" REBUILDING THE

ALY,

ROY BERNDT, CONTRIBUTING EDITOR

rberndt@enginebuildermag.com

he B-series Cummins engine may potentiall
g Yy p Y
go down in history as the single most impor-

tant engine development project, strategic
market share gain and opportunity for diversi-
fication partnerships in Cummins history.

The Cummins B-series is a family of four- and six-
cylinder inline engines known as the “one-liter per
cylinder” in both the popular 3.9L four-cylinder and
5.9L six-cylinder engines. The B-series is widely used in
many segments, including pick-up trucks, buses, military
vehicles, marine and construction equipment resulting
in millions of engine sales.

The first engine (a four-cylinder B) rolled off the line
July 1, 1983 and the focus by Cummins was to manu-
facture a “bulletproof,” trouble-free diesel, especially
with the vivid memories of the troubled “V” engine
series in their recent history. The 3.9L engine began its
MY in 1984 as an agricultural engine for use in Case
equipment. The B-series was actually a joint venture
between Cummins and the (troubled at the time) Case
that imitated a new company called Consolidated Diesel

not have a diesel pickup like Ford and GM, the deal was
done and the 5.9L B engine would go into the 1989
Ram pickups. Chrysler did not have the engineering staff
available nor with diesel experience so the responsibility
fell on Cummins with nearly 20,000 engines built in
1989. Cummins actually had to prototype the first 30
vehicles for Chrysler with a new subsidiary called
Cummins On-Time Assemblies (COA). It marked the
first time that a medium-duty diesel engine had been
used in a light duty truck. This was the only diesel that
had a GVW rating of 66K limit.

Everything that anyone will ever need to know about
any Cummins diesel engine can be found using the CPL
(Control Parts List) on the engine data plate. The CPL
identifies the performance of that engine and related
parts, including the rated power at rpm and fueling rate.
For the 5.9L it can be found on or near the driver side of
the timing cover; combined with the engine serial num-
ber you’ll have all you need to know for a full “birth cer-
tificate” with DINA information.

In doing the research for this article I was pointed

Corp (CDC).

The B-series engine family was
a huge departure from Cummins’
typical large diesel core competen-
cy — and a huge gamble that paid
off, resulting in more than 20 per-
cent of Cummins’ current total
production. As a result, Cummins
took a huge step toward liberating
itself from total dependence on the
heavy-duty engine market.

Initially, Cummins needed one
or more high—volume customers in
the intensely competitive automo-
tive field to realize success or the
losses would be of monster propor-

tions. After nearly a four-year pitch
to Chrysler, which at the time did

Cummins block.

Figure 1 First design 6BT 5.9L “12 Valve”

Figure 2 Second design ISB 5.9L “24 Valve”
Cummins STORM block.

10 ENGINE BUILDER | November Engine Rebuilding Tech Guide 2008




Figure 3 The small white cooling nozzle
on the top was used pre-1991; in 1991
Cummins went with a higher volume oil
pump and switched to the larger nozzle
shown on the bottom. Regardless of the
model year of the engine, the use of the
larger nozzle with the higher volume oil
pumps is recommended.

toward a book The Engine That
Could by Jeffrey Cruikshank and
David Sicilia that outlines the 75
years of Cummins history. It is a
great read and I would highly rec-
ommend it for anyone in the auto-
motive engine industry. In this arti-
cle we will focus on the six-cylinder
5.9L engine that most of you would
be familiar with in the Dodge Ram
pickup applications. Overly simpli-
fied, there are two engines: the orig-
inal design (two valves per cylinder)
and the ISB (Interact System B-
Series) with 4-valves per cylinder.

Cylinder Blocks

The first cylinder block design for
the 6BDT 5.9L (aka the Cummins
“12-valve”) was the first member of
the B-series family to be used in a
light-duty truck. The first series
engine block, although developed in
1983, was used in the Dodge Ram
beginning in 1989 through 1997
and-a-half.

Much of the engine’s prolifera-
tion had to do with fuel injection
pumps and not block casting. The
difference between this engine and
the second design are clear when
you look at the blocks side-by-side
(Figures 1 and 2, page 10). While
there are a lot of casting numbers for
this block, for ID purposes they are
basically meaningless: it is the visual
ID that is important.

