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Conference Antitrust & Confidentiality Notices

Antitrust Notice

The purpose of this meeting is to discuss and strategize efforts of The Transport Project (TTP) and its
members. This meeting is open to TTP members and registered guests only. Nothing in this meeting is
intended to result in unlawful agreements, explicit or tacit, between competitors, to fix prices, limit

production, allocate markets, establish discriminatory industry codes and standards, or otherwise
unreasonably restrain trade.

Confidentiality Notice

Participants are free to use and share the information received or discussed publicly during this me&&fng.

IS not recording this meeting or using artificial intelligence (Al) to transcribe the meeting. All Al transcription,
notetaking, or recording applications separate from those that would be deployed by TTP with participant
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Speaker

A Chad Fohne is the Fuel Delivery System
Engineering and Integration Leader at

Chad Fohne Cummins Inc., where he leads the global

development and integration of fuel delivery

Fuel Delivery System Engineerin iR AEA I LR UG NI

: brings deep expertise in gaseous fuel
and Integratlon Leader tech%ol_ogigs argd plays agkey role in
: advancing low and zero-carbon solutions for
Cummins, Inc. on-highway engines.

A Chad spent 13 years with the Cummins
Westport joint venture in roles spanning
service engineering, customer support, and
product integration for or}hl?hwa / hatural gas
products. He later led the integration of the
Cummins X15N into key OEM platforms and
now focuses on enabling scalable hydrogen
and natural gas fuel systems to support the
energy transition. Chad holds a Bachelor of
Science in Automotive Technology from
Southern lllinois University.
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A15 years of lubricants

Jason Schaben experience
National Account Manager, HF

Sinclalft&SItEC AMLT 1 Certified
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Maintenance Best Practices

A Ignition System Maintenance
A Genuine Parts

A Purpose and Scope of Lubricant Best
Practices

A Cooling System Maintenance

A Fuel System Requirements and
Recommendations

A Cold Weather Operation
A Q+A
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Ilgnition System Maintenance

X15N

A Spark Plugs : 60,000 Miles or 1200 Hours

A Spark Plug wires: 120,000 Miles or 2400 Hours
ISX12N

A Spark Plugs: 1000 Hours (Normal Duty Cycle) & 750 Hours
(Severe Duty Cycle)

A Coil Extension: 10,000 Hours or 500,000 Miles
LON

A Spark Plugs: 1500 Hours or 45,000 Miles

A Coil Extension 10,000 Hours or 300,000 Miles

Cummins.



Causes of Misfire Faults

Root Cause of Misfire must be isolated using Fault Codes, Inspection and testing.  Cummins.



Ignition System Misfire (Causes)

Arcing along boot-coil interface

Two basic causes of an ignition system misfire.

1. The coil has insufficient voltage to jump the plug
gap.
1. Worn Spark plugs
2. Low coil output due a damaged or
malfunctioning coil
2. The spark plug gap is no longer the path of least
resistance for the voltage to reach ground.
A Punctured coil or spark plug wire
A Flashover/tracking

If the misfire is a result of damaged coil or tracking in
the coil or boot. Replacing the spark plug may
temporarily fix the issue, by reducing voltage demand.
But if the underlying issue is not resolved, misfire will
come back before sparkplug maintenance interval

Cummins.



Ilgnition System Best Practices

Keep the spark plug clean!!

Oils, Dirt and Grease will reduce the dielectric strength of the coil to plug seal increasing the risk of tracking or
flashover. Using a magnetic spark plug will minimize carry over of oil and dirt from previous changes. If the
socket does become dirty, clean the socket before the next use.

Use the correct tool to check the gaps. Do nategapthe plugs. Risk of damage to the precious metal pad if
using the wrong gauge and/oregapingthe plugs

Follow the recommended maintenance interval. Operating spark plugs beyond the enaf-life gap increases
the ignition colls duty cycle and increases the risk of unplanned downtime due to misfire.

Always inspect the Coils, extensions, and spark plug wires during the maintenance event. Missing tracking,
punctures, and cracks in the ignition system components will result in reduced maintenance intervals. Refer to

Service bulletin Ignition Coil Malfunctions

Always Use Genuine parts from a reliable source.

AVIATION SPARK PLUG

022 GAP GAUGE
www arcraft-tool.com
-

Cummins.


https://quickserve.cummins.com/qs3/pubsys2/xml/en/bulletin/4383630.html

Genuine Parts (Spark Plugs)

Always use genuine plugs from a reliable source
Failures from nongenuine and will fit spark plug

A Thread galling
A Improper thread plating

Flashover
A Lower dielectric strength

A
A Increased wear
A

A Inferior precious metals

Damaged ceramic
A Reduced robustness to thermal cycles
A Lower installation torque capability

A Incorrect starting Gap
A Reduced spark plug life
A Increase risk of misfire from beading.

A Insufficient Heat Transfer to the cylinder head
A Increase risk of preignition

A Inferior spark plug boots
A Thermal shrinkage
A Seizing to spark plug insulators
A Reduced dielectric strength

Cummins.



Genuine Parts (Ignition Coills)

Lower maximum output voltage

A Some will fit parts have shown to have up to 40% lower
spark voltage output

Lower spark energy

A Some will fit parts have shown to have up to 20% lower
spark energy.

Non-serviceable components

A Coils found without serviceable boot or extensions.
A Requires full coil replacement

Lower quality connecter pin material

Cummins.



X15N Ignition System Improvements

Inductive ignition system with higher coil output.
T More spark energy improves combustion at low loads
T High coil output compared to previous capacitive ignition IsSN
systems up to 40kV Coil on side

Insulator dielectric capability - allows plug to take advantage of
available system voltage of 40kV
Reduced spark plug operating temperatures _
T Improved spark plug life B & onto col
Coil on side design ’
T Reduced Coil temperatures, increased coil life.
T Reduced wear on coil connectors pins and connectors

Ignition
Coil

Cummins.



