Bring in as Captain, then back in as Lt Col. Don't bring in as 0-06. is

a very valuable resource, but must be handled carefully. Job must be

miade more palatable, both for officers and airmen. Aircraft has a
£

bad name. Cann policies have really hurt the reputation and morulc of

maintenance personnel.

60 MAW/LGM - |

: ; .
Believe dual qualified actually help's,v instead of hinders. {SMSgt Thomas
disagrees, thinks one system helps.) One-system base is easier to
manage, but two-system has some acivantage.' Have more flexibility with
size due to overheé.d. Most important quésf'ion is who does what? Do
compete for ;alcnt. Key is to be able to man the shop and keep the
qualified pgople. (Need to Coc.ie 51 the léxver fanking people). Code 51
needed for E-4 and EfSS. C-5 is not just another normal system. Need
s}fingent control over people to maintain talent..

Travis: Two-thirds of force under 30 years. Has losses in 3 and 5
level. | MSgt Crew Chief - see attached chart. Currentlyis a negativé
influence - have complaints from Staffs and Techs who are ranked out
of a job. Only have three MSgts now. Have well qualified and competent
motivated Staff and Tech Sergeants. Rank ;:loesnit make a crew chief.
-Manning and skills adequate for ute rate flying now. Using crew team
concept goéd, Sut causes éroblgms. ‘Biggest problem lack of stability
at lower and intermediate levels (4/5/6-year levels).. Need a2 managed
flow. Try to spread turnover, Primary limiting factor to rbringing more

9
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C-5s to Travis is ramp space. Beyond that, no réal problem: to bringing
Alrus flying to Travis. Rated supplement. Must have some forma’lity oi
training. Musi be crderly gaining of experience. Bestis to br_ing; 1n
early. Problem with older guvs.
8. Comments on PDXMI Concept

‘a. Is it adequate?

b How cbuld it be impro;/ed? ; . ' .

c. Is there a requirement for pérmanent field teams to

specialize in rigging, corrosion control, install depot level TCTOs, etc."
: ' DEPOT TCTO INSTALLATION CRITER!A

d. Could MAC support ) ' Current Clock Hrs M/1
) MAC . 16 48 .
_e. How large a team ) Others 8 25
22 AF/LG

Must recog.ﬁize we have a probiem. Could possibly support an in-house
PDM gffort at Charleston.
9. Comments on Cann actions/policy

a. Is canning impacting safety?

b. Has the more stringent (no cann) policy for the ramps/doors/gear
impacted operations to any great degree?

c. How can we improve?
22 AF/1LG
No-cann policy in general is good. Must be tempered with some
judgment. Don't really need the aircraft to fly. 20-Day-No-Fly policy
.is too unflexable, t;;osting manpower, hurting morale. Improvement --

10



Sct 2 policy with judgment and stick to it. If AFLC cannot support 20-day-

.

no-{ly policy, then don’t make wings do it.

60 MAW/LGM

i

Inipact safety maybe if wear out faster. Ezs built divergent policies:
on-time departure/minimum equipment 1i§t/a11 up aircraft versus:
ZQ-day-.fly policy. Cann -- singie most detrirment to m‘orale. Really
si)akes up-th.e crew concept and pride. Many other headacﬁhes and extzansive
;affort in tracking such actions. (Capt Felton, Rig Team Chief, will
qﬁickly be in position to ground two aircraft a day.) No cann policy is
going to force to 4-star level. We are go'i'ng. to either have a liberal i
cann policy or a fleet of no-fly aircraft, (Loolf.r at 30 or 32-day-no-ily
policy. Stgdy_ shows takes that; long to gét 85% parts). Are tearing up
some parts by canning too much. May be should have no-cann list.
Have let ;he Ops sijle of house drive maintainability withi MEL.
10. Corh.rnents on Maintenance Training

a. Is it .adequate?

b. Are getting the most out of our ¥TD?

c. Should we require refresher traini;lg?
22 AF/LG
Training -- Problem training of people oif shore. “Have slipped through

training before get there. Also people going to FTD going to non-MAC

units not working C-5.



60 MAW/LOUNS

Travis has §57 thru FID and settil;.'g up with FTD a 20-nour APG
11, Cdnument on morale of our maintenance personnel.
a. Officers
.E_Jffect c;f the rated sﬁpplemgn’c;
b. NCOs |
Level and quality
22 AF/LG
Biggest morale factor is cann of parts.

60 MAW/LGMN

. MAC/CS letter suggesting not use maintenance personnel on details
too weak. Twenty-f:ight. maintenance full-time security ?olif:e
augmentees (NO WAFS). Morale trbacks with success. Presently
3-.400% better than ever before. Better management. Some

" irritants.

12. Comment on the status of our Quality Control.

a. Is it adequate? |
b. How can it bev improved?
'ZZIAF/LG

Have a deficiency. I1f had a2 QC like in 66-1 wouldn't have the cuzrent

problem. Don't believe have the best people.



-

13. Comment cn NRTS reporting and emphasis of

cetlting assets

evacuated. MNust mininiize amount of time tetween remioval of an

asset and shipment to the repair activity,
22 AF/LG

Not enough emphasis in this area. Look at manning and supervision.

All inspection reports show this to be a problem. A tough problefn.-

Need empha;is and fraining in this area, DIFM Asset Control.
14. Comment on effect of _"del#y" scoring on guality/cost/safety of
maintenance.

Is there a better system?

FTINAL COMMENTS

Gen Gonge: Look at moving Altus C-5 flying to Dover and Travis.

Move C-130 squadl-on from Little Rock into a school environment.

Gen Morris: ‘Can't afford anything but the very best top people.
Néed to hold on to our trained peo.ple. Nee;i diff philosophy on
handling our key NCO specialists. Movement of personnel'must
be changed. Maintenance Squadron Commander. AMS needs the
technic;al expertise. Other squadrons need just a good people

.manager.



£0 MAW/LGM

Use and integration

=

of Reserve Forces.

- Y .
total asset.

-
won

\\

Are fully integrated -- no

't betieve in break-



CAPTAIN FELTON
RIGGING TEALM CEIEF

l. What are the main parts being i:ound defective?

Answer: #7 yoke bearings, #7 hooks, yoke bearings in general on
all rest. Program link pins, indicé.tor parts in ger;eral,v rollekrs over-
alignment eccentric, some darnage on the eccentrics, both uéper/lower.
eccentrics for yoke, some corrosion. Found missing sc;.rews, bolts,
washers. (One case, two missing back to back).

2. Is there any‘ trénd as to location‘? *
Answer: #7 on wear/battered/beating -- 1'.xlook -- yoke; corrosion

.

throughout all éosiﬁons.
3. Are the TCTO inst:'ructions adequate?
Answer: No. Team making 2 lot of changes. Some of the aircraft
could not'have been|rigged under current TO instructions.
How can you tell \yhen properly rigged?
Answer: 30# pﬁll and hooks seated prior.
‘4. How critical is leveling the aircraft f:rior to starting rigging?
Answer: Notrtoo critical, should set on level ramp.
5. What are the major deficiencies being found?
Q;laiity of maintenance? (A: Some maintenance rr.lalpractice,, rods
in backwards, gaps ir fore aft yoke alignment, rods misadjusted.)

Adequacy cf inspection requirement? (A: Inadequate)

Evidence of abuse? (A: Some. )



Corrosion pfoblems? (A: TFair amount, will rcequire a lot of .
attention. )

Adcguacy of training for our personuel? (A: Somc good, some not.
Overall system lcoked like had not been worked on to.any great externt. )
6. Is the team identifying condition of parts by locaticn and tail number?
How are they reporting? ~Are URs being submitted? Exhibits tagged
and forwar:ied to Sén Antcnio ALC? (Want to 1o§k at somej.

Answer: Yes,

7. How can safety of aircraft door/r'amp.bc.-: assured?

Answer: Still working problem.



NUW VOREK TIMES
Fridoey, Junue 13, 75
Mr. Witkin tells af the USATF findings nn the cause of the G-5 accident .
near Saigon,
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DEPARTMENT OF THE AIR FOPCE
HEADQUARTERS ML .TARY AIRLIFT TOMNMLND
SCOTT AIR PORCL BALE ALLINOIS 43313

SPECIAL ORDER . 4-April 1975
A-29 .

COL BERNARD A WAXSTEIN, 126-25-0303FR, :2AF/JA, Travis AFB Ca,
is detailed to investigate th» & April 1975 dircrart accident
involving-USAF C-5 acft No. &J218 which nccurred approximately
scven miles from Saigon, VN. The investipation will be con-
ducted under the provisions ¢! AFR li0O=-i4, 1 Nov 73, as amend-
cd. Officer is auth to interview persomnel, ‘take statements
and testimony, and examine rrcords he deems appropriate.  All
records, files, and correspondence rclative to the accident,
within the control of the Air Force and ot otherwise privi-
leged or exempt by applicable directives, will be made avail-
ablc to the investigating officer. AFM 120-3, 20 Nov 69, will
be used as a procedural guidec. Report will be prepared IAW
AFM 120-3, Chapter 11, and will include rccommendations but a
summary of the evidence will be preparecd in lieu of findings.

HIRAM GRIFFIN, Colonel, USAF DISTiIBUTION
Director of Administration 5 - lQ MAG/JA
1 - 1IQ MAC/DAAO
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SPECIAL REPORT
3-15-7
INVESTIGATION OF PRESSURE DOOR INCIDENT
" C-5 SN 68-225, 22 FEB 71, McCHORD AFB.TNASHINGTON
PROBLEM:

1. Aircraft ground accident - damage to pressure door and aft ramp
complex. Left and right pressure door actuator fa1¥ed allowing pres-
sure door to free fall to the ground.

INVESTIGATION:

2. The ramp and pressure door was positioned to the drive-in mode.

The right hand pressure door seal did not retract and the operation

was stopped prior to movement of the ramp. The seal was then manually
retracted and the opening operation was resumed. The pressure seal did
not stay in the retracted position and the pressure door "Duckbill” cam
on the right side hung up on the seal as the ramp continued downward.

This increased the loading on the right hand pressure door lower actuator
(already pressurized to the fully extended position) until it failed in
tension at the cylinder cap. This failure was by mechanical leverage
only and not by hydraulic pressure. The resulting loss of hydraulic
_pressure allowed the left hand pressure door lower actuator to retract

as the entire weight of the door was transmitted to it. The pressure
door then practically free fell until it hit the ground. The door had
thus extended beyond its fully dep]oyed position ?dr1ve -in mode) and this
caused the left hand actuator to fail in compress1on/bend1ng at the rod
end.

CONCLUSIONS: .

3. Probable Cause: The right pressure seal did not retract. The seal
caught the opening pressure door and forced it to bend inboard past the
fixed throw limit of the actuation causing it to fracture in tension
due to the excessive mechanical leverage involved.. The seal did not
retract because two rivets had sheared rendering the side seal actuators
inoperative. These rivets connect the pressure seal actuator to the
control boxes. T.0. 1C-5A-4-1 shows that these should be MS-20615-3M
(MONEL) rivets. The two failed rivets were made of aluminum.

" ACTION TAKEN:

4. The investigating team inadvertently dup]icated-this pressure seal
failure during a demonstration of the drive-in mode on C-5 68-227.

However, the operation was stopped in time to avert fa11ure of the pressure
door lower actuators, and the door did not drop.



5. A UMR is being submitted on the pressure side seals. Both lower
pressure door actuators will be forwarded to LGC for metallurgical
analysis to determine failure mode. The failed rivets will be forwarded
to -verily composition material.

6. The following warning should be published as a Sarety Supplement to
T.0. 1C-5A-9.

WARNING

Prior to operating the pressure door and ramp to the drive-in
position, position one man at each side of the pressure door to
monitor and assist the seal retraction. They will insure the
pressure door seal has fully retracted prior to any movement of
the cargo ramp. Failure to comply could result 1n damage to the
aircraft or serious injury to personnel.

7. An interim safety supplement was published by LGC to disconnect the
pressure door seals. The seals will be retracted and deployed manually.
This will be an interim fix on'v.

RECOMMENDATIONS :

8. Recomrend LGC install a seguencing cycle in the seal actuators to
prevent movement of the ramp and pressure door in the event the seals
fail to retract.

8. Recommend that in the event of future incidents of this nature a

team be sent to the place where the incident occurred. The incident on
aircraft 68-225 occurred 22 February 1971 at McChord “AFB, Washington.

The damaged parts were removed and placed aboard the aircraft and returned
to home station arriving here on the 26th of.February making it extremely
difficult to determine cause, whether it be material or operator failure.

2 Atch :
1. Operator's Statement
2. Operator's Statement



Operator's Statement 26 Feb 71

On the morning of 22 Feb 71, SSgts Bain and Darby and myself went to

eat breakfast while MSgt Bergen and the rest of the loadmasters prepared
the aircraft for offloading. AFter eating, we returned to the aircraft

and relieved MSgt Bergen and the rest of the loadmasters so they could

go eat. The aircraft was in the aft kneeled position with the ramp and
pressure door in the truck bed loading position. Air Freight arrived
with a 40 K loader. I directed the K loader into position and we offloaded
4 pallets of cargo. Air Freight backed the K loader away from the aircraft
and departed to get the onload. I directed SSgt Bain to go to the flight
deck and monitor the ATM's. I directed SSgt Darby to act as outside
scanner. After everyone was in position and in interphone contact, I
closed the ramp and pressure door, selected drive-in mode and I positioned
the ramp operate switch to "Open"; the left pressure door seal retracted
but the right one did not retract all the way. I released the switch and
manually retracted the right pressure door seal. The pressure door had

not moved. I then positioned the ramp operate switch to "Open" and
proceeded to open the ramp and pressure door. When the ramp reached
approximately the co-pianer position the pressure door cocked to the

right, the right upper hings hook wiggled and the pressure door started

to fall. When the pressure door started to fall, I released the ramp
operate switch and the door continued to fall to the ground. After the
pressure door fell I told SSgt Bain I was going to shut off the ATM's.

‘I shut down the ATM and departed the aircraft. There was a maintenance
man outside the aircraft with a radio. I told him to shut down the air
cart and call ACP and have them call the A/C and tell him of the incident,
and call Ground Safety and the photographers. I left SSgt Bain and Darby
to keep people away from the aircraft and I went to. the snack bar to inform
MSgts Bergen and Lam of the incident. The pressure door fell at approxi-
mately 1025 hours local time.



Operator's Statement - 26 Feb 71

On the morning of the 22nd February 1971, MSgt Forsythe, SSgt Bain and
myself relieved MSgt Bergens crew for chow. The aircraft was in the aft
kneeled position in the truckbed mode and a 40 K loader was next to the
ramp for offloading of four pallets. We offloaded the four pallets and
the K loader left the aircraft. MSgt Forsythe directed me to be ground
scanner for the operation of the ramp and pressure door to the drive-in
mode. The ramp was closed and the pressure door locked to the ramp. I
checked all locks to insure that they were all secure. I informed MSgt
Forsythe that it was all clear to operate the ramp and doors. The ramp
support pads deployed, the left pressure door seal retracted and the
right did not retract completely. MSgt Forsythe retracted the seal
manually. MSgt Forsythe ask me if it was clear on the ground to open
the ramp and doors. I told him all clear. The ramp lowered to approxi-
mately coplaner position and the pressure door twisted to the right and
at the same time the pressure door fell aft, struck the center door and
then fell to the ground.
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EVALUATION OF C-5 AFT LOADING SYSTEM MAINTENANCE

I. PROBLEM:

Difficulties with the operation, maintenance and component failures
on the C-5 aft loading system have resulted in serious malfunctions, i.e.,
Door Free-Fall. Proficiency of personnel working on the system is in-
adequate. -

II. FACTORS BEARING ON THE PROBLEM:

1. Many manhours are being expended during troub]eshoot1ng and repa1r
of the aft loading system.

2. Technical data is extremely lengthy.
3. Many TCTO's have been complied with or are pending compliance.

4. There is presently one Safety Supplement (1G-5A-2-1255-15, Short
Title: Aft Pressure Door Warnings) which affects fifteen separate para-
graphs prior to operation of aft doors.

5. There are two Operational Supplements (1C-5A-2-125-2B, Short
Title: Aft Ramp Hydraulic Actuating Assembly Installation and 1C-5A-2-125-27,
Short Title: Manual Override Levers) affecting 28 paragraphs prior to using
the manual override levers.

6. Training provided to maintenance personnel has been limited to
theory of operation and maintenance using a classroom mock-up.

7. Some failures have allowed the aft pressure door to fall.
a.. Aircraft -225 - Feb 71 - Door fell - Seal actuator failure.

b. Aircraft -221 - Jan 71 - Door fell - Cylinder Assy failure,
Tower pressure door. .

¢. Aircraft -0008 - Jul 70 - Door fell - while using the manual
override. _

III. DISCUSSION:

The maintenance problems presently being experienced with the aft
loading system are directly related to lack of practical training and lack
of experience on the system. Adequacy of present training is sub-standard
for the "line" mechanic who is responsible for performing maintenance on
the aft loading system. This training consists of classroom demonstration
on theory of operation while observing a mock-up training device. No



practical training in rigging and repair of this highly sophisticated systen
exists at present. Troubleshooting, rigging and repair of this demanding
system is left to the average 5-level experienced mechanic who, at best,
possesses 1imited knowledge of the system and little, if any, practical
experience. Reliability of components within the aft loading system has
caused some concern by maintenance and flight crew personnel. Operation

of the pressure door and aft ramp in any mode is considered extremely risky,
with the anticipation that a catastrophic failure may occur at any time
during thc operation. Here again, training and experience will enhance
reliability, if personnel are able to detect premature failure or sub-
standard operation prior to a catastrophic failure.

Technical data interpretation is a tremendous task for the maintenance
man. The rigging portion of T.0. 1C-5A-2-12 on the aft loading system
alone consists of some 282 pages. One hundred forty-eight (148) green TOPS
sheets supplement or change the rigging instructions.. The constant changing
of tech data contributes to problems being experienced with normal mainte-
nance. Scroll checklists have been a problem in the past. A recent -1l
conference held at Lockheed-Georgia Company 1-12 Mar 71 recognized this
problem, wherein the scroll checklist was not assigned a technical order
number. When T7.0. 1C-5A-2-12 was changed or updated, the scroll checklist
was not changed to agree with these T.0.'s. With the assignment of a
technical order number to the scroll checklist, which will be kept current
anytime the -1 or the -2-12 is updated or changed, this problem should be
eliminated.

IV. CONCLUSIONS:

Training and experience, coupled with a higher degree of system re-
1iability, plus a continued effort to maintain tech:-data in a useable
state, will show a marked improvement during operation and maintenance
action. Further system refinements may be required after these immediate
problems are solved. Design changes are needed to prevent/interrupt op-
eration)when component failure would result in catastrophic damage (docr
falling). '

3

V. ACTIONS RECOMMENDED:

1. Recommend Hq MAC establish a requirement to provide maintenance
training that permits the mechanic to gain practical experience in
troubleshooting, rigging and repair. The mechanic should be required
to demonstrate his practical proficiency as well as-pass a written
examination prior to performing maintenance on a "line" aircraft.

2. Regardless of operation (normal or manual override), the system
should be designed so that it does not allow operation which will permit
the door to fall.

3. ECPs have been proposed to prevent identified system failures.
These ECPs should be thoroughly tested on a Lockheed aircraft prior to
fleet incorporation, to insure that regardless of actuator failures or
manual sequencing, the pressure door will not free-fall.



