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ENGINEERING ANALYSIS CLOSING REPORT  
 

 
 
EA No:  EA03-024  Date Opened:  Nov. 19, 2003  Date Closed: 
 
Subject:   Alleged braking system failure or malfunction of certain model year (MY) 2002-2003 
Subaru Impreza WRXs (Subject Vehicles) manufactured by Fuji Heavy Industries U.S.A., Inc. and 
Subaru of America, Inc (collectively, “Subaru”).  Drivers and owners have alleged that the brakes on 
their vehicles intermittently malfunction, resulting in extended stopping distance.  The malfunctions 
allegedly occurred in conjunction with activation of the Anti-lock Brake System (ABS).   
 
Basis:  The Office of Defects Investigation (ODI) opened this investigation as a preliminary 
evaluation (PE), number PE03-029, on July 8, 2003.  At the opening of the PE, ODI had received 45 
complaints with five (5) allegations of crashes from vehicle owners.  Owners claimed that a loss of 
braking power occurred during brake applications as the vehicle traveled over dry and uneven, or 
bumpy road surfaces.  Many complainants alleged that the loss of braking power resulted in 
extended stopping distances, which was alleged to be a contributing factor in the five (5) crashes.  
During the PE, ODI sent an Information Request (IR) to Subaru to obtain further information 
concerning the subject vehicles.  In response, Subaru reported 189 complaints with twelve (12) 
crashes and one (1) injury.  Subaru did not report any fatalities.  In addition, Subaru reported 332 
warranty claims that could possibly relate to the alleged problem.  During the PE, ODI received 48 
additional complaints, bringing the total number of complaints received by ODI to 93.   
 
ODI upgraded the PE investigation to an Engineering Analysis (EA), number EA03-024, on 
November 19, 2003.  The subject vehicle population remained model years 2002 – 2003, with 
50,701 vehicles sold in the United States.   
 
Description of Component/Vehicle System:  The subject vehicles are equipped with power-
assisted, dual diagonal hydraulic circuits and four-channel/four-sensor anti-lock brake systems 
(ABS) that are manufactured by Bosch (model 5.3).  The front brakes are twin piston calipers with 
10.9 inch ventilated discs, and the rear brakes are single piston calipers with 10.5-inch discs.  A full-
time, all wheel drive system distributes power automatically between the front and rear wheels.  
Manual transmission WRX’s have a viscous-coupling locking center differential.  Automatic 
transmission WRX’s have a variable torque distribution system with a planetary center differential 
and electronic continuously variable transfer clutch.   
 
Failure Modes:  Reduced braking and/or extended stops when attempting to slow down on bumps, 
gravel, ripples or other irregularities in the pavement.  
 
Design Changes:  Subaru reported an update to the ABS Electronic Control Unit (ECU) algorithm 
to prevent a known problem affecting the ABS wheel-speed calibration that can result in 
unwarranted momentary ABS activation.  According to Subaru, this update allowed the ABS ECU to 
recalibrate for a standard size tire after the installation and replacement of a temporary spare tire.     
 
Subaru incorporated the design change at different times, depending on the type of transmission in 
the subject vehicle: 
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a.  For manual transmission equipped vehicles, the change was incorporated on June 21, 2002; 
     and  
b.  For automatic transmission equipped vehicles, the change was incorporated on July 11, 2002.   

 
Service Bulletins:  Subaru published three (3) service bulletins that may relate to this alleged 
problem: 
 
06-33-04 01/15/04  Brakes – Premature/Uneven Disc Brake Pad Wear;  
06-33-05 11/01/03  Brakes – Vibration Diagnosis; and 
06-31-03 07/15/03  Brakes – ABS ECU Applications. 
 
Problem Experience:  As part of the EA, ODI analyzed information from two different data 
sources.  First, in response to an EA IR, Subaru reported additional information directly related to 
the subject vehicles. ODI also examined its Vehicle Owner Questionnaire (VOQ) database, a 
collection of owner complaints related to specific model and model year vehicles.  A summary of 
ODI’s analysis of each data source follows.     

 
1. Subaru Data.   During the EA, Subaru reported eleven (11) additional consumer complaints 

with one (1) crash and twenty-three (23) additional field reports.  No injuries or fatalities 
were reported.  Seventy-two additional warranty claims were received. 

