A Volkswagen research vehicle with advanced crashworthiness characteristics was provided
by Volkswagen to demonstrate and document compatibility with an advanced diesel engine design
(Integrated Research Vehicle). Through the effort the Diesel engines were evaluated in the context
of an integrated vehicle system with the aspects of fuel economy, environment, consumer require-
ments and cost in mind.

The authors wish to acknowledge the guidance provided by Mr. H.Gould and Dr.R.John of
the Department of Transportation-Transportation Systems Center and Dr. K. Digges of the Depart-
ment of Transportation-National Highway Traffic Safety Administration.

Our working team consisted of-the following persons:
Miss C. Schwarz, Messrs. R. Graupmann W. Lange, K.-J. Lemke, H. Leptlen Dr.G.W. Schwenmer
and M. Witimann.

They were supported by:
Miss J. Dommschack and Messrs. H.-D. Beckmann, P. M. Deja, P. Jirousek, W. Kiegeland, W. Kurpiers,
Dr. K-H. Lies, J. Nitz, E. Pommer, K.-H. Schneider and P. Seifert together with members of the
staff from the VW prototype shop, the VW transmission development department and the VW
measuring and testing department.
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HC EMISSION (G/KHH)

CO EMISSION (G/KHH)
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FULL LORD

NOX EMISSION (G/KHH)
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. FULL LOAD INJECTION TIMING
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SHOKE VISIBILITY (éOSCH NUMBER)
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CO0 EMISSION (0/KHH)

NOX EMISSION (B/KHH)

. FULL LORD INJECTION TIMING

;50 HP N.R. DIESEL 70 WP TC DIESEL
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FULL LOAD: FUEL NUMBER/FUEL DENSITY
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AtR TO FUEL RATIO

SHOKE VISIBILITY (BOSCH HUMBER!

FULL LOAD: FUEL NUNBER/FUEL OENSITY
O 323/0.841 © 16140/0.834
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HC EMISSION (G/KHM)

CO EMISSION (G/KHH)
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NOX EMISSION (G/KHH) )
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ROAD LOAD CURYVES

2260 LB YEHICLE 3000 LB VEHICLE
X 70 HP TC E-B:R 2 8 CYLINDER 180 CID K.R.
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Z 77400SCHD1 1362 1.75 0.80 40.0
%X 77400SCHL1 1362 1.75 0.80 40.0
+ 31804DRSZE 1362 1.76 0.80 36.0
o 72000SCHF1 1362 1.75 0.80 33.1
X 77400SCHAB 1020 1.76 0.77 33.1
+ 77400SCHLY 1020 1.76 0.77 33.1
& 774D0SCHAR 1020 1.75 0.77 27.8
® 77400SCHD! 1020 1.75 0.77 27.8
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- ROAD LOAD A
77400SCHR2 1020 1.75 0.77 27.8 60 HP N.A. PRODUCTION DIESEL WITH E.G.R.
77400SCHR2 1020 1.75 0.77 33.1 70 HP TC RESEARCH DIESEL WITH E.6.R.
774005CHL1 1020 1.75 0.77 33.1 70 HP TC RESEARCH DIESEL 5 SPEED TRANSM.
774005CHLL 1020 1.25 0.77 42.9 70 HP TC RESEARCH DIESEL
72000SCHF1 1250 1.76 0.77 33.1 5 CYLINDER 130 CID N.R. DIESEL
77400SCHOD1 1020 1.75 0.77 27.8
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ROAD LOAD CURVES

i 2280 LB VEHICLE 3000 LB VEHICLE
X 70 HP TC E.G.R Z 0 CYLINDER 180 CID N.A.
+ 70 HP TC DIESEL X6 CYLINDER 146 CID TC

- & B0 HP N.A. E.G.R. *6 CYLINDER 146 CID N.R.
© 50 HP N.A. DIESEL . &% CYLINDER 130 CID N.R.
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CD EMISSION (O/N1)

NOX EMISOION tO/N1)

-1

(<IN K 2 ¢

RORD LOAD CURVES

2260 LB VEHICLE
70 HP TC E.O.R
70 HP TC DIESEL
60 MP N.A. E.G-R.
50 HP N.R. DIESEL

3000 LB VEHICLE
Z © CYLINDER 180 CID N.R.
X 6 CYLINDER 146 CID TC
® 6 CYLINDER 146 CID N.R.
® 6 CYLINDER 130 CID N.R.
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ROAD LORD: FUEL WUMBER/FUEL DENSITY
O 323/0.841 © 16140/0.834
A 15275/0.840 4 16160/0.843
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SHdKE VISIBILITY {BOSCH NUMBER)
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HC ENISSION (G/MI)
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CO ENISBSION to/nI}

NOX EMISSION (O/MI)

ROAD LOAD:

O  323/0.841
A 15275/0.840
+ 16086/0.825

X 18120/0.617
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® 16140/0.834
4 16160/0.843
X 16164/0.868
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B-H.E-P. (BAR)

50 HP N.A. 80 CID

FUEL CONSUMPTION (KG/H)

1372.0 SEC US-CITY TEST DATE 07/10/76 13.47.33
TEST RESULT 615.04 G/ 7.45 Ml = 38.60 MPG

SHADED REGIONS 310.43 71.67 M .