4. Revisions to technical data related to the aft loading system should
be incorporated into the basic publication as soon as possible. The large
number of TOPS pages and references to Safety or Operational Supplements
requires the mechanic to cross-reference excessively in search of changes
to operating, maintenance or rigging procedures. Special emphasis must be
placed on the use of tech data during accomplishment of maintenance tasks
on the Aft Loading System.
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DORT Hov, 106
Zﬁiﬂl: -S54
Rev.git < Shest 2 of 3)
5cw<s OR PROBABIE CAUSE:(Comphimed) e |

.The alrplane was prespurized dua to the fact that the Flight Englineexr had presauri od the aizrplave contrary to the

‘mgm Briefidg instrustions and he did not fully deprepourize the sirplane prior to operating the alt doox complex.
Contributing ceune was the fpct ‘that ADS checklista we; g not wtilized and the pilot-in-command did vot confiya "no
pressurization” prior to opepating the alft door compleg. Contributing csuse wap material factor 13 that the calidbration
.;muimmcme of tae Cnhin Prpneurs Gage &.lowed .5 psi pmsnure in the ai.rcfef’c wills the nevadle spowed zexg. -

QAR’E\MEJ)I&L ﬂA‘i’I’IDNs (Continuad)ﬂ...:_ S e . L e e R L
0o Fiigh+ En neoxr will havp chslleage item "OUTFLOW /ALVE OPEN" and Loadmaster will bave acknowisdgement item "OUTFLOW
YALVE FULL OPES" to the rlignt ’*n@ineer prior 4o opexation of the aft dooxr complex.

lo Losdmanter challenga 1tem "G LEAR 20 OPEN 2OORS” axd respome item for pilot to icadmaster of "CLEAR TO (PEN DCORS".

trovide chnpcklist proceauxes in T.0. 1C~54~1 for Flight Engineer to ensure unifom/ntandard method of depressurizing
the airplane.’

Provide cheokliiest procedures in Seation IlI, 7.0, 1C-5, 1, for tne Flight Englineer 1:0 follow in evant of rapld or
- axplosiva dep;‘reaauriza’cion. At present, this data im | 10 narxative format. '

"'-4 44-54-256, 12 Oatober 1970, recommends that an elaotrioal intercommect be made batween tha co-pllot'a eft door “Amf."
-0 atch and tha outflow valve' ox some ainilar design %0 prevent loss of pressura door in flight. 2/72-19, ILX ©-19-5332-70,
-iated 14 Octopar 197¢, D, 0, Gungon to C. 3. Payne, Subjact' "Ioasa of 1aC 0008 Pressure Door in FMight, FTM 44-53-256"
ntates that an opexationsl procedure nas bson es %ablisghed to preclids fuxther inoidents of thie nature. 2/72-19,
IIC B-19-5377-70, dated 14 Gptobex 1970, R. 0. Diokinsin to K. L. Coopexr, Subjest “Prosedure %o Ingure 201ta P 4in Cabin
>zior to Opening Rear Pressuire Door, roquests that thiz attached procedure be included in appropriste Maintenance/Opera«
tdonal Hardbooks fox “Depreapurizing Cabin Prior to Opwning AFT Presgure Door to the ADS Hode". Tnsae procedures wiil be
caviewed by ’B&DJET oreaw membirs and the C-~54 TADJET JTd g at Fope AF3 and dncluded in the TADJET ADS Cheokliats priox to
1DS flight opamtiona. Eogipesring's opinion is that ?n electrioal interconneo'c will degrade the mliahility of both
yatems and mlrlittoml hazan’is could result.

§
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PEYEIZAL .w'*om (Continued)

Specific inqmovions lagued to H. V., Blaiock by W. E, Henaleign rogarding future A0S filght opexrstions at Pope AFB aro:

1.  For oll flight operations on AJ5 misaions, a Flight Engineer or pilot will be a% toe FA3 ght Tugineexr's panel,
¥. B. Ranley!s primary funation ie to assiat the sesigned Flignt Bngineer on Ship 0008 in the pexformence of his
Flight Engloeax’s dutles. Hanley's sscosdaxy function is to maintain currency in the O-5A as pilot__._

\
( 3. V. Bislock wili be primaxy pilot fox ADS Lilghts, end he will normally fly in the ieft sost. The AF pilot will b
ﬂarmitted to fly ADS drops from tha left seat on a trade~-ofl bagis, but on any ADs buiJ.d-up 1a plattorm weight {ligh
E. V. Elalock will iy the mizsion fxom the left eeat l\ﬂ"Pi-\.O‘t In-Command" (PIC)."

3. 'Chw..umge and reaponse check iists .were made mzmdatory for all Lidignts,

4. TReviee TADJET 40S check iists to sncw Flight Engi.neer pmcing Pregaurizetion Control to “MAKJGAL", outflow vsive -
"FULL OPEN", and ioadmanter confizwasiion that outflow valve 4e "OPEN". JIn addition,for the first few flights, tne
co-pilot'e clear vision window wiil ve opened to inau.rq that no pressurization existe and to determine 4f tnie
additional requirenent snould be on tha check list.

| 5. oe Funciional Check Flign4 check ilet in 7.0. 1C- 5).-6(.?—1 will de uae& for any future FCF's on the ADS Door
System and iwo englneers will be aboard the azrplana.

6. Applicadle portions of tha C~5i4 "Emginasering Filght Tegt Briefing Guide" wial be utilized by E. V. Blalock
(~ for nis flight oxew brialings ;prior to flight. \

Closure of thim item is reguested. |
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This techuical report Dwerrdichoed in connection with Ocder iumbter 6, Task 4,
of Coulranet F4i1002-75-D-£0%¢, C-5 Engineering Scrvices, was propared colely

for the wuxpose of raspondiur 1o such or A Zoer, which was issucd as a require-
nent ander suid Contract as a part of OHA} > Force prograuw of examination

_? systons and rrocedurss on tha C-5A circrafii for the purpoce of preventing .
accidents, which pregran is supple .:ntal to the investigation conductied

in accordence vith APR i27-4 of the sceident of C-54 68-218 vhich occurre!]

on 4 Lpril 1979 and wvas prepsced in pert by individuuls participating in
said zoclaent investigation., It is wuiderxsiood that ihis rzpoxnt is a

privilagad doocvmens since 1t is bading cubmitied ss o cupplesant to cuch
accidont inventigalion and foxr the purpeie o £ proventing sccideuts. Tnis
rzpori ohall not Le disclosad outside of the Governnent and shell not be
dupl.icnted, used or disclesed in whole or in pewt for any purposs other

than to evaluate tine task. The daia subjecv to this rectriction is countained
in 11 chests.

~

This report contains portisl resulis of a study which is presently in process.
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acoumendations relative to restoring the aft complex

of ths C-5A aircraft fo. ormal usa.

Ti:e sutciltal of this report satisfies in part the requirements of Contract

F415028-75-D-401 6 .



INTRODUCTION

7

Cn 1 July 1975, on informol meeting was ha-d:at the Loclkheed-Georgia Coupany
with San Antonio ALC personncl for the purpose of discucsions relative to the

status of APEX siudy tesks. During the couvrse of discussions, San Antonio

personnel requested Lockhieed's position relative to actlions requirad to
restore the aft ccrplex to normal use. Lockheed personnel stated that to date
21l studies and evaluations of the aft opening complex had revealed no

————

techinical reasons for any becic actions other: than to restore the system to

——

its originzl configuration, replace all worn or damesed paris, end rig the

sysiem to existing prescribed proccdures utilizing trainad depot level teams

o]

at the operating basec. It was further suagested thiat thase {rained depot
R —————

personnal remain at the operating basss to perform pexicdic maintenance and

rigging actions until such time as appropriately trained field personnel wers

wmade available to accouplish the tast.

Lockhieed persomnsl advised that during the incorporation of TCTO 1C-54-1768,

sore maintenance aifficulties were being encountared by the Field Teama. <:i::
These ware briefly discusced in gansral® terms and Sean Antonio was advisad

that Lockheed was studying thece édifficulties and would recowmsnd actions

that cogld alleviate thenm at'tha time tha*t the Task 2 rzzp lock study report

was submitted. This docuzent contains the results of the analyses of these

problems and the rocozmendations for San Antonio ALC consicerations.



PLICR THPROVEAENT BEVISTC 5 T ihn PRECHIT SYSTEM

During incorporation of TCTO 1C-5A-17062 information reported by the
Field Team Engineers weo analyzed in an effort to determinzs if any
revisions were desirable to improve the function of the existing

system and to alleviatle the necessary waintenance actions. These

itews are discussed in the following paragraphs.

1. Locglr Letnation Sneed

The first item reported by thz Field feam Enginzers was that the
ferward razmp lock gyctem appzaxed to épcrata too fast which way
te a contributing factor in the shesaresd or benl programing link
pins and cracked belleranks. Preliwinary data on dazaged parts,
found during incorporation of ICTO 1C-54-1763, indicaies that
approximately 45 wore sheared programing link pins and 93% wore
acked bellcranks were found on the forward systea than on the
aft systea., The aft ramp system operates at approximately half

7
the speed of the foxward systews, and so the forvard ramp systean

was tested with a restrictor installed that gave it a speed that is

imilar to the aft ramp speed. Test results indicate that ths slower
speed gave a wuch szoother operution to the system and hence reduced
the inertia and dynamic loads on the system. This change will

increase ths service life of the system and showld be considered

for incorporation.



MINOR RIVISIONS 10 UilR L@SEF? SYSTwt (onTIiTED)

2.

1

Prceran Link Revision

A second problem xzcported was that occasionally a hook impacted the

"under side of the2 pin prioxr to engagingfthe pin as the belleranik

went over cenler. A study of the geomeiry and kineuatics of the

hook travel and pin engageoent showed that by a swmall adjustasnt

*in the length of the {lzt program link the impact of the hook on

the yoke pin could be winimized for locks 1 tnrough 4 on the
forward razp and 2 through 6 on the aft'ramp. AfT raop lock Ho. 1

appears to be

(0]

atisfactory as is. TLa ‘progrezing lirk change cocs

h,

rot eppoar to significantly improve engagsment of the No. 7 Aft
Rezp Lock. The No. 7 Aft Rarp Lock improvements are discussed in

tea No. 8.

Prorranirns Liny Pins

Investigation of the shearing of tho programing link pins showed that
these pins could be skzar%;g dte to the dymazmic forces resulting froao
the cperating inertia of the locks. ie pin which failed wmost frequently
was the pln which attaches the links to the hook. Thez current pin
size is 3/16 inch éia. end it is pocsible to increase the size of
this pin to 1/4 inch without manufaciuring new hcoks. It should be
notad that closely controlled conditions are required when redrilling
he hooks due to the characteristics of the material from which the hooks

are w©sde.



MIZNOR REVISICIS T0 T& I'RE3ENT SYSTEM (oatinued)

4. ieochonicenl Lock: Indicators

Fost of the wmachenical indicators, it i; reported, arc not cclor codzod
correctly. Those installed on the airc#aft nave beea repainted since
dclivefy and no longex give the correctécolor indication., Tha2se can
be brought back to corrsct configuration by using colored tepe and a
heat shrinkable clear tubing. o dasigﬁ change is necessary and <::::::
iunzdiate ection chould be initiated to color code the indicatcrs

correctly.

5. HBellcran'z vinderigl Chanse

Foilurzs of soms bellceranis has veen expsriencsd. Inspeciions
roveal thzat the2 belleranks fail in the lug fillet area. Consideration
has bzen given to changing the mzierial from 7075-T0 uluminum to either

PE17-4 or 13-8M0 steel. The advaniages of this change are:
,

a) Exicting design will be epproximately 2.5 times stronger.

b) The potantial for stress corxrousion is reduc=d. <::::::

¢c) Wear in mating pafts is decreased.

d) Both PH17-4 end 13-8MO steesls are stainless, hence corrcsion (::::::
problems are reduced.

6. YToruard Ramn MNo. 1 Bellexnank Push Rod

Reports indicsted the forwerd,Mo. 1,connecting rod on the fcrward ram
system is too short. The rod is such that an acceptable length of
tlicead engagewsnt can be obtained; however, the witness hole requircuent

caraiot be satisfied. This rod should Le-'lengtheoned approximately .25 inchezs,



HIGOR KEVISIONS TO Til PRESENT SIS1:M (Jontinuved)

7.

lo. 7 Aft Rzazmn Yous Cuide Chunfer

Tha yoke guide at all lock positions, exc=pt lio.7 aft razp, have a
chzowler on the lower czide to preclude yokc interference wnzsn closing

the aft rawp. This Lo. 7 yoke guide should te modified to add a

v

chamfer siuiler to all oiier yoke guides. Sevaral exawples have

been found in the flset where the yoke has hooked under the guide.

1

This chazfer will reducs this problem.

Several cuses werc repoxiad of the eft ruup No. T lock hook impacting

the lower side of the ycko pin. This goneral condition was discussad

under Item 2 above where a prosrzuing link Jength changz will iuprove

a1l other lock positiens. Tnz Ile. 7 hook; however, is not significantly

itproved by this mothod and other possibilities were investigated.

Investigations show two mc?hods of rectifying this condition. Thwey are:

s,

a) A new hook can b2 dezigned fo give a better throat to yoke pin
engagezment togoiler with a progrsu link change, or

b) A new concept for progrzming the hook movewsnt into the engcge
vosition. This new concept is envisaged to be a guide can on each
side of the hook in lieu of programing links. Initiel investigations

show this to be the most cost effoctive mathod.



Loclk fetvotine Rods

Duzmase 1o cennecting rods is reported 1o be high, Considexration hes

becn given to chanrging

The advantages of this changze are:

a) Less susceptible to dadage.

b) Tensile strength increases approxiuwalzly 1.5.
i

¢) Column strengih increazces

L=

approxizately 1.5.

The diszdvantagzs ars:
a) The system cen intsract higher loads dus

and tensile lgzds and
degres.
b) The rods are currenily the weakest link in th

action bavween locks is limited by the rods.

the material:of the tule {rom aluzinum to

to the increase column

caxn thus influence adjacznt locks to 2 greater

285

stem and any inlex-

This limit will be

and substantial analysis will be reguired to assurs thut no other

adversz afrfecis will be initiated.



- RECOMHIZID, 2 IONS

Laad

It is recouwended that of the previcus nine itewms the following te
concidered for incorporatiion into thx existing C-5A forwerd and aft ramp

lock systenms, in order to minimiue the requircd waintienance actions.

1) Forward lock zciuation spesd reduction
2) Pro;ram link revisions

4) lechznical lock indicator update

6) Forwaxd rump No. 1 bellcrank puch rod?length revisicn

~

T T Pal -
e Q. al Qs < 1id arlar.
7) The Fo. 7 aft razp yoke guide chazfar

0

~d f

8) The No. 7 aft raezp lock prozraming concapt by a can rathsr than by

prograzing links.

It is also rocomzended that Itew 5, wvhich proposes .a change in the bellcorank

[2]

matzrial Tte incorporatsd as a sparss only chsznge in the nzar terw, with
consideration being ziven to replacing all bellcranks at the nsxt schaduled

bD.

/.

o/
Iten 3, which propossd to increase the programing link pin size freono 3/16
to 1/4 inch dia. dus to the pin shearing in service is nct recozmended for
incecrporction as this problem will be a2lleviated by incorvoration of Items

1 & 2.

Item 9 is not recoomanded for incorpeoration as any increase in the stiffness

.

of this rod sysvem is cousidered to be deilrimentel for reazsons stzted previously,
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MILITARY STANDARD

SYSTEM SAFETY PROGRAM FOR SYSTEMS AND ASSOCIATED
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MIL-STD-882
FOREWORD

The Department of Defense System Safety Program's principal
objective is the protection of the public and the individual.
This is closely followed by its concern to conserve the other
national resources. -

To insure that these receive due consideration, this mili-
tary standard has been written and approved by the Department of
Defense and is mandatory for use by all departments and agencies
of the Department of Defense effective 15 JULY 1969,

The degree of safety achieved in a military system is direct-
ly dependent upon management emphasis. Management emphasis on
safety must be applied by the Government and contractors during
the conception, development, production, and operation of each
military system.

- The results of the system safety effort is dependent upon
the procuring agency clearly stating safety objectives and require-
ments, and the Contractor's ab111ty to translate these into func-
t10na1 hardware.

Recommended cofrectlons additions, or deletions should be
addressed to the Air Force Systems Command (SC1Z), Andrews AFB,
¥Vashington, D.C. 20331.
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1. SCOPE

1.1 Purpose. The purpose of this standard is to provide
uniform requirements and criteria for establishing and imple-
menting system safety programs and to provide guidelines for
preparing System Safety Program Plans (SSPP).

1.2 Application. . This standard is applicable %*o Department
of Defense procurement of military systems, subsystems, and equip-
ment, such as aeronautical, nautical, vehicular, missile, space,
electronics, weapons and munitions., This standard will be used
during concept formulation, contract definition, engineering de-
velopment, production, and operational phases.

1.3 ‘Implementation. This standard will be used in preparing
safety requirements Ior inclusion in contract work statements.
system safety program plans, and other contractual documents.

1.3.1 Each provision of this standard shall be considered for
the extent of applicability, deviations, or supplementary require-
ments. Where the paragraph or subparagraph of this standard would
require duplication, wholly or in part, of design, analysis, test,
demonstration, or organizational requirements already specified by
the procuring activity, those requirements, functions and efforts
shall be identified and utilized in the plan rather than be dupli-
cated. This standard applies to those activities through which
a contractor manages his system safety effort to the extent speci-
fied in the contract statement of work and approved SSPP. The
SSPP shall be incorporated or referenced in contractual documents
as necessary to define the safety program:

1.3.2 Vthen the scope and magnitude of a program does not
warrant the requirement for a comprehensive system safety program,
the procuring activity shall specify to the contractor the minimum
acceptable safety program requirements.

1.3.3 . The safety life cycle as described herein (see 4.2) is
for a system program which includes all phases: concept formulation,
contract definition, development, production, and operational.

Since all system programs do mot follow the phases as distinctly

as stated, eath system safety program plan and activity must be
tailored to the specific requirements and peculiarities of the. sys-
tem or project. The sequence of activities described in the safety
life cycle, however, shall be accomplished at some time during the
life cycle to insure that a balanced, effective system is developed.
Accordingly, when a system program does not require a formal con-
tract definition phase, the essential safety activities for that
phase shall be accomplished early in the development phase.

2. REFERENCED DOCUMENTS

None applicable to this standard.
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3. DEFINITIONS. The following definitions apply to 'this standard.

3.1 Safety. Freedom from those conditions that can cause
injury or death to personnel, damage to or loss of equipment or
property.

3.2 System. A composite, at any level of complexity, of
operational and support equipment, personnel, facilities, and soft-
ware. which are used together as an entity and capable of performlng'
.and/or supporting an operational role.

3.3 System safety. The optimum degree of safety within the
constraints of operational effectiveness, time and cost, attained
through specific application of system safety management and engi-
neering principles throughout all phases of a system's life cycle.

3.4 System safety management. An element of program manage-
ment which insures the accomplishment of the system safety tasks
including identification of the system safety requirements; planning,
organizing, and controlling those efforts which are directed toward
achieving the safety goals; coordinating with other (system) program
elements; and analyzing, reviewing, and evaluating the program to
insure effectlve and timely reallzatlon of the system safety objec-
tives. N

3.5 System safety engineering. An element of systems engineer-
ing involving the application of scientific and engineering princi-
ples for the timely identification of hazards and initiation of
~those actions necessary to prevent or control hazards within the
system. It draws upon professional knowledge and specialized skills
in the mathematical, physical, and related scientific disciplines,
together with the principles and methods of engineering design and
analysis to specify, predict, and evaluate the safety of the system.