 
2. VOQ data.   After opening the EA, ODI reviewed its VOQ database for complaints related 

to the subject vehicles.  During the EA, ODI received 36 additional complaints with eleven 
(11) crashes and six (6) injuries reported.  No fatalities were reported.  The majority of the 
complaints reported one of the following:  

 
a. loss of brake power due to some type of road imperfection (ripples, gravel, potholes, 

rough surfaces etc.); 
b. inappropriate activation of the ABS; and 
c. sinking pedal, no braking. 

 
In July 2004, ODI enlisted the assistance of NHTSA’s Vehicle Research Test Center (VRTC) in East 
Liberty, Ohio to analyze VOQ’s as part of the effort to obtain appropriate vehicles for testing.  
VRTC reviewed the VOQ’s and sorted them by the type of vertical perturbation that allegedly 
caused the owner’s ABS to malfunction as reported by the owner.  The predominant vertical road 
perturbations reported by owners were minor surface variations such as road imperfections or 
uneven surfaces.  This class of perturbation was termed “minor irregularity”.   
 
The other vertical perturbations listed in Table 1 are expressed statements of owners from the VOQs.     
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ODI Activity:    ODI submitted a test request to VRTC on August 15, 2003, concerning the subject 
vehicles and ABS-related stopping complaints.  VRTC was charged with confirming or dispelling 
the allegations of reduced vehicle deceleration after braking near minor bumps or other vertical 
perturbations, and with exploring the possible causes of the reported ABS malfunction.  In order to 
conduct the appropriate tests, a subject vehicle that could demonstrate the reported ABS malfunction 
on a repeated basis needed to be located.  After significant outreach and effort, a written survey and 
three (3) test series were conducted.  A summary of the survey and the three test series follow.  Full 
details of all testing will be published in VRTC’s test report.  
 

I. Survey 
 

A. Purpose of Survey  
 

In October 2003, VRTC mailed a survey to owners of subject vehicles who live in 
Ohio.  VRTC requested information to determine the roadway surface that caused 
owners concerns about their ABS, to find what environmental conditions may have 
been factors during any braking incidents and to learn if owners were actually 
concerned about the ABS on their vehicles.   

 
B. Results of Survey 
 

Of 246 potential survey recipients, 76 owners responded with a completed survey.   
Fifty-four (54) (or 71% of all respondents) owners agreed with the statement:  “I 
consider my ABS brake system to be reliable.”  Fifteen (15) owners reported between 
ABS problems and stated that bumps “frequently” or “always” caused the ABS 
problem to occur.  VRTC contacted the fifteen owners and requested to field inspect 
their vehicles, with the goal of eventually leasing one or more vehicles for testing.   
 
 

Table 1 Review of VOQ’s (as reported by owners) 
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II. Testing 
 

A. Phase One:  Initial Vehicle Testing  
 

The first phase of testing commenced in August 2003.  VRTC obtained three (3) 
vehicles.  VRTC conducted approximately 625 tests on the three vehicles in phase one.  
The tests performed on the vehicles occurred on test tracks and the public roadway.  
The first vehicle (WRX01 – not a complaint vehicle) was leased in August 2003 for 
familiarization purposes.  It was instrumented and tested on the surfaces used in a 
previous ABS test program.  VRTC conducted 364 test runs and observed no abnormal 
results. 
 
The second test vehicle (WRX02) was located through the owner survey conducted by 
VRTC.  While the owner permitted an inspection, he refused to permit VRTC to install 
instrumentation on his vehicle.  This vehicle was leased for several days in December 
2003.  The vehicle was inspected (including wheel speed sensors) and driven on some 
limited test tracks for feel of the vehicle deceleration. ABS activity was noted, but 
abnormal brake behavior was not noted during any of the stops conducted.  
  
