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Excerpt from LNG Express, Vol. V, No. 8, August 1995. Reprinted with the consent of LNG Express,
The leading Source of Information on Emerging LNG fuel Markets, Zeus Development Corporation, P.O.

Box 272505, Houston, TX 77277-2505.
With gratitude— Energy Conversions, Inc.
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Inc., has made

Through its ability to overcome technical limitations, Energy Conversions,

ly

hampered the viability of converting

10US

to

101S.

T

tion

i

1CQa
tations that prev

ppl

In add

The key to ECI’'s success has
large engines to gas,

ionary a
mathematics, marketing, finance

enngineering, computer science,
and graphic design.
been its ability to overcome

technical 1

to natural gas use.

*

1€I1CE 111 INArilrlc

Iines

d rebuilding. ECI per-
sonnel consists of experts in many

and industrial diesel engine parts,
service an

Minn., and Commercial Sales, Inc.,
of Tacoma, Wash., which has more

fields, including mechanical

than 30 yvears exper

in 1984.

1011 11

its format
ECI was founded by Industrial

ty of large, heavy-duty engines for both mobile and stat
Trade Exchange, Inc. of Savage,

Energy Conversions, Inc. (ECI),

varie

1H1ES SINCC

ts mark in the field of converting diesel eng
converting a pair of locomotives for Burlington Northern, the company has converted a

natural gas retrofit conversions for
medium- and high-speed diesel en-

has managed the development of

g

luding LNG. Prevailing

engineering wisdom had
been that no modified diesel

1T1C

T A
R R R
SRR
SRR RS

u......
HEm L E
R R
R T T e
Higered LB HEU R
e

=

"

=

P
Theakizt

=

:

:

1

TR

R

i

engine would ever be able to
horsepower on natural gas

produce full diesel

oy

ey
e
-
2L

o

e

S s

-

g ﬁﬁmﬁ%mﬁmﬁ%% R

e
R e .
m;.ﬂﬂwv ﬁ%:ﬁﬁmﬁww?ﬁﬁ =t
e e e e o
TR e

R ey e e H

He e

s
it
ii

e
-

S S

-

-
i
=

e

FEEEE
ﬁ}} o

CHIeiHT
ik

e
sy
Liaci

s
oAk

TS RR RN
e (e v eV e s B o o B
m u.-.r.nﬁ - ...r.nM-.Ww ..-.r.nﬁlw.. u...r.rmu.wu.r.r
e e
: R bt

=
i

i
A

L

i
s

i

wramee
o
m
i

-
-

-

5
¥
H

A

1
4
i
et
it
o
30
i
b
i

=

=

-

-

E

-

Ed

-

-

-

-
e A e T

e
i
&
?ﬁ?m
At
=%

b5

=
T
i
i
i
H“’E

3
E
33
i

-

15
i

bt e
L
R g
e R
: e A
S R e b

R R R R
L 7

,; E;:E;a:?:;:
e - S ] e St u..n.o-o-n.”rrm
e e
R R T e
{ﬁﬁm Et] R H et
< - By ST =) L L
s TR T
ﬁﬂﬂlﬂ ﬁmmu...r.n.ol?...nmwh .rl.m..r.n =" ...rﬁ-.
: CHETR TR R e
s :
e R R e R i
SR
- = S Ll - et el
o SRR i T R
gt R R e R
R e P R i il e
T oS L A T
b aEt e
ey Mﬁ.r:.nﬁqv :;.o..w.w..mﬁ.ﬂi.....n B
e e e e S e
S mrnn e i
P R e
SRR
LR R S R SR e
T e I
iy =3 vvm PETEor Rl ek o
s AR e e
L e
IS e wERILEEL SREmI I
: TEE R L
e

