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Administration Subject: Exhaust Odor in Passenger Cab

MANUFACTURER & PRODUCT INFORMATION

Manufacturer: Ford Motor Company
Products: MY 2011 - 2017 Ford Explorer Including Police Interceptor
Population: 1,474,922

Problem Description: Complaints involving MY 2011 to 2017 Ford Explorers (including Police Interceptor
models) report occupants smelling exhaust odors in the occupant compartment.
Complainants expressed concerns about exposure to carbon monoxide.

FAILURE REPORT SUMMARY

ODI Manufacturer Total
Complaints: 1,558 4,959 6,517
Crashes/Fires: 15 21 36
Injury Incidents: 86 461 547
Number of Injuries: 127 530 657
Fatality Incidents: 0 0 0
Other*: 0 3 3

*Description of Other: Two fatality claims,a police claim (2 fatalities),and a civilian claim (1 fatality) were
submitted to Ford. ODI reviewed the claims and excluded them from the fatality count.
ODI has nothing to add to Ford's assessment of these claims in their IR response.

ACTION / SUMMARY INFORMATION

Action: Close Investigation EA17-002

Summary:

During the EA17-002 investigation, the agency reviewed and analyzed reports of exhaust odors in the passenger
cabins of Model Year 2011 to 2017 Ford Explorers. This investigation required an approach that incorporated
knowledge and expertise from the automotive, medical, environmental health, and occupational safety fields. The
agency conducted an in-depth investigation that encompassed the review of over 6,500 consumer complaints,
conducting field inspections, and testing the relevant vehicles, both independently and in coordination with Ford and
other entities. During the investigation, the evolution of Ford service bulletins intended to reduce the level of exhaust
odors and carbon monoxide (CO) entering the occupant compartment was examined and independent tests to
evaluate the effectiveness of the final Field Service Actions (FSA) for both consumer and police vehicles were
conducted. As part of the investigation, the agency also examined the effects of cracked exhaust mani-cats on the
measured CO levels in the vehicles and tested the FSA repairs to ensure they did not adversely impact occupant
compartment CO levels due to cracked mani-cats.

The investigation identified upfitting issues for Police Interceptor vehicles. Upfitting (sirens, lights, cages, auxiliary
power, etc.) is typically performed by governmental fleet operations, independent repair facilities, or local Ford dealers
after the sale of the new vehicle. Sealing issues caused by upfitting were responsible for the highest measured carbon
monoxide levels in tested vehicles. The police FSA instructs how to inspect the quality of the vehicle upfits and how to
properly seal any leaks caused by these upfits, at no cost to the police agency. Similarly, the highest CO levels
measured in consumer vehicles were usually traced to sealing issues caused by rear crash damage where the repairs
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did not ensure sealing integrity. The most recent Ford FSA procedure for both the police (17B25) and consumer
vehicles (17N03) includes an HVAC reprogramming operation. Tests by Ford and NHTSA have demonstrated a
substantial reduction of CO levels due solely to the HVAC reprogramming. Other FSA repairs also demonstrated
measurable contributions to CO level reductions during controlled tests.

Throughout the investigation, vehicles accurately measured with higher levels of carbon monoxide were almost always
affected by upfitter alterations, damage, or other causes compromising rear passenger cabin seals.

NHTSA received thousands of reports alleging odors which triggered a variety of physiological responses,
predominately nausea, headaches, and lightheadedness. NHTSA focused the investigation on accurately measuring
vehicle CO levels, and accurately measuring carboxyhemoglobin (COHB) levels from properly administered blood
tests. Using rigorous test methods to produce exhaust gas intrusion in vehicles with a properly performed FSA,
occupant compartment CO levels remained below current environmental limits for CO in any environment (EPA
ambient air quality standards). Furthermore, even without FSA repairs, no vehicles unaffected by upfitter issues or
prior crash damage were identified with CO levels that exceed accepted occupational CO exposure levels. This
investigation finds that the 2011-2017 Ford Explorer vehicles when accurately measured produce occupant
compartment CO levels which fall below current accepted health standards, and could not identify COHB levels for
vehicle drivers or other occupants, which exceeded thresholds for acute physiological effects. Therefore, the agency
has not identified a defect that represents an unreasonable risk to motor vehicle safety.

This investigation is closed. The closing does not constitute a finding by NHTSA that no safety related defect exists.
The agency reserves the right to take further action if warranted.

A detailed discussion of the investigation and related complaint numbers can be viewed in the attached closing report.
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EA17-002 Closing Report
Ford Explorer Exhaust Odor

Contents
L. OVEBIVIBW .ttt bttt h e bttt h ekt e bt R e e bt et e e b e ek e e ne e s bt e nbeeneenbeenbeaneens 2
O o 00 SR 3
Pre-investigation and OPENING..........uiiiiiiiieieiese e 3
B FOCUS .o nr e e b s 4
ACTIVITIES ..ttt ettt r et e et e e st e b e e b e e st e s beenbeeneesbeeneeere e reaneeas 4
I11.  Police Unit Incidents and Opening EAL7-002.........ccccciveiiieiiieiiii i see e 5
A. January 2017 — Kit Carson County Colorado K9 Vehicle............cccovvviviiviiiiieiie i, 5
B. February 2017 - Washington County Maryland Sheriff’s Office...........ccccoeviriininiiniinnne 5
C. March 2017 - First City of Austin Police Department Incident............cccccovevveiiievieiiieenen, 5
D. June 2017 - Police Interceptor Exhaust Manifold Cracks .........cccccoeviieiiiiiiiiiie e 5
E. July 2017 — Opening Of EAL7-002 .........ccoiieie ettt 6
IV.  Investigative ACtiVities and TeSHING.......ccciiveiiiiieiiere e nre e 6
A. July 2017 - City of Austin Police Vehicle Inspection and Testing.........c.cccevvevivevviiverinennn. 6
I U o) =T £ 1TSS 7
2. Exhaust Manifold CraCKs...........cuiiiiiiieieie e 7
3. Downturns for the EXNAUSE TIPS.....cciiiiiiiiie i 7
o TV o O I G I £ RS SR 7
1. Cabin Leak Source EVAIUALION...........ccueiieieiie et 7
2. DiSCUSSION OF TSt DALA........cieeiieeieiiesieeie et ee et e e sraeste e sreenae e snaeneas 11
3. Carbon Monoxide Meter DISCUSSION. .......cc.ciirieiiririeieie ettt 13
[ =1 (o B T= Y o o [ SR 14
A. FSA 17B25 for Police Interceptor VENICIES ..........ccooiiiiiiiiiiieeee 15
N Y N 4\ 0 R STRRRI 15
VI CloSiNg RISK ASSESSIMENT.......cuiitiiiiiiiieiee et 16

Page 1 of 44



L. Overview
NHTSA’s Office of Defects Investigation (ODI) opened Engineering Analysis (EA)17-
002 to document the investigation of reports describing exhaust odors in the passenger
cabins of Model Year 2011 to 2017 Ford Explorers. This investigation required an
approach that incorporated knowledge and expertise from the automotive, medical,
environmental health, and occupational safety fields. The agency conducted an in-depth
investigation that encompassed the review of over 6,500 consumer complaints,
conducting field inspections, and testing the relevant vehicles, both independently and in
coordination with Ford and other entities. During the investigation, the evolution of Ford
service bulletins intended to reduce the level of exhaust odors and carbon monoxide (CO)
entering the occupant compartment was examined and independent tests to evaluate the
effectiveness of the final Field Service Actions (FSA) for both consumer and police
vehicles were conducted. As part of the investigation, the agency also examined the
effects of cracked exhaust mani-cats® on the measured CO levels in the vehicles and
tested the FSA repairs to ensure they did not adversely impact occupant compartment CO
levels resulting from cracked mani-cats.

During the investigation, upfitting issues for Police Interceptor and Emergency vehicles
were identified. The upfitting (sirens, lights, cages, auxiliary power, etc.) is typically
performed by state and local government fleet maintenance operations, independent
repair facilities, or local Ford dealers after the sale of the new vehicle. Sealing issues
caused by upfitting were responsible for the highest measured CO levels in tested
vehicles. The FSA for police vehicles inspects the quality of the vehicle upfits and
properly seals any leaks caused by these upfits, at no cost to the police agency. Similarly,
the highest CO levels measured in consumer vehicles were usually traced to sealing
issues caused by prior rear crash damage where the repairs did not ensure sealing
integrity. The most recent Ford FSA procedure for both the police (17B25) and consumer
vehicles (17N03) includes an HVAC reprogramming operation. Tests by Ford and
NHTSA have demonstrated a substantial reduction of CO levels attributable solely to the
HVAC reprogramming procedure. The other FSA repair procedures also demonstrated
measurable contributions to CO level reductions during the controlled testing described
in Section IV.

Throughout the NHTSA investigation, vehicles accurately measured with higher levels of
CO, were almost always affected by upfitter alterations, in-use damage, or other post-
manufacturing causes which compromised the sealing of the rear passenger cabin. A lack
of full vehicle history limited the ability to trace root cause in some instances.

1 Mani-cat is the term used to refer to the combined exhaust manifold and catalytic converter assembly used on
the subject and other vehicles of similar vintage.
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The agency received thousands of reports alleging odors which triggered a variety of
physiological responses, predominately nausea, headaches, and lightheadedness. NHTSA
did not attempt to assess the validity of these claims, but instead narrowly focused the
investigation to accurately measured CO levels in the vehicle, and accurately measured
Carboxyhemoglobin (COHB) levels from properly administered blood tests. NHTSA
recognizes that hypersensitivities to CO and other exhaust gas constituents exist within
the overall population, however, the agency does not have authority to establish CO
exposure limits or determine the adequacy of established safe levels. Even when using
rigorous test methods to produce exhaust gas intrusion in vehicles with a properly
performed Field Service Action, occupant compartment CO levels never exceeded the
most stringent current environmental limits for CO in any environment (EPA National
Ambient Air Quality Standard for 8 hour exposure?). Furthermore, even without FSA
repairs, no vehicles which were unaffected by upfitter issues or prior crash damage were
identified with CO levels that exceed currently acceptable OSHA occupational CO
exposure levels® measured using calibrated meters. This investigation found that the 2011
-2017 Ford Explorer vehicles when accurately tested and measured produce occupant
compartment CO levels which fall below currently accepted health standards and could
not identify COHB levels for vehicle drivers or other occupants, which exceeded, or even
approached thresholds for acute physiological effects. Therefore, the agency cannot
identify a defect which represents an unreasonable risk to safety.

