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Anatomy of a 12V Automotive Battery

"Tombstone"
Used to weld battery cells together, 

completing the electrical circuit 

Plate Lug
Top of the battery plate.  

Molded into the cast on 

strap

Cast On Strap
Connects the Positive and 

Negative Plates together
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1. Concern Description

ASO provided 15 NHTSA VOQ records alleging a Loss Of Motive Power (LOMP) on the MY21/22 Bronco Sport 

vehicle after the 24S24 FSA. Of the 15 VOQs, there were 14 unique 2021 MY VINs (1 was a duplicate).

Analysis of the 14 VOQs: 

• 6 described LOMP while stopped

• 4 described that the vehicle was moving

• 2 were inconclusive as to whether in motion or stopped

• 1 did not mention an LOMP event

• 1 had an LOMP before FDSA 24S24 per the Safety Office

A warranty claims review identified 238 VINs that had the 24S24 FSA, and a possible LOMP as of 10/30/2024.  

Of the 238 Claims: 218 LOMPs had Camel Enhanced Flooded Batteries (EFBs), 4 LOMPs were Clarios EFBs, 

and 16 didn’t read as battery related LOMPs (loose cable, network error, etc.)

LOMP related warranty improved from 7 R/1000 pre-FSA to 1 R/1000 post-FSA.

Clarios predicted battery reliability has been calculated to be significantly better than Camel.

Patient Zero

14 NHSTA VOQ complaints occurred after the 24S24 Field Service Action. 

Reviewed Data 

Sources
GSAR X FMC360 VOQs X GCQIS Other (Specify)

4. Potential Root Cause

Two Camel manufacturing defects are causing batteries to fail either partially or fully.

1. Misaligned lugs in the Cast On Straps (COS) create a thin wall section, leading to strap cracking and 

corrosion, exacerbated by heat.

2. Inter-cell welds are mechanically weak potentially due to asymmetric welding, which leads to either 

intermittent or permanent open electrical continuity.

FSA 24S24 software wasn’t programmed to detect certain electrical signatures present on failed batteries, or failed 

to disable stop/start functionality quick enough.

3. Safety, Environment or Regulatory Compliance Detail

N/A

2. Effect on Vehicle Operation

Vehicles exhibit a Loss Of Motive Power (LOMP) by either not being able to re-start after a stop/start event, or 

the engine stalls during a drive. Some claims mention some systems still have power, and others mention a total 

loss of power.

5. ICA / PCA Summary – Is the Plant Building Clean

Production PCA:

CX430:  Launched Clarios EFB on 10/19/2022, then AGM batteries on March 13, 2024, as a running 

change.

P758:  Launched AGM batteries on 10/19/2024.

CX430 and P758:  Powertrain Control Module (PCM) and Body Control Module (BCM) calibration changes 

launched at HSAP on 3/4/2024 as part of FSA  24S24

Service PCA:

CX430 and P758: EFB Service battery was eliminated, and only AGMs available on 2/28/2024

CX430 and P758: 24S24 FSA completed on 5/13/2024

CX430 and P758: October 19, 2022, replaced Camel EFB batteries with Clarios AGM batteries.

6. Population

Regions Affected
Vehicle Lines

Model 

Years
Volume Build Date Range

North America Bronco Sport 2021-23

329,864

J1 to Oct 20, 2022

North America Maverick 2022-23 J1 to Oct 20, 2022

South America Bronco Sport 2021-23 J1 to Oct 20, 2022

South America Maverick 2022-23 J1 to Oct 20, 2022

Total 329,864

ASO Lead Investigator M. Clark/mclar287 CCRG Open Date 10/29/2024
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Battery Teardown Results – All Camel Batteries

27 Camel batteries have been torn down as of 12/6/2024

23 had cracked strap(s) and/or broken weld(s)

• 6 of these were LOMP claims

13 exhibited positive plate grid growth
• 1 had a cracked strap and/or broken weld – LOMP

• 9 had a cracked strap and/or broken weld – no LOMP

• 3 were only grid growth - no LOMP or broken parts

1 had a pinched lug, and wasn’t an LOMP

Cracked strap(s) or broken weld(s) were present in all 6 of 

the LOMP batteries that were torn down.