3.6 Contractor. An industrial or governmental agency éngaged
to provide services or products within agreed limits,

3.7 Prime contractor. One who enters into agreement directly
with the Government fto provide a product or service.

3.8 .Integrating contractor. The contractor assigned respon-
sibility by the procuring activity for overall scheduling. and
system interface of associate contractor activities and equipment,
and for the furnishing of specified support services which are
common to two or more of the contractors.

3.9 Associate contractor. A prime contractor for the develop-
ment or production of subsystems, equipments, or components meeting
specifications furnished or approved by the procuring activity. An
associate contractor can be one member of a group of contractors
developing and producing a complete system.
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3.10 Subordinate (sub)contractor. One who enters into
agreement with a prime contractor or other subordinate contractor
to provide a product or a service,

3.11 Crash safety. A manned-system characteristic that allows
the system occupants tTo survive the impact and evacuate the vehicle
in potentially survivable accidents. Crash safety implies:

~ (a) Crashworthiness
" (b) Provisions for timely evacuation

3.12 Crashworthiness. The capacity of a vehicle to act.as a
protective container and energy absorbeéer during potentially surviv-
able impact conditions. '

" 3.13 Hazard. Any real or potential condition that can cause
injury or death to personnel, or damage to or loss of equipment or
property.

3.14 Hazard level. A qualitative measure of hazards stated
in relative terms. For purposes of this standard the following
hazard levels are defined and established: Conditions such that
personnel error, enviromnment, design characteristics, procedural
deficiencies, or subsystem or component failure or wmalfunction:

(a) Category I - Negligible

e-++ wWill not result in persopnel injury or system
damage.

(b) Category II - Marginal

.... can be counteracted or controlled without
injury to personnel or major system damage.

(c) Category III - Critical

... will cause personnel injury or major system
damage, or will require immediate corrective action for personnel
or system survival,

' (d) Category IV - Catastrophic

...s Will cause death or severe injury to personnel,
or system loss.

4, GENERAL REQUIREMENTS _
4.1 System safety program. The contractor shall establish

and maintain an effective system safety program that is planned
and integrated into all phases of system development, production,
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and operation. The system safety program shall provide a dis-
ciplined approach to methodically control safety aspects and
evaluate the system's design; identify bhazards and prescribe cor-
rective action in a timely, cost effective manner. The system
safety program activities shall be specified in a formal plan

(see 5.2) which must describe an integrated effort within the
total program. The system safety program shall be based upon such
factors as the system objectives, criticality of the safety re-
quirements, the complexity of design, and total cost. The systenm
safety program objectives are to insure that:

(a) Safety consistent with mission requlrements is de-
signed into the systen.

. (b) Hazards associated with each system, subsystem,
and equipment are identified and evaluated, and eliminated or
controlled to an acceptable level.

(¢) Control over hazards that cannot be eliminated is
established to protect personnel equlpment and property.

(d) Minimufm risk is involved in the acceptance and use
of new materials and new production and testing techniques.

° (e) Retrofit actions required to improve safety are
minimized through the timely inclusion of safety factors during
the acquisition of a system.

(f)  The historical safety data generated by similar
system programs are considered 'and used where appropriate,

4.2 System safety program activities and sequences. The
application of This militfary standard to a specific contract re-
quires a complete review of the standard to determine the degree
of applicability of each paragraph to the contract. The safety
requirements will vary depending omn the amount of research, de-
velopnent, test, and engineering, and the intended use of the
contract end item. The following paragraphs will give a general
indication of when the requirements of this standard should be
met during the development of a system for the Department of
Defense when the formal DOD development process is applied. (See
Appendix B).

4.2.1 Concept Formulation Phase. A formal SSPP is not re-
quired in the concept formulation phase. As system concepts and
functions are identified, safety studies shall be performed to
determine the -adequacy of design concepts to meet the essential
safety characteristics of the system. These studies also shall:

(a) Evaluate technical approaches to system safety
design features.

(b) 1Identify possible safety interface problems.

(c) Highlight special areas of safety consideration,
such as system limitations, risks, man-rating requirements.

' (d) Define’ areas requ1r1ng further safety investigation

and describe safety tests or data needed from exploratory or
advanced development activities.
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4.2.1.1 A preliminary hazard analysis (see 5.8.2.1) shall be
performed as an integral part of the system concept studies to
identify inherent bazards, or risks, associated with each design.

4.2.1.2 The contractor shall submit a2 summary statement of any
additional safety design analysis, test, and demonstration require-
ments and recommendations resulting from these studies and analyses
which are not already specified by the procuring activity. -

4.2.2 Contract Definition

4.2.2.1 Contract Definition Phase (CDP) (Phase A). 1In his
response to a Request for Proposal (RFP) for CDP, the contractor:

*~ (a) Shall submit a preliminary SSPP (as a separate entity)
prepared in accordance with the requirements of the RFP. The SSPP
shall describe the proposed integrated effort of how the contractor
plans to conduct his system safety program to meet the requirements
of the RFP, specifically:

(1) A firm proposal on the contractor's efforts
and activities during the Contract Definition Phase (Phase B).

(2) A planning purpose proposal for evaluating the
contractor's program for the Engineering Development Phase.

(b) Shall, in addition to preparing the SSPP:

(1) Perform necessary studies and amalyses to
define the system's safety technical specifications, performance
requirements, and its operating safety characteristics. A pre-
liminary hazard analysis (see 5.8.2.1) of the system in its intend-
ed operating environment shall be performed or revised to identify
potential hazards and inherent risks. A system/subsystem/equipment
safety interface study shall be performed to insure that compati-
bility between subsystem-equipment is maintained and safety is not
degraded.

- (2) Make tradeoff studies as necessary to reflect
the impact on system safety requirements, and the identification
of inherent risks and the required safety decisions.

(3) Identify and include in the appropriate speci-
fications any resulting qualitative and quantitative requirements
for the system, and subsystems including Government Furnished
Equipment (GFE), and the proposed test plans to demonstrate their
achievement.

(4) Submit a preliminary hazard analysis summary
report which:

a, Identifies potential bhazards and methods
- planned to eliminate or control them.
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b. Outlines undefined areas :equiring
guidance or decisiomns.

¢. Describes technical risks or problems
in design. The contractor shall delineate the subsystem and com-
ponent safety requirements for subcontractors and suppliers in
order to meet the overall essential system safety requirements.
The safety requirements for GFE and related data will be defined
at this time and be submitted to the procuring act1vity for neces-
sary action.

. 4.2.2.,2 Contract Definition Phase (CDP) (Phase B). The con-
tractor shall implement the SSPP as accepted or approved by the
procuring activity. System’'safety studies shall be performed dur-
ing system engineering, tradeoff studies and formulation of data
requlrements to insure that safety design requirements as identi-
fied in CDP Phase A are refined, updated and further expanded as
unecessary. Specifically the‘contractor will:

(a) Submit a firm SSPP for the Engineering Development
Phase. This plan shall update the preliminary SSPP with a detailed
description of aotivities, reviews, safety studies, analyses, and
tests to be accomplished during the Engineering DeveIOpment Phase
Also, the SSPP shall include the projected activities anticipated
during the production and operational phases to accomplish the
objectives of 4.2.4 and 4.2.5.

(b) Update the system safety studies, analyses, and
test plans to define safety design requirements and criteria.
System safety personnel shall participate in system tradeoff
studies to insure that the highest degree of safety is achieved
consistent with performance and system requirements.

(c) Update safety requirements in the system specifica-
tions and criteria.

(d) Submit a system safety work breakdown statement for
the engineering development program.

4.2.3 Engineering Development Phase. The system safety program
during this phase is an amplification and the implementation of the
program defined in the previous phases. The action is predominantly
on the part of the contractor with the responsible Department of
Defense organization monitoring the program. System and subsystenm
bazards, and operating bazard analyses shall be evaluated in pbase
with program reviews. The contractor's system safety organization
will insure effective and timely implementation of the approved SSPP.
It is during the early phases of engineering design that the system
safety program can be most effective with the least impact on
schedules, and provide the greatest potential on cost saving. To
provide support to the system engineering program, the system safety
engineering activities shall include, but not* be limited to the
following:
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(a) Furnishing safety design criteria; establishing
safety objectives; and, reviewing preliminary engineering designs
to identify hazards, methods of detection, and any required safety
changes.

(b) Performing hazard analyses and safety studies to
evaluate the system design.

(c) Establishing test requirements and insure that
safety verification of design and data are included in the engineer-
ing test program.

- (d) Participating in technical design and program reviews.

(e) Reviewing and providing inputs to preliminary system
operator and maintenance publications, emergency procedures, etc.

. (f) Evaluating.results of failure analyses and accident
investigations; recommending corrective action.

(g) Determining, evaluating, and providing safety con-
siderations in tradeoff studies.

"'(h) Reviewing engineering documentation (drawings and
specifications) to insure safety coverage.

(i) Identifying required safety and protective equipment
and dewvices. ' .
(j) Providing safety inputs to training courses.

4.2.4 Production Phase. The contractor shall identify critical
production techniques, assembly procedures, facilities, testing and
inspection requirements which affect system safety. Adequate procedures
shall be invoked through the planned, coantrolled, and scheduled system
of quality control and monitoring specified contractually to insure
that safety achieved in design is maintained during production. Cor-
rective action shall be taken to eliminate, reduce or control hazards
so identified. These corrections shall include necessary changes to
engineering documentation. An audit shall be performed to identify
any new system safety hazards which may result from the introduction
of engineering changes. The impact of such changes on safety shall
be evaluated to determine whether the previously established safety
level of the system bhas been maintained; if not, redesign or chznge
procedures shall be initiated to obtaln the contracted level of
safety.

4.2.5 Operational Phase (including disposal). The system safety
program during the, Operational Phase, and subsequent disposal, will
include, but not be limited to the following functionmns:

(a) Operational safety review of system to determine if
design, -.operating and maintenance procedures, and emergency proce-
dures are adequate, based on user experience.

: (b) Evaluation of design changes and modifications to
operational equipment to insure inherent safety is not degraded.

(c) Continual review of operator and maintenance publica-
tion changes to insure that safety requirements, procedures, and
cautions are adequate.
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(d) Analyze system accidents/incidents or failures
which caused, or could cause, an unsafe condition, and initiate
corrective action.

(e) Data collection and analysis from system deficiency
reports submitted by operating (user) personnel.

(f) Approval and application of procedures for disposal
of. hazardous material and equipment.

4.3 System safety organization. The contractor's organization
shall be responsible for managing and performing the overall system
. safety program. The responsibilities and functions of those directly
associated with system safety policies and implementation of the
program shall be clearly defined. The authority delegated to this
organization,  and the relationship between line, staff, and inter-
departmental, project; functional, and general management organiza-
tions shall be identified. It is not the intent of this standard
to prescribe or imply organizational structure, management method-
ology, implementation procedures, or intermal documentation.

4.4 System safety program milestones. The system safety pro-
gram shall be planned and scheduled to permit the contractor and
the procuring activity to review its status, including the results
achieved, at critical safety program checkpoints. These formal
reviews and assessments of the system safety effort shall be performed
concurrently with overall program milestones, such as requirements
reviews, design reviews, and inspections. Safety milestones will
be identified in a manner permitting evaluation of the effectiveness
of the system safety effort. These milestones shall be presented
in the SSPP and implemented as approved by the procuring activity.

5. DETAILED REQUIREMENTS -

S.1 General. A system safety program is a formal approach
to eliminate hazards through engineering, design, education, manage-
ment policy, and supervisory control of conditions and practices.
It insures the accomplishment of the system safety management and
engineering tasks. ’

5.2 System Safety Program Plan (SSPP). The SSPP will be pre-
pared in accordance with this standard and implemented as directed

by the procuring activity. The SSPP, as approved by the procuring cow TRALT

activity and intorporated into the contract, becomes the basis for
contractual compliance. A sample SSPP outline is provided in:
Appendix A. V¥hen an integrating contractor is designated he will
be responsible for the overall preparation, integration, and im-
plementation of the SSPP. The plan shall describe an integrated
effort within the total project, and shall include but not be
limited to: '
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(a) Identification of system activities (i.e. design
analyses, tests, demonstrations) specified elsewhere by the pro-
curing activity and show how they will be used to preclude duplica-
tion.

(b) Providing specific information showing how the con-
tractor will meet the safety requirements during development and
manufacture including the design concepts to be utilized.

(c) The manner of demonstrating quantitative system
safety requirements (if specified).

(d) A detailed listing of specific tasks. .

(e) A current description of each task to be performed.

(f) Identification of the organization unit with the
authority and responsibility for executing each .task.

T (g) The method of control to imnsure execution of each
task.

(h) The scheduled start and completion dates of each
task. '

(i) Procedures for problem identification and solution.

- (j) Procedures for recording and reporting status of
actions to resolve problems.

(k) Method of assimilation and dissemination of system
safety requirements to designers and associated personnel to
expedite correction of known deficiencies.

(1) Designation of milestones, definitions or inter-
relationships, and estimation of personnel and man-hours required
for system safety program activities and tasks.

(m) Periodic recording and reporting of predicted and
achieved system and equipment safety.

(n) Delineate the safety data and analyses {(including
GFE) required of and to the integrating and associate contractors.

(o) 1Identification of special safety studies, research

- and test data.

(p) Safety data coordination flow. .
(@) Range, flight, and operational test safety prozrams.
‘(r) The mathematical methods to be used; e.g. describe
the appropriate models and analytical techniques to be employed.

5.3 Reviews.

5.3.1 Program and Design reviews. ©Safety shall be an integral
~part of a1l program and design reviews held for the system, sub-
system, or equipment. System safety program reviews shall be con-
ducted as part of the scheduled overall design and/or program

. Teviews to assess the status of compliance with the overall safety
program objectives, This review shall identify any deficiencies
of the system with respect to safety and provide guidance for
further development which may be required. The procuring activity
shall be notified prior to each system safety program review, to
permit participation by the safety organization of the procuring
activity. Additional ad bhoc safety reviews may be scheduled or
required at the discretion of the contractor or the procuring
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activity. Minutes of these system safely program reviews shall
be recorded, and made available to the procuring activity.

5.4 System safety criteria and considerations.

5.4.1 General. System designs and operational procedures
developed by each contractor should consider, but not be limited
to, the following. .
STAess

(a) Avoiding, eliminating or reducing significant hazards LOQRQﬁw“J
identified by analysis, design selection, material selection, -or
substitution. Composition of a propellant, explosive, hxdraullc
fluid, solvent, lubricant, or other hazardous mater1a1 shall pro-
vide optlmum safety charactéristics.

(b)° Controlling and minimizing bazards to personnel,
equipment, and material which cannot be avoided or eliminated.

(c) Isolating hazardous substances, components, and
operations from other activities, areas, personnel, and incompatible
materials.

(d) 1Incorporating "fail-safe" principles where failures
would disable the system or cause a catastrophe through injury to
personnel, damage to equipment, or inadvertent operation of critical
equipment. . :

(e) Locating equipment components so that access to them
by personmnel during operation, maintenance, repair, or adjustment
shall not require exposure to hazards such as chemical buras,
electrical shock, electromagnetic radiation, cutting edges, sharp
points, or toxic atmospheres, “

(f) Avoiding undue exposure of personnel to physiological Huss -
and psychological stresses which might cause errors leading to mis- ERRR ".
haps. ’

(g) Providing suitable warning and caution notes in
operations, assembly, maintenance, and repair instructions; and
distinctive markings on hazardous components, equipment, or
facilities for personnel protection. These shall be standardized
in accordance with the requirements of the procuring activity.

(h) Designing to minimize damage by enemy action.

(i) Minimizing severe damage or injury to personnel
and equipment in the event of an accident.

5.5 Hazard levels. The hazard levels, Category I (Negligible);
Category TI (Marginal); Category III (Critical); and Category IV.
(Catastrophic) as defiped in section 3, shall be used as a quali-
tative measure of a system's hazards. These categories may be
further defined by the procuring activity or by the contractor
in the SSPP.

5.6 System safety precedence. Actions for satisfying safety
requirements 1In order of precedence are specified below:

(a) Design for minimum hazard. The major effort through
out the design phases shall be to select appropriate safety designp
features; e.g. fail safe, redundancy.
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(b) - Safety devices. Known hazards which cannot be
eliminated through design selection shall be reduced to an
acceptable level through the use of appropriate safety devices.

(c) V¥arning devices. Where it is not possible to pre-
clude the existence or occurrence of an identified hazard, de-
vices shall be employed for the timely detection of the condition
and the generation of an adequate warning signal. Warning signals
and their application shall-be designed to minimize the probability
of incorrect personnel reaction to the signals, and shall be stand-
ardized within like types of systems, in accordance with - the
directives of the procuring activity. )

(d) Special procedures. Where it is not possible to
reduce the magnitude ©f an existing or potential hazard through
design;, or ‘the use of safety and warning devices, the contractor
shall develop special procedures. Precautionary .notations shall
be standardized in accordance with the directives of the procuring
activity.

_ 5.7 Design criteria/specifications. VWhen design criteria
specified by the procuring activity 1is proved inadeguate in re-

gards to safety, the contractor shall report the deficiencg and
recommend corrective actions with supporting evidence to the

procuring acctivity.

5.8 Analyses. Analyses are performed to identify hazardous
conditions for the purpose of their elimination or control. Analyses
shall be made to examine the system, subsystems, components and their
interrelationship to include logistic support, training, maintenance,
and operational environments. The analyses shall be accomplished
to do the following: L

(a) Identify hazards and determine any needed corrective
actions.

(b) Determine and evaluate safety considerations in
tradeoff studies. .

(c) Determine and evaluate appropriate safety design
requirements,

. (d) Determine and evaluate operational, test, and logis-

tic safety requirements,

(e) Determine whether the qualitative objectives or
quantitative numeric requirement established by the procuring
activity have been achieved.

5.8.1 Qualitative or quantitative analysis, Qualitative
" and/or quantitative analyses will be performed as specified by
the procuring activity. These analyses shall be revised when
changes are made in components, subsystems, or total systems.
The various types of hazard analyses are described below.

5.8.1.1 A qualitative analysis provides a technical assess-
ment of the relative safely of a system design.
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5.8.1.2 A quantitative analysis provides a numerical assess-
ment of the relative: safety of a system design- A quantitative
apnalysis will determine:

(a) The probability of occurrence of critical or
catastrophic hazards.

(b) The calculated system, subSystem, or equipment
numeric requirement risk level.

5.8.2 System hazard analyses.

5.8.2.1 Preliminary hazard analysis. A preliminary hazard
analysis shall be performed as the initial analysis task during
the acquisition of a system. This analysis shall be a comprehen-
sive, qualitaftive study. Such information shall be used in the
development of safety criteria to be imposed in performance or
design specifications. Areas to be considered shall include, but
are not limited to the following:

(a) Isolation of energy sources.

(b) Fuels and propellants: their characteristics,
hazard levels and quantity-distance constraints, bhandling, storage
transportation safety features, and compatlbllity factors.

(c) System environmental constraints,

(d) Use of explosive devices and their hazard constraints.

(e) - Compatibility of materials. :

(f) Effect of transient current, electrostatic discharges,
electromagnetic radiation, and ionizing radiation to or by the
system. Design of critical controls to prevent inadvertent activa-
tion and employment of electrical interlocks.

