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These vehicles are equipped with Electronic Power Steering {EPS) a=z atandard equipment. The
manufacturer of the EPS has acknowledged that a loss of power steeting can oceur as a result of
an EPS signal loss. When a signal loss is detected, the Fower Steering Control Module (PSCM)
disables the EPS until the next ignition cycle.

The objectives’ of this program were 1) to determine the steering effort required by the driver
during various driving maneuvers with the EPS both enabled and digabled; 2) to determine the
time required for the system to default to manual steering (ramp-down time) when a fault is
detected in the EPS; and 3) to determine whether or not the EPS could malfunction in a manner
that removes directional control of the vehicle from the driver.

Resulix of the testing showed that none of the four subject vehicles (including two complaint
vehicles) tested during this program exhibited a loss of power steering assist unless it was
artificially induced.

The greatest steering «ffort encountered during testing with nonfunctional EPS was approximately
26 Ib-ft during a 360" left turn at 8-mph. When performed with functional EPS, this same
manenver required only approximately 4 1b-ft. The change in effort from assisted to non-assisted
force levels mnged betwesn 0.4 and 1.6 seconds when the EPS became disabled. Two visual
warnings and one audible warning were provided to the driver simultaneously with a loss of
power steering assist.

Provious studics suggest thet small (5™-percentile) drivers may have difficulty trying to stecr the
subject vehicle when power assist is lost, Drivers of this stature may describe the steening as
*“locked” if a loss of power assist was encountered.
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1.0  Istrodoction
This program was perframed at the Vehicle Research and Test Center (VRTC) at the request of the

Office of Defects Investigation {ODI) of the National Highway Traffic Safety Administration
(NHTSA). ODI opened an Engineering Analysis (EA04-018) an 2004 Chevrolet Malibu vehicles.
ODI has received complaints on the subject vehicles concerning a loss of power steering without
wamning that makas the vehicles difficult to steer.

3,0  Backgronnd
Subject vehicles are equipped with an Electric Power Steering systemn (EPS). This system uses an

clectric motor, mownted to the steering column, rather than the more traditional hydraulic-pump

methad, to provide power steering assistamce. Sensors within the steering colwmn detect steering

wheel position and input torque. The amount of power assistance that i3 applied through the power

steeting motor is hased on the output of both of these sensors and the vehicle speed. Figure t shows
, the upper portion of the steering column with the assist motor mounted ta it.

Figure 1
Steering Column with EPS

Delphi, the manufacturer of the EPS, has acknowledged that the loss of pawer steering can occur
and has identified two problems that can contribute to the failure mode: 1) Steering column
assembly prease may degrade and seep into the sensors, thuz contaminating the circuit board




contacts and brushes, and 2} insufficient gold plating of the torque and position sensor contacts may
allow premature wear of the slip ring and electricat noise. Delphi claims that either problem may
cause a signal loss to occur. GM has issued Service Bulleting 04006B (dated 12/3/04) and 040504
(dated 12/15/04) regarding losg of power steering assist.

Information furmished by GM for this investigation states that when a signal loss of 30 ms or longer
is detected, the Power Steering Control Module (PSCM) disables the EPS untif the next ignition
cycle. VRTC was oot able to verify the 30-ms time peniod but was able to verify that when there
was a losa of gignal, the EPS became dicabled until the next ignition cyele.

The EPS torque aensor has two output signals. When the sensor detects torque input to the steening

wheel, one output siphal inereases from a low value to a high value while the other output signal

decreases from a high value fo a low value. Using two output signals provides a safety redundancy
. and allows the system to self-check itself.

30 Obfective
The objectives of this program were 1) to determing the steering effort required by the driver during

various driving maneuvera with the EPS both epabled smd disabled; 2) to determine the time
required for the system te default to manmual steering {ramp-down time) when a fault is detected in
the EPS; and 3) to determine whether or not the EPS could malfunction in a manner that mmoves
directional control of the vehicle from the driver.