The third test vehicle (WRX03 – not a complaint vehicle) was leased in March 2004 for 
approximately one month.  This vehicle was outfitted with a complete instrumentation 
package and tested for 230 test runs, including tests conducted on the public roadway.    
After crossing a set of railroad tracks, this vehicle took 0.75 seconds to build brake line 
pressure and, consequently, experienced vehicle deceleration, as shown in Figure 1 
(delay from 0.40 to 1.15 sec).  This was the first indication of a possible long duration, 
slow deceleration event, reported by some owners to last 4 to 10 seconds.   
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B.  Phase Two: Field Inspections 
 

Working from a VOQ owners list, VRTC contacted twenty-three (23) owners who 
resided within 600 miles of the facility.  Based on interviews with the owners, VRTC 
selected five (5) vehicles for field inspections and testing.  VRTC added two (2) more 
subject vehicles after an owner contacted VRTC through the Internet and another was 
referred by an ODI-VOQ complainant.  All seven (7) vehicles (WRX04 – WRX10) 
were field inspected and tested at a specific site where the owner claimed to be able to 
reproduce the problem with the ABS.  Of the seven vehicles, VRTC conducted six of 
the inspections and an ODI engineer conduct the last inspection in the Washington DC 
area.  Inspections occurred between June and August 2004.  See the VRTC test report 
for full details.  
 
During the field inspections, none of the owners could reproduce the alleged problem.  
VRTC installed a small 2-channel accelerometer to measure vehicle deceleration and 
brake-pedal travel during brake stops.  For each test vehicle, the measured deceleration 
quickly responded to brake application and the brake pedal never dropped to the “floor” 
as had been reported by some complainants.  No events were observed.  Deceleration 
and pedal travel were normal.   
 

 
 
 
 

Figure 1 – Delayed Build of Vehicle Deceleration on WRX03 at Railroad Tracks 

35 mph, braking at the railroad tracks, brake pedal force 100 lb, and stopping distance 96 ft 
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C.  Phase Three:  Fully Instrumented Testing at VRTC 
 

1. Test Protocol 
 
VRTC commenced the third phase of testing on August 20, 2004, on three (3) vehicles 
which were denominated  WRX04, WRX08, and WRX10.  Phase three testing focused 
on the alleged ABS malfunction termed the “long-duration, low-deceleration” event.  
According to interviews with owners, during a “long-duration” event, the vehicle 
exhibits an extremely low level of braking and deceleration for a period of time.  The 
owner’s perception is that the deceleration rate is well below their previous deceleration 
experience with the vehicle.   The factors that could be related to the “long-duration, 
low-deceleration” events were obtained from owner interviews and compiled into a list 
by VRTC.  During third phase testing, VRTC considered these factors while 
conducting its testing to determine a cause to the “long-duration, low-deceleration” 
event. 
 
Phase three tests consisted of four segments.  First, VRTC observed a temporary delay 
in building brake line pressures under certain circumstances.  Second, it measured and 
quantified the effect of the delay in building brake line pressure on brake performance.  
Third, VRTC attempted to document the minimum vertical perturbation that caused the 
delay in brake line pressure.  Last, it obtained two peer vehicles to test and compare to 
the complaint vehicles. 

 
a.  Brake Line Pressure 

 
Throughout the various tests, VRTC observed a slight delay in brake line pressure 
building or rebuilding, which resulted in a delay in generating vehicle deceleration.  
Testing revealed that in the WRX, these delays did not last longer than one second 
and were greatest when braking very close to the perturbation, similar to that 
reported by owners.  These delays (one of the worst is show in Figure 1) varied and 
all were perceived by the drivers as an initial phase long-duration, low-deceleration 
event.  However, none of them were verified as long-duration, low-deceleration 
events.  The sensation of these delays were exacerbated when the driver started 
braking before a vertical perturbation with a low brake pedal force, then increased 
the brake pedal force and the vehicle deceleration did not change for approximately 
one second.  

 
b.  Quantification of Brake Line Pressure Delay 

 
VRTC focused on quantifying and documenting the effect of the brake line 
pressure delay in building vehicle deceleration on brake performance.  To 
quantify the effect on brake performance, VRTC drivers made brake applications 
at specific distances before, at, and after each type of perturbation tested, and the 
stopping distances of each test run were measured.  The stopping distance was 
calculated when the brake pedal force reached 50 lbs, the force at which the ABS 
was invoked, to remove any variations for driver differences.  Thus, for this series 
of tests, the results were “normalized.”  VRTC’s calculated “distances” for the 
test vehicles became approximately 7% lower than the actual stopping distances.1 