(g) Use of pressure vessels and associated plumblng,
fittlngs mountings, and hold-down devices.

(h) Crash safety.

(i) safe operation and maintenance of the system.

) "Training and certification pertaining to safe opera-
tion and maintenance of the system.

(k) Egress, rescue, survival, and salvage.

(1) Life support requirements and their safety implica-
tions in manned systems, _

(m) Fire ignition and propagation sources and protection.

(n) Resistance to shock damage.

(o) Environmental factors such as equipment layout and
lighting requirements and their safety implications in manual
systems.

(p) Fail safe design considerations.

(q) Safety from a vulnerability and survivability
standpoint; e.g., application of various types of personnel armor
(metals, ceramics and glass), fire suppression systems, subsystems
protection, and system redundanoy.

(r) Protective clothing, equipment or devices.
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(s) Lightning and electrostatic protection.
(t) Human error analysis of operator functions, tasks,.
and requirements,

5.8.2,2 Subsystem hazard analysis, This is an expansion of
the preliminary hazard analysis. It shall be performed to determine,
from a safety consideration, the functional relationships of com-
ponents and equipments comprising each subsystem., Such analysis
shall identify all components and equipments whose performance
degradation or functional failure could result in hazardous con-
ditions. The analysis should include a determination of the modes
of failure and the effects on safety when failures occur in sub-
system components.

5.8.2.3 System hazard analysis. The prime or integrating
contractor shall conduct reviews or studies which define the
safety integration and interface requirements of the total system.
Analyses shall be performed of subsystem interfaces to determine
the safety problem areas of the total system. Such analyses shall
include, but not be limited to, review of subsystems interrelations
for: .

(a) Compliance with safety criteria.

(b) Possible independent, dependent, and simultaneous
failures that could present a hazardous condition.

(c) 1Insuring that the normal operation of a subsystem
cannot degrade the safety of another subsystem or the total
system. When changes occur within subsystems, the system safety
hazard analysis shall be changed accordingly. 'In the manned systems,
consideration shall bhe glven to crash safety, escape, egress, rescue,
and survival,

5.8.2.4 Operating hazard analyses. Analyses shall be perform-
ed to determine safely requiremenis for personnel, procedures, and
equipment used in installation, maintenance, support, testing,
transportation, storage, operations, emergency escape, egress,
rescue, and training during all phases of intended use as Specified
in the system requirements. Engineering data, procedures, and
instructions developed from the engineering de51gn and init1al
test programs shall be used in support of this effort. Results
of these analyses shall provide the basis for:

. (a) Design changes where feas1b1e to ellminate hazards
or provide safety devices, and safeguards.

(b) The warn1ng, caution, special inspections and
emergency procedures for operating and ma inrtenance instructions
including emergency action to minimize personnel injury.

(c) Identification of a hazardous period time span and
actions required to preclude such hazards from occurring; and

(d) Special procedures for servicing, bhandling, storage
and transportation.
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5.9 Action on identified hazards. Action shall be taken to
2liminate or minimizZe hazards revealed by analyses or related engi-
neering efforts. Catastrophic and critical hazards shall be
eliminated or controlled. 1If these hazards cannot be eliminated,
or controlled to a specified probability of occurrence, the alter-
native controls will be immediately presented to the responsible
procuring activity for resolution. Reporting shall be in accord-
ance with the provisions of the System Safety Program Plan.

5.10 Supplier and subcontractor system safety program. Pro-
cedures shall be established to assure tThat the supplier and sub-
contractor system safety programs are consistent with overall
system requirements. The contractor shall perform surveillance
of the supplier and subcontractor system safety activities and
insure adequate performance. - Where the contractor and subcontrac-
tor determine that it is needed for satisfactory analyses, the
contractor shall furnish in a timely manner sufficient system
technical information to the subcontractor to enable the latter
to consider system effects in a subsystem safety analysis.

6. DATA

6.1 Data requirements. The selected data requirements in
support of this standard will be reflected in the Contractor Data
Requirements List (DD Form 1423), attached to the request for
proposal, invitation for bid, or the contract, as appropriate,

6.2 Data acceptance. Contractor-prepared data delivered in
accordance with 6.1 to the procuring activity, shall be ‘subject
to review and approval by the procuring activity. In the absence
‘of notification to the contrary within the time period specified
in the contract, the data will be considered accepted. Non-
delivered data shall be-filed and maintained by the contractor
for the duration of the contract period, but shall.be made avail-
able for review and use by authorized representativesof the pro-
airing activity upon request.

6.3 Acquisition and use of safety data. Safety data provided
by the procuring activily should be used as a design aid to pre-:
vent repetitive design deficiencies. The contractor shall main-
tain liaison with other data sources to enable identificatiomn and
evaluation of hazard and safety design deficiencies.

7. SAFETY TESTING

Testsshall be proposed in .the SSPP. to validate the satety of
the product, including those tests already specified by the pro-
curing activity. Safety tests shall be integrated into appropriate
test plans. VWhere complete safety testing costs would be prohibi-
tive, partial design verification of safety characteristics or
procedures may be demonstrated by laboratory test, functional mock-
ups or model simulation, when approved by the procuring activity.
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Safety tests shall be performed on critical devices or components
to determine the degree of hazard or margin of safety of design.
Induced or simulated failures will be considered for demonstrating
the failure mode of critical components, The detailed test plans
for all tests shall be reviewed to insure that:

(a) Safety is adequately demonstrated.
(b) The testing will be carried out in a safe manner.
(c) All additional hazards introduced by testing pro-
cedures, instrumentation, test hardware, etc., are properly
identified and minimized.

8. TRAINING .

8.1 Safety Training for Operator and Maintenance Personnel.
Safety information on approved methods and procedures will be in-
cluded in instruction lesson plans and student examinations for
the training of system (operator and maintenance) personnel. Pro-
tective devices and emergency equipment will be identified and
included in training. Safety training aids, exhibits and displays
may be used. . T

9. EFFECTS OF STORAGE, SHELF-LIFE, PACKAGING,.TRANSPORTATION,
HANDLING AND MAINTENANCE

The program shall consider, analyze, identify the effects of
storage, shelf-life, packaging, transportation, handling and
maintenance on the safety of the product. This shall include
items such as:

(a) 1Identification of major or critical characteristics
of safety significant items which deteriorate with age, environ-
mental conditions, and other factors. o

. (b) Procedures for periodi i inspection or tests
(including recall for test) of items to establish continuing
acceptable levels of performance for parameters under test.

(¢c) Special safety procedures for maintenance or restora-

tion.
10. INTEGRATION OF ASSOCIATED DISCIPLINES .

10.1 Relationship to system engineering. Where the systenm
engineering process 1s used as the malnstream engineering analysis
effort, system safety requirements shall interface with the other
engineering disciplines and tradeoff studies made in the interest
of an optimum total system design.

Custodians: Preparing activity:

Army - AV : Air Force - 10
Navy - AS )
Reviewer activities: 4 Project No. MISC-0484

Army - AV, AT, EL, WE, MU, MI
Air Force - 10 -
Navy - AS .
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APPENDIX A

SYSTEM SAFETY PROGRAM PLAN OUTLINE

eral

Introduction

Scope and purpose

Application and implementation
Applicable documents

ety organization, responsibilities, and authority
Integrating contractor organization and responsibilities
‘Associate contractor *organization and responsibilities
Subcontractors responsibilities
System safety working groups

System safety program milestones

System safety criteria

4.1

(3 VN

O’)UJ cnunmuucnr.nm [ S

6.2

Definitions’

Hazard level categories

System safety precedence

Special contractual requirements
Identification and dissemination

tem safety analyses

Identification of analysis technlques
Qualitative and quantitative analyses
Preliminary hazard analysis
Subsystem hazard analysis
System hazard analysis
Operating hazard analyses

ety activities’

Safety data

6.1.1 Identification of data requirements - deliverable

and non-deliverable data

6.1.2 Acquisition and use of safety data

' 6.1.2.1 Hazard data collectiocn

2 Document tree and data flow

3 Documentation and files

4 Format for reports and data submittal

S Accident prevention, investigation, and
reporting’

6 Safety reports

Tralnlng :

6.2.1 Crew qualification, training and certification

6.2.2 Maintenance personnel training and qualification

16 Y U. S. GOVERNMENT PRINTING OFFICE: 1973-714.914/907 7
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Audit program

Ground handling, storage, servicing and transportation

Facilities and support requirements

_Othef system safety matters (not otherwise covered)



| ~CONCEPT FORMULATION

| PHASE

—

A

.DOD conditional approval to .=
initiate engineering develop-
ment

RFP issued and definition con-
tractors selected

u—ea,

1. Conduct concept safety
studies.

2. Perform preliminary hazard
analysis. .

3. Define system safety per-
formance envelope and require-
ments (i.e., maximum peace-
time accident rate, etc.)

4. Select system safety effec-
tiveness measures (i.e. esti-
mated number of major accidents
avoided vs cost of a proposed
safety change).

5. Orient exploratory and ad-
vanced developments to enhance
the safety feasibility of con-
ceptual designs. '

. 6. Incorporate safety assess-
i ment in the technical develop-
ment plan.

18

Safety efforts in this phase involve
actions by the procuring activity in
preparing for Phase B of contract
definition, and contractor response
to the Request for Proposal (RFP)

1. Procuring activity:
(a) Incorporate safety require-
ments into the statement of work.
(b) Identify safety data to be
provided to the definition con-
tractor; e.g. preliminary hazards

'ana1y51s (PHA), tradeoff studies.

(c) Identlfy safety data to be
required from the contractor, such
as a System Safety Program Plan,
Preliminary Hazard Analysis, con-
cept safety analysis, etc.

2. Contractor:

Ta) Prepare and submit a pro-
posed System Safety Program Plan.

(b) Perform a preliminary hazard
analysis, or revise, update, and
refine the existing PHA provided by
the procuring activity.

(c) Identify system safety re-
quirements in the system specifica-
tions (includes GFE requirements).

(d) Include in tradeoff 'studies
the impact on system safety require-
ments, and the required safety de-
cisions to be made by the procuring
activity.

T

~ tm —a f.a ..

e a2 a2 M~ By




APPENDIX B

SYSTEM LIFE CYCLE - SAFETY ACTIVITI

CONTRACT DEFINITION PHASE

B

c E

Definition contractor's pro-

Proposals evaluated and develop-
ment contractors selected

ot

J posals submitted

rSafety actions in this phase es-
sentially involve efforts to be
eccomplished.by the definitional
contractor or contractors.

definition phase system safety pro-
gram plan.

2. Update and complete the prelim-
inary hazard analysis,

3. Verify or propose modifications
to the ‘RFP safety performance
‘specifications provided in the RFP.
! 4, Update safety studies, analyses
and test plans to define safety
design requirements criteria, and
the operating safety character1s—
tics of the system.

5., Define and identify system
safety requirements for the CEI
Epecifications, including those

to be developed and produced by
subcontractors, and specify safety
design cr1ter1a objectives, and
goals.

6. Insure hlghest degree of safety .
consistent with requirements is

maintained during system tradeoffs.-

7. Identify the safety decisions
required to be made prior to pro-
ceeding into the development phase.
8. Submit a firm system safety pro-
gram plan for the engineering
development phase,

9. Submit system safety work break-
down statement for engineering
development program.

1. Implément,the.approved éontract'

In this phase the procuring activ-
ity evaluates the proposals sub-
mitted. in response to the defini-
tion contracts, preparatory to

the selection of a contractor for
the development and production
phases. Some typical safety
matters to be evaluated are:

1. The proposed system safety pro-
gram plan for the development
phase and how it satisfies the
applicable safety management and
system safety engineering require-
ments,

2. Review and evaluate the results
of the hazards analysés, and other
related analyses which define the
safety design features.

3. The safety requirements of the
system specifications.

4, Make the required safety de-
cisions based upon tradeoff pro-
posals, 10

WOWOoO<MONLOAT NORN HWH DO NM
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I TIES

ENGINEERING DEVELOPMENT PHASE

PRODUCTION PHASE

DOD approval for initiation of
engineering development

DOD decision to produce operational

gquantities

1, Implement the program -
approved in the previous phase.
2. Furnish design criteria;
establish safety obJectlves
and review prellmlnary engineer-
ing designs.
3. Evaluate the system design
through hazard analyses and
safety studies.
4. Insure that designs meet
CEI specifications.
5. Establish test require-.
ments in test program.
6. Participate in program re-
views.
7. Provide input and review
operating publications.
8. Evaluate analysis and in-
vestigation results; recommend
corrective actions (redesign/
change).
9. Participate in tradeoff
studies.
10. Review engineering documen-
tation.
11. Provide inputs to training
courses and aids.
12. Prepare progress reports.

Assure that safety achieved in de-
sign is maintained during produc-
tion through: quality control,
specified monitoring, identifying
critical techniques, procedures,
facilifties, inspections and tests,
and by audits of engineering changes.
Initiate redesign or changes to meet
requirements.




N PHASE

>duce operational

OPERATIONAL PHASE

Acceptance of first opefating unit

achieved in de-
during produc-
ity control,

ng, identifying
3, procedures, .
tions and tests,

ngineering changes.

or changes to meet

1. Perform operational safety review
and tests to determine if design,
operating and maintenance procedures,
and emergency procedures are adequate

2. Evaluate updating changes and

modifications to operational equipment
and publications to insure inherent
safety is not degraded.
3. Analyze accidents,
failures, to identify unsafe condi-
tions; eliminate these conditionms,

and provide a feedback system to avoid
these conditions in systems under
development and in future systems.

4., Review and approve hazardous
material disposal procedures.

incidents, and




Form Approved Budget
SPECIFICATION ANALYSIS SHEET - Bureau No. 119-RO04

INSTRUCTIONS

This sheet is to be filled out by personnel either Government or contractor, involved
in the use of the specification in procurement of products for ultimate use by the Depart-
ment of Defense. This sheet is provided for obtaining information on the use of this
specification which will insure that suitable products can be procured with a minimum
amount of delay and at the least.cost. Comments and the return of tihis form will be
appreciated. Fold on lines on reverse side, staple in corner, and send to preparing
activity.-
SPECIFICATION M7 _STD-882 SYSTEM SAFETY PROGRAM FOR SYSTEMS AND ASSOCIATED suasrsms

AND POUJTPMENT: REQUIREMENTS FOR

ORGANIZATION . CITY AND STATE

CONTRACT NO.

QUANTITY OF ITEMS PROCURED DOLLAR AMOUNT
$ .

MATERIAL PROCURED UNDER A
O Direct Government Contract C_ ) Subcontract
1. HAS ANY PART OF THE SPECIFICATIQN CREATED PRCZLEMS (R REQUIRED INTZRPRETATION IN
PROCUREMENT USE?
A. GIVE PARAGRAPH NUMBER AND WORDING.

B. RECQMMENDATIONS FOR CQRRECTING THE DEFICIENCIES.

2. COMMENTS ON ANY SFECIFICATIQN REQUIREMENT CQNSIDERED TOO RIGID.

3. IS THE SPECIFICATION RESTRICTIVE?
a— COno IF YES", IN WHAT WAY?

L. REMARKS (Attach any pertinent lata which may be of use in improving this specification.
If there are additional papers, attach to form and place both in an envelope addressed

to preparing activity.)

.

SUEMITIED BY (Printed or typed name and activity) DATE

DD Form 1426
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UNITED STATES DISTRICT COURT

FOR THE DISTRICT OF COLUMBIA

X

IN RE AIR CRASH DISASTER
NEAR SAIGON, SOUTH VIETNAM Misc. No. 75-0205
ON APRIL 4, 1975 All Cases

ELEANOR S. DOBSON, Administratrix of the
Estate of JO-AN K. PRAY, Deceased,

and on behalf of all others similarly : /
situated,

-and-

FRIENDS FOR ALL CHILDREN, INC., as Civil Action No.
Special Administrator of the 75-0874
Estate of TRAN THI BA and

Seventy-Five other decedents,

Plaintiffs,
~-against-

LOCKHEED AIRCRAFT CORPORATION,
A California Corporation,

. Defendant and Thiz:c‘l- :
Party Plaintiff,

-against-

THE UNITED STATES OF AMERICA,

Third-Party Defendant.

X

PLAINTIFFS' SUPPLEMENTAL ANSWERS TO DEFENDANT
LOCKHEED'S WRITTEN INTERROGATORIES

Plaintiffs Burke C. Pray and Eleanor S. Dobson hereby submit answers to
the contention i;terrogatories propourided by defendant Lockheed Aircraft
Corporation (hereinafter referred to as Lockheed). At the time of this sub-
mittal, discovery’ is still in progress, important witnesses are yet to be de-
posed, - and documénts are .yet to be received and/or analyzed. Plaintiffs.
reserve the right to change, alter, expand, refine, exclude, or otherwise
modify the answers provided hérein as indicated by further formal and informal
discovery in this proceeding and as otherwise appropx;iate. Additionally, some
of the conténtion interrogatories request legal as op;osed to factual answers.

Plaintiffs research on these legal questions is ongoing. The answers provided

represent plamt1ffs legal p051t10ns at this time. Plaintiffs also reserve the

right to change, alter, expand, refine, exclude, or otherwise modify these

T v 1 arieegare: e T3 LRSS W . . P R I I - - -
Sl gel dlswers 4l Ldodizaied ) awdBnll Jlocds i)y wlidayeas wied ol very znd s

otherwise approp?iate.
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INTERROGATORY NO. 62: ‘Set forth the title, cditation and enacting

state of all statutes, regulations,_o;__co;les relied upon as a basis for plaintiff's
action.

ANSWER 62: District of Columbia Code §16-2701, et seq. (wrongful
death) and §12-101 (survival). Plaintiffs also rely upon statuteé, regulations
and codes permitting recovery for breaches of express and/or implied warran-
ties, such being described in answers to Interrogatories 64 and 65.

INTERROGATORY NO. 63(a): Set forth each and every specific act, or

omission on the part of defendant Lockheed Aircraft Corporation upon which
plaintiff relies for the contentions as contained in paragraph of the complaint
that said accident was caused by the negligence of said defendant, its offi-
cers, agents and employees, in the design, manufacture, assembly, testing,
modification and inspection of the C5-A aircraft.

ANSWER 63(a). Acts and/or omissions on the part of Lockheed were

direct and proximate causes of the subject accident and constitute negligence
jon the part of Lockheed, its officers, agents and employees:

(.1) Maintenance manual T.O. IC-5A-2-12, effective January 16, 1975,
and certain sections and figures of such manual including Section 3-80 (Aft
Ramp Lock Subsystem Remov‘a.l), Section 3-81 (Aft Ramp Lock Subsystem
Installation), Figure 3-44 (Aft Ramp Rigging Instructions), Section 3-168 (Aft

Ramp Rigging Instructions) and Section 3-173 (Aft Ramp Mechanical Rigging

Verification), as well as corresponding sections relating to the forward ramp,
were defective in that said manual and the referenced sections and figures
were inadequate, _unclear, misleading, poorly organized, improperly illustrated,
unduly and needlessly complex, internally inconsistent, improperly referenced,
false, lacking in necessary directives, improperly formatted, lacking in neces-
sary warnings and cautions, not geared to the skill lévels of the mechanics |
who were to perform the subject tasks and otherwise negligently prepared.
Specific examples of such defects include:

(a) The failure to employ the job’ guide format.

(b) The failure to compile all the instructiox;';s related to the removal
and installation of a given component of the aft ramp locking system in
one place in said manual.

{c) The lack of clear and complete directives in Sections 3-80 and

3-81.




