7/16/24, 11:42 AM Engine Professional Q123

The Puzzle of
Engine Failure Analysis

Do you like puzzles? Good, try your hand at this one...

BY STEVE SCOTT

What’s the first thing you do when you
start a new puzzle? You look at the front
of the box, so you have an idea of the
entire picture, then you start to lay out
the pieces and look at everything. You
study colors, shapes and edges. The same
thing happens when you are presented
with an engine failure case. You build the
puzzle by laying out all the parts, organize
the facts, think logically through them,
document your findings and see how the
pieces fit.

Attention to detail is a key factor in
engine failure analysis and a hands-on
approach will often find the root cause.

What’s the matter with this picture?

. o Here is a little background information to help see if you can find the cause of this failure:
Hint: There are four visible clues. To make This was a Cummins ISX engine in a Freightliner truck. Engine had over 900,000 miles on it, and

this more interesting the damage on the the history of previous repairs or rebuilds is unknown. Engine was in-frame overhauled and ran
fractured surfaces of the rod are not part less than 40 miles before the #3 piston and connecting rod destroyed the cylinder block.
of the equation. There are no ECM records of low engine oil pressure or high engine temperatures.
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There is an ugly sinking feeling when a shop owner or Kudos to those of
technician sees an engine they had just finished coming back in the  you that have figured
yard on a tow truck. What could have happened so quickly? The it out already but let
root cause of this Cummins ISX failure may surprise you and it is the rest of us keep
one that rebuilders and parts departments need to be aware of. going.

Here is a little background information to help see if you can Looking at
find the cause of this failure: the bigger picture,

removing the
cylinder head found
the #3 cylinder

was destroyed and

® This was a Cummins ISX engine in a Freightliner truck.

* Engine had over 900,000 miles on it, and the history of
previous repairs or rebuilds is unknown.

* Engine was in-frame overhauled and ran less than 40 miles the cylinder block
before the #3 piston and connecting rod destroyed the cylinder was cracked. Since
block. there was less than 40 miles on the engine, the question remains
® There are no ECM records of low engine oil pressure or high whether the piston or liner was defective or out of specifications?
engine temperatures. Upon closer look, the cylinder head was damaged, but all of

the valves were intact. So dropping a valve was not the problem.
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There was a piece of the APR ring
jammed into the head. Did the APR ring
fail? If you skip ahead to the conclusion
of this article you forfeit any remaining
kudos.

The entire ring carrier of the piston
crown had broken off. There was heavy
impact damage. The piston and rod were
still attached to the crankshaft.

A 20-ton press was needed to get the
piston pin out of the connecting rod.

The pin and rod bushing welded
themselves together. The primary damage
was near the center of the pin and
secondary damage near the ends of the pin
and to the pin bosses of the piston.

The bushing in the rod had spun and
was blocking the oil supply. There was
heavy adhesive damage.

The rotation of the bushing caused it
to contact the inside of the piston body.

The piston still
articulates on the
pin, but the pin
will not move. Was
that evidence of a
defective piston pin,
piston or reuse of a
bad connecting rod?
No, the puzzle has
not been solved.

(continued)

N
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Back to the beginning
photo, whenever you see
damage to an engine bearing it
is a good idea to look at all the
other bearings to see what clues
they may provide.

Pictured right are all six of
the connecting rod bearings.
The #3 bearing was from the
failed cylinder. Do you see
anything odd in these photos?
There are two major details
they all have in common.

Did you find them? If not,
take a look at the close-up
photos (far right) and [ think
you will see what [ have been
leading up to. No cheating, we
are almost to the end.

(continued)

NO ONE KNOWS ENGINES
BETTERTHAN IPD

IPD specializes in manufacturing and distributing engine kits and parts
for on-highway, construction, power generation, drilling,
marine, oil and gas and industrial markets. Reach

out to our knowledgeable team with any question

and we will help you find what you need.

