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RE: NVS-2148S - EAD3-024 Subaru WRX

Dear Ms. Debatar;

This letter is in responas fo questions 1 through 5 of your letter datad .July 18,
2004 concaming the Agency’s Enginesring Analysls request (EAD3-024) for
additional information regarding alegations of extended stopping distance in
2002 and 2003 Subaru Impreza WRX vehiciaa,

Appendices that we considerad to contaln “confidential’ data hava been sent io
the Office of Chief Counssl aryd removed from this responsae,

As requested In your letter, our responsa |s providad after repeating verbatim
the applicable requast which is In bold text.

1. Subaru’s respomse $0 Request Ne. 94 of the EA-IR references the variables

a State the valies for Ki, K2, K3, K4, awd KS at the ond of each of the
following cvemts (if these values are different for any or each of the
vahicle’s wheels, sinte the valaes for each wheel):

1 » vehlcle nt & “vehiche traveling (crubaing) statna™ if initial
speed 40 mph on s emooth dry ssphalt warface:

B. inmediately subsequent to I) above, the driver initiates
braking at & deceleration of 0.1 g mud decelerates ot 35 mph;

and
Immediately subsequent to H) above, the left front wheel hit »
single bump of minimally sufficlent severity to resull In the
scitvation of the ABS,

State the values for K1, K, K, K4, and KS for seven additional
sets of similar sequences of eventn as that deseribed by 1)

.




through i) above, with the deceleration indicated In b)
Incremented by 0.1 g*s for each subsequent sequence of ovents
up to » maximunm of 0.85g"s;

b. State the valwes of for K1, K2, K3, K4, and K5 st the end of the
following events (if theee values are different for any or ench of the
vehicle’s wheels, rtate the valwes for each wheel):

i a vehiclo at » “vehicle traveling (crulsing) status™ of hnitial
spoed 40 mph on & ymooth dry ssphalt surface:
iL. Immediately subsequent to i} above, the driver initintes
braking st n deceleration of 0.1 g's and deceleentes to 35 1aph;
' and
iil. immedinstely subsequent to if) above, the keft froat wheel
~ crosses an ahrupt drop-oif of minimally iufficlent severity to
resnlt in the sctivation of the ABS.
State the values for K1, K1, K3, K4, and K5 for seven additional sety
of shmilar sequences of eventy as that described by §) throngh i)
above, with the decelerstion indicated im b) Incremented by &.1 g’s for
sach subreguent sequanes of events up to & maximuw of 0.8 g°s;

£ Would any of the values of K1, K1, K3, K4, or K3 at the end of eveats
a-iti or b-ifi wbove changs §f both fromt wheels had sacountersd the

bump or drop-ofi? If so, plesse deseribe how they would differ.
Rasponsa 1a

The valuea for K1, K2, K3, K4 and K5 ame different betwsen fromt and rear
wheele but the values are ldenticel hetween left and right wheels.

The values will change as shown In tha tabla it Appandix 1 according to
vahicle deceleration which ls detected by the G sensor. “0.32G" Indicated
In the table is the threshold vaiue to determine & very-ow-co road surface.
The values shown In column (a) Indicate thosa for 0.1G, 0.2G and 0.3G,
and the values shown In column {b} Indicate thosa for 0.4G, 0.6G, 0.8G,
0.7G and 0.8G. '

Raspaonse 1b

Tha values are the same as Respcnee 1-a, since they will not change by
differances betwean a bump and a drop-off.

Rasponse 1¢

The vaiues will not change sven if both front wheels had encountered the
bump or drop-off.




For the purposes of this Request, ABS seasitivity refers to the level of percont
wheel alip, the level of wheel acceleration/deceleration, or the time interval
over which a certain level of parcent wheel alip or s coriain Jevel of wheel
sccelorntion/deceloration occurs at oae or more wheels at which the ABS will
activate amd begin to control the percent wheel slip at one or more of the
wheels, Does AES sensdtivity vary with vahicle speed? If so, describe huowr
such apeed semuitivity is implemented in the control logk: of the ABS,

Responsa 2

The ABS sensitivity will vary according to vehicle speed conditions as
dencribed below.