VEHICLE .1020 KG HASS. 0D.80 SQM CHxF., 1.75 7 ROLLING DRAGC
TRANSHISSION RAXLE/GEAR CONBINATION NO. 3
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ENGINE SPEED (RPM)
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B'H.E-P- lBQR)

50 HP N.A. 90 CID
AIR T0 FUEL RATIO

1372.0 SEC US-CITY TEST DATE 07/10/76 13.47.33
TEST RESULT 1372.25 8§/ 7-45 MI = 15.54 MPH
SHADED REGIONS 682.87 194.37 M

VEHICLE 1020 KG MRSS. D.80 SON CHxF. 1.75 7 ROLLING DORAG
TRANSNISSION AXLE/GEAR CONBINATION NO. 3
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50 HP N.A. 90 CID

FUEL CONSUMPTION (KG/H)

1372.0 SEC US-CITY TEST DATE 07/10/76 13.47.33
TEST RESULT 615.04 G/ 7.45 MI = 38.60 MPG

SHADED REGIONS 310.43 71.67 M .

VEHICLE .1020 KG MASS. 0.80 SON CWxF, 1.75 % ROLLING DRAG
TRANSHISSION AXLE/GEAR COMBINATIGN NO. 3
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B-M.E.P. [BRR)

50 HP Nono 90=C]D
AIR TO FUEL RATIO

1372.0 SEC US-CITY TEST DATE 07/10/76 13.47.33
TEST RESULT 1372.25 §/ 7.45 Ml = 18.54 MPH
SHADED REGIONS 682.87 194.37 M

VEHICLE 1020 KG MASS. 0.80 SON CHxF. 1.75 % ROLLING DRAG
TRANSMISSION AXLE/GEAR CONBINRTION NG. 3
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B.-M.E.P. (BRAR)

50 HP N.A. 90 CID
HC - EMISSION (G/H)

1372.0 SEC US-CITY TEST DATE 07/10/76. 13.47.33
TEST RESULT 1.86 G/ 7.45 Ml = 0.25 G/MI )
SHADED REGIONS 0.94 0.14 G

VEHICLE 1020 KG MRSS, 0.80 SOM CHxF., 1.75 % ROLLING ORAG
TRANSMISSION AXLE/GEAR CONBINRTION NO. 3
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50 HP N.A. S0 CID
CO - EMISSION (G/H)

- 1372.0 SEC US-CITY TEST DRTE 07/10/76 13.47.33

B-M.E.P. (BAR)

TEST RESULT 9.77 G/ 7.45 MI = 1.31 G/nl
SHADED REGIONS 4.84 1.30 G

VEHICLE. 1020 KO NASS. 0.80 SON CWxF, 1.75 % ROLLING DRAG
TRANSHISSION AXLE/GERR COMBINRTION NO. 3
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[{BAR)

B.-M.E.P.

.-2

50 HP N.R. 90 CID
NOX - EMISSION (G/H)

1372.0 SEC US-CITY TEST DATE 07/10/76 13.47.33
TEST RESULT 5.58 G/ 7-45 Ml = 0.75 G/Ml '
SHADED REGIONS 2.82 0.60 G

VEHICLE 1020 KO ¥ASS. 0.80 SOM CWxF. 1.75 % ROLLING DRAG
TRANSMISSION AXLE/GERR COMBINATIGN NG. 3
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B.M.E.P. (BAR)

50 HP N.A. 90 CID
FUEL CONSUMPTION (KG/H)

764.0 SEC HIGHWRY TEST DATE 07/10/76 14.30.52
TEST RESULT 772.33 G/ 10.25 Ml = 42.30 MPG
SHADED REGIONS 3587.16 83.86 M

VEHICLE 1020 KG MASS. 0.80 SUGM CHW=F. 1.75 % ROLLING DRAG
TRANSHISSION AXLE/GEAR CONBINRTION NO. 3
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B.M.E.P. [BRR)

S0 HP N.R. 90 CID
AIR TO FUEL RATIO |

-~ 764.0 SEC HIGHWAY TEST DATE 07/10/76

SHADED REGIONS 386.25 73.62 M
VEHICLE

10

1020 KG MASS.

0.80 SON CH=F.
TRANSMISSION AXLE/CGEAR COMBINATION NO. 3

1.75 % ROLLING DRAG

-14.30.52
TEST RESULT 764.25 S/ 10.25 Ml = 48.28 MPH

2000 2600 3
ENGINE SPEED (RPM)
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B.M.E.P. [BAR)

50 HP N.A. 90 CID
~ EMISSION (G/H)

764.0 SEC HIGHWARY TEST DATE 07/10/76
TEST RESULT 1.96 G/ 10.25 MI = 0.19 6/M1

HC

SHADED REGIONS 0.99 0.21 6

VEHICLE

1020 KB NASS. 0.80 SON CHxF,
TRANSMISSION AXLE/GEAR COMBINRTION NO. 3

1.75 7% ROLLING DRAC

14.30.52
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B.M.E.P. [BAR)

50 HP N.A. 90 CID

CO - EMISSION (G/H)