Overhead Set

X15N

A Initial: 1200 Hours or 60,000 Miles

A Subsequent: 3600 Hours or 180,000 Miles
ISX12N

A Initial: 1000 Hours or 50,000 Miles

A Subsequent: 3000 Hours or 150,000 Miles
LON

A Initial: 2000 Hours or 30,000 Miles

A Subsequent: 2000 Hours or 60,000 Miles

Failure to adhere to overhead reset intervals can result in
misfire and cylinder head damage.

As valve lash decreases the valve may no longer
be able to fully seat. This will result in loss of compression
driving misfire.

Reduced valve lash will also reduce the time the
valve is in contact with the valve seat reducing the time for
the valve to dissipate heat to the head and increasing the
valve temperature.

Cummins.



Purpose and Scope of Lubricant Best
Practices

Engine-Specific Lubrication Needs

Natural gas engines require unique lubrication due to spark ignition and fuel
type, differing from diesel engines.

Cummins CES 20092 Specification

Lubricants must meet CES 20092 standard to address oxidation, nitration, and
catalyst compatibility challenges.

Critical Maintenance Practices

Proper oil selection, viscosity control, and timely oil changes are essential to
protect engine durability and emissions.

Benefits of Best Practices

Following lubricant best practices maximizes engine life, reduces downtime, and
ensures warranty compliance.




Use Only CES 2009%pproved
Natural Gas Engine Oll

Mandatory CES 20092 Oils

Using CES 2009aapproved oils is essential for Cummins natural gas engines,
regardless of operating conditions.

Formulation Benefits

CES 20092 oils have lower ash, improved oxidation resistance, and additives to
protect spark plugs and valves.

Risks of Using Diesel Oils

Using diesel engine oils can cause spark plug fouling, valve wear, piston damage,
and reduced catalyst efficiency.

Fleet Maintenance Simplification

Standardizing on CES 20092 oils simplifies maintenance, reduces risk, and
ensures consistent engine performance.




Recommended Viscosity Grades and
Operating Considerations

Preferred Viscosity Grade

SAE 10W30 is recommended for natural gas engines due to faster cold start oll
flow and improved fuel efficiency.

Alternative Viscosity Use

SAE 15WAO0 is acceptable in warm climates, severe duty cycles, or fleets with
established maintenance practices.

Maintenance and Consistency

Viscosity choice must meet CES 20092 standards anshould not replace proper
oil analysis or drain management.

Operating Condition Factors

Ambient temperature, duty cycle, idle time, and fuel quality must be considered
when selecting viscosity grade.




Oll and Filter Change Discipline

Mandatory Filter Replacement

Filters must be replaced at every oil drain interval to prevent oil flow restriction
and engine wear.

Engine Protection

Clean oll protects critical engine parts like camshafts, valve trains,
turbochargers, and pistons.

Follow Drain Intervals

Adhere to manufacturer drain intervals, adjusting only with oil analysis data to
maintain engine health.

Consistent Service Practices

Consistent oil and filter servicing reduces failures, improves reliability, and
lowers maintenance costs.




Track Engine Hours in Addition to
Miles

Importance of Engine Hours

Tracking engine hours is critical for natural gas engines with significant idle time
to prevent oil degradation.

Risks of Sole Mileage Tracking

Relying only on mileage can lead to extended oil use causing oxidation,
corrosion, and deposit formation in engines.

Hours-Based Maintenance Strategy

Maintenance should be triggered by engine hours, fuel consumption, or
combined metrics to extend engine life.

Training and Awareness

Training planners and drivers on hourbased service ensures timely
maintenance and reduces downtime.




Use Olil Analysis to Manage Drain
Intervals

Oil Sampling and Monitoring

Regular oil sampling monitors oxidation, nitration, viscosity, wear metals, and
contamination to assess oil performance.

Validating Drain Interval Extensions

Drain interval extensions must be validated through consistent, trendbased
analysis under similar operating conditions.

Early Issue Detection

Oil analysis helps identify abnormal wear, coolant ingress, or oil consumption
before engine failure occurs.

Supporting Cost Control and Risk Reduction

Integrating oil analysis into maintenance programs promotes cost savings,
reduces risk, and supports datadriven decisions.




Fleet-Level Best Practices and Standardization

Standardized Lubrication Practices

Using CES 2009zapproved natural gas engine oil across all maintenance
sites ensures consistency and protects engine additive balance.

Preventing Oil Cross-Contamination

Inventory management and controls help prevent accidental mixing of
diesel oil in natural gas engines, reducing operational risks.

Monitoring Oil Consumption

Tracking oil consumption trends alerts fleets to potential engine or
maintenance issues, improving proactive management.

Technician Training and Audits

Training on lubrication needs and routine audits ensure correct
practices, maximizing engine life and compliance.

PETRO-CANADA

LUBRICANTS

Cummins.



Cummins NG Oll and Qll Filter Change Intervals

X15N
Fuel Consumption based intervals

0il Drain Intervals(1(®
Fuel Consumption

. . ) Extreme Severe Severe Short Haul Normal
0il Classification ] ’ ! ]
<1.27 km/liter [ < 3 mpg ] 1.27 to 2.1 km/liter [ 3 to 4.9 mpg | 2.11o0 2.5 km/liter [ 510 5.9 mpg ] > 2.5 km/liter [ > 6 mpg ]
Cummins® Engineering Standard 24,000 km 40,000 km 81,000 km 97,000 km
(CES) 20092 [ 15,000 miles ] or 1000 hours [ 25,000 miles ] or 1500 hours [ 50,000 miles ] [ 60,000 miles |
24,000 km 48,000 km 89,000 km 105,000 km
[ 15,000 miles ] or 1000 hours [30,000 miles ] or 1500 hours [ 55,000 miles ] [ 65,000 miles ]
1. Use distance value or hours value found in the table, whichever comes first.
2. Refer to Procedure 018-003 in Section V on oil type and grade.

