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VRTC Testing and Review of Data

• Testing to determine the extent of piston diameter 
increase due to “water swell”

• Review of WCC warranty claim database

• Review of WCC consumer complaints

• Review of ODI VOQs

• Summary of all claims and complaints
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VRTC Testing
• Fieldwork revealed internal piston/bore 

interference fit – not slide pins, not trapped brake 
line pressure, not erroneous ABS activation

• Found DTR-2001-D0113 (Dyno Test Report) that 
discussed water swell of phenolic pistons

• Upon our discovery, Bosch agreed that water 
swell could be the root cause due to the unique 
duty cycle of RVs, but they needed proof

• Bosch needed to see piston growth in their 
heated/humid environmental chamber; their 
pistons were growing and shrinking and did not 
show any trend
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Two passive environmental 
chambers were used to induce 
pressure/vacuum and 
heat/cold, the humidity 
naturally developed in the 
sealed chambers

Two Sterilite storage 
containers with felt lined 
bottoms and plywood 
inserts were used anytime 
the pistons were not in the 
chambers
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Notice measurement 
position marks and dots 
on the pistons

The height sensing gage is  
accurate to one-half of a ten 
thousands of an inch (0.00005 
inch) and the weigh scale to 
0.1 grams

Six variations of 
pistons are being 
tested including steel 
and phenolic
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These pressure variations are approximately 
+/-50% of nominal atmospheric pressure of 
14.7 psi.  The record atmospheric variations 
at sea level are 15.7 psi in the winter of 1968 
in Siberia and 13.5 psi is in 2005 in the eye 
of hurricane Wilma.  So extreme natural 
variations range from +7% to -13%.  Note: 
14.7 psi equals 29.92 inHg

These chambers were 
always humid and had the 
same pressure/vacuum 
changes.  Chamber #2 also 
under went 4 hours in the 
oven and 4 hours in the 
refrigerator.  The  changes 
in environmental chambers 
are usually automated, but 
these chambers required 
manual attention three 
times a day, so they were 
called “passive chambers”.
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Maximum Value

Minimum Value

Mean Value

The Mean Box Shows the Spread*
* The Mean Box predicts 
that for the next 12- 
measurement data set on 
this unit, there is a 90% 
confidence that the new 
mean will fall inside the box.  
This feature is more suited 
to  stopping distance testing, 
but it does show a 
representation of the spread 
of the data.

Data Table and How the Mean Box Plot Symbol is Created
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testing started 6 
months ago
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RVs are parked for 
long periods, do not 
heat the brake 
components and drive 
the water out of the 
phenolic pistons
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VRTC Testing and Review of Data

• Testing to determine the extent of piston diameter 
increase due to “water swell”

• Review of WCC warranty claim database

• Review of WCC consumer complaints

• Review of ODI VOQs

• Summary of all claims and complaints



17

Review of WCC Warranty Database
• Data Received

– Excel spreadsheet containing 11,173 warranty work items concerning 8,482 
warranty claims (submitted to ODI Nov 2008) 

• Data Review
– All claims made prior to the actual ZOPS recall date (+10 days for paperwork or 

data entry delays) were removed and duplicate entries for the same mileage 
were removed, keeping only the most severe entry

– Relevant as Bosch seized ZOPS/ZOHT piston (752) only if the warranty text 
indicated the caliper(s) was replaced due to hot brakes [this ignored many other 
apparently associated brake complaints and assumed a misdiagnosed water- 
swelled piston would later return with more serious damage indicating the true 
cause]

– Relevant as WCC bellcrank repair (482) if consumer or technician reported 
the bellcrank to be stuck, no pedal return, stiff, corrosion, etc

– Non-Relevant as WCC preventative measure (1,005) if grease Zerk was 
installed without bellcrank problems reported by the consumer or technician 
[these were tracked separately to alleviate WCC’s concern of mixed data]

• Determined 1,234 WCC Warranty claims were relevant
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bellcrank pivot device makes longitudinal pedal pushrod 
stroke into lateral master cylinder/booster pushrod stroke
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bellcrank tube could be exposed before the body is installed, fill with water and 
freeze or moisture can cause corrosion => sticking => brakes applied and dragging
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The relevancy review was 
performed separately from 
the keyword search

The fire and 
boil entries 
were 
individually 
reviewed
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VRTC Testing and Review of Data