The comnditiona deacribed In tems 1) &nd 3) are applicable to both
automatic and manual tranamission vehiclas. The condkions indicated in
ltern 2) are applicabla only to automatic transmission vehicles,

1) When tha referance spoeed ls equal ar graatar thah 80km/h and also
the G sensor value |s smaller than 0.320, the value of K2 will become
amall and the ABS sanaitivity will increasa {bacoma sanaltiva).

Nate: "K2" Is the negative value and it will bacome small, 1.e. the
abeolute value wil become large.

2) When the referance epead |s equal or graatar than B84km/h and also
the G sanaor value Is greater than 0.5G, the value of Kb will become
large and tha ABS sensitivity will decresase (become dull). When the
referance spead is equal or greater than 128km/h, the ABS saneitivity
wil decraaee furthar (become duller).

3) When the reference spead Is equal or greater than 70km/, the value
of K4 will bscome small and the ABS senakivity will Increass (bacome
ssnaftive).

Subaro’s response to Request No. 94 of the EA-TR includes a discussion oa
the ABS learning fawction. In response fo Request No, 9d, Subare sintes:
“Tha systema monitors agceleration and deceleration in each of four (4)
wheals while ABS by not controdled, and in the case & condition of sceelerstion
wheel stip ratio that triggers ABS control would be changed to higher
values.™ With respect to that response, we have the following questions:

A Are there any cantions on testing an ABS unlt with a isarning
. Tunctien? Do we need to cycle the ignition key betweea every ABS
test tun to clear the learned chauges? _
h. If non-ABS stops are monitored and the slop ratios are raised, how
long are they ralsed (v.g., for the rest of the ignitiea key cycle, for



‘more than one brake application invoking ABS, for more than ons
*butld to depart, dump to recovar” cycls during an APS stop?)

€ Are sl four wheels” slip ratios that “trigger ABS control” changed

' equally? If not, are the wheel siip ratios that “trigger ABS control” of
the wheahs of either of the front or rear axies changed equally as n
palr?

d. State the comditions {Le., vehicle speed, coefficient of friction, and time
between cycles) that wonld set the lowest wheel slip ratios possible for
testing.

e . State whether 20 ABS stops om wetted Jennite (foll low-co) change the
ARBS parformance for the next stop over a vertical pertarbstion.

A Specily the values of whesl acceleration and decelerantion that cavse
changes tm slip ratio triggers.

[ How does a very-low-co flag pet 30¢? In there a critical time period
bedweon brake light switch “Oa” and a front whesl alip that sots »
very low-co fiag?

h. The lasi senitence of this paragraph ls confusing s i states, “The start
timing of pressure Increase will be delayed most whea the wheel speed
becomes consistemt with the reference speed (See the circles porilon in
ths atinched Appendix 8d, part ) Based upon the previons
semtence, it appears that brake pressure would rebuilld st the tme thai
the wheel sposd maiches vehicle reference speed. Explatn in detsil.

Reeponee 3

First of all, we will explain tha ABS leaming function. The purpose of this
function Is to switch the valuas of siip filter when apacific surface (ke a
graveled road) is recognizad by counter ({0 detect and count higher than
designatad acceleration/decsieration values). The leaming funchion ie not
functioned to maks the fitered valuea change in linear.

Response 3a

There is no speclal caution on testing of an ABS unit with a isarning
function. Any leamed counter values will be reset to "0 (zem)" by tuming
off the ignition key or driving on a flat surface of the roed for more than
one (1) sacond without depreasing braka padal.