The second design block, the

Figure 4 The upper most crankshaft is the first design used from 1983-1997.5 and from
1999.5-2002 for Dodge applications. The crank in the middle is the second design with
the crankshaft position sensor trigger ring that was used from 1997.5-2002 for non-
Dodge applications. The lower inlay shows the that the trigger ring is two pieces and can

easily be replaced without crank removal.

Straight Thread O-Ring Metric (or
STORM), was used beginning in
1997.5 through 2002. This block
was also used in 2003 and newer off-
highway applications.

In 2003 the common rail fuel
system awas released which used a
different block (not pictured) and
continued into the introduction of
the new 6.7L engine in 2007.This is
the ISB 24-valve engine block appli-
cation and has numerous compo-
nents bolting directly to the block
for maintaining compactness as well
as NVH. It produced up to 235 hp
with the Bosch VP-44 fuel system
and 325 hp with 610 ft. Ibs. of torque
with the common rail fuel system.

Again, there are many casting
numbers but visual ID is the manner
in which you will determine what it
is that you have. As before, those dif-
ferences are clear when looking at
Figures 1 and 2.

Crankshafts

The first design crankshaft is forged
steel with induction-hardened jour-
nals and eight flywheel bolts. The
thrust flange is on the number 6
main journal. This crankshaft was
used in the “12-valve” engine begin-
ning in 1983 and was used from

12 ENGINE BUILDER | November Engine Rebuilding Tech Guide 2008

1989 through 1997.5 and 1995.5-
2002 in the Dodge Ram applica-
tions. The difference is obvious and
apparent when looking at Figure 4,
above.

The second-generation crank-
shaft is forged steel and induction
hardened as well. It also has 8 fly-
wheel bolts and includes two dowel
pin holes for flywheel location. This
crankshaft was used from 1997.5-
1999.5 for Dodge and 1997.5
through 2002 for non-Dodge appli-
cation.

In Figure 4 you’ll notice the
slightly different relief as well as
other differences. This crankshaft
uses a bolt-on crankshaft position
trigger ring, which is manufactured
in two pieces. It could actually be
replaced in-chassis if it needed to be
done that way.

Connecting Rods

The earliest connecting rod used in
the 5.9L Cummins has a hole in the
top of the tapered pin bore and a
matching bushing for lubricating the
bottom piston crown. This connect-
ing rod wrist pin area design uses a
tapered pin bore connecting rod.
Cummins has since replaced the
wrist pin bushing with one that no



Figure 5 The first and second connecting
rod designs were identical except for the oil
hole in top as shown in inset. The third
design rod has additional material in the
forging at con rod bolt boss. All connecting
rods use a tapered pin boss area.

longer accommodates the lubricat-
ing hole so the first design becomes
fully interchangeable with the sec-
ond rod.

At the crankshaft end of the con-
necting rod the use of a common
upper- and lower-half rod bearing is
worth noting since the third design
does not have this design. This is a
forged steel connecting rod with a
“tongue and groove” type parting

line that was used in 1985 and 1986
but never got to the Dodge Ram.
See Figure 5 and Figure 6 (left and
right).

The second design connecting
rod is the same as the first except it
has no oil hole in the top of the pin
bore. It does have a different casting
number, but as with most Cummins
components it is not necessarily the
identifier you would search for. It is
the oil hole in the wrist pin bore that
tells all. The non-drilled rod is the
only one used in Dodge ISB appli-
cations (see Figure 5 and Figure 6).

The third connecting rod design
is also forged steel but the parting
line is a “cracked” design. This rod
however does not use the same
upper and lower rod bearing because
the bearing locator tabs are on the
same side of the rod since both the
upper
machined in a single operation. This

and lower halves are
rod also has additional material on
the beam of the forging in the area
for the rod bolt boss. This rod was

used beginning in 2002.5.