II. PE-16-008

A. Pre-investigation and Opening

The investigation, as described above, focused on obtaining accurate field data which
could be analyzed to identify real issues related to CO levels in the vehicle, and the
measured effects on vehicle occupants. Prior to the opening of Preliminary Evaluation
(PE) 16-008, the subject vehicles were already the subject of multiple class-action
lawsuits, resulting in the elevated complaint response expected for a high-visibility
automotive safety concern. Based on the risk-based processes in place, ODI opened the
PE on July 01, 2016, for Model Year 2011 to 2015 Ford Explorers.

Prior to opening the investigation, ODI reviewed complaints, and made efforts to
evaluate the severity of CO intrusion into vehicles. The procedures and equipment
required to perform a scientifically sound investigative inquiry were not fully developed
and in-place for these preliminary investigative efforts.

2 https://www.epa.gov/criteria-air-pollutants/naaqgs-table
3 https://www.osha.gov/chemicaldata/462
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B. Focus
The investigation during the PE phase focused on six concerns.

1. ldentify and investigate field complaints and incidents for vehicles which could
provide accurate data on vehicle CO levels and vehicle occupant exposure levels,
with focus on driver exposure.

2. Review appropriate global standards for CO exposure and apply those standards
to data collection from the field. Discussions with occupational safety and
medical professionals were included in this review.

3. Develop test protocols to induce a repeatable worst-case vehicle response which
corresponds to driving scenarios described in field complaints. (primarily high
speeds along with aggressive acceleration).

4. Obtain Ford’s data related to complaints, lawsuits, inspections, and testing.

5. Obtain and review Ford’s Technical Service Bulletins (TSB)s issued to address
exhaust odor complaints in the subject vehicles.

6. Perform inspections and tests on exemplar vehicles at the NHTSA Vehicle
Research and Test Center (VRTC) to understand the possible leak paths being
addressed by Ford TSBs, to evaluate effects on CO ingress into the cabin for
identified leak paths, (part of test protocol development in item 3 above) and
evaluate the effectiveness of the Ford repair procedures including updates to the
repair procedures.

C. Activities

An Information Request Letter (IR) was sent to Ford on July 13, 2016. The IR letter
requested copies of claims and complaints describing exhaust odors (smells) inside the
vehicle cabin, testing Ford may have conducted related to exhaust odors, design changes
to the vehicle, and other information. Ford provided their response on August 24, 2016.
ODI reviewed the response for information useful to planning the next steps in the
investigation and for any significant incidents needing further examination.

On August 17, 2016, NHTSA received a complaint related to the crash of a Ford Police
Explorer in Newport Beach, CA. ODI reached out to lawyers representing the officer
driving the vehicle to obtain details regarding the CO allegations in the report. Since the
vehicle was severely damaged in the incident, further vehicle testing and evaluation was
not an option.

A 2013 Ford Explorer, used regularly by ODI staff, was sent to VRTC for test protocol
development and leak path evaluation in September of 2016. VRTC engineers did a
detailed review and teardown of the vehicle rear cabin to inspect and evaluate areas of
concern covered by current Ford TSB repairs and searched for other leak paths not
covered by the TSB repair procedures in place at that time. Test drives of the vehicle both
on the track and the public roadways were performed to develop repeatable driving tests
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which could potentially produce elevated levels of CO in the cabin in the presence of rear
cabin leaks.

III. Police Unit Incidents and Opening EA17-002

A January 2017 - Kit Carson County Colorado K9 Vehicle

NHTSA received a complaint on December 30, 2016 (ODI 10938805) concerning high
levels of CO being measured in the passenger compartment of a newly acquired police
interceptor vehicle upfitted for police K9 use.* The CO measurements by the department
reached peak readings exceeding 100 ppm of CO during sustained vehicle operation
above 100 mph, and readings as high as 180 ppm were claimed during phone discussions
with the Sheriff’s department. The vehicle was repurchased by Ford in February 2017
and was used for evaluation and testing. The results were discussed with NHTSA during
the investigation and were included as part of Ford’s EA17-002 IR letter response.

B. February 2017 - Washington County Maryland Sheriff’s Office

NHTSA received a complaint (ODI 10954841) on February 15, 2017 from the
Washington County Maryland Sheriff’s Office concerning a strong sulfur burning odor in
the vehicle. The vehicle was at a dealer when NHTSA contacted the office, and the
follow-up discussion indicated that the odor was traced to an internal failure of the Power
Transfer Unit (PTU) which transfers the power to the front and rear axles for the 4-
wheel-drive system. The PTU repair resolved the issue for this vehicle.

C. March 2017 - First City of Austin Police Department Incident

In March of 2017, an officer with the City of Austin Police Department suffered a
medical incident while on patrol, and received medical treatment based on a suspected
exposure to carbon monoxide. NHTSA sent an engineer, joined by a Ford engineer, to
conduct a coordinated field inspection with City of Austin personnel at the City of Austin
fleet garage. The inspection team conducted test drives and made measurements of the
CO levels inside the vehicle for multiple driving and stationary idling conditions,
reviewed vehicle maintenance records, and interviewed the officer involved in the
incident. The CO levels measured during these tests were below normal occupational
limits and could not be correlated to the symptoms experienced by the officer. Detailed
inspection for upfitter leaks, which requires disassembly of the vehicle, was not
permitted, to preserve the vehicle as evidence for future legal claims.

D. April 2017 - Henderson Police Department Incident
In April of 2017, an officer with the Henderson Police Department lost control of the
Explorer being driven causing it to depart the roadway, strike the embankment of a

4 The complaint was reviewed in January after the federal government re-opened on January 21, 2017 following
the shutdown.
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IV.

driveway, and roll over into a drainage canal. The driver sustained police-reported
moderate injuries and was transported by ambulance to a local hospital, where she was
diagnosed with elevated levels of CO and crash-related injuries. Since the vehicle was
damaged in the incident, further vehicle testing and evaluation for CO levels in the cabin
was not possible. It was also reported the driver was a cigarette smoker who had been
smoking in the vehicle prior to the crash. As a result of these facts, no data could be
collected from this event, but it was considered, at the time the investigation was
upgraded to an EA.

E. June 2017 - Police Interceptor Exhaust Manifold Cracks

The City of Austin, as part of their ongoing efforts to investigate exhaust odors in Police
Interceptor units, informed NHTSA of cracks they were identifying in the manifold-
catalytic converter assembly commonly referred to as a mani-cat assembly. The cracks
were found to be the source of exhaust odors in some vehicles. The City of Austin had
also received reports of mani-cat cracks from California Highway Patrol (CHP) vehicle
maintenance personnel. NHTSA investigators discussed the issue with CHP and then
scheduled an inspection visit with a local police fleet maintenance facility which had
several vehicles demonstrating alleged exhaust odor complaints. Using a borescope,
NHTSA inspected and identified several vehicles in the local fleet which had cracks
evident in the mani-cat assembly. NHTSA discussed the influence and effect of the
cracked mani-cats with Ford and began gathering cracked units from the field for
inspection at VRTC in anticipation of the testing discussed in Section IV.

F. July 2017 - Opening of EA17-002

Based on the growing number of consumer complaints, and the issues identified specific
to Police Interceptor vehicles, NHTSA upgraded the investigation by opening EA17-002
on July 27, 2017. At the time of the opening, the City of Austin had announced they were
taking more than 400 Ford Explorer PIU vehicles out of service until they could assure
the vehicles did not exceed acceptable levels of carbon monoxide in the passenger
compartment. The EA increased the model year range for the investigation to include MY
2017 vehicles, highlighted the unique issues related to Police Interceptor vehicles, and
recognized the need to investigate the reported mani-cat cracks.

Investigative Activities and Testing

A. July 2017 - City of Austin Police Vehicle Inspection and Testing

As a precaution, the City of Austin installed active CO alarms in their Police Interceptors.
In the early July 2017 there were multiple incidents of alarms being triggered, resulting in
the entire fleet of more than 400 Ford Explorer Police Interceptor vehicles being removed
form service. A coordinated testing and inspection trip, with engineers from NHTSA and
Ford in attendance, was held at the City of Austin maintenance facility. An aggressive
drive cycle was developed and used to evaluate the vehicles before and after changes
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made to the vehicles. Multiple meters were also evaluated in the testing to gain
understanding of the accuracy of various meters available in the marketplace. All data
presented is based on calibrated NHTSA meters.

1. Upfitter Issues

During the 5 days of inspection and testing, many upfitter issues were identified
on the vehicles. The identified issues resulted in passenger cabin leaks. Upfitting
occurs after the new vehicle is sold by the dealer. A good description of typical
upfitting issues is detailed in Ford TSB 17-044 found in Appendix A. The
investigators used the Austin drive cycle tests to gather initial data on the impact
and effectiveness of sealing the various leaks discovered during the inspections.
The Austin test results and the controlled testing at VRTC in September of 2017
will be detailed later in this section of the report.

2. Exhaust Manifold Cracks

The city of Austin had previously identified vehicles with cracked exhaust
manifolds, and had repairs performed to remedy the cracks. One vehicle with a
cracked exhaust manifold was tested and then repaired with a new manifold. The
pre and post replacement CO measurements were effectively unchanged with both
measurements in the 15 to 20 ppm range. Other repairs related to exhaust gas
ingress in the rear of the vehicle lowered these levels in subsequent testing.