= Engine rebuild kits

* Piston kits

» Bearings, gasket sets and ring sets
* Head bolt kits

» Lower-end gasket kit

IPD Products for On-Highway Engines

3116, 3126, 3208, 3306, 3406, C7, C9,
C10,C12,C13,C15

Cummins: ISX and 1SX15
Detroit: 60 Series and DD13, DD15

Caterpillar

180 9001: 2015 Certified

IPD HEADQUARTERS

23231 Normandie Ave.

Torrance, CA 90501 310.530.1900
sales@ipdparts.com

All manufacturers’ names, numbers, symbaols and descriptions are for reference only. It is not implied that any part is the product ipdparts.com n @ Ynllm

of the manufacturer. Caterpillar®, Detroit Diesel™, Cummins™ and Waukesha® are registered trademarks of their respected owners
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Alignment tabs
have been flattened

Bearing shell

does not have
the corner tab

F !.‘

The alignment
tab is gone

!
i

The abnormality that each of the connecting rod bearings had
in common was the alignment tabs were gone and each bearing
had spun in the connecting rod. This damage was not due to lack
of lubrication or lack of torque of the rod bolts.

What is the solution to this puzzle?

The problem is the design of the connecting rods do not match
the design of these rod bearings. There are two difterent types of
connecting rods used in ISX engines, “saw cut” and “fractured”.
These terms describe the mating surfaces between the connecting
rod and rod cap. “Saw cut” rods have been used for years, and
“fractured” rods are the newer technology (released in 2012).
Cummins allows for these rod types to be mixed in an engine, and
if a rod has been replaced all the connecting rods may no longer
be the same design. You can have any combination within the six
rods. Matching the correct connecting rod bearing to the correct
rod is critical.

Where the real problem comes in is if someone is not paying
attention to the details. Did you find the four clues in the beginning
photo?

This cut rod bearing was installed in a fractured rod! The free
length of the saw cut bearing allows just enough tension to hold
itself in a fractured rod during assembly, and that is the root cause
of this failure. A very expensive oversight.

96 JAN-MAR 2023 engineprofessional.com

https://engineprofessional.com/2023EPQ1/

Each bearing has
spun in the
connecting rod

Bearing
is not
centered

The oil hole is
misaligned

/ Fractured Bearing

Alignment Tab

=

A fractured connecting rod has a 0.032" larger bore for the rod
bearing than a saw-cut rod.

* Fractured rod bore spec is 3.9221" to 3.9236"

¢ Saw Cut rod bore spec is 3.890" to 3.891"

That added clearance allowed all the bearings to rotate in
these connecting rods without seizing. Operating forces flatten the
alignment tabs, and the rotation blocked the oil supply to the rod
bushing (small end) and pin.
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Fractured rods and bearings have an alignment tab, but also a
folded corner. Since a saw cut rod does not have the corner relief a
fracture rod bearing cannot be installed in a saw cut rod.

Unconvinced? Are you wondering “how can a piston and rod
that are still connected to the crankshaft ventilate the cylinder
block?” The answer to that lays in the design of the cylinder block
and liners. ISX engines use a “mid-stop” liner, meaning the liner is
held at the top and mid-way down on the liner. This design leaves
the lower section of the liner unsupported by the cylinder block.

Sideloading Force
Unsupparted -

Unsupported
area of the liner
-

To recap what we know so far in this investigation:
® The rod bearings are the incorrect design.
* All the rod bearings have spun and are blocking the oil flow

in the connecting rods up to the rod bushings small end) and piston

pin.

e The piston moves freely on the piston pin, but the pin does
not move in the connecting rod.

The restriction in free movement caused by the bushing
rotation, the lack of oil and the seizure of the pin caused excessive
side loading of the piston against the liner. The unsupported lower
section of the mid-stop cast iron liner cannot withstand the side
loading force at the bottom of the piston stroke breaking the liner.

Without the liner to guide the piston, the piston rocks over and
catches underneath the lower counter bore of the cylinder block.
At that point things get real sad real soon and the piston and rod
destroy the cylinder block.

I
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One last snippet of information before we bring this journey to
an end. As mentioned in the beginning, there is no way to know
for sure which design connecting rods and bearings you will need
until the engine is disassembled. Once you can see the bottom of
the connecting rods there is a way to tell them apart. The fractured
rods have a hole in the cap that the saw-cut rod does not have.

i.
5

Fractured
Rod

That brings us to the end of this journey. The hard part is
finding the right pieces and then the puzzle starts to come together
completing the picture. Sadly, this engine also wound up in a box
like a puzzle.l

Steve Scott joined the service department at IPD

in 1982, working with parts, service and sales for
a variety of equipment, diesel, and natural gas
engines. Since 2004, he has been the director of
product development and technical support for IPD.
For more information, email sscott@ipdparts.com.
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