                                                 
1 VRTC’s calculated “distances” are unique to this test series and investigation and are not intended to be used as a base line for 
comparisons to other test programs or to specific mandated distances in the Federal Motor Vehicle Safety Standard.  When 
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  c.   Test Set-Up 

 
During testing, VRTC compared the performance of two peer vehicles to the 
performance of the three test vehicles inspected in phase two.  VRTC tested a 
2002 Honda Civic (Honda-CIV01) and a 2004 Subaru Impreza WRX STi 
(WRX11).  The Honda was selected because (like the WRX models) it is 
equipped with a similar wheelbase and a Bosch 5.3 ABS system (with a different 
algorithm).  The WRX STi was selected because it is the “same generation” ABS 
system as the subject vehicles, with an additional lateral g-sensor and modified 
suspension as compared to the subject vehicles. 

 
Several test locations were used.  ABS Course Pad 2 had a consistent  
high-coefficient2 of friction.  Skid pad lane 63 was a medium-co and ABS course 
pad 4 started as a high-coefficient surface but became polished and variable-co. 
Various pavement perturbations such as washboard (with 22 slip/trip elements), 
wheelbase spaced slip/trip elements (four elements), and multiple wheelbase 
spaced combination slip/trip elements (6 elements) utilized in the phase one tests 
were made simpler and smaller with fewer and smaller bumps and slip plates until 
Configuration “J” (Config J) was found as the smallest configuration to cause the 
WRX ABS to react.  The Config J bump was a 1.25” tall by 4.0” long ramp bump 
laid across both wheel paths.  This Config J bump was also attached to two other 
surfaces.  The ABS course pad 4 had become polished during testing resulting in 
a variable coefficient of friction longitudinally along the course, similar to friction 
of asphalt approaching an intersection with a traffic light.  To test on an asphalt 
surface with a continuous friction, rebar spikes were used to temporarily attach 
additional Config J ramp bumps onto another section of little used asphalt. The 
bump was spiked to the asphalt because the rails were only installed at pad 4.  
VRTC needed to check the vehicle performance on a continuous high-co surface 
that bracketed the coefficient of the now variable-co course pad 4.  Brake 
performance depends on the tire road interface.  Another Config J bump was 
bolted to polished concrete (medium-co) to test the ABS on a slightly slipperier 
surface. This was done to check the performance on another continuous surface 
that bracketed the low end of the now variable-co pad 4.  During this period of 
testing, all test vehicles were outfitted with replacement original equipment (OE) 
tires coded “E92VZ” for the WRX’s and “FR690” for the Honda Civic, a peer 
vehicle.   
 
VRTC diagramed the “stopping” results in Figure 2 in order to observe what 
happens when the ABS encounters a perturbation at different points in its 

                                                                                                                                                                            
comparing these stopping distances to other vehicles in this test program, all test variations between test drivers and test vehicle 
instrumentation packages were removed (normalized) to allow for the study of stopping distance differences between the 
complaint and the peer vehicles. 
2 The coefficient of friction (also known as the frictional coefficient or the friction coefficient) is a scalar used to calculate the 
force of friction between the two bodies.  The coefficient of friction depends on the materials used – for example, ice on metal 
has a very low coefficient of friction (they rub together easily), while rubbing on pavement has a very high coefficient of 
friction (they do not rube together easily).  For brake testing, road test surfaces are measured and assigned a low, medium or 
high coefficient rating.  
3 The TRC (Transportation Research Center) skid pad consists of a straight two-mile long roadway with large turn loops at the 
ends that are seven lanes wide.  The test area on this test was Lane 6. 
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algorithm.  Each point on the chart is a different braking point at a pre-selected 
location on the test course, averaged over three tests runs.  To measure the ABS 
algorithm reaction, VRTC drivers made brake applications at -80, -45, -10, -2, +2, 
+6, +10, +30, and +80 ft locations (the negative locations are before the 
perturbation and positive locations are afterward).  
 
In addition to measuring stopping distances, VRTC mounted transducers on the 
test vehicles to collect data to examine why there were differences in stopping 
distances.  VRTC conducted these tests with an initial speed of 40 mph, a brake 
input of 100 lb force.   
 

d.  Comparison of Stopping Distance in Complaint Vehicles and Peer Vehicles 
 

The overall response trend of the stopping ability of the test vehicles along the 
course described in c., above, is shown in Figure 2.  The graph shows that the 
trend of the stopping ability of the test vehicles is longer and more variable in the 
complaint vehicles and shorter and more consistent in the Honda peer vehicle.  
The Honda is consistently the best at every location and Subaru WRX10 is 
consistently the worst.   