3. Downturns for the Exhaust Tips

One TSB option available for consumer vehicles with the 3.5l engine was a
replacement rear exhaust assembly with downturned exits instead of the factory
straight-to-the rear exhaust exits. A pair of clamp-on tips were fabricated at a
local muffler shop and installed for testing on a Police interceptor vehicle. The
downturned tips lowered the previous 15 to 20 ppm CO readings to reading of 5
to 10 ppm. The City of Austin outfitted several more vehicles with exhaust tips
and achieved similar results in further testing. Ford-developed replacement
downturn tips were incorporated as a standard part of FSA 17B25 for the Police
Interceptor vehicles.

B. VRTC Tests

1. Cabin Leak Source Evaluation

During the course of the investigation, both NHTSA and Ford identified a number
of leak paths which could affect consumer and police Ford Explorers. The leak
paths addressed by the earliest TSBs included the air extractors behind the rear
bumper, poorly sealed body joints, and the rear liftgate drain holes. The other
notable leak paths identified in the ongoing investigation include the rear liftgate
trim sealing, lock sealing, rear air spoiler mount sealing, lift gate misalignment or
damage to the liftgate opening seal, lost body plugs or tape seals in the rear of the
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vehicle, and damaged or improperly serviced seals for wiring to the taillights and
liftgate. For the Police Interceptor units, the upfitting was often a cause for the
leaks found in the above areas since many of the sealed areas needed to be
disturbed or disassembled during the upfitting process. The following discussion
will describe the process used to quantify the effects of the identified leak paths
and evaluate the effectiveness of countermeasures Ford provided for mitigating
these leaks.

a) Vehicle Evaluation Drive Cycle

VRTC experimented with several methods to efficiently reproduce the
drive environment which maximized the intrusion of exhaust gases into
the occupant compartment. Hard acceleration typical of passing on the
highway or merging into traffic from an exit ramp was the most
commonly reported driving maneuver which produced a noticeable smell
of exhaust in the occupant compartment. The second driving maneuver
noted was sustained operation above 100 mph. This operation, exclusive
to police interceptor units, typically occurred during a police pursuit; or a
long-distance emergency response in a rural jurisdiction. The drive cycle
procedure VRTC developed was intended as a testing tool and was not
meant to replicate real-world or other normal vehicle operation by any
vehicle user, police or civilian. The final procedure used by VRTC was
performed on the 7.5-mile High Speed Test Track (HSTT) at the
Transportation Research Center of Ohio (TRC) where VRTC is located.
The test procedure steps are outlined below.

1. Drive forward at a speed of 10 mph;

2. Mark Time Zero;

3. Apply Wide Open Throttle (WOT) until a speed of 70 mph is
reached;

4. Removed foot from throttle and allow vehicle to coast down to
10 mph;

5. Maintain 10 mph until 1 minute has elapsed since the last
WOT to 70 mph;

6. Repeat steps 3 through 5 for two complete laps of the HSTT
(14 miles or approximately 16 cycles).

b) Korean Test Methods

During the course of the investigation, a new United Nations Informal
Working Group (IWG) was developing an international vehicle safety
standard for the Vehicle Interior Air Quality (VIAQ). The first stage,
initiated in 2015, addressed the outgassing of compounds from interior
materials. The second stage, launched in 2017, focused on the entry of
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exhaust gasses into the vehicle. The stage 2 proposal was still in
development and was expected to be completed in the latter part of CY
2020. The IWG considered several test modes for inclusion in the
standard. A Korean proposal included acceleration tests which were
similar to the NHTSA test cycles developed at VRTC. The Korean
acceleration test uses a cycle starting at 65 kph (40mph) with a WOT
acceleration to 130 kph (80 mph) followed by an immediate coast down to
65 kph (40 mph) and a 28 second cruise at that speed until the start of the
next WOT acceleration ramp. The Korean members of the IWG proposed
8 cycles of this test (4 for stabilization and 4 for measurement). The
Korean proposal characterized the acceleration test as the “worst-case
condition” for exhaust gases entering the vehicle. This proposal is not
included in the most recent version of the IWG Phase 2 proposal, which
only includes idle and steady-speed driving test procedures. The full
Korean acceleration test proposal presentation is included in Appendix D
to this report. The proposal features test data for a Model Year 2016 SUV
which appears to be relevant, and the data aligns with the NHTSA data
collected during this investigation.

) VRTC and Field Inspection Results

In September of 2017, repair evaluation testing was performed at VRTC
with ODI and Ford engineers present. Two civilian trim Ford Explorers
identified as being particularly susceptible to exhaust gas intrusion under
the NHTSA test condition were used for the first test series (vehicles A
and B). The tests performed and the results based on the VRTC test cycle
are shown in Table 1. Two additional test series were conducted in
October of 2017 (Vehicles B and G). The first series replaced the front
exhaust manifold with a modified exhaust manifold which was pre-drilled
with a 0.20-inch diameter hole in the area where cracks frequently occur
on Police Interceptor vehicles. The second series utilized a Ford buy-back
vehicle which had been damaged in a rear crash and inadequately repaired.
The only modification tested for the second test series was the updated
HVAC software. Four additional vehicles (Vehicles C through F) are
included in Table 1documenting field inspections and repairs at fleet
facilities and dealerships. The Local Road test cycles were not as
aggressive as the VRTC test cycle, but the data was collected using the
same systematic repair and evaluation process utilized for VRTC tests.
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Table 1 - Testing of Final TSB Vehicle Repairs Using the VRTC Developed NHTSA Test Cycle and other on-

road tests.
Vehicle Modification Pre - Mod Peak Post - Mod % CO Test Engine
CO (ppm) Peak CO (ppm) | Reduction | Method
A Rear Gate 30 21 30% VRTC 1 2.0L
Sealing Lap
Exhaust 65 11 83% VRTC2 | 2.0L
Downturn Lap
Rear Gate and 65 6 91% VRTC2 | 2.0L
Exhaust Lap
Combined 65 5 92% VRTC2 | 2.0L
Repairs Lap
B Lower Gate 33 23 30% VRTC1 | 3.5L
Drain Plugs Lap NA
Spoiler Sealing 23 14 39% VRTC1 | 3.5L
Lap NA
Rear Gate 33 14 58% VRTC1 | 3.5L
Sealing Lap NA
Rear Gate and 55 7 87% VRTC 2 3.5L
Exhaust Lap NA
B Exh. Man. with 7 10 N/A VRTC 2 3.5L
.20 dia hole Lap
C Legacy TSB 45 28 38% Local 3.5L
Road NA
Upfitter Issues 28 20 29% Local 3.5L
1st Round Road NA
Final TSB 19 12 37% Local 3.5L
Road NA
Upfitter Issues 12 5 58% Local 3.5L
2nd Round Road NA
Combined 45 5 89% Local 3.5L
Repairs Road NA
D Rear Gate 25 13 48% Local 3.7L
center drain Road NA
hole
Baseline with 25 13 48% Local 3.7L
Field Fab Road NA
Exhaust
Downturns
Exhaust and 25 10 60% Local 3.7L
center drain Road NA
Seal rear gate 10 7 30% Local 3.7L
leak Road NA
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Combined 25 7 72% Local 3.7L
repairs Road NA
Spoiler Sealing 36 16 56% Local 3.7L
Road NA
Field Fab 16 7 56% Local 3.7L
Exhaust Road NA
Downturns
Combined 36 7 81% Local 3.7L
Repairs Road NA
Rear Gate 34 15 56% Local 3.7L
sealing Road NA
Final HVAC Re- 124 5 96% VRTC 2 2.0L
Calibration Lap

Discussion of Test Data

Utilizing earlier work to catalog leak paths, systematic repairs and
modifications were applied to 7 different vehicles. This section will
discuss the results of each repair type.

a) Upfitter repairs

The process of upfitting a police or other type of emergency response
vehicle involves the addition of items including emergency lights, sirens,
2-way radios and antennas, interior barriers and seats, computer
equipment, and auxiliary power supplies and batteries. Significant
disassembly of the vehicle and additional holes for routing of wiring are
often required during the upfitting process. The vehicle must be
reassembled carefully to maintain the integrity of the original body seals,
and any new holes added must also be sealed. Many of the police vehicles
which had the highest CO readings were affected by improper sealing
following the upfitting process. The correction of upfitting issues
consistently resulted in reductions in measured CO levels and reductions
greater than 50% were not uncommon (list which vehicles in table 1). The
Ford 17B25 FSA included free inspection and repair of upfitting issues
even though Ford was not responsible for causing these issues.

b) Rear Gate Drain Plugs and Other Sealing

The rear gate bottom drains were included in the vehicle design to permit
drainage of liquids during the coating and painting processes in the
factory. Ford identified these drains as a potential exhaust gas entry point
and developed an insert to seal these drain holes. The original insert
design clipped in the hole but had the drawback of being easily dislodged
during normal use. An adhesive was added to later procedures to prevent
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dislodgement. The final FSA procedures specified a new design with
improved securement. The seals were also added to production vehicles
for later model years. Test results show CO level improvements of 30% to
48% after sealing these drains. One test series sealed then unsealed the
drains to confirm that the pre-seal CO levels returned after removal of the
drain seals.