BRIy (TR

o s

A e ey .:..mwm,. ey
S T fEiviae
TR e fees e i
H R R e gt

sl

Braaith PR,
..ﬁwy..r. Jaa#vwﬁ-ﬁwmf&-ﬂvu; ErES n
Saeana P e e e b
e B e e S = a4 Sempiadiial
ey o s b R
R T A e e, SRSt
s b R e
EeREEE T L e e e
R e
e
T
SRR L R R T
: R e e
BT e s e ER T T s R T

WL - A e v,....nwvv...u.qw:ﬂ ﬂ..om
- wr-ME S e S R e

SETT s e T

T 1.F:ﬁ%%uﬂmﬁmmﬁm»méwnsﬂ

:

;
<
MR
TR R T
LT e T O
sArEERIE R R
i
L

b
SRS R T T

Sl S

mEIET L e e
s T e e e
e T R R
gt b v e e e
u...nmuﬁ.." wn." ol ..-."."m....."ﬂlwv .".r-.wn...r.r.r ...,..,.H...aﬁ....r
S e R s e
b R T,

-
<
=

i

5
i

e L T L R L N R

i
i

;

SRR SRR R
S ey

:

<

e

AR e e e gy
SR R R
.........ﬁ....:.... ..M.,..r......“nuﬁ..:,.wﬂ..rr:”.“mwﬂm M
Emw:mw:hx:.r;.&;ﬁ;ii
H

s ) R L R A R S T A R e
m..w.ln..ﬁ ww.m.ﬂ.uo.w Mmﬁv..ﬂ.??v.. ..Muw.un.v b ;MW?}MWW%
=

e U e e T R e T N S T e

Pl ey
P g
it ian o

=
I

apkh I R T e e T
Wwv.n v.n.anv..n.o.v ...nﬁnw.r .n&.m.. MM.vvbmﬁw.M
SR T
- u...n.oﬁu_..r.n.o.rlw.... amev.r
< [ mana....aaﬁn...awﬂm....r H].....aaujm....[awj..MWww..M.o.rnww{?a
e ﬁwru iwrﬁuiuhum M bk b Lo
i
ey
::

b

3%
so

=
E
H
-
-
<
=
-
<
=
3

,
;
TN
e e R B
....u.r..m e T N e T o T o o T T o T A e ﬁw
M e

i
e S R
i

<
=
=

:
B
:

w
;
i

r..mmm N s B A A b A
et R R SR
i LR R e
e e e
Rttt e e
GBI e e R e
R e B
R e e R e
M ..r.r.r e ....r.r.rlh.“-.r.r.r.r-.. wimﬁwiﬁf\ﬂw{
SoEE S S S S

SrEEERTEI R

e e

e TR e

S

S TR R TR TR D
R
t mfeh,senfik:.mﬁiﬁmﬁmmwé;é

SR G R R
gy

e s
u.-...nﬂ ﬁﬂu.-o.un

e

-

=
-
"
-
-
=
E
-
i
=
E
=
i
i
i

:
R
=
;

et L P N o N e T et

e R T g

el e A e, e o S A N B R AN 3y
.E.mx =

SRR e

ey

R e R T e

T e o e e

i
e T S S
B

e i Pt

T

e e A e A v e, R A A A -
EraRn R E LR
R R e
AR L L e
e e,
SR
e e R R B

mmmmu;ﬁﬁm%ﬁﬁﬁ
e
et e
R
SRR R R R
B b e

ﬁhiuiimiixifﬁiigxi
mgﬂwweﬁmﬂﬁﬁmﬁmﬁﬂw;imﬂﬁwﬂﬁ
R i S R TR R S R
e

e e N B At e R

RESHIERE G

Ed

-

=

<

-

=

H

H e e hon u...nwrlwwﬂm
S S R
H

-

-

<

=

Ed

-

=

SEREEn T
Bl
AR

s s S e
e e s
3 R :