Cracked strap(s) 

and/or weld(s)
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Teardown Data of Failed Batteries

Negative Strap - Cracked Broken Weld

• Battery manufacturing defects found in vehicles reporting a Loss Of Motive Power

• These defects are also in non-LOMP Camel EFB battery warranty
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Material Lab Analysis of Failed Batteries

• White arrows indicate porosity

• Analysis of a dark spot revealed corrosion

Clarios EFB – Intact Negative Strap – new battery Camel EFB – Intact Negative Strap

Camel EFB LOMP – Fractured Negative Strap
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Summary of Potential Corrective Actions

• Option 16 is the only high confidence one currently available, but has an estimated 5-month lead time

• Remaining options have merit, but will take and estimated 2-6 months to develop
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Camel vs. Clarios EFB Battery Predicted Repair Probability (Bi-Variate Parametric Model) – All Batteries

• Camel’s 36 MIS predicted cumulative failure probability is 10.31% vs. 2.46% for Clarios

• Clarios’ 36 MIS performance projection is very good, so it shouldn’t need to be replaced

• Camel batteries should be replaced

Predicted Battery Failure Rate – Camel EFB

(Bronco Sport built prior to 10/22/2022)

Predicted Battery Failure Rate – Clarios EFB 

(Bronco Sport built after 10/22/2022)

12V Battery R/1000 Comparison at 36 MIS:

• CX430 w/ Clarios EFB: 24.6 (model)

• 21MY CX482: 27.8

• 21MY U625: 33.0

• 21MY FNA Average: 66.9
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Camel vs. Clarios EFB Battery Predicted Repair Probability (Bi-Variate Parametric Model) – Hot States Only

• Comparison of "Hot State" claims only - Camel’s 36 MIS predicted failure probability is 23.8% vs. 2.28% for Clarios

o Hot States: AL, AR, AZ, CA, FL, GA, HI, LA, MS, NC, NM, OK, SC, TN, TX

Predicted Battery Failure Rate – Clarios EFB 

(Bronco Sport built after 10/22/2022)

Predicted Battery Failure Rate – Camel EFB

(Bronco Sport built prior to 10/22/2022)

CX430 R/1000 Projection at 36 MIS

Camel Clarios

All Claims 103.1 24.6

Hot States Only 238.2 22.8
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Camel vs. Clarios EFB Battery Predicted Repair Probability (Bi-Variate Parametric Model) – LOMP Batteries

Predicted LOMP Failure Rate – Camel EFB

(Bronco Sport built prior to 10/22/2022)

Predicted LOMP Failure Rate – Clarios EFB 

(Bronco Sport built after 10/22/2022)

Analysis conducted using claim data from ASO teams’ warranty review in preparation for RQ24-014 Part 1 Response.

• Camel’s 36 MIS LOMP predicted cumulative failure probability is 0.61% vs. 0.045% for Clarios

• This data is for all claims before and after FSA 24S24

• Only 4 of the 238 LOMP claims post-24S24 were Clarios (4 / 203,378 vehicles or ~20PPM)
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Summary

• Quality defects exist in Camel batteries

• High confidence root causes are cracked straps and poor welds

• Camel predicted 103 R/1000 is well above 36 MIS average of 67

• Clarios predicted  25 R/1000 is well below 36 MIS average of 67

• SW solutions are estimated to take 2-6 months to develop

• AGM replacement batteries are estimated to take ~5 months
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Backup
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Regulator Influence: Social Media, Fleet, and 

other External Sources:Region Engagement: Feedback:

North America Y RQ24-014

South America N

Europe N

Greater China N

IMG N

Other

Privileged & Confidential

Compliance Concern? FMVSS: Other Reg?

No N/A N/A

What is our basis for compliance?