764.0 SEC HIGHWAY TEST DATE 07/10/76

TEST RESULT 8.22 G/ 10.25 Ml = 0.80 G/MI
SHADED REGIONS 4.02 0.93 G

VEHICLE 1020 KB MASS.
TRANSMISSION RAXLE/BERR COMBINATION NO. 3

10

0.B80 SOMN CHeF., 1.75 7 ROLLING DRAG

14730.52

2000 2500
ENGINE SPEED (RPM)
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B.M.E.P. (BARJ

50 HP N.A. 90 CID

NOX - EMISSION (G/H)

764-0 SEC HIGHWAY TEST DATE 07/10/76

TEST RESULT 7.87 G/ 10.25 Ml = 0.78 G/MI
SHADED. REGIONS 3.99 0.52 G

VEHICLE 1020 KB MRSS. 0.80 SOM CWxF, 1.75 % ROLLING DRAO

TRANSHISSION RXLE/GEAR CONBINARTION NO. 3

14.30.52
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B'H'E.P. lBgR)

ES(] fif’ rq o‘q [ E:o [;‘.fz ° .
FUEL CONSUMPTION (KG/H)

1372.0 SEC US-CITY TEST DATE 11/08/77 14.21.28
TEST RESULT 562.51 G/ 7-45 MI = 41.45 MPG -
SHADED REGIONS 282.20 47.57 M

VEHICLE 1020 KG MASS, 0.B80 SGM CH=F., 1.75 Z ROLLING DRAGC
TRANSNISSIGN AXLE/GEAR COMBINATIGN NO. 3 ’
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B-M.E.P. (BAR)

0 HP N.A. E.G.R.

RIR TO FUEL RATIO ¥

1372.0 SEC US-CITY TEST DATE 11/08/77 14.21.28
TEST RESULT 1372.25 5/ 7-45 MI = 19.54 MPH

SHADED REGIONS 678.62 276.00 M

VEHICLE 1020 KB MASS. 0.80 SOM CHxF., 1.75 % ROLLING DRAG
TRANSMISSION AXLE/GERR CONBINATION NO. 3
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B-M.E.P. (BAR)

50
HC

HP N.A. E.G.R.
--EMISSION (G/H)

1372.0 SEC  US-CITY TEST DATE 11/08/77 14.21.28
TEST RESULT 2.29 G/ 7.45 MI = 0.31 G/MI
SHADED REGIONS 1-15 0.22 6 -

VEHICLE 1020 KB MASS. 0.B0 SON CHxfF. 1.75 Z ROLLING DRAG
TRANSMISSION AXLE/GERR COMBINATION NG. 3 :
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50 HP N-A. E.G.R.
CO - EMISSION (G/H)

1372.0 SEC US-CITY TEST DATE 11/08/77 14.21.28

800 1000

B.M.E.P. (BAR)

TEST RESULT 13.76 G/ 7.45 Hl = 1.85 G/NI
SHADED REGIONS 6.91 1.19 6 \

VEHICLE 1020 KB MASS., 0.80 SOM CHeF, 1.75 % ROLLING DRAG
TRANSNISSION RXLE/BGEAR CONBINATION NO. 3
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B-H.E.P. (BAR)

50 HP N.A. E.G.R.
NOX - EMISSION (G/H)

1372.0 SEC US-CITY TEST DATE 11/08/77 14.21.28
TEST RESULT 4.15 G/ 7.45 MI = 0.56 G/MI
SHADED REGIONS 2.06 0.50 G-

VEHICLE 1020 KG MASS. 0.B80 SGN CHxF., 1.75 % ROLLING ﬁRRG
TRANSNISSION AXLE/GEAR CONBINATIOGN NB. 3 : : .
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B'"-E-P. ‘BHR)

50 HP N.R. E.G.R.
FUEL CONSUMPTION (KG/H)

764.0 SEC HIGHWAY TEST DATE 11/08/77 ‘l4-5b.33
TEST RESULT 765.71 G/ 10.25 MI = 41.90 MPG
SHADED REGIONS 384.92 50.38 M :

VEHICLE 1020 KO MASS. 0.80 SON CHxF., 1.75 % ROLLING DRAG
TRANSNISSION RXLE/GERR CONBINATION NO. 3
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B-H.E.P. (BAR)

ES(J fiFD N. Fq . EE ul(}'i f? .
RAIR TO FUEL RATIO

764.0 SEC HIGHWAY TEST DATE 11/08/77 -14.50.33
TEST RESULT 764.25 S/ 10.25 Ml = 48.28 MPH
SHADED REGIONS 384.62 89.37 H

VEHICLE 1020 KG NASS. 0.80 SON CWexF, 1.75 % ROLLING DRRG
TRANSMISSION RXLE/GERR COMBINATION NG. 3
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B.M.E.P. (BAR)

50 HP N.A. E.G-.R.
HC - EMISSION (G/H)

764.0 SEC HIGHWAY TEST DATE 11/08/77 14.50-33
TEST RESULT 5.86 6/ 10.25 NI = 0.57 G/MI
SHADED REGIONS 2.84 0.49 6

VEHICLE 1020 KG MASS. 0.80 SON Cu=F. v 1.75 7% ROLLING DRAG
TRANSHISSION AXLE/GEAR CONBINATIGN NO. 3
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50 HP N.A. E.G-R.
CO - EMISSION (G/H)Y . - .

