Memorandum Report

Hood Safety Catches on 1997 Jeep Grand
Cherokees

Dacambar 2004

VRTC-DCD3050 (EAD2-029)
Haood Latch on 1897 Jeep Grand Cherokes

This test program was performed at the Vehicla Resaarch and Test Center (VRTC)
in responsa to a request from the Office of Defects Investigation (ODI), National
Highway Traffic Satety Administration (NHTSA). Tha QDI hae received complaints
alleging some hood secondary latches (safaty catches) failed on certain modal year
{MY) 1997 Jeep Grand Cherckees, allowing the hood to come open without waming
while driving. If the hood opens while driving, the driver's view of the road could
unexpeactedly becoms obacured, impairing the driver's ability to contral the vehicle,
and possibly result in a vehicle crash, personal injury andfor property damage.
According to the ODI, the subject vehicles are MY 1998-98 Jeep Grand Cherokee
sport utllity vehicles. ODl also stated that thelr analysis suggested the problem
might be concentrated in MY 1887 vehicles, and specifically thossa manufactured
from August 1996 through December 1986 and/or bwilt In a Vehicle Identiflcation

Number (VIN) serial range from 534127 through 638267

The subject vehicles are equipped with a hood-latching system that conslsts of a
primary hood latch and a safety caich. The primary hood latch mechanism i




mounted on the radiator cross-member support with a8 carespondlng striker
mounted on the heod. The primary hood latch mechanism is released by pulling a
apring-loaded *hood release” lever mounted on the driver-side kick panel under the
instrument panel near the driver's door. Figure 1 is a photograph of a typical subject
vohicle. Flgure 2 Is a photograph of the primary hood latch mechanism of a subject
vahicle.

Figure 1 - MY1957 Subject Vehicle

The hood safety catch is mounted on the hood near the primary latch striker. The
safety catch Is openad by pulling It toward the front of the vehicle after the primary
hoad latch is released. The safety catch is equipped with a retumn spring intended to
retum the safety catch to its closed (safe) position after it is releasad. Figure 3 is 2

photagraph of a safety catch an a subject vehicls.




Flgure 2 - Primary Bood Latch on a Subjaat Vehiale

According ta ODI|, the manufacturer rapartad that same of the asfaty catches thay
had Inspected on subject vehicles were “sticky” and some had failed to fully retum to
the closad (safe) posltion when they were released. However, none of the catches
had failed to prevent the hood from opening. They attributed the “stickiness™ to high

friction caused by cormosion of the hinge pivot area.

If the comrosion-induced “stickiness” was due to a design deficiency of the catch, it
should be present in all three modal years. However, if the “stickiness" was due to
an intermittent process or assembly conirol fallure, the problem might be
concantrated in a specific subset of the population such as a MY, date of

manufacture (DOM) rangse, or VIN serial range. Consequently, this test program




Included MY 1996-88 Jeep Grand Cherokeas. The MY 1937 wahickes included
those manufactured before, during, and after the suggested DOM range and also
those with VIN sarial numbers before, in, and after the suggested VIN sarial range.
For comparison, a population of MY 1886-88 Chevrolet ST Blazer, GMC Jimmy, and

Cldsmabile Bravada peer vehiclea was also included.

Flgure 3 - Sgfety Catch an a Subject Vehicls

The vehicles used for this test program included those owned by consumars (POV's)
and used vehicles owned hy dealers at Indepandent rasale lots (DOV's). Lists of
owners of MY 1996-08 subject Jesp Grand Cherokee and peer Chevrolet ST Blazer,
GMC Jimmy, and Oidsmobile Bravada vehicdles were purchased from the Ohio
Bureau of Motor Vehicles {OBMY). Approximately 100 owners, living within a radius
of approximately 60 miles from VRTC, were arbltrarily selected from thezse two lists
of vehicle owners. Lettars were mallad to these owners informing them that VRTC
might contact them by telephone within a few weeks to inquire about inspecting the
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hood latch on their vehicle. The purpose of the letter was to establish credibility so
that the telephone call would not ba mistaken for a telemarketing scheme. [f the
owner agreed to an inspectlon, an appointment was made for the authors to inspect
their POV.

Thirty-two subject vehicles were inspected. Seventeen of the 32 subject vehiclss
were POV's from the OBMV list. The remalning 15 used vehicles were DOV's from

independent resale lots in the counties near VRTC.