(d) The use in Sectién 3-81, paragraph a, of the unclear, mis-
leading and vague instruction "Install the components of the aft ramp in
the reve;'se order of removal" rather than clearly delineating each step to
be performed by the mechanic when installing a given component of the
aft ramp locking system.

(e) The use in Section 3-81, paragraph b, of the unclear, mis-
leading and vague reference to Figure 3-44 rather than clearly delineating
the specific steps in Figure 3-44 to be performed by the mechanic in
;'igging the aft ramp locks after installing a given component of the aft
ramp locking system.

(f) The use of unclear, confusing, inconsistent, and needlessly
complex instructions in Figure 3-44. |

(g) The use of unclear, misleading and false illustrations in Figure
3-44,

(h) Illustrating in Figure 3-44 the inst’allation of a tierod in a
manner which would instruct the mechanic to install a tierod backwards.

(i) The failure to reference back to paragraphs ¢, d, and e of
Section 3-81 after the n}echax}ic had gone to Figure 3-44 to rig the aft
ramp locks in accordance. with the instructions contained in paragraph b
of Section 3-81.

(j) The lack. of clear and complete directives in Section 3-168 and
in paragraph d of said Section.

(k) The failure to -delineate in Section 3-168 the specific rigging
steps to be -performed upon installing a given component of the aft ramp
locking system (rather than rigging steps to be performed upon installing
any and all aft ramp lock mechanisms), and to eliminate unnecessary
rigging steps for the given installation task.

(1) The use in Section 3-168 of all encompassing rigging instruc-
tions for "aft ramp lock mechanisms" which needlessly complicate the task
of the mechanic.

(m) The use of a misleading and false title for Section 3-173.

(n) The lack of clear and complete directives in Section 3-173.
(o) The use-of misleading, unclear and false language in paragraph
c of..Section 3-173, to-wit, "Ramp locks shall be verified as follows"

[emphasis added].




(p) The failure to warn that the procedures in 3-173, if followed
'completely, would not verify the rigging of the aft ramp locking system,
in that such procedures could not confirm that the rigging of the aft
ramp locking system had been done correctly.

(q) The lack of warnings in Sections 3-80, 3-81, 3-168 and 3-173,
and in Figure 3-44 that the failure to replace a cotter key could result in
a hazardous condition.

“—(:2 The misleading use, without necessary explanation, of the 30
pounds minimum pull force requirement in the instructions contained in
Figure 3-44,

‘ (s) The lack of a warning in Sections 3-81, 3-168 and 3-173, and in
Figure 3-44 that‘ the rigging tolerances and checks could be effected by
temperature differentials, unlevel ramps, and cross winds.

(t) The failure to provide adequate troubleshooting procedures.

(u) The us:e of unclear, misleading and false figure references in
Section 3-80.

(v) The interruption of Section 3-173 by more than forty pages of
non-pertinent material.

(w) The failure to reference | on page 3-439 the continuation of
Section 3-173 to page 3-485.

(x) Other defects.

Maintenance manual T.0O., 1C-5A-2-12 and the referenced sections and
/ -

figures irgproperly required the Air Force mecha}ni;s to depend solely upon

their unguided jidgment when performing maintenance tasks on the forward
. ) — it

s ——

A o A—————— = -

and aft loading systems, including the removal and installation of components

A e ST 5T J—

of the aft ramp locking system, the rigging of the aft ramp locking system,

and the verification of the rigging of the aft ramp locking system.

Prior versions of maintenance manual T.O. 1C-5A-2-12 and the referenced
sections and figures were similarly defective.

Maintenance manua} T.O. 10-5A-2-12,~ and sugplements thereto, were
prepared and then submitted by Lockheed to the Airf;Force for the purpose of
instructing Air Force mechanics in the performance of maintenance tasks on the

forward and aft loading systems of the C5A, including the removal and installa-

tion of comfonents of the aft ramp locking system, the rigging of the aft ramp

locking svstem. and the werification nf the rigaing ~f the aft ramo locking

system. The maintenance manual prior to the accident, improperly and negli-




lgently instructed the Air Force mechanics in the performance of such tasks.

Lockheed was and is responsible for the contents of said manual, including the
referenced sec-tions and figures.

(2) Lockheed prior to the accident failed to correct the de_fects in main-
tenance manual T.0, 1C-5A-2-12 and the referenced sections and figures even
though Lockheed had full knowledge of such defects, and the consequences of
such defects, prior to the accident.

(3) The hydraulic lines and control cables were defectively routed in the
torqu—e deck area in that such lines and cables were located in the unprotected
and vulnerable bottom section of the torque deck area and were unreasonably
close to the aft cargo door complex. Lockheed also failed to comply with its
written representations to the Air Force that it would locate control and
hydraulic lines away from fuselage openings.

(4) There was a failure to consider prior to the accident the conse-
quences to the hydraulic lines and control cables located in the torque deck
area, and to the flight control systems generally, if the bottom structure of
the to;:'que deck area was punctured or otherwise damaged.

(5) Lockheed prior to the accident failed to correct the defective routing
of the hydraulic lines and cox;trol cables in the torque deck area even though
Lockheed had full knowledge of such defects, and the consequences of such
defects, prior to the accident.

(6) There was a failure to provide adequate redundancy of flight
controls in the aft portion of the aircraft and in the torque deck area, as well
as through the aircraft generalfy.

(7) There was a failure to utilize adequate design criteria in the design
of the flight control systems (location, number, type, etc.) in the aft portion
of the aircraft and in the torque deck area, as well as throughout the aircraft

generally.

(8) There was a failure to provide alternate means for control of the

aircraft in the event of damage to the hydraulic lines and control cables
7

located in the torque deck area. 4

(9) Lockheed prior to the accident failed to correct the lack of adequate

flight control redundancy in the aft portion of the aircraft and in the torque

deck area.even though Lockheed had full knowledge of such defects, and the

consequences of such defects, prior to the accident.




(10) There was a failure to provide a verification procedure and/or means
by which the mechanic could confirm that the rigging of the aft ramp locking
system had been done correctly.

(11) The design of the aft ramp locking ‘system prior E/O) the accident was
& u L
defective in that such system was unsafe, unreliable, unmaintainable, much too
(¢
complex, required rigging tolerances that were too close, was often difficult

7,

and frequently imp@éiéible to rig correctly, created the need for excess and

unnecessary maintenance, was intolerant to out-of-rig conditions, made rigging
- - R — _—

— .

c;itic;.l to aircraft safety and created an extremely hazardous condition if a
lock was not as far as the nominal overcenter position, performed poorly in
service, and was not in accordance with the state of the art and/or recognized
design criteria. For example: .

(a) Such design did not include rigging pins or other similar
devices. The use of figging pins would have provided a simple means by
which the nominal overcenter position of the lock could be visually veri-
fied. The use of rigging pins would also have provided a simple means
t.o physically secure the position of the locks not directly involved in the
installation task, and would have eliminat:d the necessity to rerig the
locks not so directly involved.

(b) Such design did not includ}e locking pins or other similar
devices. The use of locking pins would h?gve provided a simple means to
physically secure the position of the locks during flight. The use of
locking pins would have also provided a simple means to isolate the effect
of aft ramp-~lock component failure and/or out-of-rig condition when the
system was locked.

»/”

L~ (c) Such system was so complex and poorly designed as to preclude
being understood by Air Force mechanics, as to preclude being rigged
correctly, and to necessarily produce out-of-rig conditions.

L~ ] (d) The locking system was not designed to withstand the out-of-rig

condition and/or failure of more than one lock, in spite of the fact such

multiple out-of-rig conditions and/or failures were easily foreseeable.

— ]

\’{/’/(;) Such design included no indicators, mechanical or electrical,
which could be relied upon to confirm that the locks were nominally
overgenter. The accuracy of the mechanical and electrical indicators were

directly (and improperly) dependent on the correct placement of the

bellcrank in the first instance.




g (f) The program link "pins were sovpoorly designed and deficient
that the}t were .eliminated as a means of rigging verification prior to and
at the time of the accident.

(g) The rigging tolerances of the system were much too critical and

the rigging of the system could not withstand changes in temperature,

SRR e —

unlevel ramps and cross winds,
(h) The components of the aft ramp locking system were not de-
?

signed to withstand Ered1ctab1e loads and stresses encountered in pro-

perly rigged and/or out-of-rxg conthlons/,.

‘\x".lf, / Jc’ (!J;""LL["
;/-'/ (i) Components of the aft ramp locking system, such as the bell-
cranks, were improperly made out of certain aluminum alloys which re-

duced such parts' ability to withstand the predictable loads and stresses

and greatly increased such parts' susceptibility to corrosion and stress

corrosion. / ,

'V"/(j) Inadequate measures were taken to protect the components of
the aft ramp locking system from stress corrosion and corrosion.
° (k) The bellcranks ar_xd other components of the aft ramp locking
system contained discontirxuities which greatly reduced the ability of such
parts to withstand loads and stresses and greatly increased such parts' |
susceptibility to corrosion and stress corrosion.

(1) The system was designed so that a mechanic would have to
re-rig the entire locking system after installing only a single lock
component. s
" (m) Inadequate means (eotter keys) were utilized to secure the
tierods once installed.

- /’(in) The system did not provide a means by which the overcenter
position of the lock(s) could be visually verified.

(o) The system did not provide a means to physically secure the
position of locks not directly involved in the installation task so as to
eliminate the necessity to rerig the locks not so involved.

L (p) The system did not provide a means to physically secure the
position of the locks during flight.

(Q) The system was designed so that failure(s) and/or out-of-rig

condition(s) of one lock would cause failure(s) and/or out-of-rig condi-

tion(s) of other locks.



r « (r) The design of the system was based on an inadequate design
criteria, the sinéle fault” plus uxidetectable ‘fault criteria. This des:ign
criteria l;recluded any consideration of (1) accommodating the design of
the aft ramp locking system to withstand more than one fault and/or (2)
the consequences to such locking system of more than one fault.

'."/ (s) The component parts of the aft ramp locking system were not
designed to withstand predictable levels of fatigue.

(t) Other design defects.
-(12) Lockheed prior to the accident failed to correct the defects in the

design of the aft ramp locking system even though Lockheed had full know-
e
g

'

ledge of each and gyery such defect; and the consequences of such defects,

prior to the accident.
® (13) The cargo compartment was not properly designed to carry passen-
gers under any circumstances even though it was contemplated by Lockheed
and represented to the Air Force that the cargo compartment could be used to
transport passengers.
. (a) The structure was not capable of withstanding the impacts
associated with a crash or hard landing.

(b) Passengers cou.l.d not be briefed in the cargo compartment due
to noise level.

(c) The environment was inadequate for passengers due to high
noise levels and poor temperature control.

(d) There was a lack of oxygen equipment to adequately handle
passengers. ~

(e) Other design defects.

(14) There was a failure to conduct an 'adequate failure mode and effects

nalysis (FMEA) on the aft ramp locking system. The FMEA failed to consider
ny series of multi-fault modes (other than undetectable faults) including
single structural fault coupled with single maintenance fault. The FMEA inade-
quately and inaccurately analyzed several of the single fault modes relevant to
the aft ramp locking system considerecfl in the stud’j}. The FMEA failed to
consider certain single fault modes relevant to the aft ramp locking system.

The FMEA failed to take account of possible out-of-rig conditions of the aft

amp lockjng system and ‘of. normal wear and tear. On numerous occasions
iefore the accident, Lockheed was aware of incidents involving the forward

and/or aft C-5A rami)s caused by multiple failures. It also was aware that at




least some of these incidents were alleged to have resulted from out-of-rig
conditions. In spite of this knowledge, Lockheed failed to revise the FMEA to
take account ;Jf such multiple failures and/or out-of-rig conditions. The FMEA
was otherwise defective.

l/ (15) There was a failure to conduct adequate s.tatic and fatigue testing of
the aft cargo door complex, the aft ramp locking system and the components of

!

the aft ramp locking syste;ri. Such static and fatigue testing employed inade-
R ) :
quate methodology('; "'There was an in.adequate number of component tes! ;.i The
tests were conducted contrary to established test criteri;'; The results of the
test were misinterpreted and/or misapplied to the design of the aft cargo door
complex and the a.ft._ ramp locking systeu;.) Such static and fatigue testing was
otherwise defective‘:;""i
e (16) There was a failure to consider the potential impact of an explosive
decompression on the aft ramp locking system, the aft pressure door, the aft
ramp, the torque deck area, and the hydraulic lines and control cables located
in the torque deck area. There was also a failure to modify the design of the
‘aft ra.mp locking system, the aft pressure door, the aft ramp, the torque deck
larea, and the hydraulic lines and control cables located in the torque deck
area, so as to minimize the imp;act of such an explosive decompression.
(17) Lockheed prior to the accident failed to consider the impact of an
explosive decompression on, and/or modify accordingly the design of the aft
ramp locking system, the aft pressure door, the aft ramp, the torque deck
area, and the hydraulic lines and control cables located in the torque deck
§area, even though Lockheed was aware prior to the accident that an explosive
decompression could severly impact each of such systems.

(18) There was a failure to perform adequate safety engineering analyses

of the aft ramp locking system, the aft pressure door, the_aft ramp, the

w_k_gea. and the hydraulic lines and control cables located in the
torque deck. area, including the failure to perform an adequate hazard analysis.
" (19) There was a failure to comply with the System Safety Engineering
Plan promulgated by Lockheed and submitted to the Air Force as part of the
C5 contract proposal.
(a) There was a failure to adequately perform the tasks included in
the "Advanced System Safety Engineering Technique".

(b) There was a failure to "minutely examine" the various facets of

the design of the aft ramp locking system, the aft pressure door, the aft




ramp, the torque deck area, and the hydraulic lines and control cables
located in the torque deck area, and to accurately assess the safety
factors involved.

(c) There was a failure to accurately delineate the hazards existent
in the aft ramp locking system, the aft pressure door, the. aft ramp, the
torque deck area, and the hydraulic lines and control cables located in
the torque deck area.

(d) There was a failure fo apply the engineering lessons learned on
the C130 and Cl41 to the C5 and particularly to the aft ramp locking
system, the aft pressure door, the aft ramp, the torque deck area, and
the hydraulic lines and control cables located in the torque deck area,

(e) Other failures to comply.

(20) The safety assurance department of Lockheed during the design

./_.

iphase and subsequent thereto up to the accident lacked the requisite engineer-

fing competence to perform the required and necessary safety engineering

analyses and t\o perform the safety engineering tasks delineated in the System
Safety Engineering Plan. Additionally, the safety assurance department lacked
the requisite knowled‘ge of the aft ramp locking system, the aft pressure door,
the aft ramp, the torque dec}; area, and the hydraulic lines and control cables
located in the torque deck area, to competently perform such safety engineering
analyses and tasks.

(21) The maintenance manual drafting department of Lockheed during the
design phase and subsequent thereto up to the accident lacked the requisite
competence to prepare maintenance manuals which instructed Air Force
mechanics as to how to perform most complex maintenance tasks on the C5; and
more specifically such department lacked the competence to prepare mainten-
ance manual T.0. 1C-5A-2-12 and Sections 3-80, 3-81, 3-168 and 3-173 an}d
Figure 3-44 therein. Additionally, such department lacked the competence t‘o
adapt said instructions to the skill level of the mechanics who were to perform
the maintenance tasks.

(22) Lockheed was aware of the pre-accident failures of_the forward and
ﬁaft ramp systems of the C5 and of the pre-accident failures of the pressure
door, ramp and ramp lock systems, and aft located hydraulic lines of the Cl4l

and Cl130.. In spite of the knowledge of these failures, Lockheed failed to

redesign the aft ramp locking system, the aft pressure door, the aft ramp,

lb.nd the torque deck area of the C5, to relocate the hydraulic lines and control

cables in the torque deck area of the C5; and to make needed changes in

10



maintenance manual T.O. 1C-5A+2-12. 1In spite of the knowledge of these

e e o ey

failures, Lockheed also failed to recxamine and revise the FMEA as such per-
tained to the’ aft fa}np locking'”sySte'mr; theraft pressure door, the aft ramp,
the torque deck area, and the hydraulic lines and control cables located in' the
torque deck area of the C5.
(23) There was a failure to design the aft ramp locking system so as to
reduce the number and complexity of the maintenance tasks to a minimum.
q (24) There was a failure to design the aft ramp locking system so that a
cément could be simply and quickly replaced.
) (25) The design of the aft cargo door complex was defective in that, in
addition to 63(a)(11l): (a) There was a failure to make the aft ramp and
pressure door "plug" type doors, instead of doors as large as the fuselage
openings around them; (b) there was a failure to meet all military specifica-
tions and Federal Aviation Administration specifications applicable to the aft
cargo door complex and routing of hydraulic lines and control cables; (c) the
design of the components of the aft ramp locking system had inadequate mar-
gins of safety; (d) there was a failure to take account of the consequences of
jhaving all parts in the aft ramp complex at either their maximum or minimum
tolerances; (e) the aft cargo ‘door complex was so inadequately designed that
even Lockheed engineers and other employees could not properly rig the
system; and (f) other defects.
) (26) There was a failure to adequately and properly consider proposed
corrections to the design of the aft ramp locking system prior to the accident.
Proposed corrections to such system were rejected by the Change Candidate
Committee and other management of Lockheed on the basis of contract cost and
profit-potential considerations rather than engineering merit. Proposed correc-
tions were considered strictly in terms of whether the existing design met the
original specifications, without any consideration as to whether such specifica-
tions were adequate and in need of redefinition. Such consideration of pro-
posed corrections to the design of the aft ramp locking system was otherwise
defective.

n..L/(27) In those instances where Lockheed did submit proéosa.ls to the Air
Force to correct the design of the aft ramp locking system, the aft ramp

and/or the  aft pressure door, Lockheed failed to properly document and

support such proposals for correction.

I
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(28) Lockheed prior to the accident knew that the Air Force mechanics
ere having extreme difficulty in rigging the aft ramp locking system. In
spite of this‘knowledge, Lockheed failed to redesign the aft ramp locking
system and/or redraft maintenance manual T.0. 1C-5A-2-12. Also in spite of
this knowledge and in spite of the knowledge of the pre-accident failures of

the forward and aft ramp systems of the C5 and of the pre-accident failures of

the pressure door, ramp and ramp lock systems, and aft located hydraulic
ines of the Cl41 and C130, Lockheéd failed to incorporate into the design of
the aft ramp locking system and/or maintenance manual TO 1C-5A-2-12 a
rigging verification procedure and/or means which would confirm that the

rigging of the aft ramp locking system was done correctly.

» (29) There was a failure to study the loads and stresses which the aft

ramp locking system and its components would be subjected to during various

put-of-rig conditions and/or as a result of the failure of various combinations

locks or components of locks.

(30) Weight and cost considerations were permitted to outweigh engin-
eering’ and safety necessity in the design of the aft ramp locking system and
its components. For examplg, certain of such components were made of
Iuminum alloys, which were inferior and inadequate in their ability to with-

stand loads--stresses and stress corrosion-corrosion, in order to satisfy cer-

tain weight reduction and cost goals.

p (31) The management of the design, manufacture and testing of the aft

ramp locking system, the aft pressure door, the aft ramp, the torque deck

rea, and the hydraulic lines and control cables located in the torque deck
was inadequate and inferior. Lockheed's mismanagement occurred in at

’grea,
{east the following respects: permitting schedules and cost considerations to

risproportionately affect safety and design decisions; failing to meet various
contract requirements or goals; failing to prevent problems with respect to
"ssing parts, false documentation, bogus parts, removal of parts, parts

hortages, inadequate control of parts, quality control and assurance, and
anufacturing; engaging in inadequate planning and failing to anticipate and
void financial problems caused’by management mistakes; inadequate supervision
of design; and failing to adopt management policies, practices, and procedures
which woul‘d'have prevented serious problems from developing.