 
A time/history plot that presents the data collected by the transducers reveals the 
delay in the build rate of the brake line pressures that causes delays in overall 
vehicle deceleration in the test vehicle (WRX10) and is shown in Figure 3 (Test 
Run No. SU10594).  The time between the initial significant wheel slip and 
failure to build is 0.5 sec (0.25 sec to 0.75 sec) as the brake line pressure slowly 
builds in what looks to be a more appropriate response for a low-co condition than 
the pad 4 variable-co with a bump.  After the 0.75-sec point, the ABS is working 
the surface with adequate pressure modulation.   
 
The Honda Civic, in contrast, utilizes the surface coefficient of friction from the 
beginning, as shown in Figure 4.  The Honda’s vehicle deceleration after 0.3 
seconds is at the steady state 0.8-g point, and the braking sensation to the driver of 
this vehicle meets the normal feel of “input brake-pedal force equals the vehicle 
deceleration output.”  
 

  VRTC testing on the ABS Course pad 2 found similar brake performance results 
      between all the vehicles, including the peers. 

 
During the testing on Skid Pad Lane #6, the WRX10 again had longer stops at the 
–10 ft brake location, as shown in Figure 5.  The Civic stopping distance (average 
of three test runs, actual “stopping distances” are approximately 7% longer) was 
70 ft and the WRX10 was 81 ft.       
 
The Honda stopped shorter than the other vehicles for all braking locations along 
Pad #4.  Two of the complaint vehicles stopped within the same range as the 
Honda, but subject vehicle Number WRX10 (which was a complaint vehicle) 
took the longest at every location.  At the –10-ft location the Honda took 75 ft to 
stop while the WRX10 needed 87 ft to stop.   
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Figure 2 – Config J Course on Variable-co ABS Course Pad #4 

Figure 3 – Time History Plot of Complaint Vehicle WRX10 with Decel Delay 
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Figure 4 – Time History Plot of the Peer Vehicle CIV01 without Decel Delay 

Figure  5 – Config J Course on Medium-co Polished Concrete 
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VRTC modified a WRX STi ABS electronic control unit (ECU) to integrate with 
a subject WRX ABS hydraulic unit (HU).  The modified test vehicle’s brake line 
pressures and vehicle deceleration looked very similar to that of the Honda. 

 
2.  Analysis of Phase Three Testing 
 
Owners reported multi-second delays.  Some allegations alleged four (4) to ten (10) 
second delays. While VRTC did find differences in vehicle performance, it did not find 
evidence of a long-duration, low-deceleration event during a total of 11,500 tests 
conducted on any of the three complaint vehicles and two peer vehicles.  One particular 
complaint test vehicle (WRX10) performed worse than the other vehicles tested.  On 
that vehicle, VRTC was unable to ascertain any differences in the suspension system, 
ABS system, or foundation brake system that would explain these differences in brake 
performance. 
 
Despite all test vehicles being equipped with the Bosch model 5.3 ABS system, brake 
performance of the complaint vehicles compared to the Honda and the STi were 
different.   With the complaint vehicles, due to ABS activation discussed above, there is 
an absence of braking or deceleration immediately after the application of force to the 
brake pedal. 

 
In contrast, the Honda provided consistent braking when operating on different 
surfaces.  Thus, the Honda provides a consistent and strong deceleration.  The ABS of 
the subject test vehicles appears to allow the pressure build rate to maximize its 
efficiency and generate very high overall vehicle deceleration values late in the stop, 
especially on non-variable surfaces, which may explain why the stopping distances 
were often similar between the peer and complaint vehicles, even after the lack of 
initial vehicle deceleration.   

 
Significantly, the Subaru Impreza WRX STi also exhibited strong, consistent braking, 
with brake line pressure and vehicle deceleration performance similar to the Honda.  
Due to the similar results to the Honda, VRTC modified a WRX STi ABS ECU to fit 
on a complaint test vehicle.  The modified vehicle brake line pressures and vehicle 
deceleration looked very similar to that of the Honda.  ODI shared these results with 
Subaru.  Subaru explained that the WRX STi, with its mechanical and disconnectable 
Driver Controlled Center Differential (DCCD) AWD, gave the ABS more options to 
control the initial brake line pressure rise than with standard WRX’s full-time viscous 
coupling locking center differential.   