ISX12N

A 1000 Hours

LON

A CES 20092 Oils: 1000 Hours

Cummins.



Oil and Oll Filter (Best Practices)

A Follow oil drain intervals in service literature Oil Level Check Tips:
unless operating on an approved oil drain A Be sure the vehicle is parked on level ground.
extension A Allow 15+ minutes for the oil to drain back to the oil pan
A Cummins sets oil drain intervals to before checking the level. In testing we have seen it take
ensure consistent oil performance. 20-30 minutes for the oil level to stabilize in the pan.
A Remove maximum amount of used oil at each A The oil level measurement can be off by up to 1 gallor
drain. (ISX12N Dual Sump) if adequate time is not given.

A Use CES 20092 registered oil (list is available on A Only add oil if the level is below the ADD line.
QuickServeOnline) A Overfilling can cause oil consumption and increased

A Cummins QuickServeOnline CES20092 fuel consumption.
Registered Qils

A Prevent unnecessary idling
A Sample oil to identify units of interest and \ Acceptable |

prevent progressive issues —— OverHllledi e ot Ad e :

Engine QOil Analysis Interpretation B | FLI R Saes

_—

Cummins.


https://quickserve.cummins.com/qs3/qsol/service/serviceproducts/oil_registration_20092.html
https://quickserve.cummins.com/qs3/qsol/service/serviceproducts/oil_registration_20092.html
https://quickserve.cummins.com/qs3/qsol/service/serviceproducts/oil_registration_20092.html
https://quickserve.cummins.com/qs3/qsol/service/serviceproducts/oil_registration_20092.html
https://quickserve.cummins.com/qs3/qsol/service/serviceproducts/oil_registration_20092.html
https://quickserve.cummins.com/qs3/pubsys2/xml/en/procedures/00/00-378-013.html

Cooling System Maintenance

LON, ISX12N, & X15N Coolant intervals up to 6000 hours with ELC/OAT Coolants.
It is critical to know the type of coolant to ensure the correct maintenance intervals are followed.

Coolant
Table A Glycol Check SCA
Replacement
Coolant Type  Additive Type Interval (hrs) Test Strip Refractometer Interval (hrs)  Test Strip Interval (hrs)
_ CC2602
Conventional SCA CC2602 CC2602A 1500
CC2602A CC2806 500 CC2602B
Hybrid SCA 1000 CC2602B CC2602M 4000
CC2602M CC2602AM
Hybrid Organic CC2602AM N/A* N/A 4000
- CC8998
ELC/OAT Organic N/A N/A 6000
*If extender is used, follow coolant manufacturer's guideline

Definitions:

« ELC - Extended Life Coolant
« OAT - Organic Additive Technology

Do not mix coolant types, Ensure coolant used to top off coolant is the same type of coolant in the vehicle.

If multiple coolant types are used in your fleet, make sure they are labeled and techs are trained which coolants are usedtfe
various applications.

T Use labels to identify coolant used in the spesific vehicle.
Standardize coolant used across fleet depos and maintenance facilities if possible Cummins.



Cooling System Maintenance

A Use a REGISTERED coolartummins works with
fluid suppliers to collect data to ensure that the
product will provide adequate performance in our
products

A Use a coolant registered against the right
specification for your applicationt Cummins natural
gas engines REQUIRE coolant meeting CES 14603
per Service Manual 5411406, Fluids for Cummins
Products

A Know your coolant!T Coolant maintenance
practices and testing requirements will change
based on the coolant being use& Coolant color is not
a good indicator of coolant compatibility or coolant
additive technology

A Test your coolant at least once per yearCoolant
testing can help identify & prevent progressive
issues

Engine Family Relevant CES

Diesel ISV5.0

QST30, QSK/K38, QSK45, QSK/K50, QSK60, QSK78)

, : : CES 14636
B Series gasoline engines
Diesel 12 L, ISX12N, I1SX12 G
Diesel 15 L, X15N
Diesel X10 CES 14439
Diesel and Natural Gas B-Series engines except B4.5 and B Gas Plus
QSF3.8
Industrial and Marine QSK/K19, QSK23, QST30, QSK/K38, QSK45, CES 14648
QSK/K50, QSK60, QSK78 and V903
All Other Engines (Including Power Generation QSK/K19, QSK23, CES 14603

Cummins.




What Can happen if proper coolant maintenance Is not
followed?

= Cylinder Liner Pitting

Generalized Corrosion

= Water Pump Failures

Leak trace was found

Cummins.



Fuel System Requirements and Recommendations

Fuel Filter Maintenance
A X15N
Fuel Consumption based intervals (Up to 60,000 Miles)

Fuel Filter Change Interval
by Fuel Consumption

Aligned with 0Oil Classification

Extreme Severe

Severe

Short Haul

< 1.27 km/liter
[<3mpg]

1.27 to 2.1 km/liter

2.1 to 2.5 km/liter

[3to 4.9 mpg] [5t0 5.9 mpg]
81,000 k89,000 km
Cummins® Engineering Standard 24,000 km 40,000 km [ 55,000 miles ] 97,000 km
(CES) 20092 [ 15,000 miles] [ 25,000 miles ] m [ 60,000 miles ]
[ 50,000 miles ]
Valvoline™ Premium Blue™ One 24,000 km 48,000 km 89,000 km 105,000 km
Solution™ Gen?2 [ 15,000 miles] [ 30,000 miles ] [ 55,000 miles ] [ 65,000 miles ]
. . . 24,000 ki 48,000 k 89,000 k 105,000 k
High Pressure Coalescing fuel Filter! .m _m .m : m
[ 15,000 miles] [ 30,000 miles ] [ 55,000 miles ] [ 65,000 miles ]
1-If equipped with Cummins Clean Fuel Technologies™ Fuel Delivery System.