• N/A

Recall Footprint

VOQ Analysis

• NHTSA shared 15 unique ODI records for review related to RQ24-014. After review, 12 of these 

records appear to describe a LOMP event after receiving the 24S24 repair. All VOQs were MY21 

Bronco Sport vehicles.

What has changed since the last analysis?

• NHTSA formally issued RQ24-014 on November 20, 2024. Part 1 due Dec-18; Part 2 due Jan-29. 

Warranty and Post-Warranty Analysis

• As of Oct-30, There are 238 warranty claims for alleged MY21-24 Bronco Sport for loss of motive 

power while driving after receiving the 24S24 repair. There are no reports of accidents or injuries in 

the potentially responsive claims.

• Warranty data shows 2,711 battery replacements on vehicles after receiving the 24S24 repair.

• 12-volt batteries are covered under the 3/36 bumper-to-bumper warranty and are not part of 24S24 

repairs.

High Severity Field Report Investigation

Ford is not aware of any reports of accident or injury as a result of this concern.

If a customer experienced this issue, how have/would they describe it?

Customers primarily experience a failure to restart after an auto stop-start event during a drive 

cycle. After a loss of motive power, there may be a loss of 12V accessories, including hazard lights. 

Customers typically report that there was no warning or indicators prior to the loss of motive power 

event. This experience is occurring after vehicles have been repaired under FSA 24S24.

NHTSA shared 15 unique ODI records for review related to RQ24

records appear to describe a LOMP event after receiving the 24S24 repair. All VOQs were MY21 

NHTSA shared 15 unique ODI records for review related to RQ24

records appear to describe a LOMP event after receiving the 24S24 repair. All VOQs were MY21 

NHTSA shared 15 unique ODI records for review related to RQ24

•

What has changed since the last analysis?

NHTSA formally issued RQ24

What has changed since the last analysis?

Warranty data shows 2,711 battery replacements on vehicles after receiving the 24S24 repair.

volt batteries are covered under the 3/36 bumper tovolt batteries are covered under the 3/36 bumper

power while driving after receiving the 24S24 repair. There are no reports of accidents or injuries

Warranty data shows 2,711 battery replacements on vehicles after receiving the 24S24 repair.

bumper warranty and are not part of 24S24 

High Severity Field Report Investigation

Ford is not aware of any reports of accident or injury as a result of this concern.
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3L5Why: 24-757
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EFB Batteries use stamped or cast lead grids with polyester separator.  Water and acid are free flowing. Used by most OEMs for stop/start vehicles in Europe and China. 
VW uses in North America.
AGM Batteries use thin stamped lead grids with electrolyte in a micro-fiberglass fleece mat separator, allowing for more cells in the same size battery & higher overall 
power – Cold Cranking Amperes (CCA). Micro-fiberglass mat soaks up all the electrolyte (water and sulfuric acid) so are considered spill-proof, the battery cells (plates 
and mats) are compressed to hold paste on to plates and add to charge transfer efficiency. AGM operates under pressure (~1psi) to recombine generated gasses, 
conserving water. Used by most OEMs for stop/start vehicles in North America. 

AGM Batteries
1. Up to 2x battery cycle life vs. enhanced flooded batteries
2. Fastest recharge times
3. Slowest self-discharge/shelf life
4.  Sealed – lower water loss, less corrosion and longer life
5.  Less internal corrosion in higher temperature zones.

Ford requires all Stop/Start batteries to pass ES-DS7T-10655-AC.  
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VERN Report from 23-765

20-Oct-2022

20-Oct-2022

20-Oct-2022

20-Oct-2022
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JIRA Being Used 

Use of the JIRA system to 

track action items.