Thirty-two peer vehiclas were also inspected. Seventeen of the 32 peer vehicles
were POV's from the OBMV llst. The remaining 15 used peer vehicles ware DOV's
from Independent resale lots in the counties near VRTC, Figure 4 is a photograph of

ohe of tha peer POV's inspecied.

The design of the safety catches on the peer vehicles was differant from those on
the subject vehicles. The safety catch of the subject vehlcles was a balanced hinge
dasign that phvoted fore and aft, whersas the safety catch of the peer vehicles was a
cantilevered pin design that plvated laterally. Figure 5 is a photograph of a safety

catch on a typlcal paer vehicle.

Each subject vehiclea wae documented and its safety calch was checked In

accordance with the procedures outlined on the data sheet included in Attachment 1.

The vehicle and its FMVSS label on the doorjamb were photographed.




Figurms 4 — NY 1998 Pesr Vahiole

Flgurs 3 - Pear Vahicle Safety Catch.
After the primary hood latch release was activated, an attempt was made to ralse

the hood without achivating the safety catch. The results were noted on the data




sheet. If the hood could not be opensd because it was properly restrained by the
safety catch, the safety catch was then maved to the fully open position and the
hood was raised. It was then noted if the safaty catch retumed (retum-spring force)
to the closed posltion or stuck In a partlally or fully open position when released. I
the safety catch did not fully return, the hood was lowered until the primary hood
latch striker contacted the primary latch. An attempt was then made to open the

hoad and It was noted If the hoad could bs opaned.

As part of the subject vehicle Inspections, the hood safety catch was then remavad
from the vehicls and placed In a plastic bag that was marked with the removal date
and tha VIN of the vehicla. A new OEM sarvice replacement hood safely catch
{MOPAR Parts® Part Number 55075322AC) and hood safety catch fastener
{MOPAR Parte® Part Number 8502084) were then installed. The hood was closed
and the operation of the primary hood latch and the safety caich were tested for

proper operation.

A dimensionless metric was ostablished to quantify the condition of the safety
catches that were collected. This mefric quantified the "stickinass™ (efficiancy) of the
safety catches as a percentage with 100% representing a hypothatical safety catch

that was frictionless and 0% representing a safety catch that would stick in the fully

open {unsafe) position and would not return on its own to the closed (safe) conditlon.




Equation 1 defines the efficiency of any systemn that includes an snergy storage
companent. The energy storage component of the safety catch is the retum spring.
The design function of the spring Is to ratumn the catch to the safe poslition and to
prevent vibration and other forces generated during normal driving operations from
moving it out of tha safe position. The “work in” is the work done as tha laich is

- moved from the closed to the open position when opening the hood of the vehicle.

The “work out” is the work parformed by the return spring when the latch is allowed
to mova from the open posltion back to the closed position.

Work yx

{Eq 1} Efficiency = Work .o

The result of tha calculation defined by Equation 1, for practical devices, i a ratic
with a value always less than ona. When the result of Equation 1 is multiplied by
100, the result becomes a percentage, which is easier to understand than ratios
axprassad by decimal numbers, Equation 2 defines the method for converting the
efficiency from a ratio to a perceniage. Note that for an ideal device the “work out”
would be the same as the “work in" which would mean that the efficiency would be
100%. Convergely, the efficlency of a latch that stuck In the open position would be
{% sinca the "work out® would be zero.

Work o)

x 100
Work um

(Eq 2} T pocemy =

Tha “workin®™ can easlly ba determinad If the force/deflection relationship is
measured as the safety catch is moved from the closed to the open paosition.
Equation 3 defines the method for calculating the work done. The result of this

calculation is oftan referred to as “the area under the curve"”



' 5 ]
(Eq 3) Work un = Imea
[=]1]

The “work out” can similarly be determined If the force/deflaction relationship is
measured as the safety catch is allowed to retumn to the closed position. Equation 4

defines the mathod for calculating the "work out” Note that 8;=8; if the latch

retums to the fully closed posktion.
&
(Eq 4) Work e = IF t@y08
. B

Equation & defines the dimensionless matric {n) that was ueed to quantitatively

dascribe the candition of the safety catchaes that were collected during the field

sUrvey.
2
IFtaua

(Eq 5) n=4 X100
IF 2148
Hu

A specialized apparatus for measuring and recording the force/deflaction
relationship of tha safety catchas was daskgned, fabricated, and calibrated by VRTC.
The fixture consisted of a mounting base, parallel bar actuating lever, load caell,
angular potentiometer, and digital data acquisition systam. Flgure 6 is a photograph

of this apparatus wherein some of the major componeants are identified.