(32) There was a failure to exercise proper quality control in the manu-

facture-of the components of the aft ramp locking system.

12
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(33) There s a failure to properly fab. ate the components of the aft
ramp locking system.

(34) There was a failure to design the aft ramp locking system to accom-—
modate the. pz"actice of cannibilization which Lockheed knew to be a "fact of
life" with regard to aircraft owned by the Air Force.

(35) Hydraulic lines and control cables were located in the bottom of the
torque deck area which lacked sufficient strength to withstand iln-flight opening
of the aft cargo door complex and/or impact of the aft pressure door or aft
ramp. |

? (36) The location of the critical hydraulic lines and control cables in the
vulnerable unprotected bottom portion of the torque deck area created an
inherently dangerous and unsafe condition.

(37) The extremely complex and defective design of the aft ramp locking
system coupled with the defective maintenance manual fl‘;()_. 1C-5A-2~12 and the
failure to utilize either locking pins of rigging pins created an inherently
dangerous and unsafe condition.

(38) The aft ramp locking system was not designed to prevent inadvertent
in-flight opening(s) of the aft cargo door complex as a result of an out-of-rig
condition(s) and/or f?.ilure(s) of a component(s) of the locking system.

(39) There was a failure to design the aircraft so that it could not be
pressurized if the aft cargo door complex was not fully and properly locked.

(40) There was a failure to provide a reliable electrical warning system to

warn pilots and other crewmembers in the cockpit and elsewhere that the aft
cargo door complex was not fully and properly closed and locked.
(41) There was a failure to design an aft ra?np locking system which
could not be intentionally or inadvertently misrigged.
/ (42) The aft ramp locking system was deféctive as evidenced by the fact

that in normal operational use, frequent malfunctions rendered such locking

system unreliable and unsafe.

Il 1/(43) The design of the aft ramp locking system was defective in that

normal operational use required frequent adjustments to the rigging of such
system,
1/ (44) There was a failure to design the aft ramp locking system so that

minor errors in the rigging of the aft ramp locking system could not create an

inherently- dangerous and unsafe condition.

i/(45) The aft ramp locking system was not designed so that it could be

safely operated and maintained by Air Force mechanics.
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(46) There was a failure .t;o eliminate the catastrophic failure modes
actually described in the failure mode and effects ane.lysis and those which
should have been described in the failure mode and effects analysis with
respect to

in-flight opening(s) of the aft cargo door complex, in-flight

failure(s) of the aft ramp locking system, in-flight damage to the bottom
portion of the torque deck area and in-flight severing of the hydraulic lines

and control cables located in the bottom portion of the torque deck area.

(47) The maintenance manua.ls/ flight manuals, training films and other

instrictional material prepared by Lockheed and submitted to the Air Force

were defective in that they did not adequately warn of the defects identified in

subsections 63(a) (1)-63(a)(46) and the consequences of such defects.

(48) There was a failure to warn in the training materials prepared by

|Lockheed and submitted to the Air Force of the defects identified in sub-

sections 63(a) (1)-63(a)(46) and the consequences of such defects.
‘_—-ﬁ

\/49) There was a failure to warn the Air Force and/or its mechanics that

a minor misadjustment to the mechanical or electrical indicators would result in

A

) W /:_. . {;f,

/50) There was a failure to warn the Air Force and/or the Air Force

those indicators being unreliable.

mechanics that minor errors in the rigging of the aft ramp locking system
could create an inherently dangerous and unsafe condition, could cause the aft
ramp locking system to appear to be fully and securely locked when in fact it

was not fully and securely locked and could result in the aft cargo door

complex opening in flight.
"://(51)' There was a failure to warn the Air Force and/or its mechanics that

the rigging verification procedure provided in Section 3-173 of maintenance

manual T.O0. 1C-5A-2-12 was not in fact a rigging verification procedure and
did not in fact confirm that the rigging of the aft ramp locking system was

correctly done.

-
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//::,F(SZ) There was otherwise a failure to warn the Air Force and/or its

mechanics of the defects 1dent1ﬁed in subsect1ons 63(a)(1)-63(a)(46), as was

S P
contract’

A
required b A

'® (53) There was a failure to adequately train or instruct Air Force
mechanics in the proper maintenance procedures required to guarantee a safe

aft ramp logking system and to assure that the aft cargo door complex would

be fully and properly locked under all circumstances prior to departure.
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|
— » (54) There was a failure to properly inspect and test the C5 both prior

to its delivery to the Air Force and subsequent thereto up to the time of the
accident to determine whether the aft ramp locking system was defective and to
determine whether maintenance manual T.0. 1C-5A-2-12 was adequate to
instruct the Air. Force mechanics in the removal and installation of components
of the aft ramp locking system and in the related rigging and rig verification
of the aft ramp locking system.

- (55) There was a failure to train and/or instruct Air Force mechanics to
recognize and prevent the hazards presented by the design defects identified
in subsections 63(b) (1)-63(b)(2); 63(b)(10)-63(b)(12); 63(b)(37); 63(b)(41);
and 63(b) (44).

Y (56) Following delivery of the C5 to the Air Force, Lockheed's "Product
Support" personnel at the various Air Force bases failed to properly assist the
Air Force mechanics in maintaining the aft cargo door complex including the

proper rigging of the aft ramp locking system.

LAW OFFICES
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lics,

(57) The failure to cure, correct and ehmmate the desxgn defects and

e

deficiencies identified in subsectlons 63(a)(1)—63(a)(18), 63(a)(22)- 63(a) (25);

63(a) (28)-63(a) (29); ‘and 63(a) (34)-63(a) (46) despite the fact that Lockheed
had full knowledge of such defects and deficiencies prior to the accident and
that such deficiencies and defects individually or in combination could result in
a crash of, and/or explosive decompression in, the C5 constitutes extreme
recklessness, fraud and malice on the part of Lockheed, its officers, agents

and employees.

(58) Permitting weight reduction goals and cost considerations to outweigh

engineering and safety necessities and in so doing permitting the manufacture
of the C5 with the design defects and deficiencies identified in subsections
63(a)(1)-63(a)(18); 63(a)(22)-63(a)(25); 63(a)(28)-63(a)(29); and 63(a)(34)-
63(a)(46), knowing that such defects and deficiencies individually or in com-
bination eould result in the crash of, and/or explosive decompression in, the
constitutes extreme recklessness, fraud and malice on the part of Lock-
heed, its officers, agents and employees.

\/(59) Permitting an 1ncompetent safety _assurance department to perform

s o e o

safety engineering analyses with respect to the aft cargo door complex, inclu-

ding the af'f; ramp locking system, knowing that defects and deficiencies in the

aft cargo door complex and the aft ramp locking system individually or in

combination could result in the crash of, and/or explosive decompression in,
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‘the C5, constitutes extreme recklessness, fraud and malice on the part of
Lockheed, its .officers, agents and employees. .

\/60) Permitting the C5 to be delivered to the Air Force without the per-
formance of adequate safety engineeriné analyses with regard to the aft cargo
door complex, including the aft ramp locking system, and/or to be delivered
with bogus parts, knowing that defects and deficiencies in the aft cargo door
complex and the aft ‘ramp locking system individually or in combination could
result_: in the crash of, and/or explosive decompression in, the C5, constitutes
extrerse recklessness, fraud and malice on the part of Lockheed, its officers,
agents and employees. |

\/(61) Permitting an incompetent department to prepare maintenance manual
T.0.1C-5A-2~12 which was. to be used to instruct Air Force mechanics in the
performance of the most complex maintenance tasks on the forward and aff
ramp loading systems, knowing that the failure to so perform the maintenance
activities could result in the crash of, and/or explosive decompression in, the

C5, cpnstitutes extreme recklessness, fraud and malice on the part of Lock-

heed, its officers, agents and employees.

® (62) The conscious, willful and deliberate decision not to cure the defects
- et e et

and deficiencies identified in subsections 63(a)(1)-63(a)(56) to avoid the ex-
pense:;hich would be incurred in taking the necessary corrective action, to
avoid the effect which acknowledgement of the defects would have had upon
the sale of the aircraft, and the resulting loss of revenues and profits which
Lockheed would sustain, knowing that such failure to cure said defects and
deficiencies indiv;dually or in combination could result in the crash of, and/or

explosive decompression in, the C5, constitutes extreme recklessness, fraud

and malice on the part of Lockheed, 1ts officers, agents and employees.

/ 63) Failing to warn the Air Force and/or its mechamcs that the rlgglng

verification procedure provided in Section 3-173 of maintenance manual T.O.

1C-5A-2-12 was not in fact a rigging verification procedure and did not in fact
confirm that the rigging of the aft ramp locking system was correctly done,
knowing that the failure to properly rig the aft ramp locking system could

result in the crash of, and/or explosive decompression in, the C5, constitutes

extreme recklessness, fraud and malice on the part of Lockheed, its officers,
"'
agents and employees.

(44) Lzckhez2's oihics acis and/or omissions were doie with cxlicac

recklessness, fraud and malice.
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' /(6%) There was a failure to design a fail-safe locking system for the aft
lcargo door complex.
7 1"e(66) Lockheed otherwise failed to satisfy the terms of the C5 contract, as

amended from time to time.

e
IS Cens -

. (67) Other acts and/or omissions. S#& 1
e 3 [

_______
INTERROGATORY NO. 63(b): State the specific manner and way in

- e e

which each of the acts or omissions of negligence referred to in 63(a) above
caused or contributed to the accident involving said aircraft.

ANSWER 63(b): Each of the acts and/or omissions referred to in 63(a)

above caused or contributed to the crash of the subject aircraft.

(1) If maintenance manual T.0. 1C-5A-2-12, effective January 16, 1975,
(maintenance manual) and the referencéd sections and figures had not been
defective as indicated and had not possessed each of the specific examples of
such defects, the Air Force mechanics, who were competent and eager to
perform the maintenance tasks correctly, would ha;ve properly rigged the aft
ramp locking system of the subject aircraft and the "misrigging", which Lock-
heed alleges occurred to the aft ramp locking system, would not have occurred,
the aft ramp locking system would not have failed, and the accident would
havel been avoided.

(al) If the maintenance manual had employed the job guide format
and/or had compiled all the instructions relating to the removal and installation
of a tierod(s) of the aft ramp locking system in one place in said manual, and
all ‘other defects in the manual had been ‘eliminated, the Air Force mechanics
would have knowi precisely what steps to perform upon removal and installa-
tion of a tierod(s) of the aft ramp locking system, said Air Force mechanics
would have properly rigged the aft ramp locking system of the subject aircraft
and the "misrigging", which Lockheed alleges occurred to the aft ramp locking
system, would not have occurred, the aft ramp locking system would not have

failed, and the accident would have been avoided.

(bl) If Sections 3-80, 3-81, 3-168 and 3-173 and Figure 3-44 had
contained clear and complete directives, if such sectiéns and figure had con-
tained clear and complete references and had been properly arranged, if the
illustrations in Figure .3-44 had been clear and accurate and not unclear,

misleading~dnd false, if Section 3-81 had clearly delineated each step to be

performed by the mechanic when installing tierod(s) of the aft ramp locking

'system, and if Section 3-168 had set out in clear form only the necessary



rigging steps to be performed upéﬁ installing said tierod(s) and had eliminated
u_nnécessary riggi‘ng steps for such installation task, the Air Force mechanics
would not ha\;e been required to depend solely on their unguided judgment
when performing said maintenance tasks, said mechanics would have properly
rigged the aft ramp locking system of the subject aircraft and the "misrigging",
which Lockheed alleges occurred to the aft ramp locking system, would not
have occurred, the aft ramp locking system would not have faﬂed, and the
accident would have been avoided.

h (cl) If Section 3-173 had not possessed a misleading and false title,
if such Section had not contained misleading, unclear and false language and if
such Section had contained a warning that this "Verification Section" did not
in fact verify the rigging of the aft ramp locking system in that such proce-
dures could not confirm that the rigging of the aft ramp locking system had
been done correctly, the Air Force mechanics would not have been misled to
believe that the procedures in Section 3-173, given a positive completion of
such procedures, demonstrated conclusively that the rigging of the aft ramp
lockiné system had been done correctly. Said defects caused and/or contri-
buted to the "misrigging", which Lockheed alleges occurred to the aft ramp
locking system, to the failur.e of the aft ramp locking system, and conse-
quently to the accident. |

(dl) If Sections 3-80, 3-81, 3-168 and 3-173 and Figure 3-44 had
contained warnings that the failure to replace a cotter key could result in a
hazardous condition, the alleged failure t6 replace a cotter key (Lockheed's
allegation which is not adopted by plaintiffs) would not have occurred.

(el) If the maintenance manual had contained a "true" aft ramp
mechanical rigging verification section, which could confirm that the rigging of
the aft ramp locking system had been done correctly, and if said manual
provided adequate troubleshooting procedures, the Air Force mechanics would
thave been able to detect rigging errors, the Air Force mechanics would have
properly rigged the aft ramp locking system of the subject aircraft and the
"misrigging", which Lockheed alleges occurred to the f’;ft ramp locking system,
would not have occurred, the aft ramp locking system would not have failed,
and the accident would have been avoided.

(Ll-':)a If the corresponding sections relafing to the forward ramp had

not been similarly defective and if the manual had not contained "specific

example defects" s and n, the Air Force mechanics would not have learned to



be distrustfull of the maintenanceﬁ manual, and the Air Force mechanics would
not have been required to depend solely on their unguided judgment when per-
forming maintenance tasks on the aft ramp locking system. These defects
caused and/or contributed to the "misrigging", which Lockheed alleges occurred
to the aft ramp locking system, to the failure of the aft ramp locking system,
and consequently to the accident.

(2) See 63(b)(1).

(3) If the hydraulic lines and"control cables had been properly routed in
the torque deck area and had been appropriately protected, the hydraulic lines
and control cables would not have been severed on impact of the aft pressure
door upon the bottom structure of the torque deck area, control of the aircraft
would not have been lost, and the crash would have been avoided. |

(4) See 63(b)(3).

(5) See 63(b)(3).

(6) 1f there had been a;dequate redundancy of flight controls in the aft
portion of the aircraft and in the torque deck area, control of the aircraft
would not have been lost and the crash would have been évoided.

(7) See 63(b)(6).

(8) If there had been alternate means to control the aircraft in the event
of damage to the hydraulic lines and control cables located in the torque deck
area, control of the aircraft would not have beeﬁ lost and the crash would
have been avoided.

(9) See 63(b)(6) and 63(b)(8).

(10) If there had been a verification procedure and/or means by which
the Air Force mechanics could have confirmed that the rigéing of the aft ramp
locking system had been done ‘correctly, the Air Force mechanics would have
been aBle to detect rigging errors, the Air Force mechanics would have pro-
perly rigged the aft ramp locking system of the subject aircraft and the
"misrigging", which Lockheed alleges occurred to the aft ramp locking sy>stem,
would not have occurred, the aft ramp locking system would not have failed,
and the accident would have been avoided.

(11) If the design of the aft ramp locking system had not been defective,
if such design had been safe, reliable, maintainable, less complex and in
accordancg-with the state of the art and/or recognized design criteria and if
the system had been designed so that it could be rigged correctly, the aft

ramp locking system would not have failed and the accident would have been




avoided; moreove., the' "misriggiﬁg“, which Lu-xﬁeed alleges occurred to the
aft ramp locking system, would nof. have occurred, the aft ramp locking system
would not hav.e failed and the accident would have been avoided.

(a)(ll) If the design had incorporated rigging pins or other
similar devices, the Air Force mechanics would have had a simple and visual
means to verify that the locks were in the correct nominal overcenter position,
the Air Force mechanics would have used the rigging pins to check the rigging
upon installation of the tierods, they would have quickly seen that the lock(s)
were not in the correct position, such mechanics would have properly rigged

the aft ramp locking system of the subject aircraft and the "misrigging", which

|Lockheed alleges occurred to the aft ramp locking system, would not have

occurred, the aft ramp locking system would not have failed, and the accident
would have been avoided.

(a) (21) Moreover, if the design had incorporated rigging pins or
other similar devices, the Air Force mechanics would only have had to rig the
effected locks, they would have been able to concentrate on the effected locks,

errors would not have been induced as to the other locks, and the procedures

fwould have been greatly simplified with the corresponding reduction in poten-

|tial for errors. For- the reasons stated herein, the failure to so incorporate

rigging pins into the aft ramp locking system caused and/or contributed to the
"misrigging", which Lockheed alleges occurred to the aft ramp locking system,
to the failure of the aft ramp locking system, and consequently to the accident.

(b) If the design had incorporated locking pins or other similar
devices, the locks would have been physically secured in the correct position

during flight, th@ failure and/or out-or-rig condition of one lock(s) would not

|have adversely effected other locks since such other locks would have been

independently physically secured in the correct position, the impact of a failed

and/or out-or-rig lock(s) would have been isolated, given the elimination of

other design defects in the system the aft ramp locking system would not have
failed, and the accident would have been avoided.

(c) If the design had not been so complex, it would have been
understood by the Air Force mechanics, it would not have produced out-of-rig
conditions, it would have been able to withstand multiple out-of-rig conditions,

a failure and/or out-of-rig condition of one lock(s) would not have resulted

v

in the failire and/or out-of-rig condition of other locks, the Air Force

mechanics would have installed the tiernds correctly and rigging evrors would




not have occurred during the msgallation, given the elimination of other design
defects in the syétem”the aft ramp locking system would not have failed and
the accident .would have been avoided; moreover, the Air Force mechanics
would have properly rigged the aft ramp locking system of the subject aircraft
and the "misrigging", which Lockheed alleges occurred to the aft ramp locking
system, would not have occurred, the aft ramp locking system would not have
failed, and the accident would have been avoided.

(d) If the aft ramp lock.ir;g system had been designed to withstand
multil—ale out-of-rig conditions or failures, multiple lock failures and/or out-of-
rig conditions of aft ramp locks would not have caused the failure of the aft
ramp locking system, and given the elimination of other design defects in the
aft ramp locking system, the accident would have been avoided.

(e) If the mechanical and electrical indicators had been properly
designed, the Air Force mechanics would have been assisted in verifying the
positioning of the bellcrank of each rigged lock, the Air Force mechanics would
have been better able to detect incorrgct positioning of said bellcranks, and
they ;vould not have been misled to believe that the bellcranks were positioned
correctly. Said failure to properly design the mechanical and electrical indica-
tors caused and/or contributed to the "misrigging", which Lockheed alleges
occurred to the aft ramp locking system, to the failure of the aft ramp locking
systém, and consequently to the accident.

(£) If the program link pins had been properly designed and
utilized in the aft ramp locking system of the subject aircraft at the time of
the accident, the- Air Force mechanics would have had a visual means of veri-
fying portions of the rigging of the aft ramp locking system. The failure to

so design and utilize program link pins caused and/or contributed to the

"misrigging", which Lockheed alleges occurred to the aft ramp locking system,
to the failure of the aft ramp locking system, and consequently to the accident.

