5 . Referential Matters

§ i Actions apd counter-measures taken up to Bay 31, 1387 by governzental
organizaticns, aircraflt manufacturers, and aircraft operaiors concerned,
in reference to this accident are as follows:

5.1.1 The HTSB made the following safety recommendations to the FAA:
a) Design change on the empennage (Safety Recommendation A—85--123, Dec.5,1885)

Measures should be taken so that the empennage section of Bozing 747 and 767
%il! be protected against catastrophic failure in the eveat thai 2 sigaificant
pressure buildup occurs in the normally uapressurized empennagc.

b) Modification of the design of the hydraulic systems (Safety Recommendation
A—85—134, Dec.5, 1985)

Design mofification should be made sc that the integrity of all four
hydraulic systems wili noL be impaired in the event that a significant pressure
buildup oceurs in the normally unpressurized empennage.

¢) Reevalvation of the fail-safe validity of the domed aft pressure bulkhead
(Safety Recommendation A—85—135, Dec.5, 1985)

Reevaluation shouid be made of the design of the afi pressure bulsxiead of
Boeirg 747 and 767, and test be made to conliru their fail-zafe vatidity,

d) Evaluation of procedures to repair the aft vressure buliiead (Salery
Recompendation A—85—136, Dec.5, 1985)

The current repair procedures of Boeing 747 and 767 aft pressure bhulkneads
should be evaluated 1o ensure that the repairs do not alfect the fail-safe concepr.

¢) Revision of the inspection program for the aft pressure bulkhead
(Safe'y Recommendation A—85—137, Dec.5, 1985)

In reference Lo the aft pressure bulkhead. an inspection progrza beyond the
ustal visval inspection shouid be establisted tc detect tne extent of possible
multipte site fatigue cracking.

Y Evaluation of the f3il-safe criteria of the domed alt pressure bulkhead
Salety Recommendation A—B85—138, Dec 13, 1985)

confiraation should be made on whether the fail-safe criteria have heen
satisfactorily evaluated for ali domed aft pressure bulkheads of {ransport
category airplanes

¢) Evaluation of repair procedures of dhe domed afu pressure bulkiead

(Safety Recommendation A=—85--139. Dec. 13, [98})

13-
/LIII




—

Procedures to rvepair the domed aft pressure bulkhead of 217 airplanes which
incorporate the domed aft pressure bulkheuad should bz evaluated to assure that the
affected repairs do not derogate the fail-szfe concept of the bulkhead.

h) Issuance of 2 maintenance aiert bulletin to persons responsible for ihe
engineering approval of repairs (Safsiy Recoamendation A—85—140, Dec.13,
1985)

) maintenance alert bulletin should be issued to perscns responsible for the
enginecring approval of repzirs to emphasize that the approval adequately consider
the possibility of infivence on ultizate failure modes or other fail-safe design
criteria.

5.1.2 The FAA directed US operators of the Boeing 747 and the Boeinz Company to
make the foliowing modificatLions, inspections, etc.:

a) Vertical fin access cover installation (Airvorihiness Directive ADB6—08—02,
April 4, 1986

To install, within 6 months, 2 structurai cover for the operiag withia the
empennage which provides access to the vertical fin, to prevent destruction of the
empennage structure due to a significant pressure builduo in the erpennage.

(A~ 85—133 related)

b) Reevaluation of the taii-safe validity of the domed aft pressure bulkhead

To request th:s Poeing Company to conduct a reevaluation oi the design and
testc concerning the fzil-safe validity of tie aft pressure bulkheads ol Boeing
747 and 787. (A—85—135 related)

¢) Evaluation of the repair procedvres for the domed aft pressure bulkhead
(Airworthiness virective AD—85—122—12, 0ct.25, 1985)

To request ths operators to check on wheiher repairs of the aft pressure
sulkhead of Doeing 747 have been carried out and to report the results to the
Bosing Company.

No problems werz found from the FAA's review on the resuits of reevaluation
of the repair manuals of the aft pressure buikhead of Beeirg 707, 737, 747 and 787
issued by the Bogcing Company. (A— B85+ 138 related)

d) Review of the fail-safe criteria of the domed aft pressure bulkhead

FAA s TACD (Trarnzport Airplane Certification Directorate) foraed z t2am with
the major aircraft manufacturers to study on NTSB' s safety recommendations, and
they are making 2 review of large aircraft exceeding 75,000 rounds taxi weighi.
Through the review, modificarions of and azdditions to inspection precedures vere
trought into SIDCACGL--51)
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Reevaluation of the damage tolerance design is also under way, (A—85—138
related)

e) Evaluation of the repair procedures of the domed aft pressure bulkhead

FAA requested the large transport airpiane sanufacturers to review the repair
criteria for the domed aft pressure bulkhead by a letter dated Dec.!2, 1385.
(A—85—139 related) .