Figure 7 is also a picture of the apparatus wherein the flaxible cable and hook that
coupled the safety catch hook to the load cell are more clearly visible. The flaxible
cable from the load cell was designed to pull on the safety catch hook in a similar

manner as one may use whean preparing to open the hood on a vehicle.
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Figurs & - Bench Test Fbdure; a) Bass, b} Actuating Linkage, c} Load Call,
d) Angular Potentiomsier, and ) Safety Catch

Pivot Pin, c) Load Cail Cabla Hook, and d) Flaxibie Cable,
The safety catch to be tested was installed in the bench test apparatus using a new

QEM service replacemeant fastener, which was tightened to 95 in-lb.




During testing, the load cell was used to measure the force applied at the end of the
safety latch hook and the rotary potentiometer was used io measure the angular
position of tha safety latch hook as it moved from the clo=ed to tha open position and

then to its final reating poaition at the end of the retumn stroke.

To measure the forcefdeflection relationship of a safety calch, the hook on the
flexible cable was positioned over the end of the safety catch lever hook. The digital
data acquisition systern was triggered and the operating lever of the apparatus was
pulled until the safsty latch was in the fully open position. The lever was then
pushed back to its starting position while the safety catch was allowead to retum to its
final resting positlon. n addition to collecting force/deflection data using the digital

data acquialtlon system, all tests were recorded on videotapa.

The 32 safety catches recovered during the subject vehicle Inspsctions were each
tasted in the Torce/deflection apparatus. For comparison, twelve new OEM service
replacement safety catches were also tasted In the apparatus.

The data collacted from the tests were used to caleulate the efficiency of the safety
catchas. In order to address the problem of whether It was a “design or process’
failure, the results of the safety catches were assembled into 10 distinctive groups.
Each POV or DOV safety catch appears in more than one group, but the new satety

catches only appear ance as they wera assigned Lo a unique group {(Group 1).

11




The results of the efficiency calkculations are graphically represented as notch box
plots in Figure 8. The sources and number of tha safety catches tested that make

up a "Group” are listed above each notch box.

Each nolch box depicts several plecos of statlstical infoomation. The boxes ara
defined on the bottom by the lower hinge and on the top by the upper hinge. This
box, often referred to as the “central hox,” contains 50% of the data. The central box

Is divided Into two sections, each containing 25% of the data, by tha median.

Extending from the central box are lower and upper whiskers that each cover 25 %
of the data. Additlonally, they define the range of the data oulside of the hinges and

depict the lower and upper data extremes.

The limits of the box notches (notch height) mark the lower and upper
95% confidance limits of tha median. Equation 6 defines the method for calculating

the notch height.

314 H H =Central Box Height
where
JN N = Number of Data Elements

(Eq 6) Nolch Height =

Hinges are similar to quartlles, but unlike quartiles, which are determined by
reference lo the extrames, hinges ars determined by reference from the median. As

a rasult, hinges often lie closer to the medlan than do quartlles. This charactaristic
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notwithstanding, the quartiles and hinges will be the same whenever the data sarles
I8 of the form defined by Equation 7.

{Eq7?) N=4n+5 with n=0,1,2,34,...x

Notch box plots are very useful for vieually comparing data sample sets. Whaen the
notch box plots of data sets (groups) are plotted side by side, on the same scale,
visual comparisons can easlly be made of the extremes, distributions, medians, and

medlan 95% confldence ranges.
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Figure 8- Bench Test Results.

A useful characteristic of a comparison of notch box plots Is the fact that if the notch
of any box doas not overlap the notch of another box, there is a §5% statistical
probability that the medians of the two populations, that the plots were based upon,

will not converge no matter how many additional samples are added. Therefore, the
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two populations can be judged, with 95% statistical probability, to be different and
distinet from éach other. Flgure @ is & noich box plot of two example data sets

(proups) whose notches do not overlap.
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Flgum 9 — Exampls Noich Bax Plot Comparisan
An examination of the information contained in Figure 8 quickly raveals that the
catch efficiency of only Group1 can be madily judged, with 95 % stlatistical
probability, to be dilferent and distinct from the catch efficiencies all of the other

groups.