(g) If the rigging tolerances of the system had been less critical
and the rigging of the system could have withstood changes in temperature,
unlevel ramps, and crosswinds, the Air .Férce mechanics would have been
better able to satisfy the necessary rigging requirements. Said defects caused

and/or contributed to the "misrigging", which Lockheed alleges occurred to the

aft ramp “locking system, to the failure of the aft ramp locking system, and

consequently to the accident.
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(h) If the tierods, the bellcranks, hooks, yokes, other lock compo-
nents and the locks (as a unit) had been properly designed to withstand pre-
dictable loads and stresses encountered in properly rigged and/or out-of-rig
conditions (multiple and single), the aft ramp locks and tierods would not have
failed due to an inability to withstand predictable loads and stresses, given
the elimination of other design defects in the system the aft ramp locking
system would not have failed, and the aécident would have been avoided.

) (i)(ll) If components of the aft ramp locks, such as the bell-
cranks, had not been improperly made out of a certain aluminum alloy, such
components would have been better able to withstand the predictable loads and
stresses encountered in properly rigged and/or out-of-rig conditions (multiple
and single), and the potential of aft ramp locks for failure due to an inability
to withstand predictable loads and stresses would have been greatly reduced.
For the reasons stated herein, the making of said components out of said
aluminum alloy caused and/or contrib;.xted to the failure of the aft ramp locking
system and consequently to the accident.

(21) If components of the aft ramp locks, such as the bellcranks,
had not been improperly made out of a certain aluminum alloy, such compo-
nents would have been much less susceptible to stress corrosion and corrosion,
and aft ramp locks would not have failed due to stress corrosion and/or
corrosion. For the reasons stated herein, the making of said components out
of said aluminum alloy caused and/or contributed to the failure of the aft ramp
locking system and consequently to the accident.

() If’-adequate measures had been taken to protect components of
the aft ramp locks from stress corrosion and corrosion, components of aft ramp
locks would not have failed due to stress corrosion and/or corrosion. The

failure to so protect components of the aft ramp locks from stress corrosion

and corrosion caused and/or contributed to the failure of the aft ramp locking

system and consequently to the accident.,

(k)(ll) If the bellcranks and other components of the aft ramp
locks had not contained discontinuities, such components would have been
better able to withstand the predictable loads and stresses encountered in
properly rigged and/or out-of-rig conditions (multiple and single), and the
potential of aft ramp locks for failure due to an inability to withstand pre-
ZLotable lbads and stresses would Liave ucen gieaiiy sicuuled. fur Lue F€asuud
stated herein, such discontinuities caused and/or contributed to the failure of

the aft ramp locking system and consequently to the accident.
22




(21) If the bellcranks and other components of the aft ramp

locks had not contained discontinuities, such components would have been
much less suéceptible to stress corrosion and corrosion, and the potential of
aft ramp locks for failure due to stress corrosion and/or corrosion would have
been greatly reduced. For the reasons stated herein, such discontinuities
caused and/or contributed to the failure of the aft ramp locking system and
consequently to the accident.

() See 63(b)(11)(a) (2.’

(m) To the extent Lockheed's allegation concerning the failure to
replace cotter keys for tierods 2 and/or 3 on the right side is correct, the
failure to provide more adequate means of securing the tierods once installed
made the failure of tierods 2 and/or 3 on the right side much more likely.

(n)  See 63(b)(11)(a) (11,

(0)  See 63(b)(11)(a)(2%).

(p) See 63(b)(11)(b).

(q) If the system had been designed so that component failure(s)
‘and/oz" out-of-rig condition(s) in one lock would not have caused failure(s)
and/or out-of-rig condition(s) in other locks the impact of a failed and/or
out-of-rig lock(s) would have been isolated, given the elimination of other
design defects in the system the aft ramp locking system would not have
failed, and the accident would have been avoided.

(r) See 63(b)(10)-63(b)(12); . 63(b)(14)-63(b)(17); 63(b) (22)-
63(b)(25); 63(b)(29); 63(b)(37)-63(b)(46); 63(b)(65); 63(b)(11)(d). Failure
to use multi-fault design criteria caused and/or contributed to the defects
existing in the aft ramp locking system. If such multi-fault design criteria
had been utilized and corresponding revisions in the aft ramp locking system
design had occurred, the aft ramp locking system would not have failed, and
the accident would have been avoided.

(s) If the tierods, the bellcranks, hooks, yokes, other lock compo-
nents and the locks (as a unit) had been properly designed to withstand pre-
dictable fatiqueiloads encountered in properly rigged;;n_d_/o_r out-or-rig condi-
tions (multiple or single), the aft ramp locks and tierods would not have failed
due to an unability to v;ithstand predictable fatigue loads, given the elimination
of other design defects in the system the aft ramp locking system would not

have failed, and the accident would have been avoided.




(12) See 63(b)(11).

(13) If the cargo compartment had been properly designed to carry pas-
sengers, even under emergency conditions, and if defects a-e had been
reme'died, the potential for death and injury of the persons located in the
cargo compartment and in the upper level would have been greaﬂy reduced in
said accident.

(14) See 63(b)(3)-63(b)(12); 63(b)(15)-63(b)(17); 63(b)(22)-63(b)(25);
63(b) (29); 63(b) (37)=63(b) (46); 63(b) (65).

- (al) Failure to consider multi-fault conditions in the FMEA caused
and/or contributed to the defects existing in the aft ramp locking system. If
such multi-fault conditions han been considered in the FMEA and corresponding
revisions in the aft ramp locking system design and locatiqn of the hydrauiic
lines and control cables had occurred, the aft ramp locking system would not
have failed and the accident would have been avoided; moreover, the control
of the aircraft would not have been lost and the crash would have been
avoided. ‘ |

) ‘ (bl) The failure to adequately consider all single fault modes in the

FMEA caused and/or f:ontributed to the defects existing in the aft ramp locking
system and to the conseque}lces of such defects delineated in the above
references.
(cl) If the FMEA had been properly ‘conducted and/or revised,
including the consideration of multi-fault conditions and out-of-rig conditions,
and the design of the aft ramp locking sysi:em and the location of the hydraulic
lines and control_ cables in the torque deck area had been consistent with such
proper FMEA, the aft ramp locking system would not have failed and the
accident would have been avoided; moreover, the control of the aircraft would
not have been lost and the crash would have been avoided.

(15) See 63(b)(11)(h, i, k, and s); 63(b)(29).

The failure to conduct adequate static and fatigue testing ofAthe aft
cargo door complex, the aft ramp locking system and the components of the aft
ramp locking system caused and/or contributed to the failure of the aft ramp
locking system and consequently the accident.

(16) If there had been consideration of the potential impact of an explosive
decompres,iign on the aft ramp locking system, the aft pressure door, the aft

ramp, the torque deck area, and the hydraulic lines and control cables located illl

the torque deck area, and if there had been a modification of the design of the




aft ramp lockihg system, the aft .i,)ressure door, the aft ramp, the torque deck
area, and the hydxlaulic lines and control cablés located 'in the torque deck
area, so as 1;o minimize the impact of such an explosive decompression, the
defects in said systems and parts of systems would have been vavoided. The
failure to so consider explosive decompression caused and/or contributed to the
failure of the aft ramp locking system and consequently to the accident; more-
over, said failure caused and/or contributed to the loss of control of the
aircraft aﬁd consequently the crash. '

(17) See 63(b)(16).

(18) See 63(b)(3) - 63(b)(17); 63(b)(21)=-63(b) (67).

If the safety engineering analysis had been properly conducted, the
defects identified in 63(a) would have been highlighted, and if the design had
been correspondingly revised consistent with such proper safety engineering
analysis, for the reasons indicated in the above references, the aft ramp
locking system would not have failed and the .accident_ would have been
avoided; moreover, the control of the aircraft would not have been lost and
the cz:ash would have been avoided.

(19) See 63(b)(18).

(20) See 63(b)(18).

(21) See 63(b)(1).

(22) See 63(b)(1) - 63(b)(12); 63(b)(14)-63(b)(17); 63(b)(23)-63(b)(25);
63(b) (28)-63(b) (29); 63(b)(34)-63(b)(46); 63(b)(65).

The failure to redesign the aft r."«.tmp locking system, the aft pressure
door, the aft ramp, the torque deck area, to relocate the hydraulic lines and
control cables in the torque deck area, and to make needed changeé in main-
tenance manual T.0. 1C-5A-2-12 innlight of the pre-accident failures caused
and/or contributed to the failure of the aft ramp locking system, the aft cargo
door complex and consequently the accident. The failure to reexamine and
revise the FMEA as such pertained to the aft ramp locking system, the aft
pressure door, the aft ramp, the torque deck area,rand the hydraulic lines
and control cables located in the torque deck area in';";iight of the pre-accidént
failures caused andV/or contributed to the failure of the aft ramp locking
system, and consequentiy the accident.

| (23) <If- the aft ramp locking system had been designed so as to reduce
the number and complexity of the maintenance tasks to a minimum, the Air

Force mechanics would have been better able to install the tierods correctly




and rig the aft ramp lo;:king system without error. Said defects in the design
of the aft ramp locking system caused and/or contributed to the "misrigging",
which. Lockheed alleges occurréd to the aft ramp locking system, to the failure
of the aft ramp locking system, and consequently to the accident.

(24) See 63(b)(11)(a); 63(b)(23).

(25) See 63(b)(11).

If Lockheed had not engaged in the acts and/or omissions set forth
in 63(a)(25), the aft cargo door complex would not have failed and the acci-
dent would have been avoided. |
(26) See 63(b) (11); 63(b)(22); 63(b)(25); 63(b)(28).

The failure to adequately and properly consider proposed corrections
to the design of the aft ramp locking system prior to the accident caused
and/or contributed to the "misrigging" which Lockheed alleges occurred to the
aft ramp lécking system, to the failure of the aft ramp locking system and
consequently to the accident.

(27) If Lockheed had properly documented and supported their proposals
for correction, the defects in the design of the aft ramp locking system might
have been reduced.

(28) See 63(b)(1)-63(b)(12); 63(b)(14)-63(b)(25); 63(b)(29); 63(b)(34)~-
63(b) (46); 63(b)(65).

(29) See 63(b)(11)(h, i, k, m).

(30) See 63(b)(1) - 63(b)(29); 63(b)(31)-63(b) (67).

Permitting weight and cost considerations to outweigh engineering
and safety necessity in the design of the aft ramp locking system caused
and/or contributed to the "misrigging" which Lockheed alleges occurred to thé
aft ramp locking system, to the failure of the aft ramp locking system, and
consequently to the accident. |
.(31) See 63(b) (1) - 63(b) (30); 63(b)(32)-63(b)(67).

The failure to properly manage the design, manufacture and testing
of the aft ramp locking system, the aft pressure door, the aft ramp, the
torque deck area, and the hydraulic lines and control cables located .in the
torque deck area caused and/or contributed to the "misrigging" which Lockheed

alleges occurred to the_aft ramp locking system, to the failure of the aft ramp

flocking system, and consequently to the accident.

(32) Tﬂe failure to use proper quality control in the manufacture of the

LuwpolnicLs VL e alt ramp locking system, caused and/or contributed to the

failure of the aft ramp locking system‘and conéequently to the accident.




ii (33) The failure to properly fabricate the components of the aft ramp
'lockjng system caused arid/or contributed to the failure of the aft famp locking
system and consequently to the accident.
(34) See 63(b)(1)-63(b)(2); 63(b)(10); 63(b)(11); 63(b)(23); 63(b)(25);
63(b) (28); 63(b)(38)-63(b) (46). |
The failure to design the aft ramp locking. system to accommodate the

practice of cannibilization caused and/or contributed to the "misrigging" which

Lockheed alleges occurred to the aft-ramp locking system, to the failure of the
aft ramp locking system, apd consequently to the accident.

(35) See 63(b)(3) - 63(b)(9).

If by design the bottom structure of the torque deck area had
sufficient strength to ﬁthstand in-flight openings of the aft cargo door com-
plex and/or impact of the aft pressure doorl or aft ramp, the hydraulic lines
and control cables located in the torque de;:k area would not have been severed,
the control of the aircraft would not have been lost and the crash would have
been avoided.

(36) See 63(b)(3) - 63(b)(9); 63(b)(35).

(37) See 63(b) (1)-63(b) (2); 63(b)(10) - 63(b)(12); 63(b)(23)-63(b)(25);
63(b) (28)-63(b) (29); .63(b) (34); 63(b)(38)-63(b) (46); 63(b) (65).

(38) See 63(b)(11); 63(b)(14); 63(b)(25); 63(b)(39)-63(b)(46).

The failure to design the aft ramp locking system to prevent said
inadvertent in-flight openings of the aft cargo door complex caused and/or
coptributed to the "misrigging" which Lockheed alleges occurred to the aft
ramp locking system, to the failure of the aft ramp locking system, and con-
sequently to the .a:ccident. | |

(39) If by design the aircraft could not have been pressurized if the afr
cargo door complex was not fully and properly locked, the accident would have
been avoided.

(40) If the electrical warning system to the pilots and other crewmembers
in the cockpit and elsewhere had been properly designed to warn the pilots
and other crewmembers that the aft cargo door complex was not fully and
properly closed .and locked, thé accident would have been avoided.

(41) See 63(b) (10) - 63(b)(12); 63(b) (14); 63(b) (18) - 63(b) (20);
63(b) (23) - 63(b)(25); 63(b)(28); 63(b)(34); 63(b)(38) - 63(b)(46); 63(b)(65).

L

-

The failure to design an aft ramp locking system which could not be

‘in;entionally or inadvertently misrigged caused and/or contributed to the




"misrigging" which Lockheed alleg.es occurred to the aft ramp locking system,
to the failure of the aft ramp locking system, and consequently to the accident.'

(42) See .63(b)(11).

Designing the aft ramp locking system in a manner so that in normal
operational use frequent malfunctions rendered such locking system unreliable
and unsafe, caused and/or contributed to the misrigging which Lockheed
alleges occurred to the aft ramp locking system, to the failure of the aft ramp
locking system, and consequently to .the accident.

(43) See 63(b)(11).

Designing the aft ramp locking system in a manner that normal
operational use required frequent adjustments to the rigging of such system
caused and/or contributed to the "misrigging" which Lockheed alleges occurred
to the aft ramp locking system, to the failure of the aft ramp locking system,
and consequently to the accident.

(44) The failure to design the aft ramp locking system so that minor
errors in the rigging of the system could not create an inherently dangerous
and 1:1nsafe condition caused and/or contributed to the "misrigging" which
Lockheed alleges occurred to the aft ramp locking system, to the failure of the
aft ramp locking system, and consequently the accident.

(45) See 63(b)(11); 63(b)(38)-63(b)(44); 63(b)(46); 63(b)(65).

Designing the aft ramp locking system so that it could not be safely
operated and maintained by Air Force mechanics caused and/or contributed to
the "misrigging" which Lockheed alleges occurred to the aft ramp locking
system, to the failure of the aft ramp locking system, and consequently to the
accident. »

(46) See 63(b)(1)~63(b)(12); 63(b)(14); 63(b)(23)-63(b)(25); 63(b)(28)-
63(b) (29); 63(b)(34)-63(b)(46); 63(b)(65).

| The failure to eliminate said catastrophic failure modes caused and/or
contributed to the "misrigging" which Lockheed alleges occurred to the aft
ramp locking system, to the failure of the aft ramp locking system, and conse-
quently to the accidént. ’

(47) Cognizant of the design defects referred to in 63(a)(47), Lockheed's
failure to warn the Ai; Force of the inherently dangerous characteristics of
such defects prevented the Air Force and its maintenance crews from appre-
ciating the extent of the hazard posed by such defects and from exercising the

corresponding extraordinary care and concern in mairtaining the aft ramp



locking system which, but for a .warning, would not have been recognized as
constituting ax-m inherently dangerous system. The failure to so warn caused
and/or contributed to the "misrigging" which Lockheed alleges occurred to the
'aft ramp locking system, to the failure of the aft ramp locking system, and
|
|

consequently to the accident.

(48) Cognizant of the design defects referred to in 63(a)(48), Lockheed's
failure to warn the Air Force of the inherently dangerous characteristics of
such defects prevented the Air For.ce and its maintenance crews from appre-
‘ciating the extent of the hazard posed by such defects and from exercising the
icorresponding extraordinary care and concern in maintaining the aft ramp

|
llocking system which, but for a warning, would not have been recognized as

constituting an inherently dangerous system. The failure to so warn caused

and/or contributed to the "misrigging" which Lockheed alleges occurred to the

aft ramp locking system, to the failure of the aft ramp locking system, and
iconsequently to the accident. |
(49) See 63(b)(11)(e).

Cognizant of the design defects in the mechanical and electrical
indicators referred to. in 63(a).§49), Lockheed's failure to warn the Air Force of
the inherently dangerous characteristics of such defects prevented the Air
Force and its maintenance crews from appreciating the extent of the hazard
posed by such defects and from exercising_the corresponding extraordinary
care and concern in use of the mechanical and electrical indicators which, but
fbr a warning, would not have been recognized as endangering the safe opera-
tion of the aircraft. The failure to so warn caused and/or contributed to the
"misrigging" which Lockheed alleges occurred to the aft ramp locking system,
to the failure of the aft ramp locking system, and consequently to the accident.

(50) See 63(b)(44).

Cognizant of the fact that minor errors in the rigging of the aft
ramp locking system could create an inherently dangerous condition, Lock~
heed's failure to so warn the Air Force of such an inhgrently dangerous defect
in the aft ramp locking system prevented the Air E:orce and its maintenance
crews from appreciating the extent of the hazard posed by such. defect and
from exercising the corresponding extraordinary care and concern in rigging

the aft ramp locking system which, but for a warning, would not have been

O ] 1
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warn caused and/or contributed to the "misrigging" which Lockheed alleges




occurred to the aft ramp locking system, to the failure of the aft ramp locking

| system, and consequently to the accident.
(51) See 63(b)(1); 63(b)(10).

Cognizant that the rigging verification procedure provided in Section
E3-l73 of maintenance manual T.O. 1C-5A-2-12 was not in fact a figging verifi-
%cation pfoéedure and did not in fact confirm that the rigging of the aft ramp
ilocking system was correctly done, Lockheed's failure to warn the Air Force of
1this inherently dangerous defect prévented the Air Force gnd its maintenance
crews from appreciating the e-xten.t of the hazabrd posed by such defect and
from exercising the corresponding extraordinary care and concern in the use
lof Section 34173, which‘,- but for a warning, would not have been recognized as
endangering the safe operation of the a.ﬁ-craft. The failure to so warn caused
and/or contributed to the "mi&igging'f which Lockheed alleges occurred to the
aft ramp locking system, to the failure of the aft ramp locking system, and
consequently to the accident.

(52) Cognizant of the design defects referred to in 63ka) (52), Lockheed's
failure to warn the Air Force of the inherently dangerous characteristics of
such defects prevent.ed the Air Force and its maintenance crews from appre-
ciating the extent of the hazard posed by éuch defects and from exercising the
corresponding extraordinary care and concern in maintaining the aft ramp
locking system which, but for a warning, would nbt ‘have been recognized as

constituting an inherently dangerous system. The failure to so warn caused

%and/or contributed to the "misrigging" which Lockheed alleges occurred to the
laft ramp locking_system, to the failure of the aft ramp locking system, and
%consequently to the accident.