4.0  Procedure

The following activitiea were undertaken for this project:

41 _Complgint Vehicle Testing

Two complaint vehicles were leased for testing at sepergte times. Instrumentation was installed to
record steering wheel angle, steering wheel input torque, and vehicle speed. Instrumentation is
described in Appendix L

4.1.1 Complaint Vehicle #1 - VIN: IGIZUM-

The owner of the first complaint vehicle tested claimed that power steering assist was lost on two
occasions within three days. In one case, the operator claimed to have been driving on an interstate
highway at specds of 75-80 mph for approximately one hour and was slowing down for a tollbooth




when the loss of assist allegedly occurred. In the other case, the opemator claimed te have been
driving in stop-and-go city traffic for approximately one hour when the loss of assist allegedly
occurred

Testing of the first complaint vehicle consisted of performing the maneuvers described below while
recording the data wsing the instrumentation noted in Section 4.1, Each manewver was repeated
several times over a 5-day test period with varying onset rates of the maneuver, both with the EPS
operational and with the source of electrical power for the EPS disconnected to simulate a failed
condition. In each case, the vehicle was driven for at least 1 hour prior to testing to simulate the
complaint time inierval, The test maneuvers included:

1. Low-speed (less than 10 mph) parking lot maneuvers consisting of full-lock left and right tums.
2, Slow-speed (10 — 30 mph) driving maneuvers consisting of intersaction-type turns and S-turns.

3. High-speed (50-70 mph) driving maneuvers consisting of lane chanpes and gradual tums, with
and without light-to-moderate brake applications. |

4.1.2 Co t Vehicle #2 — VIN: 141 Z.T54894

The ewner of the second complaint yehicle ¢laimed that on a few random occasions, the steering
wheel would oscillate left and right a few inches with no driver input and that normal openation
retumed when the engine was turned off and then restarted. The owner claimed that a total loss of
a8sist never occurred.

Testing of the second complaint vehicle ocomred over several days with varying weather conditions,
Testing consisted of imitially pathering data while performing a limited number of the dniving
maneuvers described in Section 4.1.1 to show consistency with cother vehicles tested during this
programn. This was followed by repeated cycles of driving an 8.8-mile test loop at relatively low
speeds without gathering data. The test loop consisted pnimarily of stop-and-go drving on two-lans
roads near VRTC to simulate guburban driving conditions. Because the owner had stated that the
oscillating of the steering wheel usually accurted first thing in the moming, the vehicle was also
tested on the same test loop from a cold start after being parked outside ovemnight when the
minimurmn tempersture reached 28°F,




4.2 Subject Vehicle Testing

Two mbject vehicles were leased at separate times. The original steering column was removed from
each vehicle and a steering column that was provided by General Motors {GM) was installed in its
place. The replacement steering column had allegedly been returned under GM's wairanty program
as exhibiting a loss of power steering assist, Prior io testing, instrumentation was ingtalled in each as
described in Section 4.1 above and additional wiring was installed on the replacement stecring
column that allowed the monitoring of the sensor input and output signals,

i 1-— - | X4

Driving tests were performed to simulate a sensor failure ir order to determine ramp-down time after
an EPS failure occurred. A push-button switch was installed in both of the torque-sensor output
circuits so that 2 momentary loss of signal could be initiated in either circuit at will. With the
switches installed, the vehicle was driven through a limited number of the manenvers described in
Section 4.1.1 while the output signal from each torqug sensor was, in turn, momentarily interrupted.

Static testing was also performed, with and without the engine running, during which one of the
torque sensor output signals was ectificially held constant using an external veltage supply while the
other torque senzor output ignal was allowed to change normally when the steering wheel was
turned. The amont of torque required o cause the EPS to detect this fault was then measured.

Static testing was performed, with and without the engine running, to determine whether the EPS
could cause the steering to “pull” in either direction and, if so, how much. Using the vehicle’s OBD
II diagnostic interface, the EPS was intentionally miscalibrated with the maximum offset torque
value that the PSCM would allow. This condition caused the EPS to rotate the steering wheel to full
lock. The amount of torque required to hold the steering wheel stationary against the offset torque
calibration in a straight-ahead position was then measured using the installed instrumentation. The
vehicle wes also driven briefly and slowly in ordexr to determine the effect en vehicle control of a
migcalibrated torque sensor.




50 Regults
The results of each testing activity listed in the previous section are presented below.

5.1 Complgint Yehicle #1
Tabulated test results from Complaint Vehicle #1 are prezented in Appendix II. With normal EPS

operation, the range of steering wheel torque values with the vehicle in maotion was found to be 0.9
lb-ft (Test 17) to 3.7 Ib-ft (Test 16). Higher steering wheel torque values were also measured during
slow speed and static conditions, A velue of 9.9 Ib-ft (Test 36) was measured with the vehicle
stationary and a vatue of 6.2 1b-ft (Test 30) was measured during a 7-mph full-lock left turn, but ondy
after the steering wheel had reached foll lock, Both of these conditions were considered to be
irrelevant. The static reading was considered a refierence only since vehicle directional control was
not an issue with the vehicle stationary. The fuli-lock reading was congidered to be misleading
because the maximum torque value occurred affer the steering system reached futl lock.