) Issuance of a memorandum to the engineering staff

A memorandum concerning repairs of important major structures of the aircraft
vas issued to the engineering staff belonging to each ACO (Aircraft Certification
Office) (A—85—149 related)

g) Modification of the hydraulic systems

FAA initiated, with the Boeing Company in September 1985, a study on
modifications necessary to prevent loss of functicons of the hydraulic systems
following major structural failure of Boeing 747. This work is still unde:
progress, but indications are that functions of the elevator, ailerons, and
spoilers could be secured by installing 2 fuse before No.4 hydraulic sysiem where
the hydraulic lines enter the vertical stabilizer. The Boeing Company has issued
a service vulletin which provides for iastallation of the fuse on No.4 hydrauiic
system, and the SB is planned to become an FAA directive. (A—85—134 related)

5 1.3 The Boeing Company issued the following SR s and at the same time
conducted design modifications, tests, etc. on new production airplanes:

a) Vertical [in access cover installation (SB747—53A— 2264, Nov.25, 1985)

The Boeing requesied insta!lation on sirplanes in curreat use of the cover
for the opening which provides access to .he vertical [in, The installation on nes
airplanes was made from line number 626 (delivered Dec. 1I. 1985).

(A—85—133 related)

) Modification of ihe hydraulic sysieus (SB747—29-2063, Dec.223, 1986)

The Boeing requested installation on airplanes in current use cf the fuse in
Ko.4 hydraulic systems upstream of (he vertical stabilizer. The instaiiaiion of
the fuse on No.4 hydraulic system of new production airplanes was initiated at
line number 663 (delivered Dec.23.i986).

The rerouting of the hydraulic line between BS1480 and 2460 will ue
incorporated in production starting with line nusber 896, which will roll out of
the factory in January. 1988. A SB which provides for rerouting of the hydraulic
iine will not be issued due to technical complexity unless requested by an
operator through the Master Change process. (A—=85—134 related)




¢) Reevaluation of fail-safe validity of the 27t pressure bulkhead of Boeing 747
and 767

The fatigue test and damage tolerance tesi of the afi pressure bulkhead on
‘he current design model as well as on the improved mode! were completed in March
1986 and in July 1388, respectively. (A—85—135 and —138 related)

d) Evaluation of repair procedures of the ait pressure bulkhead

Boeing sent a telegram to the operators requesting thea to check whether
repairs have been carried out, and te report details of the repairs condusted.
(A—85—136 and AD85—22-12 related)

e) Development-of the reinforced aft pressure bulkhead

The reinforced afi pressure bulkhead was instalied from line number &7%
delivered in February. 1987 The modification added two tear straps. a cover plate
to the center of the bulkhead, and doublers to the hoth sides of the bulkhead
around the APU cutout. (A—85—135 related)

f) Revision on the inspection program of the aft pressure buikhead
(SB747-—53--2275, March 26, 1987)

Boeing requested the visual inspection from the aft side at 1,800 {light-
cycle irtervals (freighiers) or at 2.000 flight-cycle intervals (paszenger
airplanes); and after 20,000 flight-cycles, the detailed inspeciion by high-
precision eddy current, ultrasonic wave and X rays at 2,000 flight-cycle intervals
(freighters) or at 4,000 flight-cycle intervals (passenger airplanes).

ks to T47SR, Boeing requested the visual inspection at 2,400 ftight-cycle
intervals: and after 24,000 flight-cycles, Lhe detailed inspeciion by eddy current,
etc. at 4,800 flight-cycle intervals, (A—85—1317 related)

5 1.4 The Civil Aviatioa Bureau of the Ministry of Transpert in Jagan {ook
the following actions [or the salety operation of Boeing 747 and for
the improvement of the search and rescuc sysiem for aircralt:

a) Instructions to conduct overali inspection of the vertical stabilizer and
the rudder (Airworthiness Directive TAD- 248345, August 15, 19852

b) Instructions Lo corduct overall inspection of the aft part siructure of the
pressurized cabin (Airvorthiness Directive TCh— 2483—1—85. August 17, 1985)

¢) Request was made to the airlines operating Boeing 747 in lapan to report
results of repair of the aft pressure bulkhead to both the Boeing Company and
japanese Civil Aviation Bureau to resviiuate the repair procedure.
(JCAB Document Ku—Ken 747, Septeaper 4. 1985)

d) Enforcement of an ertry for inspection into JAL's Maintenance Depariment,
and recommendation of service improvements based thereon for-safety operation
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(September 5, 1985)

1) to conduct overall inspection or Boeing 747s whose number of pressurized-
flignt times has reached the order of 13,000, ]

2) to review the inspection items of C maintenance and others, and at the
same time to improve work cards used in the inspection of airfrane
structures, for the reinforcement of airframe structure inspection of
Bocing 747.