764.0 SEC HIGHWRY TEST DATE 11/08/77 14.5b;33
TEST RESULT 25.24 G/ 10.25 Ml = 2.46 G/MI ’
SHADED REGIONS 12.52 1.89 G

VEHICLE 1020 KG MARSS. 0.80 SOM CWeF. 1.75 % ROLLING DRAG
TRANSHISSION AXLE/BEAR COMBINATION NO. 3
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50 HP N.A. E.G.R.
NOX - EMISSION (G/H)

764.0 SEC HIGHWAY TEST DARTE 11/08/77 14-50.33
TEST RESULT 3.53 G/ 10.25 MI = 0.34 G/MI
SHADED REGIONS 1.76 0.39 G

VEHICLE 1020 KG MASS., 0.80 SOM CWxF, 1.75 7 ROLLINO DRAG
TRANSNISSIGN AXLE/GEAR CONBINARTION NO. 3
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TRANSMISSION AXLE/GERAR COMBINATION NO. B8

‘B-M.E.P. (BAR) -

70 HP TC 90 CID
FUEL CONSUMPTION (KG/H)

1372.0 SEC US-CITY TEST DATE 10/11/76 11.34.58
TEST RESULT 529.61 G/ 7-45 Ml = 43.92 MPG

SHADED REGIONS 267.07 60.38 M

VEHICLE 1020 KG MASS. 0.80 SOM CWeF. 1.75 % ROLLING DRAG
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B-M.E.P. [BRAR)

70 HP TC 80 CID
RIR TO FUEL RATIO

1372.0 SEC US-CITY TEST DATE 10/11/76 11.34.59
TEST RESULT 1372.25 S/ 7.45 MI = 19.54 MPH
SHADED REGIONS 679.50 281.75 #

VEHICLE 1020 KOG HRSS. 0.80 SOM CHwF. 1.75 % ROLLING DRAG
TRANSMISSION AXLE/GEAR COMBINATION NO. 8
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70 HP TC 90 CID
HC - EMISSION (G/H)

1372.0 SEC US-CITY TEST DATE 10/11/76 11.34.59
TEST RESULT 1.70 G/ 7-45 Ml = 0.23 G/MI
SHADED REGIONS 0.84 0.28 G

VEHICLE 1020 KO NRSS. 0.80 SON CH=F, 1.75 7 ROLLING DRAG
TRANSNISSION AXLE/GEAR COMBINATION NO. 8
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B.H.E.P. (BAR)

70 HP TC S0 CID
CO - EMISSION (G/H)

1372.0 SEC US-CITY TEST DATE 10/11/76. 11.34.59
TEST RESULT 5.39 G/ 7-45 MI = 0.72 G/Ml
SHADED REGIONS 2.68 0.93 G

VEHICLE 1020 KB NASS. 0.80 SOM CHUxF, 1.75 % ROLLING DRAG
TRANSHISSION AXLE/BEAR CONBINATIGN NO. 8
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70 HP TC 80 CID

NOX

EMISSION (G/H)

+ 1372.0 SEC US-CITY TEST DATE 10/11/76 11-34.59
TEST RESULT 6.00 G/ 7-45 Ml = 0.80 G/ml
SHADED REGIONS 2.86 0.61 G

B-M.E.P. (BAR)

VEHICLE

1020 KOG HASSs 0.80 SOM CHxF, 1.75 7% ROLLING DRAG

TRANSMISSION AXLE/GEAR CONBINARTION NO. B
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B-H.E.P. (BAR)

70 HP TC 90 CID _
FUEL CONSUMPTION (KG/H)

764.0 SEC HIGHWAY TEST DATE 10/11/76
TEST RESULT 688.17 6/ 10.25 MI
SHADED REGIONS 336.02 72.69 M

VEHICLE 1020 KG NRSS, 0.80 SON CHeF.
TRANSMISSION AXLE/BGEAR CONBINATION NO. B

13.03.54
= 46.51 MPG

1.75 % ROLLING ORAG
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B.M.E.P. (BAR)

70 HP TC 90 CID -
AIR TO FUEL RATIO

764.0 SEC HIGHWAY TEST DATE 10/11/76 .13.03.54
TEST RESULT 764.25 S/ 10.25 Ml = 48.28 MPH
SHADED REGIONS 377.37 85.25 M

VEHICLE 1020 KG MARSS., 0.80 SON CHxF. 1.75 % ROLLING DRAG
TRANSNISSION AXLE/GEAR COMBINATION NO. 8
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70 HP TC 90 CID
HC - EMISSION (G/H)

764.0 SEC HIGHWAY TEST DATE 10/11/76 - 13.03.54 _
TEST RESULT 0.83 G/ 10.25 MI = 0.08 G/MI
SHADED REGIONS 0.43 0.05 G

VEHICLE 1020 KOG MASS. 0.80 SON CHeF. 1.75 % ROLLING DRAG
TRANSMISSION RXLE/BERR COMBINATION NO. B

B-H.E.P. (BAR)
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70 HP TC 80 CID
CO - EMISSION (G/H)