C) Exhaust Downturns

The aerodynamics of Sport Utility Vehicles (SUV)s often result in a
negative pressure zone in the rear of the vehicle which traps exhaust gases
outside of the rear of the vehicle. Vehicles with operable rear windows
have historically warned against opening these windows while the vehicle
is in motion to prevent exhaust gas entry into the vehicle. Under normal
driving conditions, the levels of noxious and harmful exhaust gases being
released by the vehicle exhaust is low. During hard acceleration events,
the engine management system enriches the fuel mixture to prevent
overheating of the catalytic converters. This enriched mixture increases
CO output along with increased nitrogen and sulfur compounds associated
with the often-reported rotten egg smell®l. The location and direction of
the exhaust system exit can affect the amount of exhaust gases trapped in
the vehicle’s negative pressure zone. Ford developed a replacement
downturn rear exhaust section for the civilian Explorers equipped with the
3.5L engine and produced add-on downturn tips which were a baseline
Police Interceptor modification for the 17B25 FSA. ODI conducted testing
using both downturn tips and the replacement rear exhaust section. The
exhaust downturns produced CO level reductions of 48 to 87% (Table 1:
vehicles A, D, E). The downturns are especially beneficial to Police
Interceptor vehicles which occasionally operate at sustained high speeds
(greater than 100 mph) during response and pursuit situations. Ford
included these downturns as part of the baseline Police Interceptor 17B25
FSA. The civilian replacement downturn part was only used to address
residual odor concerns which remained unresolved by the baseline 17N03
FSA.

d) HVAC Recalibration

The operation of the heating and air conditioning system of vehicles has a
direct result on the pressure differential from inside to outside of the
vehicle. When outside air is used to feed the blower fan, the pressure in
the occupant compartment is higher than the outside pressure. When the

5 CO is odorless and tasteless however consumer reports do note a smell which is likely these nitrogen and sulfur
compounds that are produced in higher proportions during hard acceleration.
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already conditioned air inside the vehicle is used to feed the blower fan
(recirculation mode), the occupant compartment air pressure is often lower
than the outside air pressure, producing a negative pressure condition
which can drive outside air into the occupant compartment through any
available openings. The sealing procedures, described previously, address
the paths that allow exhaust gases to enter the occupant compartment due
to the negative pressure condition. The HVAC recalibration prevents the
vehicle from being in a negative pressure condition during times when the
exhaust is emitting elevated levels of CO. During heavy acceleration
events like merging from an on-ramp, or passing a slower vehicle, the
HVAC system will automatically switch from recirculation to fresh-air
mode until the acceleration event is completed. After a small delay, the
system returns to the mode it was in prior to the acceleration event. This
change produces a positive pressure in the cabin which inhibits the entry
of exhaust gases into the occupant compartment regardless of the opening
present in the rear of the vehicle. ODI tested a vehicle which had been
improperly repaired following a rear crash. The baseline on the vehicle
using the VRTC test cycle after 2 laps was 124 ppm of CO. The only
change to the vehicle prior to retest was the latest HVAC recalibration
used for both FSA actions. The level during the retest was 5 ppm CO, or a
96% reduction in CO levels (Table 1: Vehicle G). Both Ford and ODI
testing indicate that this change is highly effective in reducing CO levels
in vehicles no matter what occupant compartment leaks may exist due to
upfitter mods, or other vehicle damage.

Carbon Monoxide Meter Discussion

a) Overview

Meters used to detect CO are readily available in the marketplace, ranging
from inexpensive home-use devices costing less than $50 to laboratory
grade devices costing over $1000. As expected, meters at each price tier
provide different levels of performance and are sometimes limited to use
in the environment for which they were designed. ODI consulted with
engineers at the Consumer Products Safety Commission (CPSC) and
National Institute of Occupational Safety and Health (NIOSH) before
selecting meters for field and laboratory use, and discussed the limitations
of inexpensive meters in the automotive environment. The data collected
and evaluated in this investigation was collected using calibrated meters
with established reliability coupled with frequent checks using reference
gas (60 ppm) verification.
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b) Low-cost Meters

The average consumer trying to evaluate the levels of CO inside their
vehicle often purchased low-cost meters to perform a measurement. The
home CO monitors readily available at hardware retailers are specifically
designed to perform inside the home in a temperature and humidity-
controlled environment to measure levels from faulty home appliances and
are not suitable for use in the more demanding automotive environment.
Investigators also examined the performance of portable meters costing
less than $200 and found that the accuracy and performance was not at a
sufficient level of reliability to draw useful conclusions. Any data reported
using lower cost meters had to be verified using accurate reliable meters in
order to ensure the accuracy of the investigative effort.

c) Investigative CO Meters

The portable meters used in the field by investigators usually cost more
than $200 and were capable of logging data to allow determination of both
exposure level and exposure duration, which is crucial for comparison to
established permissible exposure levels. The higher priced meters often
included an internal pump which improved the response time of the meter
since it actively draws ambient air into the sensor. The reading variations
among the various meter models in this price range used during the
investigation was minimal and the data collected using these meters form
the basis for the report conclusions.

d) CO Meter Limitations

Based on literature review, field experience and laboratory testing, CO
meters at all quality levels are susceptible to erroneous readings due to
certain environmental factors. Transmitted RF signals from devices such
as two-way radios used by the police and first responders, as well as
cellphones if they are close to the meter, have demonstrated the ability to
induce false readings and alarms in CO meters. This characteristic must be
addressed when considering in-vehicle CO monitoring for the Police
Interceptor vehicles. The meters can also be triggered by certain other
compound in the environment such as citrus oils and human flatus.
Finally, the temperature exposure of the meter should be considered, since
most meters have temperature limits on their operating range.

Field Service Actions

Ford issued two Field Services Actions. The original FSAs had a 12-month limited
duration for the free repairs and included reimbursements for prior repairs. The FSAs
were later extended for an additional 3 years to provide future owners the opportunity to
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obtain the free service offered by the FSA. Ford conducted multiple mailings to
registered owners to make them aware of the FSA being offered.

A. FSA 17B25 for Police Interceptor Vehicles

FSA 17B25 for Police Interceptor vehicles was issued in September of 2107. A copy of
17B25 is included in Appendix B. At the outset, Ford deployed field teams to work with
fleets in getting the repairs successfully performed and to respond to any reported
difficulties with the repair. The major components of this FSA are:

e ldentify and seal Upfitter induced leaks

e Locate and seal leaks in the rear vehicle body and gate

e Installation of exhaust downturn tips

e Reprogram the HVAC system

e Check for emissions fault codes related to leaking mani-cats and repair if
leaking

ODI closely monitored all reported difficulties from Police Departments and discussed
the problems with Ford and involved parties to ensure the TSB was fully addressing
customer concerns. ODI closely tracked efforts by the City of Austin Police Department.
The City of Austin successfully repaired and returned to service the 400 Police
Interceptor vehicles taken out of service in July of 2017. Each vehicle was tested using a
rigorous driving cycle and a CO meter to monitor the levels of CO in the vehicle during
the test.

B. FSA 17N03

FSA 17N03 for consumer Ford Explorers was issued in November of 2107. A copy of
17NO03 is included in Appendix C. Ford field teams were available to dealers and
responded to any reported difficulties with the repair. The major components of this FSA
are:

e Locate and seal leaks in the rear vehicle body and gate

e Reprogram the HVAC system

e Downturn rear exhaust a second-tier option for 3.5L equipped vehicles
with residual odor concerns.

ODI closely monitored all complaint reports and discussed substantive complaints with
Ford and involved parties to ensure that the FSA repairs adequately addressed levels of
CO in the vehicle. The screening metrics employed throughout this investigation were
used to identify complaints requiring additional ODI attention. All substantive issues
were resolved by proper application of the FSA. ODI occasionally noted certain odor
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complaints that were indicative of a PTU failure. After discussions with ODI, the vehicle
owners obtained the appropriate repair that resolved the issue.

Closing Risk Assessment

During the EA17-002 investigation, reports of exhaust odors in the passenger cabins of
Model Year 2011 and newer Ford Explorers were reviewed and analyzed. This
investigation was a multi-faceted endeavor, requiring an approach that encompassed
knowledge and expertise from the automotive, medical, environmental health, and
occupational safety fields. The agency conducted an in-depth investigation which
encompassed thousands of complaint reports, reviewed all complaints for actionable data,
and conducted field inspections and testing of the most relevant vehicles, both
independently and in coordinated efforts with Ford and other entities. The investigation
examined the evolution of Ford service bulletins intended to reduce the level of exhaust
odors and CO entering the occupant compartment and conducted independent tests to
evaluate the effectiveness of the final FSA for both consumer and police vehicles. The
investigation also examined the effects of cracked exhaust mani-cats on the measured CO
levels in the vehicles and tested to ensure that the FSA repairs did not adversely impact
occupant compartment CO levels resulting from cracked mani-cats.

The investigation did identify upfitting issues for Police Interceptor and Emergency
vehicles. The upfitting (sirens, lights, cages, auxiliary power, etc.) is typically performed
by state and local government fleet maintenance operations, independent repair facilities,
or local Ford dealers after the sale of the new vehicle. Sealing issues caused by upfitting
were responsible for the highest measured Carbon Monoxide levels in tested vehicles.
The FSA for police vehicles inspects the quality of the vehicle upfits and properly seals
any leaks caused by these upfits, at no cost to the police agency. Similarly, the highest
CO levels measured in consumer vehicles were usually traced to sealing issues caused by
prior rear crash damage where the repairs did not ensure sealing integrity. The most
recent Ford FSA procedure for both the police (17B25) and consumer vehicles (17N03)
includes an HVAC reprogramming operation. Tests by Ford and NHTSA have
demonstrated a substantial reduction of CO levels attributable solely to the HVAC
reprogramming procedure. The other FSA repair procedures also demonstrated
measurable contributions to CO level reductions during the controlled testing described
in Section IV.