The information contained in Figure 8 suggests that all of the subject vehicle greups
depicted (POV, DOV, MY 1996, MY 1997, MY 1998, DOM range, and VIN serial
rangse) exhibit the “stickiness” problem. it is likely, therefore, that the "stickiness®
problem s caused by the design of this type catch, and not by an intermittent

process or assembly control problem.
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The fiekd inspection of the subject vehicles revealed that ona MY 18997 subject
vehicle (vehicle DOM and odometer reading: 12/86 and 96,210 miles, respectively)
was found to have a safety catch stuck in a mostly open pesltion, falling to prevent
the hood from opening whan the primary hood latch was released.

Another MY 1997 subject vehicle (11/28 DOM and 70,808 miles) had a safety catch
that stuck in the fully open posilion after the safety catch was opened. However,
when the hood was subssequently closed, the forward adge of tha safaty catch struck
the adge of Ita recalver opaning on the radiator support crossmembar, of which the
aft edge Is the safety cateh atriker plate, moving the catch far shough to latch and
prevent the hood from reopening. itis nurmql for a safety catch that is stuck in the
fully opsn position to strike the crosamember In this manner. In some cases, the
safety catch may not retreat snough, as this one apparently did, to prevent
subsequent reopening of the hood.

One MY 1886 (12/85 and 135,602 miles) subject vehicle and one MY 1997 {11/96
and 84,468 mlles) subject vehlcle had safety catches that failad to fully retum to the
closed (safe) position when the safety caiches were released; however, when the
hoods were closed and the primary latches were subsequently actuated, the safety
catches did prevent the hoods from opening. Apparently, thess safety catchas had

returmed far enough to engage their striker plates.
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The mean efficiency of the 12 new service replacement safety catches was 69.0%
with a standard devation of 4.2%. The mean efficiency of the 32 subject vehicle
safety catches was 27.8% with a standard deviation of 14.5%. This result suggests
that the subject catches have deteriorated and no longer operate as smoothly and

gfficiently as the new replacements.

It should be noted that none of the prmary hood latches of the subject vehicles

showed any evidence of mechanical or operational dsficlencies.

The hood safety catches of the 32 peer vehicles inspected warm not removed for
bench testing as had been done with the subject vehicles. Instead, the efficlencioa
of the safety caichas of the peer vehlcles wers aestimated by the authors and
recorded on the data sheet. These estimations were made by feel and were always

stated as an upper and lower bound with a typical range of 10%.

In order to ascertain the accuracy of the estimated sfficlenclkes made during the peer
vehicle inspections, wo additional peer vehicles were inspected and their hood
safety latches were remaved for bench tasting. - Thess two catches (EQ1 and EO2)
wers subsequently mounted in the bench test apparatus, which had been modified
to accept these catches, and tested in the manner described for the subject vehicle
safely catches. The sfficiency range estimations made by the authors and the

banch test rasults are graphically comparad in Figurs 10.
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An examination of Figure 10 revezis the authors' estimates (blue bara} were very
close to the bench test resulis noted below the bars. This validation indicates that

the field estimatas may be consldered reliable enough for peer vehicle comparigons.

E01 and EO2 Field to Lab Comparison

B0 —
4.8
EOH
s

Efficiency

Figura 10- Fleld EMclancy Estimates Compared to Bench Test Resuit
The sastmated sfficiencles of the pesr vehicle safety catches are graphically
reprasented in Figure 11. The sources and the number of the safety catches that
make up a “Group” are indicated at the top of each notch box plot.

An examinatlon of the information contalned In Figure 11 quickly reveals that the
catch efficiency of none of the groups can be judged, with 95 % statistical

probability, toc be different and distinct from the catch efficiency of any other group.
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Figurs 11 - Eatimatad Efficlencies of Pser Vahicls Safety Catches

All of the peer vehicle safely catches returmned smoothly and forcefully to the closed
position. The mean of the estimated efficiencies of the 32 peer vehicle salety

catches was approximately 54 %.

It was notad that the new OEM service replacement safety catches appeared to ba
an updated desig'n from the safety calches an the subject vehicles. Figure 12 8 a
photograph of both types of catches wherain the differencas are clearly visible. The
clearances betwsan the base and hook at the plvot point hava bean Increasad
substantially. It Is suspectex] that this redasign was intended to prevent corrosion
and debris from accumulating In the pivot area. This would raduce the likelihood of

binding {stickiness) in tha pivot of the subject safety catches.
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Figurs 12 - Recdesigned Factory Service Replacemant Safety Catch on Left,
Subject 8afety Catch on Right. Critical Pivot Point Clearancas ara Liatad far
Both.