 
Manufacturer’s Evaluation of the Alleged Defect:  In a September 10, 2004 letter to ODI,  Subaru 
stated, “…Subaru has seen nothing to change its opinion that the customer complaints are largely the 
result of the aggressive driving patterns frequently employed by WRX owners/drivers (performance 
cars are purchased and driven by persons expecting to utilize that performance) coupled with the 
stiff suspension of the WRX. . . . Subaru continues to maintain that, not only is there no safety-
related defect (an “unreasonable risk of accident, injury or death”) in the WRX ABS, the WRX 
system functions as does ABS on other vehicles (Subaru and competitive vehicles).” 
 
 Summary:    In an attempt to locate a complaint vehicle to test, ODI/VRTC made or sent over 550 
phone calls and E-mails to approximately 90 owners, many of whom claimed they could reproduce 
the alleged ABS problem they reported in their subject vehicles.  Seven vehicles were field tested at 
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locations where the owners claimed the alleged ABS problem would occur.  No one could reproduce 
a measurable ABS problem.   
 
VRTC mailed survey questionnaires to 246 owners of subject vehicles in Ohio.  Seventy-six (76) 
owners returned a completed response.  Fifteen (15) owners who reported that ABS problems occur 
frequently or always during ABS activation were contacted a second time for the purposes of 
volunteering their vehicle for a field inspection.  Only one owner agreed to a limited field inspection, 
without instrumentation.  For that vehicle, VRTC observed ABS activity, but without a perceptible 
extension of stopping distance.   
 
VRTC conducted three phases of testing.  The first phase involved one complaint and two subject 
vehicles and commenced in August 2003 and ended in March 2004.  VRTC conducted 
approximately 625 tests.  In a few tests, one vehicle took 0.75 seconds to build brake line pressure 
after crossing a set of railroad tracks, but stopping distances were reasonable.   
 
The second phase involved field inspections and limited testing of complaint vehicles with an 
accelerometer installed.  These tests were unable to duplicate the lack of braking or the brake pedal 
travel to the degree reported by complainants.   
 
The third phase involved three complaint vehicles and two peer vehicles, a Honda Civic and a 2004 
Subaru Impreza WRX STi.  During this testing, the delay in brake line pressure rebuilding (resulting 
in the generation of vehicle deceleration) was observed.  Under certain conditions, the vehicle 
deceleration remained flat, near 0.3 g for less than one second, before rising to the usual 0.8- 1.0 
deceleration. However, in spite of the initial delay in deceleration, the deceleration quickly ramped 
upwards later in the cycle and resulted in only a minimal increased stopping distance.       
 
In sum, VRTC conducted 11,500 tests.  As the investigation and testing matured, the momentary 
delay of vehicle deceleration events became the focus.  VRTC did not observe long-duration, low-
deceleration events (some owners had reported 4 to 10 seconds) in any of the test vehicles 
 
Reason for Closing: VRTC and ODI have invested significant amounts of time and resources in 
investigating allegations of reduced braking, extended stop, long-duration, low-deceleration braking 
events lodged against the MY 2002-2003 Subaru Impreza WRXs.  Testing indicated that repeatable 
periods of low vehicle deceleration occurred when the subject vehicles braked near a vertical 
perturbation.  These periods of low deceleration lasted less than one second.  Despite this period of 
low deceleration, the VRTC tests established that the stopping distances of the subject vehicles 
appear to be comparable to peer vehicles that do not experience the low deceleration.  While one 
particular complaint test vehicle (WRX10) performed somewhat worse than the other vehicles 
tested, VRTC tests on two peer vehicles showed that the stopping distances between the complaint 
and peer vehicles were similar.   
 
In summary, neither VRTC, nor ODI identified a consistent or chronic pattern of poor brake 
performance in the complaint vehicles tested.   
 
This Engineering Analysis is closed.  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 the circumstances. 
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Table 2 –Test Vehicle Search Based Upon ODI VOQ’s 