Camshafts

The first camshaft design used a
press-fit cam gear and was as-cast in

e

Figure 7 The first design camshaft (top left) is as cast between the first main and first
lobe where the second design had a rolled radius (top right). The bottom picture explains
the hole for the additional bolt for strengthening the cam bore.
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Figure 6 The first and second series rods
have “tongue-groove” design rather than the
“cracked” parting line of the third design.
The third design rod also has mirrored
machined bearing tangs and uses two differ-
ent bearing halves between upper and lower
(see inset).

the area behind the first main jour-
nal and the first cam lobe (see
Figure 7, below). As the power out-
put and engine rpm increased, this
area proved to be the weak link of
the cam and some breakage did
occur. In 1991 a bolt was added to
the center of the cam to strengthen

Figure 9 The upper image shows the early
design seal with sharp machining edges in
spring pocket area. The lower images shows
top hat type seal with radius spring pocket
area.
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Figure 8 First design “12-Valve” cylinder head with intake swirl specifications cast into
head (top) and six individual rocker covers (bottom).

Figure 10 The second series “24-Valve” ISB engine uses “cross over” bridges to activate

two valves with one rocker.

the nose. It also had a fuel pump
lobe in the middle of the camshaft.
The basic cam design was used from
1983-1994.

The second design camshaft
incorporated a shot peened and

rolled radius in the area between the
the front main journal and the first
cam lobe to strengthen the cam
(Figure 7). When the ISB was devel-
oped, it used an electric fuel pump
and the fuel pump lobe was
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removed. The ISB cam was used
from 1997.5-2002.

Cylinder Heads

There are two different cylinder
heads found on different engines.
The first design is the “12-Valve”
and will have many casting numbers
more than what you really what to
get into. But identification is really
easy because Cummins was kind
enough to cast the swirl ratio speci-
fication in 2” numbers right on the
intake box side of the head. The
quickest way to identify the early
head, whether on the engine or in
the vehicle, is the 6 individual rock-
er covers (sece Figure 8, left).

The first design cylinder head
used two different valve stem seals.
First, it had a standard positive type
seal in which the valve guide and
spring pocket area of the cylinder
head had sharp 90-degree angle
machined areas that proved to be
stress risers and a potential cracking
area. The latter style used a top hat
type that
machined radius at the guide-to-

seal actually has a
spring pocket area eliminating the
stress risers (Figure 9, page 13).This
cylinder head was used from 1983
through 1997.5.

The second-generation head —
the “24-valve” ISB — has a single
rocker cover with the thermostat
housing mount cast into the head
(see Figure 10, left). This cylinder
head was used from 1997.5 through
2002. It uses the Bosch VP-44 fuel

Figure 11 Attempting to remove an
injector from an ISB head without first
removing the fuel line adapter will per-
manently damage the injectors



Figure 12 On the left, pistons for the 12-valve engines; on the right, pistons for the 24-valve engines. See the article for descriptions.
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Figure 13 Oil coolers and gaskets can give you fits if used with
either extremely high or low oil pressure or in the incorrect combi-
nations

system. The fuel line adaptor is installed directly into the
cylinder head and is retained by the fuel lines. It has a
tapered seat on the end to seal into the fuel injector
without any type of gasket. Any attempt to remove the
injector without removing the fuel line adaptor first will
result in permanent damage to the injector and render it
useless (Figure 11, page 16). This design is also some-
what unique in that it is a single camshaft overhead valve
and uses “crossover bridges” that activate two valves
simultaneously; a design feature patterned after the NH
series Cummins heavy-duty diesel engine.

Pistons and Rings

The images in Figure 12 (page 17) explains it all. The
pistons on the left of the picture have an offset piston
bowl and are for 12-valve engines. The injectors enter
the combustion chamber at an angle; the design of the
bowl is optimized for the angle of the injector and allows
for the most efficient combustion cycle possible. Pistons
with a more pronounced curve on the outboard side of
the piston bowl are for the re-entry bowl design (to
cause the combustion gases to swirl in the cylinder) and

are used to achieve the newer (1994 model year) emis-
sions standards.

Also, Cummins released graded pistons (pistons with
different compression heights) to more accurately
achieve the correct piston protrusion to meet 1994 emis-
sion standards. (Essentially they compensate for manufac-
turing tolerances.)

The pistons on the right have a centered combustion
bowl and are for a 24-valve engine. The injector is cen-
tered above the piston; fuel enters the combustion bowl
at an optimized location. These pistons are also graded
for the same reason as listed above.

The top ring location can be closer to the top of the
piston or further away from the top of the piston
depending on the compression ratio required (based on
CPL) and is always in a ni-resist insert.

The second ring can either be installed in the alu-
minum piston body or in a ni-resist insert. Higher horse-
power engines, or engines designed for industrial appli-
cations will have a dual ni-resist piston design.