764.0 SEC HIGHWAY TEST DATE 10/11/76° 13.03.54
TEST RESULT 4.16 G/ 10.25 Ml = 0.41 G/MI
SHADED REGIONS 2.02 0.50 G '

VEHICLE 1020 KG MRSS. 0.80 SOM CHeF., 1.75 % ROLLING DRAG
TRANSMISSION AXLE/GEAR COMBINATION NO. 8 A -

071711 LR LR L L LI I. !
5 | l _ I I ]
8 —
6 —
=
4 —
22—
i §
0P

~
-2 f— ; —
- -
- p-
_lJlJIlJJJllngllelllllll
300 1000 2500 3001

1600 2000
ENGINE SPEED (RPM)

151



B.M.E.P. [BAR)

70 HP TC 90 CID
NOX - EMISSION (G/H)

764.0 SEC HIGHWAY TEST DATE 10/11/76
TEST RESULT 9.48 G/ 10.25 MI = 0.93 G/MI
SHADED REGIONS 4.70 0.62 G

VEHICLE 1020 KB MASS. 0.B0 S0OM CHeF. 1.75 Z ROLLING DRAG
TRANSNISSION AXLE/CERR COMBINATION NG. 8

13.03.54
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70 HP TC E.G-.R.
FUEL CONSUMPTION (KG/H)

1372.0 SEC US-CITY TEST DATE 18/05/77 11.01.27
TEST RESULT 525.82 G/ 7.45 MI = 44.34 MPG
SHADED REGIONS 259.34 56.28 M

VEHICLE 1020 KO MASS. 0.B80 SON CWxF, 1.75 % ROLLING DRAG
TRANSMISSION AXLE/GEAR COMBINRTIGN NO. B '

S L L I L L 1 L
ol _
- .
6 f— ]
= -
4E— .
= -
o 2— —
g . Ek- o ]
. i
o of— —
wo [ N
= _
R | ~
- | .
N ]
'°E_ _
n =
-B'—— —
T i ]
I bvova b v by g b by by =
%00 0 500 2500 300¢

1000 1500 2060
ENGINE SPEED (RPM)

153



7
A

0 HP TC E.G-R.
IR TO FUEL RATIO

1372.0 SEC US-CITY TEST DATE 18/05/77 11.01.27
TEST RESULT 1372.25 5/ 7.45 NI = 19.54 MPH
SHADED REGIONS 691.12 231.87 M :

VE
TR

10

B.M.E.P.|(BAR)

-4

- 1_%

1000 1560 2000
ENGINE SPEED (RPM)
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HICLE 1020 KB MASS. 0.80 SOM CHeF. 1.75 % ROLLING DRAG

ANSMISSION AXLE/GEAR COMBINATION NO. B
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70 HP TC E.G.R.
HC - EMISSION (G/H)

1372.0 SEC  US-CITY TEST DATE 18/05/77 11.01.27
TEST RESULT 2.21 G/ 7.-45 Ml = 0.30 G/MI ,
SHADED REGIONS 1.11 0.17 G o

VEHICLE 1020 KG MASS. 0.80 SON CHxF. 1.75 7% ROLLING DRAG
TRRNSNISSION AXLE/BEAR COMBINRTION NO. 8 .
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70 HP T1C E.G-.R.
CO - EMISSION (G/H)

1372.0 SEC US-CITY TEST DATE 18/05/77 11.01.27
TEST RESULT 10-48 G/ 7.45 Ml = 1.41 G/Nl
SHADED REGIONS §5.12 0.80 G

VEHICLE 1020 KG MASS. 0.80 SOM CHwF. 1.75 % ROLLING DRAG
TRANSHISSION RXLE/GEAR CONBINRTION NO. 8 o
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70 HP TC E.G.R.
NOX - EMISSION (G/H)

1372.0 SEC US-CITY TEST DATE 18/05/77 11.01.27
TEST RESULT 2.40 G/ 7.45 Ml = 0.32 G/MI.
SHADED REGIONS 1.19 0.25 G

VEHICLE 1020 KO MASS. 0.80 SOM CHeF, 1.75 % ROLLING DRAG
TRANSHISSION AXLE/BEAR COMBINRTION NO. B _ :
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B.-M.E.P. [BRR)

70 HP TC E.G-.R.
FUEL CONSUMPTION (KG/H)

764.0 SEC HIGHWAY TEST DATE 18/05/77 - 14.21.38
TEST RESULT 671.84 G/ 10.25 MI = 47.76 MPG
SHADED REGIONS 337.47 93.14 M

VEHICLE 1020 KO MRSS. 0.80 SQM CHxF.
TRANSMISSION AXLE/BEAR COMBINATION NO. 8

1.75 % ROLLING DRAG
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70 HP TC E.G-.R.
AIR TO FUEL RATIO

764.0 SEC HIGHWAY TEST DATE 18/05/77 14.21.38
TEST RESULT 764.25 S/ 10.25 Ml = 48.28 MPH
SHADED REGIONS 391.75 88.87 M

VEHICLE 1020 KG MASS. 0.B0 SOM CHe«F. 1.75 7Z ROLLING DRAG
TRANGMISSION AXLE/GEAR COMBINARTION NO. B
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B-H-E-P- ‘BQR)