A ISX12N

Low Pressure Filter (if equipped):

Drain: Daily

Replace: 1000 hours
High Pressure Filter*

Drain: Weekly

Replace: 1000 hours

A LON
Low Pressure Filter:
Drain: Daily
Replace: 1000 hours
High Pressure Filter*
Drain: Weekly
Replace: 1000 hours

* If equipped with a Cummins Clean Fuel
technologies fuel delivery system

Cummins.



Fuel Filter Maintenance

The fuel filters provide two critical functions

a. Prevention of dirt and debris from entering
the high-pressure regulator and engine fuel
system.

b. Prevention of oil from entering the engine fuel
system.

The fuel filters are designed to prevent normal levels
of oil from migrating to the enigne.

If increasing levels of oil are found in the filters. The
fuel station must be notified and inspected to
ensure proper operation and maintenance.

Drivers should inspect the fuel nozzle for signs of oil
when refueling. If oil is present at the nozzle notify
the station and do not fill vehicle until the source of
the oil is addressed.

Cummins.



Cold Weather Operation

Do not use cold starting aids . Cold Starting aids
increase the risk in intake manifold backfire.

Ensure coolant is at the proper concentration

Where possible use coolant and oil heaters if
temperature falling below OF

Ensure that batteries are in good operating
condition. Batteries are an oftenroverlooked
component of vehicle starting systems. The
batteries cranking capacity is reduced in cold
weather as the required cranking power is increased.
Ensure that batteries are kept charged and parasitic
draws are kept to a minimum. Check battery
connections for signs of corrosion and poor
connections. Check the health and age of your
batteries before winter and replace batteries that are
weak or damaged. In arctic conditions battery
heaters can be used to help maintain battery
temperature and ensure optimum performance.
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Cold Weather Operation

A Allow the engine to warm up . For better
performance and to eliminate the chance of fuel
system components freezing, start and allow the
engine to idle at low RPM for 5 minutes.

A Avoid excessive engine idle time .

A Engine shutdown protocol following excessive
idle time should include a short period of high
idle.

Use shutters or wind fronts

o Do

Refer to Operation of Automotive Natural Gas
Engines in Cold Climates for additional
Information.

Cummins.


https://quickserve.cummins.com/qs3/pubsys2/xml/en/bulletin/4332709.html
https://quickserve.cummins.com/qs3/pubsys2/xml/en/bulletin/4332709.html

Helpful Links

Spark Plug Reuse Guidelines

Ignition Coil Malfunctions

Red Engine Lubricating OH CES20092

QuickServeOnline | (5411406) Fluids for Cummins® Products Service Manual
Operation of Automotive Natural Gas Engines in Cold Climates

Analysis and Prevention of Bearing Failures

Cummins.


https://quickserve.cummins.com/qs3/pubsys2/xml/en/bulletin/4383578.html
https://quickserve.cummins.com/qs3/pubsys2/xml/en/bulletin/4383630.html
https://quickserve.cummins.com/qs3/pubsys2/xml/en/tsb/2020/tsb200005.html
https://quickserve.cummins.com/qs3/pubsys2/xml/en/tsb/2020/tsb200005.html
https://quickserve.cummins.com/qs3/pubsys2/xml/en/tsb/2020/tsb200005.html
https://quickserve.cummins.com/qs3/portal/service/manual/en/5411406/
https://quickserve.cummins.com/qs3/portal/service/manual/en/5411406/
https://quickserve.cummins.com/qs3/portal/service/manual/en/5411406/
https://quickserve.cummins.com/qs3/pubsys2/xml/en/bulletin/4332709.html
https://quickserve.cummins.com/qs3/pubsys2/xml/en/bulletin/3810387.html
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X15N Product Updates

CHAD FOHNE
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CUMMINS, INC.

TRANSPORT PROJECT



X15N Product
Improvements
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XISMN  Launch Improvements

Early Launch Issues with Resolutions in place or coming

A Nuisance CELs
PP1 Calibration campaign released
A Calibration/Misfire
PP1 Calibration campaign released
A Early Assembly Checks
Campaigns released
A Wastegate Control Valve T HW change
Updated hardware included in PP1 campaign
A OEM Wiring Harness & Relayt Water Intrusion
TSB250042 & Campaign C7141
A Water Pump Leaks
Casting update to reduce weep hole to prevent debris intrusion.

Overall X15N Hardware continues to exhibit its robustness.

Cummins.



XISMNJ Calibration Updates

Aug 2024
A FP Launch

Aug 2025 (PP1)
FC1965 &1966
FC4747
FC1856
FC2964

Too J>o T To Do I

System Test

Misfire Fault Code Improvements
Enabled Base Engine & Aldandling

e R

Apr 2025

A FC2989

A FC2782

A FC125

A Low Power

PP2 (Est: Sept 2026)

A FC6297

A FC4747

A FC2723

A Misfire Fault Code Improvements
A Throttle Test Tuning Improvements

Cummins.



Water Intrusion in OEM Relays

Symptom: Possible no start and multiple fault codes.

Fault Codes: 459, 465, 2682, 3431, 5111, 6631, 6927, 11243, 12115, 12117, 12119, 12122, 12124, &
12126

Cause: OEM ignition control module relay orientation allowing water to enter relay connection &
OEM ignition coil/oxygen sensor relay orientation allowing water to enter relay connection

Support / Correction:

T Visually inspect the orientation of the OEM ignition control module relay. Reorient the relays to
prevent water from collecting in the relay. See TSB250042

Cummins. 47




FC2989- Wastegate Control Valve

Symptom: Check Engine Light
Fault Codes: FC2989 for low air flow.

Cause: Orifice size of the wastegate control valve was not optimized.
Under certain operating conditions the wastegate may not fully close.