Jira Epic
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Fishbone Tool

Supplier broken weld fishbone on next slide
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Fishbone Tool – Broken Weld

Fishbone Diagram from Broken Weld 8D in 21MY CX430 .  Report was written in March 2023.Fishbone Diagram from Broken Weld 8D in 21MY CX430 .  Report was written in March 2023.
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Fishbone Tool – Broken Cast On Strap

COS Breakage Fishbone
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Is/IsNot Tool
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24S24 Adoption (12/2/2024)
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MWATS Comparisons

21/22MY CX430

23MY CX430

23MY CX482
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Decision Matrix - Full

Solutions Decision / Pugh Matrix
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3L5Why

Title: GRID Reference #: 23-765

TSB or QSF and Timing (if  

applicable):

Primary Program/ 

Plant Impact: 

Secondary Program/ Plant 

Impact: 

D1 - Establish the 

Team
DRI / Owner: Team: 14D Stage: 1 Last Revised 

Date: 

CAUSE 1 Root Cause

DRI Due Date Verification Status

NUUO- E-14177206-

118
Released 2/28/24

DRI Due Date Validation Status

C14626204
In Production 

3/13/24

DRI Due Date Validation Status

CAUSE 2 Root Cause

DRI Due Date Verification Status

Detection method - Battery 

Throughput Tool, did not identify that 

extended Max operating temp 

capability (strength) of EFB battery 

capability less than actual Bronco 

Sport max Operating Battery 

Temperatures for extended Hot State 

Locations such as AZ, TX, FL 

(stress).

Battery Throughput Tool indicated a PASS 

for EFB battery 

Battery Throughput Tool does 

not factor in extended hot 

weather environmental impact 

on Battery degradation 

Battery Throughput Tool does not include actual program 

specific worst case operating conditions for Noise Factor 

of Extended Operating Temperature Over Time.

DRI Due Date Validation Status

CAUSE 3 Root Cause

DRI Due Date Verification StatusCX430 were not evaluated against the new 

requirement

Re-evaluate new programs with  new inflight requirements against 

the sub-system DFMEA, the Severity Rating and Quality History

SAE J2801 test to failure,  3.5 months considered 

pass. Bronco Sport Camel test results 4.0/4.0/3.7m 

PASSED.  Note Clarios EFB 3.7/3.9/4.0m,  Clarios 

AGM 6.2/6.0/6.5m.  

D6 - Implement and Validate PCA

D7 - Prevent Recurrence 

Systemic Issue

(w hat needs to change, 

culture, systems, etc.)

RQT-140000-010063 BATTERY: 

MAXIMUM CELL ELECTROLYTE 

TEMPERATURE criteria was not 

met (max allowed operating 

temp<53 deg C for non-Trailer Tow 

The results of the Global Heat 

Management Test, TM-00.10.-L-400, were 

not used to select the correct Battery 

Chemistry Design for this application.

CX430 did not meet the new 

underhood battery temperature 

requirement

CX430 had carryover C2 

requirements which were 

developed before the formal 

release of the new requirement 

released in June 2020 RQT-

Added hot cycling to the Battery Throughput Tool  and plan to re-

evaluate for CX430 Bronco Sport and other vehicles in 

development

DV Battery testing showed the EFB 

battery was acceptable for stop/start 

duty cycle.

Batteries tested per SAE J2801 at 75C 

industry recognized test.  Ford uses 3.5 

months duration for H6 size batteries or 

4.4 months for H8 size batteries

D6 - Implement and Validate PCA

Detection

(w hy this w as not detected)

D6 - Implement and Validate PCA

24MY Running Change (March 18) Bronco Sport to use AGM 

Batteries Only, BAGM-48H6-760 (released).  

D6 - Implement and Validate PCA

D3 - Develop Interim Containment Actions

No Re-Start 

after a 

Stop/Start 

Event (LOMP)

The Electrical System could not 

support an engine crank for a re-start

12V Battery Voltage prematurely  reduced 

because one or more  positive plate to 

negative lug short circuits or reduced 

voltage due to open welds. 

Positive plate height  grew due 

to corrosion build up, allowing it 

to contact Negative Lug or force 

weld break.

Corrosion on positive plate 

because Lead alloy combines 

with Oxygen.