70 HP TC E.G-R.
HC - EMISSION (G/H)

764.0 SEC HIGHWAY TEST DATE 18/05/77 .14.21.38

TEST RESULT 2.24 G/ 10.25 MI = 0.22 G/MI]
SHADED REGIONS 1.12 0.15 G ‘

VEHICLE 1020 KG MRASS. 0.80 SUN CHxF.
TRANSMISSION AXLE/GERR COMBINATION NO. B

1.75 % ROLLING DRAG
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B-M.E.P. (BAR)

70 HP TC E.G-R.
CO - EMISSION (G/H)

764.0 SEC- HIGHWAY TEST DATE 18/05/77 "14.21.38
TEST RESULT 14.22 G/ 10.25 Ml = 1.39 G/M]
SHADED REGIONS 7.18 1.46 6

VEHICLE 1020 K8 MRS5S, 0.80 SGN CWeFs 1.75 Z ROLLING ORRG
TRANSMISSION AXLE/GERR COMBINATION NO. 8
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B.N.E.P. (BAR)

70 HP TC E.G.R.
NOX - EMISSION (G/H)

764.0 SEC HIGHWAY TEST DATE 18/05/77"14-21-38
TEST RESULT 2.49 G/ 10.25 MI = 0.24 G/H]
SHADED REGIONS 1.23 0.15 G

VEHICLE 1020 KO MASS. 0.80 SGM CHxF. 1.75 % ROLLING DRAG
TRANSHMISSION AXLE/GEAR CONBINATION NO. 8
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B-M.E.P. (BRAR)

S

CYL. N.A. 130 CID

FUEL CONSUMPTION (KG/H)

1372.0 SEC US-CITY TEST DATE 15/08/76, 15.27.40
TEST RESULT 670-11 G/ 7.45 MI = 35.05 MPG

SHADED REGIONS 337.91 56.98 M

VEHICLE 1362 KB NASS., 0.80 SOM CHxF, 1.75 7 ROLLING DRAG
TRANSMISSION AXLE/BEAR CONBINARTION NO. B
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B-N.E.P. (BAR)

5 CYL. N.A. 130 CID
QIR TG FUEL RATIO

'1372.0 SEC US-CITY TEST DATE 15/09/78. 15.27.40

TEST RESULT 1372.25 S/ 7.45 NI = 19.54 MPH
SHADED REGIONS 688.75 229.87 M

VEHICLE 1362 KGO NASS. 0.80 SONM CHeF, 1.75 ¥ ROLLING DRAG
TRANSHISSION RXLE/BEAR COMBINRTION NO. 8
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5 CYL. N.A. 130 CID
HC - EMISSION (G/H)

1372.0 SEC US-CITY TEST DATE 15/09/76 '15.27.40‘“

- TEST RESULT 2.35 G/ 7-45 Ml = 0.32 G/MI

B.M.E.P. (BAR)

SHADED REGIONS 1.19 0.23 6

VEHICLE 1362 KG MASS. 0.80 SAM CWxF, 1.75 7 ROLLING DRAG
TRANSMISSION AXLE/BERR CONBINATION NO. 8 ’
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B.M.E.P. (BAR)

S CYL. N.R. 130 CID
CO - EMISSION (G/H)

1372.0 SEC US-CITY TEST DARTE 15/09/76
TEST. RESULT 17.44 G/ 7.45 Ml = 2.34 G/M]

SHADED REGIONS 8.61 2.03 G

VEHICLE . 1362 KO MASS, 0.80 SON CHxF. 1.75 % ROLLING DRAG

TRANSMISSION RAXLE/GERR COMBINARTION NO. 8

15.27.40
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5 CYL. N.A. 130 CID
NOX - EMISSION (G/H)

1372.0 SEC US-CITY TEST DARTE 15/08/76
TEST RESULT 11.13 G/ 7.45 Ml = 1.48 G/MI

15.27.40

- SHADED REGIONS 5.56 1.10 6

B-M.E.P. (BAR)

VEHICLE 1362 KO MRSS, 0.80 SAM CHeF, 1.75 % ROLLING DRAG
TRANSMISSION AXLE/GERR COMBINATION NO. B
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B.-M.E-P. (BAR)

S CYL. N.A. 130 CID
FUEL CONSUMPTION (KG/H)

764.0 SEC HIGHWAY TEST DATE 15/09/76
TEST RESULT 810.15 6/ 10.25 Ml = 39.89 MPG
SHADED REGIONS 408.52 83.46 M

15.49.37

VEHICLE 1362 KOG MASS, 0.80 SUN CHeFs 1.75 % ROLLING DRRG

TRANSMNISSION RXLE/GEAR COMBINATION NO. 8
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S CYL. N.A. 130 CID
AIR TO FUEL RATIO

764.0 SEC HIGHWARY TEST DATE 15/08/76

TEST RESULT 764.25 S/ 10.25 MI

. SHADED REGIONS 389.37 78.25 M

B—H'E'Po (BnR)

VEHICLE 1362 KO MRSS. 0.80 SON CHxF.
TRANSMISSION AXLE/GEAR COMBINATIOGN NO. 8

'15.49.37
= 48.28 MPH

1.75 7 ROLLING DRAG
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B.M.E.P. [BRAR)

S CYL. N.A. 130 CID
HC - EMISSION (G/H)