Reasponse 3b

The aforementionad counter doas not hava any ralation to ABS activation
as deacribad [n the axamples “Tor the rest of tha ignition kay cycle, for
mara than ona brake application invokdng ABS, for more than one ‘bulid to
depan, dump t recover cycle during an ABS stop” of the question. As
stated In “Response 3-a" above, the set-up slip ratio to tripger




ABS control will be reset to "0 {zero)® by tumning off the ignition key or
driving on a flat surface of the road for mona than ona {1} second without
deprasaing brake padal. On the other hand, the set-up elip ratio vahues
will remain unchanged while the brake lamp switch s being tumed on.

Responge 3c

The slip ratio that “triggers ABE control” of aach of the front and rear axios
will change by a pair of sach left and right eide,

Response 3d

Aa stated In Response 3-a abave, any leamned counter valuea will ke raset
to "0 (2er0)" by tuming off the ignition kay or driving on a flat surface of the
road for mane than ona (1) second without depressing brake padal. These
and the conditions that sats the lowest wheel alip ratio poselble for testing.
The condition bafora laaming ralsad whes! slip ratio to “frigger ABS
control® |a the lowest wheal slip ratio poesible for testing. :

Responsa e _
20 ABS stops on wetted Jennite will not change the ABS parformanca.

Resporise 3f

~ Tha counter values that ralse whael sllp ratio to “trigger ABS control” will
ba causad to Increase when the absolute values of wheel
amahmtlnnfdeualumtlun wae elthar of the following cases:
Whan the reference speed is smaller than 70km/h, the absolute value
of wheel acceleration/decaleration is greater than 0.8G.

- When the reference speed |s equal or greater than T0kmm and itis
smaller than 120km/h, the absolute value of wheal
acceleration/decaleration le greater than 1.2G.

- When the reference spead is equal or greater than 120kmvh, the
absolute value of wheel amalarathrﬂdaualamﬂun ts greater than 2.0G.

Responss 3g

Thare I8 no fiag sat for a very-low-co . A varylow-co road surface Is
determined by the G sensor value when it was amaller than 0.32G. The
ABS control unit only monitors the G asnsor vaiue as to whather it satisfied
this condition In every calculation cycle.




Reseponse 3h

In case the whaal accaleration Is large, the hydraulic pressure will start to
increase before the wheel epeed reaches the referance apeed. if the
wheel aceslerstion Is small, the timing whers pressure etarts Increasing
will be delayed, but even In this cass, the hydraulic preasure will start to
Increase at tha time when the whael apeed |s the 3ama a3 the reference
spead at the latest. Accordingly, Subaru already explained “when the
wheel spead bacomes consistent with the referance spead” as the case
that “the start timing of preasure Incréasa will be delayed most” In our

pravioue response In April 2004 (sas Appendix 3h).

4. After our review of Subaru"s response to Request No. 9g of EA-IR, the disgram
ntisched to Subara’s response as Appendix 9G nnd tithes “ECU Internal Chreult
dagram® (diagram), we have the following quertions:

. The disgram shows an input for “AT oaly” [near “C208” on
drawing], what is the reason/fonction for this ftem?

b. The disgram shows ax output for “AT only™ [mear “CS501" on
drawing], what Is the reason/function for this 1tem?

c. The diagram shows an Input for a single G sensor with the note “4WD

" only™ [mear “CO8™ on drawing]. Is it mot true that all Snbarn’s are

AWD all the tines?

d. The diagram shows only one G seasor, while response 9a says,
“compensated sorording to the value of front/rear G sengor,” Explain
in detall,

Responge 4a

This terminal makes a feedback of the signal of 4-b to the ABS ECL. [t
menitors if the signal is oulputied correctly.

Rasponse 4b

This tanminal outputs a signal to automatic transmission whethar ABS Is
activated or not.

Response 4¢c

FHI manufactures front wheel drive (FF) specification vehicles for other
markats which are not introduced In U.S. market. The diagram shows the
note “4WD only™ becsues it affecta only "AWD" specification vehicles.