3) to set up a long-range monitor program of airframe structures damaged by
an accident or others.

4) to review the sampling inspection procedures of airframe struciures of
Boeing 747, and at the same time to improve the technica! evaluation
procedures of the sampling inspection results,

Furthermore, to promote to development of preventive measures against the
the reoccurrence of major failures,.

3) to =nsure the thorough implementation of instructions {rom the maintenance
department to the engineering planning department.

6) to reinforce the inspection and maintenance system of alirirame s{ructures
as well as the all-round safety promotion system.

e) Notification to FAA of the inspection results of the pressurized cabin
structures of JAL ¢ Boeing T47SR's conducted pursuant to the service improvement
recommendation, [or FAA's further improvement actions Lo ensurc the operaticn
safety of the aircraft. (November 5/December i, 1985)

f) Instructions to install a structural cover for the opening within the
empennage which provides access to the vertical fin for the purocose of preveniing
the rupture of the fin structures due to flow-in ci the pressurized air 1o the
empennage aft of the pressure bulkhead. (Airvcrthinees Directive TCD—1261)—86,
Bay 7, 1986, A—85—133 related)

g) Instructions to incorporate SiD items into Lhe maintenance regulations as a
measure to cope with the aging change of Boeing 747SR (Alrvorithiness Directive
TCD— 2636—86, Octoher 12, 1986)

1) Up to Summer of 1986, the improvement of facilities of the Tokyo Airport
Office where the Search and Rescue Center is located and the comaunications
network among organizations concerned was coapleted, and the necessary stall was
increased. Furthermore, on August 7, 1986, a joint training was carried out by the
Civil Aviation Bureau and organizations cencerned.

5.1.5 JAL has effected or is planning the folioving improvement actions,
counter-measures, etLc.:
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a) Design modification of the verticai in (Airvorthiness Direciive TCDZ611—86,
AD86— 08— 02 and A—85—133 related)

On all Boeing 747°s in cvrrent use the cover was iastalled tc the opening
vhich provides access to the vertical [in up to December 31, 1985. On JAB169 and
the 2ireraft thereafter the cover is installed in their production.

b) Modification of the Hydraulic Systéms

The installation of the fuse to the hydraulic sysiems on 4 aircraflt in
current use was completed by the end of May, 1587, and on the other aircralt in
current use will be completed by the end of M¥arch, 1988. On JA8!78 and the
‘aircraft thereafter its installation is made at the production time.
(h—85-134 related)

¢) Evaluation of repair procedures of the domed aft pressure tulkhead

Inspection on all aircraft in current use vas made as to whether repairs were
conducted and to what extent the work was carried out, and their results were
reported to both the Boeing Company and the Japanese CTivil Aviati.a Bureau,
(A—85—136 and 139, AD85—22—12, the Boeing’ s Telegram, and JCAB Document Ku—
Ken 747 related)

L ]
d) Revisicn of the inspection program of the aft pressure bulkhead

The eddy current inspections were implemented on six aircraft in the overall
inspection of Boeing 747SR. (No cracks have teen found) (A-85—137 Rescue related)
5. 2 Comments
§.2.1 A further improvement is desirable of the DFDR's anti-impact capability, in
view of the fact that the magnetic tape of the DFDR on board the accident aircraflt
was broken. and near the broken spot was found damage such as many small folds and
wrinkles.

5.2.2 In the CVR of the accident aircraft, voices were recorded for approximately
32 minutes and 16 seconds, but informatiorn helpful to the accideni investigation
may have been recorded at a portion which had been erased. There were also {ound
portions difficult to read, although the equipmenl was a product meeting the
spe~ifications (TS0 C—84).

It is, therelore desirable 1o develop a CVR covering mere recording period,
and to promote a study to improve the recording in terms of clarity through
improvement of the total system involving the CVR.

5.2.3 Further enhancement is desirable of search and rescue capabiiities through
periodical enhancement of trainings etc., pursvant to agreements which have been
concluded among organizations concerred to ensure prompt and effective search and
rescue aclivities in an emergency. ’
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