764.0 SEC HIGHWAY TEST DATE 15/09/76 15.49.37

TEST RESULT 4.90 G/ 10.25 MI = 0.48 G/MI
SHADED REGIONS 2.45 0.53 6 '

VEHICLE 1362 KB NRSS. 0.80 SOM CWxF, 1.75 % ROLLING DRAD
TRANSNISSION AXLE/GERR COMBINRTION NO. B
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B-M.E.P. (BAR)

5 CYL. N.A.
AIR TO FUEL RATIO

764.0 SEC HIGHWAY TEST DATE 15/08/76 '15.48.37
TEST RESULT 764.25 S/ 10.25 Ml = 48.28 MPH
SHADED REGIONS 388.37 78.25 M '

VEHICLE 1362 KO MASS., 0.80 SON CHW=F.
TRANSMISSION RAXLE/GEAR CONBINATION NO. 8

130 CID

1.75 7 ROLLING DRAG
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B-M.E.P. (BAR)

S CYL. N.A. 130 CID
EMISSION (G/H)

HC -

764.0 SEC HIGHWAY TEST DARTE 15/09/76

TEST RESULT 4.80 G/ 10-25 Ml = 0.48 G/MI
SHADED REGIONS 2.45 0.53 6 :

1362 KB MASS., 0.B0 SOM CHeF, 1.75 7 ROLLING DRAD
TRANSMISSION AXLE/GEAR COMBINATION NO. 8

VEHICLE

15.49.37
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“8o0

B-M.E.P. (BAR)

S CYL
CoO -

. fi ° F] »

11.70 2.10 6
0.80 SON CHeF,

130 CID
EMISSION (G/H)

764.0 SEC HIGHWAY TEST DRTE 15/08/76
TEST RESULT 23.43 G/ 10.25 MI = 2.29 G/NI
SHADED REGIONS

VEHICLE 1362 KG MASS.
TRANSNISSION AXLE/BEAR COMBINATION NO. 8

15f49'37

1.75 % ROGLLING DRAG
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B.M.E.P. (BAR)

S CYL. N.A. 130 CID
NOX - EMISSION (G/H)

764.0 SEC HIGHWAY TEST DATE 15/08/76 15-49.37
TEST RESULT 14.72 6/ 10.25 M1 = 1.44 G/MI
SHADED REGIONS 7.08 1.20 G

VEHICLE 1362 KB MASS. 0.80 SON CWxF. 1.75 % ROLLING DRAG
TRANSMISSION AXLE/GEAR COMBINATION NO. 8
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Noise Level (DB(A))

NOISE EMISSION

GOLF D NO. 1 WITH 50 HP PRODUCTION DIESEL

Idle Noise 79 dB(A) exterior
58 dB(A) interior

Left Vehicle Side Right Vehicle Side
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NOISE EMISSION

GOLF D NO. 2 WITH 50 HP PRODUCTION DIESEL

1dle Noise 79 dB(A) exterior

56 dB(A) interior

Right Vehicle Side

Left Vehicle Side
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- 90

Noise Level (DB{A))

Left Vehicle Side

NOISE EMISSION

GOLF D NO. 3 WITH 50 HP PRODUCTION DIESEL

Idle Noise 79 dB(A) exterior
55 dB(A) interior

Right Vehicle Side
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NOISE EMISSION

GOLF D NO. 4 WITH 50 HP PRODUCTION DIESEL

1dle Noise 80 dB(A) exterior
54.5 dB(A) interior

mph

Full Load Acceleration

Noisé Level (DB(A))

Left Vehicle Side Right Vehicle Side
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Noise Level (DB(A))

g0

60

NOISE EMISSION

GOLF D NO. 5 WITH 50 HP PRODUCTION DIESEL
wet surface
Idle Noise 81 dB(A) exterior

56 dB(A) interior

Left Vehicle Side Right Vehicle Side
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NOISE EMISSION - ;

GOLF D NO. 6 WITH 50 HP PRODUCTION DIESEL i
wet surface : o

Idle Noise 81 dB(A) exterior - O
55 dB(A) interior

Noise Level {DB(A})

Left Vehicle Side Right Vehicle Side
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Noise Level (DB(A))
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NOISE EMISSION

GOLF LD NO. 1 WITH 50 HP PRODUCTION DIESEL

Idle Noise 79.5 dB(A) exterior
© 54 dB(A) interior

Right Vehicle Side
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Noise Level (DB(A))
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NOISE EMISSION

GOLF LD NO. 2 WITH 50 HP PRODUCTION DIESEL

Idle Noise 81 dB(A) exterior
53.5 dB(A) interior

Left Vehicle Side

Right Vehicle Side
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NOISE EMISSION

GOLF GLD NO. 1 WITH 50 HP PRODUCTION DIESEL

Idle Noise 78.5 dB(A) exterior

Left Vehicle Side

Right Vehicle Side
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‘NOISE EMISSION

GOLF GLD NO. 2 WITH 50 HP PRODUCTION DIESEL

Idie Noise 83 dB(A) exterior
§5.5 dB(A) interior

mph

Full Load Acceleration

Noise Level (DB(A))

mph

Constant Speed

Left Vehicle Side Right Vehicle Side
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Noise Level (bB(A))
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NOISE EMISSION

GOLF GLD NO. 3 WITH 50 HP PRODUCTION DIESEL

on wet surface.