Response 4d

During preparation of this response, Subaru realized that the tarm
*frort/resr G sansor® was misinterpretation egainst original teem In -
Japanasa. The cormect term In English Is "longitudinal G senaor™.
Accordingly, thera are no dual sensore (front and rear eansors). There Is
ohly ona senecr,

5. Are there pny cauntions an ABS testing of Sabarn’s that may not be obvious? For
cxampie, one manufactorer kss told ns that the ABS seif-test conditions conld
interfere with ABS testing simce the vahicle nooded to excoad 15 mph for more than
10 sae, withouot a 0.9 g whael accelerstion or deceleration (note the sxact numbers
have been changed). Specifically, the manufacturer warned us that if & vehicle were
starbed, raced ¢to 40 mph, and brakes tested, the ABS might not have been fully
operational. What are the Subarn ABS self test initintion speed, duration,
Mimitations, ete?

Response b

There are no cautions on ABS testing of Subaru vehicles. The ABS
gystermn starls fo operate normally efter the ABS waming light comes on
when tha ignition switch [a tumed to the "ON" position and then the ABS
waming light goas out. Plaasa note, however, that the ABS system will
not oparate when the vehicle speed |s below approximataly Smph as
Indicated In Subaru Owner's Manual.

Subaru Conclusions

As ODI o wail aware, this Investigation has bean going on for more than a vear,
and despiie the bast efforts of Subaru and QDI, not only has no aafely-relsted
defect bean identiflad, but the condition a few owners have claimead 10 have
experiencad has not been replicatad rellably.

It = well understood by the Industry (although net by all ABS vehicle
ownera/drivars, unfortunataly) that ABS vehicles do not necessarlly exhibit
shorter stopping distances undar all driving sltuations. Such is NOT the reason
for fitting ABS fo a vehicls. Tha primary banefit of ABS is to parmit better vehicie
control durng stopping maneuvers (by preventing whes! lock-up, and thereby
affording graatly increased steering capabllity). Of coures, another significant
adv:m.mfgo la tha skki resiatance provided under low coefficient of friction
conditons.
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Throughout thasa past 13 months, Subaru, as aways, hat cooperated with
NHTSA, not only responding candkily to each of ODi's Inquiries, but conducting
fte own testing and investigation {Including, among other things, the buy-back of
vahicles for testing of custorners who had claimed to have experianced tha
phanomenon). Notwithetanding this, Subaru has saen nothing to change its
opinion that the customer compladnts ama largely the result of the aggrassive
driving pattems frequently smployad by WRX owners/drivers (performance cars
are purchased and driven by peraona axpecting to utllize thet parfformancs),
couplad with the stif suspension of the WRX.

As NHTSA ls aiso aware, few of the "complainants” hava, in fact, axperiencad
tha phanomenon themesives. Many of the complaints to NHTSA wena generated
solely as a result of the Subaru Impreza Owners Ciub web slie In support of the
few other drivers who may have experienced the unexpected aclivation of ABS
during hard braking on a rough road surface. Although such ABS operation may
have beon a surpriea ¥ some of those drivers, it should not come as a surprise
that ABS acttvates during hard braking on a rough surface where wheel hop
{more common with a atiffiy-spring vahicie, such as the WRX) is sometimes
interpreted by the ABS computer as a ekid, resulting In ABS activation. In this
respect, the WRX ABS would parform no differently than thet of another similary-
aprung vehicle urder the same driving conditions (hard braking on certain rough
road sufaces).

Subaru continues to maintain that, not onily |s thers no safety-related dafect (an
"unreasonable risk of acckiant, Injury or death™) In the WRX ABS, tha WRX
aystam i’;.lnctlons as does AB-S on othar vnhiclal {Subaru-and competitive
vohiclas

As always, Subaru will continus to monttor this sltuation and will advisa NHTSA
shoukd thare be any new developmenta,

i NHTSA has ahy questions conceming this lssue, please contact me at -
(866) 488-8844 or Gerry Plante at (866) 488-3226.

Sincerely, |

FUJI HEAVY INDUSTRIES U.S.A., Inc.
Don Bearden, Director

Govemment Relations

cc: Office of Chisf Counsal
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