B
eI e

e A
e e

%ﬁﬁ%ﬂmﬁ o
HEeEad %ﬁﬁﬁﬁ?ihﬂﬁ :
[ ks bdipsm ot bm o ey o
SRR T e k
R P PR
T T e
e e L A
pps H.”#L.x.r 3 pr;
i e MmELEmmmﬂ :
e
S PR T
s SRR e e e R
o SR Mﬁmwwwﬁ
oot SHEHas e e R
: R i

i

;

e

i
e
gﬁ-ﬁg%
e
S
B

d to make a diesel

because modifications

B
et
B
=

TEiho

L
H H
FEERER e
(ARt
A EERIE R Ny
PRt
anviiAINE
CiEnaamaan
PRt
TLELIRILY
...... PRt
Ga e RRATREIENE
TRRLVITEIRT R
PR
HER Rt Ay
STRTITERITIEN
PR
RVRIRRTIIAY
prEinEn Ty
Javalaa i
hemiliianEy
RRTITATTILRRE
IR g Jeah o
BTN
RS TR
LaldiaLELn
AR TR
B o
TRILIvINIY
fRRvIEY
BN e dIED
cann e RIREATIED
H
5
M
e T
PR
FEFEORE Rttt e
R Rl ik
Ll csrantannand
At bt deimior
P iineieagbial
..

B
o
-
-
=
R
e {{'ﬂ'g

H .. -
PR )
R A
wor e s e
L ARV
e e sl
Ea s
EE AR A v
A e i,
R o Fab et e}
R R T
R S
e e R )
e R e A e e
R R
R e e R e
R e el o oo
W e s
S R NN AR R RN

B EEE R

-

it
TR

suitable for natural gas
operation decreased

require

K-

ERETarr

tput to the

extent that a derated gas

IMaximmurin ol

-

-

S

A

August 1995

engine will generate only 50
to 75 percent of total diesel
power. Gas therefore never
gained much serious
consideration as an alterna-
tive fuel for high-consump-
tion transportation uses,
either from big-engine
manufacturers or from tuel

customers.
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for a range of 1,600 miles.

402-2 locomotive powered by a | 6-cylinder EMD Model 645 E3B engine.
engines

The tender car behind it carries enough LNG to fuel a pair of these

Burlington Northern installed the ECI dual-fuel convers



Pistons and
Cylinder Heads

Electronic
Control Unit

' Pilot Fuel Control

Low Emission ldle

Source: Energy Conversions, Inc.

Convinced that tull diesel power
could be developed by a converted
engine, the company set out alone
to prove the point.

If accomplished, it would
mean literally a brand new era in
rail power, and high-consumption
transportation in general, since
natural gas would finally become an
economically sound option for large- '
engine use.

ECI’s technology, first
introduced in 1988, enables the
converted engine to operate at full
original diesel horsepower; previous
conversion systems sacrificed
horsepower to use gas.

The ECI conversion system
described in the table above
converts the General Motors
Flectro-Motive-Division (EMD)
model 645 medium-speed, high-
horsepower engine. This two-cycle
diesel is extremely versatile,
providing power in applications as

August 1995

ECI Conversion Kit Components

varied as rail locomotives,
stationary electrical generators,
industrial installations such as ore
crushing or irrigation, and marine
propulsion.

Each of these uses involves
slight differences in engine
configuration, since each needs to
optimize different performance

characteristics of the basic engine.

The conversion kit has been
engineered to accommodate the
requirements of a wide variety of
applications. Its flexible modular
design enables ECI to tailor a
conversion system to the needs of
the end user.

The resulting gas admission

system has a air-fuel ratio of 26:1.

The gas admission system provides
a homogenous fuel-air mixture,
somewhat leaner than
stoichiometric, resulting in full
diesel horsepower from a lean-burn
combustion system. ECI engineers

LNG Express

Ensure gas/air mixing, and along with the adjusted compression ratio ensure good combustion. Cylinder head
is designed to accept the standard diesel injector, along with the ECI gas inlet valve.