Build up of Lead Alloy with 

Oxygen as a function of 

extended high underhood 

temperatures  (see Underhood 

Temp Chart)

12V EFB Battery exposure to extended (2,000 hrs) 

high underhood temperatures (40C to 55C)  leads to 

Lead Alloy oxidation. Subsequent corrosion positive 

plate growth leads to short circuit with Negative lug or 

open weld.  Resulting in Lower Battery Voltage. 

Eliminate EFB batteries  BEF-48H6-A from Service Catalogue 

replacing with AGM  BAGM-48H6-760 (note: the AGM is already 

an optional replacement due to the limited EFB usage).

D4 - Define and Verify Root Cause and Escape Points Countermeasures

Kurt Kilian
Steve DiLodvicio, Gordon Livingstone, Dave Celinske, Kurt Kilian, Jim Gabriel, Michael Clark, Ahmed Awadi, Travis Down,, Wayne Haider , Eric 

Rademacher, Jason Baker, Ben Chen, Kumar Shanmugam, Michael Malkowski, 2/29/2024

D2 - Describe the Problem 

What? (what is the "nature" of the problem)  During Start Stop event the battery dies won't crank the for a restart.

What? (What is the "part name and no.' in which the problem is reported)  21-24MY Bronco Sport and 22-23 Maverick with EFB Enhanced Flooded Batteries

Where? (a. Geographically the complaint is coming from Primarily Hot Climates in North America.

Where? (b.Where is the process flow)    Vehicle Restart after a Stop/Start event

Where? (c. Where is the component/assembly) All 21-24MY Bronco Sport are equipped with EFB Batteries, only Ford Vehicle in North America using EFB batteries.  EFB Batteries are used 

extensively in Europe and China but major population areas of these regions do not have high temperature similar to AZ/TX. 

When? (a. it first occurred) Sep 24, 2024 NHTSA Report 8 LOMP Failures

When? (b. When all it has occurred) Analysis of Warranty Data indicates significant dealer replacement of Bronco Sport Batteries starting at 15 months from Sale (Highly weighted toward Hot 

Climates) and after the 24S24 FSA.

When? (c. When in the product life cycle e.g. Kms, days, hrs, etc.)  Exponential failure rate beginning at 15 months of vehicle operation

Who? (are the people complaining?  Write all functions? NHTSA

Why? (are the affected parties complaining i.e. what pain are being faced by them) Failure to re-start vechicle after a stop/start event.

How? ( did the affected parties in 'who' detected to the problem) Customer Field Complaints

How Big? (Quarterly the problem in terms of a. Severity)    High Severity/Dissatisfaction

How Big? (Quantify the problem in terms of b. Occurence/frequency) 500,000 EFB Bronco Sport and Maverick units in the field

How Big? (Quantify the problem in terms of c. Value)  

Problem Statement: Impact on Customer (Internal / External)

Ford Motor Company has identified a critical issue affecting approximately 500,000 units of 21-24MY Bronco Sport vehicles and 22MY Maverick after the 24S24 

Field Service Action. Beginning at 15 months in operation, these vehicles may experience a no-crank/no-start during a stop/start event. The problem has been 

traced back to the EFB Enhanced Flooded Batteries BEF-48H6-A, which are exhibiting a high time in service corrosion issue beginning at 15MIS  and 

accelerates towards the end of the battery's useful life. 

Customer may be stranded during drive event. Vehicle can fail while driving, sudden loss of 

power, no warning lights/flashers.  Fails on road during deceleration-stop event. 

    Problem Solving Form
Bronco Sport LOMP (Loss of Motive Power)

Emergency Response Action(s): ERA Date Implemented:

Bronco Sport

Check if availableCheck if availableCheck if available

10 Hr Battery Test Does Not Replicate 

36 MIS Field Performance

Ford MWATS shows that high average ambient temperature is the top risk factor and that vehicles in 

Southern US States are experiencing a higher rate of failure

DV Battery testing showed the EFB 

battery was acceptable for stop/start 

Batteries tested per SAE J2801 at 75C 

industry recognized test.  Ford uses 3.5 

months duration for H6 size batteries or 

4.4 months for H8 size batteries

capability (strength) of EFB battery 

capability less than actual Bronco 

Temperatures for extended Hot State 

Sport max Operating Battery 

Temperatures for extended Hot State 

Locations such as AZ, TX, FL 

Batteries tested per SAE J2801 at 75C 

Battery Throughput Tool indicated a PASS 

for EFB battery 

Battery Throughput Tool indicated a PASS Battery Throughput Tool does 

not factor in extended hot 

weather environmental impact 

Battery Throughput Tool does 

Corrosion on positive plate 

because Lead alloy combines 

with Oxygen.

Build up of Lead Alloy with 

Oxygen as a function of 

extended high underhood 

temperatures  (see Underhood 

12V EFB Battery exposure to extended (2,000 hrs) 

Ford MWATS shows that high average ambient temperature is the top risk factor and that vehicles in Ford MWATS shows that high average ambient temperature is the top risk factor and that vehicles in 

power, no warning lights/flashers.  Fails on road during deceleration-stop event. 

Impact on Customer (Internal / External)

Customer may be stranded during drive event. Vehicle can fail while driving, sudden loss of 

power, no warning lights/flashers.  Fails on road during deceleration-stop event. 

Customer may be stranded during drive event. Vehicle can fail while driving, sudden loss of 

power, no warning lights/flashers.  Fails on road during deceleration-stop event. 

Last Revised 

Date: 2/29/2024

Customer may be stranded during drive event. Vehicle can fail while driving, sudden loss of 

power, no warning lights/flashers.  Fails on road during deceleration-stop event. 

2/29/2024

ERA Date Implemented:

Southern US States are experiencing a higher rate of failure
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10. Optional 

Summary 
Regions | CBGs Affected

(Legend )

Countries Affected
(Use “Multiple” if more than 

4 per region)

Vehicle Lines and Plants Build Date Range Volumes (approx.) Preliminary 

R/1000 

(peak)

Preliminary 

Failure Rate

In Plant In Transit Dealers
Delivered to 

Customer
Total

NORTH AMERICA

SOUTH AMERICA

EUROPE

IMG

GREATER CHINA

Total

Total
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Customer Satisfaction Detail – (Only complete for Customer Satisfaction concerns)

12. What is the consequence of taking no action

What are the risks of future social media exposure

Are any additional activities required to manage key markets

11. External Influence

Social Media

Government Enquiries

Impact to Brand Image

13. Business Case

Who is the advocate driving this CSF Concern

Department and name

Rational to support Customer Satisfaction Program

Social Media exposure

Impact on Brand Image

Likelihood of customers contacting Government Agencies

Preliminary Financial Summary - Forecast Cost Analysis

Projected Warranty Costs

1. Volume of Vehicles Affected = xxxxx

2. Expected Failure Rate% of vehicles = xx%

3. Expected Number of vehicles claims = xx (1 / 2)

4. Estimated repair (labour / part) cost = $xx.xx / vehicle

5. Estimated Warranty Cost = $xx.xx (3 x 4)

Cost to Proactively Action

1. Volume of Vehicles Affected = xxxxx

2. Expected repair (labour / part) cost = $xx.xx / vehicles

3. Estimated Action Cost = $xx.xx (1 x 2)

Who is liable (Ford or Supplier)

CFO Concurrence Yes/No Insert CFO  CDSID 

Projected Warranty Costs

Preliminary Financial Summary 

Projected Warranty Costs

Preliminary Financial Summary 

Projected Warranty Costs

Likelihood of customers contacting Government Agencies

Preliminary Financial Summary 

Likelihood of customers contacting Government Agencies

Rational to support Customer Satisfaction ProgramRational to support Customer Satisfaction ProgramRational to support Customer Satisfaction Program

1. Volume of Vehicles Affected = 

2. Expected Failure Rate% of vehicles = xx%
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3L5Why: 23-765
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Camel EFB Identification

Camel EFB Part 

Number:

LX6T-10655-F
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