Throughout the NHTSA investigation, vehicles accurately measured with higher levels of
(CO), were almost always affected by upfitter alterations, in-use damage, or other post-
manufacturing causes which compromised the sealing of the rear passenger cabin. A lack
of full vehicle history limited the ability to trace root cause in some instances.
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The investigation received thousands of reports alleging odors which triggered a variety
of physiological responses, predominately nausea, headaches, and lightheadedness.
NHTSA did not interpret or assess these responses, and narrowly focused the
investigation to accurately measured CO levels in the vehicle, and accurately measured
carboxyhemoglobin (COHB) levels from properly administered blood tests. NHTSA
recognizes that hypersensitivities to CO and other exhaust gas constituents exist within
the overall population, however, the agency does not set limits or determine the adequacy
of established safe levels. Even when using rigorous test methods to produce exhaust gas
intrusion in vehicles with a properly performed Field Service Action, occupant
compartment CO levels never exceeded the most stringent current environmental limits
for CO in any environment (EPA indoor air quality standards). Furthermore, even
without Field Service Action repairs, no vehicles which were unaffected by upfitter
issues or prior crash damage were identified with CO levels that exceed currently
acceptable occupational CO exposure levels measured using calibrated meters. This
investigation found that the 2011 -2017 Ford Explorer vehicles when accurately tested
and measured produce occupant compartment CO levels which fall below current
accepted health standards and could not identify COHB levels for vehicle drivers or other
occupants, which exceeded, or even approached thresholds for acute physiological
effects. Therefore, the agency has not identified a safety related defect that represents an
unreasonable risk to motor vehicle safety. This investigation is closed. The closing of this
investigation does not constitute a finding by NHTSA that no safety-related defect exists.
The agency reserves the right to take further action if warranted by circumstances.

The ODI reports cited above can be reviewed at:
http://www-odi.nhtsa.dot.gov/owners/SearchNHTSAID

using the following complaint identification numbers:

10458341, 10466807, 10472937, 10485394, 10493493, 10497684, 10503135, 10511749, 10521718,
10522939, 10531802, 10534074, 10536610, 10537052, 10545106, 10545178, 10547404, 10548667,
10548860, 10550076, 10550377, 10558204, 10564269, 10565379, 10573079, 10595494, 10596480,
10604931, 10604940, 10604955, 10604967, 10604970, 10605097, 10605189, 10605241, 10605376,
10605403, 10605459, 10605966, 10606061, 10606271, 10606369, 10606461, 10606792, 10607217,
10607685, 10608498, 10608596, 10608674, 10608810, 10608917, 10609207, 10609211, 10609691,
10609894, 10609975, 10610102, 10610144, 10614840, 10616310, 10617546, 10617594, 10618335,
10618502, 10618520, 10618575, 10618745, 10618836, 10621834, 10626537, 10628773, 10629572,
10629634, 10631312, 10632027, 10632709, 10632986, 10633074, 10633076, 10633380, 10637147,
10639579, 10641360, 10641511, 10643108, 10643273, 10644216, 10644532, 10648221, 10648467,
10648822, 10653747, 10653896, 10654067, 10654392, 10655265, 10659295, 10659511, 10669298,
10671158, 10671421, 10676214, 10678149, 10679373, 10679757, 10680410, 10681254, 10689365,
10689417, 10692003, 10700778, 10702500, 10703134, 10712975, 10713736, 10717658, 10717754,
10725238, 10725436, 10727056, 10731089, 10731285, 10732586, 10732587, 10732799, 10733802,
10734961, 10735118, 10735146, 10735360, 10735627, 10735818, 10735901, 10735964, 10743443,
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10743755, 10745747, 10746288, 10746742, 10746807, 10746827, 10747611, 10747632, 10749264,
10750387, 10758647, 10758923, 10759594, 10760659, 10760825, 10760886, 10760932, 10762966,
10766308, 10767319, 10774844, 10776247, 10778017, 10778491, 10778941, 10779097, 10780183,
10780722, 10781108, 10781623, 10782245, 10782265, 10782897, 10783862, 10785395, 10786914,
10787074, 10788290, 10789358, 10790476, 10794461, 10794932, 10805779, 10807090, 10807664,
10809245, 10809375, 10809612, 10809638, 10809869, 10809978, 10811079, 10816438, 10816755,
10818426, 10818515, 10819251, 10820259, 10820978, 10825455, 10836277, 10836534, 10836752,
10840008, 10854954, 10860339, 10863341, 10863548, 10864033, 10865366, 10870184, 10870424,
10871304, 10871368, 10871495, 10872610, 10873471, 10875767, 10876801, 10881927, 10882240,
10882559, 10882568, 10882590, 10882606, 10882612, 10882646, 10882650, 10882655, 10882675,
10882681, 10882698, 10882714, 10882719, 10882738, 10882745, 10882775, 10882777, 10882783,
10882788, 10882796, 10882806, 10882823, 10882832, 10882845, 10882852, 10882864, 10882868,
10882878, 10882879, 10882892, 10882901, 10882928, 10882948, 10882949, 10882962, 10882986,
10883012, 10883018, 10883030, 10883045, 10883111, 10883140, 10883142, 10883151, 10883161,
10883162, 10883192, 10883204, 10883216, 10883250, 10883282, 10883326, 10883406, 10883422,
10883479, 10883515, 10883531, 10883579, 10883621, 10883695, 10883697, 10883707, 10883793,
10883821, 10883829, 10883853, 10883922, 10883940, 10884127, 10884239, 10884331, 10884351,
10884424, 10884445, 10884486, 10884489, 10885012, 10885061, 10885378, 10885474, 10885555,
10885593, 10885808, 10885884, 10886037, 10886045, 10886049, 10887507, 10887582, 10887759,
10887927, 10887987, 10888133, 10888546, 10888615, 10889152, 10889244, 10889250, 10891521,
10891682, 10891778, 10891834, 10891963, 10892183, 10892196, 10892577, 10892598, 10892644,
10892868, 10893478, 10893701, 10893814, 10893898, 10893941, 10894376, 10894480, 10894511,
10894823, 10895109, 10895222, 10895404, 10896008, 10896290, 10896427, 10896790, 10897661,
10897740, 10897827, 10897845, 10897864, 10897986, 10898110, 10898149, 10898388, 10898432,
10899032, 10899119, 10899329, 10903086, 10903109, 10903474, 10903589, 10903741, 10903900,
10903923, 10904471, 10904874, 10904938, 10904993, 10905147, 10905564, 10905970, 10905982,
10906040, 10906115, 10906151, 10906152, 10906761, 10906808, 10906985, 10907604, 10907617,
10908104, 10908107, 10908539, 10908580, 10908656, 10908688, 10908785, 10909674, 10909732,
10909944, 10910224, 10910513, 10910613, 10910923, 10910959, 10911219, 10913868, 109141089,
10914234, 10914850, 10915233, 10915335, 10915416, 10915566, 10916161, 10916309, 10917093,
10917159, 10917420, 10917780, 10917849, 10918024, 10918584, 10919155, 10919185, 10919265,
10919354, 10919706, 10920073, 10920203, 10920227, 10920547, 10923962, 10924480, 10924538,
10925017, 10925227, 10925275, 10925687, 10925773, 10926049, 10926067, 10926507, 10926707,
10927211, 10927598, 10928047, 10928622, 10928859, 10928878, 10929575, 10930124, 10934096,
10934129, 10934168, 10934910, 10935486, 10936114, 10936374, 10936580, 10936694, 10938407,
10938805, 10939495, 10939631, 10939890, 10940382, 10943721, 10943782, 10943786, 10944200,
10944998, 10945250, 10945660, 10945752, 10945880, 10946223, 10946475, 10946486, 10947370,
10948761, 10950068, 10950176, 10950398, 10953883, 10954106, 10954148, 10954154, 10954163,
10954165, 10954166, 10954182, 10954200, 10954212, 10954230, 10954260, 10954267, 10954317,
10954319, 10954360, 10954372, 10954379, 10954383, 10954387, 10954396, 10954417, 10954418,
10954436, 10954441, 10954446, 10954449, 10954453, 10954484, 10954485, 10954494, 10954497,
10954513, 10954517, 10954518, 10954530, 10954539, 10954551, 10954562, 10954566, 10954572,
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10954573, 10954582, 10954585, 10954594, 10954605, 10954608, 10954610, 10954618, 10954619,
10954621, 10954622, 10954623, 10954624, 10954630, 10954644, 10954646, 10954648, 10954771,
10954773, 10954792, 10954796, 10954797, 10954807, 10954841, 10954849, 10954854, 10954858,
10954879, 10954899, 10954902, 10954910, 10954917, 10954921, 10954927, 10954942, 10954951,
10954956, 10954980, 10955017, 10955027, 10955048, 10955082, 10955093, 10955128, 10955182,
10955190, 10955220, 10955263, 10955269, 10955287, 10955292, 10955314, 10955357, 10955361,
10955390, 10955391, 10955418, 10955423, 10955426, 10955433, 10955434, 10955454, 10955467,
10955470, 10955491, 10955498, 10955503, 10955524, 10955541, 10955543, 10955551, 10955553,
10955566, 10955576, 10955583, 10955600, 10955605, 10955609, 10955616, 10955629, 10955644,
10955647, 10955655, 10955658, 10955690, 10955704, 10955752, 10956018, 10956050, 10956121,
10956155, 10956190, 10956203, 10956243, 10956263, 10956296, 10956336, 10956357, 10956378,
10956382, 10956409, 10956447, 10956766, 10956902, 10957121, 10957501, 10957590, 10957642,
10957693, 10957718, 10957746, 10957868, 10958308, 10958376, 10958452, 10958536, 10958622,
10958675, 10958908, 10959066, 10959146, 10959172, 10959200, 10959757, 10959850, 10959894,
10959954, 10960016, 10960212, 10960285, 10960408, 10960429, 10965736, 10966108, 10966109,
10966453, 10966461, 10966716, 10967057, 10967061, 10967113, 10967296, 10967395, 10967501,
10967568, 10967675, 10967678, 10967854, 10968257, 10968285, 10968352, 10968368, 10968428,
10968429, 10968479, 10968722, 10968798, 10968817, 10968833, 10968839, 10968849, 10968882,
10968906, 10968992, 10969076, 10969079, 10969107, 10969178, 10969295, 10969528, 10969661,
10969691, 10969704, 10969707, 10969929, 10969992, 10970284, 10970422, 10970454, 10970670,
10970698, 10970720, 10970767, 10970939, 10971189, 10971349, 10971533, 10971617, 10971803,
10971855, 10972002, 10972121, 10978491, 10978838, 10978875, 10978942, 10979211, 10979232,
10979321, 10979736, 10979739, 10979869, 10980107, 10980234, 10980504, 10980568, 10981159,
10981464, 10981467, 10981580, 10983161, 10983339, 10983563, 10983587, 10983650, 10983792,
10984451, 10984630, 10984741, 10984763, 10985612, 10985616, 10985950, 10985989, 10990543,
10990639, 10990655, 10990781, 10990796, 10991185, 10991226, 10991534, 10991564, 10991715,
10991873, 10991903, 10992026, 10992114, 10992257, 10992263, 10992455, 10992717, 10992729,
10992889, 10993000, 10993195, 10993363, 10993470, 10993479, 10993676, 10994370, 10994559,
10994567, 10995245, 10995265, 10995288, 10995343, 10995415, 10995575, 10995697, 10995774,
11000080, 11000098, 11000099, 11000247, 11000312, 11000598, 11000677, 11000679, 11001553,
11001592, 11001656, 11001754, 11002472, 11002829, 11002970, 11003259, 11005580, 11013970,
11014009, 11014025, 11014033, 11014568, 11014616, 11014840, 11014986, 11015061, 11015071,
11015098, 11015124, 11015131, 11015134, 11015136, 11015243, 11015321, 11015402, 11015434,
11015438, 11015623, 11015629, 11015636, 11015666, 11015682, 11015684, 11015707, 11015760,
11015913, 11015914, 11015990, 11016033, 11016036, 11016128, 11016141, 11016189, 11016348,
11018630, 11018665, 11018761, 11018812, 11018821, 11018918, 11018934, 11018972, 11018979,
11018989, 11019177, 11019198, 11019242, 11019444, 11019512, 11019778, 11019847, 11019855,
11019909, 11019920, 11020478, 11020644, 11020971, 11021001, 11021016, 11021032, 11021048,
11021074, 11021092, 11021156, 11021197, 11021288, 11021382, 11021400, 11021482, 11021485,
11021490, 11022109, 11022167, 11022227, 11022229, 11022302, 11022371, 11022385, 11022394,
11022424, 11022437, 11022554, 11022581, 11022723, 11022728, 11022791, 11022864, 11022945,
11022967, 11022986, 11023334, 11023759, 11023774, 11023820, 11023828, 11023831, 11023855,
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11023965, 11024031, 11024131, 11024583, 11024668, 11024727, 11024883, 11024935, 11024936,
11025002, 11025109, 11025177, 11025199, 11025226, 11025326, 11025358, 11025450, 11025504,
11029591, 11029912, 11029993, 11030041, 11030058, 11030062, 11030064, 11030135, 11030176,
11030258, 11030276, 11030422, 11030423, 11030621, 11030622, 11030661, 11030714, 11030755,
11030799, 11030807, 11030814, 11031480, 11031501, 11031562, 11031598, 11031600, 11031664,
11031804, 11031851, 11031890, 11031905, 11031917, 11031994, 11032019, 11032083, 11032157,
11032176, 11032209, 11032245, 11032247, 11032673, 11032784, 11032891, 11032896, 11032989,
11032997, 11033173, 11033915, 11033923, 11033963, 11033980, 11033989, 11034055, 11034056,
11034141, 11034166, 11034189, 11034196, 11034197, 11034240, 11034245, 11034254, 11034266,
11034271, 11034312, 11034351, 11034467, 11034484, 11034485, 11034486, 11034602, 11034659,
11035089, 11035162, 11035265, 11035331, 11035485, 11035516, 11035558, 11035666, 11035695,
11035777, 11035999, 11036001, 11039133, 11039204, 11039297, 11040148, 11040313, 11040479,
11040542, 11040796, 11040817, 11041305, 11041342, 11041546, 11041639, 11042038, 11042266,
11042559, 11042595, 11042665, 11043100, 11043243, 11043322, 11044723, 11044830, 11045126,
11045323, 11046207, 11046211, 11046231, 11046257, 11046287, 11046416, 11046498, 11046548,
11046551, 11046587, 11047245, 11047299, 11047317, 11047642, 11047666, 11047890, 11048095,
11048501, 11048502, 11051383, 11051494, 11051616, 11051715, 11052029, 11052589, 11052632,
11052763, 11052856, 11052989, 11053333, 11053378, 11053385, 11053396, 11053829, 11055011,
11055125, 11055152, 11055309, 11055363, 11055510, 11055521, 11055808, 11055831, 11055948,
11056265, 11056380, 11056911, 11056955, 11056991, 11057108, 11057272, 11058627, 11061242,
11061338, 11062345, 11062768, 11063005, 11063237, 11063238, 11063297, 11063571, 11063818,
11063902, 11064289, 11064296, 11064307, 11064334, 11064362, 11064404, 11064502, 11064550,
11064555, 11064562, 11064565, 11064584, 11064645, 11064682, 11064729, 11064774, 11064789,
11064806, 11064809, 11064828, 11064837, 11064858, 11064866, 11064869, 11064899, 11064922,
11064950, 11064969, 11064970, 11064972, 11064974, 11065000, 11065011, 11065022, 11065027,
11065213, 11065276, 11065305, 11065314, 11065343, 11065373, 11065418, 11065429, 11065574,
11065582, 11065593, 11065604, 11065607, 11065627, 11065629, 11065661, 11065664, 11065802,
11065842, 11065910, 11066011, 11066091, 11066148, 11066546, 11066693, 11066867, 11066875,
11066901, 11066951, 11067016, 11067093, 11071859, 11071878, 11071888, 11072071, 11072160,
11072264, 11072324, 11072360, 11072441, 11072488, 11072503, 11072716, 11072719, 11072736,
11072853, 11073066, 11074014, 11074208, 11074216, 11074235, 11074311, 11074406, 11074639,
11075334, 11075430, 11076033, 11076183, 11076896, 11078548, 11079096, 11079169, 11080133,
11080294, 11080305, 11080406, 11081180, 11081188, 11081417, 11081431, 11081599, 11081753,
11082575, 11082605, 11082688, 11083128, 11084196, 11084227, 11085078, 11085079, 11085146,
11085170, 11088551, 11088714, 11089030, 11089248, 11089534, 11089621, 11090820, 11090837,
11090890, 11092795, 11093528, 11093616, 11097600, 11097703, 11098165, 11099359, 11100124,
11100295, 11100457, 11100549, 11100765, 11101687, 11101841, 11101952, 11102248, 11102332,
11102344, 11102539, 11102985, 11102987, 11103909, 11105038, 11105050, 11105054, 11105087,
11105168, 11105187, 11105252, 11105291, 11105362, 11105391, 11109538, 11109585, 11109800,
11109997, 11110172, 11110277, 11110356, 11110744, 11110818, 11111264, 11111383, 11111994,
11111996, 11112321, 11112356, 11112419, 11112597, 11112725, 11113968, 11114465, 11114683,
11114796, 11114950, 11115182, 11115293, 11115346, 11115400, 11115521, 11115699, 11115827,
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11118397, 11118475, 11118502, 11118892, 11119624, 11119672, 11120017, 11120075, 11120730,
11120903, 11120924, 11121178, 11121664, 11121947, 11122210, 11122428, 11123245, 11123326,
11123460, 11123814, 11123889, 11127969, 11128353, 11128364, 11128370, 11128374, 11128384,
11129307, 11129329, 11129453, 11129548, 11129802, 11129891, 11130841, 11131112, 11131551,
11131634, 11131758, 11131875, 11132409, 11132796, 11133132, 11133205, 11133208, 11139422,
11139494, 11139962, 11140021, 11140084, 11140378, 11141361, 11141423, 11142178, 111424009,
11142733, 11142887, 11143077, 11143086, 11143535, 11143592, 11144439, 11144725, 11144783,
11145128, 11149561, 11149590, 11149621, 11149767, 11150007, 11151143, 11151427, 11151553,
11151609, 11152431, 11152640, 11152972, 11154765, 11154784, 11155670, 11161739, 11162772,
11164994, 11165184, 11165380, 11166011, 11166191, 11170193, 11170220, 11170308, 11170589,
11171253, 11172332, 11173381, 11174339, 11174448, 11175046, 11175736, 11176143, 11176403,
11176571, 11179909, 11179933, 11180567, 11180573, 11181277, 11181331, 11181408, 11181727,
11181732, 11182181, 11183347, 11189766, 11190306, 11190490, 11190557, 11190573, 11192320,
11192678, 11196390, 11204056, 11204180, 11204417, 11204550, 11204788, 11205171, 11205403,
11219496, 11219623, 11220001, 11220734, 11232011, 11232078, 11233854, 11233917, 11234296,
11234549, 11234592, 11240652, 11243167, 11243220, 11243752, 11244062, 11244221, 11244333,
11244488, 11244576, 11245532, 11245907, 11246112, 11252124, 11252639, 11254034, 11255159,
11255316, 11255471, 11255797, 11256347, 11256371, 11257130, 11257832, 11258273, 11258578,
11258919, 11265683, 11266516, 11266708, 11266974, 11269185, 11270333, 11270669, 11270717,
11271018, 11277173, 11277637, 11277694, 11278379, 11278835, 11279283, 11279444, 11279775,
11280208, 11280781, 11280928, 11281190, 11281533, 11282598, 11282765, 11287764, 11288014,
11288551, 11288572, 11289791, 11289972, 11290059, 11290686, 11290687, 11297151, 11297320,
11298227, 11298301, 11298307, 11299477, 11300011, 11301943, 11302826, 11306220, 11306544,
11307079, 11307849, 11308295, 11309801, 11310500, 11311059, 11311518, 11318763, 11323602,
11325698, 11325978, 11327525, 11337411, 11343446, 11348800, 11350326, 11354050, 11363978,
11364774, 11365986, 11366712, 11366751, 11374405, 11378564, 11383055, 11385088, 11385154,
11385367, 11385749, 11386156, 11386347, 11389036, 11389705, 11391053, 11395792, 11397228,
11398597, 11399324, 11400044, 11404263, 11407848, 11412833, 11414145, 11416364, 11417770,
11419381, 11419982, 11420047, 11420665, 11421201, 11422077, 11425800, 11426027, 11426231,
11426556, 11427468, 11427611, 11428576, 11430043, 11430106, 11430838, 11433796, 11435312,
11436662, 11439258, 11440647, 11441265, 11442653, 11443329, 11444001, 11445729, 11446048,
11447861, 11448237, 11448239, 11449167, 11450242, 11450746, 11450797, 11453015, 11454216,