This complaint vehicle was driven daily for five days during which an unintentional loss of power
steering asaist never occurred. The EPS was subsequently disabled intentionally by removing the
EPS fuse. With the EPS disabled, the range of ateering wheel torque values with the vehicle in
motion was found to be 5.5 Ib-ft (Test 96) to 26.3 1b-fi {Test 105). With the EPS disabled, a torque
of 37.5 Ib-ft (maximum effort the driver could exert) was measured while turning the steering wheel
with the vehicle stationary (Tests 131 and 132). As noted previonsly, when performed with the EES
ehabled, this maneuver required only 9.9 Ib-ft.

5.2 Com
Tabulated test reanlta from initial testing of Complaint Vehicle #2 during the maneuvers described in

Section 4.1.1 are presented in Appendix IIl. Torque values measured with a functional EPS during
these maneuvers ranged from 2.9 Ib-ft (Test 13 to 4.6 Ib-R (Test 7). These values were slightly
higher than thase measured on Complaint Vehicle #1 but were atill considered to be normal. No loss
of power steering assist was noted during these maneuvers nor during the tegting on the 8.%-mile
slow-speed test loop. The EPS was not tested in the dissbled mode because of time and mileage
limits agreed upon in the lease.




5 Sphiect Vehicle #1

Tabulated tegt regults from testing of Subject Vehicle #1 are prezented in Appendix IV. No loss of
power steering aasist was noted during the initial four days of testing with the GM  “corplaint™
steering columm.

Following the four days of testing with normal EPS operation, testing was performed while each of
the torque sengor output signals was momentarily intervupted. Each time the signal was interrupted,
the FPS detected the fanlt and the power asgist was lost virtually instantameously. This loss was
noted by the “wrench™ light being illuminated on the instrument panel, by the “power steering™
message being displayed on the information panel, and by & wamning “chime™ being sounded. [n the
worst case (Test 13) found during this in-motion testing, the measured torque value increased from
approximately 2.7 Ib-ft to approximately 22.5 Ib-ft during a low-speed driving mancuver. The
period of time over which the steering effort inercased from assisted levels to unassisted levels
varied between 0.4 and 1.6 zeconds,

In the static tests described in Section 4.2.1, the PSCM detected the induced fault and the EPS
reverted to manual steering mode when the torque reached approximately 7 1b-ft.

Upon completion of testing, the original steering column was reinstalled into the subject vehicle and
the computer was cleared of all fault codes before the vehicle was refumed to the dealership from
which it waa leased.

54  Subj

With the EPS torque sepsar purposefully miscalibrated, the torque required to maintain straight-
ahead travel ranged between 3.5 and 4.5 Ib-ft. After the sieering mechanism achieved full lock, the

" EPS reverted to manual mode when a torque value of approximatsly 7 Ib-ft was applied to the

steering wheel. The vehicle was controllable when driven, although a constant foree was required
on the steering wheel to maintain a straight-ahead path. Torque values were measured and noted but
were not recorded electronically for Subject Vehicle #2.




&0 _ Dixusilon

A study of 182 female drivers performed in 1973' “._.tentatively recommends that 15 1bs be the
maximum foree required to turn a steering wheel at any rate when the power steering systetn has
failed.” Since the Malibu steering wheel i3 15 inches in diameter (0.625-ft radius}, the 15-1b

~ recommended force from the 1973 study would be equivalent to approximately 9.4 [b-ft of torque on

the Malibu. The maximum tforque recorded during the assisted in-motion portion of the current
testing was 4.6 [h-ft (Complaint Vehicle #2, Test 7). The maximum torque recorded during the
umassisted in-motion portion of the current testing was 26.3 tb-fi (Complaint Vehicle #1, Test 103).
This was significantly more than the maximum steering effort recommended in the 1973 study.

In a test program petformed by VRTC in 1985, six male and four female iest subjects were
confronted with a2 sudden and unexpected lesz of power steering assistance. During that test
program, two of the female snhjects stated that they could not turn the steering wheel when
confronted with a logs of power steering assistance. The maximum momentary steering effort these
two female subjects could preduce was approximately 25 1b-fi. Results from the current test
program indicate that approoamately 26 1b-ft would have been required to stesr Complaint Vehicle
#1 through a 360° left turn at 8 mph (Teat 105) when the EPS wag disabled This may provide zome
support to VOQsz that have been submitied regarding EPS failure on the Malibu that state that the

steering “locked up.”