Dual ni-resist pistons will use dual keystone ring sets
(both top rings will have notches) that aid in preventing
combustion gases from leaking by the rings and into the
crankcase causing oil carry-over or blow-by.

The top of the piston can either be aluminum or
anodized. Anodized pistons are more robust and much
less prone to cracking. This is also determined by CPL.
The bottom line is that CPL and serial number will
determine what piston ring combination is going to be
used.

Covers and Coolers

The B-series engine could experience high oil pressure
spikes on cold start up (up to 130 psi), especially in low
ambient temperatures. The original design would take oil
bypassed by the oil pressure regulator and route it to the
oil pump inlet (dump-to-pump). To correct this, use an
oil cooler, oil cooler cover and oil cooler gasket that takes
the oil bypassed by the regulator and routes it into the oil
pan (dump-to-sump). See Figure 13 (left) for more
detail.

Cooler #1 is used as follows: Coolers with four-pas-
sage drillings have drillings at both the dump-to-sump
and dump-to-pump locations. These are nof to be used on
the ISB (STORM) blocks and are no longer produced
for production or service.

Cooler #2 is used as follows: Coolers with three-pas-
sage drillings designed for dump-to-sump lubricating sys-
tems can be used in a STORM or pre-STORM block if
the engine uses a dump-to-sump oil system.

Cooler #3 is used as follows: Coolers with 3-passage
drillings designed for dump-to-pump lubricating systems
can only be used on STORM or pre-STORM blocks
with a dump-to-pump oil system.

Gasket #A is for a STORM Block and can be easi-
ly identified by the “window” and slot in it.

Gasket #B is for a Pre-STORM Block.The cylinder
block, oil cooler, oil cooler gasket and oil cooler cover
must be matched up correctly. If not done correctly, high
oil pressure or low oil pressure will be experienced.
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About
Reviva

I have been in
many different
remanufacturing
facilities over the
years in the U.S,,
Canada
Mexico, and it is
not too often that
I get surprised by
one these days.

and

Reviva was one
of those that I
had been in pre-
viously, although
it has
number of years ago — and after these many years I was

been

very pleasantly surprised by the Reviva facility in
Minneapolis, MN.

After spending time there researching the Cummins
B-series engines it reminded me of a phrase that I
remembered from the movie “The Hunt for Red
October.” As the entire U.S. Navy was trying to figure
out how a Russian Captain was going to defect with
the newest technology submarine, one of the U.S. offi-
cers basically said, “the Russians don’t (do anything)
without a plan.”

Crude phrase aside, that is Reviva. There is nothing
that happens within that facility without a plan or being

Reviva not only grinds but balances 100% of its diesel
crankshafts. The inset on the top shows all grinders with a
vapor evacuation system of both the wheel housing and the
immediate grinding surface area. The inset on the bottom
right shows that all cranks go immediately from the grinder
to a separate and independent washing system on a con-
veyor network.

www.enginebuildermag.com | ENGINE BUILDER

Nothing is left to chance at Reviva during assembly. On the left are all the engine sub-assemblies, right
down to every bolt and nut needed. On the right is an engine on the dyno stand and an empty cart. If
everything is used then nothing was left out.

planned out prior to it being done. The facility’s air qual-
ity and cleanliness and “everything has its place” environ-
ment is nothing less than stellar and without the help of
Bruce Baker (Technical Marketing Manager) and the
hospitality of Josh Stahl (Vice President) this article
would not have been possible.

Reviva’s structure is segmented to serve two distinct
markets, oft-highway and on-highway. Within those
markets, Reviva has OEMs, national fleet accounts and a
network of independent distributors as customers.

Reviva has mixed model production facilities with
single piece flow. This model allows the company to
produce a large variation of unique part numbers in a
short amount of time. The company also has the abili-
ty to engineer improvements into remanufactured
products that extend life while also reducing operating
costs and emissions.

Reviva is an independent, lean-focused engine
remanufacturer. With more than 140 employees at two
production facilities, the company remanufactures 20
different makes of diesel engines. Reviva has been on its
lean journey for more than four years now and says it is
committed to providing the highest quality product and
services with the shortest lead-time. For information,

visit www.reviva.com. EBTG
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