Support / Correction:

T Step 6: Updated Wastegate control valve and mounting block.
Updated calibration tuning for wastegate control valve.

Implemented : 18-Aug-25

Improvements were released to existing engines as part of
campaignsC7131 & C7171

Turbine

iall

\

Exhaust
— —
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https://quickserve.cummins.com/qs3/pubsys2/xml/en/campaign/2071/c7131.html
https://quickserve.cummins.com/qs3/pubsys2/xml/en/campaign/2071/c7171.html

Intake Manifold Gasket
Misalignment:

Symptom: No customer complaints. Discovered during alpha engine
teardowns .

Fault Codes: None

Cause: Low clamp load of the manifold resulted in thermal growth and
contraction of the manifold. During the contraction phase the high
stress on the gasket resulted in gasket deformation and shrinkage

Support / Correction:

T Step 6:Increased torque value and revised torquing pattern in
production and service

Implementation: 18-Mar-25.

Improvements were released to existing engines as part of
campaign C7141

Cummins. 43


https://quickserve.cummins.com/qs3/pubsys2/xml/en/campaign/2071/c7141.html

Water Pump Leak

Symptom: Coolant Seepage from the pump or low
coolant faults.

Fault Codes: FC197

Cause: Upper vent bore hole size allowed for debris
to enter the pump. If sufficient debris builds up it can
cause damage to the water pump seal.
Support / Correction:
T Step 6: Reduction of the upper vent hole size.
T Implementation:
o0 Service: Parts available at MDC on 1&lar-26
o Production: Release in Process
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Spark Plug Wire Water Intrusion:

Symptom: Visible signs of rust in the sparkplug bore and, on the sparkplug,
and wire.

Fault Codes: Misfire faults possible

Cause: Engine washing of a hot engine results rapid cooling of the coil cavity
causing a vacuum that may pull past the seal thru the vent.
Support / Correction:

T Step 3: Cover the ignition components during engine wash. TSB
TSB250015

T Step 6: New plug wires with revised vent port are in the release process.
T Implementation: TBD

Cummins. 45



TSBs

Reflash ECM Calibration requirement after replacing Aftertreatment Outlet Oxygen Sensors
Reoccurring Fault Codes 4747, 5368, 5369, 6131

Engine Misfire Fault Codes with No Drivability Issues

Stumble and Misfire Incidents Caused by Condensation Ingestion from Charge Air Cooler: Fault Code 5914
and 6413

X15 EGR Cooler Condensation, Not Coolant

Occurrences of Fault Code 3367 Humidity Sensor Abnormal Update Rate

Spark Plug Water Intrusion: Engine Runs Rough or Misfires

OEM Ignition Control Module and Ignition Coil/Oxygen Sensor Relays Water Intrusion for Kenwtdhd
Peterbilt™ Trucks: Fault Codes 459, 465, 2682, 3431, 5111, 6631, 6927, 11243, 12115, 12117, 12119, 12122,
12124, 12126

Cummins.


https://quickserve.cummins.com/qs3/pubsys2/xml/en/tsb/2026/tsb260065.html
https://quickserve.cummins.com/qs3/pubsys2/xml/en/tsb/2026/tsb260008.html
https://quickserve.cummins.com/qs3/pubsys2/xml/en/tsb/2025/tsb250040.html
https://quickserve.cummins.com/qs3/pubsys2/xml/en/tsb/2024/tsb240091.html
https://quickserve.cummins.com/qs3/pubsys2/xml/en/tsb/2024/tsb240091.html
https://quickserve.cummins.com/qs3/pubsys2/xml/en/tsb/2026/tsb260070.html
https://quickserve.cummins.com/qs3/pubsys2/xml/en/tsb/2025/tsb250119.html
https://quickserve.cummins.com/qs3/pubsys2/xml/en/tsb/2025/tsb250119.html
https://quickserve.cummins.com/qs3/pubsys2/xml/en/tsb/2025/tsb250119.html
https://quickserve.cummins.com/qs3/pubsys2/xml/en/tsb/2025/tsb250015.html
https://quickserve.cummins.com/qs3/pubsys2/xml/en/tsb/2025/tsb250042.html
https://quickserve.cummins.com/qs3/pubsys2/xml/en/tsb/2025/tsb250042.html
https://quickserve.cummins.com/qs3/pubsys2/xml/en/tsb/2025/tsb250042.html
https://quickserve.cummins.com/qs3/pubsys2/xml/en/tsb/2025/tsb250042.html
https://quickserve.cummins.com/qs3/pubsys2/xml/en/tsb/2025/tsb250042.html
https://quickserve.cummins.com/qs3/pubsys2/xml/en/tsb/2025/tsb250042.html
https://quickserve.cummins.com/qs3/pubsys2/xml/en/tsb/2025/tsb250042.html
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Limited Owners Plan Account Benefits

A Access to allServicerelated documents for up to 5 ESNs
The customer registers the ESNs themselves.
The customer can change out £ E  of évery 6 months.

On-Highway Manual Access Cummins Power Gen Access
A Service A Access to the following manuals by entering a
A Troubleshooting and Repair GSN or performing a Plant/Model/Spec
A Fault Code / Symptom manual A Operators Manual
A O&M Manual A Installation Manual
A Owners Manual A Parts Catalog
A Wiring Diagrams A Wiring Diagrams

A Parts available at Parts.Cummins.com

Cummins.



Who Can Register for a Limited Owners Plan?

A Anyone with a unique email address not previously registered for QSOL

Steps to register:
1. Visit quickserve.cummins.com

2. §UWqS6 DWW ngWt RT JWYnWad JWGe | JecaqlWw Ow #

B Customer Login

Enter Site

Trouble logging in?

B Information

Create an Account

Related Links
Service Locator @

Cummins.