In the current test program, the time required for the EPS to return to manual mode (mmp-down
time) ranged between 0.4 and 1.6 seconds. Human perception/reaction time for a simple reaction
(defined as not having to move hands or feet before reacting) is 0.2 to 0.3 seconds for mast people,
with drivers over the age of 50 generally requiring somewhat longer.* The “ramp-down™ time that
the Malibu EPS provided when a fault was detected was only slightly above the minimum reaction
time for most people.

! “Homan Foree Congiderations in the Failure of Power Assisted Devices,” Man Factors Inc.. 4433 Convoy 5t.. San
Diego, CA 02411, DOT HS 200-889.

? “Ryaluation of Pawer Bteering Assist on 1980-81 General Motors X-Cars,” YRTC, QDI 583-8,

¥ *The Traffic-Accident [vestigation Manial,” The Northwestern Eniversity Traffic Instifute, Winth Edition, pg 18-6.




40 ___Conclwsions

None of the four subject vehicles (including two complaint vehicles) that were tested during this
program exhibited a loss of power steering assist unless it was artificially induced. Three of these
four subject vehicles were driven at least 100 miles during these tests.

The greatest steering offort encountered during testing with an induced failure of the FPS was
approximately 26 Ib-ft during a 360° left turn at 8 mph (Complaini Vehicle #1, Test 105). When
performed with a functional EPS, this same maneuver required only approximately 4 lb-ft
(Complaint Vehicle #1, Test 24). The change in effort ocourred virtually instantaneously when the
EPS became disabled. Two visual warnings and one audible warning were provided to the driver
simultaneously with a loss of power steering assist.

Previous studics suggest that amall (Sﬂ"-pel'ﬂﬂﬂﬁlﬂ} drivers may have difficulty trying to steer the
subject vehicle when power assist is lost Drivers of this stature may describe the steering as
“locked” if a 1oss of power assist was encountared, '




Appendix I
List of Instrumentation
ltam Manufacturer
Spesd Raadourt Labaco
Torqua & Pogition Sengor Sensor Davalopment
Digltal Volt Metar Fluke
Signal Conditioner Analog Davices
Data Acquisition PG Arta




Appendix II
Tabulated Test Results from Complaint Vehicle #1
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Complaint Yehicia #1 - Functional EPS

11

Max Torqua| M= Torqua| Spaad
TeatNa] (b1 | Spasd (MPH) Maneuver Tost No.| (151 {MPH) Manauvar
1 Chack 48 Z1 82 |Straight driving
[ 2 1.6 Stopped Lok o Inck 47 18 50 IStraight driving
3 FX s 48 34 50-50__ |Rttum
4 FE s 48 ag — X [eettum
5 Y 50 8.0 Stopped ﬁ 1o lock
B a2 S-20 5 4.5 0-10 Full loek Laft Tu'n
T 20 1E fum 52 4.4 -3 Full lock RL Tumn
B 32 ] ulHodk kaft tum 5] iz 50
g 3.2 5045 [Rightm 54 33 50
10 as _&0 tum [1] 32 80-0
1 3.3 15 um [] 3.1 &0-0
12 33 X015 tum 57 33 £0-0-40
13 a0 40 ight turn 58 32 075
14 3.0 5 Luit tum ] 3.1 025
15 3.4 5 300 dag rt tum 60 34 0-20-0
18 a7 10415 [S+4um 51 31 {-20-0
17 D& 56 |Geadusl Lane Changs 33 B0-30
18 14 3] Bradudl Lana Cha ] a0 200
1g 33 5530 84 ad B0-C
20 28 20 3 28 BO-C
21 12 3 31 600
2 33 3045 67 3.2 80-0 S-um under braking
= 29 2510 &8 2.8 B0-0 ight 5-1um under braking
| 24 LT a5 7] X] E0-0  [Slight S-iurm undar brking
| 25 44 65 | 70 2.8 €00 [Slight S-tum under basking
28 34 5645 7 28 80-C B5-turn. Lnder brak
ar Z9 20 72 2.8 S0 [Ritum
28 3.0 x-45 i) Daia Systern Ernor
29 27 15 74 Data Enor
e 4] 6.2 7 Fi-] Darla Eror
L 54 7 76 8.1 10 Fullleck Rt Tum
a2 28 43 T 43 10 1 lock Lt Tum
34 22 40 78 3.1 o0 m
H L6 45 i) 3.3 701  |Lana Changs undar baking |
a5 3.0 8243 a0 3.0 950
36 b.G Stopped a1t 28 680 |Lane Chenge undar braking |
ar 28 45 [:+] a4 B850  {Lena Change undar braldng |
58 2.5 40-20 a3 23 B8] Lane Changs undsr braki
32 1.5 S0-80 a4 a.n 55
40 33 4E 55 &5 27 870
4 9.8 Stopped an 27 740
az 32 58 B7 a.1 60-30
43 2.5 62 B8 an D12 [Full Inck Lt Tum
44 Z9 60 [ sn 2.3 010 |Full gk RE Tum
48 28 g8