Gas Inlet Valve Provides a reliable method of metering and injecting gas into the cylinders. It is a pneumatic device, electrically

actuated, whose timing can be precisely controlled by electronic means.

Controls critical engine functions such engine speed and, in locomotive applications, generator excitation, while
monitoring engine temperatures and pressures for safety and data logging purposes. Incorporates constant electronic
and mechanical equipment checking into a comprehensive safety system, designed to switch the engine immediately
to full-diesel operation in the event of an irregularity, without service interruption. |

Employs an electronically controlled device that attaches to the governor/fuel rack linkage to enable engine to run
equally well on full diesel or on natural gas at operator discretion.

Improves pollutant emissions at low engine speeds while in full diesel operation. An electronic controller and
mechanical linkage cause the engine to alternate left and right banks of cylinders. Even wear and load is maintained,
but fuel consumption is reduced by 15%, reducing emissions during idle.

optimize the piston crown shape to
provide better gas/air mixing than
stock pistons provide.

ECI is perhaps best known for
supplying the conversion technology
for Burlington Northern’'s BN 7890
and BN 7149, the first full-
horsepower natural gas locomotives
in the world. Burlington Northern
agreed in 1988 to
purchase a conversion, with the
stipulation that ECI meet the full-
horsepower goal.

The $15 million project involved
eight years of work. Field trials of
the BN 7890 and BNGT 100 began
in February 1992. ECI engineers
began work by developing a new
type of gas injection valve and
electronic valve sequencer, They
then converted an eight-cylinder test
engine, outfitting it with the latest
in data acquisition and sensor
technology.

A testing program unveiled a



need for new piston and cylinder
head designs. ECI developed new
designs that enabled the engine to
operate with equal fuel efficiency
in both diesel and gas modes.

Following an extensive 500-
engine-hour durability test, field
trials of the BN 7890 and BNGT
100 began in February 1992.
Following the field trials, the
completion of unit BN 7149 and
tender BNGT 101 was undertaken.

Both BN 7890 and BN 7149
were subsequently fielded in BN’s
coal service between Decker, Mont.,
coal mines and Superior, Wis., ship-
loading coal dock. Both locomotives
and tender 101 continue to operate
on Burlington Northern.

Railroad Conversions among
Many ECI Projects

In Addition to the railroad
work, ECI has performed natural
gas conversions on large, low-speed
Chicago pneumatic generator for the

Hawaiian research and development
firm Unisyn. In this conversion, ECI
attached Impco gas carburetors and
designed and applied the conversion
technique. | .

Another project involved
maintenance and overhaul of ship
engines for the National Oceanic
and
Atmospheric Administration
(NOAA). The work included main
engine and generator repair , and
was performed in Dutch Harbor,
Alaska and Lake Union in
Seattle. Engine overhauls included
EMD, Fairbanks/Morse, Caterpillar
and Detroit Diesel Corp.

The U.S. Navy is also a client.
The Naval Facilities Engineering
Command Contracts Office awarded a
contract to ECI to convert equipment
and for technical services associated
with converting diesel engines into
dual-fuel engines. In addition, ECI
performed dual-tuel conversion on a

high-speed - 200 HP Caterpillar 3208
diesel truck engine, complete with
micro processor controls.

ECI also rebuilt engines and
pumps on the Bima gold dredge —
the world’s largest — in Tacoma, and
maintained in Nome, Alaska, for West
(Gold, Inc.

Armed with patented designs for
conversion system components —
gas inlet valves, electronic control
units, and pistons and cylinder
heads — ECI pursues a future of new
engine conversion challenges.

ECI's advances in technology help to
improve LNG’s practicality as a
heavy-duty motor fuel.

Excerpt from LNG Express, Yol. V, No. 8, August 1995. Reprinted with the consent of LNG Express, The leading Source of Information
on Emerging LNG fuel Markets, Zeus Development Corporation, P.O. Box 272505, Houston, TX 77277-2505.
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