Registering for a Limited Owners Plan Account

1. NG WHz1t qY &Nl Ws RTTWAYWeet W0 WaVWe Wt qV1 1010H
Ez At #I RGqRYU

Click the Part Number
Add To Cart

Go To Cart

Login or Go to Checkout

o a0 b~ WD

Finish Transaction by
filling out the forms 90000000 @
necessary and check
email for setting up
QSOL account

QuickServe Online
Free Subscription

Price : $0.00

Cummins.
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Maintenance and Inspection of
CNG Fuel Systems

CHRIS CULBERSON
MANAGER CUSTOMER CARE
CUMMINS CLEAN FUEL TECHNOLOGIES

TRANSPORT PROJECT



Chris Culberson
Customer Care Manager

Cummins Clean Fuel
Technologies

A 11 years with Peterbilt Motors in Off
Highway Design Engineering and Field
Service

A 3 years with Custom Vehicle Solutions
In Engineering and Operations

A 10 years with Momentum Fuel
Technologies/Cummins Clean Fuel
Technologies in Engineering, Service,
Training

ABS in Mechanical Engineering from
Texas A&M University

i_tTI-'u.'ANSPORT PROJECT



The Transport Project| CNG Fuel System Maintenance & Inspection

Fuel System Inspections Requirements

ARequirements vs. Recommended Practices

AFMVSS 304 states each CNG tank mounted on a vehicle for use as a
motor fuel must have a label that states:

A This container should be visually inspected for damaged and deterioration after a
motor vehicle accident or fire, and either (a) at least every 12 months when installed
on a vehicle with a GVWR greater than 4,536 kg, or (b) at least every 36 months or
36,000 miles, whichever comes first, when installed on a vehicle with a GVWR less
than or equal to 4,536 Kkg.

AT YI'TRUDW gqcaqllt Wt 6Yedl wWHWWRUY GUHEqUIT We Ul
cylinder.

A No actual requirement or regulation requiring an inspection, and FMVSS 304 only
pertains to the CNG cylinder.

I:-ETI'«!ANSPCI!'I' PROJECT



The Transport Project| CNG Fuel System Maintenance & Inspection

Fuel System Inspections Requirements

ARequirements vs. Recommended Practices

ADOT requires a daily prdrip and post-trip inspection, as well as an
Inspection every 12 months by a qualified, certified inspector.

A A motor carrier must not use a commercial motor vehicle unless each component
identified in Appendix G of 396 subchapter B has passed an inspection at least once
during the preceding 12 months, and documentation of such inspection is on the
vehicle

A 4. Fuel System

a. A fuel system with a visible leak at any point
b. A fuel tank filler cap missing.

c. A fuel tank not securely attached to the motor vehicle by reason of loose, broken or
missing mounting bolts or brackets

I:-ETI'«!ANSPCI!'I' PROJECT



ACompressed Gas Association

Fuel Sy_stem ACGA G6.4 2025 Methods for
Inspections External Visual Inspection of

' Natural Gas Vehicle (NGV) and
Recommendations Hydrogen Gas Vehicle (HGV) Fuel

Containers and Their Installations
ACGAGZ IOM W= = Wn W q¢ aldt

regulatory requirements or in lieu of
vehicle manufacturer specifications,
the recommended minimum visual
Inspection frequency is once every 3
years or once per year for vehicles
greater than 4536 kg (10,00(b) for o
q6 Wi RN WY nWad JWHY U
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Fuel System ACylinder Manufacturer Requirement

: AU.S. Federal Motor Vehicle Safety
Inspecﬂons Standards (FMVSS) Section 304 requires

Recommendations

visual CNG cylinder inspections every
12 months or sooner.

Alnspectlons must be performed by
certified inspectors using guidelines
from the fuel cylinder manufacturer In
addition to the guidelines listed in this
manual

AlIf a CNGfueled vehicle has been
Involved in an accident or fire, the
system and cylinders must be inspected
by a certified (CGA @.4 or other) CNG
fuel system inspector

LtTI-'&ANSPORT PROJECT



Pr4 Levels

Fuel System APre-Service Visual Inspection

' ATh hi tion of the enti
Inspections CNG fuel system before the vehicle
Recommendations is placed into service

Alncludes removal of covers

APre-trip and PostTrip Cursory
Visual Inspection
ADaily pre-trip and post-trip

Inspection of the exposed surfaces
of the fuel system by the driver

ACovers for damage, PRD vent caps,
visible tubing

LtTI-'&ANSPORT PROJECT



A GeneralVisual Inspection
A Trained technician
A During preventative maintenance events
A Close examination of all system shielding

Fuel SyStem and readily accessible system
: components.
InSpeC’[IOHS A Toolless access panels opened, under

vehicle inspected, but covers not removed
If no damaged to covers is found

Recommendations

A Detailed Visual Inspection of the fuel system

TTPT 4 LEVELS, CONTINUTED A At time of required cylinder inspection

A Qualified/Certified CNG Fuel System
Inspector

A Thorough inspection of the entire CNG fuel
system

A Removal of shielding and/or the use of
mirrors and cameras to visually access all
components

A Clean cylinders forinspection

i_tTI-'u.'ANSPORT PROJECT



The Transport Project| CNG Fuel System Maintenance & Inspection

Fuel Cylinder Inspection Cleaning and Access

ACummins Clean Fuel Technologies

A Cummins Clean Fuel Technologies fuel systems must be installed, maintained
and inspected exclusively by qualified person.

A Cylinders must be visible and free of dirt and debris before beginning inspection

ALuxfer
A Before beginning any inspection, remove all dirt and debris from the cylinder
AHexagon Agility

A Cylinder AccessRemove shields, covers, and panels , where possible, to make
the cylinder surface visible

A The exterior surface of the cylinder should be washed prior to performing the
Inspection.