Complaint Vehicla #1 - Non-Functlonal P/S

Max.
Tes! | Tarqua | Spaed
No. | {Ib-ft) | [MPH} Manawnar
00 | 262 | Stopped |Lock b Lock
04 228 5 dag Left Tum
| 02 | 213 5
93 11.2 45
o4 | B4 45
95 7.4 40
96 | 65 40
T 104 &0-0
o8 10.0 80-0
o0 15.8 40-0
100 252 | 40-0
101 12.2 84-9)
02 113 | 800 |Lana whila Braki
03| 142 400 |Lane Cha whila Braki
id | 143 44 Lans Cha while Brakh
105 ] 283 ] 360 deg Left Tum
108 | 24.8 8___ 1360 dep Right Tum
107 | 104 45 lLong Left Tum
(108 7.4 40 Tym
109 | 15.4 80-0  |Lane Chang whis Hra
190 | 212 | 400 [Lane Change wivie B
111 | 175 800 |Lana Change whila Braking
112 | 175 400 _|Lane Changs while Braking
113 | 175 800 |Lane Change while Braking
114 | 78 400 |Lane Change whiks Brok
15| 178 | 600 |L1r1a Changs while Braking
118 | 180 400 [Lans Change whila Brsking
117 | 199 | 25 |00 fi Radius lsf cdcie
(118 | Z3a 20 [10D ft Radks |ef cicle
116 | 207 25 ft Radivrs right circla
(120 | 23 20 |100 f: Radius Aght circle
(121 | 236 10 |50 ft Radius left circle
[ 122 | 252 1D
123 | 135 70-0
(124 | 104 | 700
125 | 11.8 70-0
(128 | 105
127 | 134
128 | 18.7
(120 | 234
130 | 24.6
131 ar.5
| 132 | ars

12




Appendix II1
Tabulated Test Results from Complaint Vehicle #2
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Complaint Vohicle #2 - Functional EPS

Max,
Test| Torque | Spasd
No. | (Ibt) | {MPH) Manoer
1 29 10__[360 deg Laft turn
2 3.5 10 1380 deg Rt jumn
3| 34 25 |LH 200 ft. Radius tum
4 an 20 |LH 100 ft. Radius tumn
5 | a0 14 |LM 60 ft. Redlus fumn
3] 4.3 23 |RH 200 ft. Radlus turn
7 | 48 19 [RH 100 ft. Radlus turn
8 | 3.4 13 |RH 50 fr. Radius tum
9 | 4.1 32 |Winding Road Course SB
10 | 38 | 35 [Winding Road Course NB
11 3.1 30 |Multiple lane changes
12 3.3 30 |Mulidple lans changes
13 | 3.2 | 550 |Lane Change whisa braking|
14 | 3.3 | 80-0 |Lane Change whie braking
15 4.1 40-0 |Lana Change whie braking
16 | 32 | 400 |Lane Change whis braking |
17 | 34 10 |360 deg Left turn
18 | 3.4 10 {380 deg Rt turn
14




Appendix IV
Tabulated Test Results from Subject Vehicle #1
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Subjact Vehicla #1 - Swilchabla EPS

Max.

Ramp | Torque

Time wi

(Bec.} | Assist

Test| Max. Torque | Spasd -
No {lb-11) {mph) Mansuver
1 3.2 10 MNA | 13,2 |Repid S Tum with assist
2 24 €1 NA | 24 |R_aﬂd S-Turn with assist
3 3.3 27 N/A 3.3 |Ranid S-Turn with assist
4 3.5 27 | na | 35 [Repid S Tum with assint
5 27.2 Stoppad]| MA | NA /R 100 deg. wio assist
8 _|System check NA | NA
T 28 ] MN/A 2.8 [180 dep. Leit tum with assiat
8 14.1 B 15 2.6 |180 deg. Left iun with disconnect!
*] 3.7 20-10 | N/A 3.7 Long Left Tum with aesist
10 0.7 20 0.4 2,7 [S-Tumn with disconnect
11 18.8 20 1.4 58 Turn with disconnect
12 20.3 25 1.2 24 ight Turn with disconnect
14 22.6 20 1.8 2.7 Laft Tumn with disconnmet
14 21.0 30 13 3.2 |S Tum with disconnect
13 18.8 25 1.0 2.8 |S-Tum with diaconnect
i
16