11456981
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VII. Appendix A Ford TSB 17-044

This TSB can be viewed using the following link:
https://static.nhtsa.gov/odi/tsbs/2022/SB-10212177-1234.pdf
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VIII. Appendix B - FSA 17B25

This TSB can be viewed using the following link:
https://static.nhtsa.gov/odi/tsbs/2018/MC-10149785-9999.pdf
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IX. Appendix C - FSA 17N03

This TSB can be viewed using the following link:
https://static.nhtsa.gov/odi/tsbs/2019/MC-10153981-9999.pdf
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X.  Appendix D Korean VIAQ Test Proposal Presentation
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KATRI

Korea Automobile
testing & research
Institute

Proposal for the test mode

2019.1. 9

Based on VIAQ-07-08,
VIAQ-08-08,
VIAQ-14-15

Korea Transportation Safety Authority

Korea Automobile Testing & Research Institute
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KATRI

Ba C kg ro u n d Korea Automobile

testing & research

> Background

v Consumer complaints “Exhaust gas entering into vehicle cabin”
- Exhaust smell can disturb driving and raises safety concerns
v" Ministry of Land, Infrastructure and Transport had launched an investigation into this issue

- Possible leakage of exhaust fumes and exposure to carbon monoxide inside the vehicle

3 1AEE )

- Defect Investigation in 2011 (49 vehicles] and in 2016 (1 vehicle] =~ EEd N E .,

PlHE $HAEN
} ﬂEW%’E‘— g ﬁ 20126 20(3) o} 2 B} cpEle)d
2y

B amiegn |dw

]
7 z2g, ArE £94) 284
10-8694, 8697

i | B {@12)2110

- Free repair service 3 vehicle models in 2012 and 1 model in 2016 P

o FEFY= AHAFA AT IPA 077t /g 9AD
FA ARVIF@srde s ARt ZAER s Jl1ED

Az wet ASH A FEA5EHE =R A

o BA TEWAFHY ZABR e GRAE AudA 2
247 2R 74D AFAAZRFRAEAQ L F A

-7 A e g g SRl IWE BE SAFeE $in,
BFEE B~ uwn/mstes FaEA 2@ zgAAD
8~80ppm ] EaAFEATT EAHo R KAFE Ao FAHI L,

- A&FPAH =9 A WllZlzEE7 @A R, SE BTt
ol Zai= dRedel Aol Jrtn AR A £4 =20
obd A 235z 232 2 59

A,

< BE g (APUE 6299, 127 AHE) >

dchs A DA H7Ikh Y HDE AR D #2 He@EEI
EEIEETEI

o 0 BERE0l BESI0 B0 TS HS0IL HATE YsINE
ﬂ ZEoIY L NETNSAY LSUNPB(m02-2110-8597) O A HIFAD BIRILICH

RN

< KBS news regarding “exhaust gas entering into vehicle cabin” > < Official Press Release by MOLIT>
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KATRI

Case Study _ g & esarc

> How could the exhaust gas enter into vehicle cabins?

v When cars highly accelerate with the condition on internal circulation mode, exhaust gases
could enter the passenger compartment due to pressure difference in cabin and vortex flow
in back part of the car.

< Recirculation mode > < Fresh air mode >

v/ Warning in vehicle owner's manual : The boot lid must always be completely closed when
the vehicle is moving, otherwise exhaust fumes can be drawn into the interior

Display messages

=
=

Chosiveg Bsool lid

— — Pl oo 1ha Hoos d By tha higndia n vha sgade and 18
Seedan: the trunk i is apen. It @rep e tha atch = /0,

# Clase the trunk lid.

Pessible causes fconsequences and b Sclutions

Wagon: the {allgate is open. r':::'n WARNING
L] mmmmﬁ-ﬂ,m check Bl the cidch Bai
M WARNING wngaged prapary. Tha ot B osuld otherads open subdesiy

et The wehloly 8 mesing - this eould rasu® In an soclden.
B Thi bl e il sleirys e osimpis dy cissed Ywhah e
e : wElthi B Mg Tharsiss 1ok axliast feimies oam e diswn
There is a risk of polsoning. ks the letarion,

» Cloge the tailgate.

When the-engine is running, exhaust gases can enter the vehicle
interior If the taligate is open.

3p



KATRI

,* Study on CFD(computational Fluid Dynamigcs)-«

Institute

> Computational Fluid Dynamics(CFD)

v Simulation for exhaust gases entering into cabin using the CFD method

e —
\< / J e.-‘,g-qugﬁ!};;_gﬂ!grez:.:.H

<Vortex flow in back part of vehicle> < Pressure of vehicle surface in high speed > < position of extractor >
* Source : Fundamentals of Vehicle Dynamics, Thomas D. Gillespie

v The vortex flow occurs in the back part of sedan vehicles depending on vehicle speed

I ity: Magnitude (m/s)
48,000 60.000 Xy 0.00000 12.000 24,000 36.000 48,000 60.000

4p



KATRI

;J* Study on CFD(computational Fluid Dynamics):::

> Computational Fluid Dynamics(CFD)

Institute

v Simulation for exhaust gases entering into cabin using the CFD method

Mass fraction on ISC view

Frame 1-9

Frame 10 - 18

Mass fraction on IS0 view

Sp




KATRI

Proving Ground Test fore> s

Institute

> Test mode for exhaust gases entering into cabin

v" Idling mode, (basic conditions)

* Engine idling in normal condition

v Constant speed driving mode, (normal conditions)

« 80*+5km/h, 1005 km/h, 1205 km/h, 1405 km/h

v Acceleration mode, (worst-case conditions)

» Accelerate vehicles from 65 km/h to 130km/h right after that coast-down (deceleration)
to 65 km/h, repeat mode

v Real-road driving mode

» Real-road driving mode with/without acceleration

6p



KATRI

Proving Ground Test Kgrea Audpgile

Institute

» Proving Ground Test

v Proving ground driving test

- Idling condition, cruising speed condition, acceleration condition
v Test vehicle : Gasoline vehicle, 3,000 cc, sedan
v' Measurement devices setting position

- Nose position of front seat, back seat

- Center position of truck

- Rear of vehicle

<front and rear seat> <{center of trunk> <rear of vehicle>

7p



KATRI

Institute

Proving Ground Test S

> Gas and Speed Measuring Devices

v" Test Device : Vbox mini
- Speed Range : 0.1 ~ 1,609 km/h
- Resolution : 0.1 km/h
- Accuracy : 0.2 km/h

v' Test Device : Testo 330 LL
- CO Range : 0~500 ppm
- Resolution : 0.1 ppm
- Accuracy : =2 pm(0.0~39.9 ppm), Other range = 5%

v Test Device : Testo 350K
- NO Range : 0~300 ppm
- Resolution : 0.1 ppm
- Accuracy : =2 pm(0.0~39.9 ppm), Other range = 5%
- NO2 Range : 0~500 ppm
- Resolution : 0.1 ppm
- Accuracy : =5 pm(0.0~39.9 ppm), Other range *+ 5%

8p

<{NO, NO2 device>



KATRI

Korea Automobile
testing & research

Proving Ground Test

» ldling mode test

v" Engine idling in normal condition, not moving
v’ Total test time : 10 min

« Stabilizing time : 5 min, Measuring time : 5 min

Institute

v CO was detected in the rear hatch, but not detected in cabins

Idle mode, CO test results in rear hatch
(Idle, Sunroof closed, recirculation mode)

1st row 2nd row 3rd row Trunk - Rear hatch
100.0 100.0
90.0 90.0 |
80.0 | 80.0
70.0 700 |
60.0 60.0
(;;‘:]) 500 | (;?n) 500
40.0 40.0
30.0 30.0

200 | 200
100 100 |
0.0 - A A 0.0

0 100 200 300 400 500 600 700
Time(sec)

9p

Idle mode, CO test results in cabin
(Idle, Sunroof closed, recirculation mode)

1st row ——— 2nd row 3rd row Trunk

100 200 300 400 500 600 700
Time(sec)



KATRI

Proving Ground Test o e

testing & research
Institute

» Cruising speed driving mode
v Cruising speed driving mode, (normal conditions)
« 80=*5km/h, 1005 km/h, 1205 km/h, 140 =5 km/h
« Each test time in stated speed : 5 min