LETI'\'I\NSPCI!'I' PROJECT



The Transport Project| CNG Fuel System Maintenance & Inspection

Fuel System Inspector Qualifications

ACGA G6.4 5. Qualifications of inspector

AThe inspector of the container, valves, and PRDs shall have at least one of
the following qualification:

A Certification as an inspector by an accredited training provider to conduct an
iInspection of the cylinder, valves, PRDs, and vent lines.

A Documented approval by the manufacturer of the container being inspected.

A Certification as an Inspector by one of the organizations with fuel system specific
OEM¢ GGl Y211 Wal ¢ RURUNWHNDUqI + Ws Raé Wad IJW[ ] L
Inspection guidelines

A Certification as an inspector by a state or nationally recognlzed organization that
qlt qft WnY! W GUHRNRAW UYsGWI NIJWYnWe GG RACEH
Inspection guidelines, or

A Certification as an inspector by the authority having jurisdiction (AHJ)

I:tTRANSPORT PROJECT



The Transport Project| CNG Fuel System Maintenance & Inspection

Fuel System Inspector Qualifications

ANFPA 52 defines Qualified Person

AA person who, by possession of a recognized degree, certificate,
professional standing, or skill, and who, by virtue of education, training,
experience, or other special attributes, possesses expertise regarding a
particular subject matter, work, or project

LtTI-'&ANSPORT PROJECT



Fuel S ACGA G6.4 2025 Methods for
uel system External Visual Inspection of

Inspector NGV and HGV Fuel Containers

Knowledge and Their Installations
Requirements ACGA G6.4 5.1 Container and

Installation knowledge

AThe inspector shall have a complete
understanding of the types of
containers used in FG vehicle
systems and the specific allowances
for damage to each type

LtTI-'&ANSPORT PROJECT



The Transport Project| CNG Fuel System Maintenance & Inspection

Fuel System and Cylinder Inspections

Guidelines

AFuel System Inspections done per Fuel System Manufacturers
manual and guidelines.
Af OWe HY DURWDWY nWdcUencHqelt6ldl Kkt WaGcUe ¢ i

AFueI Cylinder Inspections are done per the Fuel Cylinder
GcUencHagel JI Kkt WNe RI 3G RUII

AFuel system and fuel cylinder manufacturer may be the same, but they
may also be different.

ANeed to verify the cylinder manufacturer and make sure to use the correct
manual.

AMo”st cylinders are similar, but may have different damage lever criteria

Af Ullc HY JURWD WY nWne B4 WH! GRUT 1JI Wad¢Uenc H
business and manual cannot be found, use CGA C6.4
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The Transport Project| CNG Fuel System Maintenance & Inspection

Fuel System Detailed Visual Inspection

Alnspection recommended at 1 year for vehicle above 10,000 GVW and 3
year/36,000 mile for vehicle 10,000 GVW or below.

Alnspect
AFill Receptacles and Caps A Filters
A Check Valves A Fuel Lines and Hoses, including routings,
A CNG Container Mounting fittings, retention devices and protection
A CNG System Mounting A Pressure Gauges and Pressure Transducers
A Valves and Valve Protection A Required Labels
A PRD and vent system A Defueling Valve and system
A Pressure Regulator A Shutoff Solenoid
A Coolant Lines A Start Interrupt
A Fuel System/Vehicle History A Electrical Harness routing
A Fuel Cylinders A Covers

I_ETI-'u.'ANSPORT PROJECT



Alnspection required at 1 year for vehicle
above 10,000 GVW and 3 year/36,000 mile

Fuel Cyliﬂder for vehicle 10,000 GVW or below.
Inspections

APer fuel cylinder manufacturer guidelines
AClean cylinders

ACuts, scratches and Gouges

A2 JGqdé WY nWct WiRaqaidlJWet LW
cylinder

AFire and heat damage
AChemical attack
ADebonding
ADelamination
AWeathering
AAbrasion

Almpact damage

LtTI-'&ANSPORT PROJECT



The Transport Project| CNG Fuel System Maintenance & Inspection

Fuel Cylinder Inspectionsissues Found

ATruck just bought from
auction

ANew operator that had never
run CNG

AAnother CNG maintenance
company had worked on

truck four days prior and
missed damage




The Transport Project| CNG Fuel System Maintenance & Inspection

Fuel Cylinder Inspectionsissues Found

A Truck just bought from auction
A PRD system plumbed incorrectly
A Most likely will not vent in event of

Integral PRD in valve

Remote PRDs behind Tank

Will not vent unless valveprd
activates AND one of the remote
AA?2kt WeHQR2C¢ qld




The Transport Project| CNG Fuel System Maintenance & Inspection

Fuel Cylinder Inspectionsissues Found




Fuel Cylinder Inspectionsissues Found

ACover panel bolt too long and caused level 3 damage.
A GGl Y¥#RGAGC qi! WOoN -




The Transport Project| CNG Fuel System Maintenance & Inspection

Fuel Cylinder Inspectionsissues Found

A Unused connector left unsecured and A Have found 3 with this issue in last
rubbed on tank until it cut through three months.
carbon bands. Level 3 damage.

A Had been missed by at least two
camera only inspections

N




The Transport Project| CNG Fuel System Maintenance & Inspection

Fuel Cylinder Inspectionslssues
Found

ABracket cracked and broke

ACould bounce and hit tank

ALevel 3 damage

AMissed by recent camera only inspection




The Transport Project| CNG Fuel System Maintenance & Inspection

Fuel Cylinder Inspectionsissues Found

Alncorrect tray from body manufacturer
AHard interference with tank ?;,/,— —
ALevel 3 damage =
AMissed by previous camera
only inspections

I—TTRANSPORT PROJECT



Refueling Station Maintenance
and Gas Quality Assurance

Graham Barker Matt Pope

Director, US Eastern Region & NGV OPS Manager
International Sales
ANGI Energy Systems Southern Company Gas