(53) The failure to adequately train or instruct Air Force mechanics in

the proper maintenance procedures required to guarantee a safe aft ramp

Eloc:king system and to assure that the aft cargo door complex would be fully
and properly locked under all circumstances prior to departure, caused and/or
contributed to the "misrigging" which Lockheed alleges occurred to the aft
ramp locking system, >to the failure of the aft ramp locking system, and con-
sequently the accident. |
(54) See 63(b)(1)-63(b)(2); 63(b)(10)-63(b)(12); 63(b)(14)-63(b)(25);
63(b) (28) 5 63(b) (34); 63(b)(38)-63(b) (44); 63(b)(46); 63(b)(65).
The failure to so properly test and inspect the C5 caused and/or

contributed to the "misrigging" which Lockheed alleges occurred to the aft
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ramp locking system, to the failure of the aft ramp locking system, and conse-
quently to the accident.
l (55) The failure to train and/or instruct the Air Force mechanics to

recognize and prevent the hazards presented by the design defects referred to

.in 63(a) (55), caused and/or contributed to the "misrigging" which Lockheed

1a11eges occurred to the aft ramp locking system. to the failure of the aft ramp

locking system, and consequently to the accident.
(56) The failure of the "Product Support" personnel to properly assist
!the Air Force mechanics in maintaining the aft cargo door complex including
the proper rigging of the aft ramp locking system, caused and/or contributed
}}to the "misrigging" which Lockheed alleges occurred to the aft ramp locking
system, to the failure of the aft ramp locking system, and consequently to the
accident.
(57) See 63(b)(1)-63(b)(18); 63(b)(22)-63(b)(25); 63(b)(28)-63(b)(29);
63(b) (34)-63(b) (46) .
(58) See 63(b)(1)-63(b)(18); 63(b)(22)-63(b) (25); 63(b) (28)-63(b) (29);
63(b) (34)-63(b) (46).
(59) See 63(b)¢1)-63(b) (18); 63(b)(22)-63(b)(25); 63(b)(28)-63(b)(29);
63(b) (34)-63(b) (46) .
(60) See 63(b)(1)-63(b)(18); 63(b)(22)-63(b)(25); 63(b)(28)=63(b)(29);
63(b) (34)-63(b) (46) .
(61) See 63(b) (1)-63(b)(2); 63(b)(10); 63(b)(21).
(62) See 63(b)(1)-63(b)(56). | -
(63) See 63(b)(1)-63(b)(2); 63(b)(10); 63(b)(21).
(64) See 63(b) (1)-63(b) (56). |
(65) See 63(b) (1)-63(b) (64).
(66) See 63(b)(1)=63(b)(65)-

INTERROGATORY NO. 63(c): State the exact date and time involved

and the place or position where each of the alleged acts or omissions referred

to in 63(a) above occurred as to said defendant. P

ANSWER 63(c): The acts and/or omissions yset forth in 63(a), and

|their consequences, occurred during the time between the earliest design
stages of the C-5A beginning around 1964 and the time of the accident on
|April 4, -3975 (and continued thereafter). Each of the acts and omissions
'mxrred in Fanroiz, ",'i‘f’,;‘ mrtn pmdles "'f’.‘..“,‘:.‘““ Dl-s seemirind im sawrwal

other jurisdictions, including without limitation, the District of Columbia,

|California, Ohio, Delaware, Oklahoma, South Carolina, Ilinois and Texas.
31




INTERROGATORY NO. 64(a): Set forth the basis for said plaintiff's

a.llegation that defendant Lockheed Aircraft Coz;poration gave- said plaintiff's
decedent an implied waxfranty vthat the aforesaid aircraft, together with its
component parts, was of merchantable quality and reasonably fit for the pur-
poses for which it was intended, designed, and manufactured.v assembled,
sold, overhauled, and used, and that said aircraft andits component parts
were free of all defects. If plaintit_'f claims that any statutes, rules, regula-
tions,_ or ordinances impose responsibility upon said defendant Lockheed Air-
craft Corporation for such an implied warranty, set for't‘h the text thereof.
ANSWER 64(a): Lockheed gav‘e plaintiffs’ decédént an implied warr;nty

I 4
that the aircraft, together with its component parts, was of merchantable

quality and reasonably fit for the purposes for which it was intended, designed
and manufactured, assembled, sold, overhauled and used, and that the aircraft
and its component parts were free of all’ defects. Lockheed breached said
implied warranty. The bases upon which plaintiffs contend -that Lockheed gave
said implied warranty are as follows :
1.~ Sections 2-314 and 2-315 of the Uniform Commercial Code as adopted ‘
in the District of Columbia and Georgia.

2. The common law of the District of Columbia and Georgia under which
a manufacturer of an inherently dangerous product such as an airplane, who
owes an extremely high duty of care to passengers using the airplane, implied-
ly warrants that it is reasonably fit to fly and free of all defects. |

3. The terms of the C5 contract signed by Lockheed, as amended from ]

time to time, which impliedly warrant that the aircraft is safe, airworthy and
fit for its intended use, including the carrying of passengers.

4. Representations made by Lockheed to the Air Force pre-contract 3
(including the terms of the bid proposal), at the time of the contract and
amendments thereto and subsequent to the contract (including the delivery of
the aircraft) which impliedly warrant that the aircraft is safe, airworthy and
ﬁt for its intended use, including the carrying of passengers.

Y,
5. Air Force regulations impliedly requiring that aircraft purchased

|
|
|
|
|
from manufacturers be safe, airworthy and fit for its intended use. The
specific regulations are yet to be determined.

6. -Other bases.

o= INTERROCATORY MT. 22100, Time e e oilo iseioe 22 way iz

which the warranty referred to in 64(a) was allegedly breached and how such




b
breach caused qr contributed to the accident involving said aircraft as alleged
in paragraph . of the complaint.

ANSWER 64(b): See answers to 63(a) and 63(b) which are incor-

porated herein by reference.

INTERROGATORY NO. 64(c): State the exact date and time involved

and the place or position where the alleged breach of implied warranty referred

to in 64(a) above occurred as to sai;} defendant.

ANSVIER 64(c): See answers to 63(c) which are incorporated herein

~

by reference.

INTERROGATORY 65(a): Set forth the basis for said plaintiff's

allegation that defendant Lockheed Aircraft Corporation gave said plaintiff's
decedent an express warranty that the aforesaid aircraft, together with its
component parts, was of merchantable quality and reasonably fit for the pur-
poses for which it was intended, designed, and manufactured, assembled,
sold, overhauled, and used, and that said aircraft and its component parfs
were free of all defects. If plaintiff claims that any statutes, rules, regula-
tions or ordinances impose responsibility upon said defendant Lockheed Air-
craft Corporation for such an express warranty, set forth the text thereof.

ANSWER 65(a): Lockheed gave plaintiffs' decedent an express war-

ranty that the aircraft, together with its component parts, was of merchantable
quality and reasonably fit for the purposes for which it was intended, designed
and manufactured, assembled, sold, overhauled and used, and that the aircraft
and its component parts were free of all defects. Lockheed breached said
express warrant;. The bases upon which plaintiffs contend that Lockheed
gave said express warranty are és follows:

i. Section 2-313 of the Uniform Commercial Code, as adopted in the
District of Columbia and Georgia. | |

2. The terms of the bid proposal submitted by Lockheed in connection
with the C5.

3. The terms of the C5 contract signed by Lockheed, as amended from
time to time. ‘

4, Air Force regulations requiring that aircraft purchased from manu-
facturers be safe, airworthy and fit for its intended use. The specific regula~
tions are y':t to be determined.

5. Other bases.
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INTERROG/ RY NO. 65(b): State t specific manner and way in

which the warranty referred to in 65(a) was allegedly breached and how such
breach taused or contributed to the accident involving said aircraft as alleged
in paragraph of the complaint.

ANSWER 65(b): See answers to 63(a) and 63(b) which are incorporated

herein by reference.

INTERROGATORY 65(c): State the exact date and time involved and

the place or position where the alleged breach of express warranty referred to

in 65(a) above occurred as to said defendant.

ANSWER 65(c): See answers to 63(c) which are incorporated herein
by reference.

INTERROGATORY NO. 66:  Set forth each and every specific defect in

the aforesaid aircraft upon which plaintiff will rely in connection with the
allegations of strict liability set forth in paragraph of the complaint.
ANSWER 66: . . See answers to 63(a) which are incorporated herein
by reference. |

INTERROGATORY NO. 79: State the full name and last known address

of every witness known to you or to your attorneys who has any knowledge
regarding the facts and circumstances surrounding the happening of the acci-
dent referred to in the complaint including but not limited to eyewitnesses to
such accident, medical witnesses and other experts having knowledge thereof.
ANSWER 79: The only such witnesses of which plaintiff is aware are
those identified in Air Force reports of investigations into the accident. The
portions of the reports produced for plaintiffs havel also been produced for
defendants, and are equally available to both parties. It is therefore unneces-

sary to set forth all the names and addresses contained in those reports.

Frnke O P,

BURKE C. PRAEM Co-Administrator
of the Estate of JO-AN K. PRAY,

Deceased
STATE OF New Jersey )
) to-wit:
COUNTY OF Burlington )
I, Irene A. Churchill . » a Notary Public ‘.in and for the State and

County aforesaid, do hereby state that the above Burke C. Pray did appear
before me .this 10th day of July, 1979, and after being first duly sworn, did
depose and state that the above Plaintiffs' Supplemental Answers to Interroga-

tories are true and correct to the best of his knowledee, information and

belief. 34
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A DIVISION OF LOCKHEED AIRCAAFT CORPORATION

MARIETTA, GEORGIA 30063 In reply
RY S IEAELN refer to:
TR
15 July 1975 1GD/610862

SUBJECT: Contract F41608-75~D-A016, Request No. 0006, Task &, C-5A
APEX Study Group, Failure Mode Analysis of Ramps, Visor and
Aft Pressure Door, Submittal of Interim Report, Data Item DI-$-3601A

TO: San Antonio ALC/MME~S
Kelly AFB, TX 78241

THRU : AFPRO/EN
Lockheed~Georgia Ccmpany
Marietta, GA 30063

ENCL: (a) Ten (10) copies of Lockheed-Georgia Company Letter Report, dated
11 July 1975, Titled: Failure Mode Analysis of Ramps, Visor
and Aft Pressure Door, Interim Report

(b) Ten (10) copieé of Lockheed~Georgia Ccmpany Letter Report,
dated 15 July 1975, Titled: Minor Improvements to the Present
C-5A Forward and Aft Ramp Locking Systems, Partial Engineering
Report

1. Request No. 00C6, Task &, authorized the Contractor to conduct a study
of the ramps, visor and ‘aft pressure door to investigate those areas where
changes may be desirable to enhance the safecy of the C-5A aircraft,

,//

2. The enclosure (a) and (b) reports provide the Contractors interim findings

as a result of the study. The final report, as required by th subject requast,
will be submitted by 20 August 1975, :

3. TIn that this study relates to post-accident investigation of the Ship 0021
accident and since it coincides with a request made by our outside counsel
in lawsuits filed in relation to that accident, we have provided a copy of
the reports to such attormeys.
LOCKHEED~-GEORGIA COMPANY

455241:25235:1523,:1/

‘;x 0., V. Braun
Contracts Department

OVB/HLF: jw ~

CC: San Antonio ALC/PPW

APPROVED FOR TRANSMITTAI.C

L

AFPRO/EN

DATE _LﬁQ/c// 75
VA
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> restoring the arft cozplex



HTRODUCTION

On 1 July 1975, on informal zeeting was hald at the Lockliced-Georgia Coipany
vithh San Antonio ALC personncl for the purpose of discucsions relative to the
status of APEX study tasks. During the courss of discussions, San Antonio
personnel rﬂquested Lociheed's position relative to aclions requirad to

restore the alt cczplex to normal use. Lockheed personnel stated that to date

2ll studies and eveluwations of the aft opening cowplex hzd revealed no

ot

fechinical reasons for any bacic actions other than to restore the systezm to
its original configuration, replace a2ll worn or dawmaged paris, and rig the
sysiem to existing prescrihed procedures utilizing trainad depot level teams
at the operating basec. It weas further suggested itliat thase trained depot
personnal r2main at the operating bases to perfdrm pericdic maintenance and

rigming actions uatil such tims as appropriately trained Llcld personiel verae

made availeble to accomplish the task:.

Lockheed pers oqpul adviced that during the incorporation of TCTO 1C-54~1768, (::::
som2 maintenance difficultiss were being encountzred by the Iield T o,

These wers briefly discussed in general terms and San Antonio was advised
that Lockheed was studying thoce difficultizss and would recouzznd zctions
that could zllevizte themw ot the time that the Task 2 rzuzp lock study report

was submitted. This documant contains the resulis of the analyses of these

problems and the rocozmendatious for San Antonio ALC consideratiions.



During incorporation of TCTO 1C-5A-170C information reported b
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Field Team Engineers weu analyzed in an effort to determinz if any

revisions were desirable fo improve the function of the existing

system dnd to alleviatie the necessary uaintenance actions. These

itews are discussed in the following paragraphs.

Lozl Actuation Swveed .

T first item reported by the Field Team Enginsers was that the
forvward vaxzp lock syctem appzaxred to oporate too fast which may
be a contributing factor in the shezared or benl prograzming link
pins and cracked bellcranks. Preliwinary data on dasaged parts,
founé during incorporation of TCTO 1C-54-1763, indicates that
approximately 455 wmore sheared preograming link pins and 93% uore
cracked bellcranks were founéd on the forward systea than on the

~

art cystea. The afit Tazp system operates at approximately half

the Spéed of <the forward];ystcu, and so the forward razp systeuw

was tested with a restrictor installed that gave 1t a speed that is
similar to the aft ramp speed. Test ressults indicate that ths slower
speed gave a much szoother operation to the system and hence reducad
the inertia and dynawic loads on the system. This change will

increase tha2 service life of the system and should be considered

for incorporation.
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Prerran Link Hevision

A second problem rcported was that occasionally a hook iwmpacted th

[¢]

under side of the pin prior to engaging the pin as the belleranik
went over center. A study of the geomelry and kinematics of the
hook travel and pin engageoent showed that by a small adjustuent
in the length of the flat program link the iwmpact of the hook on
the yoke pin could be winimized for locks 1 tnrough 4 on the
forward razp and 2 ithrough 6 on the aft ramp. ALt rawop lock Ho. 1
appears to be satisfactoxy as is. The progrewing link change doss
rot appear to significantly izmprove engagswmant of the Fo. 7 A

L

Razp Lock. Toe No. 7 Aft Rarp Lock izprovements are discussed in

tea No. 8.

Prorreamin s Link Pins

Investigation of the shearing of theo programing lirnk pins showed that

these pins could be stzaring dve to the dymamic forces resuliing froa
Ay

the cperating inertia of tha locks. The pin which failed most frequently

was the pin widch agttaches the links to the hook. Tne current pin
size is 3/16 inch éia. gnd it is pocsitle to increase the size of
this pin to 1/4 inch without manufaciuring new hcoks. It should be
notad that closely controlled conditions are required when rodrilling

the hooks due to the characieristics of the wmaterial froz which the hooks

are wsde.
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MINOR REVISICNS TO THE IRESENT SYSTiX (Voatinued)

4.

6.

viochanicnl Locek Indicators

Fost of the wmechanical indicetors, it is reported, arc not color codad

correctly. Those installed on the aircraft have been repainied since

acllvery and no longer give the correct color indication. Thesse can

"be brouzht back to corract configuration by using colorad tape and a

heat shrinkable clear tubing. No design chaange is necessary and
iunadiate action chould be initiated to color code the indicatcers

coxrectly.

j2lleranis Matarigl Chanes

los)

Failurs of some bzllceraniis has uveen expsrienced. Inspeciions

has btsen given to chznging the ozterial f:o“ 7075-%6 aluminum to eithe

PE17~4 or 13-8M0 steel. The advaniages of this change are:
.

a) Exiséing design will be epproximately 2.5 tiues sironger.

b) The potantial for stress corrosion is reducad.

c) Wear in mating parts is dacréased.

d) Both PHi7-4 znd 15-8M0 steels are stainless, hence corrcsion
probleus are resduced.

Yorvaxrd Roawn YMo. 1 Rollesunk rush Reod

Reports indicated tie forwa rd ) Po. 1, connecting rod on the fcrward rawp

/

systcm is too short. The rod is such thut an acceptable length of

tliread engagewont can be obtained; however, the witness hole requirc:a:

12t the belleranks fail in thz lug fillet area. Consideration

G

-

carnot be satisfied. This rod shoula be lengthoned approximately .25 inches,



HINOR HEVISIONS TO TiF PREIENT SUSTEY (fontinued)

7.

No. 7 Aft DBzmo Yoo Ouides Chunfer

The yoke guide 3t «ll lock positicns, except lo. 7 aft razp, have a
choxler on tha lower cids to preclude yoke interference whan closing

the aft ramp. This No. 7 yoke guide should btz modified to add a

_chanfer siwmiler to all otier yoke guides. Several exawples have

been found in the fleet where the yoke has hookad under the guide.

This chamfer will reduce this problsas

amn Lo. 7 ookt

Szveral cuses werc reported of ithe aft{ roup No. 7 lock hook impacting

M 1

the lower side of the yck goneral condéition was discussad

()
o]
!;l
t3
3
6]

urder Item 2 above whexe a prosroning linlt Jength change will iuprove

11 other lock positicns. Tne Ile. 7 hook; however, is not significantly

o,
L]

imnroved by this zothod and othar possibilities were investiguic

Investigations show two methods of rectifying this condition. They arc:

’
.
o

a) A new hook can b2 designed to give a beatter throat to yoke pin

.
engagement

gotlier with o progrou link change, or
b) A new concept for progrzming the hook movewsnt inte the engzge
vosition. This new concept is envisaged to be a guide cau on each

side of the hook in lieu of programing links. Initizcl investigations

show this to be the most cost effective mathod.



Logls feteoiine Rods

Damage to cennecting rods is reported to be high. Consideration has

been given to caanging thie material of the tule {rom aluzinum to sieel.
The advantages of this chanze are:

a) Less susceptible to dansge.

b) Tensile strength increases approxiunately 1.5.

5
W

D
~—

Column strexgth increzces apprdoximately 1.5.

t

Tha systiem cen intsract higher loads dus to thas increase column

and tensile lcaods and can thus influsnce adjacent locks to 2 greoater

The rods ave currently the weoakest link in-the systez and any intex-
action beilween locks is limited by the rods., This limit will be
alterad in an urfayorable direction bv a change of *at=r*al to steel

and substantial analysis will be required to assurs thut o other

adverse affecis will be initiated.



' RECQ:IELIN, MLONS

It is recowwendezd that of the previcus nine items the following te
considered for incorporaiion into tho existing C-5A forwurd and aft rawp

lock sy=tems, in ordexr to minimitz the required meintenance actions.

1) Forward lock actuation speed reduction

2) P‘ou*gm link revisions

4) lecheanical lock indicator update .

Ferwoxrd ramp ¥o. 1 bellcranic puch red lengtnh revisicn

7) The ¥o. aft razp yoke guide charxfer

8) The No. 7 aft rzzp lock rrozracing concept by a canm rather ithan by

prograzing links.

It is alse reccomzanded shat Itew 5, vhich proposes a change in the bollcorank

patzrial be incorporated as a sparas only change in thz nzar terwm, with

consideration beirg ziven to replacing 211 bellcranks at the nzxt scheduled

S -

PDi.

r//'

Iten 3, which prcpossd to incrcase the prograaing link pin size from 3/16

to 1/4 inch dia. duz io tle pin shearing in service is nct recozmended for

inccrporction as this problem will be alleviated by incorvoration of Items

1 & 2.

2

Item 9 is not recozmanded for incorpcration cs any increase in the stiffnes

4.

of this rod sysicm is cousidered to be delrizentul for reasons stztled previously,