« If CO is dectected in test speed, test again that speed in 20 min

» (CO was detected in 140 km/h,

Cruising speed mode, CO results in rear hatch Cruising speed mode, CO results in cabin
(80~140km/h, Sunrof closed, recirculation mode) (80~140 km/h, Sunroof closed, recirculation mode)
----- Velocity 1st row 2nd row 3rd row Trunk Rear hatch =====Velocity 1st row — 2nd row 3rd row Trunk
160 3000.0 160 100.0
140 {ieremesaeny — 140 famarmrmannrans 3040
P 1 ’ ! ! 80.0
120 e m e nad | 120 e mam———— i
= / i 2000.0 . g ! ma
Vehicle i g i Vehicle - §T | 600
1
speed 80 | pamamsmcasesd | 15000 €© speed B0 | pimssmemasesd ' son FO
(km/h) ! i (ppm) (km/h) ; ' (ppm)
60 | ¥ : 60 | 4 i 40.0
' 1 1000.0 i I
1 1 ' 1 30.0
40 |4 | 40 | i
* i | s000 ¥ i | 200
20 ',‘ /\ ! 20 :‘ | 10.0
ok ahad AAA 1 0.0 ok r“. 0.0
0 200 400 600 800 1000 1200 1400 1600 0 200 400 600 800 1000 1200 1400 1600
Time(sec)

Time(sec)
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KATRI

Korea Automobile

Institute

PrOVi ng G rou n d Te St testing & research

» Cruising speed driving mode
v Cruising speed driving mode

* 14015 km/h
Total test time : 20 min (stabilizing time 10 min, measuring time 10 min)

[ )
« CO was detected in cabin with140 km/h ( 8 ~ 9 ppm)
Cruising speed mode, CO results in rear hatch Cruising speed mode, CO results in cabin
(140km/h, Sunrof closed, recirculation mode) (140 km/h, Sunroof closed, recirculation mode)
----- Velocity 1st row 2nd row 3rd row Trunk Rear hatch =====Velocity 1st row 2nd row 3rd row Trunk
160 3000.0 160 100.0
140 - " 140 I~ ’ 90.0
F 1 2500.0 ! : 80.0
120 ! '.".l 120 ! i
/ ¥ ' 2000.0 / L. 70.0
100 | | i 10 =4 :. 60.0
Vehicle 1 Vehicle
speed 80 |§ ! 1500.0 {pcfn) speca 80 | ] i 500 (Pc?m)
(km/h) H | P (kmv/h) ! : w00 p
60 |4 1 60 |§ ! .
i i e i : 300
a0 || ! 40 |! i
1 i I 1 20.0
i i 2000 20 I :
204 ; A E ! { | 100
0 LA aalh 4 adff ARAahAand A 00 0 L 0.0
0 200 400 600 800 1000 1200 1400 1600 0 200 400 600 800 1000 1200 1400 1600
Time(sec) Time(sec)
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KATRI

testing & research
Institute

Proving Ground Test S

» Acceleration mode

v

Acceleration mode, (worst-case conditions)

Test cycle : accelerate vehicles from 65 km/h to 130km/h (WOT), right after that coast-
down (deceleration) to 65 km/h, cruise drive 500 meter, and then repeat mode

Total 8 cycle ( 4 stabilizing cycle, 4 measuring cycle)

Acceleration Test mode

Speed(km/h)

Total 4 cycles
130

g 5,

WOoT Coast down

\ Constant Speed
65

500 m

Time

12p



KATRI

Proving Ground Test S

testing & research
Institute

» Acceleration mode

v Acceleration mode, (worst-case conditions)

» When accelerating, high concentration of CO was detected in rear area (max 3,000 ppm)
* When accelerating, CO enter into the trunk zone through the rear of hatch (max 100 ppm)

« CO concentration was increased gradually from 40 ppm to 80 ppm

Acceleration mode, CO results in rear hatch Acceleration mode, CO results in cabin
(65~130 km/h, Sunroof closed, recirculation mode) (65~130 km/h, Sunroof closed, recirculation mode)
----- Velocity 1st row 2nd row 3rd row Trunk Rear hatch =====Velocity 1st row 2nd row 3rd row Trunk
160 3000.0 160 100.0
140 140 200
' 2500.0
| 80.0
120 :,'n A .&. i AERE ?‘, 120 g"- ?,
i H il i H i i i1 ] [ 70.0
BRI RLaIrInIngn 2000.0 I
100 YRR Bl B BAY BAT B! 100 nooh 00
Vehicle S EEIER BT ER I ERER ER Vehicle iy ol
M F Wl ALY g WA HIR || i3 co d 80 [ 50.0 £o
speed 80 | . ! - “ : i : - w | \ 1500.0 @pm) Skil-j:eh : ! Vi Y pmj
1 I i | i
(km/h) 60 'lb-----' L. - \r-‘ ol Red .4 lrl N —— \ ( ) 60 "h—---—l ‘- Ly N A/ LS b Nereeres “ 40.0
! ‘ 4 1000.0 | \ e
40 i Lo - ! 40 | :
" . l i 500.0 : i b
20 ': i | ’: ' 20 ¢ l. 1006
0 L - . QEEI 0.0 0 A L | i 0.0
0 200 400 600 800 1000 0 200 400 600 800 1000
Time(sec) Time(sec)

13p



KATRI

Real-road Driving Test o SRR

Institute

» Real-road Driving test

v" Real-road driving mode

» Real-road driving test in same course with/without acceleration (2 mode)
* Driving course : 45 km (most of highway road)

» Average vehicle speed : approx 80 km/h

* Driving time : approx 40 min

" = /} B :\Ia "“gﬁ\(\‘g ‘U*
R g, - 3 Ao MF.&.
bnan {a[‘ 1 °) T };,?nu'r Yy 'x\,é‘ ,J_L]' nh;‘\g‘{:

| pag- 2] \fﬁp‘gu e
AR
|

? 9

g ':j.f‘- m 5

i | o

& R = J g Nv’m 2:5‘,',.-‘ \:\ Q;g!;;aé_“ ‘7 / A\\‘

St R o | \\J“ e e, L S N LT T ]
L s ORs N f o > i “}**j- A

| ga“!;:?} : “~ !4;“) @ gl\ :‘:‘na LA : U b i ;:w L ~-’§
<KATRI -> Songtan IC> <Songtan IC -> KATRI>
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KATRI

testing & research
Institute

Rea I — roa d D riVi N g Te St Korea Automobile

» Real-road Driving test

v" Real-road driving mode
« Real-road driving test in same course without acceleration
« Smoothing driving, Throttle open not more than 50%

e CO was not detected in cabin

Real-road driving mode, CO result in cabin
(Normal drving, Sunroof closed, recirculation mode

----- Velocity 1st row 2nd row 3rd row Trunk
160 100
140 920
80
120 A '
! b Ly 70
i (YL Y \‘il.
100 N L [P H A LW
B ‘\’ w1 i ph e e h i ] 60
Vehicle ! ) A T \ =
speed 80 ¥ e Y ?' . 50 i
(km/h) . ‘/ v " ppm)
1 1 40
60 [ nog i:.
i b {' 30
40 |V 1) g i !
1 w :l
1 T 20
\! i
20 i
1

0 500 1000 1500 2000
Time(sec)
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Real-road Driving Test

KATRI

Korea Automobile
testing & research

» Real-road Driving test

v" Real-road driving mode

Institute

» Real-road driving test in same course with acceleration (near WOT)

* Overtaking driving depending on road traffic

+ CO was detected in cabin 20 ~ 35 ppm

Real-road driving mode, CO result in rear hatch
(Overtakingl drving, Sunroof closed, recirculation mode

----- Velocity 1st row 2nd row 3rd row Trunk Rear hatch
160 3000
'
1
140 (2
i -'u:', ‘J . A { 2500
)
120 | fu',‘\'. i".g ,,."'u i
R 1 I POl ‘g an
00 | i | gt [ E Y R, 2
—_ H Gl | '.‘ ﬁ w:‘n
Vehicle i ' : b co
speed 80 / Y : (opm)
ey s .
¥
”\: i \ ; i 1000
40 i [}
&l 1] \'i
ne 500
20 | M 1&
: i H 1 :
0 i ! A 1 L] 0
0 500 1000 1500 2000
Time(sec)
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Vehicle
speed
(km/h)

160

140

120

100

80

60

40

20

Real-road driving mode, CO result in cabin
(Overtakingl drving, Sunroof closed, recirculation mode

- Velocity 1st row 2nd row 3rd row ——— Trunk

100

! } : H’: ! :2
A 70

60
sg CO

(ppm)
40

iy

30
20

T ——————

10

_————

0 500 1000

Time(sec)

1500



KATRI

Te St Resu Its Korea Automobile

testing & research
Institute

» Test results

v' CO gas could enter into cabin with acceleration or high speed driving, especially for
overtaking driving in highway, with the condition of the recirculation mode

v’ After repair, CO gas was not detected in most test mode

v' Rear hatch door sealing problems, air extractor design, sunroof tilt open, tail pipe
position might affect exhaust leak into cabin

Test results for CO gas incursion Before repair After repair
Sunroof closed tilt open closed tilt open
Idle mode N.D. - N.D. -
80 N.D. N.D. N.D. N.D.
Cruising 100 N.D. N.D. N.D. N.D.
mode 120 N.D. N.D. N.D. N.D.
140 8~9 ppm 0~3 ppm 0~3 ppm 0~2 ppm
Acceleration mode 40~80 ppm 30~35 ppm N.D. 10~15 ppm
Normal
Real-road driving N.D. ) N.D. )
driving 5 »
mode vertaking 5 ) - )
driving 20~35 ppm 0~2 ppm
1P




KATRI

Discussion on test mode ore2 uiipells

Institute

> Proposal for Test mode

Test mode, if exhaust gases, which are generated from their own engine, could enter into cabin

Idling mode - Russian Proposal

- Driving vehicles at constant speed

Constant speed mode
P (e.g. 130+5 km/h)

- Test mode : Accelerate vehicles from 65 km/h to 130km/h after that
Acceleration mode coast-down (deceleration) to 65 km/h , repeat 8 cycle,

- Target : S| Engine, CO should be measured
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Thank you

Jongsoon LIM
jongsoon@ts2020.kr

Korea Transportation Safety Authority

Korea Automobile Testing & Research Institute
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