E THE
TRANSPORT PROJECT



Speaker

A Graham graduated from the University
of Leeds In England and has over 40

Graham Barker Pl kLT GIItJI RIJUA D LR
. . automaotive gaseous ailternate rtueis

Director, US Eastern Region & industry. AtgAN_GI he is responsible for

International Sales 8%86}53;'%@. region and international

ANGI Energy Systems

A Graham has been involved in CNG
proljects around the world. Duties
Included prototyping and mstalllng _
vehicle and engine conversions; design
and application of CNG compressors
and fueling systems; project
management of station installations
and sales and marketing of CNG
equipment. Graham joined ANGI
Energy Systems in March of 2014.

i_tTI-'u.'ANSPORT PROJECT



A Matt started his career in the in the

S peaker Automotive repair industry, solving

technical problems, diagnosing and

repairing complex mechanical systems at
M D 2@Yeral CP%%?LgleE/i |Ptckl)ud|ng rI?elta _

irlines. In , Matt began his career in

at olpie the utili%industr when hge joined Atlanta

Gas Light as a Fleet Mechanic and
NGV OPS Manager fransitioned to the NGV Department in
SouthernC G i
outherntompany Gas A Since joining the NGV department, he

rogressed through several positions of
eadership and was named Operations
Manager in 2025. Matt and his team have
successfully sustained 99+ percent
availability for the over 50 CNG stations
within the Southern Company Gas
maintenance portfolio across the
Southeast.

A~c¢caqaqlURt We WG XA HI! WY n LW
Development Committee, and in his spare
time enjoys spending time with his wife Niki
and their three children and "tinkering with
his projects"” restoring and repairing antique
machinery.

I_ETI-'u.'ANSPORT PROJECT



Refueling Station Maintenance
and Gas Quality Assurance

Graham Barker Matt Pope

Director, US Eastern Region & NGV OPS Manager
International Sales
ANGI Energy Systems Southern Company Gas
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Operational Perspectives and
| essons Learned from End
Users and Fleets

JASON VAN DEN BRINK BEN SCHILL JOHN TIQUET
CHIEF FINANCIAL CHIEF CORPORATE DIRECTOR OF FLEET
OFFICER DEVELOPMENT OFFICER SOLUTIONS
OZINGA ENERGY PAPER TRANSPORT WM
=

TRANSPORT PROJECT



Panelist

A Jason van den Brink is the Chief
Financial Officer of Ozinga Energy, where

Jason van den Brink Ee has servecl! for sf?vetn ¥e4%rsCNélrt19ak
: : : : nergy operates a fleet o rucks
Chief Financial Officer acrosgs}/ Arl?zona, with about half powered
: by the new Cummins X15N whiclare
Ozinga Energy able to haul 125,000 Ib. supertankers

A Beyond its fleet, Ozinga Energy builds

CNG fuelin?finfrastruc ure for

commercial fleets and produces
Renewable Natural Gas (RNG) for
vehicle use.

A Jasonholds a Master's in Management
and is a Certified Public Accountant. He
serves on the boards of several non
profit organizations. Outside of work, he
raises chickens and is an avid cyclist.

LTTIR’ANSPORT PROJECT



FLEET OVERVIEW

34 TRUCKS
e 15 KENWORTH T880 - X15N
e 21 KENWORTH T880 - ISX12N

~3-4 MILLION LBS MILK & DAIRY
PRODUCTS TRANSPORTED DAILY

ENERGY W\



Panelist

AThroughout his career, Ben has been

Ben Schill iInstrumental in advancing innovation
. In the transportation industry, helping
Chief Corporate Development drive the adoption of safety
Officer technologies, predictive analytics,
remote connectivity solutions, and
Paper Transport enhanced driver training programs

that improve communication,
engagement, and operatlonal
performance.

AToday, Ben focuses on identifying
growth opportunities that align with
ANf Kk ttethii strafeQy and values,
ensuring acquisitions strengthen
both the business and its culture.

i_tTI-'u.'ANSPORT PROJECT



35+ ~ 850
YEARS IN '@ DRIVERS

business

=

AREGIONAL

T ASHUTTLE &
= 750 | 33K+ | anous
S TRACTORS ¥=%  TRAILERS é:\II\IAI'TEURRI\?I(S

)

. FIR
$219 L 11 CAF
DD MIL ANNUAL U MIL FREIGHT gx

REVENUE MILES

Perweek

7777
P,’ @ A Dedicated Transportation Partner of the Green Bay P

PAPER TRANSPORT



Panelist

_ AJohn Tiquet is a corporate fleet
John Tiquet manager for WM in the Fleet

Director of Fleet Solutions Operations department.

WM AJohn joined WM 26 years ago
and has 24 years of experience

s Rag6 Wi ~kt WUC qel
vehicles and refueling
Infrastructure.




WM’'s CNG Fleet Stats

Natural Gas Vehicles:

13,800+

Natural Gas fueling stations:

240

Natural Gas Vehicles Scrapped/Retired:

3,412

Gallons of Diesel displaced annually
using CNG:

100+ Million
100% RNG in 2026




Operational Perspectives and
| essons Learned from End
Users and Fleets

JASON VAN DEN BRINK BEN SCHILL JOHN TIQUET
CHIEF FINANCIAL CHIEF CORPORATE DIRECTOR OF FLEET
OFFICER DEVELOPMENT OFFICER SOLUTIONS
OZINGA ENERGY PAPER TRANSPORT WM
=
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'~ Achieve Better Than Zero

A BIgTHANKYOUtb Our

NGV Maintenance Best Practices
Forum Sponsor

il

PETRO-CANADA

LUBRICANTS

AN HF SINCLAIR BRAND



Please Provide

Feedback on ,
NYI c! kt WE

SCAN SLIDO QR CODE TO HELP US
DEVELOP FUTURE EDUCATIONAL
SESSIONS

A WHAT DID YOU LIKE?
A WHERE DID WE MISS THE MARK?




Appendix
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