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Inty 26, 2000

Troar Bjection Seat Ride Owner,

‘fhere have been 2 fow incidents and zccidents this season that have produced some
injurier and one broken ankle. Plegse take the lime to read this carefully and to hold a
safety meeting with all your employecs so (hese incidents can bi prevented.

Ixcident #1

Lake of the Ozarks, Missouri
Permanent 129-foot Ejoction Seat
~  Towers Fabricated by Cascade Manufacturing

Omne of the permanent io colfapsed while the bungee cords were belng tightened prior
1o Iannching the chair. The outside log of the three-sided tower al abont 40-foet vp Hom
“  the ground expesienced a complese faifure. The leg was made from solid round bar stock
v and failed right abeve the fange. nitial repoits indicate that the leg severed right
through the Klict weld,

Jaly 2000
Tower Coltapsed

The tower was pulled over ioto the other tower damaging both towens, Two riders were
iajured with & broken ankls the most serious injuzy.

Aoafysis: '
Gravity Works immediatcly contacted alk permanent Tide wners ant instructed them 1%
have an NDT certified company come out and inspect the wwer key to flange welds on alt

- InweT SECHONS.

At this poinst alt rides have been inspected with only otie ceack found on a ride in Guif

Shores, Alsbama, This tower was alap found fo have underast in most of the tower teg to

flange welds. Asoftoday all deficient welds have been repaired and are just waiting (o
be refitspected. This tower was fabricated by ESCO of Burloson, Texas

The tower that felt was designed by Chi Lee for & 76-mph wi ¢ zone. The wind loads
governed the design of the tower. 1n order to verify thut there are oo sirange dynamics
after lsunching the chair that would cauge higher eyclic loads than were anticipated, we
hired an independent firm to o3t for the stress range the tower legs are subjested to.
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What we found was that the leg siresses are indeed low and at this point would indicate
an abmost infinite life. The fact that the tower failed 2fer less than 20,000 fannches
would seem to indicate that there were defects in the towers afier manufacturing. The
insurance company is investigating the failure Ciravity Works will keep everyone
informed as more information is learned.

Comective Adtion;
All pesmnanent rides are to have their leg 1o Mange welds inspected annuably by a certified

MDY company. The provess is 10 be magnetic particle  Tihis is an casy and effective test
for Jocating surface cracks ¥ any cracks are found, Gravity Warks needs to be notified
in order 10 gpecify the proper repair prooeduce.

n addition, 20y crack that would complutely sever & solid 2-tnch steel rod would have
existed For some time before the final failure, Do vot become compiacent in your _
inspections of the tower sections, Bvery 2000 tausches your towurs must be inspected
completely by your employees.

Iacident H2

Pigeon Forge, Tenmtssee

70-foot Permancot Ejection Seat
July 2000

Broken Hoist Cable

Desaription of lacident:
A hoist cable was severed on 2 70-Ioot peranent Ejection Seat in Pigeon Forge after the

taunch was over and the operator was lowering the chair buck 1o the ground,

After the ride was completed the operator atbempted (6 lower the chair but the chair
woull not lower beyond a certain point. The cperator then Uied o raise the chair. The
chatr rose sfightly and then the cable broke causing the chair o swing into thetower,

The operator lowered the chair, brought the riders 1 the ground, and univaded them  The
riders suffered minor injuries and spent the rest of the loflowing day riding the rides for
free, -

Anslysis.
After talking with the operator and ride owner what became apparent was that the ride

was lowered too snon after the chair was launched 'The chair was stilf bouncing up and Gy Works. .
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down, The sudden reversing of the winch while the chair was still rebounding cansed the
Nord winch drum to flip a wrap of cable off of the drum.

The cable becaine entangled and subsequent loworing cansed the cable to hoist in rather
than to pay out cable. The holst cable was then lowered on ane side and raised on the
other. This caused the cable to kink saverely 23 the winch stafled and applied fisll stall
torque This st2ll torque was equal 1o 180% of maximum forque  This condition could
case the cable to sce aver 4000 pounds.

The breaking strength of 3/8” XIPS IWRC cable is a listle over 15,000 pounds The
stalled winch could not generste enough foree 10 break the cable unless the ¢able was
seriously damaged already. .

C@gﬂmﬁg_mx_x
Do not begin toweting the chair until the chair is no longer bouncing up and down.

Alt winching systerms need some weight at the end of the cable in order for the eable
10 covae off the winch drum earvectly. Most hoists use u heavy ball at the end of the
hoisting cable 10 keep some tension on the cabie for proper operation of the winch.
The weight of the bunges cords, swivels, and chair is more than adeguate for the
proper eperation of the Nord winching system, However, if the chairis sl
rebounding then there is nol cnough weight on the baisting cable for cable to peel off

the winch properly.

Gravity Works is designing a rofler system to kesp the cablc from flipping off the
Nord winch drum should an operator begin fo lower the chair before the bouncing has
subsided. We should have a system ciniio ail owners within the next 30 days. The
only modification 10 your winches will be to drill iwo mounting holes in your wmch
frame. We will provide the nwountiog hardware with the rolfer system

.fd

3. Grind the three Nord winch dram cheeck plates to a full fadtug. The chock plates are
378" thick mild steel plates. This roonding of the plates will provent the cable from
beconzing sevarely kinked shonld & malfanction ever cause the cable to flip off'the
drum. Remove the cable completely from the winch drum before grinding the chock

plates.

.Ride owners have 30 days from this directive to grind the choek plates and te instafl

the rofler system.
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Incident #3

Daytsna Beach, Florida

-120-fogt Permanent Ejoction Seat
July 2000

improperly Swaged Hoist Cable

LY mw‘ i mmﬁ- 4 .~ T
! Hoist cables were replaced on 8 permanent Ejection Scat in Dayiona 3each, Florida.
“ After the chair was launched and had a few rebounds the huist cable slipped through the
swage. The cable bocare detached from the swivel causing the-chair 10 swing into one

o - of the towers,

Two female tecoage riders were in the chair a1 she ime of the accident. They were
suspended sideways in the chair for about 90 minutes until the fire depariment was able
tor bring them down. Boih girls suffered minor injurics

T Analysis:
. The mamiucsurer of the cable sssembly was contacted and upon examination of the cable

took §ull responsidility for an improperly swaged slocve ot the cable. Initisl reports scem
10 show that the dead end of the cable was never fislly insested into the sieeve before it
was compressed around the cable

Correstive Action:

Because of this sccident and other close calls with the hoisl cables in the past, Gravity

Warks is now requiring all ride operatars to purchase thair hoist cables from Gravaly

Works. We have developed 8 progrup with a mansfacturer for insuring that hoist cables —
for the Bjection Scat are properly made, documented, serialized, and proof Toaded prior to

tnstaliztion on any Ejection Seat

This quality program will insure that the cables are alt made fram one controlled source
from only domestic wire rope. In addition, eash cable will be dynamicaily tested after
the end is swaged. This load is 200% of the safe working toad. The safc working load is

1 4 tons.

#n addition, the hoist cables must be repiaced enpualty oF sooncr ifihe cable exhibits any -
of the wear conditions delineated in the Operation and Maintenance Manpust.

Ride owners bave 30 days from this directive to replace the hoist cables with cables

Prm‘i by Cr;\rity Works. 7 brewity Wevion Inc,
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