• Testing to determine the extent of piston diameter 
increase due to “water swell”

• Review of WCC warranty claim database

• Review of WCC consumer complaints

• Review of ODI VOQs

• Summary of all claims and complaints
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Review of WCC Consumer Complaints
• Data Received

– PDF copies of paper files contained 493 complaints

– The complaints were typed into an Excel spreadsheet recording: 
PDF filename, VIN, event date, event mileage, recall date, recall 
mileage, relevant to Bosch fire/burn/smoke/drag, relevant to 
bellcrank repair or preventative update (Zerk), boiled brake fluid, a 
short description of the complaint

• Data Review
– All data was verified to be relevant to seized pistons, stuck 

bellcrank, or preventative update (Zerk)

– All repairs made prior to the actual ZOPS recall date (+10 days for 
paperwork or data entry delays) were removed and all duplicate 
entries for the same mileage were removed, keeping only the most 
severe entry

• Determined 102 WCC Complaints were relevant
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The fire and 
boil entries 
were 
individually 
reviewed

The relevancy review was 
performed separately from 
the keyword search
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VRTC Testing and Review of Data

• Testing to determine the extent of piston diameter 
increase due to “water swell”

• Review of WCC warranty claim database

• Review of WCC consumer complaints

• Review of ODI VOQs

• Summary of all claims and complaints
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Review of ODI VOQ Database
• Data Received

– 45,972 vehicle population (Sept 2007 IRR)
– VRTC located 901 “5B4”VIN entries in the ARTEMIS public flat file, 

later entered the VINs from production data file

• Data Review
– All data was verified to be relevant to seized pistons, stuck bellcrank, or 

preventative update (Zerk)

– All incident dates prior to the actual ZOPS recall date (+10 days for 
paperwork or data entry delays) were removed and all duplicate entries 
for the same mileage were removed, keeping only the most severe entry

• Determined 191 ODI VOQs were relevant
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The fire and 
boil entries 
were 
individually 
reviewed

The relevancy review was 
performed separately from 
the keyword search
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VRTC Testing and Review of Data

• Testing to determine the extent of piston diameter 
increase due to “water swell”

• Review of WCC warranty claim database

• Review of WCC consumer complaints

• Review of ODI VOQs

• Summary of all claims and complaints
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The relevancy review was 
performed separately from 
the keyword search
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Nature of Unsafe Event(s) 
caused by the defect

• Loss of Brakes
• 2005 FLEETWOOD MOTOR HOMES W20
•  
• Phone call 11-12-07
• Owner stated that after driving for long distances he always smelled the brakes 

and would hear them squeal shortly after the smell.  Owner also stated that 
“whenever he started smelling the brakes that’s when they (the brakes) would 
go away.” In one incident he over shot an intersection as his light was turning 
red and stopped it in the middle of the intersection.  He stated “I could not 
stop; the brakes had faded to that point where they would not stop the vehicle.” 
He also noted that he was on a downward slope to the intersection.  Driver 
tried to pull vehicle over to the side of the road and couldn’t turn the steering 
wheel fast enough back to straighten up the motor home and hit a sign trying 
to get the vehicle off the road safely.  He was told by the dealer that they put 
on new [quiet pads].  

• The dealership bought the vehicle back after several repeat brake incidents.
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Nature of Unsafe Event(s) 
Loss of brakes/disabled vehicle

VIN# 5B4MP67GX23
GULF STREAM COACH w22

Clermont, FL
Date 9-24-07

• Owner stated the right rear brakes locked up on two different occasions.  On each occasion smoke 
was noticeable from the rear wheel-well.  That’s when he pulled the motorhome over on the side of 
the road each time.  It is to be noted that the owner said “on the first incident he couldn’t smell 
anything but noticed the brakes we almost gone by the touch.” That’s when he carefully looked at his 
mirrors to see if he hade a flat and saw the smoke.

• On the second occasion the owner loss total brakes and ran over 
something causing damage to the front to the motor home.  Owner is 
not sure exactly what he hit because it was in pieces under the vehicle 
when he pulled over.

• It was taken to the dealer after the first time and they found no fault then it went back to a different 
dealer after the second incident and had the complete braking system replaced in the rear.  

• The owner also stated that once he pulled the motorhome over to the 
side and stopped.  The rear wheels were locked up and he could not 
drive away.  He said once he was off the side of the road he realized he 
was not in a safe place and wanted to move but couldn’t.



42

Nature of Unsafe Event(s) 
Loss of brakes

VIN# V5B4MP67G353
2005 FOUR WINDS INTERNATIONAL W22

Salisbury, NC
Date 10-02-07

• Spoke with owner, who stated that the he could smell the brakes and 
that “the pedal felt like it didn’t want to come back up.” “I had no 
control of the brakes and had to drive it off the road onto the curvedthe curved 
embankment to help stop it.” In the process hitting a sign causing 
damage to the front of the vehicle (I’m not sure exactly what type of 
embankment he was talking about) He went on to say: “I was scare to 
drive it anymore and I was 500 miles from home”.

• Was told by dealer that his brakes failed because he didn’t drive it 
enough
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Nature of Unsafe Event(s) 
Loss of brakes

• Spoke with owner March 2008;  
• Three unique failures all resulting in a loss of brakes.  The third incident resulted in a total loss of 

brakes causing the vehicle to go through a stop light. 
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Nature of Unsafe Event(s) 
Extended stopping distance

• Spoke with owner May 2008  
• 5 unique brake failures, the worst being the last one per owner. “the brakes went to the floor 

and I ran through a red light causing other cars in the other direction to slide to a stop”.  Not 
being able to stop she drove the motorhome onto the shoulder into the grass in an effort to 
keep from hitting anyone.
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Nature of Unsafe Event(s) 
Brake pedal to the floor

• Spoke with  March 2008
• Driver stated that “the brake pedal when to the floor and I could not stop the vehicle….” “ I 

had to engage the emergency brake to stop the vehicle.”
• Owner stated that if he didn’t apply the E-brake he would have rammed into the vehicle in 

front of him at a traffic light.  Vehicle was then towed away; driver refusing to drive again.
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Nature of Unsafe Event(s) 
loss of brakes

• Spoke with owner Nov, 2008.   

• the owner stated that the brake pedal went to the floor and stayed their.  Was driving through town and 
could not stop the motorhome.   stated that he was lucky that he was in the right lane because he 
made a hard right turn into a parking lot, down-shifting at the same time to slow down and help stop the 
vehicle. 
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Nature of Unsafe Event(s) 
loss of brakes

• August 2008 – By phone I spoke with the owner/driver  

• Came off Sate RT 27 Florida, traveling towards a stop light heading to the Disney parking 
area.  “At which time I had no brakes, the brake pedal went to the floor and I was going 
straight into a heavily pedestrian traffic area.” Owner stated that “I had no choice but to go 
through the traffic light with the brakes fully depressed with all my might…… wouldn’t stop 
and I had to gear it down.”
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Nature of Unsafe Event(s) 
Fire

• I spoke with  Nov 2007

• July 6th 2007 @ 28,000 miles.  Was driving for 15 minuets until the brakes started to drag and 
pull to the right.  He got the motorhome off the road onto the shoulder where he saw and 
smelted smoke.  He got out of the vehicle and  noted “I saw the beginning of a 
small fire in the passenger side wheel-well.  I went back into the motorhome got the fire 
extinguisher and put out the fire”.  
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Nature of Unsafe Event(s) 
Brake performance expectation violated

• I spoke with  July 
2008.

• Owner alleged that when she was 
driving for approximately 30 
minuets the brakes started to feel 
spongy.   furthermore noted 
that “I was very confused…”

• “then the right front brakes locked 
up and I lost control of the 
vehicle”.  

• noted that she felt lucky that 
she was not in a high traffic area 
because she felt that she could 
have hurt somebody. 
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Severity vs. Time
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Risk to Public Safety
• Pedal to the floor with extended stopping distances or loss 

of brakes due to boiling of the brake fluid on  20,000+ lb 
vehicles -121 claims of boiled brake fluid – 263 per 
100,000 vehicles

• Thermal events at wheel-end - 7 reported fires

• Near crashes - 8 VOQ incidents
– all report just missing a car or a group of pedestrians

– three owners used the emergency brakes to stop the vehicle

• Vehicles disabled at the side of the roadway with seized 
brakes until they cooled and the pistons released

• Drivers expected brake pedal feel/response is violated
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End of Presentation
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