Idle Noise 80 dB(A) exterior

54 dB(A) interior

Right Vehicle Side

Vehicle Path.(ft)
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NOISE EMISSION

GOLF GLD WITH 70 HP TURBOCHARGED DIESEL

Gunfire background

Idle Noise 79.5 dB(A) exterior

Right Vehicle Side

Left Vehicle Side
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NOISE EMISSION

RABBIT D WITH 70 HP TURBOCHARGED DIESEL

30 mph cruise in 2 nd. gear.

Right Vehicle Side

Left Vehicle Side
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Noise Level (DB(A))
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NOISE EMISSION

IRVW WITH 70 HP TURBOCHARGED DIESEL

Idle Noise 74 dB(A) exterior
‘56 dB(A) interior

Right Vehicle Side

Left Vehicle Side
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Noise Level (DB(A})
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NOISE EMISSION

GOLF GLD WITH 50 HP N.A. E.G.R. DIESEL

Idle Noise 73 dB(A) exterior
51 dB{A) interior

Left Vehicle Side

Right Vehicle Side
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NOISE "EMISSION
GOLF GLD WITH 70 HP TC E.G.R. DIESEL

Idle Noise 76 dB(A) exterior

54 dB(A) interior

Left Vehicle Side

50....

Right Vehicle Side
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Right Vehicle Side

NOISE EMISSION
GOLF GLD WITH 70 HP TC H,0 DIESEL
1dle Noise 81 dB(A) exterior

Left Vehicle Side
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NOISE EMISSION

AUDI 100 WITH 5 CYLINDER N.A. DIESEL

Idle Noise 75 dB(A) exterior

55.5 dB(A) interior

Right Vehicle Side

Left Vehicle Side
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NOISE EMISSION

GOLF WITH 50 HP GASOLINE ENGINE

Idle Noise 74 dB(A) exterior

Right Vehicle Side

Left Vehicle Side

o
wn

uo}DJ3J320y PDOT |ind

ydw Q a ydw Q

~3 ™

paadg jupjsuo)

30

1]

A T HET
N [ b 4L q [
RS
AT TTT 3 Juhukiidn
- 1 4-4 + - e ad Y, e o 4
L il W\X\JM¢

T
T
Y
M

et

e <
1
T
1
M1
i
=t
'

AR
t
+
L
!
T

]
11

I
. 1
Py
WA
LR IR
IS0\
30 Y
e Al )
i
i Pt
paaens
1 ;
T T
1|
H
|
ot
iy
T

g G A

8 MERELELEN 1AL ol [ THHENR

4444144 ] - - H HH I3 MRS uv\\\.n.i...nn\. _Hr -1+
T | T Ranuknanahll ne s nZEndanpnnhagVignuabivien
4 + 14444 : Had e T P |-+ W

T [T T .._‘. mwvf. .1..5 I 117 1r1WmILLP1I m. IN 4 [
(LT

| R BT HHHHHH R FER RS H A
ST T I paas T T
RSN [ edi]imankals +

LT L T R R S -
RN R G
1T T ” LT jay w w.

LT w ml_ll.
T I e dd AR RE A RN A TisnE i
T W H TR r 4 THET
i T T T R T
I Tl R i e T (R
i wfﬁ, R R HH S T
T LE #y.f.ﬂf.- TR T EERgaap LAY (ERS

80

o
w wn:

((v)aa) 13a27 esloN

o o
[ w

0 100 -100 0 100

-100

Vehicle Path (ft)

192



NOISE EMISSION

GOLF L WITH 50 HP GASOLINE ENGINE

Idle Noise 71 dB(A) exterior

" Right Vehicle Side

Left Vehicle Side
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NOISE EMISSION

GOLF GL NO. 1 WITH 50 HP GASOLINE ENGINE

Idie Noise 76 dB(A) exterior

Right Vehicle Side

Left Vehicle Side
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NOISE EMISSION

GOLF GL NO. 2 WITH 50 HP GASOLINE ENGINE
Idle Noise 75 dB(A) exterior

Left Vehicle Side Right Vehicle Side
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‘Noise Level (DBIA])

80,

NOISE EMISSION

GOLF GL NO. 3 WITH 50 HP GASOLINE ENGINE. - -
Idle Noise 75 dB(A) exterior

Left Vehicle Side Right Vehicle Side
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NOISE EMISSION

OPEL D WITH 60 HP PRODUCTION DIESEL

Idle Noise 83 dB(A) exterior

Left Vehicle Side

Right Vehicle Side
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NOISE EMISSION

PEUGEOT 504 WITH 65 HP PRODUCTION DIESEL

Idle Noise 80 dB(A) exterior

50..

Right Vehicle Side

Left Vehicle Side
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Noise Level (DB(A))
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MERCEDES 300 D WITH 80 HP PRODUCTION DIESEL

NOISE EMISSION

Automatic Transmission

Idle Noise 81 dB(A) exterior

Right Vehicle Side

Left Vehicle Side
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APPENDIX B
REPORT OF NEW TECHNOLOGY
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The work performed under this contract, while leading to no new -
inventions has provided a detailed characterization of the engines studied
with emphasis on fuel economy, emissions and driveability.
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