A piénﬂ of hinge {ab was removed from the base of an examplar new replacemsnt
catch and an exemplar subject catch, which was purchased from a local vehicle
salvage yard, using a liquid-cooled abrasive saw. The piece removed from the
exemplar subject catch was chosen where there wes minimal corrosion and the
paint coating appeared to be intact. The piece removed from the exemplar naw
replacement catch was chosen to match the location of the one from the exemplar
subject catch. The places were fowad in a metallurgical mount, then ground and

polished.
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The polished specinens were examined using a metallagraphic optical microacope.
The anticorrosive and paint coatings were identified and their thicknesses optically

measurad,

Figure 13 Is a micrograph of the specimen from the exemplar new raplacement
eatch. In this view tha base material is in the bottom section of the image and the
mounting medium is the coarse-taxtured matarial in the uppermost section of the
Image. Alsc visible In this view are the two layers of interest, the anticarrosive [ayer
(probably zinc) and the outer layer of paint. The anticorrosive layer covered 100 %
of the surface and was approximately 11 micrometers thick. The paint layer covered
100 % of the underlying layer and was approximately 26 micrometers thick.

The exsmplar new replacement catch appeared to be of nominal design and
produced via controlled processes.

Figurs 14 Ia a micrograph of the spacimen from the exemplar subject catch. In this
view the base material is also in the botiom section of the image and the mounting
medlum is also the coarse-taxtured material In the uppsmeost section of the image.
Also visible in this view are the two layers of Interest, the anticomrosive layer
{probably zinc) and the outer layer of paint. The anticomrosive layer coveraed
approximately 50 % of the surface and was approximately 4 micrometers thick. The
paint layer covered 100% of the undedying layer and was approximately 19

micrometers thlck.



Figura 13 = Section of Tab from Exemplar New Rapiscamant Cateh.

Figurs 14 = Saction of Tab from Exsmpiar Subject Catch

Tha exemplar subject caltch appeared to have been produced via an uncontrolled
process and Its corrosion protection weuld probably be  marginal for
“‘undar-the-hood” sarvice.
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Even though the sublect safety catches appeared to be prons tc comosion, it is the
opinion of the authors that the likelihood of these safety catch failures would have
been consklerably reduced if the safety catches on the subject vehicles had been

proparly lubricated during routine maintenance.

il il @ s

Thad A. Gardner as H. Hague
VRTC Defects Analysis Group VRTC Defects Analysis Group
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Attachment 1

Sample Vehicle Data Sheet




Dute: Yoh. Teat Ne

DCD3050 Vehicle Survey Data Sheet

Owner Nane Address Phi

Bodel ysar {EPA label): Make : : Nadel: Trim line:

————

YIN: M date:

Odomster: _ Tranwmissiaon: Autof J) Mammal | )

Photograph the wvehicle viswirg the left Tront and lsTt a3ide of the vehicls. Photograph
tha FVEES label on the driver side doorjesb. Fron the driver seat, opsrats hood relsase
pvll handle. Did primary hood latch relessss?

Yes { J Mo ( )

Fron front of the velticle, afTter relsawirg tha prissry hood latch, try ralsing the hood
without operating the secondary hood catch. Can the hood be redlved?
You { ) No { )

Open tha hood {by relsssing the sscondery hood cutch if required). Pows the secondsry
hood catch fail to return {(eticks partially or complstaly open)?
Yea [ ) Noa{ )

If the secondary hood catch fails to return on its own {aticks partislly or completsly
open), lowsr the hood slowly until the striker reats on the prisary bhood letch and
attempt to raise the hood ngain without relsawsing the sscondary hood catch. Can ths
hood be raized? T T ; -

Yea { )} No [ )

Photograph ths sescondery hood catch ard the surreinding sred. Photograph the arsa
whers the prisary hood latch is mounted und the secondery latch engeges when closed.
Hota any obesrvations about the condition of the sscondary haad catek or the
snvirssment in which it is sounted. B{lowly lower the hood and nots whers ths sscondery
hood catch first sngages the cross meaber. Nots any alignment issues with sither the
primary hood latch, or the sscondery hood satch. If thars is any wear or dasage to the
plastisol caoating of the secondary hood catch, mote whers it is snd atisapt to
photograph this. )

If the hood can bs ralsed withgut operating ths sscondary hood catch, ar if' the
secondary hood catch dosa mot move Tresly, remove the sscondary hood catch. Identify
the rencvad catch with the VINF/. HReplace ths sscondary latch with a new componant.
Sscondery hood cstch replaced?

Yes { ) No { }

NOTES:




